
■	Contents ISSUE 355 SEPTEMBER-OCTOBER 2018
NITROGEN+SYNGAS

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

1

n
itro

g
e

n
+

syn
g
a
s      N

um
ber 3

5
5

 
w

w
w

.nitrog
enandsyng

as.com
 

S
e
p
te

m
b
e
r |  O

c
to

b
e
r 2

0
1

8

www.nitrogenandsyngas.com

Number 355 September | October 2018

www.nitrogenandsyngas.com

India’s ‘methanol economy’

Industrial grade ammonium nitrate

Technology integration

Inert catalyst support

http://www.bcinsight.com


■	Contents ISSUE 355 SEPTEMBER-OCTOBER 2018
NITROGEN+SYNGAS

1

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

2

Making a difference to 
the world around us

www.matthey.com

With years of operating experience and expertise 
across the syngas, petrochemical, oil and gas markets, 
Johnson Matthey continues to invest in technologies that 
improve processes whilst looking after the environment.

Our gas heated reforming technology is a proven 
energy efficient solution for syngas generation across 
multiple applications reducing both CO2 emissions 
and raw water consumption, whilst maximising 
the opportunity to use renewable energy.

Contact us to find out how our technology 
can benefit your business.

http://www.bcinsight.com
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Industrial grade AN
slowing growth for industrial 
explosives.
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Catalyst support media
Innovations to improve 
performance and reliability.
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22  can India develop a ‘methanol economy’?
India is currently engaged in a major policy discussion on greater use of 

alternative fuels, hoping to emulate the success of China and Brazil in 

substituting oil imports with domestically produced alternative fuels.  

Can coal-based methanol be a success there?

26  the market for industrial grade AN
Industrial grade ammonium nitrate (IGAN) is the key component of industrial 

explosives around the world. As such it forms a distinct market segment of  

the AN industry separate from fertilizer uses, and occupies roughly 22% of all 

AN demand.

30  technology integration adding value
Driven by economic cycles, market developments, increasing investment cost 

and more stringent environmental requirements, ammonia, urea and methanol 

producers are looking for integrated solutions to provide reliable, cost effective 

and sustainable production technologies for their products.

52  Inert catalyst support and hold-down media
Materials science continues to develop and choosing the correct media for 

syngas applications can create significant value for a customer. The latest 

market leading developments in catalyst support and hold-down media provide 

innovative solutions to improve the performance, reliability and availability of 

syngas plants.
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Editorial

October 13th this year will be the third Global 
Fertilizer Day. Initiated in 2016 by Fertilizers 
Europe, the day has attracted the support of 

fertilizer associations like The Fertilizer Institute in 
the US, the International Fertilizer Society and the 
International Fertilizer Industry Association, as well 
as companies around the world, including OCI Nitro-
gen and EuroChem. 

The date was originally set to mark the anniver-
sary of the discovery of the Haber Process for pro-
ducing ammonia – in fact October 13th  was the 
day on which Fritz Haber first filed his patent for 
the process, back in 1908. That means that this 
year marks the 110th anniversary of that event, 
which was to have such world-changing ramifica-
tions. This year also marked the 100th anniversary 
of the award of Haber’s Nobel Prize for Chemistry, 
in 1918, which he was awarded for his discovery of 
the process. It is appropriate that nitrogen gets the 
honour of setting the date for Global Fertilizer Day, 
as more than half of all fertilizer nutrient applied 
around the world is nitrogen, and according to the 
UN Food and Agriculture Organisation, about 50% 
of that nitrogen has passed through a Haber-Bosch 
reaction rather than coming from manures or other 
natural sources. Haber’s discovery also has paved 
the way for a syngas-based chemical industry which 
remains dominated by ammonia for fertilizer uses, 
but which, as articles in this issue remind us, also 
now subsumes methanol, potentially a clean-burn-
ing fuel to replace consumption of diesel and heavy 
fuel oils, and ammonia for other uses such as explo-
sives, widely used in mining the essential minerals 
like copper and iron that the world runs on.

While the over-application of mineral fertilizer, or 
its use at the wrong time of year can cause leaching 
into water courses and consequent algal blooms, 
these are issues that can and are being solved via 
education of farmers in nutrient use efficiency. In 
the meantime, it remains indisputable that fertiliz-
ers keep half of the world’s population alive, and 
have helped lift millions out of poverty and famine, 
allowing our world to grow and develop as we know 
it today, and it is these benefits that Global Fertilizer 
Day aims to celebrate.

But it is also perhaps an opportune moment to 
look ahead at where the nitrogen fertilizer industry 
may be going over the next 100 or 110 years. The 
past few decades have seen a race to keep pace 
with rapidly increasing populations in Asia, espe-
cially China and India. However, rates of population 
growth are slowing in these countries, especially 
China, and may reach a maximum by 2050. Con-
versely, Africa’s population is projected to double 
by that time. Nitrogen fertilizer demand is set to 
be capped from 2020 in China, as the government 
attempts to tackle over-application and use fertilizer 
more efficiently. The challenge of the next 30 years 
will be to feed Africa, where fertilizer application 
rates currently remain very low. 

Other long-term trends include increasing urbani-
sation, and the consequent change to a more 
protein-rich diet in developing countries. The Euro-
pean Soil Data Centre (ESDAC) has calculated that 
because of this, in spite of falling rates of popula-
tion growth, overall the world may need 70% more 
food by 2050 compared to 2010. Barring some 
major breakthrough in genetic modification of crops, 
or a widespread switch to a vegetarian diet, this is 
going to require intensification of agriculture. Even 
so, projected nutrient use efficiencies mean that the 
ESDAC projection is that the world will only need an 
extra 35 million tonnes N per year by 2030 com-
pared to 2015, representing an approximately 1.1% 
average annual growth rate – much lower than the 
kind of growth rates that have been seen over the 
past 50 years.

Still, as the world’s population moves towards 9  
billion, and Africa’s towards 2 billion, fertilizer will 
continue to play its key role in feeding the world. n

“The world may  

need 70% more 

food by 2050.

Feeding 
the world

Richard Hands, Editor

http://www.bcinsight.com
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EUROMEL®  
MELAMINE  TECHNOLOGY 

Total Zero Pollution technologies.  
This is what we do to help preserve the planet Earth. 
Euromel® Melamine is the only melamine technology 
that does not generate (therefore does not release into 
the environment) solid or liquid effluents. 
 
 
 
 
 
 
 
 
 
 
www.euromel.com 

http://www.bcinsight.com
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Price trends

Cash equivalent mid-July mid-May mid-Mar mid-Jan

Ammonia ($/t)

f.o.b. Black Sea 244-250 280 250-255 310-325 

f.o.b. Caribbean 270 220 270 320

f.o.b. Arab Gulf 260-280 263 265-275 330-340

c.fr N.W. Europe 300-310 280-305 290-300 350-385

Urea ($/t)

f.o.b. bulk Black Sea 245-260 215-220 232-238 215-225

f.o.b. bulk Arab Gulf* 270-280 215-223 253-263 242-250

f.o.b. NOLA barge (metric tonnes) 220-242 219-224 264-280 256-268

f.o.b. bagged China 270-290 257-262 305-315 285-295

DAP ($/t)

f.o.b. bulk US Gulf 427-430 408-410 413-415 395

UAN (g/tonne)

f.o.t. ex-tank Rouen, 30%N n.a. 153-158 158-161 160-165

Notes: n.a. price not available at time of going to press 
n.m. no market     * high-end granular 

Table 1: Price indications

NitrogeN

Urea prices surged from $220/t f.o.b. 
Egypt in June to over $300/t by early 
August, with Chinese export availability still 
capped at around 100-150,000 tonnes 
per month despite China’s domestic sea-
son coming to an end in mid-July. Iran’s 
opportunities to export were severely cur-
tailed by the Trump administration’s new 
round of sanctions, and its f.o.b. spot 
price was forced to severely discount 
other Middle Eastern exporters. At the 
time of writing, f.o.b. Arab Gulf spot tons 
were being offered at just under $330/t, 
while Iranian spot sales were pricing at just 
$235/t to those brave enough to ignore 
US sanctions. Urea markets remained 
bullish throughout August, even with the 
downwards pressure put on prices as 
traders closed out long positions and trig-
gered a brief run on prices that squeezed 
southern Atlantic markets. Following that, 
a significant portion of the world’s export 
availability was paused while the Middle 
East/North Africa region paused for the 
Eid holiday. 

Chinese urea producers’ operating 
rates are almost certainly declining now 
that the domestic season has come to 
an end. We had expected the close of the 
Chinese application season to allow an 

increase in Chinese export availability, as 
producers took the opportunity to sell into 
the international market. However, monthly 
export volumes (at least for July) look to 
be flat at around 100,000 tonnes, and 
domestic pricing is holding up beyond our 
expectations at $290-300/t, a similar level 
to the prices offered f.o.b. Arab Gulf. With 
pricing at parity to the Arab Gulf we should 
not expect to see any serious export avail-
ability beyond the most efficient producers 
(China Coal and China Blue Chemical). We 
know that domestic demand is falling, and 
as prices have not shifted down to allow 
exports, it seems very likely that produc-
tion must also be declining. And while we 
do not have access to any production data 
for July or August, rumours are that operat-
ing rates have now fallen to below 60% of 
installed capacity.

In Ukraine, urea production is back 
online at Dneproazot, Cherkassy and 
Severodonetsk, but this will be focused 
solely on the domestic market. Prices in 
the Ukrainian interior are commanding a 
premium of about $50-60/t over Black 
Sea export prices, given the ban on Rus-
sian imports. And with this pricing level, 
reasonable margins on domestic Ukrain-
ian business should be possible. How-
ever, the export market, at least for now, 
looks out of reach for Ukrainian exporters 

like OPZ’s large export-orientated plant at 
Odessa (currently idle). However, as with 
other price rallies over the last 18 months, 
rumours are already circulating that OPZ is 
preparing to operate in September should 
prices remain firm.

While the idiom that a rising tide 
lifts all boats may no longer apply to 
the global economy, it still looks to 
be a firm rule in the nitrogen market, 
where rising urea prices have provided 
upwards momentum to ammonia prices. 
European gas prices are heading above 
$8.00/MMBtu which will force Ukrain-
ian prices to $10.00/MMBtu, meaning 
we are unlikely to see a resumption of 
Ukrainian ammonia exports. Black Sea 
ammonia availability is therefore a little 
constrained and urea upgrading margins 
on business west of Suez are relatively 
low at ~$75/t. East of Suez, upgrading 
margins f.o.b. Middle East have risen to 
$115/t, showing quite how oversupplied 
ammonia is relative to urea (a higher 
upgrading margin provides higher returns 
to urea producers when ammonia is rela-
tively oversupplied.)

European nitrates premiums had fallen 
to 20% at the time of writing, down from 
55% in Q1 2018. They look to have been 
squeezed by resurgent urea prices and 
by weak, low season European nitrates 
demand. Given spot prices for gas in 
Europe increased to $8.00/MMBtu in 
August, producer margins in the EU will 
be under pressure. If gas prices continue 
to rise in Europe, expect to see list prices 
for Q4 deliveries increasing sharply. Euro-
pean pre-buying should also help premi-
ums strengthen as we move through Q4 
2018.

All in all, Q3 has been a strong quar-
ter for nitrogen pricing. The rally in the 
urea market that began in June has had 
more longevity than most stakeholders 
had hoped for. Indian demand re-emerged 
and the severity of the US administration’s 
new Iranian sanctions caused non-Indian 
Iranian netbacks to collapse as buyers van-
ished. While coal prices remain buoyant at 
$100/t, Chinese export business will be 
scarce and unless the Chinese adminis-
tration completely changes its sentiment 
on pollution, we should not expect this to 
change. Nitrates premiums will recover 
over the next few months. However, 
ammonia is a concern, and the addition 
of EuroChem’s Baltic ammonia project at 
Kingisepp should also dampen prices by 
the end of the year. n

MARKET INSIGHT

Alistair Wallace, Head of Fertilizer Research, Integer Research, 
assesses price trends and the market outlook for nitrogen.

http://www.bcinsight.com


■	Contents ISSUE 355 SEPTEMBER-OCTOBER 2018
NITROGEN+SYNGAS

1

2

3

4

5

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

6

7

price trends

Nitrogen+Syngas  355 | September - October 2018     www.nitrogenandsyngas.com 7

methanol

Southern Petrochemicals reference North 
American methanol price for August was set 
in late July at $1.44/gallon ($479/t), down 
five cents on the July value. Methanex’s 
non-discounted reference price was two 
cents higher at $1.46/gallon, equivalent 
to $485/t, also down slightly on July. US 
spot prices have moved at an average 15% 
discount to contract rates in recent months. 

Global methanol prices have been stable 
and high for the first half of the year, and 
Methanex CEO John Floren said in July dur-
ing the company’s 2Q results presentation 
that it expects them to remain so at least 
through 3Q 2018, although there could be 
some volatility later in the year as new sup-
ply comes on-stream in the US. This new 
supply is chiefly coming from Natgasoline’s 
new 1.75 million t/a methanol plant in Beau-
mont, Texas. The plant – now the largest in 
the US – began operations in June and is 
ramping up its output, which is expected to 
displace US Gulf Coast imports from Trini-
dad and boost US methanol exports as well. 
Higher oil prices have been a bullish fac-
tor for methanol markets, making fuel use 
demands for methanol such as methyl t-butyl 
ether (MTBE), dimethyl ether and direct fuel 
blending all proportionately more affordable, 
but new capacity should start to make its 
impact felt over the next few months.

Methanol prices have come down in 
Europe from their peak of nearly e400/t in 
June, declining throughout July but remain-
ing fairly stable in the opening weeks of 
August. This stability has come in spite of 
methanol transport across Europe being dis-
rupted by low water levels along the Rhine 
river system, which has led to displacement 
of cargoes onto road and rail. Reports sug-
gest that some methanol has ended up 
in storage rather than being trucked to its 
destination. At time of writing, however, this 
had not impacted on methanol spot prices, 
which remained stable in the region of e348-
350/t f.o.b. Rotterdam, and there were 
no reports of shortages as yet. Prolonged 
dry weather in Europe and continuing low 
water levels could see that situation begin 
to change ahead of 4Q price settlements, 
however. Meanwhile, seasonal demand into 
MTBE and biofuels is good, and chemical 
uses such as formaldehyde are benefitting 
from continuing good GDP growth figures for 
the Eurozone. At the same time, stocks in 
general started the year lower than usual 
and have not been replenished because 
of production turnarounds during Q2, and 

there are reasons to expect higher metha-
nol prices in Europe over the next couple 
of months in spite of additional availability 
from the US.

Outages at Chinese methanol to olefins 
plants due to both planned and unplanned 
maintenance have taken the edge of Chi-
nese methanol demand in June, with oper-
ating rates below 70%. July saw one plant 
come back on-stream but another take 
a turnaround. This is generally a time of 
slacker seasonal demand in China, and 
Methanex’s Asia-Pacific reference price was 
cut $10/t for August to $480/t. China’s 
25% tariff on US methanol was a major talk-
ing point for the industry. Chinese domestic 
spot prices ran up during the first half of 
July to $420/t, but then fell back to around 
$400-405/t for the rest of the month. How-
ever, prices jumped in August to $445/t on 
news of the tariff increases, falling back only 
a little to $425-430/t by mid-month. The US 
exports only limited volumes of methanol to 
China – less than 50,000 t/a – and most of 
its exports actually go to South Korea. Both 
China and the US are net methanol import-
ers, and could easily switch to imports from 
Trinidad, New Zealand and the Middle East. 
A more serious potential effect on the mar-
ket could come from US sanctions on Iran, 
especially if European countries follow suit. 
However, tariffs on polyethylene and polypro-
pylene may have more of a knock-on effect 
on the Chinese methanol industry if they 
lead to domestic methanol to olefins capac-
ity having to run at higher rates to make up 
for shortages.

Meanwhile, Southeast Asia faced a 
shortage of methanol due to turnarounds. 
The 1.7 million t/a Petronas plant takes a 
48 day turnaround from mid-August, while 
the Brunei Methanol Company has faced 
operating issues at its 850,000 t/a plant. 
A methanol tanker bound for Southeast 
Asia was also stranded in an Indian port by 
technical issues, and turnarounds at Mid-
dle East methanol plants have also affected 
availability, leading to a short term problem 
for customers such as biodiesel producers 
– demand for methanol for biodiesel produc-
tion in the region is running high. There was a 
short-term price spike which led to an oppor-
tunity for Chinese suppliers to send more 
product into the region. Southeast Asian 
methanol prices are normally about $30/t 
above Chinese rates – around the same as 
the freight rate from South China to Singa-
pore. However, the gap widened in July and 
reportedly 40,000 tonnes of Chinese metha-
nol made its way south. n
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Market outlook

AMMONIA

l Ammonia markets have tightened over 
the past six weeks, increasing in price 
by almost $60/t since mid-June. 

l Much of this recovery has been driven 
by improved sentiment in the urea mar-
kets, as well as rising production costs 
in Europe.

l Production outages are still playing a key 
role in price formation, and there is cur-
rently no export availability from Ukrain-
ian producers, while Yara’s Pilbara plant 
in Australia is till down for maintenance 
and two of Nutrien’s (formerly Agrium’s) 
merchant ammonia lines in Trinidad are 
closed for planned maintenance.

l Increasing urea prices mean that we are 
expecting ammonia prices to continue 
to strengthen despite the restarting 
of the idled Caribbean and Australian 
plants next month.   

l Supply west of Suez looks more scarce 
than that east of Suez, where price 
increases have been limited to just 
$30/t. The restart of Yara’s Pilbara 
plant will likely limit price increase until 

the re-emergence of Indian ammonia 
demand in Q4.

l Energy prices are rising in Europe. OPZ 
in Ukraine is looking to secure gas sup-
plies for September business, however, 
with European hubs like TTF pricing at 
above $8.00/MMBtu it seems unlikely 
the plant will be able to operate profit-
ably at $330/t f.o.b. Black Sea.

UREA
l Business with non-Indian import mar-

kets is severely limited and spot sales 
of Iranian urea are currently offered at 
just $235/t. For now, Indian business 
seems possible. However, we have 
heard anecdotally that payments on the 
July MMTC tender have still not been 
completed which puts a question mark 
over future Iranian business.

l Chinese exports do not look like they 
will increase substantially from 100-
150,000t per month, which will limit 
annual exports below 2.0 million 
tonnes this year. This should allow 
prices to rise above $300/t for a sus-
tained period as demand emerges. 

l European, Turkish and Brazilian demand 
should push prices up next month, 
before we see US pre-buying kicking off 
in earnest by mid-October. Despite the 
completion of the US capacity buildout, 
significant imports will still be required 
by the US in Q4 2018 and should cause 
price to hit an annual high.

METHANOL
l The prospect of an escalating trade war 

between the US and China has kept the 
market buoyant. While China imports 
very little methanol from the US and the 
US virtually none from China, the effect 
on oil prices means that the oil-gas price 
spread has been beneficial for metha-
nol producers. Restrictions on olefins 
may also lead to more MTO production 
in China, while fresh sanctions on Iran 
could affect availability form there.

l New supply is continuing to come to mar-
ket – Natgasoline in the US in June, more 
capacity in Iran, and ShchekinoAzot in 
Russia (500,000 t/a) due in September, 
which should have a bearish impact on 
the market by the end of the year. n
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Nitrogen Industry News

Coal gasification plant looking at 
2022 commissioning
India’s Minister for Petroleum & Natural Gas 
Dharmendra Pradhan has told local media 
that the “fast tracked” Talcher Fertilizer pro-
ject at Odisha is on track for commissioning 
in 2022. It will be India’s first operational 
coal gasification-based urea plant since the 
shutdown of the Talcher and Ramagundam 
plants in the 1990s, and aims to produce 
1.27 million t/a of urea at a total invest-
ment cost of $1.7 billion. The operating 
company, Talcher Fertilizers Limited (TFL), 
is a joint venture between the Gas Associa-
tion of India Ltd, Coal India Ltd, Rashtriya 
Chemicals and Fertilizer and the Fertilizer 
Corporation of India Ltd. Environment clear-
ance and selection of coal gasification 
technology are some of the key milestones 
achieved, according to Pradhan. Bids are 
now under evaluation for the coal gasifica-
tion unit and other major tenders for ammo-
nia and urea plants have also been floated. 
The plant has been allotted the output from 
a nearby coal mine in the Talcher region. 
Mine development activity has begun and 
to ensure a steady supply of feedstock. Site 
preparation is expected to begin at Talcher 
within a month.

Genetec scraps urea plans
Malaysia’s Genetec Technology Bhd says 
that it decided not to proceed with a joint 
venture plan to to develop an ammonia-

urea plant in India. In a filing to the 
Malaysian stock exchange, the industrial 
equipment manufacturer said it had been 
unable to ascertain the technical feasibil-
ity and economic viability of the proposed 
project. Genetec had previously signed a 
memorandum of understanding in Janu-
ary with prospective project partners the 
Malay Chamber of Commerce, China Rain-
bow International Investment Co Ltd and 
Indian-based VBC Fertilisers & Chemicals 
Ltd for the proposed development.

UKRAINE

Severodonetsk Azot re-starts AN 
production
Severodonetsk Azot produced its first 
thousand tonnes of ammonium nitrate 
on August 1st, according to the company. 
The successful re-start of the AN plant 
follows an earlier re-start for the site’s 
ammonia plant. Production at Severo-
donetsk, which lies just 30km from the 
Russian-occupied Luhansk Republic, was 
interrupted by fighting in 2014 which cut 
electricity supplies. Since then the facil-
ity managed to re-start in 2017 but at 
very low rates as gas – most of which 
comes over the border from Russia – was 
in short supply. In April 2018 an electri-
cal fault shut the facility again. The plant, 
part of the Ostchem/Group DF empire, 
run by Dmitry Firtash, is now planning to 
recommission urea production.

Ukraine loses anti-dumping case

Russia has won an anti-dumping case 
brought against Ukraine at the World Trade 
Organisation, in a long-running case involv-
ing the production of ammonium nitrates 
fertilisers. The WTO’s dispute settlement 
panel ruled largely in favour of Russia’s 
2015 complaint against Ukraine that 
Ukraine had acted unlawfully by including 
privately held Swiss-based producer Euro-
Chem – owned by Russian businessman 
Andrey Melnichenko – within the scope of 
the measures, despite previous rulings by 
its own courts that the company’s dumping 
margin in the original investigation period 
was negligible.

WORLD

Market growing for controlled 
release fertilizers
The global market demand for controlled- 
and slow-release specialty fertilizers is 
growing significantly and currently valued 
at $2.35 billion, as global populations con-
tinue to increase rapidly while the amount 
of arable land per-capita simultaneously 
declines. At the same time, changing cli-
mate patterns leading to extreme drought 
conditions or untimely rainfalls are driving 
a greater focus on sustainable agriculture, 
according to new report from IHS Markit. 
Led by China, the US, Western Europe and 
Japan, global demand for these specialty 
fertilizers currently stands at more than 
1.5 million t/a in 2018, and is expected to 
grow to at a rate of nearly 6% from 2017 
to 2022. Chinese consumption, in par-
ticular, has been increasing significantly 
in recent years, and is projected to grow 
at nearly 10% annually over the period. 
China currently consumes approximately 
700,000 t/a of these specialty chemicals 
or nearly 46% of the global total, while the 
US consumes approximately 560,000 t/a, 
or nearly 37% of the global total. Western 
Europe’s share is 10% and Japan’s 8%. 
China is also the world’s leading producer 
of these chemicals, having aggressively 
expanded its production during the past 
five years, to reach nearly 6 million t/a 
annually.

Nitrous oxide emissions auction
The World Bank will be holding another auc-
tion of carbon credits in winter or spring 
2019 as part of its Nitric Acid Climate Auc-
tions Program (NACAP), in collaboration with 
the Nitric Acid Climate Action Group. The 

INDIA

Topsoe to license Indian ammonia plants
Further to last week’s news of Technip being awarded the EPC contracts to build two 
new fertilizer complexes for Hindustan Urvarak and Rasayan Ltd. (HURL) – a joint ven-
ture between Coal India Ltd, NTPC and the Indian Oil Corp, as well as the Hindustan 
Fertilizer Corporation Ltd and Fertilizer Corporation of India Ltd (Nitrogen+Syngas 354, 
July/August 2018, p13), the ammonia technology license for the two 2,200 t/d ammo-
nia plants has been awarded to Haldor Topsoe. Topsoe will also provide engineering 
support. The two fertilizer complexes in Sindri and Barauni will each comprise 2,200 
t/d ammonia and 3,850 t/d urea plants and will be realized by TechnipFMC and their 
consortium partners L&T Hydrocarbon Engineering.

“We are extremely pleased to be able to continue our long-standing support of the 
Indian government’s efforts towards self-sufficiency in urea production and as a con-
sequence: food security. Our world-leading ammonia technology and catalysts are the 
basis for three out of the four fertilizer plant revival projects in India right now,” said 
Amy Hebert, executive vice president and deputy CEO, Topsoe.

The two new plants are part of the Indian government’s revival plans for the fertilizer 
sector to ensure Indian self-sufficiency in urea fertilizers. In 2015, Topsoe was awarded 
the ammonia technology license, basic engineering, technology, and catalysts for an 
ammonia plant for the Ramagundam Fertilizer Project. This 2,200 t/d ammonia plant is 
also a revival project scheduled to begin operation in the fourth quarter of 2018.  n

http://www.bcinsight.com
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clear understanding of the science we can
identify the following critical requirements
of a bulk solids heat exchanger that will not
cake and will maximise thermal efficiency:
● Water temperature: the water tempera-

ture profile needs to be carefully
selected based on the hygroscopic char-
acteristics of the fertilizer to ensure that
the temperature of the plates will always
be above the dew point of the air as the

product flows through the exchanger.
● Counter flow design: true counter flow

design is required on the water side to
parallel the dew point curve to maxi -
mise thermal efficiency. To take advan-
tage of this, the fluid connections to the
plate are at the top and bottom. This
arrangement is shown in Fig. 4. 

● Tempered water supply: a tempered
water supply is required to ensure that

the desired water temperature profile
can be maintained under different oper-
ating conditions including start up when
hot product fills the entire exchanger. 

● Purge air: a purge air system can help
to lower the dew point in the product
cooler to allow lower water tempera-
tures to be used and improve the ther-
mal efficiency. When designing the
purge air system, the air flow rate, dew
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You will find that urea equipment manufactured by 
SBN is simply the best you can get, because we 
combine up to date technology and craftsmenship to 
build our unique high–pressure equipment for the 
urea synthesis.

Designed to the specifications of our customers in the 
fertilizer world, our equipment is manufactured in 
accordance with all recognized international 
standards. 

We design and build customized urea reactors, 
high pressure strippers, condensers and scrubbers 
as well as all other urea–grade components such 
as internals, piping and fittings. That gives our 
customers a single–source supplier of highly reliable 
equipment that conforms to specification. 

So for your next urea needs, come to SBN.

Simply look out 
for the best

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
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NACAP will support price guarantees for eli-
gible nitrous oxide emission reductions from 
nitric acid plants with existing or new abate-
ment projects, and will sell put options to 
private sector companies giving the option 
holder the right, but not the obligation, to 
deliver eligible carbon credits to the NACAP 
in the future. In this reverse auction, eligi-
ble bidders will compete to determine the 
level of the put option strike price (the price 
guaranteed upon redemption for delivery of 
eligible carbon credits). It is anticipated that 
the starting price will be between $8-15. The 
definitive starting price will be published later 
in 2018. Auction winners will have to pay an 
option premium of 6 cents per carbon credit 
up front to purchase the put options.

Carbon credits will have to satisfy a set 
of eligibility criteria at the time of redemp-
tion. Country eligibility will be determined 
by the NACAG. A host country eligible for 
funding will agree to a formal statement of 
undertaking with the NACAG to ensure that 
from January 2021, all nitric acid produc-
tion installations located in the country will 
be equipped with state-of-the-art technology 
to remove N2O emissions from their pro-
duction cycles. It is anticipated that eligi-

ble carbon credits will have to be Certified 
Emission Reductions (CERs) or Verified 
Carbon Standard (VCS) Verified Carbon 
Units (VCUs), from a project or program 
of activities that uses one of the method-
ologies related to nitrous oxide abatement 
from nitric acid production.

SWITZERLAND

Clariant expands catalyst portfolio to 
offer NOx reduction by SCR NOx 
Clariant has expandedits EnviCat series 
of catalysts to include a high-performance 
solution for selective catalytic reduction 
(SCR) to combat nitrogen oxides (NOx). 
The catalyst, an extruded honeycomb 
structured block made from a vanadium 
based composite, is designed to facilitate 
NOx reduction reactions in an oxidising 
atmosphere. With high selectivity, it signif-
icantly decreases NOx levels using ammo-
nia as a reducing agent for the conversion 
of NOx into nitrogen and water, and allows 
the achievement of plant specific emis-
sion limit targets while controlling ammo-
nia slip under low to medium temperature 
operation.

“Clariant is delighted to be able to 
offer this important addition to our cata-
lyst emissions reduction portfolio,” said 
Stefan Heuser, Senior Vice President & 
General Manager, Catalysts. “Not only is 
the technology highly effective in mitigat-
ing the dangerous effects of NOx, it now 
enables us to provide our customers with 
cost-effective emissions solutions for both 
upstream and downstream businesses.”

BRUNEI

Ground broken on new nitrogen 
complex
Construction at Brunei’s new $1.8 billion 
nitrogen fertilizer plant is now officially 
under way after a ground breaking cer-
emony at its 55-hectare site at the Sungai 
Liang Industrial Park. Brunei Shell Petro-
leum (BSP) has agreed to supply the state-
owned Brunei Fertiliser Industries (BFI) 
with 500 billion cubic feet of natural gas 
over the next 20 years to produce ferti-
liser, which is targeted to be exported to 
the agriculture industry in the region. Once 
complete, the facility will have 2,200 t/d of 
ammonia capacity and 3,900 t/d of urea, 
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making it one of Southeast Asia’s largest 
fertilizer plants. The EPC contract is being 
handled by thyssenkrupp Industrial Solu-
tions (tkIS), who are also providing their 
ammonia technology.

“The fertiliser project is the start of a 
new era of sustainable fertiliser production 
in Brunei which will further strengthen the 
country’s key industry – oil and gas,” said 
tkIS Brunei CEO Joerg Schiemann. “Both 
ammonia and urea are high quality nitro-
gen fertilisers; essential nutrients for plant 
growth and therefore key to sustainable 
agriculture.”

NIGERIA

Indorama breaks ground on  
second train
On July 17th, the president of Nigeria’s 
Senate, Bukola Saraki laid the foundation 
stone for the construction of the second 
ammonia-urea train at the Indorama Eleme 
Fertiliser and Chemicals Ltd site in Rivers 
State. Rivers State Governor Nyesom Wike 
said that the $3.2 billion project confirmed 
that the state is a destination for inves-
tors. Train 2 will be a duplicate of the 1.5 
million t/a Train 1.

Saraki used his speech to call for 
national unity, pointing out that the urea 
produced on the Atlantic coast is used by 
farmers in the north of the country. “That 
tells us that we must unite,” he said. “We 
must support ourselves irrespective of party 
affiliation. Without peace, there will be no 
urea. For all of us in Nigeria, let’s work in the 
interest of our country.” He also noted that 
Nigeria cannot diversify its economy without 
developing its agricultural sector.

Notore looks to Mitsubishi for 
second plant
Notore Chemical Industries has announced 
plans to partner with Mitsubishi Corpo-
ration of Japan and other international 
investors for the construction of a new 
ammonia-urea train at the company’s facil-
ity at Onne, Rivers State. Group manag-
ing director/chief executive officer Onajite 
Okoloko says that preliminary studies have 
begun for the construction of the second,  
1 million t/a train at the company’s exist-
ing site, which currently has 500,000 t/a of 
urea capacity. The company is also looking 
at a 500,000 t/a methanol plant. Okoloko 
said that Notore’s gas supply agreement with 
Nigerian-based oil and gas producer Eroton 
Exploration and Production has given it the 
confidence to proceed with the second train.

existing plants. The modules can add up 
to any desired project range, potentially 
into the range of hundreds of megawatts. 
The technology has already been commis-
sioned successfully as part of thyssenk-
rupp’s Carbon2Chem project, which aims 
to use emissions from steel production as 
raw material for chemical production.

KAZAKHSTAN

Kazakhstan looks to Chinese money 
for chemical complex
Kazakhstan’s KazAzot JSC will join with  
China’s Inner Mongolia Berun Holding 
Group Co. Ltd to build a $2.8 billion gas 
chemical complex worth in Kazakhstan’s 
Aktau city, according to local media 
reports. Deputy head of government for 
the Mangystau region Sholpan Ilmukhan-
betova said that the project is due to 
begun work in the second half of 2018, 
and will be developed in three stages. 
The first will produce 400-600,000 t/a of 
nitrogen fertilizers and methanol, and will 
also include a gas-fired power plant with 
a capacity of 300MW. Further stages will 
add capacity to a planned 1.2 million t/a 
of nitrogen fertilizers (presumably urea) 
and 600,000 t/a of methanol. Ownership 
will be 61% for Inner Mongolia Berun and 
39% for KazAzot.  

ISRAEL

KBR to revamp Haifa Chemicals’ 
nitric acid plant
KBR says that it has been awarded a plant 
revamp contract by Haifa Chemicals Ltd. 
for its nitric acid plant in Mishor-Rotem. 
KBR will provide a complete system for 
the selective catalytic reduction (SCR) of 
nitrogen oxides, with additional catalyst 
beds for N2O and NH3 slip abatement. 
The SCR system will be integrated into 
two existing nitric acid plants operated by 
Haifa with capacities of 240 t/d and 147 
t/d respectively. n

GERMANY

Cooperation for sustainable fertilizer 
production
Morocco’s OCP has signed a memoran-
dum of understanding (MoU) with the 
Fraunhofer Institute for Microstructure of 
Materials and Systems IMWS in Halle, 
to work jointly on solutions for a sustain-
able fertilizer industry, focusing on ‘green’ 
hydrogen and ammonia production via 
electricity from renewable sources. Under 
the leadership of the Fraunhofer Institute, 
a pilot plant is already being built in Leuna 
to produce hydrogen from renewable 
sources, and make it available for a group 
of companies based there from 2019. A 
‘green ammonia’ project, will be developed 
in Morocco by OCP Group and the Green 
Energy Park in Ben Guerir, with the sup-
port of Fraunhofer IMWS. As part of the 
new cooperation agreement, the possible 
establishment of an African Institute for 
Solar Ammonia was also discussed.

At the signing, Prof. Ralf B. Wehrspohn, 
director of the Fraunhofer IMWS, said: 
“Green hydrogen and green ammonia offer 
tremendous potential to sustain the supply 
of raw materials to the fertilizer industry. 
They also reduce the industry’s dependency 
on oil, natural gas and any other fossil fuel.” 

Industrial-scale electrolysis units to 
produce renewable hydrogen
Germany’s thyssenkrupp has launched a 
new industrial-scale water electrolysis tech-
nology to make hydrogen production eco-
nomically feasible for large projects using 
renewable energy including ammonia pro-
duction. The company says that it has devel-
oped an economical electrolysis unit that 
can produce hydrogen on large scales using 
a large active cell area of 2.7 m2 with an 
efficiency greater than 82% through “zero-
gap” technology, where almost no gap is left 
between the membrane and the electrodes.

Sami Pelkonen, CEO of the electrolysis 
and polymers technologies business unit 
at thyssenkrupp Industrial Solutions said: 
“With our water electrolysis process, we 
have successfully brought a technology 
to market maturity which is of major sig-
nificance for the energy transition. Green 
hydrogen as a clean, CO2-free starting 
point can be used in a variety of ways: for 
energy storage, mobility, and the produc-
tion of sustainable chemicals.”

The technology is available in pre-fab-
ricated skid-mounted modules so that it 
can easily be deployed and integrated into 

CORRECTION
In our Nitrogen Project Listing, in the 
Nitrogen+Syngas 352 (March/April 
2018), p31, we incorrectly stated the 
licensor for the Deepak Fertilizers and 
Chemicals nitric acid/ammonium nitrate 
plant in India was thyssenkrupp Indus-
trial Solutions. In fact the licensor for 
both plants is Casale SA. We apologise 
to both companies for the error.

http://www.bcinsight.com
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 ■ Multi-dimensional catalyst systems, highly 
customizable for each plant

 ■ Getter systems designed for high e�  ciency 
and low pressure drop

 ■ Precious metal recovery from � lters, 
sludges, sweeps and vacuum cleaners

 ■ Non-destructive cleaning of plants and 
components including metal re� ning

 ■ Destructive recovery of precious metals 
from redundant or decommissioned 
plant equipment

Catalyst and Getter Systems
As Unique as Your Plant

Your Single Source for 
SCS Catalyst and SRS Getter Systems
Filter, Cleaning and Destructive 
Precious Metal Recovery

Scottsville, NY 14546 USA
Telephone: 585-538-2194

Contact us for a free consultation:
evaluation@sabinmetalcorp.com

http://www.bcinsight.com
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Syngas News

Praxair completes two air separation 
units in China
Praxair has started production at two new 
air separation plants to supply the China 
National Offshore Oil Corporation (CNOOC) 
with oxygen and nitrogen. With a capacity of 
2,400 t/d of oxygen each, the two facilities 
will support CNOOC’s refinery expansion and 
downstream chemical production. Praxair 
China president Will Li said: “This project not 
only expands our relationship with CNOOC, 
but also enables us to build density and 
increase supply reliability to all of our valued 
customers in the park and throughout south-
ern China. Praxair is driving further profitable 
growth through disciplined investment in 
select projects such as this one.”

Honeywell PSA plant to recover 
hydrogen for MEG
Honeywell says that Hubei Sanning Chemi-
cal Industry Co., Ltd. will use Honeywell 
UOP’s Polybed™ pressure swing adsorp-
tion (PSA) technology to supply high-qual-
ity hydrogen at its monoethylene glycol 
(MEG) plant at Zhijiang in Hubei Province. 
The Hubei Sanning plant gasifies coal to 
produce MEG – commonly used to make 
polyester resins, films and fibres. The PSA 
plant will recover 165,000 Nm3/h of hydro-
gen from the intermediate syngas stream 
at very high purity (99.9999%) via the use 
of new UOP adsorbents, helping the plant 
to meet new environmental requirements 
and forming part of a modernisation to 

high pressure gasification to accommo-
date a new 600,000 t/a MEG plant which 
is due to begin operations next year.

“This is the first application in China 
of the Honeywell UOP PSA technology in 
an MEG chemical plant,” said Henry Liu, 
regional general manager for Honeywell 
UOP China. “It demonstrates the flexibility 
of Honeywell UOP’s hydrogen technologies 
in a wide range of uses, including chemical 
manufacturing.”

INDIA

New hydrogen plant for Hindustan 
Petroleum
TechnipFMC says that it has been awarded 
a contract by state-owned Hindustan Petro-
leum Corp Ltd for a new hydrogen plant. 
The plant is part of a brownfield expansion 
at HPCL’s Visakh refinery in Visakhapat-
nam, Andhra Pradesh. Technip’s contract 
covers project management, technology 
licensing, preparation of basic design and 
engineering package, as well as detailed 
engineering, procurement, construction, 
commissioning, and performance guaran-
tee test run. The hydrogen unit comprises 
two trains each with a design capacity 
of 113,000 t/a, and a pressure swing 
adsorption unit of 36,000 t/a, and will 
allow the refinery to increase its through-
put from 8.3 million t/a to 15 million t/a.

The unit will uses Technip’s proprietary 
TechnipFMC Parallel Reformer (TPR

®
), a 

convective, high temperature heat exchange 

reformer in parallel with a conventional 
steam reformer which reduces overall fir-
ing demand by taking high temperature 
heat from the effluent of the conventional 
reformer to supply heat needed for the TPR. 
In addition, the design includes a power gen-
eration unit that uses excess steam, making 
the plant electrically self-sufficient.

AUSTRALIA

Feasibility study for hydrogen/
ammonia plant
Australian hydrogen infrastructure com-
pany Hydrogen Utility™ (H2U) has tasked 
with performing a feasibility study for a new 
hydrogen project using renewables. The 
proposed project would include a 30MW 
water electrolysis unit as well as a 50 t/d 
ammonia plant, both based on thyssenk-
rupp technology, at a site near Port Lincoln 
in South Australia. A 10MW hydrogen-fired 
gas turbine and 5MW hydrogen fuel cell 
would supply power to the grid.

Dr Attilio Pigneri, CEO of H2U said: “This 
project is an important milestone for Aus-
tralia’s shift to a reliable renewable energy 
future. The new facility will provide balanc-
ing services to the national transmission 
grid, fast frequency response support to 
new solar plants under development, supply 
green ammonia and other chemicals to the 
local farming and aquaculture sectors. It will 
host the demonstration of novel supply chain 
technologies for the export of green hydro-
gen to markets in the Asia-Pacific region.”

In responding to US tariffs imposed by the Trump administration 
on Chinese goods, including methanol, China has announced 
its own slate of retaliatory tariffs on US goods, and this could 
include a 25% tariff on imported methanol. In Washington, the 
Methanol Institute (MI) has strongly urged the US Trade Repre-
sentative to remove methanol from its list of 6,000 products of 
Chinese goods, as there are no US imports of methanol from 
China, but Chinese retaliation would imposing additional tariffs 
on US methanol export at a time when the US is making what the 
MI calls “a critical transition from being a net methanol importer, 
to becoming a net methanol exporter, and one of the principal 
potential markets for US methanol exports is China.” However, 
US exports of methanol to China are still currently quite small, 
and market watchers say that they do not expect any short term 
impact on c.fr methanol prices in China. China imported 8.1 
million t/a of methanol in 2017, but more than half came from 
the Middle East, and only 68,000 tonnes from the US. The US 
exported over 1.5 million t/a last year, most of it to South Korea. 

The main impact may come on new plants – Chinese-based 
Northwest Innovations is trying to secure permission to build 
two huge methanol plants in the US Pacific Northwest which 
would be geared at exporting methanol to Chinese methanol 
to olefins producers. Meanwhile Fluor, which had been hoping 
to build a $3.8 billion methanol project at Lake Charles in Loui-
siana, says that it may have to delay or cancel the project if 
the US imposes a tariff on components for critical pieces of 
equipment such as air separation units. While the ASU would 
be designed and supplied by a US company, certain compo-
nents for it “are only available from China,” according to Fluor. 
The American Chemistry Council has also strongly opposed any 
tariffs involving chemicals, particularly in light of $194 billion in 
announced investments in US chemical manufacturing, and has 
asked the Trump administration to remove all chemicals and 
plastics from the $16 billion list of affected goods in the second 
round of tariffs on top of those for steel and aluminium imposed 
in March. n

CHINA

Tariffs on methanol may damage the industry

http://www.bcinsight.com
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AUMUND Foerdertechnik GmbH 
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AUMUND Chain and 
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and Cement Industry

• Efficient transport of any  
kind of bulk material

Sami Pelkonen, CEO of the Electrolysis & Polymers Technolo-
gies business unit of thyssenkrupp Industrial Solutions added: 
“we are very excited to work together with H2U in their projects to 
support Australia on its way into a sustainable future.”

Northern Oil to feed fuel cell from waste gas hydrogen
Northern Oil is to install a hydrogen fuel cell at its Yarwun “biore-
finery” in Queensland, running it off hydrogen extracted from the 
plant’s waste gas stream. The fuel cell, to be supplied by UK-based 
AFC Energy, will be run for two years as a test, and if deemed viable 
the company expects to install a full-scale hydrogen fuel cell which 
is expected to produce 200-400MW of electricity at a cost 20% 
lower than the current electricity price that the company pays.

The Yarwun ‘biorefinery’ takes waste products from sugar 
cane processing, sawmills and food waste as well as “end of life 
products” like old tyres and plastics and uses pyrolysis or hydro-
thermal liquefaction and/or a gasifier to convert them into liquid 
distillates, solid ‘char’, and a hydrogen-rich waste gas stream.

Hydrogen innovation hub
The Australian Renewable Energy Agency (ARENA) has announced 
an A$1.5 million grant (US$1.1 million) to fund Australia’s first 
“green hydrogen” innovation hub at Jandakot in Western Aus-
tralia. At Jandakot, Australian gas utility company ATCO will trial 
the production, storage and use of renewable hydrogen to feed 
a commercial-scale ‘microgrid’. Hydrogen will be produced from 
on-site solar panels using electrolysis, and will be used to fuel 
a range of gas appliances, as well as blending some hydrogen 
into the natural gas pipeline. The A$3.3 million (US$2.5 million) 
development project will also evaluate the potential for renewable 
hydrogen to be exported at a larger scale.

UNITED STATES

KBR wins FEED contract for Geismar 3
Methanex has awarded the front end engineering and design (FEED) 
contract for its proposed new third methanol plant at Geismar, 
Louisiana to KBR. The 5,000 t/d (1.65 million t/a) plant would 
be built next to Methanex’s two existing plants at the site, which 
were relocated from southern Chile, where Methanex had faced 
gas supply issues. Methanex has also awarded a reimbursable 
engineering, procurement and construction management (EPCM) 
contract to KBR, assuming that a final investment decision goes 
ahead. KBR says that it expects FEED work to take 12 months, and 
Methanex will make a final investment decision in mid-2019. The 
new plant would take Methanex’s methanol production capacity at 
Geismar to 3.7 million t/a.

BASF teams with AI company to develop new catalysts
BASF is teaming up with AI development company Citrine Informatics 
to use machine learning techniques to accelerate the development 
of new environmental catalyst technologies. The preliminary phase of 
the pilot project will focus on identifying new materials for capturing 
greenhouse gases, like carbon dioxide (CO2). BASF will provide experi-
mental data to build proprietary AI models using the Citrine platform. 
By iteratively testing newly suggested materials from the models in 
the lab, BASF and Citrine aim to improve the models through sequen-
tial learning by retraining the algorithms with new data. 

“We strongly believe that combining our technical knowledge 
and experimental data with AI can accelerate material discovery,” 

http://www.bcinsight.com
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said Dr. Mengting Yu, who leads digitali-
zation initiatives in heterogeneous cataly-
sis at BASF. “The model rapidly screens 
thousands of new materials and becomes 
smarter in its predictions. We are looking 
forward to extending our collaborations 
into other catalysis applications.”

US gas production could grow by 
60% to 2040
A decade since the start of the shale gas 
revolution that unlocked new supplies and 
resulted in a wholesale turnaround in US 
gas production, the overall size of recover-
able gas reserves continues to increase and 
the pace of production growth is only accel-
erating, according to a new report by busi-
ness information provider IHS Markit. IHS 
says that it expects US natural gas produc-
tion to rise by almost 8 bcd/day, more than 
10%, in 2018 alone, and that it expects it to 
grow by another 60% over the next 20 years. 
Additionally, IHS Markit now estimates that 
approximately 1,250 trillion cubic feet of US 
supply is economic at prices below $4.00/
MMBtu Henry Hub price today. In contrast 
to the assumptions of a decade ago, the 
US is now on track to become one of the 
world’s major LNG exporters. IHS expects 
US LNG export capacity to more than dou-
ble in the next five years and rise to at least 
10 Bcf/d by 2023. By 2040, the company 
says it expects natural gas’ share of power 
production to grow from almost one-third to 
nearly half of all electricity generated in the 
US. This has also had a knock-on effect on 
US CO2 emissions, which were down 30% 
in 2017 compared to 2005, and more than 
half of that emission decline was from gas 
replacing coal.

Looking downstream, IHS estimates 
that more than $120 billion in new capital 
investments will be spent from 2012-2020 
to expand US petrochemical manufacturing 
capacity as a result of abundant and inex-
pensive natural gas and natural gas liquids.

CANADA

Large scale carbon capture for XTL 
production “feasible and affordable”
Canadian clean energy developer Carbon 
Engineering says that it has published 
new research which proves that CO2 can 
now be captured from the atmosphere for 
less than US$100/t. The company says 
its Direct Air Capture (DAC) technology 
demonstrates for the first time “a scalable 
and cost-effective solution for removing 
CO2 from the atmosphere”. The research 

was led by David Keith, a Harvard profes-
sor and founder of Carbon Engineering, 
based on three years’ results from the 
company’s pilot plant in Squamish, British 
Columbia. The company now aims to now 
commercialise its DAC technology via inte-
gration with the company’s AIR TO FUELS™ 
process, which uses hydrogen from water 
electrolysis and captured carbon dioxide. 
These are then catalytically reacted to 
produce syngas, which can then be used 
for Fischer-Tropsch synthesis to produce 
liquid hydrocarbons. Carbon Engineering 
says that it has been successfully run-
ning the latter process at its pilot plant 
since December 2017. However, at a cost 
of $100/t of CO2 feedstock, its ability to 
cope with existing natural gas-based pro-
cesses would be heavily dependent on 
environmental subsidies and carbon taxes. 
The company says that the next step is to 
demonstrate the scalability of the technol-
ogy, and that it is “actively seeking part-
ners who will work with us to dramatically 
reduce emissions in the transportation 
sector and help us move to a carbon-neu-
tral economy.” 

NEW ZEALAND

Methanex signs new gas supply deal
Methanex says that it has secured at least 
half of its gas supply requirements until 
2029. The company said in a statement that 
this would “underpin over half of Methanex’s 
2.4 million t/a of production capacity in New 
Zealand for a period of 11 years”. However, 
it still leaves the future of Methanex’s meth-
anol production in the country uncertain. 
Methanex has faced persistent issues in 
sourcing gas for its plants, and was forced to 
shut some of them down in the late 2000s, 
and while new gas discoveries allowed it to 
reopen the Waitara Valley plant in 2013 and 
refurbish two plants at the nearby Motonui 
facility, long term gas supply remains an 
issue. This was exacerbated when the New 
Zealand government announced an end to 
new offshore oil and gas exploration permits 
in April this year, which could have left Meth-
anex, New Zealand’s largest gas consumer, 
short of gas from 2021, and possibly leading 
it to shut down its Taranaki plants by 2026. 
While the new agreement covers 50% of 
Methanex’s needs, this still could leave a 
shortfall going forward.

Dean Richardson, Methanex New 
Zealand managing director said: “We’re 
delighted to secure these agreements 
which provide confidence in our operations 

in Taranaki through 2029. We continue to 
be disappointed over the Government’s sur-
prise halting of offshore oil and gas explo-
ration and if this policy remains in place it 
will eventually have a negative effect on our 
business and New Zealand’s economy.”

NETHERLANDS

Feasibility study for hydrogen plant
Jacobs Engineering Group has been 
awarded a feasibility study contract from 
Equinor Energy AS to evaluate the possibili-
ties for building a hydrogen plant, including 
CO2 capture and export facilities, in Eem-
shaven, the Netherlands. The hydrogen 
will be supplied as fuel to an existing natu-
ral gas-fired power plant that will be con-
verted into a hydrogen-fuelled power plant 
designed to lower the plant’s carbon emis-
sions at a large scale. The award of the 
feasibility study follows the memorandum 
of understanding of Equinor, with its part-
ners Vattenfall and Gasunie, to evaluate 
the possibilities of converting Vattenfall’s 
gas power plant Magnum in Eemshaven 
into a hydrogen-powered plant.

The feasibility study will focus on select-
ing the most effective reformer technology 
for hydrogen production together with a 
suitable CO2 capture technology. Jacobs 
will also deliver the conceptual design of 
the plant as a basis for economic evalua-
tion and further project definition. In order 
to avoid CO2 emissions from the hydrogen 
production process, up to 3 million t/a of 
CO2 will be captured and then liquefied for 
transportation to Norway, where it will be 
injected and stored in an offshore reser-
voir. The first of three Magnum plant units 
should be converted to run on hydrogen by 
early 2024.

“Getting the opportunity to work with 
Equinor to study the possibilities of gas-
to-hydrogen conversion and contribute to a 
significant CO2 reduction is meaningful to 
Jacobs in many ways,” said Jacobs Senior 
Vice President and General Manager Energy 
and Chemicals EMEA David Zelinski.

Methanol from gasified waste
Enerkem, which already operates an etha-
nol production plant in Edmonton, Alberta 
based on gasified municipal waste, is now 
planning to open a similar plant at Rotter-
dam, using some of the 2 million t/a of 
municipal solid waste shipped to the port 
to produce methanol through gasification. 
Enerkem will be partnered in the project 
by the Port of Rotterdam authority, Dutch 

http://www.bcinsight.com
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chemical company AkzoNobel, and industrial gas company Air  
Liquide, which will supply its Lurgi methanol license for the metha-
nol plant. The plant, which is budgeted at $232 million, will gasify 
300,000 t/a of waste to produce more than 200,000 t/a of metha-
nol. The process will avoid around 300,000 t/a of carbon dioxide 
emissions that would otherwise have been generated from simply 
incinerating the waste. One of the attractions of the Rotterdam site 
is that it is an existing methanol receiving and distribution hub. It 
also has potential access to very large supplies of municipal waste 
shipped from elsewhere in Northern Europe or the UK.

“All four partners have complementary strategies, with the 
main one being to work on shifting from fossil fuels to alternative 
fuels,” said Anton de Vries, an Enerkem director who leads the 
project. AkzoNobel is a methanol consumer for acetic acid and 
resins production, and is looking to switch to more sustainable 
raw materials. The Port of Rotterdam meanwhile is committed to 
the Dutch government’s target of reducing greenhouse gas emis-
sion levels by 49% in 2030 (compared to 1990 levels) and 95% 
by 2050.

The plant is currently in the design phase, with construction 
due to begin sometime in 2019 and completion set for 2020. The 
company’s eventual plans are to use this as a template for other 
similar plants, having modules constructed in different parts of the 
world to be assembled in Rotterdam and shipped out. 

GERMANY

Messer to build new hydrogen plant
Messer Group GmbH has signed a 15-year hydrogen supply con-
tract with Rütgers Germany, a subsidiary of Rain Carbon Inc. As 
a result Messer will now invest a total of e9 million to build a 
hydrogen production facility – its first in Germany – at the site of 
Rain Carbon Inc. in Castrop Rauxel. Rain Carbon will use the hydro-
gen in the manufacture of industrial resins. Messer will also use 
the facility to supply other hydrogen customers in the region. The 
steam reforming-based facility will use natural gas as feedstock 
and will have a capacity of 2,700 Nm3/h. Start-up of the hydrogen 
plant is planned for the third quarter of 2019.

MALAYSIA

Sarawak Energy trialling hydrogen plant and  
refuelling station
Sarawak Energy has broken ground on a new hydrogen pilot pro-
duction plant and refuelling station to evaluate the viability of using 
hydrogen and fuel cells to power the transportation sector in Kuch-
ing in the future. The plant is scheduled for completion in the first 
quarter of 2019, and the associated refuelling station will be the first 
dedicated for transportation in Southeast Asia. Sarawak Energy is 
building the facility in partnership with Linde Malaysia. The two cor-
porations also signed a memorandum of understanding to explore 
potential markets for hydrogen, and to undertake a joint technical 
study to assess the technology of the whole value chain.

At the ground breaking ceremony, Linde’s Head of Regional 
Business Unit, Rob Hughes said: “Linde is proud to be partnering 
Sarawak Energy in this project contributing our knowledge and 
expertise as a pioneer in the entire H2 value chain. Linde has 
worked with partners in delivering around 150 hydrogen fuelling 
stations around the world and the success is now extending its 
focus to Asia. n
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SEPTEMBER

16-20

63rd AIChE Annual Safety in Ammonia 
Plants and Related Facilities Symposium, 
TORONTO, Canada
Contact: AIChE Customer Service 
Tel: +1 800 242 4363/+1 212 591 8100 
Fax: +1 212 591 8888
Email: xpress@aiche.org

16-21

Ammonium Nitrate/Nitric Acid Conference, 
CALGARY, Canada
Contact: Hans Reuvers, BASF, 
Karl Hohenwarter, Borealis
Email: johannes.reuvers@basf.com, 
karl.hohenwarter@borealisgroup.com
Web: www.an-na.org/2018-conference

26-27

11th Carbon Dioxide Utilisation Summit, 
MANCHESTER, UK
Contact: Rohan Baryah, ACI
Tel: +48 61 646 7022
Email: rbaryah@acieu.net
Web: www.acieu.pl

OCTOBER

5-6

36th Annual World Methanol Conference, 
VIENNA, Austria
Contact: Lynn Urban, IHS Markit
Tel: +1 303 397 2801
Email: Lynn.urban@ihsmarkit.com

23-25

IFA Crossroads Asia-Pacific Conference, 
SINGAPORE
Contact: IFA Conference Service, 
28 rue Marbeuf, 75008 Paris, France
Tel: +33 1 53 93 05 00
Email: ifa@fertilizer.org

28-30

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

NOVEMBER

28-29

European Mineral Fertilizer Summit, 
AMSTERDAM, The Netherlands
Contact: Mado Lampropoulou, ACI
Tel: +44 (0)20 3141 0607
Email: mlampropoulou@acieu.net

JANUARY 2019

28-30

Fertilizer Latino Americano, 
MEXICO CITY, Mexico
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

MARCH

4-7

Nitrogen+Syngas 2019, BERLIN, Germany
Contact: CRU Events
Tel: +44 (0) 20 7903 2444
Fax: +44 (0) 20 7903 2172
Email: conferences@crugroup.com

Calendar 2018/19

EuroChem has announced the appointment 
of Kuzma Marchuk as its chief financial 
officer. Marchuk succeeds Andrey Ilyin, who 
left the company at the end of June after 10 
years in the role. Marchuk, who joined the 
EuroChem board of directors as a non-exec-
utive director in 2017, is also a member of 
the board of SUEK, where he served as dep-
uty CEO and chief financial officer between 
2011 and 2016. Before that he was CFO 
and, from 2007, a member of the board 
of directors of Uralkali. Commenting on the 
announcement, Dmitry Strezhnev, EuroChem 
Group CEO said: “I am delighted that Kuzma 
Marchuk will take over as our CFO. He has 
worked closely with the Group in the past 
and is well known to our financial stakehold-
ers. I would like to thank Andrey Ilyin for his 
extensive contribution to EuroChem over the 
past decade and wish him the very best for 
the future.” Kuzma Marchuk stated: “I am 
thrilled to take up this role at such an excit-
ing time in the company’s development, and 
I look forward to helping the Group through 
its next stages of growth.”

Bunge Limited says that Brian Thom-
sen, president, Agribusiness, has informed 
the company of his intent to retire from 
Bunge. Thomsen will remain with the com-
pany through the end of the year in order to 
ensure a smooth transition. Thomsen joined 

the company in 2004, and has led Bunge’s 
Agribusiness segment since May 2014, hav-
ing previously served as managing director of 
the global Grains and Oilseeds product lines.

“Brian’s leadership, business knowl-
edge and expertise in risk management 
have been instrumental to Bunge over the 
years,” said CEO Soren Schroder. “We wish 
Brian all the best in his retirement and 
thank him for his leadership and contribu-
tions to the company. I have full confidence 
in our Agribusiness team to execute on the 
plan and deliver a strong year for Bunge.”

Fertilizer Canada has announces that 
Brian Mark of Nutrien has been appointed 
as Chair of its Board of Directors for a two-

year term. He succeeds Kathy Jordison of 
Yara Canada LP, who has served as Ferti-
lizer Canada’s Chair since 2016. Jordison 
will continue to lend her industry expertise 
to the association by remaining an active 
member of the Board of Directors.

Brian Mark joined Fertilizer Canada’s 
Board of Directors in 2012. He is a vice 
president in sales and brings more than 25 
years of industry experience to his role as 
Chair. He began his career in the fertilizer 
industry in 1991 and has gained extensive 
knowledge of the North American and inter-
national fertilizer markets. He is a strong 
advocate for the industry and has also 
served on the Nutrients For Life Founda-
tion Board of Directors.

Garth Whyte, President and CEO of Fer-
tilizer Canada said: “As we enter the final 
phases of our Vision 2020 strategic plan, 
Brian’s leadership will be instrumental in 
sustaining our momentum towards com-
pleting our association’s goals. On behalf 
of the Board and staff, I would also like 
to thank Kathy for her exceptional leader-
ship in her position as Chair. As a result of 
her steadfast commitment and guidance, 
Fertilizer Canada has made significant pro-
gress towards our strategic goals and has 
created a track to success for the benefit 
of the collective industry.” n

Kuzma Marchuk.
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---INTRODUCING-----
---A----NEW----NAmE---
---IN---INDUSTRIAL-----
---PROCESS---------

---------SOLUTIONS---
IPCO is a new name in Industrial Process solutions but a 
business partner with whom many in the fertilizer industry  
will already be familiar.

Previously operating as Sandvik Process Systems, we are  
now an independent company within the Wallenberg group,  
a business with approx. 600 000 employees and in excess  
of €140 billion in total sales of holdings.

We continue to develop customized solutions for the fertilizer 
industry, with the same people, skills and process systems – 
including our world-renowned Rotoform® pastillation process 
– but under a new name and brand. 

Read more at ipco.com

IPCO_SPS-IPCO_Nitrogen_and_Syngas_210x297_ART.indd   1 20/04/2018   14:19
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Plant Manager+

Mohit Bayer of CFCL Kota in India starts the discussion: In our 
plant we are experiencing a problem with the vacuum pressure 
in the final concentrator which is very low (it is now 105 mm Hg, 
whereas before it was 60 mm Hg). We have done all types of flush-
ing. We have checked that air is not being sucked in through the 
flange connections. We have insured that the condensate outlet 
lines of surface condensers are not choked. The instrumentation 
is also okay. The urea sample moisture content is 0.56 wt-% which 
is not very high compared to before. The plant is TEC ACES tech-
nology running on two trains with a common prilling tower. The 
problem is in one train only. 
l Are there any other parameters that can show that the vacuum 

pressure is really low? 
l To what extent will this very low vacuum pressure affect the 

product quality? 
l How can we insure that the final concentrator heat exchanger 

tubes are not leaking? 
l What will happen to the steam consumption of the heater of 

the final concentrator when the vacuum pressure is low: will it 
increase or decrease?

The actual cause is still unknown. We have performed a lot of 
flushing and tried to clear the path of vapour. We have also per-
formed a lot of polymer washing, and insured that the vacuum is 
not broken anywhere.

Kashif Naseem asks for some further clarifications and provides 
some valuable suggestions: What are the evaporator parameters? 
Check that the flushing valves are fully closed. Purge your surface 
condensers. Flush the bottom bottles of the surface condensers 
and check the ejectors (maybe the downstream line is choked).

Mohit replies: We have checked all of the things you suggest 
and all are clear. The evaporator parameters are as follows: shell-
side steam pressure 2.8-3 kg/cm2g; tube-side inlet urea solution 
temperature 131°C; tube-side outlet urea solution temperature 
136°C; tube-side pressure 50 mm Hg; flow of urea solution 60-65 
m3/h; temperature of urea outlet solution is controlled by steam 
pressure; urea inlet to this evaporator comes from the first evapo-
rator that is operating on 150 mm Hg vacuum, its vacuum is taken 
by an ejector that is in the vapour outlet of a surface condenser 
(say No. 3), uncondensed vapour of this condenser No.3 goes 
to surface condenser No.1 (condenser for first stage evaporator) 
whose vacuum is taken by an ejector in its downstream line; sur-

face condenser No.1 operates at 150 mm Hg and No.3 at 50 
mm Hg, these two ejectors are in series; the vacuum of the first 
evaporator is okay.

Majid Mohammadian of OCI Nitrogen in the Netherlands shares 
his experiences: Vacuum in concentrators is mostly the result of 
cooling in the condensers, performance of the ejectors and the 
concentration and temperature of the urea solution. Sometimes 
partial crystallisation in the condensers may occur leading to a 
bad vacuum pressure. If the urea solution concentration is cor-
rect my suggestions are as follows: First raise the condenser 
temperature in the cooling water return line to about 45 to 50°C 
for a short time and check that there is no partial crystallisa-
tion in the condenser. Secondly check the ejector internal and its  
performance.

Mohit replies: We have already done what you suggest many 
times, we call it condenser hot flushing, but it has not helped.

Muhammad Farooq of SABIC/SAFCO in Saudi Arabia offer his 
suggestions: As the moisture content is quite high, it looks to 
me like the final concentrator may be overloaded. I would sug-
gest checking the following: urea solution concentration in the 
urea solution tank downstream of the low pressure decomposer/
flash tank – compare it with the design value in the mass balance 
(percentages of ammonia and water are important); urea solution 
concentration after the first evaporator/concentrator (percentage 
of ammonia in wt-ppm); condition of the final ejector line-up to the 
condenser – polymer deposition will hamper the vapour path to 
the surface condenser.

Does the vacuum pressure change when you carry out flushing 
of the final ejector line up to the condenser for 1-2 hours with hot 
media? Finally check physically/internally the nozzle of the final 
ejector of the final concentrator.

Mohit replies: The vacuum pressure in the first concentrator is 
within the normal range, so there is no chance of more ammonia 
and water in the low pressure decomposer outlet. The conditions 
in the back end are also the same as before. We have also done 
polymer flushing and because it may choke the vapour path it is 
done with the help of molten urea, but it makes no difference. As 
far as the ejector is concerned, there is no provision for flushing 
the ejector of the final concentrator.

Most urea plants operate a two-stage evaporator section. Both 
stages operate under vacuum pressure conditions and both 
pressures and temperatures are critical to achieve the right 
urea product quality. It is not always easy to determine the 
exact cause of non-optimum values for certain process param-
eters like, for example, low vacuum pressure in the second-
stage evaporator. Many factors can influence this vacuum 
pressure as discussed below.

Problem No. 50   Low vacuum pressure in the second-stage evaporator

http://www.bcinsight.com
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WATCH FREE PRESENTATIONS: N, P, K, S AND S ACID MARKET OUTLOOKS

Watch Integer’s market outlook  
presentations for free here: www.integer-research.com/watch-presentations

Nitrogen
Phosphate Potash

Sulphur Sulphuric 
Acid

Siddharth from Tata Chemicals in India shares his experience: 
I would like to share an improvement we made to our urea plant 
before shutdown of the plant during the annual turnaround of 
2012. Before the turnaround, we were faced with the problem of 
huge deposition of polymer in the first and second stage separa-
tors of the vacuum sections. In view of this problem we started 
dome flushing of both separators with urea melt on a daily basis 
for 15 days before doing the shutdown. Even after shutdown 
of the plant we continued this flushing for more than 8 hours, 
recirculating the melt through the recovery pump. The result was 
splendid as much less deposition of polymer was observed in 
the separators and we have saved a lot of water and reduced 
the amount of disposal of polymer and manual work, which had 
been necessary earlier. In my opinion the circulation of urea melt 
for separator dome flushing is an important and useful activity.

Sam QR from India joins the discussion: Do you have a demister 
in the vapour outlet of the second stage evaporator and if so 
where is the pressure measurement taken, upstream or down-
stream? Have a routine for boiling out the second stage evapo-
rator with 72 wt-% urea solution  (once every two months). Be 
careful not to contaminate the evaporator condensate with urea 
solution, which will affect the hydrolyser. Based on the volume 
of the second stage evaporator/inlet solution flow rate, deter-
mine the time required to fill the second evaporator and fill the 
evaporator with urea solution. This will greatly help in removing 
poly-urea.

Evgeniy Shishkin of Koch Industries in the United States asks for 
further information: We are experiencing similar issues. Do you 
have any more information on what you mean by poly-urea and the 
procedure for flushing it out with urea solution?

Mark Brouwer of UreaKnowHow.com replies: Poly-urea refers to 
polymers of urea like biuret, triuret etc.  These are formed quite 
easily in the second stage evaporator and dissolve easily in urea 
melt.  Nowadays, many urea plants apply a flush system with urea 
melt (from discharge urea melt pump) on the second stage sepa-
rator. It is of course important that these small flush lines can be 
flushed out when they are not in use.

Aslam Muhammad of Fauji Fertilizer Company Limited in Paki-
stan provides another suggestion: Please check the ejector down-
stream nozzles for choking or dislodgement.

Zeeshan Shoaib of Fauji Fertilizer Company Limited in Pakistan 
shares his experience: I will add just two more suggestions as 
per our own experience as we have faced similar problems. Map 
the temperature of the ejector and condensers from outside and 
observe any change. It will help to rule out the health of the ejec-
tor and condenser. Measure the cooling water flow to the vacuum 
section and the condensers. Back flush the condensers from the 
cooling water side online after by-passing the feed of vacuum sec-
tion at reduced plant load. We have implemented these ideas and 
the poor vacuum pressure problem diminished. 

Prem Baboo of National Fertilizers Ltd in India joins the  
discussion: The problem of second stage vacuum pressure might 
be due to a leakage in the vacuum system i.e. flanges of heat 
exchangers, condenser sight glasses, all equipment flanges. 
Flushing of the condensers is a temporary phenomenon, after 
flushing it can be improved further. There is relationship between 
the vacuum pressure and the separator outlet temperature. Vari-
ous parameters are related to vacuum. For example if vacuum 
pressure is pulled out then the temperature will come down and 
the steam requirement increases. The moisture content in the 
urea product is also affected by weather conditions. The steam 
pressure can be increased to improve the vacuum ejectors. If 
there is sufficient margin in the first stage vacuum then it can be 
improved subject to the outlet temperature of urea and according 
to the concentration and temperature graph. If the outlet tem-
perature of the first vacuum is more than 120°C then it can be 
increased to 225-240 mm Hg so that the load on the second 
vacuum is shifted to the first vacuum. The detection of leakages in 
the vacuum system can be checked. The procedure is tricky: two 
or three persons are required to check for leaks, break the vacuum 
pressure and all ejectors steam valve should be closed, slowly 
closing the condenser cooling water outlet valve. In so doing, the 
system pressure will increase to more than 750 mm Hg and any 
vapours will leak out. Observe and note down the leakage points 
and open the cooling water valve immediately. n
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In Brazil, ethanol derived from sugar 
cane represents 18% of all transport 
fuel consumed in the country every year, 

on an energy equivalent basis. In China, 
methanol, mainly derived from coal feed-
stocks, has grown to just over 10% of the 
gasoline pool, in spite of strong opposition 
from the major state oil producers Sinopec 
and PetroChina. India imported 200 million 
tonnes of oil in 2017, and the figure contin-
ues to rise as demand for vehicle fuel con-
tinues to climb. India already imports more 
than 80% of its crude requirements. This 
has led India to begin considering whether 
it could duplicate or even exceed China’s 
success with using domestically produced 
methanol to substitute for imports of oil.

NITI Aayog
The responsibility for developing a ‘meth-
anol roadmap’ for transforming India’s 
transport economy has been devolved 
to NITI Aayog. NITI Aayog is the National 
Institution for Transforming India. Headed 
by prime minister Narendra Modi, it was 
formed om January 1st 2015 as the pre-
mier policy ‘think tank’ for the Indian gov-
ernment, to provide both directional and 
policy inputs. In 2016, the Institution put 
together an Expert Group to begin work 
on developing a the methanol roadmap, 
with three sub-groups tackling respectively 
production, utilisation and R&D. This was 
supported by a conference in September 
2016 on India’s Leap Into The Methanol 

Economy – Opportunities and Options for 
Energy Security, organised jointly with the 
Department of Science and Technology, the 
Ministry of New and Renewable Energy, and 
the US-based Methanol Institute.

Applications
Methanol can in theory be used in a very 
wide variety of applications; it can replace 
both petrol and diesel in road vehicles, or 
can be blended with existing fuel at up to 
15% without requiring any modifications to 
existing engines, and can replace LPG, wood 
or kerosene as a cooking fuel. It can also 
replace diesel in the rail or marine environ-
ments, can be used in a power plant, and it is 
even possible that methanol-based reform-
ers could complement electric or hybrid vehi-
cles. In the power sector, India has 22,000 
MW of generation capacity based on burning 
heavy fuel oil (HFO), one of the dirtiest fuels 
and one largely abandoned in most other 
countries. Methanol burns relatively cleanly, 
producing no particulate matter or soot, and 
very low SOX and NOX emissions. It can cut 
emissions by 33% compared to gasoline or 
80% compared to diesel.

It is also capable of being produced 
from a variety of sources, including natu-
ral gas, coal (even Indian high ash coal), 
bio-mass, municipal solid waste and most 
importantly from CO2 itself. As to cost, NITI 
Aayog estimates put the cost of producing 
methanol fuel in India at around 19 rupees 
per litre ($0.27/litre or just over $1.00/

gallon). This is 30% cheaper than any other 
fuel available in India.

China
China has been the model which India 
seeks to copy. Over the past 20 years 
China has vastly increased its coal-based 
methanol production, to the extent that 
China now accounts for more than 60% 
of all global methanol production. In addi-
tion, it also produces another 4 million t/a 
of dimethyl ether (DME), which is blended 
into LPG for domestic heating use. Metha-
nol accounts for almost 9% of transport 
fuel in China, with millions of methanol-
capable vehicles in circulation. 

Other countries have adopted methanol 
fuel blending programmes, including Israel 
and Italy, both of which have M15 (15% 
methanol and 85% gasoline) fuel standards, 
and they are also considering introducing 
M85 and M100 standards. Japan and South 
Korea also have methanol fuel programmes, 
while Australia has preferred a triple blend of 
so-called GEM – gasoline, ethanol and meth-
anol, with blends of up to 56% methanol. In 
the marine sector, ferries and tankers have 
been converted to run on methanol.

The roadmap
NITI Aayog has drawn up a plan to even-
tually replace up to 20% of India’s crude 
oil imports from methanol alone. Currently 
India has only 2 million t/a of methanol pro-

Can India 
develop a 
‘methanol 
economy’?

India is currently engaged in a major policy discussion on greater use of alternative fuels, 

hoping to emulate the success of China and Brazil in substituting oil imports with domestically 

produced alternative fuels. Can coal-based methanol be a success there?
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Methanol-to-Olefins: Shift in Fortune Amid Low Oil?
The electrical and medical product industries are highly regulated, with thousands of  
standards affecting all aspects of operations. 

36TH ANNUAL WORLD METHANOL CONFERENCE
Vienna, Austria | 6 October 2018 | Training Workshop, 5 Oct

Oil prices have been fluctuating at lower levels than in the past, potentially hampering prospects for methanol  
both into methanol-to-olefins (MTO) and into fuels.

How will prospects for methanol pan out in the midst of these complexities?
The 36th Annual World Methanol Conference and Workshop will outline these key issues and discuss where the 
opportunities are in the midst of change in a full day of content, data analysis and expert insight.

Join us and your colleagues in the methanol industry in Vienna, Austria on Oct 6, 2018 for a time of information  
and insight sharing, as well as networking.

Training Workshop | 5 October
Market Fundamentals, MTO and Small-Scale Methanol Plants

 
REGISTER NOW

www.ihsmarkit.com/WMC2018

duction capacity, and in the 2017 financial 
year produced only 210,000 tonnes. As 
Table 1 shows – India’s methanol consump-
tion runs currently at just under 2 million 
t/a. NITI Aayog’s ambitious plan envisages 
increasing this to 20 million t/a by 2025, 
and 30 million t/a by 2030, by which time 
it would replace 10% of India’s crude oil 
imports and potentially save $100 billion in 
foreign exchange. The so-called ‘roadmap’ 
for the methanol economy includes:
l Production of methanol from Indian 

high ash coal in large quantities, on a 
region by region basis. It has also sug-
gested the adoption of carbon dioxide 
capture to meet India’s commitments 
to the COP21 climate change treaty.

l Up to 40% of methanol will be produced 
from biomass, stranded natural gas 
and municipal solid waste.

l Both methanol and dimethyl ether 
(DME) will be used in the transportation 
sector, including rail, road, ships and in 
the defence industry. 

l Utilisation of methanol and DME as a 
domestic cooking fuel to replace LPG 
in stoves – probably including an LPG-
DME blending programme.

l Utilisation of methanol in fuel cell appli-
cations in ships, power generation and 
possibly transportation.

India aims to begin with a transport fuel 
blending programme such as China has 
developed, with an M15 (15%) methanol 
blend into gasoline. M100 can be used in 
fleet vehicles like buses and trucks, which 
are fuelled centrally, to avoid having to ini-
tially develop a methanol vehicle fuelling 
infrastructure. The plan envisages collabo-
ration with global engine manufacturers 
like Volvo, Mercedes and Caterpillar in con-
junction with Indian manufacturers to build 

methanol fuelled engines in India, generat-
ing inward investment into the country.

On the marine front, around 50 vessels 
in the port sector and various government-
owned vessels will be converted to run on 
methanol – this will also help compliance 
with new IMO emissions regulations.

India’s railways consumes about 3 bil-
lion litres of diesel fuel per year at a cost 
of $2.1 billion. A methanol locomotive pro-
totype is being developed by Indian Rail-
ways under a grant from the Department 
of Science and Technology. The ultimate 
aim would be to convert all 6,000 diesel 
engined locomotives to methanol which 

Financial Year Production, t/a Imports, t/a Total consumption t/a

2013 255,000 n/a n/a

2014 307,000 1,310,000 1,617,000

2015 210,000 1,639,000 1,849,000

2016 163,000 1,712,000 1,885,000

2017 210,000 1,637,000 1,847,000

Source: Government of India

Table 1:  Indian methanol statistics, 2013-17

http://www.bcinsight.com
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would reduce the annual diesel bill by an 
estimated 50%. It is hoped that the con-
version programme would also be comple-
mentary to progressive electrification of 
India’s railways.

On the cooking fuel side, a 20% DME 
blending program with LPG could be 
achieved without any significant infrastruc-
ture modifications (provided that suitable 
attention was paid to seals and gaskets 
of LPG canisters, which can be dissolved 
by DME).

Progress so far
The main progress so far has been the 
roadmap itself. There has been some 
development work on conversion of dif-
ferent engine types as proof of concept. 
So far there have been conversions of a 
moped engine, a power generation site, 
fuel-powered agricultural equipment (a 
power weeder), and progress is ongo-
ing with internal combustion engines for 
railways and ship engines. NITI Aayog is 
also looking at a $710 million Methanol 
Economy Fund to promote methanol devel-
opments in India. The Bureau of Indian 
Standards has certified methanol as a 
fuel, with associated regulatory approvals.

Initial methanol plant developments 
are likely to be via existing producers like 
Gujarat Narmada Fertilizer Co (GNFC), 
Rashtriya Chemicals and Fertilizers 
(RCF) and Assam Petrochemicals, target-
ing a capacity of 5 million t/a by 2021 
(requiring 3 million t/a of new produc-
tion). Public sector companies like Coal 
India Ltd, the Steel Authority of India Ltd, 
Bharat Heavy Electricals Ltd (BHEL) are 
considering making methanol using coal 
gasification, while the oil sector public 
companies are leaning towards the use 
of stranded natural gas. BHEL says that 
it at its Trichy site it will be establish-
ing and demonstrating het conversion of 
high ash coal to methanol production. 
The huge new Talcher Fertilizer plant, 
which is also based on coal gasification, 
could also adopt a methanol side stream 
with relatively few complications.

It was disclosed in June that there is 
also a proposal circulating at high levels 
of government to allocate coal blocks to 
national oil and refining companies such 
as the Indian Oil Co, Hindustan Petroleum 
Corporation and Bharat Petroleum Corpo-
ration, in order to allow them dedicated 
feedstock resources from which to pro-
duce methanol. The proposal, which has 

come from the Road Transport Ministry 
will be submitted to the Prime Minister’s 
office (PMO) for formal approval. Coal 
blocks in Odisha, Jharkhand, Chhattis-
garh and Telengana provinces have been 
identified for allocation to the national oil 
companies. The Road Transport Ministry 
has also suggested that there should 
be a lower rate of India’s new Goods 
and Service Tax of 12% rather than the 
existing rate of 18% for methanol sold to 
trucks which run exclusively on the fuel. 
The focus on oil and refining companies 
is to allow them to use their existing pro-
duction and distribution networks to sell 
methanol as well as conventional fuels. 
While there is also talk of Coal India Ltd 
diversifying into methanol production, it is 
currently assumed that this would mainly 
be aimed at the power sector.

How realistic is this?
The plans are certainly ambitious, but are 
they too ambitious? There are various hur-
dles which need to be overcome. The first 
is to provide sufficient feedstock. India is 
chronically short of natural gas, and while 
it is planning to import more LNG, some of 
which will be used to feed the new ammo-
nia-urea plants being built in the country, 
the practicalities of producing 30 million 
t/a from imported LNG would be incredibly 
difficult and prohibitively expensive. India 
already has gas-based methanol plants 
which do not operate because they are 
not able to produce as cheaply as metha-
nol can be imported from Iran and other 
places in the Middle East. That leaves coal 
gasification. While India has no shortage 
of coal, and has reserves comparable with 
China, India has had a troubled history 
with coal gasification, with its only two coal 
gasification-based ammonia plants closing 
down in the 1990s. Although they are now 
planned to be revived under the govern-
ment’s plan to make India self-sufficient in 
fertilizer, along with some large new coal 
gasification-based ammonia-urea plants 
such, there is still considerable scepticism 
about coal gasification in India. 

The second hurdle is potentially techni-
cal – Indian coal is of very high ash content, 
typically up to 25-45% ash. Beneficiation 
can reduce ash content to below 20%, but 
it adds extra cost. Chinese coal by compari-
son is generally lower ash content, although 
figures of 20% are not uncommon, and one 
plant is said to be running on coal at 38% 
ash content. Most gasifier suppliers indicate 

that their technologies can run at these ash 
contents with suitable modifications, but 
running at such high ash contents does lead 
to a reduction in the gasifier’s efficiency.

There is an environmental hurdle – gen-
erating 30 million t/a of methanol from 
gasified coal will generate large quantities 
of carbon dioxide, which could put India 
outside of its commitments under the COP-
21 treaty. It has been proposed that CO2 

could be sequestered underground, but in 
spite of a great deal of work on this else-
where, there are currently only a handful of 
working large scale (>800,000 t/a) carbon 
capture and storage projects and about 
20 ‘industrial scale’ (>50,000 t/a) carbon 
capture and storage projects worldwide, 
and all of the large scale ones and most 
of the industrial scale ones are based on 
reinjecting CO2 for enhanced oil recovery 
(EOR). NITI Aayog has also proposed the 
use of biomass or municipal waste gasi-
fication. While there are some projects 
based on producing methanol from these 
sources worldwide, the largest is only 
110,000 t/a, at Edmonton in Canada, 
based on municipal waste, and most of 
the others are only at the pilot plant stage. 
Replicating this on a large scale in India 
looks challenging to say the least, and bio-
mass gasification requires more expense 
in gathering sufficient feedstock together.

Finally, there is a political and eco-
nomic hurdle. All of this is going to cost 
a great deal of money – tens of billions 
of dollars. While there is the potential for 
saving in terms of oil import costs, that 
is in the future, while the cost of devel-
oping and building the plants must be 
borne now. China has – in this sense at 
least – benefited from its top-down and 
centralised planning and decision making 
on a political level – the government can 
mandate something and have it happen. 
India’s political system is much more vul-
nerable to large capital projects becoming 
political footballs between rival parties, 
and India has a history of overpromising 
and under-delivering as regards the extent 
of its ability to develop large chemical 
plants.

The feedstock and technical barriers 
are not insuperable, and China has shown 
that the financial and political hurdles 
can be overcome, if there is sufficient will 
there, but the proof of India’s genuine con-
version to a ‘methanol economy’ will be 
contracts awarded and ground broken on 
new coal-based methanol plants, and so 
far there is no sign of that. n
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Seamless Syngas 
Solutions
We are pushing technology limits in design 
and delivery of syngas plants, including the 
world’s largest units.  

•  Well referenced and cutting edge technologies  

•  Safe, efficient and reliable

•  Feedback from our own operations 

•  Full process chain of ASU and syngas conditioning including  
CO Shift, Amine Wash, PSA, CO Cold Box, Membranes

 

engineering-airliquide.com/syngas
syngas@airliquide.com

Steam methane reforming (SMR)
• 130 references 
• Ideal for hydrogen plants 
• Proven reference for CO production  
•  Top fired – better scale up, compact and  

efficient units 

Autothermal reforming (ATR)
• 30 references 
• Ideal for methanol and FT
•  Economy of scale, H

2
/CO flexibility as 

stand alone or with combined reforming

Gas POX
•  Ideal for oxo gas and CO production
•  Best in class burner lifespan resulting  

in 1/3 less of downtime compared to the 
industry benchmark

•  Enabler of low emission configurations

D-2401_ALG_E&C_Solutions_Syngas_A4_Aout2017.indd   1 2017-08-17   4:38 PM
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The market  
for industrial  
grade AN

Industrial grade ammonium nitrate (IGAN), 
also known as low density ammonium 
nitrate (LDAN), technical ammonium 

nitrate (TAN) or explosive grade ammonium 
nitrate (EGAN), as distinct from fertilizer 
grade ammonium nitrate (FGAN) is a compo-
nent of most of the world’s widely used com-
mercial explosives. About 98% of low density 
AN goes towards explosives production, and 
although there are a wide variety of commer-
cial explosives of varying compositions in 
use around the world, ammonium nitrate is 
a key component of most of these.

AN as an explosive

The main difference between the fertiliser 
and explosive grades of AN is, as the name 
suggests, in the density of the final prod-
uct. Low density ammonium nitrate used 
for explosive applications, has a bulk 
density in the range 0.7-0.8 and is usu-
ally made from 96-97% ammonium nitrate 
solution. By contrast, high density fertiliser 
grade is usually made from 99.7-99.8% 
ammonium nitrate solution. The other 
important characteristic of IGAN as com-

Industrial grade ammonium nitrate (IGAN) is the key component 

of industrial explosives around the world. As such it forms 

a distinct market segment of the AN industry separate from 

fertilizer uses, and occupies roughly 22% of all AN demand.

pared to FGAN is its porosity. This is impor-
tant since the presence of voids enables 
the prills to absorb and retain fuel oil when 
they are mixed (as ammonium nitrate/fuel 
oil, or ANFO) without the mixture becoming 
unduly wet. These two constituents act as 
an oxidiser and fuel respectively in the reac-
tion that takes place during detonation. 

Industrial explosives are divided into 
blasting agents and high explosives, with 
the former by far the largest segment. 
Blasting agents covers several sub-seg-
ments such as emulsions and slurry explo-
sives, but by far the largest sub-segment 
is ammonium nitrate fuel oil (ANFO). ANFO 
is the most commonly used industrial 
explosive, comprising 94% ammonium 
nitrate and 6% fuel oil. The development 
of ammonium nitrate as an oxidising agent 
has been one of the major advances in 
the development of explosives. It is rela-
tively inert and when pure its sensitivity to 
impact and shock is very low. However, in 
the process of combustible impurities its 
sensitivity grows to the point where it can 
be detonated with an appropriate booster. 
Since the 1950s it has come to dominate 
the industrial explosives market.

ANFO is the primary type of explosive 
used in open pit mining, particularly in dry 
mining conditions. However, ANFOs have 
certain drawbacks, such as lack of water 
resistance (due to the hygroscopicity of 
ammonium nitrate), low density and lim-
ited concentration of explosive energy (at 

Blasting at Kolomela iron ore mine, Australia.
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Coal mining in Australia – coal is still the largest slice of demand for IGAN.

such places as the bottom of the bore-
hole). The lack of water resistance can be 
a considerable problem in use, which led 
in the 1960s to the development of explo-
sive slurries. Initially slurries and water gels 
were made of aqueous solu-
tions of ammonium nitrate 
gelled by the addition of cross-
linking agents, sensitised 
by explosives such as TNT, 
black powder or hexogene, 
although the critical diameter 
of such gels was so wide that 
usage was limited to large 
bore-holes. Typical slurries 
contain 30-70% ammonium 
nitrate and may also include other nitrates 
(sodium nitrates, calcium nitrate and/or 
nitrates of organic amines).

A few years later the explosive ingredi-
ent was replaced either by very fine alumin-
ium powder or by amine nitrates, but more 
recently sensitisation has been achieved 
by an oil-water emulsion, which provides a 
very stable product. The density, and there-
fore the sensitivity is provided by the intro-
duction of hollow glass microspheres, or by 
specific chemical gassing techniques. Like 
ANFO or the first generation of water gels, 
emulsions are totally insensitive to shocks 
or impact, their density can be changed 
easily as can their sensitivity to detona-
tors. They are manufactured either in car-
tridge form or more and more, directly at 
the site of usage, with pump-trucks which 
deliver the sensitised products directly into 
the mine-holes. 

Emulsion explosives are highly efficient 
and reliable products when properly formu-
lated and manufactured. They offer a great 
deal of flexibility via blending with ANFO, 
and thus allow the manufacture of a range 
of ‘customised’ explosive products with 
a variety of performance and quality char-
acteristics. For example, Heavy ANFO is a 
combination of ANFO and emulsion and is 
designed to achieve higher loading densi-
ties than available with poured ANFO alone.

Production
In all about 90 million tonnes of ammo-
nium nitrate are manufactured every year 
(ca 30 million tonnes N). Of this 90 mil-
lion tonnes, roughly one third; around 20 
million tonnes of product is produced as 
IGAN. Until a few years ago this proportion 
had been steadily rising, but a growing 
take-up of AN use as a fertilizer in coun-
tries like China has slightly reversed that 

trend in recent years, in spite of increasing 
restrictions on the transport, storage and 
use of fertilizer grade AN.

Because of the similarity in IGAN and 
FGAN production, both from an ammonium 

nitrate liquor, the IGAN 
industry originally evolved 
largely as an ‘adjunct’ to 
the production of FGAN. 
However, because of 
regulatory hurdles in stor-
age and transport of AN, 
plants tend to be relatively 
close to areas of end user 
demand, and as fertilizer 
and mining areas are often 

not the same, there has been a gradual 
polarisation of the industry into dedicated 
facilities producing one or the other.

Consumption
The main use for commercial explosives 
is in the mining and quarrying industries. 
The mining industry uses just over 80% of 
all industrial explosives, mainly in open 
cast opening where large amounts of over-
burden must be cleared from a seam of 
coal or ore – obviously underground explo-
sions must be handled far more carefully 
to avoid bringing down tunnels or igniting 
e.g. coal dust or methane in coal mines. 
While there are other areas of mining in 
which explosives are used, including pre-
cious metals and rare earths, use of min-
ing explosives in large volumes is mainly 
confined to the coal, iron ore and copper 
mining industries, which between them 
account for 70% of all IGAN consumption. 
Of these, coal is the largest share, at 
around two thirds of all mining use.

Coal

Once the dominant fuel in the world, wor-
ries about its effect on global carbon 
dioxide output have led to a peaking of 
production and consumption of coal world-
wide in 2012-14. Coal’s share of global 
energy use has fallen from 40% to 27% in 
just a few years, mainly due to a switch to 
renewable energy and natural gas in North 
America and Europe. Even China, which 
has been the fastest growing demand 
centre for coal, has begun to slow its use 
of coal as the Chinese government tries 
to pivot towards a more service-oriented 
economy using more sustainable energy 
sources, and to tackle endemic problems 
with smog and pollution in its major cities. 
There has been a crackdown on burning 
coal near major population centres, and 
China is aiming to cap its coal consump-
tion at 4.1 billion t/a by 2020 under the 
current Five Year Plan, and thereafter see 
a slow decline.

Coal consumption has been on a long-
term decline in the US and Europe, in the 
US spurred by natural gas fracking which 
has opened up many previously uneco-
nomical natural gas reserves, and in spite 
of the Trump administration’s stated goal 
of helping the US coal industry, it is hard to 
imagine bucking such a large scale market 
trend. For this reason, the location of coal 
use has sifted this century. In 2000, North 
American and Europe represented just 
under half of all coal consumption, and the 
Asia-Pacific region a similar amount (48%). 
However, continued rapid industrialisation 
in Asia has seen this share change dra-
matically. In 2016 Europe and North Amer-
ica’s share of coal consumption was just 

“The mining  

industry uses  

just over 80%  

of all industrial  

explosives.
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22% combined, while Asia-Pacific’s had 
increased to 75%. India’s coal consump-
tion continues to rise, from 240 million 
tonnes of oil equivalent (mtoe) in 2007 
to 424 mtoe in 2017, a year which saw a 
5% rise in consumption. Southeast Asian 
countries such as Malaysia, Indonesia 
and Vietnam are also increasing their coal 
consumption. For now, however, it looks 
as though this segment of the explosives 
market is going to be in long-term decline.

Copper
While use of IGAN in coal mining is mainly 
in North America, with China and Australia 
also major users, in South America it is 
copper mining which is the major con-
sumer. Chile and Peru between them mine 
about 40% of the world’s copper, and con-
sume about half of the copper industry’s 
use of IGAN. In open-pit mining of copper, 
the primary blasting agent used is ANFO, 
and this is ideal for the dry conditions 
encountered in most mines. Water slurries 
and emulsions are used when wet condi-
tions are encountered. The use of high 
explosives in the copper mining sector is 
restricted mainly to development work and 
underground workings.

Copper demand mushroomed over the 
past 20 years because of China’s rapid 
industrialisation – copper is mainly used 
in wiring, electronics, piping, building, 
construction and transportation, and all 
of these formed part of China’s industrial 
revolution. Now however, China is facing a 
demographic shift as the effect of the ‘one 
child policy’ makes itself felt in the work-
force. The population profile is ageing, with 
more people retiring and fewer entering the 
workforce. Most industries have become 
mature and even suffered from chronic 
overcapacity, which is only now being 
tackled. The result has been that China’s 
astronomical growth rates have fallen back 
to a more ‘normal’ 6.7%, with India over-
taking it. This in turn has led to stagnation 
in the copper market, which had become 
built around feeding Chinese demand. Cop-
per production has plateaued since 2015, 
and while it is forecast to return to growth 
this year, it is likely to be at a slower rate 
than before, at around 1.8% per year.

Iron ore
Iron ore is mainly destined for steel pro-
duction, and again China’s industrialisation 
has generated a massive boost to steel 

demand over the past two decades. Iron/
steel demand is closely correlated with 
industrial production and GDP growth, and 
again overcapacity in Chinese steel pro-
duction and the slowdown in the Chinese 
economy and its ‘rebalancing’ towards 
domestic consumption instead of being the 
workshop of the world, means that iron ore 
demand, like that of copper, will be slower 
than before. However, the situation is not 
as marked as for copper, with growth rates 
of 2-3% likely over the next few years. 

Iron ore mining is concentrated in three 
countries; Australia, China and Brazil, 
which collectively produce about 75% of 
the world’s iron ore. Iron ore mines, gen-
erally, have a relatively high waste-to-ore 
ratio, and in addition very hard rock condi-
tions are encountered in several producing 
areas, once again requiring mining explo-
sives. The most commonly used explo-
sives are slurries and emulsions, which 
are adapted for use in large diameter bore-
holes. ANFO or metallised mixtures (which 
provide high explosive energy) are also 
used wherever conditions are dry.

Other uses

Quarrying is an area with increasing 
demand because of the need for building 
materials and construction stones, par-
ticularly in Europe, Latin America, and the 
Asia-Pacific region. Construction also uses 
explosives, for tunnelling and highway con-
struction as a faster and cheaper alterna-
tive to drilling through hard rock strata. 
There is increasing expertise among con-
struction companies with the use of explo-
sives and willingness to use them for such 
tasks.

In general, however, the mining indus-
try is seeing a retrenchment after two 
decades of spectacular growth, and while 
other industrialising countries are taking 
up the slack left by China, including India, 
Brazil, the countries of Southeast Asia and 
even parts of Africa, and while there is 
growth in smaller areas like quarrying and 
construction, overall growth in demand for 
IGAN is likely to be only around 1.2% per 
year over the period 2017-2022. This is 
still faster than growth in demand for ferti-
lizer grade AN, however.

New capacity
On a regional basis, as Figure 1 shows, 
capacity is concentrated in East Asia, but 
there are also still significant capacities 
for manufacturing IGAN in Eastern Europe, 
North America and Oceania – mainly Aus-
tralia. Overall, the demand for explosives 
in North America and Europe is relatively 
mature, and growth likely to be fairly small. 
However, the Asia-Pacific region currently 
represents 40% of the market for explo-
sives and continues to see strong growth. 

As regulations regarding the transpor-
tation of explosives have become more 
restrictive, so manufacturing of explosives 
has come to rest close to end use mar-
kets. This means that the industry has 
tended to have to respond to the changes 
in the regional balance of the mining and 
quarrying industries. As old, exhausted iron 
and coal mines close in Europe, so IGAN 
capacity has rationalised there. In much 
the same way, capacity has been increas-
ing in Latin America, Africa and especially 
Australia – 600,000 t/a of new capacity 
has come on-stream in Australia over the 
past five years to cope with new demands 
from the iron and coal mining industries. 
Africa’s IGAN capacity, meanwhile, is fore-
cast to double from 2012-2022, reaching 
1.6 million t/a by that time.  n

Oceania

East Asia

South Asia

Middle East

Africa

South America

North America

FSU/Central Asia

Eastern Europe

Western Europe

Oceania

East Asia

South Asia

Middle East

Africa

South America

North America

FSU/Central Asia

Eastern Europe

Western Europe

2.7

9.1

0.7

0.3

1.2

1.5

2.6

1.1

2.9

0.9

Total:        20.2 million t/a

Fig. 1:  Global IGAN capacity  
(million t/a), 2017

Source: IFA
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ammONiUm Nitrate
AN2000: the ideal process for

•Capacity up to 2000 MTD
•Wide flexibility of operation
•Low specific consumption rates
•Clean process condensate recovery
•Pipe Reactor Technology

Inspired by Piero della Francesca (attribution), Ideal City, 1470, Galleria Nazionale delle Marche, Urbino, ITALY

http://www.bcinsight.com


■	Contents ISSUE 355 SEPTEMBER-OCTOBER 2018
NITROGEN+SYNGAS

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

52

53

54

55

56

57

58

59

60

47

48

49

50

51

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

30

Process integration of fertilizers and chemicals

33 www.nitrogenandsyngas.com Nitrogen+Syngas  355 | September - October 2018

Technology integration 
adding value
Driven by economic cycles, market developments, increasing investment cost and more 

stringent environmental requirements, ammonia, urea and methanol producers are looking for 

integrated solutions to provide reliable, cost effective and sustainable production technologies 

for their products. 

heat

melamine ammonia

reprocessing in urea plant

carbon dioxide
urea

oxygen
nitrogen
hydrogen
carbon

Fig. 1:  Melamine reaction with off-gas reprocessing in urea plant

Source: Eurotecnica

Despite urea price fluctuations,  
market demand for this highly-effi-
cient nitrogen fertilizer remains posi-

tive. In recent years there has also been a 
growing demand for urea-based products, 
such as urea ammonium nitrate (UAN), 
AdBlue etc. so, it is not surprising that many 
mainstream manufacturers of nitrogen ferti-
lizers consider further expansion of their urea 
production as a priority. The starting point for 
expansion typically starts with the scale up 
of the ammonia production, as ammonia is a 
critical raw material for all nitrogen fertilizers. 

For the revamp of existing fertilizer 
complexes comprising different production 
units, integration will enhance the benefits 
of tailored improvements in the design, 
operation, reliability and performance of 
the individual units.

The main advantages resulting from 
process integration are essentially:
l maximum energy efficiency, assuring low-

est specific energy consumption through 
the implementation of more efficient pro-
cess flow configurations or installation of 
high efficiency equipment.

l minimum investment cost, avoiding dupli-
cation of units and managing common 
utilities to minimise all equipment sizes.

Ammonia-urea integration
Fundamental integration occurs at the pro-
cess level and is aimed at optimising the 
common networks, easily managing recy-
cle streams and combining common sec-
tions. For example:
l the steam required for a urea plant can 

be efficiently generated in an ammonia 
synthesis loop;

l use of the ammonia process air com-
pressor to provide urea passivation air 
and urea granulation air;

l recycle of CO2 compressor interstage 
condensate to the ammonia plant pro-
cess condensate stripper;

l use of the ammonia refrigeration sec-
tion for cooling urea granulation air;

l use of low grade heat from both ammo-
nia and urea plants to produce chilled 
water in a single unit, to be exploited in 
both plants;

l the possibility of sending high-pressure 
ammonia directly from the synthe-
sis loop, to the urea plant, avoiding 
the need for high-pressure ammonia 
pumps.

Urea-melamine integration
Producing melamine is an opportunity for a 
fertilizer complex to generate higher profits 
and, at the same time, to hedge the sea-
sonal fluctuations of the urea market.

Melamine and urea units can be fully 
integrated as regards the utilities, raw 
materials and intermediate streams.

In the overall reaction for the produc-
tion of melamine, six molecules of urea 
are required to produce one molecule of 

melamine, while six moles of ammonia 
and three of carbon dioxide are produced 
as by-products:

6CH4N2O → C3H6N6 + 6NH3 + 3CO2

The by-products are sent to the urea 
plant for reprocessing to be converted into 
valuable urea (Fig. 1).

The profitability of a melamine plant is 
greatly enhanced if the plant is integrated 
with an upstream urea plant, where the 
reprocessing of by-product ammonia and 
carbon dioxide reduces the net urea con-
sumption to the stoichiometric value of 
three moles urea per mole melamine. 

Methanol-ammonia integration
The concept of methanol-ammonia co-pro-
duction has a long history and there are 
many ways of producing both products in 
a single production asset. The optimum 
scheme depends, however, on product 
mix – a scheme optimised around the 
production of much larger quantities of 
ammonia than methanol is, for example, 
unlikely to be suitable for the production 
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Fig. 2: Conventional crop protection spraying 

equipment.
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Fig. 3: AN-urea-water phase diagram

Source: Stamicarbon

of much larger quantities of methanol than 
ammonia.

When compared to dedicated ammo-
nia and methanol plants, co-production 
schemes can suffer from a degree of com-
promise because the incorporation of both 
methanol and ammonia production capabil-
ity into a single flowsheet can mean that the 
process conditions for both are suboptimal. 
if present, these compromises can lead to 
inefficiency and/or risks to product quality.

commercial factors also come into play 
in that ammonia and methanol market 
cycles are not always in alignment which 
means that it is often necessary to vary 
product mix and, sometimes, to be able to 
produce one product without being forced 
to make the other. 

Once methanol and ammonia are avail-
able in the same location, other opportu-
nities arise such as the manufacture of 
urea formaldehyde concentrate which is 
commonly used in urea granulation plants. 
amines are another potential opportunity. 

Urea-UAN integration
Uan, a liquid fertilizer containing typically 
32% nitrogen, has gained more and more 
interest over the years due to its ease of 
handling and efficient use. While for the 
application of ammonia, urea, npK, etc. 
dedicated equipment is required, Uan can 
be applied using conventional crop protec-
tion spraying equipment (Fig. 2) or stream 
bars. it can even be applied in combination 
with crop protection products, not only sav-
ing on additional labour, but also aiming 
for synergetic effects between liquid ferti-
lizers and crop protection products.

as Uan is a liquid product, other liq-
uid products can be easily incorporated, 
providing the required nutrients such as 
phosphate, potash and sulphur, or adding 
nitrification inhibitors.

transport of Uan is easy and non-
restricted, unlike ammonia transport which 

is increasingly restricted. this supports the 
transition from ammonia fertilisation to 
Uan. additionally Uan can easily be stored 
in tanks made from normal carbon steel, 
presuming corrosion inhibitors are added. 
prices for Uan are generally higher than for 
urea, corrected for their nitrogen content. 
including the relative low cost of invest-
ment, the margin per tonne of nitrogen for 
Uan is higher than for urea.

Uan can be manufactured from dis-
solved solid urea and ammonium nitrate. 
however, it is far more economical to 
produce Uan in an integrated production 
plant. the major advantage of such an 
integrated Uan plant is that the need for 
expensive solids formation and handling 
is not required, the end product remains 
in liquid form and can be easily trans-
ported and stored in tanks. this allows 
for the abolishment of an expensive fin-
ishing section. 

Whereas urea and/or an can be dis-
solved in water relatively easily, the maxi-
mum concentration is limited. at lower 
temperatures both products would nor-
mally crystallise and phase separation 
would occur. Uan, being a mix of urea 
and an solution however, still has a very 
high solubility at lower temperatures 
(Fig. 3). although 32% Uan contains only 

relatively small amounts of water (about 
20%), it is a complete transparent liquid 
even below 0°c.

in very cold conditions, Uan can be eas-
ily diluted with water to further avoid crys-
tallisation. in France Uan is typically used 
at 30% n, whereas in northern Germany 
the use of 28% n is common.

Stamicarbon urea technology 
integration
Stamicarbon, the innovation and license 
company of maire tecnimont Group has 
more than 70 years of experience in licens-
ing in the fertilizer industry.  it has built up 
a long track record of more than 260 real-
ised urea projects, but its field of exper-
tise extends beyond urea with know-how 
on melamine integration and nitric acid 
technology to produce nitrate fertilizers.  
With the latter comes the potential to also 
produce Uan liquid fertilizer.

Stamicarbon’s integrated production 
processes are designed to achieve best 
in class performance, low investment, and 
low operation cost performance in new and 
existing plants. this goes hand in hand 
with low emissions, low energy consump-
tion, recycling of waste streams, etc., pro-
viding a sustainable position for the future.
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Fig. 4:  Urea-melamine coupling with added new MP section

Source: Stamicarbon

Stamicarbon offers two sophisticated 
integration designs: 
l urea-melamine coupling technology;
l fully integrated UAN technology.

Stamicarbon urea-melamine integration
Stamicarbon has experience and well 
proven technology to couple urea and mel-
amine plants. The process can be used for 
grassroot plants, as well as for a revamp 
concept for most urea plant technologies.

The main consequence of coupling urea 
and melamine plants in a revamp concept 
is the introduction of a medium-pressure 
(MP) stage. By adding a medium-pressure 
section to the existing plant it is possible 
to increase urea plant capacity by 20% 
and if additional modifications are made in 
the downstream of the synthesis section 
capacity increases of up to 50% can be 
achieved.

The MP stage is fed with the liquid solu-
tion coming out of the reactor. The existing 
line downstream of the stripper has almost 
the same load after the revamp compared 
to the existing situation. This results in a 
minimum amount of modifications in the 
synthesis section.  In this concept the 
stripper and the reactor are operated at 
their maximum load.

In the medium-pressure stage, the solu-
tion is expanded to a pressure of about 18 
bar and is fed to a new recirculation col-
umn. In a heat exchanger connected to the 
column the liquid is heated up to a tem-
perature of about 160°C. The liquid leav-
ing this column is directed to a stripping 

column, where part of the CO2 is contacted 
with descending liquid counter currently. 
The liquid from this medium- pressure strip-
per is sent to the existing rectifying column, 
see Fig. 4.

All gas flows from the MP recirculation 
and the MP CO2 stripper column are com-
bined. In order to condense these vapours, 
they are mixed with the low-pressure car-
bamate stream coming from the existing 
low-pressure carbamate condenser. This 
combined stream is partly condensed in 
the pre-evaporator heater. Further conden-
sation takes place in the medium-pressure 
carbamate condenser. 

The recycle carbamate flow from the 
melamine plant is also fed to the medium-
pressure carbamate condenser. The con-
densed carbamate liquid leaving the MP 
carbamate condenser is pressurised to 
the synthesis pressure by the existing high 
pressure carbamate pumps. 

The pressurised carbamate is distrib-
uted over the HP scrubber and the HP 
carbamate condenser. The distribution 
is controlled in such a way that the exist-
ing liquid load of the HP scrubber is not 
exceeded. The remaining part is sent to 
the HP carbamate condenser.

The main advantages of coupling a mel-
amine plant to an existing urea plant are:
l Less ammonia and carbon dioxide are 

required to produce the same amount 
of urea, due to the addition of carba-
mate from the melamine plant. The 
additional carbamate stream coming 
from the melamine plant, offloads the 
existing carbon dioxide compressor and 
the ammonia pumps.

l The stripper is unloaded by the introduc-
tion of the new MP section. Because of 
this the risk of flooding is reduced at 
the stripper.

l Only limited modifications are required 
in the existing plant. There is no need 
to install a new high pressure equip-
ment in order to increase the capacity 
with this concept, only if a small addi-
tional reaction volume is necessary.

l The additional MP section can be decou-
pled if necessary and the plant can be 
operated with its original concept again.

Stamicarbon has coupled urea and mela-
mine processes in a few plants by intro-
ducing the MP section. The capacity of a 
plant in China was increased from 1,700 
to 2,300 t/d, while the capacity of a plant 
in Egypt was successfully increased from 
1,925 to 2,250 t/d. There is also an ongo-
ing project for a plant in the US to increase 
the capacity from 1,750 to 2,160 t/d.

Stamicarbon fully integrated UAN 
technology
The process flow diagram in Fig. 5 shows 
Stamicarbon’s fully integrated UAN plant. 

nitric acid neutralisation
nitric acid ammonium

nitrate
Uan

off stream to scrubber scrubber off stream

Uan

urea

ammonia off gas

urea

adBlue®adBlue®
clean process water

ammonia

ammonia

co2

Fig. 5:  Stamicarbon’s fully integrated UAN plant

Source: Stamicarbon
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In the first section of the plant, nitric 
acid is produced by the absorption of nitro-
gen dioxide (NO2) in water. Nitrogen diox-
ide is formed by the oxidation of nitrogen 
monoxide (NO), while nitrogen monoxide 
is produced by oxidising of ammonia on 
Pt/Rh gauzes in an exothermic reaction. 
The required oxygen for the oxidation of 
the ammonia is supplied by adding air to 
the catalytic combustion chamber of the 
ammonia burner.

The overhead vapour of the absorp-
tion/ oxidation column still contains traces 
of NOx and N2O. To remove these to an 
acceptable level, the tail gas is heated 
and introduced into a tertiary abatement 
system. In this system two catalyst beds 
are installed where subsequently N2O and 
NOx are converted to water and nitrogen. 
To convert the NOx, ammonia is supplied 
between the two beds. The still pressur-
ised tail gas is expanded over the tail gas 
expander and cooled before it is relieved to 
the atmosphere.

In the second section urea is produced 
by reacting liquid ammonia and supercriti-
cal carbon dioxide. In the first reaction car-
bon dioxide and ammonia are converted 
into ammonium carbamate. This reaction 
is fast and exothermic. In the second reac-
tion, which is slow and endothermic, the 
ammonium carbamate dehydrates to pro-
duce urea and water. The urea solution 
leaving the low pressure recirculation sec-
tion is collected in the urea solution tank. 
This urea solution is pumped to an evapo-
rator that is operated at sub-atmospheric 
pressure. The process condensate leaving 
the vacuum condenser is collected in an 
ammonium water tank. The non-condensed 
vapour is conveyed by a steam ejector to 
an atmospheric absorber. Here the remain-
ing ammonia is neutralised to form ammo-
nium nitrate by using acidic condensate 
from the UAN section. The concentrated 
urea solution leaving the evaporator is 
pumped to the urea/ammonium nitrate 
mixer in the UAN process section. At this 
stage the urea solution can also be used 
for DEF production, making it possible to 
switch between UAN and DEF production 
in a flexible manner.

The third AN process section comprises 
a neutraliser, an ammonium nitrate stor-
age tank, and off-gas purification equip-
ment. The neutraliser consists of a U-type 
combination of a circulation tube and a 
mixing tube with a separator. Ammonia-
containing gases from the urea plant 
together with ammonia from battery limits 

are fed into the bottom of the mixing tube. 
Nitric acid is introduced somewhat lower in 
the circulation tube. The two components 
react exothermically to form ammonium 
nitrate.

The presence of liquid in the circulation 
tube and of the gas-liquid mixture in the 
mixing tube causes the fluid to circulate. 
The heat of reaction is used for the evapo-
ration of water present in the nitric acid 
supply. The pH of the solution is controlled 
by addition of nitric acid. The gas and liquid 
phases are separated in the separator, the 
liquid being sent to the ammonium nitrate 
storage tank. The additional ammonia sup-
ply to the neutraliser next to the ammonia 
in the off-gas from the urea plant, controls 
the required ammonium nitrate/urea ratio 
in the UAN end-product. 

In the fourth urea/ammonium nitrate 
section the following substances are mixed 
to produce the required UAN concentration 
of between 28% and 32% nitrogen:
l urea solution, still containing some 

NH3;
l ammonium nitrate solution;
l nitric acid;
l potential liquid effluent from the dust 

purification scrubber and off-gases 
from the UAN section can be sent to 
the scrubber to avoid emissions.

Here again the heat of reaction is utilised 
to increase the temperature and to evapo-
rate water. The ammonium nitrate to urea 
ratio is controlled at about 1.35. The pH 
is controlled at 5 to 6 by means of adding 
some nitric acid. The resultant UAN solu-
tion is either stored or pumped to battery 
limits. 

To avoid corrosion issues it is advised 
to add a corrosion inhibitor before the prod-
uct is stored, awaiting the final application 
on the field by the farmer. Stamicarbon 
offers a proprietary corrosion inhibitor for 
this, ADVANCE PROTECT™, which provides 
effective protection of equipment, tanks, 
and pipes at low dosages. Furthermore it 
has de-foaming characteristics and is bio-
degradable.

Stamicarbon’s integrated once-
through urea production technology has a 
number of advantages. The urea section 
in the integrated plant may operate at an 
ammonia efficiency which is way below 
100% because the unconverted ammonia 
leaving the urea section is converted into 
ammonium nitrate in the downstream 
neutralisation section of the integrated 
plant. This gives the opportunity to design 

a once-through urea section without a low 
pressure or medium- pressure carbamate 
recycle. This saves a recycle concentra-
tion section, cuts back on the investment 
for costly high pressure (recycle) pumps 
and reduces the relatively high electricity 
consumption of these pumps. The energy 
consumption can be even lower if multi-
ple use can be made of the energy from 
the steam used in the process, which is 
generated in the nitric acid part of the 
plant. 

The Stamicarbon integrated UAN 
design allows for the complete recycling of 
waste streams from the urea granulation 
section, where acidic scrubbing with nitric 
acid results in urea-AN waste streams. 
These can be fully recycled into the UAN 
process.

The plant can also be designed in such 
a way that DEF (diesel exhaust fluid)/
AdBlue® can be produced. As the nitrogen 
concentration of DEF is lower than that of 
regular urea solution, clean process water 
produced in the integrated urea section 
needs to be added to bring the product up 
to spec.

NIIK urea-UAN integration project
Besides the global trend for increasing the 
capacity of large-scale urea plants, there 
is also sometimes a need to increase 
production of a small-scale urea unit or a 
urea solution plant for further production 
of UAN. NIIK, a leading Russian engineer-
ing and technology company that provides 
comprehensive services for urea plants, 
offers its own urea technology URECON 
2006® to meet this requirement. URECON 
2006® makes it possible to significantly 
reduce investment costs and shorten the 
project implementation period via the use 
of existing or stand-by process equipment.

NIIK is currently in the final stages of 
such a project for the construction of a 
urea solution plant at one of the largest 
Russian companies. The plant is designed 
to produce 72% urea solution, which will 
then be converted into urea ammonium 
nitrate (UAN). That means there is no need 
to install an evaporation section, granula-
tion unit or wastewater treatment section. 
In addition, low energy consumption, low 
air emissions and wastes make the pro-
cess environmentally friendly.

The Russian fertilizer producer already 
has ammonia and urea units at the site 
and part of the produced urea solution is 
transferred to the UAN plant.
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Fig. 6: Existing urea production
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Fig. 7: Urea production after enhancement

Fig. 6 shows a block flow diagram of 
the existing urea production.

Upon commissioning of a new ammo-
nia production unit the company decided 
to expand the production of urea solution 
in order to increase its UAN output. NIIK 
suggested the installation of a small-scale 
urea solution plant using the existing 
equipment, for instance the CO2 compres-
sion unit and urea synthesis reactor, in 
order to significantly reduce building costs 
and project execution time.

Fig. 7 shows a block flow diagram of 
the urea plant after expansion.

In the long term the urea production 
can be enhanced via construction of an 
evaporation section and prilling or granu-
lation unit for the commercial production 
of a solid form of urea. In the meantime, 
the construction of the urea solution unit 
enables the company to increase UAN pro-
duction and make additional profit.

NIIK’s URECON 2006® technology was 
selected as the best option for the urea 
solution unit.

The process flow diagram in Fig. 8 
shows the only high-pressure vessel, i.e. 
the synthesis reactor. It should be noted, 
that a stand-by vessel from the existing 
urea plant is used as the reactor. In order 
to increase its efficiency the reactor is 
additionally equipped with a special set 
of internal devices (SID) by NIIK, which 
includes the following:

Source: NIIK

Source: NIIK

co2co2

nh3nh3

atmosphereatmosphereatmosphereatmosphere

lP carbamate 
condenser
lP carbamate 
condenser

synthesis
reactor
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mP distillermP distiller lP distillerlP distiller

mP absorbermP absorber

ammonia
condensation unit
ammonia
condensation unit

recuperatorrecuperator

urea solution to Uan uniturea solution to Uan unit

liquid ammonia
to tank
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waste water to treatmentwaste water to treatment

Fig.  8: URECON 2003® urea solution unit

Source: NIIK
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Fig. 9: Efficiency upgrading of the urea synthesis reactor
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Fig. 10: Distribution of CO2 compressors by urea plants
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l a vortex mixer;
l a conversion booster;
l ten sieve trays.

With installation of the SID (Fig. 9) very 
high reactor performance is achieved 
while retaining a comfortable conver-
sion rate. The existing stand-by reactor 
with a volume of 31 m3 can be used with 
greater benefit in the urea solution plant 
with capacity of 600 t/d (equivalent to 
100% urea).

The urea solution from the reactor is 
distilled in two stages (medium pressure 
stage and low pressure stage) with recy-
cle of unreacted ammonia and CO2. The 
urea solution then passes to the pre-evap-
oration phase where it is concentrated to 
minimum 72% by means of the heat from 
the medium pressure distillation gases. A 
small amount of resulting process conden-
sate is transferred to the new waste-water 
treatment unit currently under construction 
and designed for several plants.

The urea solution distillation is per-
formed in the distillers represented by spe-
cial vessels containing a tray-type rectifying 
column and film-type heater. The combi-
nation of multiple processes in a single 
vessel increases the efficiency, while the 
space required for equipment and number 
of pipelines is reduced. Corrosion of equip-
ment also decreased.

One of the most important distinguish-
ing features of the proposed process flow 
diagram compared to a traditional total 
liquid recycle process is that the medium 
pressure condenser unit uses a vertically-
mounted condenser with U-tubes, where 
the solution is circulating outside the 
tubes. Thus, the condenser is cooled by 

water circulating in a separate closed cool-
ing loop. The temperature of this cooling 
water can be adjusted as required. As a 
result, the condenser efficiency increases 
and the potential for carbamate solution 
crystallisation outside of the tubes is prac-
tically eliminated.

In addition, part of the process heat 
(heat from the medium pressure ammo-
nium carbamate formation) is utilised for the 
pre-evaporation of urea solution up to the 
minimum concentration of 72%. The heat 
recuperation is carried out in a special ves-
sel, the heat recuperator, which performs 
functions of the film-type evaporator and 
medium pressure carbamate condenser.

Almost all the elements of the process 
flow diagram have been tested many times 
in other urea revamping projects with total 
liquid recycle process technology and 
proved their high efficiency.

For the CO2 compression unit, in this 
particular case NIIK used the reserve capac-
ity of the existing compressor equipment 
(Fig. 10). These reserves were revealed 
earlier after the partial replacement of old 
reciprocating compressors by new centrifu-
gal compressors of greater capacity.

If such reserves were not available, a 
new CO2 compression unit would have been 
required. This issue can be resolved in differ-
ent ways depending on the existing configura-
tion of the CO2 compression unit, its current 
physical condition and available financing.

The environmental aspects of the pro-
ject also merits special attention. Due 
to the small volume of waste water and 
efficient gas scrubbing system the unit 
meets the most stringent environmental 
standards.

The expected performance indicators of 
the urea solution plant are shown in the 
Table 1.

The main advantages of the proposed urea 
solution plant design are the following:
l Low investment costs and significant 

reduction of the project execution time 
due to re-use of the existing CO2 com-
pressor equipment and synthesis reac-
tor, which are usually top-priced and 
take much time for manufacturing and 
procurement. Besides that, there is 
no need to provide an additional infra-
structure for interconnection of the new 
plant, because it already exists at site.

 Parameter Value

 Capacity equivalent to 100% urea, t/d 450-700

Steam consumption for industrial requirements, Gcal/t 0.7

Power consumption for industrial requirements * 50

Cooling water consumption* 90

Composition of urea solution, wt-%

     Urea ≥72

     Ammonia ≤0.3

* Consumption of utilities for CO2 compression is not included Source: NIIK

Table 1: Basic parameters of the urea solution plant

http://www.bcinsight.com


■	Contents ISSUE 355 SEPTEMBER-OCTOBER 2018
NITROGEN+SYNGAS

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

52

53

54

55

56

57

58

59

60

47

48

49

50

51

39

40

41

42

43

44

45

46

30

31

32

33

34

35

36

37

38

Process integration of fertilizers and chemicals

33 www.nitrogenandsyngas.com Nitrogen+Syngas  355 | September - October 2018

fuelfuel

hydrogenhydrogen

scrubbed
methanol
loop purge

scrubbed
methanol
loop purge

hydrogen
recovery
system

hydrogen
recovery
system

methanol
plant
methanol
plant

ammonia
loop
ammonia
loop

scrubbed ammonia loop purgescrubbed ammonia loop purge

smr meoh loop distillation

nh
3 loop

steam

purge gas

Psa

nitrogen

off-gas to fuel 

asU

Fig. 11:   Connections between methanol plant and  
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Fig. 12:   Single reformer feeding both ammonia and  
methanol loops

Source: Johnson MattheySource: Johnson Matthey

l Staff training is not required as the 
process of the new plant is similar to 
the existing units on stream. Thus, the 
breaking-in period will be also notably 
reduced.

l Good efficiency and space saving 
design of the new plant are guaranteed 
by NIIK’s best practices in operating 
and revamps of urea units all over the 
world.

l The multi-unit process technology pro-
vides great flexibility. Depending on mar-
ket conditions, there is the opportunity 
to produce different products: not only 
solid urea, but also UAN, AdBlue etc.

Johnson Matthey integrated 
process design

As a leader in catalyst and process tech-
nology development for the ammonia and 
methanol industries, Johnson Matthey (JM) 
offers a range of ammonia-methanol co-
production technologies, to accommodate 
any product mix. 

Ammonia capacity much less than 
methanol capacity 
When the ammonia capacity is much less 
than the methanol capacity, the econom-
ics of the methanol plant dominate and it 
is advantageous to base a co-production 
scheme around a methanol flowsheet. 

A typical methane steam reformer 
based methanol plant with natural gas feed 
and no CO2 addition will produce about 
40% more hydrogen than can react with the 
available CO and CO2 to produce methanol. 
If there is an on-site use for hydrogen, or 
a connection to a hydrogen pipeline, pure 
hydrogen can be recovered from the purge 
gas, most commonly by a pressure swing 
adsorption (PSA) system. However, in many 
cases the excess will be purged from the 

synthesis loop and used as reformer fuel. 
The surplus hydrogen can also be used 

in an ammonia co-production loop, in which 
case an ammonia capacity up to about 
30% of the methanol capacity is possible. 

The only compromise that needs to be 
made in methanol plant design is to ensure 
that there is an excess of hydrogen. In 
most cases, this means a flowsheet with a 
single steam reformer. Once this decision 
has been made, the methanol plant can be 
designed and optimised as a stand-alone 
unit with little or no regard to the presence 
of the ammonia loop (Fig. 11). In terms of 
the flowsheet, the only process lines con-
necting the ammonia plant to the methanol 
plant are the methanol loop purge which 
passes via a hydrogen recovery unit to the 
ammonia plant, and a small purge stream 
from the ammonia loop which may be used 
as fuel on the methanol reformer (but which 
is not required in order to operate the meth-
anol plant). The purges are scrubbed using 
established technology for ammonia and 
methanol plants. In the former case, the 
liquor is distilled to produce pure ammonia. 
In the latter case, the methanol liquor is 
processed through the topping and refining 
columns to produce pure methanol.

The net result is a standard and effi-
cient methanol flowsheet which can oper-
ate independently of a high efficiency 
ammonia synthesis loop and which, being 
separate, cannot lead to ammonia ingress 
into the methanol synthesis loop and 
hence to trimethylamine (TMA) contamina-
tion of the product methanol.

Key features of this scheme are:
l high flexibility;
l the ammonia production rate can be 

increased, and the methanol produc-
tion rate decreased by sending syngas 
via the hydrogen recovery unit to the 
ammonia loop;

l the ammonia production rate can be 
reduced without affecting the metha-
nol production rate by using methanol 
purge gas as fuel; 

l methanol can be made without making 
ammonia;

l good efficiency;
l significant reduction in capex compared 

to independent plants;
l no requirement for an air separation 

unit (ASU).

Ammonia capacity comparable to 
methanol capacity
As the requirement for ammonia increases, 
an extra source of hydrogen needs to be 
found. 

Common reformer: One option is to 
install a larger (or a second) steam reformer 
and use the extra hydrogen to augment 
that from the methanol loop purge (Fig. 12). 
Depending on site-specific economics, the 
reformed gases can also be subjected to 
one or more stages of water gas shift, wet 
CO2 removal and methanation. 

Features of the process are: 
l fewer equipment items than for sepa-

rate plants;
l the requirement for an ASU;
l the methanol plant can operate inde-

pendently of the ammonia plant;
l depending on the relative ammonia 

and methanol plant capacities, it may 
or may not be economic to produce 
ammonia without making methanol. 
 

Integrated flowsheet: Another option, 
which is the subject of a patent applica-
tion, is to use an air fired autothermal 
reformer (ATR) in parallel with the steam 
reformer. This allows the methane con-
tained in the methanol loop purge gas to 
be upgraded to hydrogen/ammonia value 
rather than degraded to fuel value. Addi-
tional feed natural gas is fed to the ATR as 
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required to achieve the requisite ammonia 
production rate (Fig. 13).

The main advantages are: 
l high efficiency;
l reduced equipment count compared to 

the stand-alone option;
l no requirement for an ASU;
l considerable freedom to flex nameplate 

ammonia and methanol capacity;
l considerable freedom to flex instanta-

neous product mix.

Separate trains: Stand-alone ammonia and 
methanol plants are by far the most flex-
ible configuration. Each can be designed 
without compromise, thereby ensuring 
optimal efficiency. In addition, there are 
no constraints whatsoever on product split 
or operating rate. 

As before, surplus hydrogen from the 
methanol plant can be sent to the ammo-
nia plant to increase ammonia make. 

In addition, by-product CO2 from the 
ammonia plant can be exported to the 

methanol plant either as reformer feed-
stock or as make up to the methanol loop 
thereby increasing methanol make. 

As a consequence, overall profitability 
can be improved by preferentially send-
ing hydrogen to the ammonia plant when 
ammonia economics are better than meth-
anol economics; and preferentially send-
ing CO2 to the methanol ammonia plant 
when methanol economics are favourable 
(Fig. 14). 

Key features of this process are therefore:
l maximum possible flexibility;
l high efficiency;
l no requirement for an ASU. 

Ammonia capacity much larger than 
methanol capacity
When the ammonia capacity is much 
larger than the methanol capacity, the eco-
nomics of the ammonia plant dominate, 
and it is advantageous to base co-produc-
tion around an ammonia plant flowsheet. 

JM’s saturator/desaturator scheme 
consists of a once through methanol reac-
tor upstream of the ammonia plant high 
temperature shift (HTS) (Fig. 15). 

Key features of the scheme are: 
l simplicity; 
l no requirement for a compressor for 

methanol capacities up to about 30% 
of ammonia capacity;

l easy to reduce methanol production 
rate (and increase ammonia production 
rate);

l ammonia can be made without making 
methanol.

Johnson Matthey’s FORMOX integrated 
UFC process
In addition to being a leader in catalyst 
and process technology development for 
the ammonia and methanol industries; JM 
is also a leader in the formaldehyde indus-
try. The production and use of these three 
chemicals is linked. Carbon dioxide, a by-
product of the synthesis gas generation 
process for ammonia manufacture, can be 
usefully combined with product ammonia 
to synthesise urea, an important fertiliser 
and chemical product. Solid urea is manu-
factured as prills or granules and formal-
dehyde (in the form of urea-formaldehyde 
concentrate or UFC) is used to condition 
granular, and sometimes prilled, urea. One 
of the most commonly used grades of UFC 
is UFC-85, a mixture of 60% formaldehyde, 
25% urea and the balance water. Formal-
dehyde is produced from the oxidation of 
methanol, which in turn is produced from 
synthesis gas. 

Generally, the formaldehyde additive 
required for urea conditioning is purchased 
from a third party as the small quantities 
required for an individual ammonia/urea 
plant are below the economic limit that 
would justify investment in a stand-alone 
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Fig. 14: Separate trains
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Fig. 17: UFC plant flowsheet
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formaldehyde plant along with the associ-
ated methanol plant. 

As a result, urea producers tend to 
purchase UFC-85 from third parties whose 
cost structure is based on the purchase 
(or opportunity cost) of methanol at market 
price which is normally at a considerable 
premium to the cost of the raw materials 
used to synthesise the methanol. The cost 
of the UFC-85 is further increased due to 
transportation costs, the need to cover 
supplier overheads and return on invest-
ment criteria. 

Using the knowledge and experience 
available across JM, a novel scheme (Fig. 
16), which is the subject of patent appli-
cations, has been developed whereby the 
ammonia, methanol and UFC 85 produc-
tion plants have been combined to provide 
reliability of supply as well as capital and 
operating cost savings.

Methanol synthesis
JM’s integrated flowsheet uses the resid-
ual carbon oxides downstream of carbon 
dioxide removal, which would otherwise 
be removed by methanation, to produce 
methanol.

CO + 2H2  CH3OH methanol production

CO + 3H2  CH4 + H2O  methanation

As shown by the equations above, the 
production of methanol from carbon mon-
oxide consumes less hydrogen per mole 
of carbon oxide removed than is the case 
with methanation. Therefore, production 
of methanol leads to an increase in the 
amount of hydrogen that is available for 
ammonia synthesis. In addition, the meth-

ane content of the make-up gas is lower 
which allows more efficient operation of 
the synthesis loop. 

As a result, methanol is synthesised 
whilst improving both ammonia plant effi-
ciency and ammonia plant throughput. 
Further savings may be made through the 
use of a crude methanol feedstock for 
formaldehyde/UFC production rather than 
the high purity methanol that is commonly 
used.

Urea formaldehyde concentrate (UFC-85) 
production
Production of formaldehyde and UFC uses 
well established technologies. JM’s FOR-
MOX™ technology employs mixed oxide 
catalyst due to its superior yield, high 
steam production and because it makes it 
possible to produce UFC-85 directly in the 
same plant. 

The main principle is to partially oxidise 
methanol in the presence of air to form  
formaldehyde and water. The gas mixture 
of formaldehyde, water and air is sepa-
rated in an absorption column in which 
water is condensed and the formalde-
hyde is absorbed into the water. UFC is 
produced when formaldehyde is absorbed 
into a urea solution which is fed to the 
column. The oxidation process consumes 
oxygen; hence oxygen needs to be pro-
vided to the process and oxygen lean gas 
has to be removed. The oxygen lean gas 
contains traces of formaldehyde, methanol 
and carbon monoxide and is passed over a 
noble metal catalyst incinerator (emission 
control system or ECS) in which trace impu-
rities are converted to carbon dioxide and 
water (Fig. 17). 

Capital and operating costs
JM’s FORMOX integrated UFC process 
can be installed at modest capital cost 
and allows substantial savings equivalent 
to the majority of an operator’s annual 
expenditure on UFC85. 

FORMOX formaldehyde and UFC 
technology
In addition to the integrated UFC process, 
JM also offers FORMOX technology for larger 
scale formaldehyde and/or UFC production. 

JM supplies a comprehensive range of 
standard plant sizes that are designed to 
cover a very broad range of capacities. The 
idea is to offer formaldehyde producers 
the greatest possible flexibility in choice 
of operating point. The plants and catalyst 
are optimised to give best performance at 
the capacity you will need

JM’s FS and FT plants cover a capac-
ity range extending from 70 t/d to nearly 
1,100 t/d of formaldehyde (expressed as 
37% HCHO); or 43 to 660 t/d of UFC85 in 
one production unit 

Expandable versions (FE) can also be 
installed for a producer who sees good 
growth potential but wishes to keep the 
initial investment to a minimum.

Moreover, when set up for UFC produc-
tion, a FORMOX formaldehyde plant can 
produce either UFC (up to 85%) or formal-
dehyde (up to 57%) in campaigns.

Methylamines
Methylamines are important chemical 
intermediates used in many specialist 
applications. Methylamines comprise the 
primary amine, monomethylamine (MMA), 
the secondary amine, dimethylamine 
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Get fit for the future.
If you need a highly experienced and reliable partner for advanced fertilizer technologies 
and turnkey plants, look no further than thyssenkrupp Industrial Solutions. Besides our 
broad portfolio of fertilizer technologies (mainly uhde®) for the production of ammonia, 
urea, nitric acid and ammonium nitrate, our expertise in phosphate fertilizers, ammonium 
sulfate granulation, urea-ES (Enhanced Sulfur) and slow-release urea technologies 
can help make your fertilizer plant fit for future. And for our new technologies, whether 
it’s AdWinMethanol® and AdWinCombined™, the most efficient methanol technology 
or our ‘green portfolio’ of hydrogen, methanol and ammonia based on our own 
H

2
 electrolysis technology – advanced engineering is what thyssenkrupp stands for. 

www.thyssenkrupp-industrial-solutions.com

Industrial Solutions for the fertilizer industry
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(DMA), and the tertiary amine, trimethyl-
amine (TMA) (Fig. 18). 

Methylamines have a large and vary-
ing range of uses (Fig. 19). MMA is the 
feedstock for n-methylpyrrolidone (NMP) 
as well as for carbamate insecticides and 
surfactants. MMA is also used in the man-
ufacture of methyldiethanolamine (MDEA), 
which is used in gas treatment. DMA is 
primarily used for manufacturing dimethyl-
formamide (DMF) although it is also used 
to make dimethylacetamide (DMAC), fatty 
amines, and detergents such as lauryl 
dimethylamine. The major use of TMA is in 
the manufacture of the animal feed supple-
ment, choline chloride (ChCl).

DAVY methylamines process
Methylamines are produced by reacting 
ammonia with methanol at an elevated tem-
perature and pressure in the presence of a 

silica alumina catalyst. Most of the exother-
mic reaction heat is used in the feed heat 
recovery system. A mixture of three amines 
is formed, MMA, DMA, TMA, which are puri-
fied to high quality in the distillation sys-
tem (Fig. 20). The correct selection of feed 
ratio and recycling of amines produces the 
desired product mix in a highly flexible man-
ner. As a result, the plant can be designed 
to produce only monomethylamine (MMA), 
only dimethylamine (DMA), only trimethyl-
amine (TMA) or any combination of the three 
to suit the market requirement.

Anhydrous amines can be diluted for 
atmospheric storage and easy transporta-
tion via drums or ISO containers. Aqueous 
amine solutions are produced from the 
anhydrous amines by diluting them to 30 
to 40 wt-% with water.

JM also offers processes for NMP, DMF 
and ChCl.

Key features of the DAVY™ methyl-
amines process are as follows:
l the world’s most extensively licensed 

process technology for methylamines;
l a proven and reliable design that pro-

duces world-class product qualities;
l a highly efficient, high activity, and low 

by-product catalyst;
l a highly flexible plant can be designed 

and operated to give the optimum 
selection of product between the pri-
mary, secondary, and tertiary amine 
products and can be adjusted online to 
match future market requirements;

l optimised heat integration for low capi-
tal and operating costs;

l designed for low environmental impact 
including numerous features to prevent 
atmospheric emissions;

l ongoing technology development and 
technology support.

Euromel® melamine/urea 
integrated complexes 
Producing Euromel®, a top quality mela-
mine whose average selling price is four 
to six times the feedstock price, means 
immediate access within a global network 
of highly reputed producers and reduces 
the investor’s costs and risks associated 
with entering a new market.

Eurotecnica’s Euromel® melamine pro-
cess (now in its fourth generation) accounts 
for more than 670,000 t/a in licensed 
nameplate capacity. Key features of the 
Euromel® melamine process are: easy 
urea-melamine integration, zero pollution, 
low energy consumption and high reliability.

http://www.bcinsight.com
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Fig. 21:  Advantage of integration for urea consumption 

Fig. 22:  Eurotecnica integration scheme A – off-gas partial condensation

Source: Eurotecnica

Source: Eurotecnica

Depending on the set-up, a Euromel® 

melamine plant can be run on urea or 
ammonia. Either one is the only raw mate-
rial consumed.

Whatever the technology used for the 
upstream urea unit, the Euromel® mela-
mine process ensures a net urea con-
sumption of 1.428 t/t of melamine (Fig. 
21). As the urea feedstock is by far the 
major cost of the opex, minimising feed-

stock consumption is a priority, and the 
way in which melamine off-gas is returned 
to the urea plant is of great importance. 

There is no single arrangement that 
fits all urea plants. Each urea plant will 
have a different set-up, capacity, age, 
history and technology. Eurotecnica has 
specific experience dating back to the 
early melamine plants integrated within 
urea facilities. 

There are several ways to integrate 
both plants and the first aim of Eurotec-
nica’s approach is to avoid upsets of the 
urea and the melamine plants during their 
operation. This is achieved by having a 
simple reaction section design, which 
reduces as much as possible the use of 
machines operating under demanding con-
ditions of temperature, pressure and risk 
of corrosion. 

Equally important, is the flexibility and 
range of options to recycle the off-gases to 
the urea plant because no two urea plant 
are the same.

Newly developed integration schemes
Eurotecnica has developed, and patented, 
simple integration schemes that decrease 
(or even reduce to zero) the amount of 
water transferred within the off-gas from 
the melamine plant to the urea plant. 

Scheme A: Off-gas partial condensation 
The off-gas stream comes from a column 
where the gaseous melamine contained 
in the off-gas produced in the reaction 
is quenched and dissolved in water. The 
resulting off-gas is saturated in water 
(about 20% w/w). The partial condensa-
tion section (Fig. 22) comprises a partial 
condenser that condenses about 50% of 
water saturated with ammonia and carbon 
dioxide, which are recycled back to the 
melamine plant.

The resulting off-gas leaving the mela-
mine plant contains only 10% water.

Scheme B: Water reduction by lean carba-
mate stripping 
In the lean carbamate stripping scheme 
(Fig. 23) the off-gas from the melamine 
plant has, for example, X kg per hour water 
content. If the same amount of water, X 
kg per hour, is removed from the W kg of 
water contained in the lean carbamate 
coming from the urea plant and used to 
condense the off-gases, then the quantity 
of water contained in the concentrated car-
bamate recycled back to the urea plant is 
again W kg per hour. 

In other words, no water is actually added 
by the melamine process to the carbamate 
stream used for off-gas condensation. 

This is achieved by stripping ammonia 
and carbon dioxide from a stream of lean 
carbamate and by gathering these gases 
with the off-gas from the melamine plant, 
thus reducing the total water content. 
Water is sent from the bottom of the strip-
ping column to the melamine plant. 
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Fig. 23:  Eurotecnica integration scheme B – lean carbamate stripping

Source: Eurotecnica
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Fig. 24: Casale fully integrated melamine and urea units

Source: Casale

Saipem urea scale up and 
integration technology
In a tough fertilizer market, producers need 
to differentiate their facilities with distinc-
tive features that can give a competitive 
advantage. Examples include a diversi-
fied product portfolio, an outstanding pro-
duction capacity or an optimised use of 
resources (raw materials and/or utilities). 

In this context, technology providers 
can help by offering solutions that meet 
producers’ needs, such as the possibility 
to scale-up the capacity and the easy inte-
gration of the technology with others.

The flexibility of Snamprogetti™ urea 
technology, licensed by Saipem, allows 
easy integration and the possibility to 
scale up plant capacity.

As regards capacity, Saipem has been 
the front-runner in reaching the target of 
3,000 t/d and 4,000 t/d; today, Saipem 
is also ready to be the first to go beyond 
5,000 t/d without changing its well proven 
and consolidated process scheme. The 
peculiar nature of Saipem as both licen-
sor and contractor means it can assess 
the technical feasibility of each component 
considering all aspects (market availability, 
references, logistic/construction issues, 
etc.). A reliable cost estimate based on 
market inquiries for key equipment and a 
solid internal database have been used 
to evaluate the financial indicators, which 
demonstrate the high attractiveness of the 
investment. A pre-FEED for a 5,500 t/d 
unit has recently been completed.

As regards integration, Saipem has 
developed proprietary know-how for the 
recycling of melamine unit off-gases into 
a proven and reliable process scheme 
that can be optimised thanks to the three 
decomposition sections typical of the 
Snamprogetti™ urea technology, and which 
gives unique flexibility and behaviour. 
Depending on the melamine technology 
applied, the off-gases may be condensed, 
as appropriate, in the low, medium or high 
pressure section of the Snamprogetti™ 
urea process, in the existing condenser or 
in one added parallel. In particular, when 
the off-gases are at high pressure (contain-
ing a small amount of water), they can be 
easily condensed in the high pressure sec-
tion to increase urea production. Medium 
pressure off-gases can be either recycled 
directly to the high pressure section after 
condensation and pumping or condensed 
together with the medium pressure gases 
of the urea unit. Low pressure off-gases 

or large amounts of gases (compared to 
the size of the urea unit) normally need 
pre-treatment before recycling in order to 
minimise the water introduced for conden-
sation in the stream sent to the urea plant. 

As a contractor, one of the main chal-
lenges is to maximise energy efficiency, 
while ensuring a robust and flexible opera-
tion of the whole ammonia-urea complex. A 
keystone to hit this ambitious target is the 
smart integration of process plants and 
machinery with utilities and existing facili-
ties (where applicable, such as in the case 
of revamping, expansion or brown-field pro-
jects), which lies in the astute design of 
complex steam and power systems. The 
aim is to optimise overall consumption lev-
els, while ensuring robustness, flexibility 
and reliability in each operating scenario, 
matching all project boundary conditions 
and restrictions. The latter include the cli-
ent’s requirements and philosophies, inter-
connection with existing facilities, as well 
as ambient and geographical conditions. 

The optimisation of steam and power 
systems is even more beneficial when 
applied to existing facilities. Saipem has 
recently been involved in a number of 
revamp studies with different targets, such 
as rehabilitation of units out-of-operation, 
modernisation of old fashioned plants, 
capacity increase, and energy savings. 
Among the other analyses carried out, 
there is an interesting case study repre-
sented by the combination of energy sav-
ing and capacity increase: by improving the 
performance of individual units (in close 
cooperation with licensors and machinery 
vendors) and with an intelligent integration 
of such improvements into the overall com-
plex steam balance, it is possible to save 
a significant portion of the gas currently 
used in the facility and to convert it into 
additional production, which may vary from 
5 to 20+%, depending on the available 

budget for investment as well as on the 
operating years of the facility. The major 
improvements in turbocompressor design 
and fabrication facilitate a huge increase in 
the efficiency for units designed more than 
10-15 years ago, whereas for relatively 
modern plants the gain is lower.  

Casale integrated process design
Casale has a technology portfolio encom-
passing the entire fertilizer production 
chain from natural gas to final product 
and has developed various integrated 
approaches to the design or revamping 
of large fertilizer complexes. Two types of 
integration are possible:
l integration at the process level, which 

has an impact on the plant design, bet-
ter exploiting the synergies between dif-
ferent units;

l integration at the engineering level, 
which has an impact on the project 
execution, improving the interaction 
between licensor, EPC contractor and 
end user.

One aspect of integration at the process 
level is the effective management of recy-
cle streams from downstream plants. This 
aspect is particularly evident in urea-mela-
mine integration. Casale has studied and 
developed an optimised integrated pro-
cess (see Fig. 24) which produces mela-
mine from ammonia and carbon dioxide 
taking advantage of the superior process 
features of the HP Low Energy Melamine 
(LEM™) process and the advanced concept 
of the Split Flow and Full Condenser urea 
process. The combination proposed by 
Casale allows the off-gas treatment sec-
tion for the melamine plant to be designed 
as if it was a standard urea production 
plant, starting from 100% fresh liquid NH3 
and gaseous CO2 feed. That is possible 

http://www.bcinsight.com
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Fig. 25:  Integration project block diagram

Source: Casale

because the produced off-gas is at high 
pressure and water-free.

Current project: Revamping of a 
methanol plant
Casale has worked with a methanol plant 
client for many years, initially to progres-
sively increase the capacity of the metha-
nol plant (designed in the 1980s) and 
optimise the energy consumption. Latterly 
the focus has moved on to the integra-
tion with new units to produce ammonia 
and melamine. This involves the design 
and installation of new partial oxidation 
reactor, air separation and carbon dioxide 
recovery units, along with a completely new 
urea plant and a melamine plant. New stor-
age facilities for ammonia, urea and mela-
mine were also required. 

Project basis
Starting in the 1990s, the first revamp was 
focused on the modernisation of the meth-
anol synthesis converters, applying Casale 
ARC technology to increase the capacity of 
methanol production from 2,000 t/d to 
2,500 t/d.

A further capacity increase was achieved 
in the 2000s, reaching the level of 3,000 
t/d, based on the Casale Isothermal Metha-
nol Converter (IMC) technology. This was 
applied to an additional synthesis converter, 
together with the modernisation of some 
areas of the primary reformer.

The last revamping step, implemented 
in 2016, increased the methanol capacity 
to 3,375 t/d. This involved a new partial 
oxidation (POx) reactor, in parallel with the 
existing steam reformers, to generate the 

required synthesis gas for the methanol 
production. This last modernisation step 
was the starting point for early studies of 
the integration project, aimed at producing 
ammonia, urea and melamine. 

The composition of syngas from steam 
reforming (the most important constitu-
ent in this methanol plant) is not optimal 
for methanol synthesis, as it contains an 
excess of hydrogen (from downstream of 
the synthesis reactions) which must be 
purged from the synthesis loop. Such a 
stream, typically recycled as fuel to the 
primary reformers, can be more efficiently 
used for the synthesis of ammonia, being 
hydrogen rich. The scheme adopted in the 
latest modernisation step of the metha-
nol plant featured a new partial oxidation 
(POx) section, including an air separation 
unit (ASU) necessary to provide the oxygen 
required by the new POx reactor. At the 
same time the new ASU made available 
the nitrogen necessary for the ammonia 
synthesis. This nitrogen is currently used 
for utilities services only. This is the first 
step of the integration and product diversi-
fication: from methanol purges to produc-
ing an ammonia product.

Subsequently, the urea production (the 
second step of the product diversifica-
tion path) can be exploited by recovering 
the second reactant (the carbon dioxide) 
from the flue gas of the existing primary 
reformers of the methanol units. The third 
and last step is the design of a melamine 
plant, for which the raw materials are 
already available.

Based on the above, Casale has devel-
oped an integrated and optimised process 

solution featuring a 1,000 t/d ammonia 
synthesis unit, a 1,750 t/d urea plant and 
a 120 t/d melamine plant (Fig. 25).

Casale is acting as single point of 
responsibility for the engineering, procure-
ment and commissioning for the project. 
All the required technologies are within the 
technological portfolio of one single licen-
sor (Casale) and the contract foresees the 
inclusion of the utilities and off-sites facili-
ties as within the scope of the engineering. 

The complex is planned to be in opera-
tion by the middle of October 2020.

Methanol plant 
One of the main objectives of the project, 
and an essential requirement imposed 
by the client, is to ensure that the newly 
installed downstream unit operations do 
not affect the methanol production at all. 
The new complex must be robust and must 
protect the methanol plant against any 
possible operational disruption.

The interfaces between the units have 
been studied to ensure the complete inde-
pendence of the methanol plant opera-
tion, in case of any shutdown and/or 
unbalanced operation of the new complex. 
This objective is achieved by the use of a 
venting approach, implemented through an 
emergency shutdown system. This freezes 
the operation of the existing plant, ena-
bling the operators to recover the previous 
operating conditions.

Ammonia unit
The existing methanol plant makes the raw 
materials available to feed the new produc-
tion complex. The innovative idea is to add 
value to streams that were considered to 
be waste, or were required purges from the 
main process line, such as the reformer 
flue gas (waste stream) or the methanol 
synthesis purge stream (a required purge 
used as fuel).

It seems obvious to view the purge gas 
stream as a potential hydrogen source. 
The gas purged from the methanol syn-
thesis loop is fed and treated in a new 
pressure swing adsorption unit (PSA) to 
recover most of the hydrogen at high pres-
sure, minimising the following compres-
sion energy. The tail gas is obtained at 
low pressure (an obligatory compromise to 
having the high pressure and hydrogen rich 
stream), then compressed (using a steam 
turbine driven compressor) and delivered 
to the existing methanol reformers fuel 
system. The recovered hydrogen has a 
very low inert gas content and matches 
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the specification for the maximum level 
of oxygenated components, avoiding any 
potential poisoning of the reactor catalyst 
(Fig. 26).

The nitrogen required for the synthesis of 
the ammonia is supplied by the existing air 
separation unit (ASU) at low pressure (two 
feeding pressures) and it is compressed 
(using an integrally geared machine) to the 
recovered hydrogen pressure before being 
fed into the loop. The nitrogen also matches 
the specification for the maximum level of 
oxygenated components.

As both the hydrogen and the nitrogen 
are very pure and devoid of inert gases, 
the new ammonia synthesis loop design is 
similar to comparable projects developed 
by Casale in China. Casale has a long and 
successful history of developing inert-free 
and purge-free synthesis loops coupled 
with refrigeration systems, designed and 
implemented in China, with over 40 such 
applications implemented in the Chinese 
market.

The synthesis loop operates at about 
140-150 kg/cm2g and the ammonia con-
verter is designed in accordance to the 
well-proven features of the Casale con-
verter: three catalytic beds (Fig. 27), axial-
radial gas path with inter-bed cooling and 
cold pressure vessel design.

The heat recovery section of the syn-
thesis loop is optimised in accordance 
with the requirement of the new complex: 
generation of 40 kg/cm2g and 380°C 
steam is combined with that produced by 
the external package boiler. The widely 
used Casale direct connection (Fig. 28) 
between the outlet nozzle of the ammonia 
converter and the inlet nozzle of the first 
heat exchanger of the loop (steam super-
heater) enhances the reliability of the loop.

The ammonia condensation is achieved 
in two steps: the first stage uses cooling 
water (about 40% of total capacity) and the 
second uses evaporating ammonia. Evapo-
rating ammonia is the same product com-
pressed and then evaporated before being 
delivered to the storage facilities.

Both plant compressors, synthesis and 
ammonia, are driven by electric motors.

Under normal operating conditions a 
production capacity of 894 t/d of liquid 
anhydrous ammonia is expected. Most of 
the total capacity will be fed to the urea 
plant via storage facilities used as a buffer.

Carbon dioxide recovery (CDR) unit
The second waste stream to be exploited 
is the flue gas coming from the convective 
sections of the existing reformers. The 
carbon dioxide in the flue gas is recovered 
and used to complete the urea conversion. 
The CDR unit, licensed by Mitsubishi, is 
based on activated amine washing tech-
nology and is referenced worldwide for this 
application (and for larger capacities).

The flue gas from the reformer is 
extracted from the stacks, then quenched 
with cooling water and fed via an electric 
motor driven blower to the CDR absorption 
unit. The carbon dioxide is absorbed by the 
amine washing solution in the absorber 
column and released in the regenerator 
column, heated by low pressure stream. 
The clean and water-saturated carbon diox-
ide is then delivered to the CO2 compres-
sor in the urea plant.

Urea unit
The urea plant is based on the Casale Split 
Flow™ Loop and Full Condenser™ technol-
ogy. The plant is designed for a nominal 
capacity of 1,750 t/d of urea as molten 

Fig. 26: Casale inert-free NH3 loop.

Fig. 28: Casale direct connection.
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Fig. 27:  Casale 3-bed axial radial 
converter

Source: Casale
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urea at 99.7%, used to feed the melamine 
unit (370 t/d of product) and the prilling 
tower (1,380 t/d of product).  The synthe-
sis loop comprises a high pressure strip-
per, high pressure carbamate condenser 
(full condenser), urea reactor and high 
pressure scrubber. The configuration of the 
high pressure (HP) loop is aimed to mini-
mise the amount of inert gases present 
in the reactor, in order to achieve the opti-
mum urea conversion. The urea reactor is 
equipped with Casale-Dente high efficiency 
trays which guarantee a very high conver-
sion rate of carbon dioxide to urea (Fig. 29).

All critical parts of the high-pressure 
loop are manufactured utilising the innova-
tive Casale-Tubacex superduplex material 
named Uremium29 that enables the plant 
to operate with minimum oxygen content. 

The plant is designed to be totally inte-
grated with the melamine unit, including 
a provision for melamine off-gas recycle, 

common steam network and common 
ammonia availability. The double-stage 
evaporation sections ensure formalde-
hyde-free urea is supplied to the melamine 
plant, as well as ensuring a low biuret con-
tent in the urea prills.

The contaminated water, separated in the 
vacuum evaporation section, is treated in a 
hydrolysis unit, featuring the Casale high effi-
ciency hydrolyser, where ammonia and urea 
are removed down to a level of 1 ppm. This 
enables the treated condensate to be reuti-
lised as boiler feed water within the complex.

Melamine unit
The melamine plant has a nominal capac-
ity of 120 t/d, and is designed according 
to Casale’s Low Energy Melamine (LEM™) 
technology, which guarantees high effi-
ciency in terms of raw material consump-
tion and energy, and ease of integration 
with the urea unit

The main features of Casale’s LEM 
process are the high pressure dual-reactor 
synthesis, the high pressure urea off-gas 
scrubber and the choice of NaOH as the 
alkaline agent for the hydrolysis section 
(Fig. 30).

The advanced process configuration 
with dual high pressure reactors enables 
the achievement of over 96% melamine 
conversion. The second reactor operates 
with the addition of high pressure ammo-
nia, which serves to:
l completely strip dissolved CO2 in the raw 

melamine melt from the first reactor;
l enhance the conversion of reaction 

intermediates to melamine;
l decrease the melam content in the syn-

thesised melamine.

The off-gas from both reactors contains CO2 

and NH3 which will be recycled back to the 
urea plant. In order to prevent melamine 
from reaching the urea unit, the off-gas 
is washed by counter-current contact with 
molten urea at a controlled temperature.

The advantage of using urea scrub-
bing is that it improves the quality of the 
off-gas recycled to the urea plant, which 
is water-free. This helps to improve the 
conversion efficiency of the urea reac-
tor. The consequence is that the specific 
energy efficiency of the urea plant, when 
linked to the melamine plant, remains at 
the same level as a standalone urea plant. 
This feature also has the benefit that the 
installation (investment and maintenance 
costs) of the urea plant does not signifi-
cantly change when it is integrated with the 
melamine unit.

An additional advantage of the scrub-
bing unit in the melamine process is that 

hP
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Fig. 29:  Urea unit block diagram

Source: Casale
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Fig. 31:  AdWinCombined™ production of ammonia and methanol

Source: tkIS

it provides a preheating step for the molten 
urea which is fed to the melamine reactor, 
contributing to improving the energy effi-
ciency of the melamine synthesis section.

The availability of off-gas at high pres-
sure (107 kg/cm2 g min.) and high tem-
perature, generates the following benefits 
for both the melamine and urea units:
l the ability to recover the condensation 

heat through steam generation;
l minimising the carbamate required for 

off-gas condensation and the quantity 
recycled to the urea plant;

l recycling the carbamate to the urea syn-
thesis at a high temperature (more than 
150°C), contributing to energy efficiency.

In the purification section, sodium hydrox-
ide is used as an alkaline agent to promote 
the hydrolysis of polycondensates and 
transform the oxy-amino-triazines (OATs) 
into their more easily soluble sodium salts, 
avoiding its precipitation in the following 
crystallisation step.

The choice of sodium hydroxide, as the 
alkaline agent, is due to its low volatility 
and high strength, which provide the fol-
lowing benefits:
l lowest operating and design pres-

sure, enabling low cost equipment and 
reduced energy consumption for the 
mother liquor recycling;

l higher solubility of the OATs in the mother 
liquor, which can be recycled back to the 
process without special treatment;

l minimisation of mother liquor purging 
to the waste water treatment and the 
melamine loss.

Utilities
Ammonia storage is used as a buffer tank 
between the ammonia and urea plants, 
smoothing reciprocal imbalances and dif-
ferent production batches and require-
ments of ammonia.

In order to safeguard the operation 
of the methanol plant, the new industrial 
complex has been designed to have com-
pletely independent utilities networks. Only 
a few pipe lines for steam and demin water 
are connected to the existing methanol 
plant: it is anticipated that the new com-
plex will utilise these resources from the 
existing plant for commissioning and pre-
commissioning activities.

The ammonia synthesis loop, the PSA 
section and the relevant ammonia storage 
system are equipped with a dedicated flare 
system to cope with short term fluctua-
tions and emergency operation.

AdWinCombined™: highly integrated 
ammonia/methanol coproduction
AdWinCombined™ is an evolution of AdWin-
Methanol® technology and Uhde Ammonia 
technology. It allows production of both 
methanol and ammonia in a highly inte-
grated plant concept which ultimately 
leads to savings in opex and capex of up 
to 30% compared to two separate conven-
tional process plants. The process concept 
features the simultaneous operation of 
both product plants at nameplate capac-
ity but also provides the freedom of opera-
tion at partial loads. Furthermore, single 
product operation modes are possible, i.e. 
one product line (methanol) can continue 
to operate while the other product line 
(ammonia) is shut down and vice versa.

AdWinCombined™, a joint process 
development of thyssenkrupp and GasCon-
Tec, is based on proven equipment, but 
utilises an advanced and highly integrated 
process arrangement (Fig. 31) with a sin-
gle syngas production island, the core of 
which is an oxygen-driven catalytic  partial 
oxidation reactor (autothermal reactor). 
The set-up of the methanol synthesis cor-
responds to that of AdWinMethanol® with 
two sequential isothermal reactor stages 
and an intermediate condensation. The 
purge gas from the methanol synthesis is 
used as feedstock for the ammonia unit 
based on uhde® ammonia technology.

Process arrangement highlights
Single syngas production island
AdWinCombined™ uses a catalytic POx (ATR) 
for syngas production and a steam reformer 
is not required. Deleting the steam reformer 
reduces capex and makes the operation of 

the plant more reliable and simpler. Further-
more, the previous pressure limitation of the 
reforming falls away and so it is possible to 
operate the syngas production at elevated 
pressure which leads to smaller equipment 
and smaller pipelines.

In addition, the higher pressure in the 
syngas production section leads to much 
smaller pressure differences over the two 
syngas compressors, the methanol and 
ammonia syngas compressor. This leads 
to lower capex and a much higher reliability 
of the plant.

Syngas conditioning – high temperature 
CO shift conversion
In contrast to conventional ammonia 
plants only a HT shift is used to increase 
the hydrogen content. A low temperature 
shift, with a costly and sensitive catalyst, 
is not needed. By varying the flow rate 
through the HT shift, the production ratio of 
methanol and ammonia can be adjusted.

Syngas conditioning – CO2 removal
Only a simple and energy-efficient CO2 
bulk removal is required. A complete CO2 
removal as in conventional ammonia plants 
is not needed. Since the CO2 removal unit 
is located upstream of the methanol syn-
thesis, it ensures a low-CO2 syngas, which 
results in a reduced hydrogen demand for 
the desired methanol production.

Syngas preparation for ammonia synthesis
For the preparation of a suitable syngas 
for the ammonia synthesis no metha-
nation is required in contrast to conven-
tional ammonia plants. AdWinCombined™ 
uses a robust and flexible pressure swing 
adsorption (PSA) system that ensues the  
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Separate units AdWinCombined™ Improvements

Syngas production two separate syngas  

production units –  

combined reforming  

(SMR & ATR)

one common syngas production  

unit – catalytic partial oxidation  

(ATR) only

l steam reformer not required 

l fewer reactors 

l smaller ATR reactor due to higher 

   pressure

Syngas conditioning two separate systems one highly integrated system l significantly reduced natural gas  

   consumption 

l no methanation required 

l no LT shift required

Syngas compressor high ΔP low ΔP – applies to methanol and 

ammonia compressor

l significantly smaller compressors 

l more reliable operation

Nitrogen addition to  

ammonia plant

air to secondary reformer nitrogen is added just before the 

ammonia reactor

l reduced gas streams 

l smaller pipes and equipment

Methanol synthesis 2-stage reactor system with  

two different reactor types

2-stage reactor system with one 

reactor concept and design/

intermediate condensation

l simplified design (isothermal  

   reactors for both stages) 

l higher COx conversion 

l lower recycle flow rate 

l lower catalyst volume in second stage

Ammonia unit hydrogen-rich stream  

including inert gas

hydrogen and nitrogen streams  

contain only small traces of  

impurities

l significantly reduced recycle stream in  

   the ammonia plant 

l significantly smaller recycle compressor 

l smaller pipes and equipment 

l significantly less or no purge gas

Offsites and utilities two separate systems one steam and condensate system l reduced investment costs

Source: tkIS

Table 2: AdWinCombined™ ammonia/methanol coproduction benefits 

production of high purity hydrogen from the 
purge gas of the methanol synthesis.

Methanol synthesis (AdWinMethanol®)
In contrast to conventional methanol tech-
nologies, AdWinMethanol® employs state-
of-the-art isothermal reactor types in both 
reactor stages. This does not only simplify 
the design and operation of the reactors, 
but also significantly reduces the catalyst 
volume required in the second stage.

Furthermore, the product methanol is 
separated by intermediate condensation, 
resulting in two positive effects. Firstly, 
the recycle flow, and hence the flow to the 
second reactor stage, can be reduced. 
Secondly, the methanol removal increases 
the driving force (equilibrium) for the meth-
anol synthesis, resulting in higher COx 
conversion rates and a higher methanol 
production.

Ammonia unit (Uhde Ammonia technology)
Pure nitrogen from the air separation unit 
is mixed with pure hydrogen upstream of 
the ammonia syngas compressor. Due to 
the absence of inert components in the 
syngas, the ammonia plant is consider-

ably simplified compared to conventional 
arrangements.

Due to the superior new concept for a 
highly integrated ammonia/methanol co-
production complex, significant benefits 
can be achieved as shown in Table 2.

The main advantages of AdWinCom-
bined™ technology for the owner/operator 
are:
l more reliable;
l up to 30% lower EPC cost, resulting in 

lower total installed cost (TIC);
l up to 10% less natural gas consumption;
l high flexibility of operating the complex;
l reduced environmental footprint;
l reduced maintenance cost.

uhde® ammonium sulphate 
process integration
Fertilizer complexes present multiple 
opportunities to increase competitiveness 
by effective integration. An effective inte-
gration doesn’t have to be in the same 
business field, all local industrial pro-
cesses have to be considered. 

Take, for example, the production of 
ammonium sulphate fertilizers. One option 

to produce ammonium sulphate fertilizer 
is from an aqueous ammonium sulphate 
solution, a byproduct or waste product 
in various industrial processes such as 
caprolactam or coke plants. Despite the 
energy-consuming process of vaporising 
the water to produce solid fertilizers, a 
growing demand for sulphur fertilizer still 
makes this process worthwhile.

Increasingly stringent environmental 
regulations over the last decades have 
reduced sulphur dioxide emissions and 
acid rain which has consequently led to 
sulphur deficiencies in some soils. Ammo-
nium sulphate fertilizer releases sulphur 
and nitrogen into the soil to ensure an 
optimum crop yield.

Ammonium sulphate fertilizer is mostly 
marketed as crystals. However crystals are 
difficult to handle and spread across fields 
and cannot be used in bulk blends, hence 
they have significant disadvantages com-
pared to granular fertilizer products. 

Ammonium sulphate granules have 
improved handling, spreading (>42 m) 
and mixing properties, making bulk blend-
ing possible. The typical product specifi-
cation for ammonium sulphate granules 
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Products

as standard crystals

as large crystals

as granulesas granulation
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Fig. 32: Ammonium sulphate crystalliser and granulator integration
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Fig. 33:  Fertilizer complex integration

Source: tkIS

Source: tkIS

meets all fertilizer standards. In addition, 
the granules dissolve more homogenously 
than crystals, thus enabling a gradual, con-
trolled release of nitrogen and sulphate 
into the soil. 

A typical product specification for 
ammonium sulphate granules is:
Nitrogen content: ∼  21 wt-%
Sulphur content: ∼  24 wt-%
Moisture:  < 0.5 wt-%
Hardness: ∼  3,000 g
Bulk density:  750-850 kg/m3

Diameter 2-4 mm: ∼  90%

The uhde® ammonium sulphate fluidised 
bed granulation process makes a premium 
product compared to crystalline ammonium 
sulphate. With its application advantages, 
granular product can achieve a significantly 
higher price. It is produced by only a few 
suppliers in relatively small quantities.

In general, the integration of this new 
process into existing chemical complexes 
is essential for improved economics e.g. 
for better energy integration, not only within 
the plant, but also from other available 
heat sources. If steam or hot off-gases are 
available at the production site, even at low 
caloric value from adjacent plants, they can 

be used to reduce operating costs. Further-
more, if a fluidised bed granulation plant is 
installed in parallel to a crystalliser (Fig. 32) 
the load of the crystalliser will be reduced. 
This may be of interest if the capacity of the 
process creating the ammonium sulphate 
solution as a side product, e.g. caprolac-
tam, will be increased. Parallel installation 
would also have the benefit of producing 
larger crystals. The economic benefit would 
be twofold: higher prices for granules from 
the new fluidised bed granulation plant and 
an improved premium for larger crystals. 

All sources of ammonium sulphate 
solutions are a potential feed for the gran-
ulation plant. Even residue streams with 
higher contamination can be granulated, 
making it possible to turn a waste disposal 
cost into a valuable product.

Another possibility of process integra-
tion besides the combination of crystalli-
sation and granulation is the incorporation 
of the uhde® ammonium sulphate process 
into an existing fertilizer complex with 
ammonia and urea and/or nitric acid and 
ammonium nitrate production, as shown 
in Fig. 33. The enormous energy surplus 
in the form of steam can be used in the 
granulation, which significantly reduces 

the operating costs of both processes and 
thereby improves the profit margin. Addi-
tionally the ammonium sulphate solution 
can be combined with ammonium nitrate 
melt to form ammonium sulphate nitrate. 
The fluidised bed granulation is able to 
generate ammonium sulphate and ammo-
nium sulphate nitrate granules. In addition 
to good market prices for ammonium sul-
phate nitrate, the product portfolio will be 
expanded increasing the competitiveness 
of the fertilizer complex. n
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Fig. 1:  T-99 PROX-SVERS alumina balls
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The predominant trend over the past 
decades has been a significant 
increase in the capacity of syngas 

units in order to maximise economy of 
scale. as process designs evolve, the 
operating parameters around autothermal 
reformers and oxygen-blown secondary 
reformers have increased in severity. this 
effect, compounded by the increasing pres-
sure on many plant operators to maximise 
uptime, means that catalyst support solu-
tions that were adequate years ago are no 
longer sufficient. New and innovative solu-
tions are needed to meet today’s competi-
tive industrial requirements.

the most common catalyst support 
media come in the form of alumina or 
ceramic balls in a variety of sizes ranging 
from 3 mm to 100 mm. While balls are the 
most common shape used, other shapes 
such as hollow rings, cogs or unique 
shapes are also available.

at a simple level the prime function of an 
inert support media is to protect and sup-
port the catalyst bed whilst ensuring that 
the process gas is optimally distributed. in 
addition, the media should not be adversely 
affected by process operating conditions. 

Secondary reformers and autothermal 
reformers are very severe applications. 
the high temperature steam and hydrogen 
can cause metal oxides such as silica and 
soda to corrode and eventually deposit 
downstream in the catalyst bed or waste 
heat boiler leading to premature shutdown. 
the higher the temperature, the faster the 
corrosion occurs. Forces within the ves-
sel can also cause catalyst and media to 
churn or uplift. therefore, it is crucial to 
select the correct inert media to support 
the catalyst from above and below.

the most important factor is that the 
media is manufactured from refractory 

raw materials with very low levels of sil-
ica (typically at least less than 0.35%). in 
the bottom of the unit above the alumina 
support dome or cone, it is most com-
mon for high alumina, low silica support 
balls to be used. the media is typically 
graded by size, from a smaller size ball 
supporting the catalyst down to a larger 
size determined by slots in the support 
dome (or cone) and pressure drop consid-
erations. there are several alternatives 
for hold-down media to be used above 
the  catalyst, where the most severe con-
ditions are found. 

Some syngas plants only allow alumina 
balls on plant site so that ceramic balls, 
which are primarily made from naturally 
occurring alumino-silicate clays, are not mis-
takenly loaded in the secondary reformer or 
high-temperature shift unit (htS).

Ceramic media are suitable for moder-
ate applications and ceramic balls are com-
monly used in low- or medium-shift units 
(ltS or MtS), desulphurisers, dryers and 
guard beds.

Christy Catalytics catalyst bed 
support media
Christy Catalytics, one of the world’s larg-
est suppliers of engineered inert catalyst 
bed support media, has been supplying 
industrial ceramic and refractory materials 
to the global syngas market since 1952.

Christy’s signature products include 
 PrOX-SVErS® catalyst bed support balls 
made of high purity alumina or clay and 
CUStOM-CraFtED™ alumina hexagonal 
target tiles.

Proper selection of the hold-down 
media in secondary reformers and auto-
thermal reformers is very important for 
catalyst protection.

the first option is large diameter alu-
mina balls, such as 50 mm or 76 mm t-46 
(95% al2O3 chemically bonded alumina) or 
t-99 (99.0 or 99.5% al2O3 sintered alumina) 
 PrOX-SVErS (Fig. 1). 99.5% alumina media 
is recommended for units with a tempera-
ture and environment conducive to severe 
corrosion of metal oxides. the mass of 
the larger balls makes them less likely to 
become displaced by gas flow than smaller 
support balls, and their spherical nature 
gives them a predictable pressure drop. 
Both grades contain minimal levels of silica.

a second hold-down option is hexago-
nal target tiles (Figs. 2 and 3). hexagonal 
tiles are the least likely to mill or churn in a 
vessel. in particular, Christy’s largest size, 
Super Jumbo, weigh approximately 23 kg 
are 87.5 mm thick, and are very unlikely to 
move and expose the catalyst during upset 
conditions. Smaller sizes (Jumbo and Stand-
ard) are also available. all tiles come with 
hole patterns designed to minimise pres-
sure drop while maintaining physical integ-
rity, however the quantity and pattern of 
the holes may be customised based on the 
performance objectives and dynamics of the 
specific unit. For instance, if flame impinge-
ment beneath the burner is an issue, solid 
tiles may be installed in the middle of the 
vessel, protecting the catalyst and forcing 

Inert catalyst support 
and hold-down media 
Materials science continues to develop and choosing the correct media for syngas applications 

can create significant value for a customer. the latest market leading developments in catalyst 

support and hold-down media provide innovative solutions to improve the performance, 

reliability and availability of syngas plants.
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Fig. 2:  Hexagonal target tiles and circle brick Fig. 3:  Close-up of a hexagonal 
target tile layout

Fig. 4:   Alumina lumps Fig. 5:   CATA-COGS™ media
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the process gas stream to better distribute 
through the entire tile layout. Pre-cut special 
shapes are typically installed around the 
vessel perimeter to minimise gaps along the 
vessel wall, and circle brick may be installed 
along the wall between the catalyst and hex-
agonal tiles to form a seal and prevent gas 
bypass.

Plants may select the type of tile based 
on the velocity in the vessel, the distance 
between the burner and the bed, and the 
nature of any problems that may have 
been experienced in the past. all hexago-
nal tile shapes are made with wear-resist-
ant 99% alumina and have an ultra-low 
silica  content.

Christy’s newest tile, ht-lC, is formu-
lated to resist corrosion and is superior to 
alumina. it is designed for corrosion resist-
ance in secondary reformers and atrs and 

provides superior hold down due to its 60% 
greater density than 99% alumina tiles.

a third option for hold-down media is 
white fused alumina lumps (Fig. 4), speci-
fied by some ammonia and methanol licen-
sors as bed support/topping. While many 
plants continue to use lumps over other 
options, there are several disadvantages 
to this type of media. alumina lumps are 
made by melting alumina in an electric arc 
furnace and casting the molten material 
onto the floor. the material is then shat-
tered, resulting in irregularly shaped pieces 
and jagged edges. the material is screened 
into a size range, but it is possible for 
long, narrow shards to make it through the 
screening process. the irregular size of the 
lumps and their tendency to chip can result 
in higher pressure drop. Corrosion is also 
more likely due to the open structure of the 

lumps. in addition, the long, narrow shards 
can penetrate down into the catalyst bed 
leading to channeling. 

Hold-down media volume
When 50 mm or 76 mm support balls are 
utilised as a hold-down media in the top 
of secondary reformers, a minimum bed 
thickness of 150 mm is required, and 225 
mm is preferred. alumina lumps require a 
minimum bed thickness of 300 mm. Beds 
comprised of hexagonal target tiles vary 
between 50 mm and 87.5 mm, depending 
upon the tiles selected. For plants that have 
experienced bed churning or erosion issues 
directly beneath the burner, a small area of 
150 mm thick, solid tile may be considered.

Pressure drop
Due to their irregular size, tendency to chip, 
and thicker bed volume requirement, alumina 
lumps frequently have the highest pressure 
drop of the media options discussed herein. 
large alumina support balls have significantly 
less due to their round surface, consistent 
void volume, and reduced bed thickness. 
Furthermore, 76 mm support balls have 
approximately 30% less pressure drop than 
50 mm. Finally, with their comparatively thin 
layer thickness, and open hole patterns, hex-
agonal tiles have the lowest pressure drop of 
all hold-down media options.

For shift units, Christy’s Cata-COGS™ 
media (Fig. 5) can be used as both bed 
support and hold-down media. these 
high-density cog-shaped media are made 
from 99% alumina and are available in 
sizes from 16 mm to 85 mm. they have 
a lower pressure drop versus balls due 
to the increased void fraction. the larger 
sizes may be hand placed around the col-
lector, layering smaller sizes above until 
the catalyst bed is reached. a downside to 
using very large media is that they must be 
removed by buckets as they are generally 
too large to be removed by vacuum truck.
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Fig. 7:  DYPOR support mediaFig. 6:   Denstone® 99 product group
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Denstone® 99 for extreme syngas 
environments
Saint-Gobain norPro is a world leader with 
its Denstone® brand of support media 
(Fig. 6), which has become synonymous 
with consistency, reliability and structural 
integrity. Denstone was the first ceramic 
support media introduced over 70 years 
ago to address the need for an inert sup-
port media that would retain the catalyst 
in fixed bed reactors without contaminat-
ing the process. today, the support media 
portfolio includes: 
l Denstone® deltaP® engineered shaped 

support media that achieves more with 
less;

l Denstone® 2000 support balls designed 
for severe hydroprocessing applications;

l Denstone® 57 support balls, the original 
industry standard;

l Denstone® 99 high-purity alumina 
support balls for high temperature 
steam applications. 

Denstone® 99 alumina balls are utilised in 
synthesis gas production because of their 
high alumina, low silica composition, which 
withstands the most severe environments 
while delivering added value in fixed bed 
catalyst applications.

the purity and high strength of 
 Denstone® 99 support balls make it ideal 
for high temperature and steam applications 
such as secondary reformers in ammonia 
plants. the minimal silica content allows 
the spheres to be chemically inert to pre-
vent fouling of the catalyst bed or coating of 

downstream equipment. the product’s high 
density and thermal conductivity make it the 
ideal media for heat transfer. Denstone 99 
high-alumina balls provide several benefits 
to syngas producers:
l high purity – Denstone® 99 support 

balls are 99+% alpha alumina. With a 
maximum silica content of only 0.2%  
Denstone® 99 protects the catalyst bed 
and downstream equipment from fouling 
and coating caused by leached silica. 

l Excellent thermal properties – Due to their 
high density, Denstone® 99 spheres can 
withstand temperatures up to 1,650°C, 
so they are an excellent choice for heat 
retention and equilibration media.

l Superior chemical resistance –  
Denstone® 99 spheres can withstand 
the reactive environments of applica-
tions with olefin processes, such as 
ethylene dryers, where polymerisation 
could be a problem with a less chemi-
cally resistant material. 

l high strength – Denstone® 99 balls are 
manufactured to eliminate spalling and 
delamination within the reactor and 
prevents the occurrence of chipping, 
protecting the bed from plugging asso-
ciated with the collection of splinters 
and fines.

Denstone® 99 support balls are available 
in 11 sizes ranging from 75 mm for extra 
weight and hold-down capability, down to 
1.5 mm to support very small diameter 
catalysts. 

Johnson Matthey specialist support 
and hold-down media technologies
Johnson Matthey (JM) possesses unri-
valled know-how in selecting appropriate 
catalyst supports and hold-down media for 
syngas plant applications.

in areas in which established materials 
technologies were inadequate JM has led 
the way in developing advanced solutions, 
such as StrEaMLinE™ support technology 
for reactor pressure drop saving and zirco-
nia based KataLCO™ 94-1Zt tiles for use 
in autothermal reformer (atr) designs in 

which erosion of traditional alumina tiles 
caused unreliability.

JM’s latest development in technology 
combines strong purification expertise with 
the design of low pressure drop systems 
for shift reactors to develop PUraSPEC™ 

2272 - an ‘adsorbing inert’.
PUraSPEC 2272 is a low pressure 

drop active adsorbent support media that 
replaces the inert support media at the 
bottom of the high temperature shift (htS) 
reactor and captures chloride which would 
otherwise poison the low temperature shift 
(LtS) catalyst downstream. 

historically, most supports and hold-
down materials have been supplied in the 
form of balls, which come in a range of 
sizes dependent upon the application. 

in contrast, JM offers support balls 
and high voidage DYPOr™ media (Fig. 7) 
in either high purity alumina or alumino-
silicate form (table 1).

high voidage DYPOr media is used in 
shift reactors as StrEaMLinE low pres-
sure drop support. it is also used as 
ShiFtShiELD, which protects the top of a 
catalyst bed by capturing boiler solids and 
by preventing the impingement of liquid 
droplets onto the catalyst itself.

High purity alumina Alumina silicate

Support balls KataLCO 92-1 KataLCO 92-2

high voidage media DYPOr 607 DYPOr 604

table 1: JM support and hold-down media
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Fig. 8: Examples of alumina target tile erosion after service

Fig. 9:  Condition of KATALCO 94-1ZT target tile after service
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Although alumino-silicate products are 
cheaper than the equivalent high purity alu-
mina products, silica can leach out under 
certain operating conditions, which makes 
it unsuitable for some duties. 

table 2 shows support media applica-
bility to different reactors.

Zirconia tiles – KATALCO 94-1ZTR

AtRs can suffer from the degradation of 
hold-down media even if high purity alu-
mina is used. the problem is more preva-
lent in oxygen than in air fired reformers 
due to higher top of bed temperatures and 

can increase in severity if the unit is oper-
ating above its original design rate or is 
suffering from burner design issues.

At high temperatures the alumina 
reacts with steam and forms aluminium 
hydroxide vapour. 

As the temperature falls due to the 
endothermic steam reforming reaction it 
reverts back to solid Al2O3 and deposits 
on surfaces. 

Deposition of the alumina within a catalyst 
bed can lead to: 
l a loss of activity due to active sites 

being inaccessible due to alumina 
deposits;

l agglomeration of the catalyst pellets 
which can cause maldistribution of pro-
cess gas and an increase in methane 
slip; 

l an increase in pressure drop due to 
flow restrictions.

Material may also deposit in downstream 
units such as the process gas boiler and 
the water gas shift beds. Examples of 
the effect of poor stability and erosion of 
standard alumina target tiles is shown in 
Fig. 8. 

A decade ago, JM pioneered the devel-
opment of stabilised zirconia target tiles, 
KAtALCO 94-1Zt to solve this problem.

As zirconia has a higher melting point 
and a lower vapour pressure than alumina, 
it is much more stable and therefore much 
more resistant to vaporisation and conse-
quent loss of material.

the first application of KAtALCO 94-1Zt 
tiles was over ten years ago and Fig. 9 
shows images of the ‘as new’ condition of 
KAtALCO 94-1Zt after this long term ser-
vice in an oxygen-fired AtR. 

STREAMLINE pressure drop reduction

JM developed StREAMLINE, a value adding 
pressure drop reduction system, to replace 
conventional ceramic ball support media. 

the StREAMLINE system combines 
computational modelling expertise with 
high voidage DYPOR media to reduce pres-
sure drop.  

StREAMLINE was originally developed 
in response to a number of high tempera-
ture (ht) and low temperature (Lt) shift 
reactors exhibiting high pressure drops. 

On investigation it was discovered that 
a high portion of the vessel pressure drop 
was associated with the area around the 
collector, this was confirmed by detailed 

Duty Alumino silicate High purity alumina KATALCO 94-1ZT

hDS 3 3  

ZnO 3 3  

Pre-reformer  3  

Secondary/AtR  3 3 

htS  3  

LtS 3 3  

Methanation 3 3  

Methanol synthesis 3 3  

Note: KATALCO 94-1ZT is a specialised zirconia based inert for the aggressive conditions 
encountered in some ATR/secondary reformers.

table 2: Support media applicability to reactors
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Fig. 14:  Extended life of LTS from use of PURASPEC 2272

Fig. 10:  STREAMLINE flow modelling  
of shift reactor

Fig. 11:  Case study STREAMLINE flow simulation and results

Fig. 13:  Possible locations for a CI-guard in the shift section
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computational flow modelling (Fig. 10). 
The specific size grades of DYPOR to 

be used as a support media vary depend-
ing on the vessel configuration and particle 
size of material being supported. JM have 
a proprietary STREAMLINE software pro-
gram which is configured for a full range of 
vessel collector designs.

Fig. 11 shows a STREAMLINE model 
of a vessel with a dished bottom collec-
tor, along with plant data showing the 60% 
reduction in pressure drop that resulted 
from the deployment of STREAMLINE on 
this particular vessel.

PURASPEC 2272 – Cl-guarding support 
media

JM has used its expertise in purification 
science along with its proven STREAMLINE 
engineering skills to develop PURASPEC 
2272 – an innovative patented new prod-
uct which combines the functions of a low 
pressure drop support with that of a chlo-
ride trap (Fig. 12).  

The LTS is both the most expensive 
catalyst in the front end of an ammonia 
plant and one of the most critical in terms 
of plant performance. LTS catalysts do 

however have a well-known sensitivity to 
chloride which acts as a virulent poison. 

PURASPEC 2272 is a solution which 
provides protection by helping to stop 
chlorides from reaching the LTS catalyst. 
Chlorides are very soluble and so are 
mobile when wetted. This means that con-
densation on a LTS catalyst can distribute 
chlorides throughout the bed and have a 
severe impact on catalyst performance.

In Fig. 13 the location for PURASPEC 
2272, at the bottom of the HTS vessel (A), 
gives a much greater safety margin against 
dewpoint compared to traditional location 
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Fig. 15:  Post operation inspection of Topsoe HTZR™ target tiles
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for a dedicated Cl-guard on top of the LtS 
bed (B). 

the use of PURASPEC 2272 at a 
 location below the htS gives a number of 
 benefits: 
l dewpoint margin is above 200°C;
l chlorides are kept out of LtS reactor;
l should wetting occur, chlorides can leave 

from a drain rather than enter LtS.

the first reference for the technology is a 
large ammonia plant, operating at 120% 
of design capacity, which sought to extend 
LtS life by reducing the rate at which the 
LtS was being poisoned. the anticipated 
LtS life extension from using PURASPEC 
2272 is shown in Fig. 14. 

Topsoe HTZR™ target tiles and 
catalyst bed support

topsoe’s advanced solutions for AtR and 
oxygen-blown secondary reforming include 
special topsoe-developed zirconia-based 
htZR™ target tiles with outstanding chemi-
cal and wear stability and an improved 
catalyst support system providing a robust 
and high-strength design.

HTZR™ target tiles
In the topsoe AtRs and oxygen- blown sec-
ondary reformers, the combustion cham-
ber and refractory materials are an integral 
part of the reactor design. this includes a 
floor of shaped dense ceramic tiles, which 
is installed in order to:
l act as the partition between the com-

bustion chamber and the catalyst bed,
l protect the catalyst from any direct 

impact from the open flame in the com-
bustion chamber,

l hold down the catalyst and keep it in 
place during operation.

During long-term operation in industrial 
reformers it has been proven that the 
material loss from the reformer combus-
tion chamber can be lowered significantly 
by use of topsoe htZR™ target tiles made 
of zirconia material. 

the main advantages of operating with 
topsoe htZR™ tiles are: 
l Increased lifetime of the tile floor
l Reduced rate of degradation and wear 

of the individual tiles
l Reduced material deposition in the 

catalyst bed
l Longer runtime between catalyst skim-

mings with low and permissible levels 
of pressure drop over the catalyst bed.

l Reduced risk of any critical disintegra-
tion of the tile floor. 

the use of htZR™ target tiles made of this 
superior material in the combustion cham-
ber is a vital part of the overall solution 
to limit material deposition in the catalyst 
bed and pressure drop build-up, ensuring 
an extended and more stable time of oper-
ation in oxygen-blown secondary reformers 
and AtRs.

topsoe target tiles have a proven 
industrial track record. the htZR™ target 
tiles have six years of operation in sev-
eral industrial units, and the performance 
shows an outstanding chemical stability 
and wear resistance (Fig. 15).

Catalyst bed support structure
the catalyst bed support serves both as 
structural support for the catalyst bed 
and as an outlet flow distributor guiding 
the syngas from the catalyst bed into the 
transfer line to the waste heat recovery 
system downstream the reformer. 

Various types of catalyst bed support 
exist for AtRs and oxygen-blown secondary 
reformers ranging from pyramid type struc-
tures to arch and dome type constructions. 

For decades, topsoe has successfully 
used the pyramid type bed as catalyst 

 support, and failures and collapse with this 
type of support have not been observed. 
however, some degree of maintenance is 
generally reported to individual pieces of 
the ceramic elements.

A new topsoe catalyst bed support has 
therefore been developed in order to mini-
mise the customer’s operational risk and 
need of maintenance. the current trend of 
building increasingly larger AtR reactors, 
necessitates a catalyst bed support with 
increased mechanical strength. 

Fundamental examination and a thor-
ough understanding of the forces acting 
on the catalyst bed support and the indi-
vidual brick shapes has facilitated the new 
design. 

the investigations include forces 
 stemming from: 
l weight of catalyst above,
l fluid dynamic pressure drop and
l thermal loads. 

the design was made using finite ele-
ment analysis (FEA) and took into consid-
eration the many acting forces on the full 
structure and on the individual bricks to 
locate areas of elevated stress levels on 
the construction. the new topsoe catalyst 
support provides customers with improved 
reliability.  n
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EUROMEL®  
MELAMINE  TECHNOLOGY 

Total Zero Pollution technologies.  
This is what we do to help preserve the delicate ecosystems 
built over hundreds of years. 
Euromel® Melamine is the only melamine technology that 
does not generate (therefore does not release into the 
environment) solid or liquid effluents. 
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