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Beyond the Market
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Considering the debates over the price of natural gas, it might be interesting to know Iran’s place in the global natural
gas arena. To elaborate on this topic, the number of proved reserves', as well as the production and consumption of
natural gas, will be discussed briefly in this section, and the information published on the British Petroleum website

is used to provide this discussion.
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Diagram 1- The growth of proved reserves of natural gas in the past decade

The total amount of discovered and proved reserves of natural gas in the past ten years is presented in diagram 1,
which reflects a 36% growth in the past decade. As seen in Diagram 2, the Middle East is the most important region
with proved natural gas reserves as expected, followed by CIS? (including Russia and other Russian Federation coun-
tries), which has grown considerably as regards discovering natural gas resources throughout the years.

1. Proved reserves of natural gas generally taken to be those quantities that geological and engineering information indicates with
reasonable certainty can be recovered in the future from known reservoirs under existing economic and operating conditions.

2. Under the CIS generic name, we have considered both countries which are currently members of the Commonwealth of Inde-
pendent States (CIS) - Armenia, Azerbaijan, Belarus, Kazakhstan, Kyrgyzstan, Moldova, Russia, Tajikistan, Uzbekistan -, but also

the founding states Turkmenistan and Ukraine, as well as Georgia, who left the organization in 2008.
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Diagram 2- The change of pattern in countries’ share of proved natural gas reserves

The proved reserves of Russia and Turkmenistan (see Diagram 3) are, in point of fact, the reasons for the increase in
the proved natural gas reserves of Central Asia, and Turkmenistan currently owns approximately 7% of the world’s
reserves. However, Turkmenistan discovered only about 1% percent of the world’s proved reserves across its geo-
graphical territory in 2000.
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Diagram 3- Chief countries housing proved reserves of natural gas at the end of 2020
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As seen in Diagram 3, Iran has the second largest natural gas reserves in the world after Russia and is far ahead of
Qatar concerning natural gas reserves. Diagram 4 also indicates that almost 17% of the world’s natural gas reserves
are situated in Iran after Russia, which has about one-fifth of the world’s natural gas reserves.

Others 19% Russia 20%

Nigeria 3%
UAE 3%

Saudi Arabia 3%

Iran 17%

Venezuela 3%

China 5%

America 7%

tar 13%
Turkmenistan 7% Wi LS8

Diagram 4- Countries’ share of proved reserves of natural gas in 2020

Qatar is also one of the chief countries containing massive natural gas fields, followed by Turkmenistan, the United
States, and China that are far behind Qatar.

Diagram 5 presents an analysis of the reserves of each region over time. There has been a decrease in the proved
reserves of the Middle East, Africa, Europe, and South America as compared to the past 10 years. On the other hand,
there has been an increase in the discovered natural gas reserves in North America, Central Asia, and Asia.
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Diagram 5- Changes in proved reserves of natural gas in the regions over time



Natural Gas Production

In the natural gas sector, it could not be stated that regions with more resources have also higher productions, unlike

crude oil. For instance, North America’s natural gas production is significantly more than the number of its proved
reserves.
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Diagram 6- Changes in the countries’ share of natural gas production in the past 10 years
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Diagram 7 juxtaposes the production of major producers. The United States is the first producer of natural gas as it
contains approximately 7% of the world’s natural gas reserves and in this sector, it considerably outperforms Russia,
which has almost one-fifth of the reserves. Diagram 8 shows the amount of Iran’s production from 2011 to the end of

2021.
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Diagram 7- Chief countries producing natural gas in 2021
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Diagram 8- Iran Production Over Time

Diagram 9 provides a good comparison by presenting the amounts of natural gas production together. This diagram
clearly indicates how the amount of production by the United States and Russia is different from other countries,
which highlights the role of fluctuations in natural gas prices caused by the political news in these countries as well as
the decisions made by these countries. Iran follows Russia with a considerable difference (Russia covers app. 17% of



the world’s production while Iran covers 6%). Countries such as Turkmenistan and Venezuela are not presented in this
diagram due to their low production.
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Diagram 9- countries’ share of global natural gas production in 2021

Diagram 10 shows a decrease in the production of South America and Europe and an increase in the production of
other regions. It is worth noting that this diagram presents information by the end of 2021. The amount of natural gas
transmitted from Russia to Europe will decrease due to the Russian war because this country will refuse to send natural
gas to Europe as a result of the sanctions against Russia. Picture 1 presents the official data published on the BP site
as the “trend of global trade of natural gas”: As seen the natural gas sent from Russia to Europe through pipelines is
approximately 167 billion cubic meters, while about 17.4 billion cubic meters of natural gas in the form of LNG has
also been sent to Europe. Any disruption in the transmission of this amount of natural gas can significantly affect the
balance in the global supply and demand of natural gas.
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Figure 1- Flow of natural gas trade in 2021
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Natural Gas Consumption j

The countries’ share is drastically different in the consumption sector, wherein the Asia Pacific is considered a highly

important sector and among the major consumers of natural gas in the world. However, it is noteworthy that the United
States is still the world’s biggest consumer of natural gas. The United States is a major producer, while it also supplies
a part of its need by importing natural gas from Canada. Russia fully consumes its domestic product, followed by
China with a relatively small difference, as aside from its domestic product (app. 5% of global production), it relies on
imports from Kazakhstan, Russia, Turkmenistan, Uzbekistan, and Myanmar.

Holding the fourth rank in the world, Iran’s share of the world’s natural gas consumption is approximately 6%.
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Diagram 11- Changes in the countries’ share of natural gas consumption in the past decade
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_ e The seasonal comparison of methanol and crude oil price variations
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Indian market in Tir (22" of June to 22" of July)
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Diagram 15- Indian market (2219 of June to 2274 of July)

June 24th:

The high level of supply from the Middle East countries,
Russia, and Venezuela for delivery in July lowered the
price of methanol in this market, and this descending
trend continued in the week ending June 24th. Further-
more, the severe decrease in prices in the Chinese market
contributes to the further decrease in the price of meth-
anol in India’s market. Hence, given the relative market
saturation, some of the distributors in this country were
not significantly interested in engaging in new spot trans-
actions.

In this condition, India also faced the challenge of the
onset of a Monsoon storm. The onset of Monsoon floods
in India killed 358 people, ruined at least 130 thousand
houses, displaced millions of Indians, and destroyed
over 200 thousand hectares of agricultural crops. With a
population of over 1.3 billion people, India is highly de-
pendent on the production of agricultural crops such as
wheat, rice, and sugar for meeting its domestic and export
needs. The production of these crops has decreased by 2
percent as compared to the normal conditions this year.
Given the 7% inflation recorded for the economy of India
in the 12 months ending May, the government of India
has introduced some economic policies such as mitigat-
ing the import taxes and limiting the export of products
such as sugar and wheat to control its inflation and reduce
the pressure imposed on the low-income classes in this

country.

However, there was a decrease in demand in some down-
stream sectors such as formaldehyde and solvents due
to the aforementioned weather conditions. Hence, some
distributors reduced their price offers in the week end-
ing June 24th to win the buyers’ consent to participate in
transactions, but these efforts were almost in vain. As a
result of these conditions, some buyers believed that the
methanol price would decrease even more and, thus, they
were not in a rush to engage in the spot transactions.

July 1st:

The descending trend in methanol prices in India’s mar-
ket continued similar to the previous weeks due to the
higher supply as compared to demand. The prices in the
domestic market also dropped because the distributors
were faced with a high level of inventory in their reserves
and had to reduce their prices to manage their invento-
ry and win the attention of the customers. Market actors
stated that the total inventory of reserves in the ports of
Kandla, Mumbai, and Mundra in the week ending July
1st reached about 100,000 to 120,000 tons. This increase
in the inventory was mainly attributed to the incidence of
a Monsoon - which typically lasts for two months- and
has a reducing effect on the methanol demand, especially
in the formaldehyde sector.
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Besides, with the arrival of summer, India increasingly
faced energy shortages, including electricity as reported
in other news. This problem grew extremely critical in all
South Asian and Pacific countries such as Bangladesh,
Sri Lanka, Pakistan, and even a rich country such as Aus-
tralia, and led to an increase in living expenses and pub-
lic anger and protests. The electricity shortage crisis in
India, the third largest producer of carbon in the world,
rose to an extent that India’s state coal company decid-
ed to import coal to compensate for the energy shortage.
However, India’s coal import reached zero first time since
2015. Moreover, the coal imports of India, which relies
on coal to supply almost 70 percent of its energy produc-
tion, will have deep environmental effects on this country
and the whole world as predicted by the experts.

July 8th:

Since the peak of the Monsoon storm is still incoming in
India, the activity of the downstream methanol sectors in
this country started declining and the consumption and
demand of methanol from these sectors decreased sub-
sequently, leading to the continued descending trend of
prices in the week ending July 8th. Under these condi-
tions, the downstream units expected the downward trend
of prices to continue. Hence, this group of market actors
decided to regulate the heavy expenses they paid in ad-
vance to purchase methanol by buying small cargos, and
postpone heavy purchases and increasing the inventory of
their reserves to the future.

India had the lowest methanol price among the important
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Asian countries during this week, and this market record-
ed even lower prices than China. Due to the continued
decrease in the price of methanol in India, some sellers
in the Middle East, especially Saudi producers, were not
interested in selling their products in this market and
replaced the market of India with other Asian countries
such as China and Southeast Asia for July and August.

July 15th:

The decrease in demand from derivatives producers con-
tinued within the week ending July 15th, and the low de-
mand for methanol is expected to continue by August.
Meanwhile, the decrease in demand in certain down-
stream sectors such as the formaldehyde sector was more
drastic.

Certain distributors that were concerned about the sales
conditions in the coming weeks attempted to reduce the
volume of their purchases under their long-term contracts
due to the reduced demand. However, due to the intensifi-
cation of the decrease in the value of the rupee compared
to the dollar in the month ending July 15th, another group
of distributors preferred to purchase sooner to avoid high-
er costs in the future.

The following diagram depicts the changes in the value
of the rupee versus the dollar from June 16th to July 15th.
As seen, as the end of this period approaches, the intensi-
ty of the decrease in the value of rupee versus dollar rises
until July 15th, when the value of the US dollar reaches
an unprecedented figure of 80.21 rupees.
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Diagram 16- Changes in the value of rupee vs. dollar ending July 15th -(Xe.com)
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Although the economic authorities of India have man-

aged to control the inflation that emerged in this country
within the past months, especially in the food sector, the
continuation of the decreased value of the rupee versus
the dollar can foster the exacerbation of inflation in this
country.

The methanol prices rose in the domestic market during
the week ending July 15th due to certain logistical prob-
lems unlike the import market, which suffered a decrease
in prices. The rainfalls in India’s western ports hindered
the unloading and transportation of shipments. Moreover,
an Iranian ship faced administrative barriers due to the
problems arising from sanctions, which contributed to the
increase in methanol prices in the domestic market.

July 22nd:

The status of India’s market during the week ending July
22nd was highly similar to the previous week, and the
methanol demand reported from downstream industries
was low. The decrease in demand in sectors such as the

s T |
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formaldehyde and solvents sectors was significant. As a
result of the price fluctuations in the Chinese market, the
market actors in India’s market also avoided spot transac-
tions and monitored the market.

The prices reported from India’s market during this week
were also similar to those of the previous week given the
high inventory of the reserves in this country, which are
largely filled with the methanol exported from Iran, the
expectance for the arrival of the cargoes that were bought
previously and will arrive in India in the coming weeks
due to the delay of the ships, and the low demand of the
downstream industries.

It was also reported that due to the increase in the price
of fuel, especially gasoline in India, the consumption of
this energy carrier has dropped. The Platts publication re-
ported that the domestic consumption of gasoline in June
reached 2.968 million tons with a 1.61% decrease. Since
India is dealing with the Monsoon storm and several
states in the south of this country have been flooded, the
decreasing trend in the consumption of gasoline seems to
be continuing in India during July.
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China market in Tir (22" of June to 22"% of July)
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Diagram 17- CFR China (22" of June to 2219 of July)

June 24th:

The performance of China’s methanol market within the
last week of June 2022 was indicative of the limited de-
mand from buyers and end users, while the international
publications reported the descending trend in methanol
domestic and imported prices. Similar to the previous
weeks, the destructive effects of two factors namely the
fluctuations of crude oil prices and the recession domi-
nating the Futures market on the methanol market were
completely evident. The product reserves of most end us-
ers were filled with a large volume of contracted cargos
and they did not show any particular interest in buying the
spot cargos. Domestic sellers were struggling to increase
their sales given the lack of demand and the increase in
the product reserves. However, due to the recent decline
in the methanol price and the likelihood of continuation
of the descending trend of prices in early July, buyers
substantially avoided unnecessary purchases. The satura-
tion of China’s methanol market and the descending trend
of global prices was a dire and major issue for all traders
and market actors. Many experts believe that there will be
no particular change in the supply and demand status of
this market at least by the end of July this year.

As the international publications report, the total inven-
tory of the main regions of China will reach 1.12 million
tons with an almost 22,000-ton increase as compared to
the week ending June 14th. Despite the decrease in in-
ventories in most regions, the inventory of the Zhejiang

region increased as compared to the week ending June
21st. If the total inventory reaches a capacity of over 900
thousand tons, the market inventory is high and it reach-
es the so-called state of saturation as described by some
publications.

The increase in the domestic products in most areas of
China following the elimination of the COVID restric-
tions has been among the causes of the increase in sup-
ply. The reported average production rate in the afore-
mentioned regions exceeded 80% although there was an
approximately 3% decrease in the average production
rate of East and South China as well as Inner Mongolia as
compared to the week ending June 17th.

Moreover, although the removal of the COVID restric-
tions considerably increased production and trade in Chi-
na, it failed to completely compensate for the damage
inflicted on the economy of this country during the two
years of the COVID outbreak. Due to the weak perfor-
mance of the economy of China, experts have a low ex-
pectation of the growth rate of China’s economy in 2022.
The figures predicted for the growth of China’s economy
in 2022 are all below 4 while the target rate set by the
China’s government for economic growth was approxi-
mately 5.5. Recently, the government of China promised
that it is intending to take steps toward economic growth
by offering support packages from the production sec-
tor, but the degree of effectiveness of this promise is not
known yet.



An analysis of the daily prices of sanctioned and
non-sanctioned methanol, as well as the domestic prices
in eastern China in the week ending June 24th, revealed
that the effect of the growth of the methanol index in the
Futures market resulted in a relative increase in prices.

The following diagram presents China’s methanol import
status from the beginning of 2022. As seen, the level of
imports in May increased by 5% as compared to April
and reached a volume of around one million two hundred
thousand tons. Moreover, the 18% increase in imports in
April as compared to March is clearly evident in the fol-
lowing diagram. The data presented in some publications
is indicative of a 71% increase in imports from Saudi
Arabia in May as compared to April this year. The vol-
ume of China’s imports from Saudi Arabia in May 2022
was approximately 223 thousand tons, which is the sec-
ond highest record of imports from the aforesaid destina-
tion since July 2022.

954,036
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The data published in international publications suggests
that the average weekly production rate of acetic acid and
MTBE decreased by approximately 3% as compared to
the week ending June 17th, but there was no change in the
production of sectors including formaldehyde and MTO.

The declined price of methanol as the feed of olefin units
contributed to the average growth of MTO producers’
profit margins, and all three major manufacturers in east-
ern China gained higher profits from their product sales
than the week ending June 17.

On Friday, June 24th, the price of MTBE declined by ap-
proximately 100 to 350 yuan per ton as compared to the
week ending June 21st, which could be mainly attributed
to the decrease in the price of Brent crude oil. The price
of acetic acid also partly increased as compared to the
week ending June 21st.

o/o
2

1,199,173

1,141,639

March

January February April May

July 1st: Diagram 18- China’s imports in 2022

The first week of July started with a decrease in domestic and imported prices of methanol in China’s methanol market,
and variables such as the decrease in crude oil prices, high inventory, and lack of demand played a fundamental role in
undermining the market similar to the past. There was not a significant reported demand for the purchase of cargos at a
fixed unit price, and cargos that were priced based on the calculation of the sales formula were also not well-received
by the buyers. On Tuesday, June 28th, sellers offered cargoes for sale with a 2% premium, but it was not well received
by the buyers due to the recession and thus there was no trade. The basis for pricing the aforementioned cargos is not
known.

During that week, the total inventory of the reserves of main ports reached 1.08 million tons with an almost 34,000-
ton decrease following three consecutive weeks of growth. Despite the decrease in stock in all regions, the problem
of high stock in storage tanks of most end consumers remains as strong as before. The existing reports reflect the
inadequacy of space for storing more products, as a result of which the shipping time of some imported cargoes was
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postponed from the end of June to the beginning or mid-
dle of the current month.

Data from international publications also indicate that
the average production rate in the east and south of Chi-
na decreased by approximately 13% as compared to the
last week of June, yet in regions such as Inner Mongolia
and northwest China, the production rate increased by
approximately 3%. Since almost most China’s methanol
units have completed their periodic or fundamental over-
hauls and they have planned no shutdowns for July this
year, no change in the production is expected to occur at
least during this month.

The results of monitoring the daily prices of the sanc-
tioned and non-sanctioned cargoes and domestic meth-
anol of Eastern China show that on July 5th, there was
a relative rise in the non-sanctioned import prices (SO),
which could be attributed to the publication of the news
of the overhaul and the cessation of production in Mobin
Petrochemical Company from July 11th for almost two
weeks. Zagros Petrochemical Company is among the
main suppliers of China’s methanol and one of the com-
panies whose production is affected by the cessation of
production in Mobin Petrochemical Company.

The first step in describing the status of downstream de-
rivatives during the first week of July is to examine the
status of production in these sectors. The average pro-
duction rate in sectors such as acetic acid and MTO in-
creased by 9% and 3% as compared to the last week of
June, respectively. However, there was no change in the
production status of other derivatives. The increase in the
production rate of the 600,000-ton methanol to olefin unit
of Nanjing Chengzhi from 70 to 80 percent along with an
average increase in the production rate of the Yangmei
Hengtong unit from app. 80% to 100% were the causes
for the increase in the average production rate of MTO.
Rumors about the increase in production of the new-
ly-built Tianjin Bohai unit were circulating in the market,
which were not officially confirmed. However, this unit
is seemingly going to be decommissioned from the last
week of July for necessary overhauls but the duration of
this shutdown is not yet known.

The descending trend in the price of methanol as the
feed of the MTO unit did not contribute to the growth
of the average profit margin of the producers in this sec-

tor because the olefin and its derivatives market were not
booming and these products were traded at a lower price
than the last two weeks in the market. The record for the
lowest price of this product in the last three months was
broken due to a decrease in the price of acetic acid with-
in the first week of July. The formaldehyde market was
also completely stagnant and the price of this product
showed a descending trend in addition to the lack of pur-
chase demand. Experts believed that the most stagnant
downstream derivatives market was associated with the
formaldehyde sector, which is mainly attributed to an in-
crease in the depth of the recession in the construction
industry.

July 8th:

China’s domestic and imported methanol market showed
a descending trend in price once again in the week ending
July 8th, while positive factors such as the decrease in
the coastal inventory and the decline in Iran’s production
in Iran were observed due to the cessation of production
in one of the Zagros Petrochemical units for two weeks
during the mentioned week. As opposed to the mentioned
factors, parameters such as the decrease in the value of
crude oil, the Futures market recession, and the decrease
in the methanol index price in the stock market signifi-
cantly contributed to the weakening of the market, pre-
venting any improvement in the market.

There was an abrupt decrease in the domestic price on
Tuesday, July 12th, which was mainly caused by the
decrease in the value of the methanol index in the stock
market as reported by international publications. Experts
also argued that the price reduction in the physical market
was less tangible compared to what was seen in the fu-
tures market, yet both markets shared a lack of purchase
demand.

Concerning the status of inventories of reserves in coastal
ports and the domestic production of methanol, it could
be stated that the total methanol inventory in the main
parts of China showed a descending trend for the second
week in a row and it reached one million tons with an
almost 84,000-ton decrease, which is the lowest level in
the past five weeks. The amount of methanol production
all over China including northwest, east, and south of this
country decreased as compared to the first week of July.



In Inner Mongolia, the average production rate declined
as compared to the week ending the first of July.

A production-wise analysis of the status of downstream
industries suggests that there was a 1 percent and a 3 per-
cent increase in the production of the acetic acid sector
and the MTO sector as compared to the week ending July
1st, respectively. The high production rate of the Tianjin
Bohai unit (app. 85 to 90 percent) and the newly-built
Xia’ao unit with a production capacity of 200 thousand
tons of methanol to gasoline per year increased China’s
methanol consumption. In sum, the methanol consump-
tion capacity of the two mentioned combined is 2.4 mil-
lion tons a year. The average profit margin of olefin pro-
ducers from methanol showed a descending trend in spite
of the decrease in the methanol value due to the lack of
activity in the olefin derivatives market.

July 15th:

During the week ending July 15th, there was a decrease
in the value of China’s imported and domestic methanol
once again. There is still a considerable lack of demand
and there was a drastic decrease in the interest of most
buyers and end users to purchase and store new products
as their methanol reserves were full. The growth of the
recession in the futures market and the decrease in the
methanol index in the Futures market also considerably
suppressed the excitement of trading in this market. On
Tuesday, July 12th, the drop in the methanol index in the
stock exchange was approximately 3.5% and this de-
crease continued until the end of that week.

Formaldehyde Acetic Acid

88 87
8o 81
53.8 53.2
<
35 35

In addition, the increase in the number of COVID pa-
tients and concerns about the likelihood of the return of
strict quarantines fueled the problems in the methanol
market and other downstream sectors.

Regarding the status of domestic production of metha-
nol, it is worth noting that some sources report a decline
in China’s production. However, data published in some
other international publications mirrors an increase in
the average production rate of China and Inner Mongo-
lia. The domestic product decreases due to the cessation
of the 200,000-thousand Henan Xinxiang and Zhongxi
units from July 11th for an unknown period and Henan
Zhongyuan Dahua with a methanol production capacity
of 500 thousand tons per year, which was decommis-
sioned indefinitely on July 2nd due to low-profit margins.
Since Chinese methanol units mostly use coal as their
main feed, the coal sector will undoubtedly suffer severe
recession during the shutdown of the production units.

The inventories of methanol reserves in most major re-
gions decreased as compared to the week ending July 8th,
and there was an increase in the inventory of only the
ports in the south of China.

In the following diagram, the production of downstream
derivatives in the week ending July 15th is examined, and
it could be stated that the average production rate of ace-
tic acid and MTO decreased. There was no change in the
amount of formaldehyde production but there was a rel-
ative increase in MTBE production. The profit margin of
most olefin to methanol producers increased as compared
to the last two weeks considering the growth of propylene

W a5-Jul-22
w 8-Jul-22

MTO MTBE

Diagram 19- The Production rate of Downstream in China
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and ethylene prices and a decrease in methanol prices.

The official data published by the Bureau of Statistics of
China on Friday, July 15th suggests that China’s econom-
ic growth drastically decreased in the second quarter of
2022. Experts argue that the strict quarantines and long-
term restrictions imposed on most Chinese cities due
to the outbreak of the COVID and China government’s
commitment to zero-COVID were the main causes of this
recession. The increase in the economic growth in the
second quarter as compared to the same period in 2021
was solely about 0.4 percent, while the results of a poll in
Reuters predicted that the economic growth would rise to
approximately 1 percent. Numerous experts believe that
although the outlook of China’s macroeconomy is con-
siderably dark, it is worsening because this country is still
plagued by the COVID issue.

=== July 15th

July 22nd:

=== July 22nd
Following 5 consecutive weeks

of decrease in prices, there was an
increase in the prices in China’s
domestic and import markets dur-
ing the week ending July 22nd,
which was mainly caused by the
decrease in supply from Iran, as
China’s main supplier, according
to the international publications.
Iran’s production grew smaller

after the simultaneous cessation South et

of production in one of the units
of Zagros Petrochemical Compa-

ny and other companies such as

Marjan and Bushehr. Since there 1200

was no indication of a fundamen- 1050

tal improvement in Chinars eco- 900

nomic status in the short run, and 780
. - =

the increase in the prevalence of 4 600
o
o

COVID could undermine the 450
fragile economy of China, many 300
market actors believed that the 150
increase in the price during the 0

mentioned week was going to be 24-Jun-22

unstable. According to the anal-
yses and assessments in some

East &
South of
China

® Zhejiang Inventory

publications, the price of China>s methanol reached its
lowest level. However, if the cases of COVID rise again,
the value of methanol might further decrease. Consider-
ing China’s zero-COVID policy, strict quarantines will
be imposed on cities of China again if there is another
COVID outbreak, which will definitely have a negative
impact on all production sectors, including methanol and
downstream industries.

Data published in some publications also suggests that
the production status in China’s regions is as depicted in
the following diagram. The following diagram shows that
the production rate in the northwest of China increased
as compared to the week ending July 15th, whereas the
average rate decreased in the east and south of China. The
domestic production of methanol is expected to decrease
given the cessation of production in certain methanol pro-

duction units that feed on coal.

North West South West Middle East SoUTH &
of China of China & Africa North
America

Inner
Mongolia

Europe &
Eurasia

Diagram 20- Production rate in world in the last two weeks of Tir (22nd of June to 22nd of July)

22-Jul-22

01-Jul-22

08-Jul-22 15-Jul-22

w East Coast Inventory = South Inventory

Diagram 21- Methanol Coastal Inventory in China
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America

Capacity
Country Company | Thousand) Oceurrence
Name Name tons per
(year
Venezuela Tota! 2370 The average production rate in July 2022 was approxi-
production mately 95%.
The average production rate of the smaller unit in this
. 840 complex in July 2022 is approximately 100% while the
Chile Methanex 880 larger unit, which was decommissioned on April 29th, still
does not produce.
Given the technical problems in this unit, which has nat-
United ural gas as its feed, within the first two weeks of July and
Sg,::s KO;I; l}gfézn()l 1,700 the approximate.ly 40% rate fpr tvsfo -consecgtive Wee'ks, the
average production rate of this unit in July is approximate-
ly 67%.
Canada Medicine Hat 600 The average production rate of this production unit in July
Methanex 2022 was approximately 100%.
United The average production rate of this unit in July 2022 was
OClI 925 .
States approximately 88%.
Trinidad s : : :
and Total 6.610 China’s average production rate in July 2022 was approxi-
Tobago production ’ mately 82%.
United Fairway 1500 The average production rate of this producer in July 2022
States Methanol was approximately 100%.
United Lyondell 660 The average production rate of both units in this complex
States Basell 780 in July 2022 was approximately 100%.
United Methanex 1,100 The average production rate of both units in this complex
States Geismar 1,100 in July 2022 was approximately 76%.
United . The average production rate of this unit with natural gas as
States Natgasoline 1,700 its feed in June 2022 was approximately 92%.
Total
United production 6.698 The average production rate in July 2022 was approxi-
States (12 production ’ mately 84%.
units)
~ i,r — ', o \ s’.'




Europe

Capacity
Country Unit name Thousand) Occurrence
(tons per year
500 The average production rate of one of the units in this
Russia Togliatti Azot 500 complex in July 2022 was approximately 75% while
the other unit stopped producing.
450 One of the 500-thousand-ton units along with the
. . 450-thousand-ton unit in this complex had zero pro-
R 00 . .
ussta Shehekino 200 duction in July 2022. The average production rate of
another 500,000-ton unit was approximately 75%.
Russia 1\(/}:?}11);?211 1.000 This producer had no production in July 2022 due to
(Tomsk) ’ technical problems.
Mider / Helm The average production rate of this producer in July
German (Leuna) 600 2022 was approximately 100%.
330 Both units of this complex had an average production
German BASF 150 rate of approximately 100% in July 2022.
. The average production rate of this producer in July
Azerbaijan Socar 450 was approximately 70%.
Russia (ggnglzﬁz) 1,000 This producer had no production in July 2022.
; ) . 500 Production stopped in both units in this complex in
Russia BIOMCN 500 July 2022.
_ ) Only within the last two weeks of July 2022, the
Russia Equinor 1,000 average production rate of this unit was approximately
- 100%.
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Africa & Middle East

Capacity
Country Unit name Thousand tons) Occurrence
(per year
130 The average production rate of one of the units in July
Libya NOC 330 was approximately 100% and the other unit §till does
not produce.
i in July 2022 i-
Guinea AMPCO 250 The average production rate in July was approxi
mately 100%.
The average production rate of this producer in July
Egypt EMethanex 1,260 was approximately 100%.
Iran Kaveh 2,310 The Plant had no production in Tir.
This unit was decommissioned during the last week of
Iran Marjan 1,650 July 2022, yet its average production rate in the afore-
said month was approximately 75%.
The average rate of production was about 61% in Tir.
Iran Bushehr 1,650 In the last week of the month, the plant was shut be-
cause of technical issues.
With the average rate about 78% in Tir, this complex
had plant number one off because of utility problems
Iran Zagros 3,300 on 10th of July. The plant restarted successfully on
23rd of July.
Sau41 Al-Razi 4,850 The production rate of this complex in July 2022 seems
Arabia to be acceptable.
Saudi IMC 1.050 The average production rate of this producer in July
Arabia (Sipchem) ’ was approximately 100%.
QAFAC The average production rate of this unit in July was
Qatar (Muntajat) L0001 00,
0Q The average production rate of this unit in July 2022
Oman (Salalah) 13001 as approximately 100%.
Oman The average production rate of this producer was ap-
Oman (Helm) 1,050 proximately 100% in July 2022.




Asia-Pacific

Capacity
Country Unit name Hlosrme) Occurrence
tons per
(year
Indonesia Kaltim 720 The ?Verage production rate in July 2022 was ap-
proximately 90%.
250 The average production rate of both of the 850,000-
ton units of this complex in July 2022 was approxi-
New Zealand Methanex ggg mately 95%, while the 530,000-ton unit still does not
produce.
Brunei Brunei 250 The average rate of this unit in July 2022 was ap-
proximately 90%.
1.700 The average production rate of the larger unit in this
Malaysia Petronas complex in July was approximately 90% and that of
720 the smaller unit was approximately 77%.

East and South China 7,160 Average production rate between 69% to 82%
Southwest China 3,120 Average production rate between 54% to 64%
Northwest China 20,950 Average production rate between 50% to 55%

Neimenggu 10,190 Average production rate between 77% to 83%

Marjan Petrochemical Company
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An Analysis of the Steam Network and Methanol Synthesis Reactor Unit (Casale) During Leakage

Analysis of Design Defects and Corrective Measures
January 2021
Hossein Ali Bagheshni'
Morteza Mahmoudimanesh'
Reza Dadulahi'

Mohammad Shariati’

Abstract

The design strengths and weaknesses of the Casale methanol synthesis reactor were analyzed:
considering the operational experience of Bushehr Petrochemical and the emergence of the re-
actor leakage phenomenon, there have been several design flaws in the equipment for the steam
and condensate boiler of the synthesis unit despite the seemingly flawless design of this reactor,
and the corrective measures including operational and design problems have been analyzed in
this paper. The resulting leakage leads to the infiltration of condensates into the catalyst bed, a
decrease in the catalyst activity, a 7% drop in conversion rate, an increase in byproducts, and a
5% decrease in production efficiency in addition to operational problems and the saturation tower
efficiency drop. To prevent further damage to the catalyst as a result of the infiltration of water
into the catalyst bed, a depressurization path with sulfur-free gas as the feed was designed for the
reactor, and the trend of variations of the synthesis loop operational parameters was indicative of
its effective role in maintaining catalyst health in the state of the unit shutdown. An analysis of
the design characteristics of the synthesis unit condenser revealed that it is feasible to effectively
vent the non-condensable gases accumulated in the condenser by installing a vent in the lower
section of the condenser. The capacity of the condenser level pot should be 40 times that of the
current capacity in order to lower the possibility of tripping in the condenser heat transfer capac-
ity time loss as a result of the accumulation of non-condensable gases.

Keywords: methanol, Casale reactor, leakage, catalyst activity drop, industrial case study

1. Introduction

Due to the importance of methanol as the base of numerous petrochemical products, attempts are §till being made

to improve the energy efficiency and optimization of the production process. The optimal design of the methanol
synthesis reactor is among the important steps in optimizing the methanol production process. Each of the various
synthesis reactor designs proposed by different licensors has its strengths and pitfalls. The synthesis reactor of the
Bushehr Petrochemical methanol unit, which is known as the Isothermal Methanol Converter (IMC), was designed
by Casale Company. IMC reactor made by Casale involves two types of flow regimes, namely axial and axial-radial.
The reactor with the axial-radial regime is used to produce at a capacity higher than 2000 Ton/hr [1 and 2]. The basis
for the design of the IMC reactor is the cooling of the catalyst bed by plates in which BFW water flows and absorbs
the heat resulting from the methanol synthesis reaction. The internal structure of the Casale IMC reactor is designed
to contain no tube sheet, and thus its manufacture is easy in this regard. The advantage of this reactor in high-capaci-
ty methanol production (Ton/hr 7000-10000) is its extremely low-pressure drop [1 and 2].

1. Master’s Degree in Chemical Engineering, Bushehr Petrochemical, Asalouyeh, Iran
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2- Background and Fundamentals

Casale axial-radial reactor is depicted in Figure (1).
The bed temperature is controlled by the pressure in
the steam drum connected to the system for the cooling
BFW water flowing in the reactor plates.

The general advantages of this reactor are as follows [1].
- Lower pressure drop

- Optimal temperature profile of the catalyst bed and
higher conversion rate percentage

- Safe and precise temperature control in the catalyst
bed and higher heat transfer efficiency

- Easy catalyst discharge and loading

- Simpler mechanical construction of the reactor

BFW+Steam Out

The heat transfer coefficient for the cross-flow regime is
generally twice that of the parallel-flow regime, while
the heat transfer level in plate heat converters exceeds
other conventional converters. As a result of both of
these characteristics of the Casale reactor, the isothermal
catalyst bed conditions are met for maximized meth-
anol production with smaller reactor dimensions and
the highly effective temperature control of the catalyst
bed increases the catalyst lifetime in practice, thereby
reducing the production of byproducts. Furthermore,
the synthesis gas compression cost declines due to the
considerable decrease in the pressure drop, while the
low-pressure drop in the reactor offers the possibility of
using catalysts with smaller dimensions, increasing the
available catalyst surface and its activity coefficient and
reducing the volume of the catalyst needed.

SyngasIn

BFW+Steam Out

Axial-Radial IMC
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Figure (1): The two-dimensional and three-dimensional schematics of the methanol synthesis reactor designed by Casale Company. The flow

regime in this reactor is the axial-radial flow [3 and 4].

As a result of all of the above-mentioned advantages, the
cost of methanol production based on Casale’s design is
the lowest cost among the other licensors as mentioned
in Table (1).

There was a leak in the reactor in Bushehr Petrochem-
ical despite all of the aforesaid advantages, which are

referred to in articles and technical references. Figure
(2) shows the overall schematic of the synthesis loop in
the Bushehr methanol unit. The leakage in the synthesis
reactor seriously challenged the unit operation but it was
possible to keep the unit in service by dint of the applied
corrective measures, which are explained in detail in the

next section.



Table (1): A comparison of energy consumption of the methanol unit per product ton [5]

Company owning the
pany & Lurgi Uhde Haldor Topsoe | Johnson-Matthey Toyo Casale
technology
Energy consumption 30 33/4 29/26 30/1 30 28
(GJ/Ton) 29/6 32/6
82% MPS routed to
18% MPS routed to Steam Condenser
other users ¢
MakeUp Gas Converter
SynGas Compressor Feed pre-Heater (Steam Drum '\ makeup
From 5 30barg
steam reforming A A ‘ A
section
¥
RieDo o Cegsiste
Steam
Methanol
Cmis Condense
’ @ 88 barg
Circulator| Cold
Process Condensate
Purge <
|
Condensate
pump
Cooling Section 10)<
Separator « BFW

Crude Methanol 4—‘

circulating pump

Figure (2): Overall schematic of the methanol unit synthesis loop

3- Synthesis Reactor Leakage

During a synthesis loop shutdown, attempts were made to
reduce the synthesis reactor pressure for nitrogen purging and
mitigating CO and CO2 gases. In the course of the synthesis
reactor depressurizing and nitrogen purging, the catalyst bed
temperature of the synthesis reactor must be maintained above
200 , which is carried out by maintaining pressure in the syn-
thesis unit steam drum. Due to the high steam drum pressure
and the BFW water system, the pressure on the waterside is 23
bar higher than the synthesis loop pressure, and water enters
the synthesis reactor bed and evaporates in the bed in the
event of reactor leakage. As the synthesis loop restarted, at the
beginning of the synthesis compressor servicing operation,

the separator drum level (Figure (2)) started rising, and the
sampling indicated that the composition of the accumulated
water percentage was consistent with the boiler water, revealing
that BFW water entered the catalyst bed during the shutdown.
Other evidence that is indicative of the infiltration of water into

the catalyst bed includes the following:

1- pH drop and an increase in electrical conductivity of synthe-

sis unit boiler water

2- Fluctuations in catalyst bed temperature transmitters
3- Increased production of byproducts

4- Increased peak temperature

5- Steam condenser converter efficiency drop

6- Presence of CO and hydrogen flammable gases in the vents

of the synthesis unit steam system

Measures taken to mitigate the effect of adverse fluctuations

mentioned in the above list are explained in the following.

4- Design Defects and Corrective Measures

Despite the advantages of Casale’s methanol synthesis loop
design due to the unique structure of the synthesis reactor as
mentioned in the Introduction section, it has several defects

which are discussed in the following considering the leakage

Iran Methanol Magazine | June & July 2022 «No 3
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experience of this reactor.
1- The infeasibility of detecting minor leaks

In similar methanol designs, such as Lurgi, a temperature trans-
mitter is installed at the highest point on the roof of the steam
drum to detect any possible leakage of the synthesis reactor
into the boiler steam system. In the case of accumulation of
non-condensable gases, this temperature will be significantly
lower than the bulk temperature of the steam flowing out of the
steam drum (the corresponding saturated water temperature at

the steam drum pressure).
2- The infeasibility of catalyst oxidation in the reactor

Given the internal structure of the Casale reactor, which
utilizes cooling plates containing BEW water to control the
reactor temperature and advance the reaction, if the catalyst
goes through oxidation and expansion, the stress applied to the
cooling plates inflicts damage because of the insignificant dis-
tance between the cooling plates filled with the catalyst, thereby
leading to the infeasibility of the oxidation of the catalyst in
the bed. Furthermore, since the catalyst can only be discharged
through the drop-out nozzles at the bottom of the reactor, if
there is any leak in the bed, the catalyst must be removed from
the entire bed (230 m3) and it has to be replaced with a new
catalyst, whereby the company will be in charge of the costs

of replacing the new catalyst in addition to the production

shutdown expenses.

3- Accumulation of non-flammable gases in the steam condens-
er shell

As shown in Figure (2), the steam flow from the synthesis
steam drum to the condenser perpendicularly enters the
converter shell from top to down, which is installed horizon-
tally, and after condensation, the saturated condensate flow is
re-pumped to the steam drum. If there is leakage of non-con-

densable gases such as H2, CO, and CO2 as they flow into

Khark Petrochemical Company

-

e

the steam condenser shell, they accumulate in the gas phase,
thereby removing the heat transfer surface in that particular
section and significantly reducing the thermal efficiency of the
converter due to the impossibility of the proper discharge of
these gases. The efficiency drop in this converter reduces the
S/C input into the reformer and increases the direct injection
of steam, which increases the production costs along with the

volume of wastewater.
4- Steam network contamination and deaerator

In Cazale’s design, the steam generated in the steam drum is
condensed in the converters after consumption, and after the
pressure drop in a flash drum, its condensates are sent to the
deaerator. The flow of steam from the top of the flash drum to
the LPS header starts, and its contamination affects the whole
LPS steam system, its converters, and the condensate system.
As a result, the pH in these paths decreases by 2 to 3 units fol-
lowing the exacerbation of the leakage in the synthesis reactor,
in spite of the direct injection of the substance into steam drum

synthesis that provides the potential for corrosion.

The corrective measures taken for reducing the safety hazards
linked to reactor leakage, preventing synthesis catalyst perfor-
mance decline in the states of the shutdown, and maintaining
sustainable production at the maximum possible capacity are as

follows:

1- Providing for the direct injection of the pH controller sub-

stance into the synthesis unit boiler

As mentioned, following a leakage in the synthesis reactor, a
large volume of synthesis gas enters the steam drum, where
the dissolution of CO2 in boiler water drastically lowers the
pH of the water system and synthesis boiler steam. Therefore,
in this corrective measure, it was decided to directly inject the
chemical pH controller substance to hinder corrosion in the
condense paths and the steam converters, as a result of which

pH rose from 5 to 9.



2- Designing and implementing local vents for the condenser

and condensation drum

A local silencer for the condensate drum was designed and
implemented to remove steam contaminated with acidic gases
from the LPS header. Moreover, the vents for the shell of the
synthesis unit steam condensers (which heats the circulating
water in the saturation tower using the steam produced in the

synthesis unit) were connected to a local silencer.

3- Natural gas for maintaining pressure and filling the synthesis

loop

Since the synthesis reactor has to be free of any carbon oxides
before the cool down during a shutdown, the synthesis loop
has to be purged with nitrogen gas before the catalyst bed
temperature falls below 200 . To this end, the synthesis steam
drum pressure has to remain high while the loop pressure falls
below the nitrogen header pressure. Therefore, in the case of
leakage in the synthesis reactor, a large volume of condensates
in the steam drum find their way into the reactor bed during
this process, thereby breaking the structure of the catalyst
tablets and leading to their congregation in the sections that
are in contact with the condensates. At the time of normal unit
operation, aside from the catalyst activity drop, this phenome-
non results in local DP changes and a subsequent change in the

gas flow regime in the bed, which plays a substantial role in the

difference between the desired production rate (methanol) and
the byproducts (heavy alcohols, fusel oil, wax, etc.) as compared

to the optimal design state.

The increase in the speed of formation of byproducts increases
losses and reduces energy, feed, and utility efficiency, which
multilaterally affects the decrease in the company’s profitabil-
ity by increasing the cost price and lowering production. The
conversion rate of carbon oxides in the methanol synthesis loop
is presented in Figure (3). As seen, following the shutdown on
5/3/2021, the conversion rate of carbon oxides decreased by
over 7%, reflecting the catalyst efficiency drop as a result of
coming into contact with the synthesis steam drum conden-
sates at the time of the shutdown. Although the conversion rate
can be largely compensated through the correction of some
operational parameters such as the return flow ratio, surplus
hydrogen, synthesis reactor input temperature, flow rate and
temperature of circulating water, and synthesis loop pressure, it
was not possible to cause a decrease in the difference between
the capacity of the methanol product and the input feed below
5% with a 7% drop in the conversion rate in the synthesis loop.
Moreover, 1.5 percent of this level is attributed to the increase
in the flow rate of fusel oil extracted from the side stream of the
secondary methanol purification tower, which was carried out
due to the increase in the production of unwanted products in
the methanol synthesis reactor to maintain the product quality

in the Onspec range.

synthesis unit total conversion
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Figure (3): Conversion of carbon oxides in the synthesis loop of Bushehr Petrochemical methanol unit. The drop in the conversion rate follow-

ing the infiltration of water into the reactor bed is visible, which led to a 7% decrease in the synthesis catalyst efficiency.
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Figure (4): Conversion of carbon oxides in the synthesis loop of Bushehr Petrochemical methanol unit. The drop in the conversion rate follow-

ing the infiltration of water into the reactor bed is visible, which led to a 7% decrease in the synthesis catalyst efficiency.

Figure (4) depicts the trend of peak temperature in the catalyst
bed. As seen in this diagram, following the infiltration of water
into the catalyst bed, the bed peak temperature increased to
maintain the minimum production drop due to the decrease
in the catalyst activity. Any further decrease in the reactor
conversion rate and an increase in the peak were considerably
prevented following the implementation of the plan proposed
by the Process Engineering Department for the injection of sul-
fur-free methane gas into the reactor for preventing the inflow
of water into the catalyst bed. In other words, if the aforemen-
tioned modifications had not been applied, the peak catalyst
bed temperature would have reached 310 to keep the current
production drop, which is 10 higher than the maximum
allowable temperature specified by the vendor. The increase

in temperature to over 300 will result in catalyst sintering, a

decrease in activity, and exacerbation of its destruction. Besides,
the amount of production of byproducts through the methana-
tion reaction may lead to temperature runaway and loss of the
catalyst, reactor internals, and the several-month production of
the methanol unit. Figures 3 and 4 suggest that since the con-
ditions have been stable and the synthesis reactor is in service,
the increasing trend in the peak temperature and the produc-

tion drop in the last two months have stopped.
4- Proposal for changing the synthesis unit steam condenser

Given that the synthesis reactor leakage problems are over-
looked in Casale’s design, with the incidence of leakage in the
reactor and contamination of the steam network with quite
considerable amounts of non-condensable gases, one of the
most important resulting problems is the decrease in the satu-

ration tower efficiency.



P

7 Dena Petrochemical Company

Hot Water Steam Inlet

Steam Inlet

Existing 1” vent i

Recommended new

Lvent location that is connected topass 1

f

Cold Water

Tube Pass Layout
Coldest section: pass 1

Best I ion to vent
gas is pass 1

Steam Condensate

Figure (5): Schematic of the steam condenser and hot and cold fluid paths in this heat converter. The converter tube path consists of 4 passes,

and the coldest section is called pass 1.

According to Figure (2), the steam condenser converter uses
the largest faction (82%) of steam generated in the synthe-

sis reactor plates to heat the water flowing into the saturator
tower, which serves to supply steam to the reformer reactors.
Following the emergence of leakage in the synthesis reactor, the
non-condensable gases including H2, CO, and CO2 will enter
the steam drum and then flow into this converter from there
through the top of the shell roof (Figure 5). The H2, CO, and
CO2 gases flowing in gradually bundle in the shell, and the
heat transfer surface on the converter tubes is lost, resulting in
a drastic decrease in the converter efficiency. To make up for

this efficiency drop, the only available option for the release

of non-condensable gases is the installation of a 1-inch vent
on the converter shell. However, the converter roof cannot be
considered the location for the accumulation of non-conden-
sable gases. The CFD studies carried out by Strusnik et al. [6]
on surface condensers of steam turbines, which have a similar
structure to the methanol synthesis loop steam condenser con-
verter, showed that the coldest shell section is the best area to
vent non-condensable gases. In other words, these gases must
flow out through this particular section due to the accumu-
lation of non-condensable gases in the coldest section. The
surface condenser temperature profile simulated by Strusnik et

al. is depicted in Figure (6) [6].
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Figure (6): temperature profile of the steam turbine surface condenser. Locations no. 1, 2, and 3 have the lowest temperatures and are the best

locations to vent non-condensable NCG gases [6].

The findings reported by Strusnik et al. [4] can be used to solve
the efficiency drop problem with the steam condenser converter
at the time of leakage in the synthesis reactor due to the struc-
tural similarity between the converters. The steam condenser
converter consists of 4 passes in the tube path (Figure 5). The
first tube pass receives cold water, and thus the coldest part of
the shell in the presence of non-condensable gases is near pass

1 of the converter tubes. Furthermore, pass 1 is located at the
bottom of the shell. Therefore, as shown in Figure (5), it is sug-
gested to install a new vent on the body of the steam condenser

converter shell for the release of non-condensable gases.

Due to the limitation of the size of the current 1-inch vent
and its unsuitable location, it is not possible to fully vent the
non-condensable gases resulting from the reactor leakage,

which led to a 20% decrease in the steam condenser efficiency.

The second pitfall of this converter is the small size of the
liquid pot on the converter floor, where the condensation re-
tention time is just 5 seconds, as a result of which it is difficult
to control levels in this pot to hinder cavitation in the pump
inlet. Hence, the second suggestion for correcting the converter
structure involves increasing the pot size for obtaining a mini-

mum retention time of 3 minutes.

5- Conclusions and Suggestions

Casale synthesis reactor is an isothermal reactor equipped

with an internal plate heat exchange with the radial-axial flow
regime, which has the advantages of heat transfer and improved
temperature control, less gas pressure drop while passing
through the catalyst bed, easier catalyst release and loading, and
an optimal temperature profile for maximizing the conversation

rate as compared to the conventional designs.

Due to a leakage in the synthesis reactor, the pH of the boiler,
steam, and condensation system of the synthesis unit drops,
saturation efficiency decreases as a result of a decrease in the
condenser heat transfer efficiency, condensates penetrate the
catalyst bed at the time of shutdown and startup, and the syn-
thesis catalyst is damaged and the activity and selectivity of part
of the bed catalysts decrease.

The synthesis reactor efficiency drop reduced the conversion
rate of carbon oxides by 7% and lowered the production effi-
ciency (with regard to the difference between the feed capacity
and the product) by 5%: the increase in the side flow of the
secondary methanol purification column and the decrease in
the synthesis catalyst efficiency account for 1.5% and 3.5%,

respectively.

The modifications made to the design to resume production
included the installation of local vents in the condenser and
condensate drum, direct injection of pH controller into the

synthesis steam drum, and depressurization of the synthesis

loop with feed gas at the time of unit shutdown.



Suggestion:

In the design of the synthesis unit condenser, the steam flow enters from the top of the converter and the condensates flow out
of the bottom. Since gases tend to stay in the dead zones, it is suggested to install a new vent on the body of the steam condenser

converter shell as specified in this article to vent non-condensable gases.
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