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DeltaValve’s new center-feed technology.

Contact us at 888-DELTAVALVE or visit http://deltavalve.cwfc.com

Select 65 at www.HydrocarbonProcessing.com/RS



HYDROCARBON
PROCESSING

SPECIAL REPORT: REFINING DEVELOPMENTS

53
59
67
/3
83

91

Case history: Optimization of FCCU with multivariate statistical modeling
N. V. Karpov, C. Keeley, J. Mayol, V. Bozukoy, S. Riva, V. Komvokis and S. Challis

Processing shale oils in FCC: Challenges and opportunities
K. J. Bryden, E. T Habib Jr, and O. A. Topete

Reduce salt corrosion rates with stronger base amines
J. Lack and B. Harrell

Mitigate fouling in crude unit overhead—Part 1
A. W. Sloley

Use modeling to evaluate processing solutions for heavy oils
J. McMullen

Catalyst systems offer flexibility for hydroprocessing applications
W. K. Shiflett, D. Torchia, C. W. Olsen and D. Brossard

Improved oxidation process increases sulfur recovery with Claus unit
R. G. Vazquez, D. Seeger and M. Thundyil

Update: Russia’s capacity and modernization program
V. V. Galkin, V. Makhiyanov and M. I. Levinbuk

Novel use of sulfiding agent prevents refinery shutdown
T. Frank and W. Bridges

Evaluate surfactants as antifoam substitutes in amine systems
A. K. Shukla, A. K. Dutta Roy and P S. Chauhan

Consider accurate feed characterization with improved simulation methods
H. Z. Ha and D. Tiwary

Optimize slop-wax bed height in the vacuum unit
R. C. Patil, M. Yadav, A. Gupta and A. Das

ENGINEERING AND CONSTRUCTION-SUPPLEMENT
F-137/ Streamline plant information for brownfield assets

R. Standish and E. Botterill

PROCESS CONTROL

155

Advanced process control improves operation of a polypropylene unit
H. Poorkar, M. Al-zahrani, H. Al-Shbrain and K. Sefidrou

SEPTEMBER 2013 | Volume 92 Number 9

HydrocarbonProcessing.com

DEPARTMENTS
/I Industry Perspectives
10 Brief
13 Impact
19 Innovations
2/ Associations
33 Construction Profile
158  Marketplace
160 Advertiser index
COLUMNS
37  Reliability
Leaders must allocate time
for technology updates
/7  Integration Strategies
The information-driven
operating company
/3  Boxscore Construction
Analysis
Brazil plans major
refinery expansions
A9  Viewpoint
Renewables from the
refiners’ viewpoint
162  Water Management

The case for change

Cover Image: BP is nearing completion of its Whiting refinery modernization project. In July 2013, the refiner announced the commissioning of the upgraded distillation
unit. This refinery is located outside of Whiting, Indiana. For the full story, see Construction Profile, p. 33. Photo courtesy of BP Products North America.



Industry Perspectives

A sad turn of events

Many pages in Hydrocarbon Processing have and continue to
discuss the technical solutions required by the US Renewable
Fuel Standard (RFS) and similar legislation. At a time when
developed nations struggle to sustain economic recovery, gov-
ernment and regulatory agencies continue to build roadblocks,
crippling major industries. For the US refining industry, the task
to remain viable is a struggle every day. In short, petroleum and
refined products are under fire constantly.

On July 23, representatives of various stakeholders for the US
refining, automobile, biofuels and transportation industries tes-
tified before the US House of Representatives and Commerce
Committee-Subcommittee on Energy and Power regarding RFS.
Testifying before the committee were the American Petroleum
Institute (API), American Fuels and Petrochemical Manufac-
turers (AFPM), National Biodiesel Board and Renewable Fuels
Association (RFA). All parties have significant interests on the
interpretation of RFS and RFS2 going forward. In reviewing the
testimony, several key points stand out:

1. The RFS and later versions are designed to reduce oil
consumption. This was a key factor in the passage of these rules.
For some time, the US and other nations were highly dependent
onoilimports, and tremendous fears existed over the possibility of
oil supply disruptions by “unfriendly” parties. Such events would
devastate national economies. Fear levels were elevated follow-
ing the 911 attacks on the US in 2001. The emphasis at that time
was on energy security and independence from imports. How-
ever, conditions have changed since the passage of the 2005 law
and RFS. The largest reshaping factor is the drastic decline in US
gasoline consumption resulting from the 2008 economic reces-
sion (depression). The US and other developed nations continue
to consume less gasoline. US gasoline consumption has declined
from 9.3 million bpd (MMbpd) in 2007 to under 8.5 in 2012.
With changes in CAFE requirements for later model automobiles
and light-duty trucks, gasoline demand will decrease even further.
The US is likely to consume less crude going forward.

2. RFS was geared to increase usage of biofuels in the
transportation fuel mix. The initial RES plan was to start with
food-based materials for biofuel production and then progress
to nonfood-based biofuels such as cellulosic and biomass ma-
terials. These are great goals; however, implementation of non-
food-based biofuels has its share of problems. Large-scale com-
mercialization of cellulosic fuel production is much slower than
anticipated. Equally important, as gasoline demand declines, re-
finers have fewer options to comply with the mandates on renew-
able fuel blending. AP and AFPM testified at the hearing that the
US refining industry is under great pressure to comply with RES
and needs more flexibility.

3. RFS is intended to reduce greenhouse gas (GHG)
emissions. API president, Jack Gerald testified that the US
is making substantial reductions in GHG emissions with new
technology and innovation. Energy efficiency measures re-
turn great benefits, especially in lower energy bills and reduced
GHG emissions.
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P Industry Perspectives

4. Consumers lack confidence in driving flexible fuel
vehicles (FFVs). Testimony by The Alliance of Automobile
Manufactures highlighted that even if you can construct a ve-
hicle that operates on a particular fuel, that is not enough for a
successful energy policy. The case here is the development of
FFVs. Yes, the automakers have successfully provided FFVs for
consumers. Yet, consumers are not using 85% ethanol (E85)
fuels in significant quantities. FFVs are part of the alternative
fuel strategy—but not the single solution. There are 15 million
FFVs on US roads; most are located in the Midwest, which has
the highest density of E8S fueling stations. However, market
penetration by FFVs has not led to a meaningful pickup in re-
newable fuel usage.

Flawed policies. The promotion of flawed policies to fix the
ills of RFS will negatively impact consumers. That is the case
involving the 15% ethanol (E15) waiver by the US Environ-
mental Protection Agency (EPA). Automakers believe that
EPA’s E1S waiver for vehicles model year 2001 and later is the
poster child for bad policies adopted to fix the shortcomings
of RFS2. The automakers hold that EPA made this decision
without critical testing and research. The very likely outcome
from E15 waiver will be misfueling and vehicle damage. For
the record, all vehicle models before 2001 were designed, cer-
tified and warranted to handle up to 10% ethanol (E10). At
present, only two original equipment manufacturers produce
E1S capable vehicles, and all FFVs are able to use stated fuel

blends. Automakers believe that misfueling is unavoidable, and
consumers will launch a backlash against renewable fuels, the
automakers and the refiners—not the government and EPA.

In addition, there is little discussion and provisions on
legacy fuels for older vehicles. The US has the largest vehicle
population with over 240 million units. Vehicle populations do
not turn over quickly; what provisions and funding are being
developed to support these consumers? We do hear not any-
thing on how to fund fueling for these vehicles.

Unintended consequences. The unfortunate part of RFS
and other policies is that the consumers have little protection
against flawed policies and the “fix up” measures. Consumers
are paying, and will pay, the full price for these policies that
have not been updated to comply with changing conditions.
Note: As always, HP encourages our readers to get the facts
so that prudent business decisions can be made. The full testi-
monies and other materials on the July meeting can be found
at: http://energycommerce.house.gov/hearing/overview-re-
newable-fuel-standard-stakeholder-perspectives. FP

EDITOR’S NOTE

During the production of this editorial, EPA issued a reduction in the 2014
blending requirements. The reductions address 2014 targets for cellulosic ethanol
from 14 million gal in to 6 million gal. The changes are in response to stakeholder
fears that insufficient cellulosic ethanol would be available and the continued decline
in gasoline consumption. The action is an attempt to avoid the “E10 blend wall” in
finished gasoline with mandated ethanol targets. Both API and AFPM believe that
EPA missed an opportunity to fix the ethanol problem for US consumers.
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Metso ethylene process valves offer a
minimum 7 to 9 years operational uptime.

How is that possible? Seat design born from deep industry experience combined with the
right coating technology.

Not all process valves are created equal. The right valve will ensure
longer performance and save millions in unscheduled shutdowns.
This is especially true for ethylene steam cracking and propane
dehydrogenation processes that pose extreme temperature,
corrosion, abrasion and erosion challenges. Metso's experts
understand these variables and have engineered their valves for
every critical olefin plant line of control. Not all process valves are
created equal. The right valve will ensure longer performance and
save millions in unscheduled shutdowns. This is especially true for
ethylene steam cracking and propane dehydrogenation processes

that pose extreme temperature, corrosion, abrasion and erosion
challenges. Metso's experts understand these variables and have
engineered their valves for every critical olefin plant application.

These valves are proven to operate 7 to 9 years of operational
uptime — compared to competitive valves that operate at roughly
half that. The reason Metso valves far outperform others is
because of smart seat design combined with the right coating
technology. Metso's solutions eliminate leaks, prevent material
buildup and provide superior upstream and downstream sealing.

Material Combinations for Specific Ethylene Applications

Coating

HCr

ENP

NiBo

WC-Co

(W/CnC

CrC

Cobalt Based Alloy

Description

Hard Chromium

Electroless Nickel
Plating

Nickel Boron
Tungsten Carbide
Tungsten

Chromium Carbide

Chromium Carbide

Thickness, mm

0.05-0.1

0.06 min

05-1.0

0.1-0.15

0.1-0.15

0.1-0.15

1.0-3.0

Hardness, HRC/HV

70/1000

68 /950

55/600

70/1000

70/ 1000

65 /800

46/ 480

Application
Process
Electroplated

Electroplated

S&F

HVOF

HVOF

HVOF

PTA

Suitable
Substrates

Stainless steels, nickel
base alloys

Carbon and
stainless steels, nickel
base alloys
CF8M, AlSI 316
Stainless Steel

Stainless steels, nickel
base alloys

Stainless steels, nickel
base alloys

Stainless steels, nickel
base alloys

Stainless steels, nickel
base alloys

Metso offers a complete olefin industry solution

which includes:

. Comprehensive ethylene-focused products

- Experienced technical application support

- Sophisticated tools to aid sizing and selection

- Global after-sale services throughout the entire

product life cycle

Find out how to optimize your olefin
processing. Download Metso’s special
checklist, “The 5 Keys to Avoiding Ethylene
Valve Failures” at metso.sysmkt.com/l/5Keys/ E .
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P | Brief

Light crude supply for US Gulf Coast refiners

The supply of light crude and condensate will begin to overwhelm simple
refining capacity in the US Gulf Coast (USGC) and narrow spreads between Light
Louisiana Sweet (LLS) and Mars after 2014, according to ESAI Energy’s five-year
refining outlook. So far, the region has managed the mismatch between refinery
configuration and domestic crude production by backing out light crude import
volumes. However, USGC refiners will likely eliminate light sweet imports next
year. With throughput growth also limited by weaker exports of products to Latin
America, USGC refiners will struggle to process additional domestic light crude.

The addition of topping units and condensate splitters are helping refiners process
lighter crude oil, but to entice more complex refineries to substitute lighter domestic
volumes for preferred medium sour crude, prices will need to adjust. ESAI Energy’s
analysis of the refineries on the USGC indicates that for the refineries with more
significant residual upgrading capacity and crude slates that are mainly medium
to heavy crudes, the LLS-Mars price differential will have to move close to parity.
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BILLY THINNES, TECHNICAL EDITOR / Billy.Thinnes@HydrocarbonProcessing.com

Hess has agreed to sell its energy marketing business
to Direct Energy, a North American subsidiary of
Centrica plc. The sale price was reported as $1.025 billion
(B). Hess’ energy marketing business supplies natural gas and
electricity to 23,000 commercial, industrial and small business
customers in the eastern half of the US. The transaction is
part of the previously announced plan for Hess to exit the the
downstream business as it transforms itself into a pure play E&P
company. The sale of energy marketing, along with the sales of
four producing assets earlier this year, brings total year-to-date
divestitures to $4.5 B.

The US Environmental Protection Agency (EPA) has
finalized the 2013 percentage standards for four fuel
categories that are part of the renewable fuel standard (RFS)
program established by the US Congress. The final 2013 overall
volumes and standards require 16.55 billion gallons (B gal) of
renewable fuels to be blended into the US fuel supply (a 9.74%
blend). This standard specifically requires: biomass-based diesel
(1.28 B gal, 1.13%); advanced biofuels (2.75 B gal, 1.62%);
and cellulosic biofuels [6 million (MM) gal; 0.004%]. During
this rulemaking, the EPA received comments from a number
of stakeholders concerning the “E10 blend wall.” Projected to
occur in 2014, the “E10 blend wall” refers to the difficulty in
incorporating ethanol into the fuel supply at volumes exceeding
those achieved by the sale of nearly all gasoline as E10. In the
issued rule, the EPA proposes to use flexibilities in the RFS
statute to reduce both the advanced biofuel and total renewable
volumes in the forthcoming 2014 RFS volume requirement
proposal. The EPA is also providing greater lead time and
flexibility in complying with the 2013 volume requirements by
extending the deadline to comply with the 2013 standards by
four months, to June 30, 2014.

The US National Cyber Security Center of Excellence
(NCCoE) at the National Institute of Standards and
Technology is inviting industry to help address two information
technology challenges faced by the energy sector. The center is
seeking feedback on two proposed “use cases” whose solution
would provide centralized control of access to structures and
systems and reduce security blind spots in their operations. The
first proposed use case is focused on energy companies’ need to
control physical and logical access to their resources, including
buildings, equipment, information technology and industrial
control systems. This requires the ability to authenticate identity
with a high degree of certainty and to enforce access controls
consistently, uniformly and quickly.

The second use case solution would allow security analysts
to see operational and information technologies as a cohesive
whole, making it easier for them to detect issues that could dis-
rupt services. Energy companies rely on two distinct types of IT

Brief

systems. Business enterprise systems run their billing, person-
nel and other enterprises functions while operational systems,
which rely heavily on so-called cyber-physical systems, allow
them to generate, distribute and meter power.

Gas stations in Shanghai, China, will sell cleaner fuel
starting in December. Local officials recently announced
the timetable for implementing the Shanghai V (S) standard
for fuel. This includes the Shanghai V standard for gasoline and
“fifth-phase” standard for diesel. The cleaner fuel will be available
at two or three fuel stations as a trial starting in September. It then
goes on sale citywide in December. The present cap on sulfur
content is SO parts per million (ppm) and the new regulations
will bring that number down to below 10 ppm. The local
standard is similar to the European V automobile diesel standard
and the Beijing standard V for automobile gasoline, according
to the deputy director of the Shanghai Quality and Technical
Supervision Bureau. The new regulations are not expected to
affect fuel prices in the area.

India’s federal cabinet has approved a proposal to
sell a 10% stake in Indian Oil. The Indian government
owns 78.92% of the country’s largest fuel retailer and is expected
to raise at least 47.5 B rupees ($786 MM) from the offering. The
share sale is part of the government’s program to raise 400 B
rupees in the fiscal year through March 2014 by selling shares
in state-run companies.

Gunvor Group and GE Capital have launched a €225 MM
factoring program for Gunvor’s receivables portfolio to
finance part of Gunvor’s German refining business. The deal
is a part of Gunvor’s broader strategy to diversify its financing
base while reducing liquidity risk throughout its businesses.
Gunvor is one of the first trading houses to establish a factoring
program as a way to diversify how it supports its operations.
This deal represents the largest single receivable finance
program in Germany.

TransCanada is moving forward with the 1.1-MMbpd
Energy East pipeline project based on binding, long-term
contracts received from producers and refiners. The conclusion
of the successful open season confirmed strong market support
for a pipeline with approximately 900,000 bpd of firm, long-
term contracts to transport crude oil from Western Canada
to Eastern Canadian refineries and export terminals. Eastern
Canada imports approximately 700,000 bpd of oil. The project
is expected to cost approximately $12 B, excluding the transfer
value of Canadian Mainline natural gas assets. The Energy East
pipeline will have a capacity of approximately 1.1 MMbpd and is
anticipated to be in service by late 2017 for deliveries to Québec
and 2018 for deliveries to New Brunswick. HP

Hydrocarbon Processing | SEPTEMBER 2013 11



Protect your catalyst bed from being

fouled with new MacroTrap®
XPore 80 guard bed media

MacroTrap® XPore 80 guard bed media offers

increased macroporosity which ultimately increases

filtration capacity. MacroTrap® XPore 80 media’s

proven technology traps particulate

contaminants for pressure drop
stability and improved reactor
cycle performance — so catalyst
bed fouling is sidelined.

Magpnification Don’t let contaminants foul

of Macropores

your reactor. Protect your catalyst
investment with MacroTrap® XPore 80 guard bed
media from Saint-Gobain NorPro, the leading name
in guard bed media.

Saint-Gobain NorPro

www.norpro.saint-gobain.com

Ohio, US.A.
Tel: +1330 677 3552
norpro.stow@saint-gobain.com

Steinefrenz, Germany
Tel: +49 643596570
norpro.steinefrenz@saint-gobain.com

AT
SAINT-GOBAIN

NORPRO

Select 106 at www.HydrocarbonProcessing.com/RS



BILLY THINNES, TECHNICAL EDITOR / Billy.Thinnes@HydrocarbonProcessing.com

Egypt’s role in international
energy markets

A country analysis from the US En-
ergy Information Administration (EIA)
underlines the key role that Egypt plays
in international energy markets. Egypt’s
influence is felt mainly through the op-
eration of the Suez Canal and Suez-Med-
iterranean (Sumed) pipeline. In 2012,
about 7% of all seaborne-traded oil and
13% of liquefied natural gas (LNG)
traded worldwide transited through the
Suez Canal. Egypt’s 2011 revolution and
the unrest that has followed have not had
any noticeable effect on oil and LNG
transit flows through the Suez Canal or
Sumed pipeline.

The Suez Canal is an important tran-
sit route for oil and LNG shipments
traveling northbound from the Persian
Gulf to Europe and North America,
and southbound from North Africa and
countries along the Mediterranean Sea to
Asia. Changes to total oil and LNG flows
through the Suez Canal in 2012 mainly
occurred because of events outside of
Egypt, particularly the restart of Libyan
oil production and changing dynamics in
LNG markets. Further, the Sumed pipe-
line is the only alternative route nearby to
transport crude oil northbound if loaded
tankers are too large or ride too low in
the water to navigate the Suez Canal.

Oil flows. In 2012, southbound oil
flows reached a record high as Libyan oil
shipments through the Suez Canal qua-
drupled in 2012 compared with the pre-
vious year, reflecting the ramp-up of Lib-
yan oil production after its civil war. In
2012, about 2.97 million bpd (MMbpd)
of crude oil and refined products tran-
sited the Suez Canal in both directions.
This is the highest amount ever shipped
through the Suez Canal, and made up
about 7% of total seaborne-traded oil.
Crude oil flows through the Sumed pipe-
line decreased in 2012 to 1.54 MMbpd,
as more crude oil was shipped through
the Suez Canal via tankers.

LNG flows. Total Suez LNG flows, as a
percentage of total LNG traded world-
wide, fell to 13%, or 1.5 trillion cubic
feet, in 2012, compared with 18% in
2011, for two main reasons. First, north-
bound LNG flows through the Suez Ca-
nal decreased by nearly one-third in 2012,
largely because of decreased LNG exports
from Qatar to the US and Europe. Second,
northbound flows also fell because of re-
duced LNG exports from Yemen as a re-
sult of sabotage attacks on a gas pipeline.

Supply chain. Although external factors
have, to this point, played a larger role
in altering hydrocarbon flows through
Egypt’s transit points, unrest in Egypt
still presents a risk, and the Egyptian
army continues to guard the Suez Ca-
nal. Closure of the Suez Canal and the
Sumed pipeline would necessitate di-
verting oil tankers around the southern
tip of Africa, the Cape of Good Hope.
This would add 2,700 miles to ship oil
from Saudi Arabia to the US, increasing
both costs and shipping time, according
to the US Department of Transportation.
Moreover, shipping around Africa would
add 15 days of transit to Europe and 10
days to the US, according to the Interna-
tional Energy Agency.

Oil and natural gas production.
Egypt’s oil and gas production has largely
been unaffected by the social unrest. The
most visible effect of the revolution on
Egypt’s energy sector has been a series of
attacks on the Arab gas pipeline that con-
tributed to a significant drop in the coun-
try’s pipeline gas exports. In addition,
growing local demand for oil and gas amid
stagnant production has led to energy
shortages, contributing to continued pro-
tests and sporadic unrest in the country.

Divestitures drive US
oil and gas deal activity

Divestitures drove US oil and gas
merger and acquisition (M&A) activity in
the second quarter of 2013, according to

Impact

PwC US. While second quarter deal vol-
ume and value decreased 26% and 43%,
respectively, compared to the second
quarter of 2012, interest in energy M&A
transactions remained robust.

For the three month period ended
June 30, 2013, there were a total of 39
oil and gas deals with values greater than
$50 MM, accounting for $17.2 billion
(B) in deal value, a decrease from the 53
deals worth $30.4 B in the second quar-
ter of 2012. On a sequential basis, deal
volume in the second quarter dropped by
5% compared to the first quarter of 2013,
with deal value falling by 37% during the
same time period.

“There were two main factors that
caused a drop in announced deals during
the second quarter: companies remained
focused on the critical task of integrating
assets they acquired during 2012 and
sellers bringing deals to market that are
fully priced,” said Doug Meier, an execu-
tive with PwC. “However, interest from
potential buyers in acquiring quality as-
sets continues. We are seeing dealmakers
go deeper and broader in their diligence
to assess whether current deal valua-
tions can deliver long term value. Well-
positioned buyers have the right deal
strategies, integration plans, and con-
trols in place to execute quickly on op-
portunities, while successful sellers are
providing a clearer and more transparent
picture of their assets to minimize trans-
action timing.”

There were 35 total asset transactions,
representing 90% of total deal volume,
which contributed $11.4 B in total deal
value. Divestiture activity is expected to
continue as oil and gas companies con-
tinue to rebalance portfolios in rapidly
changing markets, according to PwC.
There were four corporate transactions
totaling $5.9 B in the second quarter of
2013, a drop from the 15 corporate deals
that totaled $18 B during the same pe-
riod in 2012.

For deals valued at over $50 MM in
the second quarter, upstream deals ac-
counted for 22 transactions, represent-
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ing 56% of total deal volume and totaling
$6.4 B. Additionally, there were 10 mid-
stream deals, accounting for 26% of total
deal volume in the quarter worth a total
of $6.2 B. According to PwC, demand re-
mains strong for gathering assets as com-
panies look to build out the infrastruc-
ture in shale plays. Three downstream
deals added $1.1 B, while oilfield services
contributed four deals worth $3.6 B dur-
ing the second quarter of 2013.

Shale remained a key driver for deal
activity in the second quarter, with 15
shale agreements with values greater than
$50 MM that contributed $7.5 B, or 44%
of total deal value. In the upstream sec-
tor, shale deals represented nine transac-
tions and accounted for $3.1 B, while six
midstream sector shale deals contributed
$4.4 B in the second quarter of 2013.

The most active shale plays for M&A
with values greater than $50 MM dur-
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ing the second quarter of 2013 include
the Eagle Ford in Texas with three total
transactions contributing $1.5 B; the
Marcellus shale, with three deals totaling
$416 MM; and the Bakken in North Da-
kota, with two deals totaling $910 MM.
The Utica shale experienced no deal ac-
tivity for the first time in seven quarters,
according to PwC.

Financial investors’ deal activity, in-
cluding private equity (PE), in the oiland
gas industry continued its trend from the
first quarter, with volume remaining low
with just two transactions involving val-
ues greater than $50 MM in the second
quarter. Total deal value was $686 MM,
a slight increase from the first quarter of
2013, but a 90% decrease compared to
the same period in 2012. PE investors
opted to stay on the sidelines, partly due
to the uptick in valuations.

PwC notes that, in the second quar-
ter of 2013, master limited partnerships
(MLPs) were involved in seven trans-
actions, representing 18% of total deal
activity. Additionally, in the first half of
the year, there were 17 total MLP deals,
or 21% of total deal activity. MLPs help
satisfy certain investors’ thirst for yield,
and there is an ongoing interest in MLP
“drop downs” to support increased distri-
butions. PwC expects accelerating deal
activity in the upstream MLP space, as
these businesses supplement depleting
assets to sustain and grow distributions.

In the second quarter of 2013, there
were no announced deals from foreign
buyers, representing a significant change
from previous quarters. “Strategically,
foreign buyers remain interested in US oil
and gas assets,” said Mr. Meier. “Similar to
our perspective on PE buyers, we expect
foreign buyers to continue to be active
players in the US oil and gas sector.”

PwC’s Oil and Gas M&A analysis is a
quarterly report of announced US trans-
actions with value greater than $50 MM,
analyzed by PwC using transaction data
from IHS Herold.

US energy sector
vulnerabilities exposed

The US Department of Energy
(DOE) has released a report that assesses
how critical US energy and electricity in-
frastructure is vulnerable to the impacts
of climate trends. Historically high tem-
peratures in recent years have been ac-
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companied by droughts and extreme
heat waves, more wildfires than usual,
and several intense storms that caused
power and fuel disruptions for millions
of people. These trends are expected to
continue, which could further impact en-
ergy systems critical to the US economy.

The “US Energy Sector Vulnerabili-
ties to Climate Change and Extreme
Weather” report notes that annual tem-
peratures across the US have increased

by about 1.5°F over the last century. In
fact, 2012 was the warmest year on re-
cord in the contiguous US, and it also
included the hottest month since the
country started keeping records in 1895.
Implications for the US energy infra-
structure are explored in this report.
Climate conditions have increased
the risk of temporary partial or full shut-
downs at thermoelectric power plants
because of decreased water availabil-
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ity for cooling and higher ambient air
and water temperatures. A study of coal
plants, for example, found that roughly
60% of the existing fleet is located in ar-
eas of water stress.

Energy infrastructure located along
the coast is now vulnerable to damage
from rising sea levels, increasing inten-
sity of storms and higher storm surge
and flooding. Such weather patterns can
disrupt oil and gas production, refining
and distribution, along with electricity
generation and distribution.

Energy companies and consumers
also now face increased risks of disrup-
tion and delay to fuel transport by rail
and barge during more frequent periods
of drought and flooding that affect water
levels in rivers and ports. Another poten-
tial problem pertains to higher air condi-
tioning costs and risks of blackouts and
brownouts in some regions if the capaci-
ty of existing power plants does not keep
pace with the growth in peak electricity
demand due to increasing temperatures
and heat waves.

In addition to identifying critical
areas at risk from climate change and
extreme weather, the report identifies
activities already underway to address
these challenges, and discusses potential
opportunities to make the energy sector
more resilient.

Potential future opportunities for fed-
eral, state and local governments could
include innovative policies that broaden
the suite of available, climate-resilient
energy technologies and encourage their
deployment; improved data collection
and models to better inform researchers
and lawmakers of energy sector vulner-
abilities and response opportunities; and
enhanced stakeholder engagement.

The report says these activities will
increase the resilience of the US energy
infrastructure by “hardening” existing
facilities and structures to better with-
stand severe droughts, floods, storms or
wildfires, and by contributing to smarter
development of new facilities.

Hurricane Sandy is one recent ex-
ample of energy sector vulnerability.
Sandy’s storm surge caused eight million
customers in the US Northeast to lose
power while fuel pumps at gas stations
ceased functioning across the region. Six
refineries with a cumulative capacity of
862,000 bpd were forced to shut down
or severely reduce output. FP
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Noncorrosive bearings
have high load capacity

EDT Corp. has added Type E Solu-
tion bearings (FIG. 1) to its Solution line of
severe service bearings. Type E Solution
bearings have high load capacity and the
same dimensional footprint of industry-
standard Type E tapered roller bearings,
along with the advantages of being fully
noncorrosive and completely greaseless.

Type E Solution bearings are con-
structed with a 304 stainless steel hous-
ing, a Polysphere plane bearing made
from a high-performance polymer, and
a 316 stainless steel locking sleeve. Plane
bearings work without rolling elements,
so grease is unnecessary and seals are
eliminated. Plane bearing design also
makes it possible to offer completely split
inserts in addition to split housings.

EDT Type E Solution bearings are
available in one piece or in split styles
of pillow blocks, four bolts and piloted
housings for shaft sizes from 1% in. to 5
in. Split units are drop-in replacements
for popular spherical roller bearings,
with the added options of split bearings
and split sleeves.

In locations where the environment
compromises the grease of standard
roller bearings or where more corro-
sion resistance is needed, EDT Type E
Solution bearings can provide a superior
alternative when used in appropriate
locations. EDT can assist in identify-
ing applications where Type E Solution
bearings will last longer, reduce main-
tenance and save significant operating
costs over time.
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Oil wiper improves
compressor reliability

The Oil Film Dynamic (OFD) wiper
ring (FIG. 2) from HOERBIGER im-
proves compressor reliability and cuts
operating costs by eliminating crankcase
oil losses and oil contamination.

The wiper ring’s innovative design
and operating principle eliminates the

leakage paths, oil pumping action and
sharp edges that characterize conven-
tional oil wipers. As a result, it pushes oil
back into the crankcase instead of out-
ward, as do conventional oil wipers. The
OFD ring is made from hard-wearing
polymer instead of metal, ensuring long
life without damaging the piston rod or
impairing lubrication.

Oil wiper rings are used on the piston
rods of reciprocating compressors. They
stop crankcase oil from contaminating
the gas being compressed in the cylin-
ders, without compromising the lubrica-
tion of the machine.

Operators of reciprocating compres-
sors typically waste oil and suffer reduced
reliability because of the poor design of
conventional metal oil wiper packings.
Outward leakage leads to crankcase oil
losses as high as S liters (1 gallon) per
day per compressor. At the same time,
oil carried back into the crankcase can be
contaminated with process gases, such
as corrosive hydrogen sulfide, which
can damage the compressor and require
more frequent oil changes.

Extensive testing, both in-house and
on 25 field applications, has shown a
large reduction in oil leakage with al-
most no wear. Four factors characterize
the design and performance of the OFD
oil wiper ring. The first is geometry. The
OFD wiper ring features a two-piece de-
sign based on two concentric rings of L-
shaped cross-sections. Each ring covers
the gaps in the other, closing off oil leak-
age paths. The inner ring has a carefully
engineered profile for best oil control.

The second factor is a new spring
plate that applies a side (axial) load to
the OFD rings. This stops the rings from
moving, eliminating the “shuttling” effect
that plagues conventional wiper rings.

The third factor is a change in mate-
rial. The OFD ring is made from a high-
performance polymer that eliminates
leaks because it follows the shape of the
piston rod accurately. The polymer is
durable yet soft, so there is no danger of
rod damage.

Innovations

These three design aspects combine
to create the fourth key differentiator
of the OFD wiper ring: their innovative
working principle. The OFD ring uses
elasto-hydrodynamic effects to pump oil
back into the crankcase without losing
the vital lubricating film, while their soft
material avoids rod damage.

For process gases and natural gas, the
ability to combine oil wipers and pressure
packing in the same housing gives reliable
performance at high speeds, in vertical or
horizontal configurations, and with rod
diameters up to 130 mm (S in.). Where

FIG. 1. Type E Solution bearings have
high load capacity and are greaseless
and non-corrosive.

FIG. 2. The Oil Film Dynamic wiper ring
improves compressor reliability and cuts
operating costs.
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condensation is an issue, a double seal ar-
rangement—with oil wipers mounted on
each side of the pressure packing—keeps

liquids out of the crankcase.
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and easy-to-operate controller that uses
intuitive technology similar to today’s
mobile phone applications to ensure ef-
ficient, safe petrochemical handling.

The controller is operated using intui-

tive, onscreen icons that reduce training
time and improve accuracy. The interface
delivers detailed process data, resulting
in superior operational monitoring.

Key features of the controller’s
advanced function include:

Controller gives precise
petrochemical blending

Honeywell’s Enraf recently introduced
the Fusion4 MSC-A (FIG. 3), an advanced
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« Safe, secure, two-way data commu-
nication with the handheld Fusion4 lo-
cal access device allows rapid transfer of
transaction data, configuration files and
calibration records

« Advanced process monitoring and
control for up to 12 streams simultane-
ously at the load rack

« Detailed transactional data, alarms,
diagnostics and calibration event logging
for a secure audit trail for business and
regulatory auditing

« Fast, efficient management of mul-
tiple systems and sites

o Compatibility with Enraf’s safe
area device monitoring software package
Fusion4 Portal for remote monitoring
and configuration of hazardous area de-
vices, as well as Measuring Instruments
Directive-approved bill of lading print-
ing, scheduled summary printing, alarm
management and transaction audit trails
to boost efficiency and compliance.

The Fusion4 MSC-A controller can
be supplied as a standalone device or
coupled with additive injection hardware
for a complete off-the-shelf additive solu-
tion. Allowing any downstream oil and
gas operation to add standalone additive
injection capability, it integrates with in-
dustry standard terminal automation sys-
tems and load computers, and avoids the
need for expensive alterations to existing
equipment and infrastructure.
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Enhanced CENTUM

software released

Yokogawa Electric Corp. recently
released an enhanced version of the
company’s flagship production control
system platform, CENTUM VP RS.03.
Yokogawa is continuously developing
CENTUM VP as the foundation of its IA

FIG. 3. The Fusion4 MSC-A controller uses
intuitive technology to ensure efficient,
safe petrochemical handling.
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business’ VigilantPlant vision for opera-
tional excellence.

New features in the CENTUM VP
RS.03 update are integrative and intuitive:

« A wide-area communication router
enables a CENTUM VP system to re-
motely monitor and control equipment
over a wide-area network. The router
enables reliable, secure and inexpensive
monitoring and control of widely dis-
tributed facilities, such as the produc-
tion platforms in deepwater offshore oil
and gas production; pumping and com-
pressor station controls along pipelines;
and wellhead, gathering treatment and
separation facilities in shale oil and gas
onshore fields.

« The CENTUM VP RS5.03 batch
package is based on ISA-88 and has en-
hanced functions that allow greater flex-
ibility when accommodating changes in
production procedures. The number of
operating procedures has been increased,
and the recipe procedure has been pro-
vided with additional levels of granular-
ity, simplifying the process of making
recipe changes. CENTUM VP RS5.03 is
ideal for companies that employ com-
plex batch production processes and are
engaged in such industries as specialty
chemicals, pharmaceuticals and foods.

o The platform supports the IEC
61850 communication protocol, en-
abling it to integrate data from intelligent
electrical devices. This allows better in-
tegration with the electrical equipment
in process plants, eliminates the need
for multiple systems in the plant, and en-
ables the monitoring of electrical energy
in process plants, enabling better plant
energy management.

« A new keyboard has been released
with sets of dedicated function keys that
can be used to simultaneously adjust
eight control loops. This keyboard has
been designed to make it easier for plant
operators to perform tasks.
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Device protects
equipment against
ground faults

ABB has introduced the F200 Ground
Fault Equipment Protector (GFEP)
(FIG. 4), designed to protect equipment
against damaging line-to-ground cur-
rents by disconnecting all ungrounded
conductors of the faulted circuit. A
ground fault is caused by an insulation
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loss between a live conductor and an ex-
posed conductive part that creates a flow
of current to the ground.

Most short circuits initially manifest as
ground faults, which, if undetected, can
cause serious and costly damage to elec-
trical systems and equipment. An F200
GFEP added to an electrical system trips
when the system leaks a significant cur-

—
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—— —
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FIG. 4. The F200 Ground Fault Equipment
Protector prevents damage to electrical
equipment.

rent to the ground, immediately prevent-
ing the potential short circuit before such
damage can occur.

The ABB F200 GFEP line consists
of the 2-pole F202 for single-phase net-
works, and the 4-pole F204 for split-
phase Delta and Wye networks. All
variations are compliant to the UL 1053
standard for ground fault sensing and
relaying equipment, and in accordance
with ANSI/NFPA 70, for use in ordinary
locations. The F200 GFEP device can be
applied to most electrical networks up to
480VAC, and it can be installed in distri-
bution panels and on critical equipment.
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Wireless GWR

transmitter released
Emerson Process Management has
launched the industry’s first truly wire-
less guided wave radar (GWR) trans-
mitter (FIG. 5) for continuous level and
interface monitoring. The Rosemount
3308 wireless GWR transmitter has been
introduced to meet the need for accurate
level monitoring in remote or difficult-

DIRECTOR

The Pennsylvania State University is seeking a highly talented, experienced individual to be the inaugural
Director of the newly formed Institute for Natural Gas Research (INGaR). INGaR was established through
the cooperation of the Colleges of Engineering and Earth and Mineral Sciences to promote multi-disciplinary
research on the sustainable development and utilization of natural gas. An already strong infrastructure,
combined with additional resources that will be made available to the Director of INGaR, are intended to make
Penn State the premier institution in natural gas research. The Director of INGaR will report directly to the Vice
President for Research, who oversees the research enterprise at Penn State, which exceeds $800 million
annually in expenditures.

Responsibilities of the Director include: (1) promoting interdisciplinary research in natural gas; (2) fostering
and managing industrial partnerships; (3) cultivating relationships with government agencies, foundations, and
industrial funding sources; (4) coordinating and supporting the research activities of the Institute’s faculty and
staff; (5) serving as liaison between INGaR and various state, national, and international organizations working
in the natural gas area; and (6) chairing the Institute’s Advisory Board composed of key academic, industrial,
and government leaders in natural gas research. The University has just announced the funding of 12 new
faculty positions to support the Institute’s research mission; awarding of these positions will be guided by the
new Director.

Candidates for the Director position should have a Ph.D. or equivalent degree in a relevant science or
engineering discipline. The successful candidate will be recognized as an international leader in natural gas
research in terms of scientific accomplishments and vision; possess leadership skills necessary to advance
ongoing and new initiatives; and have an appreciation for the academic environment and the University’s land
grant mission. The successful applicant is expected to develop and maintain a research program leading
to national and international recognition relevant to INGaR and to participate in the teaching mission of the
academic unit in which the candidate is appointed.

Review of applications will begin August 15, 2013, and will continue until the position is filled. Nominations
and applications may be sent to: Chair, INGaR Search Committee, Office of the Vice President for Research,
304 0Old Main, University Park, PA 16802; rim100@psu.edu. Applicants should send a letter expressing an
interest in this position with a statement of their vision for INGaR, a resume or curriculum vitae, and the names
and e-mail addresses of four references. Candidates from under-represented groups are strongly encouraged
to apply.

Employment will require successful completion of background check(s) in accordance with University policies.
Penn State is committed to affirmative action, equal opportunity, and the diversity of its workforce.

to-reach locations where installing new
cabling would be costly or impractical.

GWR transmitters are widely used for
abroad range of measurement and control
applications. These include process-level
measurement in vessels and storage tanks
in refineries, oil fields, offshore platforms,
chemical plants and industrial plants.

Emerson’s Smart Wireless technol-
ogy significantly reduces installation and
configuration time. Since there is no need
for cabling, trenching, conduit runs and
cable trays, costs are typically reduced
by 30% or more compared with a wired
solution. Once a wireless network has
been established, any WirelessHART-
enabled device can join the network and
take advantage of the benefits of an exist-
ing Smart Wireless infrastructure. This
makes it easy to make changes or move
devices to meet specific requests.

The transmitter features enhanced
configuration and diagnostics. It provides
an easy and cost-effective way to add visi-
bility across a wide range of industries and
applications, ensuring plant and operator
safety and improving process efficiency.
The transmitter is virtually unaffected by
changing process conditions such as den-
sity, conductivity, temperature and pres-
sure; and because it does not have mov-
ing parts, no calibration is required and
maintenance is minimized.
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Emissions-monitoring

system meets
EPA standards

The Thermo Scientific Omni Fou-
rier transform infrared (FTIR) multi-gas

FIG. 5. The Rosemount 3308 wireless guided
wave radar transmitter extends continuous
level monitoring to difficult-to-reach locations.
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continuous emissions-monitoring sys-
tem (CEMS) uses FTIR technology, en-
abling a user to simultaneously analyze
up to 10 stack gases, including hydrogen
chloride (HCI).

The system’s rugged design makes it
possible for facilities to accurately mea-
sure emissions in harsh industrial envi-
ronments, in accordance with US En-
vironmental Protection Agency (EPA)
40CFR Part 60/63 standards and HCI
performance specifications.

The CEMS uses an advanced soft-
ware platform to achieve precise and sta-
ble analysis of complex gas spectra found
in demanding industrial applications. It
features:

- High resolution with multiple scans
and strong compensation algorithms

« Minimal drift with self-calibration

« Real-time dynamic alignment for
long-term stability

- Continuous, clean operation using
a unique flowback mode.
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Touchscreen viewable

in direct sunlight
The SRMTR-10.4V Sunlight Read-
able touchscreen (FIG. 6) from TRU-Vu

FIG. 6. The SRMTR-10.4V touchscreen monitor
enables the viewing of clear, sharp color
images in bright sunlight.

FIG. 7. The Clariant sunliquid pilot plant now
produces cellulosic ethanol from a variety of
agricultural residues.
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Monitors features a 1,000-nits bright-
ness screen. This is 4-5 times brighter
than standard monitors, and enables
the viewing of clear, sharp, vivid color
images, even with bright sunlight falling
directly onto the screen.

The monitor offers a S-wire resis-
tive touchscreen, 800 x 600 resolution,
and video graphics array input in a rug-
ged, powder-coated steel enclosure. It
also features exclusive TRU-Tuff treat-
ment for maximum shock and vibra-
tion resistance.

TRU-Tuff Series monitors have been
deployed in a wide range of industrial,
military and commercial applications
including inspection systems, monitor-
ing systems, navigation and guidance
systems, vehicles, helicopters, offshore
drilling rigs and more.
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Clariant expands
sunliquid biofuels
technology

Clariant is demonstrating the interna-
tional potential of its process for manu-
facturing sustainable biofuel, expanding
its sunliquid technology to include ad-
ditional agricultural residue feedstocks.

Following the opening of Germany’s
largest demonstration plant (FIG. 7) for
manufacturing ethanol from agricul-
tural residues in July 2012, Clariant has
discovered that corn stover (the most
valuable raw material in North America)
and sugarcane bagasse (a cellulose-rich
byproduct of sugar and ethanol produc-
tion in Latin America and Asia) can also
be converted efficiently with the pro-
cess. European wheat straw has primar-
ily been used to date, and has delivered
good results.

The high degree of efficiency of the
sunliquid process, independent of the
raw material used, is achieved largely
through the use of raw material-specific,
highly optimized enzymes. Clariant in-
tends to market the sunliquid process
internationally, making it vital that dif-
ferent raw materials can be flexibly and
effectively used in the process.

Corn stover is primarily important
in North America, where 570 million
metric tons per year (tpy) of this plant
residue are generated from the corn har-
vest. In Brazil, ethanol production could
be increased by some 50%, compared to
current levels, by using excess bagasse.

Using these plant residues means that
there is no competition with food pro-
duction or for agricultural land.

Cellulosic ethanol produced using the
sunliquid process reduces greenhouse
gas emissions by around 95% compared
to fossil fuels. Domestic production of
this liquid fuel can also reduce depen-
dence on oil imports and generate eco-
nomic growth in local markets.

The next step in commercializing the
sunliquid technology is the construc-
tion of the first commercial production
facility, with a capacity of 50,000 metric
tpy—150,000 metric tpy, compared with
around 1,000 metric tpy of capacity at
the existing pilot plant.
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Biobutanediol helps

cut carbon, costs

Myriant Corp. and Johnson Mat-
they-Davy Technologies (JM Davy)
announced the successful production of
biobutanediol (BDO) and tetrahydrofu-
ran (THF) made from Myriant’s biosuc-
cinic acid.

The qualification work was conducted
at JM Davy’s facility in Teesside, England,
using biosuccinic acid supplied by Myri-
antand the JM Davy BDO/THF process.
Combining the efficiencies of Myriant’s
biosuccinic acid process and the JM Davy
BDO/THF process, the biobutanediol
and biotetrahydrofuran have an overall
carbon efficiency of 87%, believed to be
substantially better than the carbon ef-
ficiency achieved in the direct fermenta-
tion route to biobutanediol.

The JM Davy BDO/THF technol-
ogy has undergone significant improve-
ments over the past 10 years. It can now
be offered with process and performance
guarantees to produce commercial-grade
biobutanediol, THF and gamma-butyro-
lactone, equivalent to the petrochemical
material that is produced in commercial
plants from Myriant’s biosuccinic acid,
at a competitive cost level.

JM Davy has licensed 800,000 metric
tons per year of capacity for the produc-
tion of butanediol, THF and gamma-bu-
tyrolactone, representing approximately
25% of global installed capacity. Myri-
ant’s flagship biosuccinic acid plant in
Lake Providence, Louisiana—the larg-
est biosuccinic acid plant in the world—
is presently being commissioned.
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Inaugural GTL Technology
Forum delivers insights,
opportunities

Gulf Publishing Company’s inaugu-
ral Gas-to-Liquids (GTL) Technology
Forum and exhibit took place in Hous-
ton, Texas from July 30-31. Speakers
and attendees shared knowledge on gas
processing technology developments,
project economics and business chal-
lenges, with a focus on GTL processing
technologies. The event, which featured
five technical sessions and two keynote
speakers, was sponsored by Honeywell
and drew over 160 attendees represent-
ing 96 companies from 10 countries.

Networking lunches and refreshment
breaks in the Forum’s exhibit space al-
lowed delegates to discuss business strate-
gies over coffee and desserts, and to learn
more about the technology and data man-
agement solutions offered by conference
exhibitors Pentair, Forum Energy Tech-
nologies, AMACS and Hydrocarbon Pro-
cessing’s Construction Boxscore Database.

Day 1. The Forum opened on Tuesday,
July 30 with a keynote speech by Mark
Schnell (FIG. 1), the general manager of
marketing, strategy and new business
development for Sasol, on the role of
GTL in the new North American energy
landscape. Mr. Schnell called it an “ex-
citing time to be in the North American
gas business” for those on the demand
side of the equation. He addressed three
major topics, including Sasol’s progress
on its GTL plant in Louisiana, the com-
pany’s experience on its GTL journey,
and where GTL might fit into the energy
landscape going forward.

Sasol’s proposed GTL complex in Lake
Charles, Louisiana would have a capacity
of 96 thousand barrels per day (Mbpd)
and be co-located next to an existing eth-
ylene cracker. GTL startup is presently
targeted for 2019, although the final in-
vestment decision in 2014 will be based
largely on economics. During a confer-
ence break, Mr. Schnell told Hydrocarbon

Processing that he expects as many as 6 or
7, and at least 4 to S, of the proposed eth-
ylene cracker projects in the US to move
forward. The Sasol GTL plant would pro-
duce GTL diesel, naphtha, paraffins, wax-
es and lubricant base oils—making it the
first facility in the US to manufacture GTL
transportation fuels and other products.
Mr. Schnell also addressed some of
the challenges of the evolving GTL sec-
tor, noting that, at present, “Commercial
capacity is in the hands of a few compa-
nies.” The addition of more players would
offer improved security of supply, greater
advocacy for alternative fuel policies, and
more security for original equipment
manufacturers. “To be truly taken seri-
ously, [GTL] will have to become an in-
dustry, rather than a handful of clients or
players,” Mr. Schnell acknowledged. “It’s
up to us as business and technology pro-
viders to step up and provide solutions.”
Session 1. The first session opened
with a presentation by Srinivasan Am-
batipati of R3 Sciences on the develop-
ment of modular technology for gas-to-
methanol conversion. Mr. Ambatipati
emphasized the need to use flared gas,
which totaled $ trillion cubic feet (Tcf)
worldwide in 2011. R3 Sciences’ gas-

to-methanol (G2M) technology uses a

. _a’s-To-Uqul'ds inaMew
Merican Energy Landscape

Mark Schnelf
SASOL

Associations

three-step process involving autothermal
reforming and synthesis gas (syngas)
conditioning to produce methanol.

Next, Dr. Ronald Sills of the XTL &
DME Institute presented his view on the
use of dimethyl ether (DME) as a trans-
portation fuel in North America. Dr. Sills
named the three major fuel applications
of DME as LPG blendstock, power gen-
eration and transportation fuel. On this
last point, he noted that Volvo is the first
vehicle manufacturer to announce plans
to commercialize DME-powered heavy-
duty trucks in North America, which will
happen as early as 2015. “DME is safe,
inexpensive to store, simple to transport
and does not require cryogenic or high-
pressure storage,” Dr. Sills acknowledged.
Although DME is cheaper than diesel, of-
fering compelling economics, the large-
scale production of DME will be needed
to encourage the availability of DME-
compatible vehicles, he said.

Dr. Carl Hahn from Pentair next
spoke about reducing capital and oper-
ating expenditures (CAPEX and OPEX,
respectively) through more effective sep-
aration technologies. Dr. Hahn outlined
the major challenges to the commercial
viability of GTL as high capital intensity,
high investment risk and cashflow con-

FIG. 1. Sasol’s Mark Schnell opened the GTL Technology Forum on Day 1 with a keynote speech
on the role of GTL in North America.
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straints. Conventional separation tech-
nology can cause operational problems
in GTL plants, although Pentair offers its
Polarex technology as an extractive sepa-
ration technology that can be used in lieu
of a conventional contactor.

Nearing the end of the first session
was a presentation on small-scale GTL
as an economic solution for distributed
gas by Dr. Paul Schubert, CEO of Velo-
cys Inc. Dr. Schubert acknowledged a
growing set of small- to medium-scale
prospects, with five small-scale GTL
technology clients progressing to the en-
gineering stage since the start of 2013,
along with 19 companies in the pre-
engineering stage. Potential applications
for small-scale GTL in North America

include gas flaring, diversification for
midstream companies and refinery inte-
gration. From there, Anindita Moitra of
Indian Oil Corp. finished off the session
with a presentation on off-balance sheet
project risk management.

Session 2. After a lunch and dessert
break that generated numerous network-
ing opportunities for attendees, the sec-
ond session kicked off with an insightful
talk by Tara Fatima of Bechtel Hydro-
carbon Technology Solutions Inc. on
low-cost opportunities for methanol-to-
olefins (MTO) and methanol-to-propyl-
ene (MTP). Ms. Fatima acknowledged
that MTO technologies are competi-
tive with traditional steam cracking only
when there is a reasonable price spread

PSR et e
Fimus STG+ Technology
Integrated demonstration plant

FIG. 2. Dr. George Boyajian of Primus Green Energy discussed the cost-effectiveness of Primus’
STG+ small-scale GTL technology on Day 2.

!

FIG. 3. John Royall (left), CEO of Gulf Publishing Company, and Mark Schnell (right), general
manager of marketing, strategy and new business development for Sasol, were among the

speakers at the GTL Technology Forum.
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between gas and oil (i.e., $4/MMBtu or
less for gas, and $80-$90/bbl or more for
crude oil). This makes MTO and MTP
technologies largely uneconomical in the
US, but viable in the Middle East.

Next, V. K. Arora of Kinetics Process
Improvements Inc. gave a talk on the ad-
vances and challenges of syngas prepara-
tion. Mr. Arora reviewed the advantages
and disadvantages of major syngas tech-
nologies, including steam methane re-
forming, autothermal reforming, partial
oxidation, convective reforming, two-step
reforming and prereforming. In addition,
he discussed the major hurdles for GTL
operations in North America, specifically
those concerning process complexity,
process efficiency, economic challenges
and longer financing requirements.

Session 3. ExxonMobil Research and
Engineering Co/s Mitch Hindman led
off the third session with a presentation
on ExxonMobil’s methanol-to-gasoline
(MTG) technology as an alternative for
liquid fuel production. The technology,
which is a fixed-bed process that pro-
duces sulfur-free gasoline with 92-RON
octane, was first commercialized in 1985
in New Zealand. There are seven licenses
for MTG technology around the world,
according to Mr. Hindman.

A vpanel discussion followed that
included Honeywell's Randy Miller,
Invensys” Bill Poe, Emerson Process
Management’s Chuck Miller and Aspen
Technology’s Michael Harmse. The pan-
elists discussed various aspects of pro-
cess control challenges for GTL, includ-
ing the link between process control and
operator competency, online modeling
for GTL applications, process and safety
requirements with regard to automation
systems, cyber security concerns, the
benefits of standardization of small-scale
plants and the need for dynamic simula-
tion and remote monitoring technolo-
gies to ensure proper operation of con-
trol systems.

Day 2. The second day of the GTL Tech-
nology Forum began with a keynote ad-
dress by lain Baxter, the director of busi-
ness development at CompactGTL in
the UK. Mr. Baxter spoke about transfor-
mational gas solutions for the upstream
industry and the problems inherent in
conventional GTL operations. He noted
that there are only a handful of compa-
nies with the experience and technologi-
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cal expertise to design large-scale GTL
plants. These companies tend to be large,
integrated energy firms and are often pro-
tective of their intellectual property.
However, CompactGTL's compact re-
forming technology for syngas generation
provides fully modular GTL production
in a range of design capacities, from 10
MMsctd to 150 MMsctd. The company is
presently working with Petrobras, Total,
Gazprom and 17 other companies around

the world for small-scale GTL projects,
both onshore and offshore.

Session 4. The fourth session kicked
off with a discussion by Dr. Uday Turaga
of ADI Analytics LLC on benchmark-
ing gas monetization opportunities. Dr.
Turaga explained that, in North America,
LNG export projects offer the most at-
tractive returns, followed by MTG and
GTL projects. He also emphasized the
need for creative thinking during the
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commercial structuring of a GTL project
to reduce CAPEX and OPEX.

Lee Nichols, the director of Hydrocar-
bon Processings Construction Boxscore
database, next offered a recap of the global
construction outlook for GTL projects.
Mr. Nichols noted that Construction Box-
score is tracking over 800 gas processing
projects globally.

Afterward, Daniel Barnett of BD En-
ergy Systems LLC discussed reformer fur-
nace outlet systems and needed improve-
ments to conventional steam methane
reformer furnaces. Mr. Barnett noted that
conventional practices apply a design tem-
perature for outlook system components
that is not adequate for GTL or ammonia
plant reforming. The final speaker of the
session was Dr. Dave Sams of Albemarle
Corp,, who explained how Albemarle’s
MA-15 catalyst aids in the thermochemi-
cal conversion of syngas to ethanol.

Session S. The fifth and final session of
the conference opened with a discussion
by Dr. George Boyajian of Primus Green
Energy (FIG. 2) on the cost-effectiveness
of Primus’ STG+ GTL technology, which
enables the conversion of natural gas to
drop-in liquid fuels on a small scale. Rob-
ert Herrmann of Robert P. Herrmann LP
next discussed the use of a gas lift appara-
tus for a Fischer-Tropsch production riser.

Following these presentations, John
Oyen of ABB Inc. spoke about next-
generation facilities, with emphases on
trends in automation and improvements
in control room technology, and how
these developments can enhance opera-
tions at GTL facilities.

Lastly, Steve Worley of Worley Engi-
neers Inc. discussed the design require-
ments for floating vessels intended for
offshore GTL production. Mr. Worley
advised the use of a proven floating pro-
duction, storage and offloading (FPSO)-
style vessel, or an alternative proven de-
sign, to minimize sea motion at floating
GTL (FGTL) projects.

John Royall, CEO and chairman of
Gulf Publishing Company (FIG. 3), con-
cluded the conference by thanking attend-
ees for their participation and input. “We
anticipate some major market changes by
the time [the conference is held again next
year], especially in compact and small-
scale GTL technologies,” Mr. Royall said.

Gulf Publishing Company’s second
annual GTL Technology Forum will be
held in Houston in 2014. FP
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US Midwest refinery nears
completion of major
modernization project

In early July 2013, BP announced
that it has completed the commissioning
and startup of a new, 250,000-bpd crude
distillation unit at the Whiting refinery,
marking a major achievement in the multi-
billion-dollar upgrade of the facility in
Northwest Indiana. Commissioning of the
state-of-the-art distillation unit is a major
milestone in the refinery upgrading proj-
ect designed to unlock $1 billion in future
operating cashflow.

The Whiting refinery has a long his-
tory; the original plant was constructed
in May 1889 on 23S acres. This former
Standard Oil (of Indiana) refinery shipped
refined products to nearby Chicago and
other Midwestern cities in the early days.
Later, it was part of Amoco Corp. until
1998, when it was purchased by BP. The
Whiting refinery is major part of the Petro-

Construction Profile

leum Administration for Defense District
(PADD) 2 refining district.

Need to modernize. In September
2006, BP announced a massive mod-

ernization project for the Whiting refin-
ery. The goal was to update this refinery
with flexibility to process heavier crude
oils. In May 2008, after necessary per-
mits were issued, BP began construction.

FIG. 1. View of the upgraded distillation unit and new coker at BP’s Whiting refinery.

FIG. 2. BP’s Whiting refinery sits outside the city limits of Whiting on Lake Michigan.
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Some project highlights are:

o Environmental improvements for
the complex will exceed $1 billion.

« A modern gasoil hydrotreater will re-
move/treat more sulfur and nitrogen from
refinery gasoil.

o The sulfur recovery complex will be
upgraded to a more efficient system to re-
move more sulfur from fuel product streams.

« A new, state-of-the-art coker will re-
place the existing one. The new coker will

enhance process safety through increased
automation, along with higher coke and
naphtha production.

o The refinery’s largest crude distil-
lation unit is being reconfigured to pro-
cess heavier crudes, including Canadian
oil sands.

“The safe startup of this large, so-
phisticated crude processing unit at the
Whiting refinery has returned the refin-
ery to its nameplate processing capabil-
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ity of 413,000 bpd—initially of mostly
light, sweet crude—and paved the way
for the remaining upgrades to the plant to
be brought online,” said Iain Conn, chief
executive of BP’s refining and market-
ing segment. “When the new coking and
hydrotreating units are commissioned
and operating at full rates in the second
half of this year, the reconfigured refinery
will have the flexibility to greatly increase
heavy, sour crude processing, delivering
an expected incremental $1 billion of op-
erating cashflow per year, depending on
market conditions.”

Construction of the Whiting refin-
ery upgrade project is more than 95%
complete. BP expects to commission a
new, 105,000-bpd gasoil hydrotreater, a
102,000-bpd coker and other associated
units in the second half of 2013. When
all of the new equipment is in full opera-
tion, the refinery will have the ability to
significantly increase heavy, sour crude
processing to roughly 80% of its overall
crude run, up from 20%. The Whiting
refinery is the seventh-largest US refinery
and the largest refinery in its PADD. It is
the largest, most complex refining project
undertaken in BP’s recent history.

“The Whiting refinery project is at the
heart of our US fuels strategy to operate
sophisticated, feedstock-advantaged re-
fineries tied to strong logistics and fuels
markets,” Conn added. “This world-class
refinery is in the right location and will
soon be running the right equipment to
process growing supplies of North Ameri-
can crude oil, including oil from Canada”

The multi-billion-dollar investment in
the refinery is the largest private-sector
investment in the state of Indiana history,
and it also includes several hundred mil-
lion dollars in state-of-the-art environ-
mental controls for water treatment and
air emissions, according to Whiting refin-
ery manager Nick Spencer. “Our invest-
ment in Whiting’s future shows BP’s com-
mitment to creating jobs in America and
safely providing energy,” Spencer said.

Other notables. The modernization
project required over 10,000 skilled crafts-
people at different stages of construction.
Itinvolved installing over 380 miles of pipe,
1,200 pieces of major equipment, and 600
shop-fabricated modules and 50,000 tons
of steel. More importantly, it logged 40
million work-hours without an injury re-
sulting in a day away from work. FP
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Leaders must allocate time for technology updates

Justas a good medical doctor is expected to have wide knowl-
edge on modern treatment options, we would expect reliability
professionals to be equally informed on technology advances.
There are numerous training and technology update opportu-
nities, and this column has highlighted these for well over two
decades. Conscientious reliability professionals should take
advantage of books, articles, conference proceedings, vendor-
organized training, and, of course, and “opportune times.”

Never stop learning. Opportune times present themselves in
many different ways. Two hours between job assignments or a
half-day postponement of a scheduled meeting are opportuni-
ties for the reliability professionals to update their understand-
ing of numerous topics and issues. If you have checklists in your
computer, why not update them based on an article that you
filed away a few months ago, or a conference paper that you read
justlast week? Here are three examples that we consider relevant
and pertinent because each can be found in recent publications.
The very fact that you're reading this column greatly increases
the probability that these examples apply to your plant. Anyway,
remember that you are seeking for an opportunity to investigate
these and similar matters.

Example. Start with recent illustrations and documentation
referring to mechanical seals with bi-directional tapered pump-
ing impellers that effectively pump the flush liquid through a
small heat exchanger, as shown in FIG. 1. Which of the hundreds
of process pumps at your facility would qualify for, and benefit
from, this arrangement? Have you asked your seal supplier?
Could you learn from the supplier’s answers?

Next, consider using opportunistic time to review the lat-
est illustrations and documentation dealing with oil rings, also
known as “slinger rings.” These components pick up oil from a
bearing housing sump and direct the lubricant into rolling ele-
ment bearings. A current article strongly recommended mea-
suring the as-installed width of an oil ring and to again measure
the as-found ring at the next repair event. The difference in the
measured widths relates to a volume of abrasive dust which,
with virtual certainty, contaminated the oil and shortened the
bearing’s service life. So, then, could you benefit from allocat-
ing time to study the shaft-drive principles of FIG. 2? Could a
similar drive arrangement power a small oil pump, and could
pressurized oil be routed to a spray nozzle mounted a few mil-
limeters from the rolling elements? Would that eliminate using
vulnerable oil rings and constant level lubricators?

Finally, FIG. 3 shows an example of the numerous feasible
anti-swirl labyrinth configurations. These are needed to im-
prove the rotordynamic stability of process gas compressors.
Is it possible that choosing a particular configuration could

FIG. 1. Mechanical seal with bi-directional tapered pumping device!

FIG. 2. View of the journal region of a small turbine. The worm gear
arrangement on left—a similar layout could be used to power a spray-
producing lube-oil pump for reliable lubrication of process pumps.

extend the safe operating speed range of an existing compres-
sor at your plant?

Hydrocarbon Processing | SEPTEMBER 2013 37



P Reliability

FIG. 3. Example of an anti-swirl labyrinth for a high-pressure
centrifugal compressor.?

All three situations are just examples on how to make good
use of “opportune times.” Self-motivated professionals are al-
ready educating themselves and do not need our reminders. But
others, and especially managers endeavoring to guide or groom
their successors, may need some nudging.

Good managers know that checklists, sound work processes
and well-written procedures are of great value to technical sup-
port staff. Checklists merit periodic updating and should be re-

viewed by personnel representing the three job functions that
come into almost daily contact with process equipment: process
unit operators, mechanical/maintenance work force members,
and engineering/project/technical personnel.

Well-trained teams. All job functions must periodically up-
date their knowledge, and reliability professionals must pay at-
tention to details. They may start with an insistence on recording
all types of measurements. To the appropriate extent, reliability
professionals should be on the lookout for applicable new tech-
nologies. Concentrating on opportunities to stay informed on
bearing lubrication and sealing issues is of great importance, and
it provides quick returns on time invested. FP
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Evergreen Safety Lifecyle: Is your
process safety data sustainable?

MIKE SCOTT / Mike.Scott@aesolns.com

Safety lifecycle documentation can be cumbersome
and costly to maintain. Many organizations have iden-
tified a goal of evergreen documentation to reduce these
maintenance efforts. Part of developing a sustainable
evergreen safety lifecycle is to establish mechanisms
for executing and tracking Management of Change
(MOC). aeShield improves the MOC process by mak-
ing changes easy to track and share across multiple proj-
ects with multiple users. In contrast to traditional data-
bases which require a separate copy of the database for
each project, aeShield utilizes a single database across
multiple projects, maintains one master record, and
tracks the status of lifecycle documentation automati-

cally.

Project Management

Unlike traditional databases which only support
one version of data, aeShield functions more like a doc-
ument control system (Fig. 1). When project changes
need to be made, a copy of the AsBuilt record is checked
out. This allows changes to be applied without affecting
the AsBuilt record and supports effective project man-
agement by allowing for ongoing concurrent project
changes.

— Evergreen Lifecycle Data—

AsBuilt

(_ PROJECT2

* PROJECT 1 ‘

\—P Check-out —————> Check-in/Update == == == ==} AsBuilt Update )

FIG. 1. Easily run concurrent projects from one AsBuilt record.

Document Management

Document control allows project managers to iden-
tify competent personnel who will be tasked with the
check and approve process per safety lifecycle documen-
tation type. This helps ensure that personnel with the
correct competencies are identified and help support the
safety management plan. Individual users identified for
these document control activities will receive dashboard
alerts when the documents require action from them.
Users tasked with checking and approving can view
documents requiring action across multiple projects in
the same dashboard. This helps manage effectiveness of
high value resources by ensuring that the most compe-
tent people can be used over multiple projects and for
gatekeepers to effectively monitor multiple projects.

Lifecycle Management
The revision shading, impact reporting, and status

reporting in aeShield help facilitate MOCs by identi-

Select 72 at www.HydrocarbonProcessing.com/RS
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fying and tracking changes and their impacts on indi-
vidual documents and projects.
Revision Shading

Revision shading highlights project changes in a re-
cord while still providing a view of the original AsBuilt
record. This facilitates the review and approval process
by simplifying the comparison between the project
changes and the original values (Fig. 2).
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FIG. 2. Revision shading reduces checking and approval time.

Impact Reporting
Impact reporting facilitates cooperation between

multiple projects affecting the same process safety
documentation. This communication allows users to
see changes from other projects and the status of those
planned changes. Impact reporting also helps project
teams reduce unnecessary reporting and identify poten-
tial conflicts that may not have been identified prior to
project completion.

Status Reporting
Status reporting allows project managers to track the

progress of ongoing projects. 'They can view the check-
ing and approving processes on a record by record basis,
as well as view what work is remaining for individual

projects (Fig. 3).

@ UnderDesign  ( Checked @ Approved

0 SIS Revalidation Project =
January 2012-December 2014

* Safety Requirements Specification

© Cover Document
®@ Cause & Effects
SIF Datasheets
®() Functional Test Plans

* Design & Verification

FIG. 3. Dashboard reporting provides high level status updates.

By allowing users to maintain and alter records in
a single database with connectivity to original AsBuilt
data, aeShield enables evergreen safety performance.

«<3E>»  [EE

Solutions-
Use your QR code reader to learn

more about aeShield — Safety Lifecycle
Management or visit www.aesolns.com.




Spraying Systems Co.
Experts in Spray Technology

SUPERIOR SPRAY. SERIOUS RESULTS.

Whether you need to cool gas, dissolve salts in an overhead line or inject chemicals to prevent corrosion,
we can help optimize injector performance. Here's how:

e Assistance with nozzle selection, spray direction and injector placement. There are dozens
of factors to consider before choosing a spray nozzle, determining whether to spray co- or counter-current
and identifying the proper placement of an injector in a vessel. We can help you evaluate your process
conditions and then design an injector to provide optimal performance

e Design validation using Computational Fluid Dynamics (CFD) and Fluid Structure Interaction (FSI).
We use powerful modeling tools to simulate your environment, confirm the injector will provide the
expected spray performance and withstand process conditions such as thermal stresses, heat transfer,
vortex shedding and more

e Proven track record. Companies like Technip, Mustang Engineering, Bechtel, Shell and many others
rely on us to manufacture B31.1 and B31.3 code-compliant injectors and conduct radiographic,
hydrostatic, ferrite tests and more

Learn More. Call 1.800.95.SPRAY or visit spray.com/injectors
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INJECTOR PLACEMENT g | CLOG-RESISTANT STYLES

-

Unmatched Global Engineering, Manufacturing & Technical Support
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The information-driven operating company

New information technologies—such as cloud comput-
ing, mobility, social technologies, big data/analytics and 3D
visualization—have been receiving a lot of attention in the in-
dustrial community. Why? Because each of these technologies
has the potential to disrupt and radically change the way com-
panies conduct business. Still, many owner-operators in the
hydrocarbon processing industry (HPI) remain conservative
and slow to embrace new information technologies. When
they do, they often demand concrete references from industry
pioneers before even considering any investment on informa-
tion technology.

Pitfalls for the ultra-conservatives. However, this go-slow
strategy can be far riskier than anticipated. New information
technologies may disrupt not only existing practices in refiner-
ies and petrochemical plants, but also entire business processes
throughout the supply chain and across the value network, and
they may do so in fairly short order. The upstream and down-
stream environments are increasingly dynamic and volatile; new
business models are emerging. In addition to a host of potential-
ly disruptive technologies entering the marketplace, HPI oper-
ating companies must also manage rapid changes in government
regulations, market dynamics, competition, feedstocks and
even fluctuating weather patterns. ARC Advisory Group be-
lieves that, by deploying leading-edge information technologies,
today’s companies can overcome these obstacles and thrive.

New downstream competitors, unencumbered by legacy
systems, are already leapfrogging to the latest technologies.
Based on the new capabilities provided, these systems have the
potential to serve global customers in completely new ways.

Operating companies that choose to stay at the back of the
information technology pack will find it increasingly more dif-
ficult to reverse that decision. Not only is technology changing
at an ever-faster pace, but the resulting hurdles to be cleared in
the catch-up process will become even greater. Those compa-
nies with better software skills will be better positioned to suc-
ceed. Those that tend to run the latest software versions will be
able to react quicker in response to changes. So, what strategies
can owner-operators adopt to help better position them to take
advantage of the latest round of technology changes?

21st century approach to technology adoption. On the
whole, HPI companies have a well-known reputation for being
conservative, especially when it comes to new information tech-
nologies. Energy companies often have a 20th-century mindset
of “run it forever” This mindset avoids the cost of technology
additions, replacements, updates and associated disruptions. It
represented a winning strategy when conditions were fairly stat-
ic, and the environment did not change very much or quickly.

In the past, this approach often paid off. With a “go-slow”
approach to technology adoption, HPI companies could still
obtain significant benefits, while avoiding the risk of reaching
too far with technology and failing. But, in the last decade, that
mindset began changing. Leading companies adopted a “fast
follower” strategy to stay abreast of technology changes to en-
sure that they did not get blindsided by competitors who dis-
cover a way to use a new technology to their advantage.

At present, changes come at an accelerating pace. Technol-
ogy is not only flattening, but it is also shrinking the world;
engendering more and better competitors, more volatility and
faster innovation. We are seeing increasing governmental regu-
lations, unpredictable energy costs and raw materials shortages
that drive up costs. In addition, the rapid introduction rate for
new information technologies promises to enable dramatic, yet
difficult-to-discern disruptions to the business processes, value
networks and people of industrial companies. In this dynamic
environment, companies that hold on to the 20th century tech-
nology adoption mindset actually face more risk from technol-
ogy disruptions within their competitive ecosystem.

Of course, this risk does not apply immediately and it is
equally distributed across all industries and all companies. It
does not mean that owner-operators should rush out and invest
in new technologies just for technology’s sake without appro-
priate business justification. But the trend is clear. All operating
companies should, at minimum, review and evaluate their tech-
nology adoption strategies to ensure that they are appropriate at
this time and for the foreseeable future.

Information-driven operating companies. Information-
driven owner-operators use core solutions extensively. They ac-
tively seek opportunities to leverage disruptive technologies to
their competitive advantage. Information-driven operating com-
panies have a bias to using the latest technology and implement-
ing the latest software updates. These companies avoid building
their own custom systems. Instead, they work in close partner-
ship with core solution providers, use more of the latest available
technology from those providers, and actively drive the provid-
ers to introduce new technologies to solve specific problems. FP

GREG GORBACH is vice president ARC Advisory
Group. His focus areas at ARC Advisory Group include
operations management, business process
management, manufacturing business intelligence,
plant-to-business connectivity, real-time performance
management and operational excellence solutions. Mr.
Gorbach has been with ARC since 1998. Prior to ARC,
he was a product manager at an MES software
company. He brings over 25 years of hands-on
experience to ARC, including experience with both
technology end-user and supplier organizations. His
education includes a BSEE degree and an MBA.
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AIR-COOLED HEAT EXCHANGERS

Paharpur in New Caledonia...

Before we supplied three large pultruded FRP sea water
cooling towers for a nickel plant in New Caledonia, we
thought this island territory located between Australia
and Fiji was only an exotic honeymoon destination.

But ever since our first overseas job in 1969, we have
exported cooling towers to over 50 countries around
the world - even in the remotest corners of the planet,
for ambient temperatures ranging from -30°C to +50°C,
for fresh water and for sea water, for diverse
applications such as in giant power plants, fertiliser
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plants, steel plants, paper mills, sugar mills, air-
conditioning plants and so on. Some of the most
discerning customers, consultants and contractors in
the world have ordered Paharpur cooling towers and
certified our quality and service as equal to the best
anywhere.

Whether it is in Asia, Europe, Africa, Australia, the
Americas... or even an island territory in the middle of
the South Pacific... Paharpur is there, serving customers
faithfully.

PAHARPUR

Your Full-Service Cooling Technologies Company
www.paharpur.com

Paharpur Cooling Towers Ltd, Paharpur House, 8/1/B Diamond Harbour Road, Kolkata - 700 027, INDIA

Phone : +91-33-4013 3000 » Fax : +91-33-4013 3499 « pctccu@paharpur.com

PAHARPUR USA, Inc. Suite 135,18300 East 71°* Avenue Denver, CO 80249, USA = Phone : +1-303-989 7200
Fax : +1-720-962 8400 * info@paharpurusa.com

COOLING TOWERS
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Brazil plans major refinery expansions

Brazil is the largest producer of liquid
fuels in South America, and this nation
is the ninth-largest energy consumer in
the world. The majority of Brazil’s crude
oil reserves are contained in the offshore
pre-salt fields of the Campos, Espirito
Santo and Santos basins. Located off the
country’s southeast coast, the pre-salt
fields hold estimated reserves of approxi-
mately 100 billion barrels of oil equiva-
lent. These pre-salt oil deposits could
possibly transform Brazil into one of the
world’s largest oil producers.

Despite abundant hydrocarbon re-
serves located just offshore, Brazil still
lacks the installed refining capacity to
meet its surging domestic demand for
transportation fuels. At present, the Bra-
zilian refining industry operates 13 re-
fineries with a throughput capacity of
just over 2 million bpd (MMbpd). Even
though Petrobras, a state-owned oil com-
pany, posted record oil production of 2.2
MMbpd from June 29-30, 2013, this na-
tion still suffers from a shortfall of refined
transportation fuels and must import re-

62.3% ($141.5B)

I E&P [ Distribution

I Downstream Engineering, technology
G&E and materials

I International MM Other areas*

I Biofuels*

*Phio = Petrobras Biofuel | ETM = Engineering, Technology and Materials | Other areas = Financial, Strategy and Corporate
Phase I: Opportunity Identification; Phase II: Conceptual Project; Phase lI: Basic Project ; Phase IV: Execution

FIG. 1. Petrobras’ investment plans for 2013-2017.
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fined products to cover the gap between
supply and demand.

Investments. In its 2013-2017 invest-
ment plan, Petrobras has allotted $237
billion (B) for capital expenditures (CA-
PEX) to boost crude oil production and
the development of ultra-deepwater off-
shore fields, as shown in FIG. 1. Almost
$6S5 B is allocated for the downstream
sector. The downstream investments are
focused on refining capacity additions, as
shown in FIG. 2. Petrobras plans to nearly
double domestic oil production by 2020.
In addition, the company will reduce the
energy intensity at its refining operations
by 10% and lower refinery CO, emis-
sions by 8%.

To meet these new capacity expan-
sion goals, Brazil is planning an aggressive
wave of construction projects. The centers
involve four major projects: the Abreu
e Lima, Comperj, and Premium 1 and 2
refineries (FIG. 2). Domestic demand for
transportation fuels is forecast to reach
3.25 MMbpd by 2018. With the new re-

fining capacity additions announced,
Brazilian refining capacity will rise to 3.6
MMbpd. This surplus will enable Brazil to
export petroleum products.

Abreu e Lima. It has been 32 years since
Brazil constructed a grassroots refinery.
The Abreu e Lima complex breaks that
trend. This refinery is under construction
at the Suape Industrial Port Complex in
the state of Pernambuco, Brazil. The proj-
ect is a joint venture (JV) between Petro-
bras and Venezuelan state-owned oil com-
pany PAVSA; the JV agreement was signed
in 2008. Petrobras holds a 60% stake in the
project, with PAVSA owning the remain-
der. Under the JV agreement, PAVSA is
required to pay 40% of the construction
costs in cash. At present, Petrobras has yet
to receive any payments from PdVSA.

The $17 B, 230,000-bpd (Mbpd) re-
finery will process heavy crude oils from
Venezuela and Brazil. Construction will be
completed in five phases:

« Phase 1—Identify the scope for the
refinery project

Projects under implementation and evaluation
US $64.8 billion
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FIG. 2. Downstream investment breakout by sector.
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« Phase 2—Develop the concept
phase in which investment and complex
capacity are set (completed in late 2006)

« Phase 3—Conduct the feasibility
study (involved an adjustment in the pro-
posed refinery’s throughput capacity to
230 Mbpd and was completed in 2009)

« Phase 4—Site execution (included
the completion of earthworks and the in-
stallation of infrastructure equipment and
systems)

« Phase 5—Commence construction
of the refinery (a completion date is set for
late 2014).

The processing units for the new re-
finery will include atmospheric distil-
lation, diesel hydrotreating, hydrogen
generation, naphtha hydrotreating and
regenerative caustic treatment, as well as
two delayed cokers, control rooms and
substations, and a water-treatment plant.
Once completed, the refinery will pro-

Do you have the right expert to
repair your fixed equipment?

stationary equipment.

Sealing leaks in critical flanges, heat
exchangers, valves and manways can
increase your equipment reliability,
reduce asset management costs, improve
plant safety and minimize fugitive
emissions. Chesterton’s knowledge, proven
solutions and leading technology can

Rely on Chesterton® to seal your
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help you achieve these results in many
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&® CHESTERTON.

Global Solutions, Local Service.

Select 160 at www.HydrocarbonProcessing.com/RS

44

vide transportation fuels for the north-
eastern region of Brazil.

Comperj. The $8.4 B Rio de Janeiro Pet-
rochemical Complex (Comperj) is an in-
tegrated refining and petrochemical com-
plex located in the city of Itaborai outside
of Rio de Janeiro. The greenfield project
will process an initial capacity of 165
Mbpd of heavy oil from the Marlim field
in the Campos Basin. Due to environ-
mental license issues and changes to the
refinery’s configuration, completion of
this new refinery has been delayed to 3Q_
2016. A second phase is planned; it will
double the complex’s throughput by 2018.
The facility will also include basic and
second-generation petrochemical units.
The basic units will produce ethane, pro-
pane, benzene, paraxylene and butadiene.
The second-generation units will upgrade
basic-unit product streams into styrene,
ethylene glycol, polyethylene, polypro-
pylene, purified terephthalic acid and
polyethylene terephthalate. TABLE 1 sum-
marizes the major project/licensors for
the Comperj project. Upon completion,
this complex is forecast to save Petrobras
over $2 B per year in oil derivatives and
petrochemical product imports.

Premium 1. Petrobras and China Petro-
leum & Chemical Corp. (Sinopec) are
conducting a feasibility study to construct
Brazil’s largest refinery. The Premium 1
refinery will have an initial processing ca-
pacity of 300 Mbpd. Expansion plans will
eventually double the site’s capacity to
600 Mbpd by 2020. Both Petrobras and
Sinopec have signed a letter of intent to
study a possible JV.

The two-train project will be located in
the northeastern state of Maranhao. Major
contracts awarded include:

« UOP LLC is the front-end engi-
neering and design (FEED) contractor
and is a technology licensor. Premium
1 will utilize UOP’s Unicracking hydro-
cracking process and Unionfining hy-
drotreating technology.

« Foster Wheeler (FW) is subcon-
tracted to perform project FEED and is
a technology licensor. FW will supply its
Selective Yield Delayed Coking (SYDEC)
technology.

Other major processing units include
atmospheric distillation, amine genera-
tion, a hydrocracker, a diesel desulfur-
ization unit, a delayed coker, a hydrogen
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unit, a sour-water stripper unit and a sul-
fur recovery unit. Completion for Phase 1
is scheduled for 2017, and Phase 2 will be
finished by 2020.

Premium 2. The Premium 2 refinery
project is almost an exact mirror of the
Premium 1 project. Completion of the

300-Mbpd refinery is scheduled for 2018.
Petrobras is studying a possible JV with
South Korean energy company GS Energy
for this project. The refinery will be con-
structed in the northeastern state of Ceara.

Both UOP and FW were awarded
contracts for FEED and technology li-
censing. FW will perform the basic de-

sign and FEED for the main process
units, and will supply its SYDEC technol-
ogy. UOP will be the FEED contractor,
along with providing its Unicracking hy-
drocracking and Unionfining hydrotreat-
ing technologies. Design of the crude and
vacuum systems will be provided by Pro-
cess Consulting Services.

Construction of the Premium 1 and 2
refineries is imperative for Brazil to curb
diesel and gasoline imports. Without
these plants, Brazil's demand for refined
products would outpace supply by rough-
ly 1 MMbpd by 2020. FP

TABLE 1. Major technology awards for Comperj

Technip Stone & Webster
Process Technology

Provide technology for the ethylene plant and petrochemical
fluid catalytic cracking (FCC) unit

WorleyParsons Awarded $110 MM service contract for integration and
project management services, FEED for utilities and offsites,
technical assistance during detailed design, commissioning,

pre-operation, startup and performance testing

LEE NICHOLS is director
of Gulf Publishing
Company’s Data Division.
He has five years of
experience in the
downstream industry and
is responsible for market
research and trends
analysis for the global
downstream construction
sector.

Skanska AB Design, detailed engineering and construction of refining units

Toyo Engineering Corp. Construct utilities and hydrogen production facilities,
including detailed design, procurement of equipment and

materials, installation and commissioning support

Axens Supply its ParamaX technologies (paraxylene technology suite),
as well as middle distillate, kerosine, pyrolysis

gasoline and heavy-naphtha hydrotreating units
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NEIL ECKERSLEY
Business Director and
Integration Leader Learn how to get cash flow sooner with modular, factory-built systems
Gas Processing and Hydrogen that are designed to have you up and running as much as six months
el G quicker than traditional technology. Proven, pre-fabricated solutions
offer significantly reduced construction and installation time to
deliver an earlier startup at a lower cost. Listen to experts from UOP
Russell, including founder Tom Russell, as they share their experience
delivering NGL recovery solutions to clients throughout the major
shale gas basins in North America and explain how you can better

maximize the value of your gas resources.

A Honeywell Company

TOM RUSSELL

UOP Russell Chairman
Gas Processing and Hydrogen
UOP, A Honeywell Company

GUY LEWIS

Strategic Marketing Director
Gas Processing and Hydrogen
UOP, A Honeywell Company

REGISTER AT

HydrocarbonProcessing.com




BILFINGER WATER TECHNOLOGIES
www.water.bilfinger.com

WATER
TECHNOLOGIES

BiLFINGER

ISEIEeR5S at www.HydrocarbonProcessing.com/RS



TOPSOE.COM

Up to 40% activity increase with
Haldor Topsee’s new HyBRIM™ catalyst

Improved profitability from new HyBRIM™ catalyst technology

Haldor Topsee A/S is proud to announce HyBRIM™, its next generation catalyst production technology that builds on the
proven BRIM™ technology.

The enhanced features of our new HyBRIM™ technology result in an activity increase of up to 40% compared to our
current BRIM™ generation catalysts. This higher hydrotreating activity can be used to:

- Achieve longer cycles at the same feed rate
> Process tougher feeds
- Increase volume swell

- Increase throughput
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BILL KLESSE

Chairman of the Board and Chief Executive Officer,
Valero Energy Corp., San Antonio, Texas

Renewables from the refiners’ viewpoint

BILL KLESSE serves as chairman of the
board and chief executive officer of Valero
Energy Corporation. Mr. Klesse joined
Diamond Shamrock, now Valero, in 1969 as
a junior process engineer and has worked in
various managerial positions in engineering,
petrochemical feedstocks, planning and
development, and marketing. Mr. Klesse
received his undergraduate degree in chemical
engineering from the University of Dayton, and
an MBA degree with an emphasis in finance
from West Texas A&M University.

Recently, I had the opportunity to tes-
tify before the US Senate Committee on
Energy and Natural Resources, represent-
ing our company and our industry that
employs approximately 108,000 Ameri-
can workers and four times that many
in support industries. In particular, I ad-
dressed the federal policy on renewable
fuels, which affects consumer prices and
Valero’s operations.

Valero, based in San Antonio, Texas is
the world’s largest independent petroleum
refiner. Valero does not explore for, or
produce, crude oil or natural gas. Rather,
we purchase these and related feedstocks
to manufacture refined products such as
gasoline, jet fuel and diesel. Valero is also
aleading ethanol producer, with 10 plants
that together can produce 1.2 billion gal-
lons of corn ethanol per year. Because we
are in both the petroleum fuels and the
ethanol business, we believe Valero ap-
proaches energy policy from a uniquely
pragmatic, rather than strictly ideological,
point of view.

Although the price of crude oil repre-
sents by far the largest component of gaso-
line prices, other factors influence retail
gasoline prices, some of which can be af-
fected by government policy. Policies that
make it more difficult to make transpor-
tation fuels in the US are contrary to the
public’s interest.

One of the most challenging fac-
tors facing the fuels marketplace is the
implementation of the Renewable Fuels
Standard (RFS) and a 10% ethanol (E-
10) blend wall. As the third largest corn
ethanol producer in the US, and now a
producer of renewable diesel fuel, Valero
supports alternative fuels and believes that
they are an important part of the nation’s
transportation fuels. But whether or not
one supports alternative fuel production,
it’s obvious that the RFES is broken and
needs to be fixed.

Under the RFS, refiners and import-
ers—not blenders—are obligated to make
sure that the mandated amount of etha-
nol is blended into gasoline. This is done
through the submission of renewable iden-
tification numbers, or RINs. US refiners
that are merchant spot-market sellers do
not generate RINS; instead, they must buy
them. The US Environmental Protection
Agency (EPA) originally said that RIN
prices would be negligible, and compliance
was not an issue with the original 2005 law
(Energy Policy Act of 2005).

However, obligations were increased in
the 2007 (Energy Independence and Secu-
rity Act of 2007) law at the same time gaso-
line demand was beginning to decline. The
amount of ethanol required to be blended
into gasoline under the RFS keeps rising;
but domestic gasoline consumption has

FIG. 1. Valero’s Corpus Christi petroleum refinery was commissioned in 1983. It is one of the

world’s most complex refineries.
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significantly declined. As a result, obligated
parties have to purchase additional RINs to
make up shortfalls against their renewable
volume obligation. In response to increas-
ing demand, RIN prices have shot up from
a few cents to a recent record high over
$1.50, or 15¢/gal of E10 gasoline. Earlier
this year, we estimated that Valero’s costs
due to skyrocketing RIN prices would be
between $500 million and $750 million
this year alone. Now, we are at the high end
of that estimate, and it could go even high-
er. These costs are eventually passed onto
consumers in higher prices. Also, the play-
ing field is very unfair and uneven among
companies in the same market segment.

In addition, the RFS requires the use
of cellulosic ethanol, a product that does
not yet exist outside of laboratories. At
present, cellulosic ethanol is totally un-
economic, and to meet the Advanced Bio-
fuels Mandate, you have to import sugar-
cane ethanol.

The EPA’s solution to the blend wall is
to blend higher levels of corn ethanol into
gasoline, going from 10% ethanol to 15%
ethanol (E15). However, the idea of going

to E15 is not practical because its use has
not been approved in all automobiles or
in boat motors, motorcycles, etc. Several
automakers will void warranties if driv-
ers use E15, and the US American Au-
tomobile Association has recommended
against it. This does not even mention the
impact on global food prices from the in-
creased use of corn for fuel.

It is time to eliminate the RFS and start
over. Valero supports alternative fuels—
and what makes sense to Valero, from a
pragmatic point of view, is to link ethanol
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blending to 10% of actual gasoline usage,
and to make those who do the blending
of ethanol the obligated parties under the
RES, instead of putting that burden on re-
finers. Also, a new RES should not require
the importing of sugarcane ethanol.
Revolutionary things are happening in
North American crude oil and natural gas
production, creating huge economic op-
portunities. Manufacturing jobs can come
back to the US with the correct policies.
We welcome Congress’s attention in help-

ing to make this happen. FP

FIG. 2. Valero is the third largest US corn-based ethanol producer with a capacity of 1.2 billion
gal/year; the refiner operates several ethanol plants such as the plant in Albert City, lowa.
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REFINING DEVELOPMENTS

Demand for crude oil and refined products is increasing. However, the new
demand centers for transportation fuels are shifting to developing nations.
Sustainability and pending environmental rules will require refiners to make
adjustments to operations and processing schemes. In addition, the definition
for“cleaner” fuels is evolving. To remain profitable, the refining industry must
be flexible to adapt to changing economic conditions, availability of different
feedstocks, mandated transportation fuel specifications and more.




gl Special Report

Refining Developments
N. V. KARPOV, Lukoil Nizhegorodnefteorgsintez Refinery,

Russia; and C. KEELEY, J. MAYOL, V. BOZUKOV, S. RIVA,
V. KOMVOKIS and S. CHALLIS, BASF Corp.,
Iselin, New Jersey

Case history: Optimization of FCCU
with multivariate statistical modeling

Process models and simulation methods can be used to simu-
late the fluidized-bed catalytic cracking unit (FCCU) process.*”
Likewise, kinetic or multivariate statistical models have been
used. Rigorous non-linear reactor kinetic models have typically
been applied to develop project design, support refinery plan-
ning, etc. However, kinetic models have had limited applications
in maintaining FCCU operations and in optimization projects
for many reasons. Kinetic models tend to be time-consuming
and expensive to build and run. They are also difficult for the
refinery engineers to maintain due to their complexity.

Solutions. Multivariate statistical models based on operating
data and using standard software can provide a suitable alter-
native to support process optimization. These models can be
readily and cost-effectively developed. Such models can be
used for FCCU troubleshooting, along with optimization and
training purposes. They are also suitable for real-time process
monitoring and are suitable for evaluating changes in feed and
operating variables.

Several generic examples will demonstrate the power of mul-
tivariate statistical process models. For example, a case history
will illustrate the development of accurate models for the Lukoil’s
Nizhegorodnefteorgsintez (NNOS) refinery. The Lukoil NNOS
models can accurately estimate online FCCU product yields,
gasoline research octane number (RON) and regenerator bed
temperature (RBT). With this information, Lukoil was very suc-
cessful in meeting the new market demand for premium gasoline
by optimizing the catalyst, feed and FCC operating conditions."

Background. In August 2005, Lukoil announced a major in-
vestment to upgrade the NNOS refinery* This investment
was in response to increased gasoline demand by passenger
vehicles.” For Russia and the CIS, demand for regular gasoline
was replaced in favor of premium gasoline with the migration to
Euro S standards.

In 2008, a licensor was selected to provide the design for
a new FCCU. The new unit was successfully commissioned
and operational in 2011.* The unit is a modern, short contact
time riser design FCCU.*! The FCC catalyst uses a distributed
matrix structures (DMS) technology platform.c DMS technol-
ogy enables high bottoms conversion with low coke make; all
contributing to higher yields of gasoline and light olefin prod-

ucts.® In addition to catalyst, a technical service team assisted
the NNOS refinery and was requested to build accurate FCC
process models and provide simulation capability. Application
of multivariate statistical modeling was selected as the best ap-
proach to meet the refiner’s needs.

Benefits from statistically modeling an FCCU. Rigorous
non-linear reactor kinetic models have been used to develop
project design yields and to support refinery planning, especially
in defining linear programming sub-models and evaluating new
FCC feeds. However, applications of kinetic models to support
FCCU operations and optimization projects are less common
due to the significant effort to produce accurate results for each
operating scenario.’ Kinetic models, even if more accurate, re-
quire more specialized knowledge to build and calibrate. Result:
Kinetic models are time-consuming and costly to run; in addi-
tion, they are difficult for the refinery engineers to maintain.

An attractive alternative to kinetic models is using multivari-
ate statistical models based on unit operating data. These mod-
els can be readily and cost-effectively developed by refinery en-
gineers with the support of their catalyst supplier. Benefits of
multivariate statistical models include:

« Easy to build using standard software’

« Does not require a detailed knowledge of the FCC hard-
ware design to develop

« Easy to maintain and update, e.g., by updating models if
conditions change

« Enables a detailed understanding of the impact of process
variables on unit operations in a transparent and user-friendly
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FIG. 1. Time series of coke yield (Customer A).
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way; they can be used for unit troubleshooting, optimization
and training purposes.

« Suitable for real-time process monitoring to detect devia-
tion from expected base operation behavior.

« Easy to use in the prediction mode; they can be used to
examine the impact of different feed qualities, change in reactor
temperature, etc.

POWER OF STATISTICAL MODELS

There are many good reasons why a refiner should consider
application of statistical modeling to an FCCU, as illustrated in
several examples.

Example 1: Real-time monitoring of catalyst and SO,.
In this example, an FCCU was experiencing coke-yield limit is-
sues. Following the change to a new catalyst, initially the oper-
ating data trended as the previous condition, as shown in FIG. 1.
Later, coke yield began to increase (FIG. 2). At this point, the
operations and management team became concerned. The is-
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FIG. 2.Time series of coke yield (Customer A).
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FIG. 4. Real-time flue-gas SO, monitoring (Customer B).

sue was explaining why the coke yield was increasing and how
to reverse the trend.

One approach would be to use a valid process model to set
the baseline before the catalyst changeover. Then the team could
evaluate the process change due to the new catalyst. It would
be possible to estimate the expected coke yield for the present
operating conditions. By comparing the estimate with the pres-
ent data for the new catalyst, operations could decide whether
the present coke yield is satisfactory (FIG. 3). Based on FIG. 3,
the coke yield for the new catalyst is less than expected for the
base catalyst at the present operating conditions. But why? Engi-
neers could use the knowledge captured in the process model to
identify which process variables are contributing the most to the
higher coke production.

The model in this example is coke yield as a function of
teed preheat, feed Conradson carbon residue, riser operating
temperature, feed gravity, riser steam rate, equilibrium catalyst
nickel content and feed distillation. In this specific example, Ecat
activity and feed rate have not been included in the correlation
since these variables did not vary significantly during the trial
and, therefore, statistically weren’t relevant. However, in general,
coke yield is influenced by these variables and would be included
in the correlation when Ecat activity and feed rate vary signifi-
cantly. FIG. 3 confirms that the new catalyst is more coke selective
than the base catalyst for the same processing conditions. Also,
the previous model now needs recalibrating to accurately fore-
cast performance with the new catalyst.

In another example, multivariate statistical modeling was
used for real-time monitoring of FCCU regenerator flue-gas
sulfur dioxide (SO,) emissions during a SO, reduction additive
trial, as shown in FIG. 4. In the past, refiners applied a simple re-
lationship between SO, and FCCU slurry-oil sulfur to monitor
a SO, additive trial. Unfortunately, this practice often had poor
correlation, ie., a more sophisticated approach is justified. As
shown in FIG. 4, the multivariate statistical modeling can provide
an accurate estimate of regenerator ﬂue—gas SO, emissions. It can
be used in real-time monitoring for the performance of a new
additive trial. In this specific example, the new SO, reduction ad-
ditive had an improved, higher pick-up factor.

Example 2: Estimation of flue-gas emissions. This exam-
ple shows how real-time monitoring and estimation of coke yield
was possible even during a failure of the online flue-gas analyzer
(FI1G. 5). It demonstrates how a multivariate statistical model can
be used, with care, for a short period to continue the operation
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of a unit. Applying the model avoided other consequences that
could have caused a unit shutdown, while repairs were made to
the analyzer. Furthermore, statistical modeling can be considered
for estimating, in real time, FCCU flue-gas emissions—e.g., SO,,
nitrogen oxide and carbon dioxide—to enhance emissions mon-
itoring and reporting to regulators. Even when the flue-gas ana-
lyzer is working, many FCCU reports indicate that the analyzer is
not always providing reliable measurements. Thus, flue-gas emis-
sion models can also be used to highlight issues with the analyzer.

Procedure for multivariate statistical model. The main
process steps to develop a multivariate statistical model are
summarized in FIG. 6. The steps include:

Identify monitoring
or simulation need

Use models and
simulation to identify
profit improvement
opportunities

Collect operating data

Screen data for
misleading values using,
for example, time series,

Integrate models
and simulation into
real-time monitoring

and other business operating envelqpes
processes and heat and weight
balance checks

Validate models using Use statistical analysis

statistical tests, t_et‘limiquss t«: madp
operating data and independent an|
knowledge Use step-by-step dependant variables

multiple regressions to
build models relating
independent and

dependant variables

FIG. 6. FCC operating data analysis and statistical modeling process.
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FIG. 7. FCCU process simulator interface.

1. Unit operating data is conveniently stored in MS Excel
(or similar software).

2. These data are initially screened using basic graphical
techniques to identify misleading values. At this stage, it is
helpful to plot time series and compare them to known unit
operating envelopes and constraints. These same graphs can
also be used to identify poorly behaving instrumentation.

3. Once the obvious misleading values are excluded, then
unit heat and weight balances are built. This is used to screen
out datasets with poor heat and weight balance closure.

4. The good data are transferred to statistical analysis
software.f The FCCU engineer often has a good feeling for
which independent variables impact dependent variables. It
is important that the regressions developed have a basis sup-
ported by a theoretical understanding of the FCC process. Us-
ing standard statistical techniques, the relationship between
independent and dependent variables can be confirmed.

S. The next step is step-by-step multiple regressions to
build models relating to independent and dependent variables.

6. To validate these models, the results are compared to
real operating data. The statistical tests and operating knowl-
edge are used to fine-tune the models.

7. The result is a set of models relating independent to
dependent variables that are in a format that can be easily
entered into a spreadsheet or the control system. If required,
these models can be combined with a graphical user interface
(see FIG. 7) and be used in a purely prediction mode to exam-
ine new feed, operating scenarios, etc. If this is done, then it is
wise to document clearly the limit of validity for each model.

This work process was used to build models for the Lu-
koil’s NNOS refinery FCCU.

Example 3: NNOS refinery FCCU models.? In response
to the growing demand for premium gasoline, Lukoil’s
NNOS refinery choose the DMS catalyst technology.” ©
This catalyst technology enables high bottoms conversion
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with low coke for higher yields of gasoline and light olefin
products. In addition to catalyst, accurate process models
were built for the Lukoil NNOS refinery. When faced with
changing feed and operating objectives, these models, used
in real-time, help detect deviations from the production
plan. Thus, these models assisted the Lukoil NNOS refinery
to maintain operating conditions close to the optimum and
to improve profitability.©

FIGS. 8-10 show the commercial unit operating data and the
real-time multivariate statistical model estimate for liquefied
petroleum gas (LPG) yield, gasoline yield and gasoline RON,
respectively. From these figures, the estimate values provided

HP
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by the models trended very close to actual conditions. Thus,
the models provided good estimates with high accuracy as pro-
cessing conditions change.

For example, with reference to FIG. 8, the model’s coef-
ficient values and the form of the equation will depend on
the specific FCCU design, catalyst and operating conditions.
Therefore, the models will be different for each FCCU and,
they will require recalibration each time there is a significant
equipment or catalyst change.

The Lukoil NNOS refinery FCCU feed is a severely hy-
drotreated vacuum gasoil. Therefore, it has very low levels of
coke precursors.c Furthermore, the unit operating objectives

= Total LPG yield, wt%
- = Model, wt%

LPG model = a - h x Ecat ZSA + ¢ X ROT- d X preheat + e X slurry recycle + f X Ecat P - g X feedrate
| | | | | |

= Full ;" gasoline yield, wt% | |
u Model, wt%

Gasoline model =Ia -bxEatP- c>|<(/0 +dxfeed dis}. 5% - e X total stelam to riser +fx Ecilat TSA

FIG. 8. Time series of LPG vyield.

FIG. 9. Times series of full-gasoline yield.
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FIG. 10. Times series of full-gasoline RON.
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FIG. 11. Time series of RBT.

are to maximize bottoms conversion with low coke, and to de-
liver high yields of gasoline and light olefin products. This is
achieved using a catalyst that is customized to the unit’s short-
contact time design. Combining a low-coke make feed with a
coke-selective catalyst leads to a low unit coke production and
a low RBT. To manage this low RBT during feed and operat-
ing condition changes, an accurate model to estimate the RBT
was built, as shown in FIG. 11. The model accurately predicted
the RBT for a large range of operating conditions.

In addition to real-time monitoring of product yields, gaso-
line RON and RBT, Lukoil’s NNOS refinery needed an FCCU
simulator to examine new feed and/or operating scenarios.c A
cost-effective simulator was built in MS Excel by combining
the unit-specific models with a graphical user interface. Con-
ditional formatting and comments on specific cells were used
to clearly document the validity of the models. FIG. 7 shows
an example of the graphical user interface. This interface pro-
vides a convenient way to enter user inputs and also summa-
rize the results. This page can be saved or printed to create a
record of the case. Alternatively, the results can be archived if
a study is being done to estimate the response of the unit to
step-wise changes in the feed or operating conditions.

Observations. Multivariate statistical models, based on unit
operating data and using standard software, can be success-
tully used for support of FCC unit operation and optimization.
These models can be readily and cost-effectively developed by
refinery engineers and catalyst suppliers, as demonstrated by
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Lukoil at the NNOS refinery.! The success of this project, com-
bined with favorable market conditions, has resulted in Lukoil’s
decision to duplicate the design for a second complex.” FP

NOTES

* The model represents the key characteristics or behaviors of the process.

® Simulation uses models to imitate the operation, enabling the examination of new
feed and/or operating scenarios.

¢ Lukoil Nizhegorodnefteorgsintez (NNOS) refinery is located in the Nizhny
Novgorod area of Russia.

4The basic engineering design for the process, technology and equipment is
provided by UOP. The unit features side-by-side vessel layout, optimix feed
distribution system, vortex separation system riser termination, advanced fluidi-
zation reactor stripper technology, RxCat riser technology and combustor style
high-efficiency regenerator." The licensor’s process technology and equipment, in
combination with the appropriate catalyst, enabled the Lukoil's NNOS refinery to
maximize profitability by achieving best-in-class conversion, total liquid product
yields and olefin selectivity.”

¢ The catalyst used by the Lukoil NNOS refinery FCC unit is a customized version
of BASF’s NaphthaMax catalyst.

f Easy to build using standard software such as MS Excel and Statsoft Statistica.

& Specific numbers have been removed to protect commercially sensitive data.

" The customer is a refinery in Southern Europe.

LITERATURE CITED

! M. Griffiths, “Highly Successful Implementation of Lukoil’s Nizhny Novgorod
Refinery,” 12th Russia and CIS Refining Technology Conference and Exhibition,
Sept. 20-21, 2012, Moscow.

% Lukoil Presentation, London, UK, March 2012.

3 Hart Energy IFQC Flash Alert, Sept. 9, 2011.

* Nizhegorodskaya Delovaya Gazeta, #12 (111), Dec. 21, 2012.

S McLean, J. B.,, W.A. Weber, and D.H. Harris, “Distributed matrix structures—
A technology platform for advanced FCC catalytic solutions,” 2003 NPRA
Annual Meeting, San Antonio, Texas, March 2003.

¢ Llanes, J. M., M. Miranda, And S. Mullick, “Use modeling to fine-tune cracking
operations,” Hydrocarbon Processing, September 2008.

7 Lukoil/Honeywell UOP press announcement.

NIKOLAY V. KARPOV is the chief engineer and first deputy general director of
Lukoil’s Nizhegorodnefteorgsintes refinery.

CARL KEELEY is BASF’s marketing manager, refining catalysts for EMEA. He
earned his MEng in chemical engineering and applied chemistry from Aston
University. Mr. Keeley is a professional engineer with over 12 years of experience.
Previously, he worked for UOP, BP and Dow.

JEREMY MAYOL is a BASF technical account manager, refining catalysts for EMEA.
With over 15 years of experience, he is a specialist in FCCU operation and process
simulation. Mr. Mayol has worked for BASF for four years. Prior to this, he spent 12
years working for INEOS and BP.

VASIL BOZUKOV is Lukoil’s technical account manager, refining catalysts for CIS
and Russia for BASF. He joined BASF from Lukoil’s Bourgas refinery, where he
worked for eight years in refinery operations, including FCCU. Mr. Bozukov has a
diploma in chemical technology from Bourgas University.

STEFANO RIVA is a technical service manager, refining catalysts for EMEA. He has
over 20 years of FCC experience—10 years with Engelhard and BASF in technical
sales and service; two years with Tamoil, and eight years working in Exxon Mobil’s
technical support group.

DR. VASILEIOS KOMVOKIS is BASF’s technology manager for refining catalysts
for EMEA. He holds BS and MS degrees in chemistry and a PhD in chemical
engineering from Aristotle University. Dr. Komvokis was a researcher at CPERI and
a research professor at the University of South Carolina.

STEPHEN CHALLIS is a FCC technical advisor for refining catalysts with BASF.
Mr. Challis has been a technical advisor for three years. Prior to this, he worked
for ExxonMobil for 29 years, with 22 years spent providing technical support for
FCCUs in EMEA.



~eqmm k[

HYDROCARBON PROCESSING’

’BCONSTRUCTION

OXSCORE DATABASE

www.ConstructionBoxscore.com

Hydrocarbon Processing’s
Construction Boxscore

Database, the most reliable source to
track active construction projects in the
refining, petrochemical, gas processing,
LNG and solids industries throughout
the world, now reaches further and is more
powerful than ever before!

HYDROCARBOMN PROCESSING

¥ 3 CONSTRUCTION

| 7 BOXSCORE DATABASE

) £ Rin

Y & AOR e
{ | "BOXSCORE DATABASE

I T

Search Project
omacamice PROJECT LISTING RESULTS © —
[T ——
L tha e 7 -
Prigact Region Fanisin Saleteusty  Ogeeateg Copary Cap ]
Hinery Prusnn - Mok Sl §2
Refinery Middle East Kuwait Kuwait KNPC 615 Mbpd 30000
Rogions. TR Air Separation WiddleEzst Yanbu Saui Arabia GAS Nt Ind Gases Co TohMtpy 5000
= Refnery Middle Fast Yanbu SaudiArabia saudi ArmeolSinopec 25 MMtpy 200
I AetaPacte
O carads Refinery Middle East Tabriz I NOEC TI0Mipy n
i Gasaline Middle East Bandar Abbas Iran NIOEC 400 Mbpd 7000
Lafn Amzrioa
Nt Bitumen MiddleEest Kikuk Iran North Refinries (o 17Mopd 1000
Unked Slalze
Butane somerisation  Middle East Nasiiyah Iran S0P 400 Hpd 1350
Distler, Vac WiddleEast Sohar Ooman Opic - u
48t WA pagalt Jwm b Ml B Cispiayieg 1 e 5001 2500 hams 1
e ]
I Z-Efryhacara || Engrazmng
I A3 Res g 1 Fead

11 &asompiins, Leen 01 )

[eR=t 71 bt
—W I M35 Resre I Makenane
“ s i = - : E i |
Project News

Proees sesnt oyoyee 8 To eesen B ) oo

1 hare
UptlzBach unues 0 To s B ] Espansion |

ez EXPORT TO EXCEL v

information,
e ocasing Cersmeton B DoPRRl T ol ol :\:ra':r;“*ﬂ‘x = A O T P m—r E
Comrort Boxseord G ot et uith "'“”3:,:,,';’:‘;‘;;‘;:,' bl ponalrochon GRR TN IS | ki ot ) (71) 525-A628 1 |Praec Region Plant Site State,Country  Operating Company
A pemex a0 years. Wk ha dnly e e S i i | 2 mefinery Middle East  Kuwait Kuwait KNRC
2P G R ’ i sach o e ER i Middle East  Yanbu Saudi Arabia  GAS Natl Ind Gases Co
:::1"1,,, paraunnel, soape, date nd detsled Seck "1 4 |Refinery M!ddle East Yanbu Saudi Arabla  Saudi Aramco\Sinapec
| 5 Aefinery Middle East  Tabriz Iran NIDEC
: " |6 | Gasaline Middle East  Bandar Abbas  Iran NIDEC
_ s e P grws and s e ks, wmmmmw:l::l“:::“:‘;“"‘m | 7 |situmen Middle East | Kirkuk Irag North Refineries Co.
SPIr%%arco Posscors Databasn prodes manGgaMANt oMcsa, angretes ind AR | & Butanc lsomerisation  MiddleEast  Nasirigah Iraq sCoP
ersanrl e oo and daa formarit [esearch, berds SR Databaes 9| Distiller, Vac Middle East  Sohar Oman Orpic
§ Subserbers w';f oS ? or e 1 | 10 | Condensate Middle East  Khursankah  Saudi Acabia  Saudi Aramee
i ARSI ‘oo Ditatrase can b grow your busness. Let |11 |Cracker, FCC-Resid  Middle East  Mesaieed Qatar Qatar Petroleum
e ?«mmdm;c v yoU 1 10Dk Yo eed ) 0 with poefidence. 2043 Bowscors Brochure 12 |Hydrotreater, Resid  Middle East | Mesaikeed atar Qatar Petroleum
copiealen: G cmefging Irends AN 5% A CERARLIES. prp—

Boxstcore Aotivity Trackac
Toal Active Projects



* Project details for more than 3,500 active, * Daily updates for new and newly
global construction contracts including updated projects

contact information for key personnel
* The weekly Boxscore Update e-newsletter

* Advanced search that filters the listings with new listings and trends analysis
by project type, scope, region, investment
and more

Conetruction Boxecore Database ig produced by Hydrocarbon Processing | HydrocarbonProcessing.com

Weleorme customer | Logeut
HYDROCARBON PROCESSING

Iar CONSTRUCTION

Project Information BOXS(ORE DATABASE
Now Includes:
| o ]

r el Project Overview

* Contact information for
key personnel

. | Project Refinery Project Type: Refiring
¢ TOtaI a n d pe r u n It | . Project Name: Al-Zour Refinary Project Maintenance | Expansion Code: -None
p rOJ eCt Cost | RefineryiPlant Name: Al-Zour Retinery Status: E-Engineering
| | Regian; Middle East Capacily: 15 Mapd
° Date that the project was | State Or Counlry:  Kuwait Completicn Date DB0112018
| ciny: A-Zour Invesiment: 14500

last reported or updated |

| Operating Company

COMPANY 1 CONTACT 1
| Cperator:  KNPC Firsmame: Knall
Region:  Middie ast Lasiname: lsmai
r—_-— == — — | E':ﬂ:r Kuwait JobTile:  Project Manager
City AlZour Ccity: safat
Addiional  In conjunction with KNPC's Clsan Fusls Project which wil State: -
EX PA N D E D D ETAI L Notes: upgrae fhe Mina Abdula and Mina AlAhmadi refineries s o
¥+ AND SCOPE ——
Phane Number: 565 2 368 8900

SCODB FaxNumber: 865 3 308 6168

Direct Number: -
2012 Project Restarted. Al-Zour Refinery. Afler compiletion it will be the 6th targest refinery In the world and the larget refinery In the Middle East. Also, due to rea

palitical inferference, which has delayed the project for 10 years, the project has been handed over 1o the state audit bureau which means approval will not have 1o Emiail keeQ24Eknpe com
go through parliament.

Phasa 1 whan complate will process 300 bpd. Phase 2 when complate will procass 315 bpd
Crude Oil Refining & Hydrotrezting Unit

- CDU : 205,000 BPSD x 3 (615,000 BPSD)

- SGP : 10,000 BPSDx 2

- Diesel HOT : 62,000 BPSD X 3

- Naphtha HDT : 18,000 BPSD X 2

- Kerosene HOT : 53,000 BPSD X 2

-ARDS : 110,000 BPSD x 3

- LPG : 80 MMSCFD

- Heavy oil eooling

- HPILP flares.

Amec awarded USDS528 million for PMC contract.

Company Sita: www.knpc.com.kw

Additional Company

—
- 1

Sign up for a Subscribe Today Jf Lee Nichols

Director of Data Division

Boxscore Demo W constructionBoxscore.com/ Phone/Fax:

. Subscribe +1(713) 525-4626
ConstructionBoxscore.com/ Lee.Nichols@GulfPub.com

Demo




gl Special Report

Refining Developments
K. J. BRYDEN and E. T. HABIB JR., Grace Catalysts

Technologies, Columbia, Maryland; and O. A. TOPETE,
Grace Catalysts Technologies, Houston, Texas

Processing shale oils in FCC:
Challenges and opportunities

As novel hydraulic fracturing technology with directional
drilling continues to improve, shale oil will continue to be a
game-changer for North American refiners. Although credit-
ed with many advantages, shale oil does not come without its
challenges. Suppliers and processors alike are urgently work-
ing to adapt to the changing oil landscape. Just a few years ago,
investments were focused on processing heavy crudes. Now,
however, the industry is faced with lighter, sweeter crude
streams from shale plays.

In varying degrees at each refinery, shale oil makes up only
a percentage of the total feedstock. Present estimates put shale
oil production at 5% of total US crude demand. The percent-
age could grow substantially as shale oil production increases
and refiners invest in process modifications to handle this
lighter feed.

The rapid introduction of shale oil to the refinery has come
with interesting consequences for the fluid catalytic cracking

unit (FCCU). To aid refiners in understanding the implica-
tions of shale oil, a detailed feed analysis and cracking studies
of arepresentative Bakken shale oil and its fractions, compared
to a typical Mid-Continent vacuum gasoil (VGO), are provid-
ed here. These results aid in understanding how best to opti-
mize operations and maximize FCC value. A key element in
this optimization is appropriate catalyst selection to overcome
some of the challenges commonly associated with processing
shale oil. In particular, the presence of iron and calcium in vari-
able quantities can be addressed through the application of a
catalyst with an optimized matrix and mesoporosity.

Properties of raw Bakken crude. Shale oil is highly variable.
Density and other properties can show wide variation, even
within the same field."* For this study, a sample of raw Bakken
crude was obtained from a refinery. The crude was light and
sweet with an API gravity of 42° and a sulfur content of 0.19

TABLE 1. Properties of straight-run shale oil feed used in this study, compared to published assay data

Published assay data®

Bakken sample referenced in this work Bakken WTI LLS

API gravity, degrees 41.9 > 41 40 35.8

Sulfur, wt% 0.19 <0.2 0.33 0.36

Distillation yields wt% vol% vol% vol%
Light ends, C,-C, 1 3 1 2
Naphtha, C;-330°F 32 30 30 17
Kerosine, 330°F-450°F 14 15 15 14
Diesel, 450°F-680°F 25 25 24 34
VGO, 680°F-1,000°F 23 22 23 25
Vacuum residue, 1,000+°F 5 5 7 8
Total 100 100 100 100
Conradson carbon residue, wt% 0.78 NA NA NA
Gasoline fraction properties RON (G-con) 60.6 NA NA NA
MON (G-con) 57.6 NA NA NA

LCO fraction properties, 430°F-650°F Aniline point, °F 155.9 NA NA NA
API gravity 376 NA NA NA

Diesel index 58.6 NA NA NA
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wt%. TABLE 1 presents the properties of this sample, compared
to published assays of Bakken, West Texas Intermediate (WTI)
and Light Louisiana Sweet (LLS) crude oils.

The properties of the Bakken crude used in this study
closely matched those in the published assay. Similar to other
light crudes, raw Bakken crude has a low amount of FCC feed
(< 28% at 680°F+). The straight-run (SR) Bakken sample was
distilled into a 430°F— gasoline cut and a 430°F-650°F light
cycle oil (LCO) cut, and the properties of these cuts were mea-
sured. The gasoline composition and properties were analyzed
via proprietary octane calculation software based on detailed
gas chromatography analysis.%” The gasoline fraction from the
straight-run Bakken sample was highly paraffinic and had low
octane numbers [a research octane number (RON) of 61 and
a motor octane number (MON) of 58]. The LCO fraction had
an aniline point of 156°F and an API gravity of 37.6° result-
ingin a diesel index of 59. While the Bakken crude sample was
light and paraffinic, it also had a heavy end.

Processing challenges. Light sweet crudes are generally easy
to process, although challenges arise when these crudes are
the predominant feedstock in refineries designed for heavier
crudes. Shale oils, like other light sweet crudes, have a much
higher ratio of 650°F— to 650°F+ material compared to conven-

TABLE 2. Properties of whole Bakken crude and distilled cuts
of Bakken crude, compared to a Mid-Continent VGO

tional crudes. Bakken shale oil has a nearly 2:1 ratio, while typi-
cal crudes, such as Arabian Light, have ratios near 1:1.

A refinery running high percentages of Bakken oil could be-
come overloaded with light cuts, including reformer feed and
isomerization feed, while at the same time growing short on feed
for the FCCU and the coker. Refiners running predominantly
shale oil could shut down the vacuum distillation and coker units,
and send the entire atmospheric tower bottoms (ATB) portion to
the FCCU. Many refiners would still be short on FCC feed, and
some have considered bypassing a portion of the whole shale oil
around the crude distillation unit to fill up the FCCU capacity.

Also, while the highly paraffinic Bakken ATB would crack to
high conversion, the expected low delta coke would result in low
regenerator temperatures and possible difficulty in circulating
sufficient catalyst to maintain reactor temperature.

Shale oil cracking yields. To examine the impact of shale
oil on FCC yields, cracking was performed with whole Bakken
crude, a 430°F+ distillation of Bakken, a 650°F+ distillation of
Bakken and a reference sample of a typical Mid-Continent VGO.
Feed properties are presented in TABLE 2. Cracking was done
over an FCC catalyst in a fixed-fluidized bed advanced cracking
evaluation (ACE) test unit® at a constant reactor temperature of
980°F, using three catalyst-to-oil (C/O) ratios (4, 6 and 8) for
each of the feeds. The catalyst used in the experiments was an
FCC catalyst with an optimized matrix and mesoporosity, de-

Whole  430°F+ 650°F+ Mid- TABLE 3. Deactivated catalyst properties
Bakken distillation distillation Continent
Property crude of Bakken of Bakken VGO Total surface area, m*/g 196
API gravity, degrees 419 28.6 23 24.7 Zeolite surface area, m*/g 110
H 2
Copdradsont;arbon 078 134 297 0.32 Matrix surface area, m?/g 86
JESICUE, Wi Unit cell size, A 243
K-factor 1.68 1n.73 11.86 12.01 Rare earth oxides, wt% 21
Sulfur, wt% 0.19 0.3 0.43 0.35 Alumina, wt% 521
Total nitrogen, wt% NA 0.07 0.12 0.14
Basic nitrogen, wt% NA 0.023 0.038 0.046 TABLE 4. Interpolated yields ata C/O of 6
Hydrogen, wt% 13.6 131 12.7 12.9 Whole 430°F+ 650°F+ Mid-
Percent boiling Bakken distillation distillation Continent
>1,000°F 2 145 236 165 crude of Bakken of Bakken VGO
Molecular weight NA 321 414 430 Conversion, wt% 83.5 7.7 74.3 74.4
Molecular n-d-m analysis H, yield, wt% 0.02 0.06 0.08 0.04
1 0,
ﬁi, acrg:;aotri y NA 16.9 221 176 C,and C,, wt% 0.9 12 15 13
9 % Total C, wt% 45 51 5.2 51
Cn, naphthenic NA 217 173 203 Cy=, W% 35 44 4.4 4.4
ring carbons, %
Cp. paraffinic Total C,, wt% 101 10.8 10.7 10.8
carbons, % NA 614 606 621 C.=, Wt% 43 57 59 61
D2887 simulated distillation, °F LPG, wt% 14.6 16 15.9 15.9
Initial boiling point 96 330 530 527 Gasoline, C;-430°F, wt%  65.4 521 52.9 54.1
10% 157 470 658 691 RON, G-con 78 89.2 90.1 90.3
30% 306 580 756 773 MON, G-con 70.9 78.9 79.6 79.5
50% 478 699 844 848 LCO, 430°F-700°F, wt%  14.2 24.6 19.6 19.1
70% 663 840 953 928 Bottoms, 700°F+, wt% 2.3 37 6 6.4
90% 909 1,057 1135 1,045 Coke, wt% 1.8 2.7 4] 2.9
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activated metals-free using a cyclic propylene steaming (CPS)
protocol. Deactivated properties are given in TABLE 3.
Interpolated yields at a C/O of 6 are presented in TABLE 4.
The whole Bakken crude resulted in low coke and a low-octane
gasoline. While the whole Bakken crude yielded significant gas-
oline, much of the gasoline was from uncracked starting materi-
alin the feed. The yields of the 430°F+ and 650°F+ distillations
of the Bakken crude were similar to those of the Mid-Continent
VGO reference sample. The 650°F+ distillation of the whole
Bakken crude had higher coke than the Mid-Continent VGO
due to its heavier end and higher Conradson carbon number.

Results of processing SR shale oil. While FCC is typically
used to reduce the molecular weight of the crude oil heavy
fractions (such as VGO and ATB), in some cases refiners are
charging whole shale oil as a fraction of the plant’s FCC feed.
As a model case to understand the cracking of whole crude oil
in the FCC and the effect of process conditions on yields, the
whole Bakken crude described in TABLE 2 was processed in a
circulating-riser FCC pilot plant at three riser outlet tempera-
tures: 970°F, 935°F and 900°F.

As a reference case, the Mid-Continent VGO described in
TABLE 2 was cracked at a riser outlet temperature of 970°F.° The
catalyst used in the experiments was a high-matrix FCC cata-
lyst, deactivated metals-free using a CPS-type protocol. Deac-
tivated properties are shown in TABLE 3.

FIG. 1 presents the yield structure of the starting feeds and
the cracked products for a riser outlet temperature of 970°F.
The Mid-Continent VGO is a typical VGO feed with a large
portion of 650°F+ material and a small fraction of LCO-range
material. When cracked, the LCO-range material cracks to lig-
uefied petroleum gas (LPG) and gasoline, and the 650°F+ ma-
terial cracks to the typical distribution of
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gasoline, less LCO and less coke than the reference Mid-Con-
tinent VGO. Compared to the VGO, which produced gaso-
line with a RON of 93 and a MON of 80, the SR Bakken oil
produced a paraffinic low-quality gasoline (at all three reactor
outlet temperatures) with a RON of less than 80 and a MON
of less than 70.

Synthetic crude from the pilot plant runs was distilled to
recover the 430°F-650°F LCO fraction. The aniline point and
API gravity of the LCO were measured to calculate the diesel in-
dex, which is a measure of LCO quality. FIG. 3 presents data for
LCO yield and quality as a function of conversion. Increasing
conversion lowers LCO quality as a result of increased crack-
ing of the LCO-range paraffins to lighter hydrocarbons. As seen
in prior research,"' LCO quality follows LCO yield and did not
appear to be influenced by reactor temperature at constant con-
version. Diesel index values of the LCO produced by cracking

100
90 | I Drygas B
CILPG

80 — 3 Gasoline (C5-430°F)
= I (C0 (430°F-650°F)
a0 ~ . Bottoms (650°F+) |
260 | W (oke _
'5' 50
240
2
ko 30

20

0 | | | |
SR Bakken Bakken cracked Mid-continent VGO  Mid-continent

at 970°F cracked at 970°F VG0

FIG. 1. Yield structure of starting feeds and cracked products
for SR Bakken and Mid-Continent VGO.
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FIG. 2. Product yields as a function of riser outlet temperature and feed.
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whole shale oil were significantly higher than those obtained
when cracking the reference Mid-Continent VGO. At a conver-
sion of 78 wt%, the whole Bakken sample gave an LCO with a
diesel index of 40, compared to a diesel index of 10 obtained for
the LCO produced from the Mid-Continent VGO.

This study of the effect of operating variables shows that
whole shale oil responds to FCC operating conditions in a
similar way to conventional oils. However, the product yield
slate is substantially different in that good-quality (high-diesel-
index) LCO is produced in the FCC along with large amounts
of low-octane gasoline.

Metals in shale oil. While most shale oils are low in nickel
(Ni) and vanadium (V), they have been found to be high in
inorganic solids and in iron (Fe) and alkali metals.>'> TABLE
5 presents metals analyses of whole Bakken crude, a Bakken
650°F+ distillation, and a sample of Mid-Continent VGO.

LCO (430°F-650°F), wt.%

2

20 .\

" \‘ b\

78 80 82
Conversion, wt.%

Diesel Index
50

55 =~

3% £

2

10 X
5

7 74 76 78 80 82 84 86 88
Conversion, wt.%

® Bakken 900°F m Bakken 935°F © Bakken 970°F @ VGO 970°F

FIG. 3. Effect of conversion level and feed type on LCO yield and quality.

Also included in the table are other published metals analyses
of shale oils. While metals levels in the samples vary, Fe and cal-
cium (Ca) levels are generally high. Reports from the field indi-
cate that Bakken crude is typically low in Ni and V, while crudes
sourced from the Eagle Ford shale have higher Ni and V levels
that can vary significantly based on their source.

To better understand the possible sources of metals in shale
oil, the sample of whole Bakken crude was filtered through
an 0.8-micron filter, and the solids were recovered. Scanning
electron microscopy of the solids identified irregular micron-
and submicron-sized particles. Energy dispersive spectroscopy
maps of Fe, sulfur and Ca are shown in FIG. 4. The Fe in the
sediments is associated with sulfur.

X-ray diffraction of the sediment identified the following
crystalline phases: anhydrite (Ca,SO,), magnetite (Fe,0,)
and pyrrhotite (substoichiometric FeS). Anhydrite and pyr-
rhotite have been mentioned in previous studies as being pres-
ent in the Bakken formation."*'* Based on this analysis, it ap-
pears that much of the iron in the Bakken crude comes from
very small particles of iron oxide and pyrrhotite.

Iron and calcium effects. Fe and Ca have negative effects on
catalyst performance. While particulate tramp Fe from rusting
refinery equipment does not have a significant detrimental ef-
fect on catalyst, finely dispersed Fe particles in feed (either as or-
ganic compounds or as colloidal inorganic particles) can deposit
on the catalyst surface, reducing its effectiveness.'>'¢

The Fe deposits combine with silica (Si), Ca, sodium (Na)
and other contaminants to form low melting temperature phases,
which collapse the pore structure of the exterior surface, blocking
feed molecules from entering the catalyst particle and reducing
conversion."” Fe, in combination with Ca and/or Na, has a great-
er negative effect on catalyst performance than does Fe alone.
The symptoms of Fe and Ca poisoning include a loss of bottoms
cracking as feed particles are blocked from entering the catalyst
particle, along with a drop in conversion.

Catalytic solutions for FCC processing of shale oil. The
variability in shale oil properties requires a catalyst capable of
process flexibility and metals tolerance. Several catalyst design

FIG. 4. Energy dispersive spectroscopy maps of sediment in Bakken
crude.
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TABLE 5. Metals analyses of several shale oils
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Samples referenced in this work

Published assay data™ Published assay data®

Mid- Whole 650°F+ Flashed 75% Eagle 75% Eagle
Continent Bakken distillation of Bakken Ford stream, Ford stream, Bakken Eagle Ford
Property VGO crude Bakken crude crude total filtered crude crude
Barium, ppm <0.01 0.2 0.1 NA NA NA 0.02 0.21
Calcium, ppm <01 0.5 1.2 0.6 15 1.4 0.54 9.8
Iron, ppm <01 7.5 7.8 4] 16 3 0.7 2.3
Magnesium, ppm <0.04 0.2 0.2 <0.2 1.6 <012 0.05 0.34
Nickel, ppm <0.04 0.4 1.9 0.6 8 8 0.05 <014
Potassium, ppm <0.04 0.4 0.3 <0.2 1.2 <0.3 01 0.5
Sodium, ppm <0.06 8.7 39 41 34 0.4 2.8 12
Vanadium, ppm <0.03 0.1 0.5 0.22 22 22 0.02 <0.05
Mercury pore vol, cm*/g . A PY i gj ---------------- o=

Micropores, Mesopores, Macropores,

Catalyst Total 36 A-100 A 100 A-600A 600+A
Optimized matrix and 0.389 0.092 0.206 0.091
mesoporosity catalyst
Optimized matrix and 0.412 0.107 0.232 0.071
mesoporosity catalyst
Competing catalyst 1  0.386 0.116 0.102 0.168
Competing catalyst 2 0.413 0.092 0.089 0.232

factors are important. A catalyst that cracks deep into the bot-
tom of the barrel increases FCC flexibility and maximizes total
distillate yield. A moderate zeolite-to-matrix catalyst ensures
that activity is not compromised while maintaining optimal
bottoms cracking. The appropriate level of rare-earth exchange
on zeolite is also a crucial aspect in maintaining optimal coke
selectivity. A catalyst with optimized matrix and mesoporos-
ity is a highly effective system for the effective processing of a
variety of feedstocks.

Catalyst design can be optimized to resist the effects of
contaminant Fe and Ca. High alumina catalysts, especially
catalysts with alumina-based binders and matrices, are best
suited to process Fe- and Ca-containing feeds because they are
more resistant to the formation of low-melting-point phases
that destroy the surface pore structure. Optimum distribution
of mesoporosity also plays a role in maintaining performance
because diffusion to active sites remains unhindered, despite
high-contaminant metals.

The paraffin, aromatic and porphyrin molecules in the
700°F-1,000°F boiling-point fraction of FCC feed have dy-
namic molecular sizes between 10 Angstroms (A) and 30 A.'®
These molecules are too large to fit into zeolite pores (which
are typically smaller than 7.5 A) and must first be cracked
by the matrix activity of the catalyst. For free diffusion of the
700°F-1,000°F boiling-range molecules to occur, the catalyst
pore diameter needs to be 10 to 20 times the size of the mol-
ecule, or 100 A-600 A.'$

Based on these considerations, a catalyst with an optimized
alumina matrix and mesoporosity in the 100 A-600 A range
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FIG. 5. Despite higher contaminant metals, the catalyst with
optimized matrix and mesoporosity improved bottoms cracking
and coke selectivity.

was designed.'” While two catalysts may have similar total pore
volume, their mesoporosity can vary greatly. TABLE 6 compares
the mesoporosity of this optimized matrix and mesoporosity
catalyst to a competing catalyst. Note: The mercury intrusion
method measures pore sizes greater than 36 A, so the values
represent porosity associated with the catalyst matrix only. Mi-
cropores smaller than 100 A are undesirable and lead to poor
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coke and gas selectivity as the result of poor diffusivity and
over-cracking.!s As seen in the table, the 100 A-600 A meso-
pore volume of the optimized matrix and mesoporosity catalyst
was twice that of the competing sample.

The resistance of the optimized matrix and mesoporosity cat-
alyst to Fe and Ca poisoning was demonstrated in a commercial
application. A refinery was processing resid feedstock high in Fe
and Ca. Over time, the unit exhibited the symptoms of Fe poi-
soning. As Fe nodules built up on the catalyst surface, equilib-
rium catalyst activity, unit conversion and bottoms cracking all
began to suffer. The refiner switched from a competing catalyst to
one with optimized matrix and mesoporosity.* Upon switching,
activity, bottoms cracking and coke selectivity improved, even at
higher contaminant metals levels (FIG. 5).

Takeaway. The shale oil boom has resulted in a renaissance
in the North American refining industry. While shale oils are
generally light, sweet and easy to crack, quality can vary greatly,
and shale-derived feeds can contain sediments with high levels
of iron and alkali metals. Catalyst formulations with optimized
matrix and mesoporosity provide the best resistance to iron
and calcium poisoning. Proper catalyst choice allows refiners
to fully exploit the opportunities of shale oil while minimizing
the detrimental impacts of processing. FP
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Reduce salt corrosion rates with stronger base amines

When processing discounted crude oils, one of the primary
challenges refiners face is under-salt corrosion in crude unit
distillation overhead systems. The combination of higher over-
head chloride levels and the presence of amine contaminants
in discounted crudes can greatly increase the risk of salt forma-
tion. For those overhead systems where amine salt corrosion
cannot be mitigated by conventional methods, the application
of nontraditional neutralizing amines can be beneficial. In par-
ticular, under-salt corrosion rates produced by stronger base
amines are significantly less than those of weaker bases found
as contaminants, such as ammonia or monoethanolamine.
Corrosion rates can also be reduced when the weaker base con-
taminant salts are mixed with stronger base amine salts. Signifi-
cant reductions in corrosion rates have been confirmed in both
laboratory and field operating environments.

Controlling corrosion in the overhead condensing section
of crude atmospheric distillation units is a constant challenge
for refiners. The typical treatment strategy involves a delicate
balancing act of neutralizing acids in condensed waters with
ammonia or amines while avoiding the formation of corrosive
salts via a vapor phase reaction with hydrogen chloride (HCI).
Recent trends of declining crude quality, which result in less
effective chloride removal and the frequent presence of amine
contamination, have increased the risk of forming corrosive
salts. Neutralizing amine selection that reduces the risk of salts
caused by the neutralizer does not affect the risk of salt forma-
tion by contaminant amines or ammonia.

Contaminant reduction techniques, such as caustic addi-
tion for chlorides and desalter acidification for amines, can be
successful at reducing risk of salt formation."* However, these
approaches have limitations if significant reduction is required.
Water wash applications have had mixed results as a means for
reducing salt formation and are not always viable in some over-
head configurations. With these options exhausted, a refiner is
left with operational changes or enduring frequent bundle fail-
ures, both of which can be costly. There is a need for additional
options, including chemical treatment at the overhead, which
can reduce corrosion from salts.

Chemical suppliers have focused on filming inhibitors to re-
duce corrosion rates from acidic water and amine neutralizers
to control pH. Various strategies have been used to optimize
neutralizer performance and reduce the risk of salt formation.
These have included the use of volatile amines, weaker base
amines, amine blends and thermodynamic model guidance.*”
While these techniques have been successful at reducing salt
formation by the neutralizer, they do not address the corrosion

from salts formed by ammonia or contaminant amines. To re-
duce corrosion from salts formed by contaminants, first con-
sider the chemical drivers that make salts corrosive.

Theory. Ammonia or amines can react with HCI to form a
solid or liquid salt:

RNH, + HCl 2 RNH,CI (1)

These salts are highly hydroscopic and easily absorb water
from the steam used for stripping the distillation column. In
the presence of water, the salts ionize, forming ammonium or
aminium ions with chloride ions:

RNH,Cl @ RNH,*+ ClI (2)

According to the Bronsted theory, which describes acid-
base interactions, the reaction of an acid with a base produces a
conjugate base and a conjugate acid.® The strength of the con-
jugate acid is inversely related to the strength of the base from
which it is derived:

A-H + B =2 A +
(Acid)  (Base) ) (3)

The resulting ammonium or aminium ion is the conjugate
acid of ammonia or the amine. This conjugate acid is “weak”
by definition in that there is an equilibrium established, which
depends on its acid constant:

B-H*

(Conjugate base)  (Conjugate acid

RNH,* 2 H*+RNH, (4)
where:
H* [ RNH,
K,= (%)

|[RNH;

It is the production of the hydrogen ion that creates the
corrosive environment associated with the salt. At the point
where corrosion occurs, the local environment is essentially an
aqueous solution of the ammonium or amine salt in contact
with the metal surface. Although the morphology of attack is
localized, the metal is oxidized by the hydrogen ion in a similar
manner to that of general acid corrosion:

Fe°+ 2H* — Fe** + H, (6)

The rate of corrosion for this mechanism is proportional to
the hydrogen ion concentration. Typically, hydrogen ion con-
centration is reported as a pH value where:

pH = -log[H" ] (7)
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Therefore, corrosion should increase exponentially as pH
decreases. In the same manner, the corrosivity of the salt can be
related to its concentration and acid strength:

pH=pK, +log F;g—:i] (8)
3

All else being equal, the corrosivity of a salt should theoreti-
cally be exponentially related to its acid strength. The strength
of the conjugate acid is inversely proportional to the base
strength of ammonia or the amine. The ionization constants are
related by the ionization constant for water:

K,xK,=K, )
or
(10)

Because of this relationship, a stronger base will form a weak-
er (theoretically less corrosive) acid salt and a weaker base will
form a stronger (theoretically more corrosive) acid salt.

pK, +pK, =pK,

Reducing salt corrosion rates. This presents an opportunity
to reduce the corrosion rates by manipulating the chemistry of the
salt. The two most common contaminant base species are ammo-
nia and monoethanolamine (MEA). Each of these have a pK,, of
4.75 and 4.6, respectively, and conjugate acids with a pK, of 9.25
and 9.4, respectively. Both are also commonly used in crude unit
overheads as a neutralizing agent. Other contaminant amines and
commonly used neutralizing agents have similar or much weaker
base strengths. TABLE 1shows the pK, and conjugate acid pK, of
these common contaminants and neutralizing agents.

Hydrochloride salts of ammonia and amines, whose conjugate
acid pK, is between 9 and 10, typically result in corrosion rates of
50 mpy to 200 mpy (1.3 mm/yr-S.1 mm/yr). In one case, the
N-methylmorpholine (a weaker base) forming salts (pK, 7.4),
produced corrosion rates > 1,000 mpy (> 25.6 mm/yr).

Given the observed corrosion rates with weak bases (ammo-
nia, MEA) and weaker bases (n-methylmorpholine), a study
sought to determine whether salts of stronger base amines
would result in lower corrosion rates compared to the salts
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FIG. 1. Corrosion rates for 1M solution of amine hydrochloride salts
at 71°C (160°F).
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formed by those commonly encountered in crude units. Addi-
tionally, the investigation considered whether corrosion rates of
contaminant amine salts could be reduced in the presence of a
stronger base amine salt.

EXPERIMENTAL PROCEDURE

Corrosion tests were conducted to determine the relative
corrosivity of amine hydrochloride salts in concentrated, aque-
ous solutions. In these tests, carbon steel specimens were im-
mersed in various deaerated salt solutions at elevated tempera-
tures in non-stirred pressure vessels.

Materials. Corrosion tests were carried out in non-stirred au-
toclaves with a capacity of approximately 300 ml. Each vessel
was fitted with a glass liner that contained the amine salt solu-
tion and coupon. The heads of the autoclaves were fitted with
two ports, an inlet tube and outlet, so the solutions could be
deaerated by purging with nitrogen.

Amine hydrochloride salt solutions were made from com-
mon contaminant and neutralizing amines as well as from
stronger base candidate amines. Salt solutions (saturated and
IM concentrations) were prepared using deionized water at
room temperature. Additionally, saturated solutions were pre-
pared in a dry nitrogen atmosphere by adding the solid salt to
stirred deionized water until a precipitate persisted.

Procedure. A test solution of 100 ml was charged to a glass
liner and placed in the autoclave. A head was placed on the au-
toclave and nitrogen was bubbled at a constant rate through the
solution for 30 to 45 min. A coupon, mounted on an inverted
polytetrafluoroethylene (PTFE) machine screw, was then
quickly placed in the solution and the autoclave was sealed. The
purpose of the PTFE screw was to suspend the coupon above
the bottom of the glass liner. A final deaeration step was com-
pleted by sequentially pressurizing and depressurizing the auto-
clave with nitrogen. The autoclave was then placed in an oven
that had been preheated to the test temperature.

After 25 h, the autoclaves were removed from the oven.
Cooling was facilitated with a stream of compressed air. Once
the vessels could be safely handled, the coupons were removed,
rinsed with deionized water, isopropanol, n-heptane, and ultra-
sonically cleaned as described above. Scale was not observed on
any of the coupons. Once dry, the final masses of the coupons
were recorded and the corrosion rates were calculated.

OBSERVATIONS

The experimental results showed a very good exponential re-
lationship of corrosion rates vs. pK, for 1M solution of amine hy-
drochloride salts at 71°C (160°F). The blue diamonds labeled as
“pure salt” in FIG. 1show the corrosion rates of single amine salts.
The relatively dilute 1M solution was used for convenience and
to confirm the theory by comparing the relative corrosion rates
of the salts without factoring solubility. These measured corro-
sion rates are less than would be experienced in a process unit
where concentrated salts near saturation would be expected.

To examine the corrosion rate of salt mixtures made from
amines with different base strengths, a 1M solution with 80
mol% amine salt with a pK, of 11.4 was mixed with 20 mol%
of various salts of weaker bases. The resulting corrosion rates of



these salt mixtures are represented in FIG. 1 with the gold squares
labeled as “mixed salt.” The data, graphed at the pKa of the salt
comprising the weaker base for comparison, show a significant
reduction in corrosion rate relative to the rate of the isolated
salts of the weaker bases.

To better examine the effects of amine salts under field con-
ditions, corrosion rates were determined for saturated salt solu-
tions at 71°C (160°F). As shown in FIG. 2, these results indicate
a good exponential correlation, even with varying solubility
among amine salts. The corrosion rates obtained with the 9 to
10 pK, amine salts fell in the SO mpy to 200 mpy (1.3 mm/yr—
5.1 mm/yr) range typically experienced by these amine salts.

As with the 1M solution tests, a saturated salt mixture was
created with 80 mol% of a 11.4 pK, salt with 20 mol% of ammo-
nia and MEA contaminant salts. The resulting corrosion rates,
shown in FIG. 3, indicate significant reductions relative to corro-
sion rates of the isolated contaminant salts.

Given that the measured corrosion rates of the saturated
salt solutions are within the range experienced in actual pro-
cess units, the results of the saturated mixture test might be the
best indicator of what can be expected from field applications.
Though the corrosion rates of the mixture were not low enough
to be considered “controlled,” the significant reduction of cor-
rosion suggested it to be a viable treatment option for systems
where conventional methods of preventing salt formation fall
short or are unavailable.

CASE HISTORY

A US refinery was successfully controlling salt formation in
the crude atmospheric overhead exchanger with a water wash
injected to the inlets of the exchangers, as shown in FIG. 4. Ap-
proximately five years into the bundle life, there was a reconfig-
uration of the unit upstream of the atmospheric tower. Though
the reconfiguration of the unit had some effect on the process
conditions of the atmospheric overhead, the wash rate re-
mained well above the industry accepted minimum. However,
after about a year under the new operations, tube leaks were dis-
covered in the overhead exchangers. These tubes were plugged,
pressure tested and the operation resumed. This cycle repeated
every few months until the bundles had to be replaced. The new
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FIG. 2. Corrosion rates for a saturated solution of amine hydrochloride
salts at 71°C (160°F).

Refining Developments P

bundle had its first leak just five months into operation, repre-
senting an average corrosion rate of 328 mpy (8.3 mm/yr).

A corrosion risk monitor was used, which is a field program
designed to enhance corrosion control programs via a combina-
tion of rigorous thermodynamic simulation and proprietary salt
formation calculations, to determine what changed in the sys-
tem to increase the corrosion risk beyond what the water wash
system could handle. The results indicated that, under the new
operation, salt formation potential had increased, which placed
more burden on the existing water wash.

TABLE 2 summarizes the modeling results before and after
unit reconfiguration. A combination of higher contaminant
levels and lower stripping steam rates resulted in lower salt ap-
proach temperatures. A newly developed spray mass transfer
model suggested that the level of contaminant removal required
to prevent salt formation had been achieved prior to the recon-
figuration. However, under the new operation, the required
level of contaminant removal could not be achieved because the
spray nozzles were too close to the exchanger inlets.

Consideration was given to relocating the wash injection
further upstream to increase vapor-water contact time, but
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FIG. 3. Corrosion rate reduction of saturated salts.
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FIG. 4. Unit overhead wash injection locations.
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higher velocities (85 to 105 ft/s, 26 to 32 m/s) presented an
unacceptable risk. A project to address current limitations in
the overhead was planned for the next unit shut-down, but was
three years away from implementation. As an interim measure,
the application of a patent pending, stronger base neutralizer
was proposed in an attempt to slow corrosion rates until modi-
fications could be made during the future turnaround.’

During the summer of 2011, the new stronger base neutral-
izer application was initiated to coincide with the installation of
anew set of bundles. Although modeling calculations have indi-
cated no change in the approach temperature for ammonia salts,
these new bundles were in successful operation for 18 months
without incident, more than tripling the life before treatment.
Inspection of the bundles showed much of the tube thickness
remained, suggesting an over three year life may have been
achieved. The successful treatment program reduced corrosion
>80% and allowed the refiner to avoid at least three charge rate
reductions during that period, saving an estimated $1.5 million.
FIG. 5 shows the bundle and process history to date.

TABLE 1. Base and conjugate acid strengths of common
contaminants and neutralizing agents

Base strength Conjugate acid

Chemical name pK, strength pK,
Ammonia 4.75 9.25
Monoethanolamine (MEA) 4.6 9.4
Diethanolamine (DEA) 5 9
Methyldiethanolamine (MDEA) 5.4 8.6
Methoxypropylamine (MOPA) 4.1 9.9
Dimethylethanolamine (DMEA) 4.75 9.25
Dimethylisopropanolamine 4.6 9.4
(DMIPA)

Trimethylamine (TMA) 43 9.7
Morpholine 55 8.5
N-Methylmorpholine 6.6 7.4
N-Ethylmorpoline 5.9 8.1
Ethylenediamine (EDA) 41,71 9.9,6.1

TABLE 2. Significant operational changes at reconfiguration

Before reconfiguration After reconfiguration

Parameter Best case Worst case Best case Worst case
Dew point 90°C 88°C 85°C 71°C
temperature (195°F) (190°F) (185°F) (160°F)
Salt formation 93°C 104°C 102°C 121°C
temperature (200°F) (220°F) (215°F) (250°F)
Salt temperature -3°C -17°C -17°C -50°C
approach at (-5°F) (-30°F) (-30°F) (-90°F)
dew point

Contaminant removal 35% 90% 90% 99.95%
required to

prevent salts

Effect on exchanger Five years, Less than one year,
bundle life no incident tube leaks

Results. This study has demonstrated that corrosion rates
of amine salts in crude units can be reduced by altering the
chemical composition of the salts formed. These results have
been confirmed with acid-base theory, laboratory testing and
arefinery trial application of the concept. Key takeaways:

¢ Acid-base theory predicts lower corrosivity for salts of
stronger (high pK,) bases

¢ Data from laboratory corrosion tests confirm theoretical
predictions on relative corrosivities of salts

« Patent pending, stronger base amine has been applied
to successfully extend bundle run length by preventing cor-
rosion failures.

The results of these experimental studies and the field trial
suggest a viable alternative to tolerating salt corrosion when
other options are not available; however, it is our recommen-
dation that all efforts to prevent salt formation be exhausted
before relying on a stronger base amine treatment program.
Preventing salt formation with guidance from a reliable ionic
model remains the best course of action to achieve consistent,
long-term corrosion control. FP
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A.

Mitigate fouling in crude

In a refinery crude distillation column, up to 40% of the
total heat removal may be found in the tower overhead con-
denser. The quantity of duty available makes heat integration
(HI) between the column overhead and unit feed an interest-
ing project. Approximately 70% of the present crude units re-
cover some portion of this duty. However, many of these units
suffer from persistent and serious corrosion problems in the
overhead system. In extreme cases, the viability of the entire
refinery site may be compromised due to fouling and corro-
sion conditions.

Up to 50% of the refinery’s entire corrosion expense may
occur in the crude unit. The root cause of the fouling and cor-
rosion issues can often be linked to the basic unit configura-
tion choices. Once the unit configuration is set, anti-fouling
chemical addition and unit operating conditions limit but nev-
er completely solve, the fouling and corrosion issues. An over-
view of major corrosion factors and a case study are presented.

CORROSION SYSTEMS-BACKGROUND

The major corrosion problem in crude unit overhead sys-
tems comes from chloride-induced corrosion. The “chloride-
induced” corrosion includes two major mechanisms: 1) hydro-
chloric acid corrosion, and 2) under-deposit corrosion (UDC).
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E351 E352  E353 T301 E652

E304 | E305 Primary Secondary
AM hnap  Kero (VTPA) desalter desalter

Fromvacium ouhd prod  prod V302 V302

system (1301 (P303AB) (P305AB)
Desalter water E305

(crude ct)

S viterrentina™T T Kerosine PA

0 water treatin

° @ : P304AB
) E306 (crude ht)

I-P SP ecial Rep ort | Refining Developments

W. SLOLEY, CH2M HILL, Bellingham, Washington

unit overhead—Part 1

FIG. 1 illustrates the areas where the crude unit suffers from
chloride-induced corrosion. Complexity results from the inter-
action of operating conditions, mitigation strategies and mate-
rials selection. Chlorides are not new problems; they are a con-
tinuation of old problems, but under more severe conditions."

Chlorine source. Chlorides enter the crude unit as a compo-
nent of dissolved salts in water mixed with the crude oil. The
dissolved salts include sodium chloride (NaCl), magnesium
chloride (MgCl,) and calcium chloride (CaCl,). In special
cases, organic chlorides may be present. At one time, carbon
tetra-chloride was used as a well-treating chemical. Although
this is no longer done, crudes may become contaminated with
synthetic organic chlorides.”® To a lesser extent, chlorides can
also enter the unit as entrained solids protected by an oil film.

Upstream of the desalter, the temperature is low enough
that salt corrosion is not a major issue. The crude unit desalter
uses electrostatic precipitation to extract most of the water and
reduce the chloride content. However, the desalter does not re-
move all the chlorides, resulting in some chloride contamina-
tion in the atmospheric heater.

The native chlorides themselves are not the cause of corro-
sion. Instead, at 350°F to 400°F (175°C to 205°C), the CaCl,
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FIG. 1. Areas of chlorine-induced corrosion on a crude distillation unit.
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and MgCl, thermally decompose (disassociate). The chlorine
rapidly reacts with hydrocarbons, producing HCI. At normal
crude atmospheric heater operating conditions, nearly all of
the MgCl, and much of the CalCl, will hydrolyze. While NaCl
may start to hydrolyze at temperatures as low as 450°F (232°C),
temperatures above 800°F (425°C) are often required for signif-
icant cracking. NaCl decomposition is not a substantial chloride
source for most crude atmospheric tower overhead systems.

Chlorine consequences. HC], in the absence of water, does
not significantly corrode carbon steel (CS). The overhead sys-
tem of the crude tower condenses water. The water absorbs the
HC], creating hydrochloric acid. At this point, many outcomes
are possible, depending on the location of where the first drop
of water forms. The first drop of water will occur at the point
where film temperatures reach the dewpoint. Bulk temperatures
are often reviewed, but this will miss many problems, as surface
temperatures are what count. The initial drop of water may have
very high HCI concentrations, making it extremely corrosive.

The water also absorbs ammonia (NH,). HCI combines
with NH, and forms ammonium chloride (NH,CI). In situ-
ations where the water revaporizes, solid deposits of NH,Cl
form, thus creating the potential for UDC.

Temperature predictions for dewpoints are often based on
partial pressures from steam table values. This method will
underpredict the dewpoint temperature. Ionic interactions be-
tween multiple species—water, hydrogen sulfide (H,S), NH,,
HC], cyanide and others—increase the dewpoint temperature.
In some reported cases, dewpoint temperatures exceeded 25°F
(14°C) or more above steam table based predictions.

Processing configuration will also affect chloride corrosion:

« Preflash columns or drums often receive feed hot enough
to contain HCI. Preflash configurations may also reduce the
amount of naphtha in the atmospheric column overhead. This
increases the partial pressure of water in the atmospheric col-
umn, increasing the water dewpoint temperature.

+ Columns with heavy naphtha (HN) draws have more
problems. The HN draw makes the column overhead compo-
sition lighter, reducing its temperature, making corrosion situ-
ations more likely.

« Common overhead systems may include either one or
two overhead drums. However, some crude units have in-
cluded up to five overhead drums. The cooling levels between
each of the drums become significant in determining the initial
point for corrosion. The purpose of multiple overhead drums
is for heat recovery from the overhead vapor. Heat recovery im-
plies corrosion locations where water condenses.

« Other situations may lead to localized water condensa-
tion. This includes cold reflux and cold pumparound (PA) re-
turns, creating shock condensation inside the atmospheric col-
umns. Shock condensation can also occur due to sub-cooled
feed to the crude column when connecting the atmospheric
column and preflash column.

- Higher stripping steam rates improve distillate recovery.
They also increase steam partial pressure and make water con-
densation more likely.

- High NH; concentrations can lead to a NH,Cl deposition
directly from the vapor phase to a solid phase.** This can occur
inside the atmospheric column (most common), overhead lines
or in overhead exchangers. The NH,Cl then absorbs moisture,
starting the process of UDC.

Common methods of alleviating chloride corrosion include
additives, modification of unit design, selection of operating
conditions, corrosion inhibitors and materials selection. Other
strategies include using a water wash to ensure that the initial wa-
ter condensation location is controlled, and the corrosive spe-
cies are quickly diluted. Combining all of these factors creates
tremendous complexity.®

Previous articles have discussed the options for materials se-
lection and have focused on water wash and the results of water
wash on unit HL.” The potential for reduced heat recovery poses
the major question for water wash.
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UNIT CONFIGURATION

Crude overhead-to-feed HI is a relic of a bygone era. With
low-density crude, making high yields of naphtha, without pre-
flash drums or towers, and short-run durations (often 12-18
months) between shutdowns, these heat-recovery systems can
work. In refineries processing difficult-to-desalt crudes, with
preflash expansions, lower naphtha yields, and runs of four
years to five years, the crude-overhead-to-preheat is a major
and continual problem. Nevertheless, about 70% of operating
crude units have HI between the overhead and the crude pre-
heat. FIG. 2 shows a typical older crude unit with the HI be-
tween the tower overhead with the crude feed highlighted. A
well-heat integrated unit can recover all the necessary preheat
without the overhead HI service. Crude overhead-to-feed pre-
heat should only be used on new units in exceptional cases.

Configuration analysis criteria. To evaluate a crude unit,
identifying these locations are important:

« Areas where water condensation starts

« Areas where water may revaporize

« Areas susceptible to solid salt deposition

« How water can move from one part of the unit to another.

Analysis of crude unit corrosion potential should examine all
of these elements to determine the mitigation strategy required.

Where does water condensation start? The critical point
in corrosion from chlorides is the initial point of water conden-
sation, which is driven by surface temperatures rather than bulk
temperatures. It is very difficult to measure surface tempera-
tures, so bulk temperatures are typically measured. Common
practice often adds temperature controls to the overhead of
crude columns and preflash columns to prevent water conden-
sation. Typical practice sets a tower overhead temperature 30°F
to SO°F (17°C to 28°C) hotter than the calculated dewpoint.
Shock condensation occurs when cold reflux enters the tow-
er and creates localized water condensation. This is a common
mechanism for corrosion inside the tower. Operating at maxi-
mum reflux rates allows an increased reflux return temperature
for the same heat removal. Within the constraints of tower and
external equipment, reflux and PA rates should be maximized.

Where does water revaporize? Once formed, water flows
with the bulk hydrocarbon stream. As the water flows down
the column, the water enters a hotter zone. Eventually, the wa-
ter will vaporize, increasing the concentration of corrosive sol-
utes. Finally, the water will completely vaporize, leaving a solid
deposit, which creates the potential for UDC.

Where can solid salts form directly from the vapor?
Solid salts, especially of NH,Cl, can directly condense from the
vapor. The condensation can be analyzed similar to a solubil-
ity product with liquid solutes. If the product of the ammonia
concentration, (NH,*), times the concentration of the chlo-
rine, (CI"), exceeds a specific value, NH,ClI deposits. This can
also be expressed as an NH,Cl partial pressure. The higher the
NH,; and chloride concentrations, the higher the temperature
at which solid salts form.

Solid salts may form above the water dewpoint tempera-
ture. This creates solid salts even if the system remains dry.
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If the solid salt deposition temperature is below the water
dewpoint, the NH, and chloride are absorbed by the water in-
stead. Many additive systems have been proposed, and used,
to lower the solid salt formation temperature below the water
dewpoint temperature.

The solid salts can form in two major locations. The first is
the crude column and may be as far down as the kerosine draw
tray. The second is in high-temperature overhead systems. If
the crude column takes kerosine (or heavier) overhead, then
the salts can form in the overhead exchangers.

How does water move around? Extreme corrosion can re-
sult from overhead drum water returning to the crude tower.
The water includes chlorides, other salts and treating chemi-
cals. These create deposits in the tower that lead to UDC. Lev-
els should always be carefully monitored to prevent water car-
ryover to the crude column and preflash column.

CORROSION AND DEPOSIT CONSEQUENCES

The major consequences to the crude unit include direct
corrosion and pressure drop due to fouling deposits. Direct
corrosion from the aqueous phase reduces unit life and in-
creases maintenance costs. It can also lead to unit shutdowns.
UDC has the same direct consequences. When they occur,
unplanned shutdowns incur the highest expense, and may
cost $2 million or more per day for a large refinery. In extreme
cases, units have had to shut down due to corrosion causing
a leak. Leaks in the upper part of the crude unit are likely to
contain some mix of H,S, light gases and naphtha. H,S would
be a direct hazard. Naphtha and light gases are a significant fire
hazard. With a flash point of ~70°F (-57°C) or lower, naphtha
will ignite easily.

Solid deposits have a second consequence, given their abil-
ity to cause fouling and block flow. Fouling in the atmospheric
column may block draw nozzles, and it often plugs trays. Foul-
ing in the overhead exchangers increases pressure drop in the
system. Increased pressure drop raises the tower operating
pressure. Many atmospheric crude units run at a feed tempera-
ture limit. Higher operating pressure at a fixed operating tem-
perature drops liquid yield in the unit. Lower liquid yield forces
more material downstream, creating constraints in downstream
vacuum processing. Fouling in overhead exchangers also re-
duces heat removal capability of the overhead system. Reduced
heat transfer may limit production rate or yield as well.

Exact consequences will vary from unit to unit. However,
they are all bad. Maintenance costs increase, reliability drops,
capacity is reduced, and yields decrease.

MITIGATION STRATEGIES

Such actions include corrosion inhibitors, operating condi-
tion limits, feed quality, materials upgrades and unit configu-
ration choices. Unit configuration will be reviewed from two
directions:

« What configurations reduce corrosion and fouling?

« What configurations, imposed by conventional refinery
economics, force the plant to use configurations that increase
the possibility of fouling and corrosion?

The basic configuration choices will focus on the crude
tower overhead system and on the possible split between over-
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head products on the crude unit. The overhead system con-
figuration choices include three major parameters:

« Number and type of overhead drums

« Inclusion of water wash

« Integration of overhead duty into crude preheat.

The product split factors include:

« Full-range naphtha (FRN) product

« Split between light naphtha (LN) and HN products

« Heavy product overhead (naphtha plus kerosine).

In addition, some units have switched the sequence of ex-
changers to initially warm up the cold crude before it reaches
the overhead-to-crude exchangers. This increases the mini-
mum oil-film temperature in the overhead exchanger. Higher
film temperatures reduce the risk of localized water condensa-
tion. All of the mitigation strategies that use a specific configu-
ration (water wash, different preheat configurations) sacrifice
recoverable heat from the crude tower overhead to reduce cor-
rosion rates.

Introducing overhead systems. Several possible options
are available with different numbers of overhead drums used:
One-drum overhead system with reflux. As shown in FIG.
3, this atmospheric crude unit uses a one-drum overhead sys-
tem. It is a similar concept to the crude unit, as shown in FIG. 1.
Overhead vapors from the crude tower are condensed and
collected in an overhead drum, and the reflux is sent back to
the crude tower. It is a common configuration. The system il-
lustrated uses an air-fin exchanger followed by a cooling water
exchanger. Vapor loading in the overhead system is high. The
overhead must generate all the product naphtha plus reflux.
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FIG. 3. One-drum overhead system with reflux.
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FIG. 4. One-drum overhead system without reflux.

One-drum overhead system without reflux. Pressure
drop in the overhead system reduces unit liquid yield. One step
to increase yield shifts some overhead heat removal from the
overhead condensers into a PA-heat removal loop. FIG. 4 shows
a naphtha PA added to the top of the crude column. This shifts
heat removal from a condensing service to a subcooling ser-
vice. The naphtha PA usually provides heat for feed heating.
Corrosion and fouling problems in the naphtha PA exchang-
ers are usually minor. However, the PA heat removal lowers the
tower overhead temperature. Some reflux from the overhead
drum may be added to the naphtha PA return to control naph-
tha product composition. With colder overhead temperatures,
little heat is available in the overhead system for heat recovery.
FIG. 4 shows the remaining overhead condenser duty going to
air and cooling water.

Two-drum overhead system with dry reflux. The first
condenser nominally operates at temperatures to support heat
integration. The second condenser uses heat rejection. FIG. 5
shows a two-drum system. At average conditions in the first
drum, it is too hot to allow water accumulation.

The intended benefit of this configuration is to allow heat
recovery while minimizing water formation and corrosion
problems. FIG. 5 shows a nominal heat recovery service as the
first exchanger in the system. This system has a higher total
pressure drop than the one-drum system without reflux, but it
avoids investment in the naphtha PA pumps.

Two-drum overhead system with wet reflux. Flexibility
to handle different crude compositions may make consistent
dry-drum operation difficult. Having the capability to allow for
water accumulation in the first drum allows the unit to oper-
ate across a wider range of operating modes. FIG. 6 illustrates a
system with water condensation in both drums. Additionally,
if correctly managed, the wet-drum system allows for higher
energy recovery. The disadvantage of the wet-drum system is
that corrosion and fouling benefits are less clear.

Three-drum (plus) overhead system. Adding more
drums allows for more complicated heat removal systems.
Conceptually, this improves heat recovery. FIG. 7 illustrates
a three-drum system. While systems with more than two
drums are unusual, some units have been built that have five
drums in the overhead.

Units that send a mixed naphtha-kerosine stream to a com-
mon hydrotreater shift the benefits of selection criteria toward
the multiple-drum configurations. The equilibrium conditions
in the first drum of three-drum systems reliably lie above the
water dewpoint. However, localized water condensation still

Condenser

Sour water

Atmospheric

crude tower Naphtha

FIG. 5. Two-drum overhead system with dry reflux.
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presents challenges. Multiple-drum systems also impose pres-
sure drops in series. This increases unit operating pressure, de-
creasing liquid yields.

Product splits matter—no water wash. The previous il-
lustrations stayed deliberately vague on product splits in each
configuration. Specific product splits do matter. This set of ex-
amples uses a basis of no water wash to examine the possible
consequences. Specifics in a given plant may vary greatly. Nev-
ertheless, the analysis shows the important points to consider.

One-drum overhead system with reflux. The different
operating modes for a one-drum system with reflux are illus-
trated in FIGS. 8 and 9. In FIG. 8, a FRN is produced as the over-
head product. FIG. 9 shows the changes with a light-naphtha
product overhead.

FRN product. A typical operation with FRN product will
operate at approximately 300°F (149°C) overhead. This pro-
vides ample driving force for heat integration with crude feed.
Normal practice has the overhead condenser as the first crude
preheat exchange, as shown in FIG. 2. Crude feed temperature
may vary from 65°F (18°C) to 100°F (38°C). Downstream of
the preheat, overhead temperatures will drop to 200°F-240°F
(93°C-116°C). Some combination of air and water cooling will
drop the overhead drum temperature to 100°F (38°C). FIG. 8
shows kerosine as the upper side-draw from the crude column.

Under these conditions, the bulk of the water condensation
may occur in the overhead exchangers, and surface condensa-
tion on the tubes is certain. Tube metal temperatures may drop
as low as 135°F (57°C). Localized presence of hydrochloric
acid in the overhead exchangers is nearly certain. Standard
CS tubes will likely suffer from HCl attack. Fouling and UDC
may occur in the exchangers as well. The exchangers are cold
enough that, once condensation starts, the water is unlikely to
completely revaporize. However, local flow regimes may create
areas where deposits form.

The cold reflux returns to the crude tower at 100°F (38°C).
Localized water condensation occurs on the top tray, mak-
ing fouling and corrosion attack in the tower top highly likely.
Corrosion is initiated by water formation on the top tray. Wa-
ter vaporizes as it descends, causing deposits that can lead to
UDC. The overhead drum rarely suffers from severe corrosion.
Enough water is present to dilute the HCI. Revaporization does
not occur, so solids deposits do not present major problems.

Product split between LN and HN. A typical operation
with a light straight-run naphtha (LSRN) product will oper-
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ate at approximately 200°F-240°F (149°C-116°C) overhead.
Driving force remains sufficient for heat integration with
crude feed as long as the crude exchanger is the first in the
preheat sequence. As previously, crude feed temperature may
vary from 65°F (18°C) to 100°F (38°C). After preheat, over-
head temperatures will drop to as low as 140°F (60°C). Some
combination of air and water cooling will drop the overhead
drum temperature to 100°F (38°C). FIG. 9 shows HN as the
upper side-draw from the crude column. Under these condi-
tions, bulk condensation of water will occur in the overhead
exchangers. Tube metal temperatures may drop as low as
100°F (38°C). Standard CS tubes are nearly certain to suffer
from HCl attack.

Fouling and UDC, if present, will concentrate at the exchang-
er inlet area. The exchangers are cold enough that once conden-
sation starts, water is unlikely to completely revaporize. How-
ever, local flow regimes may create areas where deposits form.

The cold reflux returns to the crude tower at 100°F (38°C).
Localized water condensation occurs on the top tray. Fouling
and corrosion attack in the tower top are highly likely. As the wa-
ter descends and vaporizes, deposits are left and UDC occurs.
The corrosion area may reach down to as low as the kerosine
draw. The overhead drum rarely suffers from severe corrosion.
Enough water is present to dilute the HCIL. Revaporization does
not occur, so solids deposits do not present major problems.

Plant economics and product specifications drive the neces-
sity for splitting the naphtha into LSRN and HN. This split aids
control of downstream isomerization and reformer unit opera-
tions. It also eases meeting gasoline benzene specifications in
many plants. The economics behind the LSRN-HN split are
usually so large, that, if this split is attractive, some method will
be found to deal with the consequences.
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FIG. 6. Two-drum overhead system with wet reflux.

FIG. 8. One-drum overhead system for FRN overhead: typical operation.
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One-drum overhead system without reflux. While
slightly different, the performance of one-drum systems with-
out reflux closely resembles two-drum systems with dry reflux.

Two-drum overhead system with dry reflux. The differ-
ent operating modes for a two-drum system with dry reflux
are represented in FIGS. 10 and 11. In FIG. 10, FRN is the over-
head product. FIG. 11 shows the changes with an LN-product
overhead and an HN side-draw.

FRN product. A typical operation with an FRN product
will operate at approximately 340°F (171°C) overhead. This
provides ample driving force for heat integration with crude
feed. In this case, the first overhead exchanger may not be the
first exchanger in the crude preheat train. Crude feed tem-

Localized corrosion due to water-HCl on
tubes: ineffective heat integration

140°F [ .
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FIG. 9. One-drum overhead system for LN overhead: typical operation.
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FIG. 10. Two-drum overhead system with dry reflux for FRN overhead:
typical operation.
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FIG. 11. Two-drum overhead system with dry reflux—two naphtha
overhead: typical operation.

perature may vary from 65°F (18°C) to 150°F (66°C). FIG. 10
shows operation with cold crude.

Downstream of the preheat, overhead temperatures will be
276°F (136°C). Some combination of air and water cooling will
drop the overhead drum temperature to 100°F (38°C). FIG. 10
shows kerosine as the upper side-draw from the crude column.

Under these conditions, bulk condensation is unlikely in
the overhead exchangers. Surface condensation on the tubes
is possible. The main determinant of localized water condensa-
tion is the crude inlet temperature. If the crude inlet tempera-
ture is low, 65°F (18°C), localized condensation is highly likely.
Ifthe crude inlet temperature is high, 150°F (66°C), tube metal
temperatures may reach 220°F (104°C). In units with little
steam and efficient desalting, water condensation may not oc-
cur with the hotter crude. However, operating upsets could
lead to deposit formation and UDC. The first drum overhead
temperature at about 276°F (136°C) remains high enough to
add heat integration between the two drums. Consequences
here closely resemble those in the one-drum system with the
FRN product overhead.

Hot reflux returns to the crude tower at 276°F (136°C).
Corrosion in the crude tower is unlikely. One complicating
factor comes from the naphtha endpoint control. The hot re-
flux and FRN product systems inter-connect to allow for FRN
endpoint control. Large amounts of FRN added to the reflux
may cool the reflux to start localized water condensation in the
crude column.

More split options for naphtha. Splitting the LSRN and
HN cools the tower overhead. The LSRN-HN split can be
done by having an HN draw from the main column or by
having segregated naphtha products from the two overhead
drums. FIG. 11 shows segregated products from the overhead
drums. The tower overhead temperature drops to about 316°F
(158°C) overhead. This still provides ample driving force for
HI with crude feed.

Downstream of the preheat, overhead temperatures go low-
er, to about 200°F (93°C). This temperature is set by the need
to get a specific composition for the LSRN-HN split. Some
combination of air and water cooling will drop the overhead
drum temperature to 100°F (38°C). FIG. 11 shows kerosine
as the upper side-draw from the crude column. Under these
conditions, bulk condensation is highly likely in the overhead

Corrosion depends upon metal temperatures:
What is crude inlet temperature?
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Product drum
100°F (38°C)

Sour water

Atmospheric
crude tower

Naphtha LSRN

FIG. 12. Two-drum overhead system with wet reflux—two naphtha
overhead: typical operation.
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exchangers. To get the 200°F (93°C) drum temperature, cold
crude is required. Localized water condensation is nearly guar-
anteed. Reflux returns to the crude tower at 200°F (93°C).
Corrosion in the crude tower is likely to be minor. If it occurs
at all, localized water condensation is slight and will be concen-
trated on the top tray.

Two-drum overhead with wet reflux and LSRN-HN split.
Two-drum systems with wet reflux require a low first drum
temperature. This configuration is unlikely unless the intent is
to draw an HN product from the atmospheric column. FIG. 12
shows this configuration. The upper draw from the main col-
umn is HN. A typical operation will operate at approximately
226°F (108°C) overhead. Driving force remains sufficient for
HI with crude feed as long as the crude exchanger is the first
in the preheat sequence. As previously, crude feed temperature
may vary from 65°F (18°C) to 100°F (38°C). After preheat,
overhead temperatures will drop to as low as 170°F (77°C).
If the overhead temperature is much lower, then the system
should really be considered a one-drum system with a booster
drum. Some combination of air and water cooling will drop the
overhead drum temperature to 100°F (38°C).

Under these conditions, bulk condensation of water will oc-
cur in the overhead exchangers. Tube metal temperatures may
drop as low as 120°F (49°C). Standard CS tubes are nearly cer-
tain to suffer from HCI attack. Fouling and UDC, if present,
will concentrate at the exchanger inlet area. The exchangers are

Refining Developments P

cold enough that once condensation starts, water is unlikely to
completely revaporize. However, local flow regimes may create
areas where deposits form.

The reflux returns to the crude tower at 170°F (77°C). Mod-
est localized water condensation occurs on the top tray, mak-
ing fouling and corrosion attack in the tower top highly likely.
The corrosion area may reach down to as low as the kerosine
draw. The overhead drum rarely suffers from severe corrosion.
Enough water is present to dilute the HCI. Revaporization does
not occur, so solids deposits do not present major problems.

Next month. In Part 2, the author discusses the benefits of
water-wash systems in crude units. FP
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gl Special Report

Refining Developments
J. McMULLEN, Invensys, Boston, Massachusetts

Use modeling to evaluate processing

solutions for heavy oils

In the oil segment of the global energy industry, feedstocks
are moving toward the heavier end. The extraction, transport
and processing of lighter crudes, using a stable of proven technol-
ogies, is no longer possible. These light oil supplies have become
exhausted or more difficult to obtain, causing strain on the crude
oil supply chain. Explosive economic growth in India, China and
other emerging countries requires large volumes of conventional
crude oils as well as increasing supplies of heavy oils.

Heavy crude oils have unique physical properties that often
present costly refining challenges. Efficient processing solu-
tions require a thorough understanding of the oils’ characteris-
tics and operating behaviors. Companies involved in heavy or
extra-heavy oil refining must evaluate these characteristics and
choose the best processing options for these oils.

Heavy oil trends. With increasing global demand and el-
evated prices for crude oil, heavier oils are still economical to
produce using advanced technologies, despite the challenges
associated with their production and processing. Their dis-
counted market prices, relative to West Texas Intermediate
(WTI), Brent and other benchmark light oils, can provide a
financial incentive for refineries capable of processing these
heavy oils. Conventional heavy oil reserves are plentiful in the
Orinoco region of Venezuela, while the largest concentration
of extra-heavy unconventional oil is found in the rich oil sands
of western Canada.

Global heavy oil reserves have been estimated at more than
twice those of conventional light oils, at six trillion barrels. This
massive volume makes heavy oil an important energy resource,
especially as conventional oil sources continue to diminish.
US refineries import the majority of their heavy oil feedstocks
from Canada. Amid global political volatility, Canada’s heavy
oil resources provide a politically and logistically secure sup-
ply of energy, despite the difficulty involved in their extraction,
transport and refining.

There is a global need for alternatives to light, sweet, con-
ventional oils. The industry has adopted methods to recover
and manage increasingly heavier oils that require additional
processing steps. These heavy and extra-heavy oils have com-
plex characteristics that must be identified to be efficiently
processed. The knowledge of how to process these oils is im-
portant for designing and operating the process correctly, for
reducing downtime, for increasing efficiency, for optimizing
profitability, for promoting higher environmental standards
and for effectively eliminating safety concerns.

Heavy oil characteristics. Heavy oil is generally defined as a
viscous crude oil with an API gravity between 10° and 22°, and
a viscosity of less than 10,000 centipoise. Extra-heavy oils are
unconventional oils with an API gravity below 10°; they are bi-
tumen-like substances with extremely low flowrates at the res-
ervoir. In many instances, they have been considered “bottom
of the barrel,” as compared to conventional petroleum sources
with lower viscosity and higher API gravity. Their heaviness is
generally attributed to high-molecular-weight compounds, in-
cluding asphaltenes, which contribute greatly to feed viscosity
and coking tendency. They contain relatively small amounts of
paraffinic components and are more naphthenic and aromatic
in nature. While heavy and extra-heavy oils are present in many
global regions, the largest concentration of supply is found in
North and South America.

In addition to high viscosity, high pour point and low API
gravity, heavy and extra-heavy oils are characterized by higher
levels of sulfur, nitrogen and heavy metals, including mercury
(Hg). They have low hydrogen-to-carbon ratios and high car-
bon residue. These feedstocks often contain elevated amounts
of particulates and water and are generally high in acids, par-
ticularly naphthenic acids.

Issues posed by heavy oils. Heavy and extra-heavy crude
oils present a number of challenges, beginning with their ex-
traction and continuing through refinery transportation and
processing (FIG. 1). As oil sands recovery has progressed, the
surface extraction of oil sands with strip-mining technology has
been superseded by several thermal methods, with the most
predominant being steam-assisted gravity drainage (SAGD).
SAGD and similar technologies have allowed heavy oil to be re-
covered at lower depths as surface deposits have been depleted.

Newer methods have reduced the environmental impact
of extraction while enabling access to a higher percentage of
known subsurface reserves. SAGD technologies rely heavily
on natural gas to raise steam. As a result, this extraction pro-
cess generates a higher concentration of carbon dioxide, raising
environmental concerns. However, low gas prices have helped
make SAGD an attractive extraction process.

Due to the viscosity of heavy crude oils, especially bitumen-
type material from Canada, these oils are not shipped via pipe-
line unless they are first blended with a diluent. This blend is
often referred to as dilbit, a naphtha/bitumen blend, and it is
needed to facilitate flow. Bitumen properties and ambient tem-
peratures at origin and along the pipeline route determine the
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percentage of naphtha that is utilized. Natural gas condensate
can also be used as a diluent.

Heavy oil can be diluted for pipeline transport with a syn-
thetic crude oil (SCO), which is produced by partially upgrad-

Supply trends impact, and will undoubtedly

continue to affect, refining capabilities.

Most existing refineries were not originally
designed to be feedstock flexible or to
accommodate heavy feeds.

ing the heavy oil through prerefining distillation processes to
lower the viscosity. This synthetic oil/bitumen blend, known
as synbit, adds to the cost of the heavy oil. As the quality and
attributes of dilbit and synbit diluents can vary considerably
from one upgrading facility or supplier to another, their remov-
al and recycle present additional factors that must be under-
stood to effectively refine heavy oils.

Refining challenges. Supply trends impact, and will un-
doubtedly continue to affect, refining capabilities. Tradition-
ally, refineries were designed to accommodate light, sweet
crude oils—usually a specific blend that may no longer be
available or that is presently cost prohibitive. Most existing
refineries were not originally designed to be feedstock flexible
or to accommodate heavy feeds.

Heavy oils require additional processing steps to remove im-
purities and to provide a full spectrum of products from a variety
of feedstocks. For this purpose, the addition of hydrogen (H,) in
the hydrocracking process is necessary. The crude oil combines
with the H, at high temperature and pressure, in the presence
of a catalyst, to saturate aromatic molecules, separating out the
lighter streams. Subsequent reactor stages further separate the
hydrocarbon components, increasing the yield of low-boiling-
point, high-value fluids and middle distillates, while leaving the
heavier residue to be converted into coke in a separate operation.

i Utility
=, optimization

* Tank farm
* Terminals
* Heavy oil modeling
» (rude assay

* Flow assurance
« Network optimization

* Operation training simulations
* Optimization
* Workforce enablement

Upstream
design

Crude sourcing
and planning

FIG. 1. Heavy oils pose a number of problems for upstream and
downstream operations.
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Heavy oils bring additional levels of heavy metals, such as
Hg, vanadium, magnesium, nickel and iron. It is imperative to
assess and remove certain metals, particularly Hg. Even if Hg
levels are low, the presence of this metal in large volumes of
liquid hydrocarbons represents significant exposure
to processing equipment. Non-removal of Hg can
cause metal embrittlement and failure due to cor-
rosion, and it can pose a health hazard to refinery
workers. Furthermore, Hg levels in C;-C; product
streams from the crude distillation column and in
water effluent can poison catalysts.

Other materials commonly found in heavy oils
can cause a myriad of operational problems if not
eliminated. Calcium (Ca), present as calcium naph-
thenate, can cause fouling at the desalter, catalyst
poisoning and scaling issues that require increased mainte-
nance for heat exchanger tubes and other equipment internals.
Ca deposits often require additional processes for elimination,
such as demulsification.

Many of the new heavy oil sources have increased sulfur
content and high levels of other impurities. Due to the compo-
sitional variability of heavy oils from different fields, process-
ing technologies cannot be uniform, but instead must be struc-
tured to accommodate the specific characteristics of each oil.

High densities and viscosities require higher tempera-
tures in refining units. In desalters, higher temperatures can
compromise the heat energy balances designed for light oils.
Additionally, the higher levels of solids found in heavy oils
can lead to sludge, which can pose storage problems and
have undesirable impacts on wastewater treatment and other
offsite operations.

Delayed coker residue from the vacuum-reduced heavy
oil presents another potential bottleneck in the refinery. As a
batch process, this residue accumulates in the coker drums. If
it is not removed in a timely manner, the refinery could back
up and be forced to shut down.

Once a refinery has shifted its operational capabilities to
produce high-value products from heavy oil, the facility must
continue on this path, as significant modifications would be
needed to convert the refinery feedstock slate back to light oil.
A number of US Gulf Coast refineries have made the switch to
heavy oil, and they rely on the delivery of Canadian crude oils.
As a result of this scenario, pipelines have been reversed and
extended to serve these facilities.

Modeling for heavy oil refining. As the availability of crude
oil supplies changes and the characteristics of these feedstocks
are more varied, existing refineries are forced to become more
flexible in their operational capabilities and to adapt to the di-
versity of input materials.

Operations planning and optimization are critical in an
existing facility, where margins fluctuate depending on pro-
cessing costs, product yields and the adaptability of each pro-
cessing unit. As an example, fractionation requires exact mea-
surements of pressure, temperature and volume to maximize
yields from feedstocks with varying compositions.

All refineries struggle to process heavy oils economically.
Modeling methods that accurately depict the characteristics
of these heavy feedstocks allow refiners to adapt their pro-
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cesses accordingly, whether by altering existing operating pro-
cesses or by designing new equipment.

The ability to predict the performance behavior of heavy
oils at each stage of the refining process is important. It is dif-
ficult to use traditional modeling software, as these programs
were developed to predict the behavior of light, sweet oils.
There is no single solution for heavier oil processing to suit
all refineries. Each refinery has its own set of parameters gov-
erned by its existing configuration, the composition of the oils
being processed, the operating conditions within the plant
and the desired range of product output.

For example, asphaltenes are prevalent in heavy oils. The
use of processes to precipitate them to lower viscosities can
assist in refining. When diluted with solvents, including con-
densates, the dilbits from oil sands are easier to transport via
pipeline. Therefore, to optimize processing, refinery opera-
tors must be able to predict the amount of asphaltene precipi-
tated as a function of the amount and nature of the solvent and
the ranges of temperature and pressure.

Addressing issues jointly. Utilizing field-proven, propri-
etary modeling software, one company enlisted a consortium
of global industry leaders (i.e., major oil companies, Canadian
heavy oil producers, engineering firms and national oil com-
panies) to provide a forum for defining and solving major is-
sues in heavy oil processing.

TABLE 1. Predicted kinematic viscosities using API procedure 11A4.2

Crude kinematic viscosity, cSt

Temperature Measured API 11A4.2 Heavy oil
60°F 49.75 m.6 70.65
80°F 27.95 58.77 39.69
100°F 17.52 34.26 24.38
Vacuum resid kenimatic viscosity, cSt
Temperature Measured API 11A4.2 Heavy oil
210°F 6,787 454 4,784
250°F 1,261 147.5 858.5
300°F 274.6 50.83 176.8

TABLE 2. Predicted kinematic viscosities using API procedure 11A4.2

and heavy oil correlation

Measured APl procedure Heavy oil
Viscosity method values 11A4.2 prediction
Duty, 10° Btu/hr 3.654 8.976 5.432
Log mean temperature 165 150 159
difference, °F
Heat-transfer coefficient, 4.657 12.62 7144
Btu/hr/ft2/°F
Shell side
Toues °F 265 245 258
AP, psi 58 8 27
Tube side
Toues °F 10 19 n3
AP, psi 9 13 n

The company is using the latest modeling technologies to
predict how heavy oils will perform at various refinery process-
ing stages. This software has identified several areas in need of
improvement, and new and expanded models have been devel-
oped to increase prediction and plant optimization accuracy
through advanced process simulation.

These efforts have been directed at multiple procedures:
Preparing crude oil feed, investigating viscosity and thermal
conductivity, maintaining H, balance and solubility as part of
the upgrading process, removing Hg and other contaminants,
and performing molecular-based characterization.

Knowledge of viscosity is critical to understanding heavy oil
properties and potential product yields. The newest method of
liquid viscosity prediction advances the accepted Twu correla-
tion, improving the predictive accuracy of viscosities in the 100
cSt-100,000 cSt range and closely estimating temperature depen-
dence, especially for low temperatures. Utilizing data from more
than 125 heavy oil assays provided by the consortium, the accu-
racy of viscosity prediction in simulations is greatly improved.

In addressing liquid-phase thermal conductivity in heavy
oils, there is limited industry data. However, in recognizing the
comparable characteristics of solvent refined coal II, for which
some data is available, accurate correlations have been estab-
lished. Recent testing has determined a strong performance us-
ing the Sato-Riedel method, requiring only an estimate of criti-
cal temperature to produce the best level of accuracy.

Hydroprocessing is required to remove impurities in heavy
oils. Hydrogenation increases the yield and converts low-value
feedstocks into higher-value end products. With the addition of
H, in the process, refinery optimization relies on H, management
and its solubility in hydrocarbons. Laboratory measurements for
H,, hydrogen sulfide and ammonia vapor-liquid equilibrium
with defined hydrocarbons have been used to fit equation-of-
state binary interaction parameters to improve the accuracy of
predicting the elements’ solubility in hydrocarbon mixtures.

Hg is a contaminant in heavy oils that poses multiple chal-
lenges during refining. It can poison catalysts, contaminate waste-
water, destroy process equipment and impair processes, and be a
human health hazard. An accurate understanding of Hg’s solubil-
ity in hydrocarbons is necessary for its mitigation.

Similarly, naphthenic acid is a prevalent and increasingly cor-
rosive element in heavier oils. The most problematic acids are
those with a molecular weight having a boiling point of 430°F-
750°F. The acid concentration, density and viscosity of the oil
must be assessed to predict its corrosion potential.

Crude: 20.98° API, 736°F MeABP,
11.43 Watson K, 103°F, 400 psig
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Vac resid: 4.6° API, 1,182°F MeABP,
11.35 Watson K, 278°F, 250 psig

FIG. 2. A correlation developed for attributes of heavy oil and
kinematic viscosity.
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Kinematic viscosity predictability. The procedure for
characterization using data from consortium members fo-
cuses on extrapolating the molecular weights of critical
heavy oil components with normal boiling points exceeding
1,000 K. The importance of this procedure cannot be un-
derstated when designing process components, such as heat
exchangers.

Using a newer correlation developed specifically for the
attributes of heavy oil and kinematic viscosity, results can be
compared to measured data and to data derived from the older
API procedure 11A4.2. The new correlation exposes a signifi-
cant difference in accuracy in heat exchanger sizing.

TABLE 1 shows predicted kinematic viscosities in centi-
stokes at various temperatures using API procedure 11A4.2,
compared to the heavy oil correlation shown in FIG. 2. In TABLE
2, the comparison shows that the duty would be almost 250%
oversized. The newer heavy oil method predicts duty much
closer to the measured data, especially as temperatures rise.

Takeaway. The nature of refining is continually changing
with increasing global demand and feedstock supplies that are
becoming heavier and more difficult to process. In addition,
increasing government oversight and environmental con-
straints on emissions heavily impact refining operations.

To maximize profitability, refiners are faced with decisions
to alter their operations to suit changing feedstock slates. Op-
erational challenges are extremely difficult, if not impossible,

Refining Developments P

to address without knowledge of the specific characteristics of
different crude oils.

Heavy oils have become economical feedstocks and are
adding to global hydrocarbon supplies. However, they require
additional additives to combat high viscosity and high mass
density. At the refinery, they need extra treatment phases that
include adding H, during processing to eliminate or mitigate
impurities and to alter their molecular structures.

The compositions of heavy oils vary, adding complexity to
their processing. While models have been used for years to un-
derstand and optimize the processing of light oils, increased
demand for heavy oil has led to the development of models to
address the unique attributes of these oils.

To optimize processing and reduce design and operating
costs, refiners should use accurate simulation models that are
specifically tailored for heavy crude oils. Without this accura-
cy, operating and capital costs will escalate, and performance
will diminish, at a time when refiners are seeking advantages
to increase profitability. HP

JOSEPH MCMULLEN is the product marketing manager for the
SimSci brand within Invensys. He earned a BS degree in chemical
engineering in 2000 and an MBA degree in 2004, both from
Villanova University in Pennsylvania. Since starting with Invensys
in 2001 as a senior technical support specialist, Mr. McMullen has
held multiple roles in product management and transitioned to
product marketing in 2011. He regularly discusses simulation
topics via his blog, http://simulationots.blogspot.com/
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W. K. SHIFLETT, D. TORCHIA and C. W. OLSEN, Advanced

Refining Technologies, Columbia, Maryland; and D. BROSSARD,
Chevron Lummus Global, San Ramon, California

Catalyst systems offer flexibility
for hydroprocessing applications

The dynamics of global gasoil (GO) and ultra-low-sulfur
diesel (ULSD) demand are driven by regulatory demands for
transport diesel and evolving needs for vastly improved ma-
rine-bunker quality in specific emission control areas (ECAs),
as well as in economic growth. It is expected that this will drive
regional variability in ULSD/0.1% sulfur GO differential over
time and consequently provide incentives for refiners to maxi-
mize flexibility in both hydrocracker distillate yields and ULSD
unit performance. Adding in an expectation of gasoline supply
becoming long in the Middle East over the next several years,
the refiner is further motivated to evaluate and select premier
catalyst systems for the production of both diesel products
from their hydrocracking and diesel treating units.

The growth in refined products is strongly driven by the
demand for clean diesel and new regulations on GO between
now and 2020. Notably, cumulative annualized global growth
in diesel/GO demand is predicted to be about 2%, outpacing
gasoline at 1.3% with the estimated gasoline/diesel-GO ratio
dropping from 0.85 in 2012 to 0.81 in 2020." In addition to
steady growth in Asia and continued recovery elsewhere, new
motor vehicle mileage standards, ethanol mandates in North
America and emerging regulatory restrictions on marine fuels
add further momentum to this trend. Bunker fuel regulations
becoming effective in 2015 and requiring 0.1% sulfur limits in
ECAs in North America and Northern Europe will underlie a
demand shift to diesel/ GO products with an expected concur-
rent boost in diesel price primarily due to quality requirements.

Meanwhile, refining capacity additions will outstrip global
demand in the 2015 to 2020 period, thus continuing pressure
on refining margins. In short, it will be a period of opportu-
nity for flexible refiners with hydrocracking capabilities, espe-
cially those coupled with a robust ULSD hydrotreater that can
marry their catalyst system needs and operational responses
to changing economic scenarios.

Molecular management and hydroprocessing units.
Of all diesel boiling range materials, fluid catalytic cracking
(FCC) light cycle oil (LCO) stands out as one of the lowest
value feedstock materials. It is usually the most difficult to
manage operationally in a hydroprocessing unit, largely due
to the combination of olefins and the refractory nature of the
LCO. It has the highest demand for hydrogen to produce a
clean diesel or even 0.1% sulfur marine GO, and offers heat

release management challenges when processed at higher
fractions in a hydroprocessing unit feed. Provided there is ad-
equate hydrogen supply, LCO is sometimes best processed in
the hydrocracker along with other feeds such as automotive
gas oils (AGOs) or vacuum GO (VGOs). Adding to the equa-
tion is that all LCOs are not created equal. Depending upon
the refinery configuration, the LCO may be produced from
an FCC with a feed pretreater and consequently contain fairly
modest levels of sulfur and nitrogen. Although they appear to
be “easier” feeds due to their lower levels of contaminants, the
remaining impurities are also the toughest to treat.

Coker GO can also be processed either in the hydrocracker
or ULSD unit subject to individual unit capacities and infra-
structure limitations such as hydrogen availability, pressure,
cut point and impurities. Heavy coker GO (boiling well above
the diesel range of > 975°F) will prove to be problematic for
catalyst life cycles if processed in the ULSD unit and can pres-
ent significant challenges to processing in significant quantities
even in modern, robustly designed hydrocrackers. A hydro-
cracker originally designed or revamped for VGO service is a
more suitable outlet.

This offers more potential to maximize diesel yields, espe-
cially in recycle flow configurations and higher pressures. With
adequate hydrogen partial pressure and the appropriately tai-
lored catalyst system to remove contaminants and provide sul-
fur conversion, light coker GO are readily processed to ULSD
in the diesel hydrotreater.

Straight-run (SR) GO present the least challenging process-
ing constraints, and can be fed to either the hydrocracker or
ULSD unit (although the ULSD unit is typically the preferred
outlet). Exceptions include cases where the SR feeds are need-
ed as diluent components to aid in managing hydrogen con-
sumption limitations and heat release issues in hydrocrackers
designed for more paraffinic and naphthenic feeds.

Processing tactics are balanced between these feedstock mo-
lecular management considerations and the designs, limitations
and strategic intent of the unit in the refining scheme. Hydro-
crackers have traditionally been designed with the intent to pump
hydrogen into the feedstock to convert heavier, higher-boiling
materials into more valuable products while capitalizing upon
aromatics saturation to increase volume swell, as well as prod-
uct value parameters. Until recently, ULSD has been a secondary
priority and generally not even a consideration in the original de-
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sign of units operating today. With a robust ULSD in the refinery,
this prioritization need not be overridden, but can be augmented
by the utilization of the latest catalyst systems for hydrocracking
that have been designed for maximum hydrodesulfurization
(HDS) activity, as well as for the fundamental hydrodenitroge-
nation (HDN), hydrocracking and saturation needs.

Catalyst system flexibility. While several hydrocracker
configurations are in usage, two dominate the landscape, es-
pecially when addressing clean fuels production: single-stage,
once-through (SSOT) configurations and two-stage, recycle
(TSREC) configurations.> A perspective over a decade of ap-
plication is provided in FIG. 1.

Hydrocracking conversion spans a range from approximately
40% to 100%. The SSOT configuration is both simple and versa-
tile, and it represents the simplest configuration when unconvert-
ed oil (UCO) has high value as either a lube plant feed or an FCC
feed. This configuration dominates the low conversion market (>
70%). The SSOT process configuration is shown in FIG. 2.

Catalyst system optimization for the SSOT is often influ-
enced strongly by the desired outlet for the UCO it produces:
lube plant feed will favor higher viscosity index (VI), aromatics
saturation and HDS, while FCC feed will favor HDN, poly-nu-
clear aromatics removal and HDS. Balanced with these needs
are the light product drivers: ULSD or the less-demanding
0.1% sulfur marine fuel. If ULSD production is a target and
cannot be produced within the SSOT unit constraints, it is

2%

[0 TSREC
[ SSOT
[ Other

15.2%

2004-2015 startups, specific licensor data

FIG. 1. Hydrocracker licenses by type on capacity basis.
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FIG. 2. SSOT process configuration.
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critical to factor in and model the effect of this pre-processed
component as feed to the ULSD unit. It will clearly include
more difficult, sterically hindered sulfur compounds for HDS
in the ULSD unit.

Catalyst system selection and optimization are controlled by
many constraints that must be accommodated in a single stage:

« Hydrodemetalization (HDM) needs driven by heavy
VGO (HVGO) and/or deasphalted oil (DAO) components,
as well as by crude source (arsenic and other contaminants)
and coker products in the feed (silicon contaminations)

« HDN requirements for the hydrocracking function in the
lower catalyst system

« Hydroconversion targets to remove of heavy components

« HDS needs for products such as ULSD, marine GO and
UCco

« Aromatics removal (lube or FCC applications)

« Isomerization (for lube needs).

SSOT catalyst system optimization is further challenged
when the application involves a unit converted from a former
service such as FCC pretreatment or, in less common cases,
diesel treating. In such cases, heat release and hydrogen con-
sumption come into play, as these units typically contain only
a few deep beds. Semantics can sometimes obscure the proper
application of catalyst technology. A “mild hydrocracker” is a
low-conversion SSOT (< 40%) and is most effectively evalu-
ated as a part of the SSOT catalyst system continuum.

SSOT systems typically demand the highest activity cata-
lyst components to meet HDN and HDS needs.

Lacking the flexibility to recycle and adjust the recycle cut
point (RCP), product selectivity in the SSOT is controlled by
the catalyst system choice. This choice relies mainly on hydro-
cracking catalyst component selection, along with setting the
operating temperature regime and span.

Hydrocracking catalysts typically exhibit a trade-off between
selectivity to distillates and activity (temperature required for a
target conversion level). Premier catalyst performance is defined
by innovations that increase both selectivity and activity. FIG. 3
shows the progression of such performance for the hydrocrack-
ing catalysts provided by one such supplier.

Catalyst system design in an SSOT can involve more than a
single solution. While a single hydrocracking catalyst from the
“B” range might seem an obvious solution for a refiner desir-
ing “A” selectivity but lacking the infrastructure to compensate
for the lesser activity, synergies in multi-catalyst combinations
might instead point to a system of “A” and “C” catalysts and can
actually achieve a better result than pure “B” alone.

TSREC configurations offers a high level of flexibility in ad-
dition to providing the more favorable means to achieve con-
version levels of 90% plus. TSREC configurations also are the
preferred means to achieve full naphtha/gasoline selectivity.
The configuration is shown in FIG. 4.

TSREC units offer the refiner the ability to operate the
two stages differently to simultaneously meet separate goals
for each stage. This configuration also offers the flexibility to
balance the stages to optimize the desired product selectivity
and qualities. Note that, although this unit is shown with two
reactors, they are often built with multiple reactors, generally
as part of the first stage providing even greater ability to pro-
cess poorer value stocks.
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As an example, the first stage could be targeted to both pro-
vide a diesel draw suitable for marine fuel blending, as well as
pretreatment for the second stage, which could be targeted
to produce ULSD. Contrasted to the SSOT, the TSREC has
added operational flexibility provided by the ability to adjust
RCP and per-pass conversion in each stage plus a second cata-
lyst system that allows optimization of an additional catalytic
component. In addition, feedstocks can be shifted within the
ULSD unit to further add operating space. This integration
and flexibility permits the refinery to take full advantage of sea-
sonal or frequent economics.

Catalyst system selection and optimization in the first stage
is often influenced by feed quality and contaminants, with ni-
trogen, sulfur, metals, silicon and arsenic being the typical sus-
pects. This is especially challenging for older, existing units but
can be equally daunting even for new units.

Following feed contaminant removal, the remaining cata-
lyst volume can be used to achieve the conversion and selectiv-
ity goals. Often, the first stage is required to achieve 50%-60%
conversion after removing feed contaminants for both stages.
Depending upon unit objectives, the first stage cracking cata-
lyst can be chosen from any of the “A,” “B” or “C” groups.

Second-stage catalyst selection will largely be driven by the
performance of the first stage to achieve the desired overall
unit goals. Second stage catalyst will contribute significantly to

Max. diesel Diesel/kerosine Kerosine/jet Naphtha
°®
A ® ® B Base metal
\ hydrocracking

catalyst portfolio

Selectivity —

Progressive
generations
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FIG. 3. Selectivity and activity improvements for hydrocracking
catalysts by a hydroprocessing catalyst supplier.
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FIG. 4. TSREC process configuration.

product quality improvement and to the ability to achieve high
levels of conversion to the desired product, typically diesel or
total distillate.

Catalyst system optimization. ULSD units must also address
molecular management. However, a properly designed catalyst
system and optimized processing scheme can help the refiner
maximize his profit goals. To help refiners deal with the severe
demands of ULSD, a stage catalyst system in 2001. This system
uses catalyst technology that is staged in the proper proportions
to provide the best performance while also meeting individual re-
finer requirements. Catalyst staging is designed to take advantage
of different reaction mechanisms for sulfur removal; a high activ-
ity cobalt and molybdenum (CoMo) catalyst efficiently removes
the unhindered, easy sulfur via the direct abstraction route, and
a high activity nickel and molybdenum (NiMo) catalyst then at-
tacks the remaining sterically hindered, hard sulfur.

An important aspect for a staged catalyst system is design-
ing the optimum proportions of the CoMo and NiMo catalysts
that will deliver the best performance. This is dependent upon
a number of factors, including the unit objectives, feed and op-
erating constraints.>*

A key advantage for this system is the efficient use of hydro-
gen. FIG. 5 illustrates how the system can be tailored to provide
the best balance of high HDS activity while minimizing H,
consumption. The figure shows that, as NiMo catalyst is added
to the system, there is a significant increase in HDS activity
relative to the all CoMo reference, and eventually, a minimum
in the product sulfur curve is reached.

The figure also shows the relative H, consumption, and, as
the percentage of the NiMo component increases, the H, con-
sumption relative to the base CoMo system increases. In the
region where the system shows the best activity, the hydrogen
consumption is only slightly greater than that for all the CoMo
system, and well below that for the NiMo catalyst. This is a
direct result of the different kinetics for sulfur and aromatics
removal, and it is a critical consideration when customizing the
staged catalyst system.

For units that have a hydrogen constraint, the key to design-
ing the proper catalyst system is increasing the hydrogenation
selectivity to provide the highest HDS activity while mini-
mizing hydrogen consumption. FIG. 6 shows a rapid decrease

=== Hydrogen consumption
w Sulfur
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=
g =
=2 @
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FIG. 5. Balancing high HDS activity while minimizing H, consumption.
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FIG. 6. Effects of increasing residence time.

in polyaromatics concentration and a corresponding increase
in mono-ringed aromatics for both catalysts as the residence
time is increased. The NiMo catalyst is much more efficient
at hydrogenating the final aromatic ring, as evidenced by the
lower mono-ringed aromatic concentration with increasing
residence time compared to the CoMo catalyst. At the longest
residence time on the chart, the NiMo catalyst has about 15 ab-
solute numbers with a lower mono-ringed aromatics concen-
tration than the CoMo catalyst, and that corresponds to about
300 standard cubic ft per barrel in higher hydrogen consump-
tion for the NiMo catalyst.

The data demonstrates that the system’s hydrogenation
activity can be tuned by adjusting the relative volumes in the
CoMo and NiMo beds within the reactor. Of course, not all
units have an H, constraint, and, in those cases, the incremen-
tal increase in aromatics saturation and the correspondingly
higher hydrogen consumption obtained by the NiMo catalyst
offers benefits such as cetane improvement and the ability to
process more cracked stocks.

Experience has demonstrated that a properly designed
ULSD unit combined with the right catalyst system can pro-
cess up to 100% cracked stocks to produce < 10 ppm sulfur and
provide significant cetane uplift and volume swell.

In applications where there is sufficient H, availability and
partial pressure, a NiMo catalyst is likely the most active sys-
tem for HDS. However, it will consume significantly more
hydrogen due to its efficiency at catalyzing hydrogenation re-
actions. If the incremental hydrogen consumption cannot be
tolerated, a system can be designed that will deliver high HDS
activity and minimize hydrogen consumption. In cases where
the hydrogen pressure is lower, the staged catalyst system is of-
ten more active than either component alone. FP
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Refining Developments
R. G. VAZQUEZ, D. SEEGER and M. THUNDYIL,

GTC Technology US LLC, Houston, Texas

Improved oxidation process increases
sulfur recovery with Claus unit

Since its development in 1936, the “modified Claus” tech-
nology has been the preferred process used by refineries and
gas processing plants for the recovery of sulfur from acid-gas
streams. Modern sulfur plants include a burner and a thermal
reactor tied to a waste-heat exchanger as the first and second
process units followed by a catalytic reaction section con-
sisting of two or more catalytic converters. If sulfur recovery
higher than 98% is required to meet the low-sulfur emission
standards set by legislation, a tail-gas cleanup process must be
included in the design of the sulfur recovery unit (SRU). The
modified Claus process, however, has a number of operating
challenges that are associated with the reactions and occur
in the burner and thermal reactor. Some of these problems
are: sustainable flame stability, operational reliability, mini-
mum acid-gas concentration, strict control of the acid gas to
air ratio, soot formation, catalyst fouling, and the formation
of undesired byproducts such as carbonyl sulfide (COS) and
carbon disulfide (CS,).

New solution. A new process uses partial oxidation cataly-
sis to improve the operation and reliability of the Claus unit.*
The process lowers the capital investment in grassroots ap-
plications. The burner and thermal reactor are replaced with
a catalytic combustor that uses a durable catalyst in a short-
contact reactor to achieve near-equilibrium hydrogen sulfide
(H,S) conversion, high-sulfur selectivity and elimination of
classic catalyst deactivation mechanisms due to sulfur poison-
ing and coke deposition on the catalyst.

Process description. A simplified process flow diagram for
the partial oxidation catalysis process is shown in FIG. 1. The
figure shows a catalytic combustor in place of the conventional
Claus burner and thermal reactor.” The acid gas and air streams
are preheated to approximately 220°C before they are mixed
and sent to the specially designed chamber to thoroughly mix
the two gases before they enter the catalyst reactor bed.

As the gas enters the reactor, it comes into contact with the
front face of the catalyst, passes through the catalyst bed in
less than 0.1 seconds, and immediately enters the waste-heat
exchanger or waste-heat boiler (WHB). In the catalytic reac-
tor, over 80% of the H,S present in the acid gas is converted to
sulfur and sulfur dioxide (SO,); most of the hydrocarbons are
converted to hydrogen (H,), carbon monoxide (CO) and water
(H,0); and the ammonia (NH,) is converted to nitrogen (N,)
and H,, or N, and H, O, depending on the reactor temperature.

The gas exiting the WHB is sent directly into the first Claus
converter, thus eliminating a sulfur condenser and a re-heater
and achieving over 90% sulfur conversion after the first Claus
converter. This technology can be applied to a conventional
modified Claus configuration, and may be of particular interest
in grassroots designs.

The gas path after the first Claus converter is the same for
the partial oxidation catalytic process as that of a conventional
Claus SRU: The equipment following the WHB consists of
conventional Claus catalytic reactors, sulfur condensers and
re-heaters, followed by a tail-gas unit (TGU). However, since
the COS and CS, formation is dramatically reduced due to the
short contact reactor, the catalyst requirements for COS and
CS, hydrolysis are, likewise, reduced.

The new process is designed in accordance with the prin-
ciples of the classic Claus reaction.* In the catalytic combus-
tor section, under sub-stoichiometric conditions, over 80% of
the H,S in the feed stream is converted to sulfur and to SO,
and H,O. If the sour gas being treated contains NH;, and if the
reaction temperature in the catalytic combustor section reach-
es 1,400°C, then the NH; will be destroyed through thermal
dissociation to form N, and H,. If the temperature does not
reach 1,400°C, the NH, will be oxidized to form N, and H,O
at temperatures of about 1,200°C. Light hydrocarbons will be
oxidized to form mainly CO and H, and some CO, and H,O.
Due to the short-contact reactor, only minimum amounts of
COS and CS, will be formed in the reactor. Benzene, toluene
and xylene are completely destroyed at temperatures above

Catalytic combustor
. HP steam
Acid gas @ >
To next
. catalyst bed
Air WHB
? LP steam
BFW

Condenser

BFW ¢

Sulfur pit

FIG. 1. Simplified flow diagram of the partial oxidation process
integrated with the first Claus converter and first sulfur condenser.
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900°C. Some of the reactions that occur in the catalytic com-
bustor section are:

H,S + 1.50, — SO, + H,0

2H,S + SO, — 1.5S, + 2H,0

2NH, + Heat —N, + 3H, (thermal dissociation) or

NH, +0.75 O, —0.5 N, + 1.5 H,0 (oxidation)

H,S —H, +0.5S,

C.H,..,+((2n+1)/2) O, = (n+1) H,O +n CO

CH, +n0O,—-nH,0+nCO

In FIG. 2, a catalytic combustor used in the new process is
compared to the conventional Claus burner and thermal reac-

Catalytic combustor

Acid gas l

WH recovery

Air
—_—

Equivalent conventional Claus furnace

WH recovery

3,81mm

N
2

FIG. 2. A partial catalytic combustor (top) compared to a conventional
Claus thermal reactor designed for the same application, showing the
relative size difference. Note: The Claus furnace schematic does not
illustrate the burner, which further accentuates the size difference.
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FIG. 3. Ultimate vertical design of new partial oxidation process
with two Claus converters in series.

tor units.* Both the conventional burner and the thermal reac-
tor and catalytic combustor were designed using the same acid-
gas composition and operating conditions. TABLE 1summarizes
the design basis.

As shown in FIG. 2, the two units are drawn to scale, which
shows the relatively larger size requirement for the burner and
thermal reactor over the catalytic combustor. This size differ-
ence saves significantly on the footprint and amount of refrac-
tory material required. The refractory volume needed in the
catalytic combustor is 1/40th that of the refractory volume
required for the thermal reactor.

In some cases, the new partial oxidation process can be of-
fered in a single vertical arrangement that also reduces inter-
connecting piping, sulfur rundown piping and total plant foot-
print; all further reducing capital cost.

In a vertical arrangement, the new catalytic combustor, inte-
grated WHB and the catalytic converters and condensers are all

TABLE 1. Basis for the design of a catalytic combustor

and a conventional Claus burner with a thermal reactor

Acid gas from  Sour-water Combustion
Stream amine unit stripper gas air
Mass flow, kg/h 4,050 730 10,900
Flowrate, Nm3/h 2,671 675 8,500
Composition, kg-moles/h
(o 0.48 0 0
G, 0.72 0 0
C, 119 0 0
C, 0.60 0 0
Co, 119 0 0
H,0 2.86 6.00 5.4
H,S 1n2.21 12.00 0
Hexane 0 0.04 0
Phenol 0 0.02 0
N, 0 0 295.6
0, 0 0 78.5
NH, 0 12 0
50
Claus
. 40 Partial oxidation
= process
gzo
0 Claus with
acid-gas enrichment
Partial oxidation
process with
10 acid-gas
enrichment
0
01 1 10 100 1,000

Sulfur plant capacity, tpd

FIG. 4. Technology envelope for partial oxidation process and Claus.
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combined in a single vertical tower.* FIG. 3 is a simplified diagram
of the vertical arrangement with two Claus converter stages.*

Sulfur-reduction optimization. The new partial oxidation
process can provide several advantages and benefits over the
modified Claus process, including: improved reaction efficiency,
improved turn-down flexibility, reduced COS and CS, forma-
tion, lower soot formation, near-seamless switching between
acid gas/fuel gas, and no oxygen breakthrough during startup
or shutdown activities.* TABLES 2 and 3 summarize the many
process and economic advantages with a short-contact catalytic
combustor vs. a conventional Claus burner and thermal reactor.

Applications. The key advantages of the new technology are
that it dramatically reduces the capital cost of a “modified Claus”
plant, and that it can handle lean sour-gas streams with ease.
These advantages, either singly or together, expand the appli-
cable envelope of “modified Claus” technology.

Example. The partial oxidation process has an application
in a small refinery or a refinery processing sweet crudes with
a total sulfur capacity of 2 tpd-20 tpd. In this situation, unlike
iron redox technology, the new process can destroy NH,, and
thereby help refiners meet both sulfur oxide (SO,) and nitro-
gen oxide (NO,) targets with ease. Similarly, associated sour gas
streams, with a total sulfur content of 2 tpd-20 tpd, can now be
processed, allowing oil and gas producers to produce oil and sell
pipeline-quality gas while meeting sulfur-emission targets. FIG. 4
illustrates the new sulfur-removal technology envelope.

Opportunities. Modified Claus plants have a number of oper-
ating problems associated with the reactions that occur in the
burner and thermal reactor units. A new technology can offer an
alternative to eliminate most of the issues associated with flame

TABLE 2. Operating conditions for new partial oxidation

process and conventional modified Claus units

Conventional New partial
Item modified Claus  oxidation process?
Minimum acid gas 50 25

concentration, %H,S

Furnace temperature, °C Base 150 to 200 higher
Reaction furnace residence 1-2 0.1

time, sec

Air demand issue: Yes No

Fuel gas to acid gas

Refining Developments P

stability, byproduct formation, refractory maintenance, etc. The
new process, with a catalytic combustor at the front end of a mod-
ified Claus process, results in significant process and economic
benefits and advantages including improved sulfur yield, reduc-
tions in COS and CS, formation, reduced impact of hydrocarbons
on air demand, improved startup and shutdown operations, and
reductions in the size of the Claus converter catalyst-bed sections.?
In addition, the new catalytic combustor allows upgrades of ag-
ing Claus burners and thermal reactors, and permits a 20%-30%
reduction in capital costs associated with Claus plants, while reduc-
ing the TGU loading due to its higher conversion efficiencies. FP

NOTES

* GTC Technology now offers its unique GT-SPOC technology. GT-SPOC (sulfur
partial oxidation catalysis) process, the burner and thermal reactor are replaced
with a catalytic combustor.

A catalytic combustor, GT-CataFlame, is in place of the conventional Claus
burner and thermal reactor.

TABLE 3. Processing benefits with new partial oxidation unit?

Process advantages

Reactants are pre-mixed prior to passing through the catalytic
combustor, creating a uniform flow through the cross-section of the
reactor; thus eliminating the problems of post-combustion mixing for
contaminant destruction

Lean H,S gases (< 30 wt%) can be directly fed to the catalytic combustor

Close-coupling of the catalytic combustor and WHB improves the total
sulfur yield and reduces air requirements due to rapid reaction quenching

No flames, fire-eyes nor burner management systems. A small
retractable burner or access to a hydrogen-containing fuel is all that is
needed to trigger the catalyst at startup

Fuel-gas oxidation for warm-up takes place at 25% air stoichiometry,
eliminating oxygen breakthrough to downstream Claus converter beds
during startup and shutdown

Air demand is identical for natural gas and H,S; consequently, co-firing
with natural gas is easier to control, and does not produce soot

Low-molecular-weight hydrocarbons are converted to reduction TGU
friendly H, and CO by catalytic partial oxidation

Soot formation is virtually eliminated. Air/fuel ratios for fuel-gas
oxidation closely resemble acid gas/air ratios making, switching
nearly seamless

COS and CS, formation is almost completely eliminated

Sulfur product contains only 25%-33% of the dissolved H,S/H,S, of
normal Claus sulfur

Economic advantages

Startup and shutdown Time consuming  Fast

NH; destruction Yes-2 chambers  Yes

COS, CS, formation Yes

Traces only

Significant reduction in refractory lining due to the smaller size
of the catalytic combustor.

Small catalytic combustor volume and reduction of byproducts allow
for design changes; all reducing the overall unit footprint

First condenser/re-heater Necessary Can be eliminated ) . ) ) -
Design changes eliminate interconnecting piping and sulfur rundown
Claus converter beds Base 50%-70% smaller piping and equipment
Heavy hydrocarbon destruction  Challenging Yes (makes H,/CO) Less refractory and catalyst mass to heat up or cool down;
Plot space 1 0.50-0.70 this in turn reduces the time required for shutdown or startup
Capital cost 1 0.70-0.80 A r_]eyv plant cqnl be constructed in a vertical orientation where the
unit is self-draining?
Operating cost ! 0.95 The first sulfur condenser and re-heater downstream of the WHB
Can conventional Claus units - Yes in conventional Claus designs are also eliminated, so that the gas

be upgraded?

stream exiting the WHB flows directly to the first catalytic converter
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Refining Developments
V. V. GALKIN, Gazprom Neft, Moscow, Russia;

V. MAKHIYANOV, Grubkin Russian State University of
Gas and Oil, Moscow, Russia; and M. I. LEVINBUK,
Topchiev Institute of Petrochemical Synthesis, Moscow, Russia

Update: Russia’s capacity and modernization program

Since 2008, Russian regulations re-
garding the crude oil and refining in-
dustry have changed substantially. At
present, Russia has 22 large refineries,
each with an individual throughput ca-
pacity exceeding 4 million tpy (MMtpy);
8 medium-sized refineries with capaci-
ties ranging from 1 MMtpy-4 MMtpy;
and over 200 small refineries. The gov-
ernment now requires that all Russian
refineries be modernized or shut down.
Such actions will involve technical and
economic optimization parameters, es-
pecially for determining how to upgrade
the medium- and small-sized refineries.

The new regulations will produce
changes on refinery performance, capac-
ity and processing profile (maximum
output of gasoline, middle distillates or
petrochemical feedstock). The maximum
output of middle distillates is the most
efficient refining model. Under new eco-
nomic conditions, after the export duty
for heavy petroleum products equal to
100% of the crude export duty will be in-
troduced in 2015, refineries with the ca-
pacity under 1 MMtpy will be operating
at a loss. Medium-sized refineries (capac-
ity of less 1 MMtpy-4 MMtpy) updates
cannot be carried out in several steps as
profitability for these refineries will cover
modernization costs. The presented ap-
proach will allow upgrading of small- and
medium-sized Russian refineries to meet
new government specifications in a cost-
effective manner.

Changes in the Russian law. On
Feb. 27, 2008, Resolution of the Gov-
ernment of the Russian Federation No.
118 enacted the Technical Regulations,
“On Requirements for Motor and Avia-
tion Gasoline, Diesel and Marine Fuel,
Jet Fuel, and Fuel Oil” (the regulations).

It resulted in a number of changes in the
domestic oil industry. New fuel quality
specifications and timelines for the con-
version to cleaner transportation fuels
caused Russian oil companies to recon-
sider refinery development programs and
begin upgrades to existing refineries.

New export duties for heavy petroleum
products (66% of the crude export duty in
effect from October 2011 and 100% be-
ginning in 2015) was another step taken
by the Russian government to encourage
refinery modernization.! Changes were
also made to the excise rates for engine
fuels: rates for low-grade fuels were in-
creased, while rates for higher-grade fu-
els were decreased.” In addition, certain
restrictions were imposed on connec-
tion of refineries in the process of design,
construction or modification to main pe-
troleum product pipelines and crude oil
pipelines. Going forward in 2015, oil con-
version ratio at refineries will be no less
than 70%; otherwise, connection to main
pipelines will not be possible.?

According to the Russian Ministry of
Energy, these changes should promote
investments by vertically integrated oil
companies in developing secondary refin-
ing processes. The Ministry expects the
investments in the refining industry mod-
ernization to reach 1 trillion rubles—$34
billion (B)—from 2011 to 2015. At the
same time, changes in the law will result in
economic unviability of unsophisticated,
export-oriented refineries and mini-refin-
eries. Insufficient capital-output ratio of
the mini-refineries will be forced to shut
down over the medium term.

At present, Russia has 30 refineries in
operation—22 large refineries (capacity
over 4 MMtpy) and 8 medium refineries
(capacity of 1 MMtpy—4 MMtpy) accord-
ing to the Russian Ministry of Energy’s reg-

ister.’ In addition, over 200 small (mini) re-
fineries (capacity of < 1 MMtpy) are still in
operation.® All refineries are in the process
of modernizing their operations. There are
several questions arising over the fuel qual-
ity and upgrading mandates:

« To what extent will the changes in
the law affect site profitability, especially
for small- and medium-sized refineries?

« What is the minimum capacity to
ensure profitability and return on invest-
ment (ROI), while meeting tighter fuel
quality requirements?

« What is the minimum investment
necessary to upgrade small- and medi-
um-sized refineries?

This article will investigate the standard
refining models and approaches to address
the Russian refining industry issues.

Basic data and limitations. Three
main oil refining models were used as the
base for the analysis:

Case 1. Gasoline based on catalytic
cracking

Case 2. Diesel based on vacuum gas-
oil (VGO) hydrocracking

Case 3. Petrochemical for maximum
production of petrochemical feedstock,
based on fluid catalytic cracking (FCC)
with maximum yield of C,-C, olefins.

Estimates also comprise the review
of sub-options to enhance the models’
efficiency. Estimates for the three cases
were applied for refining capacities from
1 MMtpy to 10 MMtpy, in increments of
1 MMton. This approach clearly shows
the trends in economic efficiency for
small, medium and large refineries. TABLE
1 summarizes the main petroleum prod-
uct yields with the selected models.

The process model has a minimum set
of processes to minimize project invest-
ments and produce Euro S transportation
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fuels. These models used several pro-
cesses refining with the same feedstock.
Processes, such as FCC and VGO hydro-
cracking are not covered in the models;
small- and medium-sized refineries lack
the investment assets for new FCC and
hydrocracking units. The selected models
are “reference” models; they may be used
in the future to develop the optimum re-
fining models for large refineries.

The models are analyzed in two stag-
es. The first stage described here does
not cover the variability of vacuum resi-
due (VR) processing. All of the models
include visbreakers and bitumen plants.
The ratio of the capacities is based on the
average data for Russian Federation refin-
eries. The process models for the refer-
ence refineries use standard refining pro-
cesses commonly installed at the existing
refineries or are included in the long-term
modification plans through 2020.”

Motor gasoline includes only AI-92
and AI-95 grades. In all options, methyl-
tertiary butyl ether (MTBE) is purchased
from third parties when needed to meet
Euro S requirements. The maximum
kerosine output is considered. However,
for simplicity, the model does not include
winter diesel fuel, which can be produced
by mixing kerosine with summer diesel,
if necessary. Crude quality is based on
Urals oil, with sulfur and light petro-
leum product content of 1.4% and 47%,
respectively. The export duties are per

the law of the Russian Federation now in
force. The crude price is set at $90/bbl.
The investment costs for plant con-
struction are calculated using available
data for construction of similar plants, as
well as data received from licensing and
consulting companies.” Investments are re-
calculated for different plant capacity as:*

I=I,X(C/C,)"

where I is the calculated investments for
a plant with capacity, C; I, and C, are
known investments and capacity of a
plant taken as analogue, respectively.

Construction costs for auxiliary and
power facilities, offsite facilities (OSF)
and construction management expenses
are taken as 70% of the total cost of main
processing plants. This cost level cor-
responds to the construction of a grass-
roots refinery. If the refinery has a well-
developed infrastructure, this ratio may
be decreased. However, given the process
models of small- and medium-sized Rus-
sian refineries, the modifications will be
comparable to building a refinery. So, the
70% ratio may be used at this level.

Operating costs are calculated on
the basis of actual plant performance at
OJSC Gazprom Neft refineries and ref-
erence data.” To minimize operating and
investment costs, assume refineries are
constructed as complexes rather than
individual processing units. The main as-
sessment criteria are:

o Technical parameters include:
o Oil conversion ratio
o Yield oflight petroleum products.
o Economical parameters include:
o Breakeven point—the capacity
in which the refining margin (sales rev-
enue less variable costs) will be higher
than the level of semi-fixed costs. (The
capacity selected by the refinery model
must yield a profit.) Note: If the upgrad-
ing investments are high, then deprecia-
tion will also account for a larger share of
the fixed costs.

+ Net present value (NPV) is the
ROI for the modification project. If the
NPV on a 15-year planning horizon is
more than zero, then the investments are
paid back.®

All process models are made and opti-
mized in MS Excel spreadsheets.

REFINING PROCESS
MODEL ANALYSIS

The processing analysis investigated
three options: gasoline only, diesel only
and petrochemical integration:

Gasoline option. The process flow
diagram for the gasoline option with
minimum investments is shown in FIG. 1.
This model allows for the oil conversion
ratio at a level of 76% and the 67% yield
of light petroleum products. The ben-
zene and total aromatics content in the
gasoline pool is a major problem. These

TABLE 1. Yields of main petroleum products for different refining models

Gasoline Diesel Petrochemical
Product Basic option Sub-option 1A Basic option Sub-option 2A Basic option Sub-option 3A

Liguefied petroleum gas (LPG) 4.9 3.3 2.4 2.4 9 9.9
Pyrolysis feedstock - - 47 7.9 2.3 -
Motor gasoline:

Al-95 28.7 26.7 - - 10.1 10.3

Al-92 3 21 - - - -
Aromatic hydrocarbons - - - 7.4 3.8 4
Reformate - - 10.5 - - -
MTBE, TAME and alkylate - 4] - - 6.3 7
Kerosine 8.8 8.8 274 274 121 121
Diesel fuel 277 277 29.8 29.8 275 275
Fuel oil 18.2 18.2 18 18 17.6 17.6
Bitumens 35 35 35 35 35 35
Sulfur 0.8 0.8 0.8 0.8 0.8 0.8
Fuel and losses 4.4 4.8 2.9 2.8 7 73
TOTAL 100 100 100 100 100 100
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parameters can be achieved blending
only MTBE or alkylate. Both MTBE and
alkylate must be purchased or produced
additionally from the refinery’s own
butylene. (In the gasoline option, pur-
chased MTBE values were applied, as it
is easier to get MTBE from the market.)

A sub-option was developed, which
includes sulfuric acid alkylation, MTBE
and tertiary-amyl methyl ether (TAME)
units (option 1A). With these process

1BP-180
Naphtha HT

70-180

Isomerization
Reforming

units, the benzene and aromatics content
in the gasoline meets Euro 5 emission re-
quirements, without purchasing MTBE
or alkylate from third parties. However,
this approach will increase investments
by 11%. Key performance indicators for
the gasoline option and the additional
sub-option are shown in TABLE 2 and FIG.
2. Investments in refinery modification
(gasoline option) are estimated at $ 4.3 B
for a refinery with 10 MMtpy of capacity.

Dry gas
H,S Sulfur
e B — 2w ]
LPG (sale) Natural gas H,

IBP-70

Isomerizate (blending)

Reformate (blending)

180-240 . Kerosine (sale)
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= | u0- SDF (sale
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E ((G‘HT =

= )
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R
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FIG. 1. Process flow diagram—gasoline option.

TABLE 2. Key performance indicators, gasoline option

Indicator Basic option Sub-option 1A
Conversion ratio, % 76 76
Yield of light petroleum products, % 67 71
Breakeven point, thousand tpy, at values:

2012 710 710

2015 990 980
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FIG. 2. NPV and investments—gasoline option.
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The breakeven point for the gasoline
option is 0.71 MMtpy at 2012 values and
0.99 MMtpy at 2015 values. After the
new duties for heavy petroleum products
are introduced, the ROI can be achieved
only if the refinery capacity exceeds 10.2
MMtpy. However, oil refining options
with 6.8 MMtpy and more are paid back
at present duty levels.

Diesel option. The process flow diagram
for the diesel option with minimum in-
vestments is shown in FIG. 3. The diesel
option allows for the oil conversion ratio
atalevel of 79% and 72% yield of light pe-
troleum products. These parameters are
higher than those for the gasoline option
due to less unconverted residue from the
VGO hydrocracker compared with FCC.
The model is based on the VGO hydro-
cracker with maximum output of middle
distillates and 95% conversion. The diesel
option selected for the analysis (provided
that gasoline is produced by the hydro-
cracker) does not allow for Euro S gasoline
due to aromatic hydrocarbons, benzene
content and saturated vapor pressure from
components produced by the refinery.
Since a large amount of components
with low aromatic hydrocarbons (alkylate,
TAME, MTBE, etc.) must be purchased to
bring the gasoline pool into Euro S com-
pliance, it was proposed to rule out motor
gasoline production under this option. In
this case, the IBP-62°C fraction is sold as
pyrolysis feedstock while the 62°C-140°C
fraction is directed to the reformer for
processing, and the reformate is sold as
teedstock for aromatics production. This
approach improves the refining efficiency
by reducing straight-run (SR) gasoline
production, reducing the hydrocracker
capacity and lowering operating costs for
hydrogen production. As reformate is not

Investments vs. refinery capacity
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TABLE 3. Key performance indicators, diesel option

Indicator Basic option Sub-option 2A
Conversion ratio, % 79 79
Yield of light petroleum products, % 72 72
Breakeven point, thousand tpy, at values:

2012 630 610

2015 870 810

TABLE 4. Key performance indicators, petrochemical option

Indicator Basic option Sub-option 3A
Conversion ratio, % 75 74
Yield of light petroleum products, % 65 64
Breakeven point, thousand tpy, at values:
2012 680 630
2015 890 810
Dry gas
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BP-62 (sale)
- Reformate (sal
6140 NaphthahT | Reforming | chorate (542
140-240 - Kerosine (sale)
5 Kerosine HT >
= | Gasoline-stripping
= 240-350 SDF (sale)
" I i
Crude oil % : DFHT
>
= : Heavy
H Gasoline, DF naphtha
g IBP-62 SHCD (sale)
= | Kerosine (sale)
V6o I erosine (sale)
> SHCD
DF (sale)
Unconverted oil
] 1 Commercial fuel oil (sale)
Vishreaker
R
o - Bitumen (sale)
——| Bitumen plant >
FIG. 3. Process flow diagram—diesel option.
Basic option Sub-option 2A
1,000 T T T T 1 ‘ }l) 1,000 V
800 [— == Export duties, 2015 }1{ 800 /
600 |— =©= Export duties, 2012 7 600
400 (/ 400 /]
= Pa = / 4
S 00 i =0
g e g /|
= =
— -
-400 -400
-600 -600
-800 : -800
01 2 3 45 6 7 8 910 11 12 01 2 3 45 6 7 8 9 100

Refinery capacity, MMtpy

FIG. 4. NPV and investments—diesel option.
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commonly used as a market product, an
additional option was developed to pro-
duce aromatic hydrocarbons—benzene,
toluene and xylene (BTX) as sub-option
2A. In this case, investments in refinery
modification increased 7% (from the
basic diesel option). Key performance
indicators for the diesel option and sub-
option 2A are shown in TABLE 3 and FIG. 4.
Investments in refinery modification (die-
sel option) are estimated at $3.9 B for a
refinery with 10 MMtpy of capacity.

The breakeven point for the diesel op-
tion is 0.63 MMtpy at 2012 values and
0.87 MMtpy at 20185 values. After the new
duties for heavy petroleum products are
introduced, the ROI can be achieved only
if the refinery capacity exceeds 8.8 MMt-
py- However, oil refining options with 5
MMtpy and more are paid back at present
duty levels.

Petrochemical option. The process
flow diagram for the petrochemical op-
tion with minimum investments is shown
in FIG. 5. This model is based on catalytic
cracking with deep conversion and high
yield of light olefins C,—C,, as well as on
the reforming of the 62°C-140°C fraction
to produce aromatic hydrocarbons. This
model allows for the oil conversion ratio
at a level of 75% and the yield of light pe-
troleum products of 65%. The major prob-
lems for this refining model include low
density of the gasoline pool (due to recov-
ery of aromatic hydrocarbons) and low-
octane gasoline/raffinate from aromatics
extraction. The problem with density can
be solved by adding toluene to the gasoline
blend; the problem with raffinate was rec-
tified by selling it as a petroleum solvent.
As the market for petroleum solvent is
limited, a sub-option was also developed
to direct raffinate to the catalytic cracker

Investments vs. refinery capacity
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(sub-option 3A). Process licensors con-
firm that it is possible to direct raffinate for
processing to deep FCC (DFCC) conver-
sion.'”" Raffinate processing at DFCC will
decrease the yield of light hydrocarbons
and oil conversion ratio, but, also, it will
remove the low-octane components from
the gasoline pool and thus increases Al-
95 gasoline production and the refinery’s
profit. Key performance indicators for the
petrochemical option and the additional
sub-option are shown in TABLE 4 and FIG. 6.
Investments in refinery modification (pet-
rochemical option) are estimated at $5 B
for a refinery with 10 MMtpy of capacity.

The breakeven point for the gasoline
option is 0.68 MMtpy at 2012 values
and 0.89 MMtpy at 2015 values, for sub-
option 3A-0.63 MMtpy and 0.81 MMt-
py, respectively. After the new duties for
heavy petroleum products are introduced,
the ROI can be achieved if the refinery
capacity exceeds 9.3 MMtpy (8.2 MMtpy
for sub-option 3A). However, oil refin-
ing options with 6 MMtpy and more (5.3
MMtpy and more for sub-option 3A) are
paid back at present duty levels.

FUTURE OPTIONS

FOR RUSSIAN REFINERS

The analysis shows that the model
with maximum output of middle dis-
tillates is the most efficient model un-
der the present Russian law. This op-
tion has minimum investments ($3.9 B
-$4.1 B for a refinery with 10 MMtpy of
capacity), a minimum breakeven point at
a level of 600,000 tpy-650,000 tpy, and
a minimum oil refining level at which
refinery modification will pay back af-
ter the 100% duty for heavy petroleum
products is introduced (8.2 MMtpy-8.8
MMtpy), excluding investments in heavy
residue processing.

Basic option

With regard to RO, the petrochemical
option with maximum yield of light olefins
C,-C, is comparable to the diesel option.
But the investments are the largest among
the options under discussion. Refinery
modification under the gasoline option
requires investments at $4.3 B. However,
ROI can be achieved only for large refiner-
ies with the capacity exceeding 10 MMtpy.

The estimates show that the era of
mini-refineries, with capacity less than
500,000 tpy is ending. The mini-refineries
will shut down, as they are unprofitable
and cannot undergo cost-effective modi-
fications to meet legal requirements for
product quality without substantially in-
creasing throughput capacity. It is impos-
sible to modify all of the small refineries
and increase processing capacity to the
minimum efficient capacity. Such an ac-
tion would effectively double the refining

HP

Refining Developments

throughput in Russia against the existing
level. Such capacity is over the present
domestic market demand and available
crude oil supplies. Only those mini-refin-
eries that can be upgrades are able to:

o Increase their capacity to 1 MMtpy,
achieve 70% oil conversion ratio and find
amarket for produced petroleum products

« Find ways to purchase much cheaper
equipment, given that present prices are
peaking due to a greater market demand for
modifications for other Russian refineries

« Consistently (on a phased basis) in-
troduce new processes (processing units)
within a reasonable time before the new
customs duties for fuel go into effect.

As the total refining throughput of mini-
refineries is approximately 11 MMtpy,
large oil producers will be able to cover the
market gap with petroleum products from
present refineries on a competitive basis.
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FIG. 5. Process flow diagram—petrochemical option.
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Medium-capacityrefineries (1 MMtpy
—4 MMtpy) are a more complicated is-
sue. Their share in the total refining
throughput in Russia is about 10%-15%.
If the medium-sized refineries shut
down, this may strongly affect the Rus-
sian market for petroleum products,
especially in the regions where such re-
fineries are located. According to the
estimates, after the 100% duty for heavy
petroleum products is introduced in

2015, only refineries with capacity ex-
ceeding 8 MMtpy will be able to get ROI
for their modification if they are done
in a conventional way. Construction of
heavy-oil residue processing complexes
may have a beneficial effect on ROI in
modifying medium-sized refineries.
Conversely, it will mean that step-by-
step modifications will be impossible
because medium-sized refineries will not
reach a sufficient profit level to start opera-
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tion unless they construct deep-conver-
sion facilities. The existing offsite facilities
of a refinery will reduce the investment re-
quired for modification. Nevertheless, for
most medium-sized refineries with a low
level of secondary processes, such invest-
ments will be close to grassroots-refinery
construction costs. It appears that the Rus-
sian government should reconsider the is-
sues related to modification and further
operation of medium-sized refineries. FP

NOMENCLATURE
HT Hydrotreater
CCG Catalytically cracked gasoline
DF Diesel fuel
DECC Deep fluid catalytic cracking
FCC Fluid catalytic cracking
HCGO  Heavy catalytic gasoil
HPU Hydrogen production unit
HRU Hydrogen recovery unit
LCGO Light catalytic gasoil
SDF Summer diesel fuel
SRU Sulfur recovery unit
LCGO Light catalytic gasoil
VR Vacuum residue
VGO Vacuum gasoil

NOTES

* Information attained from KBC and CLG.

® All process models are made and optimized in MS
Excel spreadsheets. Validity of the models is verified
using Honeywell's RPMS.
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T. FRANK, Lubrizol, Wickliffe, Ohio; and W. BRIDGES,

Coastal Chemical Co., Abbeville, Louisiana

Novel use of sulfiding agent
prevents refinery shutdown

When an insufficient supply of acid gas threatened to shut
down operations at a US refinery, quick thinking, along with
the novel use of a sulfiding agent and a strong supply chain
made all the difference.

A sulfiding agent is a chemical additive with a high per-
centage of sulfur that is typically dosed by the refinery or a
third-party service company to help activate hydroprocessing
catalysts. Traditionally, a refinery’s need for a sulfiding agent
is short term and event based. Hydroprocessing catalysts are
typically delivered to refineries in an inert state. They then
have to be sulfided to be activated, a process requiring a sul-
fiding agent. Under usual conditions, the sulfiding chemis-
try does its job, activating the catalyst and operations at the
refinery startup as planned. Recently, however, this refinery
found a new and unique application for its sulfiding agent: as
an emergency sulfur supplement for its acid gas stream.

When the unexpected happens. The refinery was near-
ing completion of a partial plant maintenance turnaround.
The crude, coker and several other units were down for final
turnaround activities, while multiple units, including the fluid
catalytic cracking (FCC), reformer and petrochemical units,
remained operational on inventoried or purchased feedstocks.
Unexpected mechanical difficulties with the FCC forced it
to shut down, along with the crude and coker units, leaving
only a few small hydrotreaters running. With little acid gas be-
ing produced, there was not enough to satisfy the minimum
requirements for the last operating train of the sulfur recovery
unit (SRU). Without an SRU available to process sour gas, the
refinery faced being out of environmental compliance, which
would trigger a plantwide shutdown. Such a shutdown would
result in serious economic and safety issues, and add three to
four days of lost production while the refinery was restarted.

The right solution. Personnel at the refinery searched for
answers to this dilemma. One possibility: quickly securing an
outside source of sulfur to supplement the acid gas production
in order to keep the SRU online. The refinery estimated that
it needed an additional seven tons of sulfur per day, for at least
a week, until the FCC unit could be returned to service. But
where to get that much sulfur, that quickly? In this case, the
answer was to put a sulfiding agent to work in a new way.

Late on a Thursday afternoon, the refinery turned to a
strategic partner supplier with an unusual request. Could they

provide enough of the sulfiding agent to meet the refinery’s
demand? The supplier answered in the affirmative. The refin-
ery then determined that it needed four trucks of material as
soon as possible to keep the refinery running. The supplier
sourced the sulfiding agent and began loading the first two
trucks by midday Friday. Tandem teams of drivers headed out
from the supply terminal in Houston, Texas, and both trucks
arrived at the Midwestern refinery by Saturday. The manufac-
turer also shipped a specially designed injection pump from
the manufacturer’s Ohio plant. This skid was specifically de-
signed to inject the sulfiding agent into the refiner’s process.

Success. By the time the sulfiding agent arrived at the re-
finery on Saturday afternoon, the refiner was in the midst
of executing its modified operation plan (FIG. 1). The FCC-
naphtha hydrotreater had been put back into service at re-
duced rates and was processing a stream of inventoried FCC
naphtha containing approximately 0.5% sulfur. The sulfiding
agent was immediately injected into the suction of the unit’s
charge pumps to supplement the unit’s acid gas production.
It worked. In the following days, two additional trucks of the
sulfiding agent were shipped from Houston, and the refinery
was able to maintain its existing operations until the FCC was
returned to service nearly a week later.

b
'
|

FIG. 1. A sulfiding agent being offloaded at the refinery.
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Bottom-line benefits. It is difficult to approximate the eco-
nomic, environmental and safety benefits of keeping ancillary
refinery process equipment in service. With proper operation
of the SRU, the refinery was able to continue to treat refinery
flare gases, avoid a complete refinery shutdown and continue
production of refined products.

It can be estimated that avoiding a complete refinery shut-
down allowed the refinery to process an additional 100,000
barrels of naphtha at the reformer and petrochemical plant.
Not processing those naphtha barrels at the time would have
meant backing out the processing of future crude barrels.
Assuming that naphtha is approximately 20% of crude, the
processed naphtha provided 500,000 barrels of future crude
processing capacity. At an assumed incremental crude margin
of $2/bbl, keeping the reformer feed pretreater and reformer
online contributed an estimated $1 MM to the refinery’s fu-
ture operating income.

These figures do not take into account the additional eco-
nomic benefits of keeping ancillary refinery process equipment
in service, which can be substantial. As these figures show, it is
clear that keeping the refinery running was the right thing to do.

The keys to the success of this effort were:

1. A willingness to try something different

2. Good communication with suppliers

3. Asolid supply chain.

The result was a highly efficient, reliable and integrated
system that allows for quick responses when issues arise.

While it’s not unheard of to expand the use of sulfiding
agents into other areas (most notably as an anti-coking agent
in refinery and petrochemical furnace applications), using
the sulfiding agent as a supplemental source of sulfur is truly
a novel idea, and a good one. Under the right conditions, it
can save time and money, while avoiding potential environ-
mental issues.

The ultimate goal of every refinery is to operate safely
and profitably. However, when process units have to be un-
expectedly shut down, both such objectives are jeopardized.
By using a creative approach, and working closely with its
suppliers, refinery personnel were able to find a way to main-
tain safe operating limits and realize additional profits. FP
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Oil and Natural Gas Corp., Uran plant, Maharashtra, India

Evaluate surfactants as antifoam
substitutes in amine systems

Oil and Natural Gas Corp. (ONGC) operates an oil and
natural gas processing complex at Uran in Maharashtra, India.
Crude oil and associated gas produced from ONGC’s western
offshore fields are transported to onshore facilities at the Uran
plant through subsea pipelines for processing. The crude oil is
further processed, and the stabilized crude is sent to refineries
via pipeline and oil tanker.

The associated gas is combined with the crude stabilization
offgas and the condensate fractionating unit offgas. It is passed
through gas sweetening units GSU12 and GSU13, and then
through LPG recovery plants LPG1 and LPG2 for the recov-
ery of LPG and natural gas liquids (NGL). After the recovery
of liquefied petroleum gas (LPG), the gas is passed through an
ethane/propane recovery unit to recover C,/C, product from
the gas. The lean gas is then routed to consumers via pipeline.

The two gas sweetening units were originally designed with
diisopropanol amine (DIPA) and sulfolane solvent systems.
However, due to a severe foaming problem in 2005, methyldi-
ethanol amine (MDEA) and piperazine were added to the sol-
vent as an immediate remedial measure. Since that time, the
addition of DIPA in the system has been discontinued, and
only MDEA and piperazine are added, infusing the solvent
system with more amine. However, the system still contains
DIPA, sulfolane and the degradation product oxazolidone.

The gas handling capacity of the plant is greatly impacted
by frequent foaming problems. Foaming in the amine solu-
tion increases the differential pressure (dP) of the absorber

TABLE 1. Performance of silicon-based demulsifiers DS-A and DS-B

column, and the solvent level also decreases, causing frequent
process upsets. Foaming also leads to the loss of amine solu-
tion through carryover. To reduce foaming, silicon-based an-
tifoam is used at the dosing rate of 3 liters (1)/shot (7 ppm-
8 ppm) on an “as-required” basis, with the normal frequency
being once every 2-3 days during foaming upsets.

The availability of antifoam has always been a problem, as
this chemical is not produced locally. The requirement is very
small (approximately 200 1/yr), so the procurement of such a
small quantity from a foreign source is a difficult task. With
the goals of developing alternate sources to reduce depen-
dency on one source and improving availability of antifoam
material, a study was undertaken to evaluate the performance
of antifoam samples collected from different local sources on
the amine solution used in GSU12 and GSU13.

Most of the silicone- and EO/PO-based surfactants have
low surface tension, low interfacial tension, low interfacial
shear viscosity and low intermolecular interaction, which are
required for successful demulsification. Since these are also
the properties required in a superior antifoam, the perfor-
mance of in-house samples of ethylene oxide/propylene oxide
(EO/PO)-based demulsifiers and silicon-based demulsifiers
was evaluated along with commercially available antifoam
samples. All of the samples were first evaluated for their an-
tifoaming properties in the process and in the plant’s product
control laboratory, and then in actual field conditions. Results
are shown in TABLES 1-4.

Foam height Time required Foam height, Time required Foam height, Foam height, Time required Foam height,
without addition to break ml, with DS-A, to break ml, with DS-A,  ml, with DS-B, to break ml, with DS-B,
Train of surfactant, ml the foam doses at 2 ppm the foam doses at 5 ppm doses at 2 ppm the foam doses at 5 ppm
GSU12 65 50 sec Slight Just after No foam Slight Just after No foam
stopping the stopping the
GSU13 70 60 sec Slight gas flow No foam Slight gas flow No foam

TABLE 2. Performance of EO/PO-based demulsifier D-EO

Foam height = Time required Foam height, Foam height, Foam height, Foam height, Time required Foam height,
without addition to break ml, withD-EO ml, withD-EO  ml, withD-EO  ml, with D-EO to break ml, with D-EO
Train of surfactant, ml the foam doses at 2 ppm doses at 5 ppm doses at 10 ppm doses at 20 ppm  the foam  doses at 25 ppm
GSU12 68 52 sec 50 32 15 Slight Just after No foam
stopping the
GSU13 74 66 sec 61 37 16 Slight gas flow No foam
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TABLE 3. Performance of antifoam A-11

Foam height Time required Foam height, Foam height, Foam height, Time required Foam height,
without addition to break ml, with A-11 ml, with A-11 ml, with A-11 to break ml, with A-11
Train of surfactant, ml the foam doses at 2 ppm doses at 5 ppm  doses at 10 ppm the foam doses at 15 ppm
GSU12 62 52 sec 45 28 Slight Just after No foam
stoppingthe ——————
GSUT3 78 65 sec 47 30 slight gas flow No foam
TABLE 4. Performance of antifoam A-12
Foam height Time required Foam height, Foam height, Foam height, Time required Foam height,
without addition to break ml, with A-12 ml, with A-12 ml, with A-12 to break ml, with A-12
Train of surfactant, ml the foam doses at 2 ppm dosesat 5 ppm  doses at 10 ppm the foam doses at 15 ppm
GSU12 66 54 sec 40 22 Slight Just after No foam
stoppingthe ———————
GSU13 75 66 sec 49 35 Slight gas flow No foam
. foaming tendency of the amine solution increases due to the
Defoamer testing assembly Gas flowmeter presence of solids, acids and dissolved hydrocarbons in the
— 4—@— amine solution. Three types of compounds are common in
- Nitrogen or air amine systems that increase the foaming tendency:'
1. Hydrocarbons dissolved in the amine solution can in-
— crease the viscosity of the solution, which results in the slow
1 drainage of liquid from the surface film. Hydrocarbon solu-
bility depends on the type of amine solution being used. Hy-
drocarbon solubility in MDEA is higher than in monoethanol
amine (MEA) or diethanol amine (DEA). Due to the higher
affinity of MDEA for hydrocarbons, the foaming tendency and
Least count 5 ml formation of stable foam are greatly increased in MDEA sol-
vent if higher hydrocarbons are present in the system.
2. The presence of acids, particularly organic acids that
250 mm graduated may be generated by amine degradation, increases foam sta-
bility. Organic acid increases the solubility of hydrocarbons in
the amine solution and also increases the hydrocarbon/amine
solution emulsion, which slows bubble drainage. Organic acids
also raise the viscosity of the solution and promote the forma-
tion of gel-like, bubbled surface film.

~«—— Sintered glass sparger tube

FIG. 1. Simplified defoamer testing assembly.

Foaming in amine solutions. The amine system is prone to
foaming. Foaming problems in amine solutions are mainly due
to contamination by materials that reduce surface tension and
increase viscosity. Foaming occurs as a result of physical inclu-
sion of gas bubbles enveloped by the amine solution. Clean
amine solutions have a low tendency of foaming.

Foaming in amine solutions is not a problem unless the
foam is stable.! Foam stability increases due to the presence of
any material that increases the viscosity of the amine solution
or reduces liquid drainage from the foam bubble. Similarly, the

118  SEPTEMBER 2013 | HydrocarbonProcessing.com

3. Ingress of solids (particularly those less than S microns),
iron-based corrosion products, and carbon particles from acti-
vated charcoal filters greatly increase the foaming tendency of
the amine solution. These solids, having a tendency to concen-
trate on the liquid surface, increase the surface viscosity and

slow the drainage of liquid from the bubble.

Antifoams and defoamers. Foams and emulsions have
much in common; both are examples of immiscible fluids that
are intimately dispersed. Surface elasticity and surface viscosity
are of importance in the dispersal systems for both fluids. In a
defoaming process, a gas phase is separated from a liquid phase,
which requires interface destabilization and coalescence. In a
demulsification process, a liquid phase needs to be separated
from another liquid phase through interface destabilization,
droplet flocculation and coalescence.?

Antifoams are chemicals designed to reduce and hinder the
formation of foam. Defoamers are chemicals that break down
existing foam. While there is a distinct difference between
these two actions, the chemical interactions are similar, and
many antifoam additives are added to act as both an antifoam
agent and a defoamer.”
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Generally, antifoam additives are insoluble in the foaming
medium and have surface active properties. Any chemical that
is to be used as an antifoam agent must interact with the foam-
stabilizing surfactant; it will behave as antifoam if it is more sur-
face active than the surfactant. It can then enter the foam bubble
wall and destroy the film elasticity, thereby dropping the surface
viscosity and facilitating gas diffusion.”

There are thousands of different antifoams available on the
market. Generally, anything that has destabilizing effects on
foam can be used as an antifoam.’ Antifoams can be broadly
classified into the following categories:

« Oil-based antifoams have an oil carrier; these may be fur-
ther divided into two categories: Non-polar oils, such as min-
eral oil and silicones; and polar oils, such as fatty alcohols, fatty
acids and alkyl amines

« Powder antifoams are oil-based defoamers on a particu-
late carrier, such as silica

« Silicon-based antifoams have a silicone compound as the
active component

« Alkyl polyacrylates are suitable for non-aqueous systems
where air release is more important than the breakdown of
surface foam

« EO/PO glycol copolymer-based antifoams.

Hs
0,

Sweet gas tos
Condenser
Lean solvent Reflux
Absorber Stripper
Lean/rich
heat exchanger
Sour gas Rich solvent Rehoiler
Lean solvent

FIG. 2. Simplified amine gas sweetening process flow diagram.

TABLE 5. Scale of foaming tendency and foam stability

Foaming tendency

Foam height, ml Foaming tendency

<10 None
10-60 Slight
60-125 Moderate

>125 Severe

Foam stability

Foam break time, sec Foaming tendency

<5 None
5-20 Slight
20-30 Moderate
> 30 Severe

Antifoams for amine systems. For a material to be an ef-
fective antifoam for an amine system, it must have extremely
low solubility in the amine solution.' Three types of antifoams
are available for amine systems: polyglycol, silicon and high-
molecular-weight alcohols.

The selection of the right antifoam to mitigate foaming
problems at a particular plant is often a trial-and-error pro-
cess. The performance of antifoam samples received from dif-
ferent sources on media samples collected from GSU12 and
GSU13 at different time intervals are recorded in TABLES 1-4
and FIGS. 1-4.

Determination of foaming tendency and stability. The
method used for the determination of foaming tendency and
the stability of an amine solution is described below,* and a sim-
plified sketch of a defoamer testing assembly is shown in FIG. 1:

1. Pour 50 ml of amine solution into a graduated cylinder

2. Establish gas flow at 0.2 I/min; insert sparger tube and
record foam height after 5 min.

3. Stop gas flow; using a stopwatch, record the time re-
quired for foam to break to a liquid surface

4. Repeat steps 1-3 after adding antifoam product at the
desired concentration.

Interpretation of results. The scale of foaming tendency
and foam stability is shown in TABLE 5.* The experimental
results show that, although the foaming tendency of the un-
treated amine solution is moderate, the foam stability is severe.
However, after adding just 2 ppm of silicone surfactant DS-A
or DS-B, there was only a slight foaming that disappeared im-
mediately after stopping the gas flow.

When 5 ppm of either DS-A or DS-B surfactant was add-
ed to the amine solution, no foaming was observed in either
GSU12 or GSU13. The experimental results of other samples
(i.e., EO/PO-based surfactant D-EO and antifoams A-11 and
A-12) showed similar antifoaming tendencies, but only at very
high doses of 10 ppm and 20 ppm.

Field trial. Based on the above laboratory observations, sil-
icone-based surfactants DS-A and DS-B were tried in actual
tield conditions. During the system upsets due to foaming,
21 of surfactant DS-A (based on the laboratory-evaluated dose
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FIG. 3. Foaming upsets and response of DS-A surfactant.
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of 4 ppm-S5 ppm) was added to the amine solution in one shot
to evaluate its performance in actual field conditions. The trial
was conducted over a period of two months using surfactants
DS-A and DS-B, one at a time, to evaluate the performance of
both products.

Foam broke immediately after dosing the silicon surfactant
into the recirculating amine solution. The dP of the system also
increased for a short time, although it subsequently dropped
below the normal operating level, possibly due to the breaking
of the foam and the sudden release of the foam-trapped solu-
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FIG. 4. Foaming upsets and response of DS-B surfactant.

INSTRUCALC

The industry-standard software for instrumentation design

Featuring more than 70 routines associated with control valves, rupture
disks, flow elements, relief valves and process data calculations,
InstruCalc™ is one of the industry’s most popular desktop applications for
instrumentation calculations and analyses.

Features:

« Graphs for Control Valves and Flow Elements
« Restriction devices

« Material yield strengths file

« 150 orifice plate calculations have been updated to IS0 5167, 2003
Relief Valve programs, sudden entrance and exit to the calculations.

NEW

Version 8.1

+1(713) 520-4426 | Software@GulfPub.com
www.GulfPub.com

122 SEPTEMBER 2013 | HydrocarbonProcessing.com

tion. After 10-12 hr of silicon surfactant dosing, the dP of the
system stabilized to the normal operating level, and the plant
was able to operate at a higher feedrate (FIGS. 3-4).

The volume of amine solution in the tank also increased,
giving more operational freedom to the operator as the plant
ran at low volume. During the foaming upsets, after a dosing of
surfactant DS-A or DS-B, the dP of the system was sustained at
a normal operating level for a considerable time (7-10 days)
without any foaming in the system, and the frequency of an-
tifoam shots was reduced from once every 2-3 days to once
every 7-10 days. The quantity of antifoam, which was required
at 31/shot with previously used antifoams, was reduced to 21/
shot, making the amine solution less contaminated.

FIGS. 3-4 show the foaming upsets and responses of surfac-
tants DS-A and DS-B. In FIG. 3, the absorber dP was increased
due to foaming, the feed was decreased to bring the dP down,
surfactant was added to the system, and feed was increased
slowly. As a result, the dP was decreased and maintained at a
normal operating level. In FIG. 4, the absorber dP was increased
due to foaming, and the feed was decreased to bring the dP
down. Surfactant was added in the system, and the feed was
increased slowly. As a result, the dP was decreased and main-
tained at a normal operating level.

Takeaway. During the lab study and field trial, it was observed
that, at the dosing rate of 4 ppm-5 ppm (i.e., 2 1/shot in actual
field conditions), both silicone-based surfactants (demulsifi-
ers) DS-A and DS-B have served as excellent antifoam agents
for the amine solution at the Uran plant.

The antifoam requirement for the Uran plant is very small
(200 1/yr) and will decrease further by using either of the
above silicone-based surfactants. Since both surfactants are
being used in large quantities in offshore installations as a
low-temperature emulsion breaker, their easy availability is en-
sured. The application of DS-A and DS-B surfactants as anti-
foam agents offers many performance advantages as compared
to the conventional antifoam used at the Uran facility. FP
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Consider accurate feed characterization
with improved simulation methods

Assay definition is crucial for accurate process simulations.
The performance of process simulators depends on the feed
definition to the processing unit. Modern analytical labora-
tories can offer complete assay measurements on the bulk
properties, distillation behavior, composition (elemental, mol-
ecules of light ends and hydrocarbon types of heavy fractions),
heavy metals, salt content, etc.

A well-defined laboratory assay can establish the sound ba-
sis for simulation. However, simulation performance not only
depends on the quality of data, but also on the way these data
are implemented. Inputting the assay data into the simulator in
a different way will generate different simulation results, which
must be addressed and validated.

Models hold promise. Simulation software use pseudo-com-
ponents defined from the true boiling point (TBP) distillation
curve to calculate the thermo-physical behavior of petroleum
when processed.* The TBP distillation usually refers to ASTM
D2892 distillation (1S plates operating at a reflux ratio of 5:1)
and D5236 vacuum pot-still method. These physical distillation
methods are costly and time-consuming. The final boiling points
(FBPs) of these TBP methods are also limited (for D2892 maxi-
mum of 400°C and D5236 to about 565°C). However, the simu-
lated distillation data are usually provided by the refiner. Simu-
lated distillation via gas chromatograph (GC) can provide a fast
and cost-effective way to define detailed distillation curves for pe-
troleum over a wide range of boiling points. Unlike the physical
distillation methods (ASTM D86, D1160, D2892 and D5236),
in which the boiling ranges are limited by the cracking of petro-
leum samples when heated over 360°C, the high-temperature
simulated distillation (HTSD) can determine the boiling range
distribution for petroleum from 36°C to 720°C (ASTM D7169).

These HTSD methods are crucial for characterizing oil
sands and bitumen as more than 50% bitumen fractions
and are in the vacuum residue (VR) range (> 525°C). In
this study, the simulated distillations for ASTM D2887 and
D7169 are used to determine the boiling point distribution
of the diluent and bitumen samples. The study addresses the
effects of data entry methods on model performance.

BACKGROUND
In using simulation software, the only option for simulated
distillation curve input is D2887. ASTM D2887 provides a

quantitative percent mass yield to the corresponding boiling
point distribution of petroleum fractions with an IBP of 55°C
and FBP of 538°C. The IBP refers to the boiling point for 0.5
wt% of the sample, while the FBP refers to the boiling point of
99.5 wt% of the sample accumulatively distilled. To obtain the
TBP distillation for the simulation, the API conversion meth-
ods (API 1994 direct and indirect methods) are applied to
convert the D2887 into a TBP distillation. The API 1994 con-
versions were developed based on the statistical studies of TBP
and on simulated distillation data obtained from conventional
crudes and refined products.

Standards. Conventional crudes are classified as light, and
the D2887 test can cover the boiling range. Based on the ex-
tensive lab data collected from conventional oils, API Proce-
dure 3A3.1 (API Technical Data Book, 1994) proposed that
the TBP at 50 vol% distilled equals to the simulated distilla-
tion temperature at S0 wt% distilled. The TBPs below and
above 50% boiling are modified with weighting factors cor-
related from lab data. The API 1994 conversions depict the
relationship between TBP and simulated distillation of con-
ventional crudes.

However, with the advances in modern GC technology, the
simulated distillation method can not only extend the test boil-
ing range to heavier petroleum materials, but it can also match
the TBP curve within an acceptable deviation. By using a refer-
ence oil TBP calibration curve, the HTSD can generate a dis-
tillation curve matching the TBP distillation on the wt% off
basis over the full TBP range measured by D2892 and D5236
within * 2% difference.! This suggested that the HTSD can be
used as the TBP distillation based on the wt%. A simulation
study recommended replacing the TBP test with the HTSD
results to improve the process simulation performance for the
vacuum distillation unit.? For comparison, both the direct sim-
ulated distillation input (DSDI) method (the input simulated
distillation data as the TBP on a mass basis) and the simulated
distillation data with API 1994 conversions (referred as API
1994) are applied to illustrate the difference in simulation per-
formance from different assay input methods.

PROCESS SIMULATION WITH THE PLANT DATA

A typical bitumen assay was developed based on the
ASTM D7169 HTSD method. The assay was averaged from
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50 bitumen samples from different mining sites or depths to
represent the actual bitumen feed to the upgrader. The dilu-
entis also defined from simulated distillation D2887 averaged
from the daily sampling of recovered diluent from the diluent
recovery unit (DRU) over a three-month-best operation pe-
riod. Two different simulation cases were developed by com-
mercially available simulation software.?

In one case, the D7169 HTSD data was directly input into
the assay definition as the TBP distillation on a mass basis.*
Diluent was also defined in the simulation software from
D2887 data by the DSDI method.? In the other case, the API
1994 direct conversion method was applied to transfer the
simulated assay into TBP distillations based on the same
simulated distillation data of bitumen and diluent mentioned
earlier. Since the simulators do not have any options for other
simulated distillation tests besides ASTM D2887, the D7169
was input into the D2887 entry, as the essence of both tests
are the same.® All the other simulation setups and specifica-
tions were identical for these two cases to outline the baseline
for comparison.

Bitumen models. Diluted bitumen (dilbit) feed was pre-
pared by blending diluent and bitumen in a 50/50 volumetric
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FIG. 1. Comparison of feed definitions during engineering and plant
operation.
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FIG. 2. The temperature profile of dilbit through the preheating train.

basis.* Peng-Robinson thermodynamic package was selected
as the simulation basis to model a DRU in an oil sands bitu-
men upgrader. The feed TBPs defined by the DSDI method
are compared with the TBPs defined by the API 1994 con-
versions, as shown in FIG. 1. The bitumen defined by DSDI
is generally lighter than the bitumen defined from API 1994
conversions, as the DSDI derived TBP curve is (FIG. 1) in the
TBP curve from API 1994 conversions over the entire dis-
tillation range. These differences are inherited into the TBP
curves of the corresponding diluted bitumen, as shown in FIG.
1,in 50 vol%-100 vol% off the distillation range. However, the
TBP profiles of diluent are quite similar regardless of the assay
input methods due to the narrow boiling range of the diluent.
The TBP of diluent is depicted in FIG. 1, and the boiling range
of 36°C-200°C (referring to 0 vol%-50 vol% off distilled)
shows there are minor overlaps in the TBP between diluent
and bitumen samples.

The DRU plant operation data, averaged from continuous
30 best operating days, were used to evaluate the simulation
performances with different assay input methods.* During
the 30 best operating days, the DRU was running at, or close
to, design capacity without any major operational issues. The
simulations were tuned in the same way to match the averaged
product specification based on lab results.

The plant data are compared with the simulation results
of the two different assay input methods in FIGS. 2 and 3. The
dilbit temperature profile as it passes through the preheating
train is shown in FIG. 2. A general agreement of temperature
profile was found between plant data and the results from
the two simulations. A temperature drop was predicted by
both simulations when the dilbit passes through the preheat-
ing exchangers.

The actual plant data indicated that this interesting tem-
perature drop did occur when dilbit was being heated by gas-
0il (GO) product from a coker unit in the preheating exchang-
er. The dilbit temperature drop was caused by latent heat used
when a significant amount of light hydrocarbons and water va-
porized near 135°C in the preheating train. The general agree-
ment between plant data and the two simulations indicate
that the thermophysical (e.g., enthalpy) properties of pseudo-

components defined by two different assay entry methods are
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FIG. 3. The product yield distribution of a DRU.
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very close. The difference caused by assay entry methods in
thermal behavior is minor.

The simulated distillation to TBP

conversion can distort the true distillation

behavior of feed characterization

simulations given the fact that the
state-of-the-art gas chromatography
techniques can virtually resemble the
TBP distillations on a mass basis.

FIG. 3 illustrates the product yields and pumparound (PA)
rate of the DRU unit as compared with the two simulations
using different assay entry methods. As shown in FIG. 3, the
method for inputting simulated distillation assay data into
simulators has a substantial influence on the product distri-
bution. The difference in product yields due to assay entry
methods range from 1,000 bpd (pre-flashed naphtha) to
about 4,000 bpd (DRU bottom). The total performance of
DSDI defined simulation is superior to that of simulation us-
ing API 1994 conversions. The simulation performance with
DSDI not only predicted good matches on individual prod-
uct yields, but also predicted a closer light atmospheric GO
(LAGO) PA rate to plant data as compared to the predictions
from the simulation using API 1994 conversions. The aver-
aged relative deviation (ARD) of DSDI defined simulation,
defined as (predicted yield — plant yield)/plant yield, is less
than £2%. The ARD of the simulation using API 1994 con-
versions is about +8.3%.

The economic impact on the project resulting from these
differences in yield can be significant. The estimated profit
difference on product loss alone could be over $100 million
per year, regardless of any engineering cost for troubleshoot-
ing later. The predicted difference would also affect the unit
equipment design and operating performance.

For example, the simulation with API 1994 conversions
typically under-predicted the light product yields from the
DRU distillation column due to the higher TBP profile ob-
tained from the conversions. Consequently, the column over-
head condenser and the corresponding product pumps would
be undersized, which could become a bottleneck. Applying
the DSDI method in assay definition in simulators would
improve the simulation performance, define a more accurate
basis for unit design and provide a better benchmark for plant
operation and debottlenecking.

FINAL EVALUATION

A simulation study was conducted to investigate the effect
of different assay input methods (based on the same simu-
lated distillation data) on the simulation performance. With
the DSDI method, the characterized bitumen TBP contains
more light fractions as compared to the TBP defined with
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API 1994 conversions. As expected, the simulation defined
by DSDI predicted higher naphtha and LAGO yields as com-
pared to the predicted yields from simulation with
API 1994 conversions. The predicted yields with
the DSDI method match the plant data, with ARD
< £2%. The ARD of simulation with API 1994 con-
versions was about £8.3%. The good agreement be-
tween the performance of the simulation with the
DSDI method and the actual plant data suggests
that the performance of the HTSD method (ASTM
D7169) for characterizing the heavy oils such as
bitumen is satisfactory. As a result, direct input of
HTSD data as TBP data on a wt% basis in the assay
definition of simulators is recommended. The con-
version of simulated distillation data to obtain TBP
curve is not recommended.

There were incidences of simulations in which
the simulated distillation data were erroneously in-
put as the TBP on a vol% basis. Inputting the simulated dis-
tillation data as TBP on a vol% basis is fundamentally wrong
since the simulated distillation detects the hydrocarbon elut-
ed on a mass basis, and it targets to resemble the TBP curve
on a mass basis. If simulated distillation data is erroneously
input as the TBP on a vol% basis, then the resulting vol%-
based TBP will be identical to the actual TBP profile on a
wt% basis. Result: The simulation will under-predict light-
product yields and over-predict heavy-product yields due to
the differences in the densities of light and heavy hydrocar-
bons. Care should be exercised when inputting an assay data
into a simulator, and the DSDI method should be used. FP

NOTES
* Study results were done using HYSYS or Pro-II.
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Optimize slop-wax bed height in the vacuum unit

The vacuum distillation (VD) unit in the petroleum re-
finery separates the heavier fraction of crude oil from the at-
mospheric distillation unit (ADU) into light vacuum gasoil
(LVGO) and heavy VGO (HVGO) under a vacuum to avoid
thermal cracking of the heavier hydrocarbons. The two-phase
mixture of the reduced crude oil (RCO) liquid and vapor
from the ADU enters the VD column flash zone and flashes
further under low pressure.

While the lighter materials, mainly VGO as vapor, move
up the column, the heavier liquid materials, vacuum resi-
due (VR), move to the column bottom. However, some VR
liquid droplets are entrained within the vapor and must be
washed off to maintain HVGO product quality. A slop wax
or wash bed is used to separate out the entrained liquids
from the vapor.

Background. The vapors rising from the flash zone are con-
tacted with the hot internal reflux of HVGO from the VDU in-
side the slop-wax bed, as shown in FIG. 1. Normally, structured
packing/grid is used for contacting the wash oil with the vapor
carrying the entrained droplets due to the low liquid retention
property and, consequently, low residence time of the liquid.
The slop wax is drawn from the bottom of the slop-wax bed,
and it is considered as HVGO from the slop-wax bed in liquid
form, i.e., overflash and entrained VR from the flash zone.

Operation trends. At present, a growing trend among refin-
ers is to maximize VGO recovery from the crude unit. How-
ever, the 95% cutpoint of VGO exceeds the conventional
operational temperature limits of 565°C to 580°C. Increasing
the VGO cutpoint comes with the potential to increase coke
formation inside the slop-wax or washing bed unless proper
engineering design and operational measures are applied.

Engineering design plays an important role in determining
the coking rate inside the slop-wax bed as defined by the lig-
uid retention time on the packing, vapor distribution within
the packing, entrainment from the flash zone, etc. From the
operations point of view, controlling the HVGO internal re-
flux at optimal values is most critical. With an increase in the
internal reflux, the HVGO product becomes a purer product
but at the expense of lower HVGO yields. Conversely, pro-
viding very low internal reflux will establish zones, within the
slop-wax bed that receive very low liquid flowrates (low wet-
ting rates), and thus, these zones are more prone to coking due
to the high residence time of the liquid.

Other issues. Coking also causes an increase in the pressure
drop, which affects separation in the vacuum column. Even-
tually, high pressure drop conditions can shut down the unit,
thus leading to significant production losses. The wetting rate
is the key reliability parameter for sustainable operations of
the vacuum column for longer service runs. Wetting rates
must be monitored and maintained above the minimum value
continuously during the operation.

It is therefore desirable to maintain an internal reflux at a
minimum value based on HVGO product specification and
the minimum specified wetting rate of structured packing. In
other words, there exists an optimum bed height where the
maximum VGO yield can be achieved with an acceptable
VGO quality and minimum wetting rate to avoid coking.'

A systematic study was conducted to investigate the im-
pact of slop-wax bed heights on VGO yield and reliability.
Commercially available process simulators can be effectively
applied to study these conditions from the process point of
view, and engineering knowledge can be used in operations
to increase the reliability of the unit. A case study investigated
a vacuum distillation column operation to determine how to
increase VGO yield while maintaining the product quality
without impairing the reliability of the column.
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FIG. 1. Wash-zone section of vacuum column.
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Simulation methodology. A commercial process simulator
was used in this case study. The RCO from the furnace is sent
downstream via a transfer line, exhibits the non-equilibrium

A systematic design calculation, for
revamp of slop-wax bed in a vacuum
distillation unit brings out some interesting

observations, which on the hindsight
appear very logical. There is a tradeoff

between VGO yield and quality along with

maintaining the reliability of unit.

flashing and generates superheated hydrocarbon vapors be-
fore entering the vacuum column flash-zone section. The de-
gree of superheating depends on the transfer line design and
furnace operation. To model this non-equilibrium flashing
inside the transfer line, the multi-stage flashing at different
pressures was incorporated into the simulation. The quality of
HVGO was specified in terms of its 95% point, and the HVGO
production rate was varied to attain the desired 95% point of
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FIG. 2. Impact of slop-wax bed height on recovery.
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HVGO. The required values of internal reflux of HVGO and
slop-wax rates were calculated by the simulator. The entrain-
ment and LVGO product rates were kept constant.

In the actual operation, the wetting rate within
the packing is monitored by estimating the over-
flash quantity. This quantity can be determined by
ametal balance across the wash bed. The total slop-
wax amount (liquid collected at the collector tray
below the wash bed) is equal to overflash plus en-
trainment. By knowing the metals content—nickel
(Ni) and vanadium (V)—or Conradson carbon
residue (CCR) content of the slop wax, VR and
HVGO, it is possible to calculate the amount of
overflash in the slop-wax bed. The entrainment is
assumed to be VR, and overflash is assumed to be
the HVGO. In simulation, the wetting rate is esti-
mated from the quantity of HVGO (i.e., overflash)
sent to the slop-wax draw tray.

Case studies. The study was repeated for three bed heights,
as shown in FIG. 2. The slop-wax bed height was varied by
reducing the stages. At a constant 95% TBP wt point of the
HVGO, as the height of the slop-wax bed is decreased, the
HVGO yield also decreases and the wetting rate increases. For
agiven slop-wax bed height, as the HVGO draw rate increases,
its 95% point increases while the required HVGO internal re-
flux, and, thus, wetting rate decreases. The Base Case point is
circled, as shown in FIG. 2.

From FIG. 2, with the existing slop-wax bed, as the VGO
yield increased by 8.6 tph by decreasing internal reflux (IR)
and specifying VGO 95% TBP wt point as 575°C, the wetting
rate decreased by 0.027 mm/s. As compared to the Base Case,
there are concerns for potential rapid coking of the bed, and,
thus, deteriorating operating conditions. Increasing the VGO
95% TBP wt point to 585°C by increasing the VGO yield to
14.5 tph worsens operating conditions due to the reduced
wetting rate by 0.044 mm/s from the Base Case.

When the bed height was reduced by 0.8 m from the
Base Case, the VGO yield decreased by 5 tph with the same
(565°C) VGO 95% TBP wt point. However, the bed wetting
rate improved considerably by 0.027 mm/s from the Base
Case, thereby improving unit reliability. Drawing off more
VGO product by 4.3 tph and 11 tph, respectively, will result
in a 95% TBP wt point of 575°C and 585°C and the wetting
rate is reduced by 0.007 mm/s and 0.030 mm/s with respect
to the Base Case.

Reducing bed height further shifts the attention from the
wetting rate constraint to the limits on VGO quality. By re-
ducing the bed height another 1.5 m, even at the same VGO
product draw as that of the Base Case, the 95% TBP wt point
increases to 585°C, which may not be acceptable due to higher
Niand V content. However, it can be understood that it is very
comfortable with regard to bed wetting (increase of 0.031
mm/s from the Base Case).

To maintain specified VGO 95% TBP wt. point, as the bed
height is reduced, the HVGO IR rate must be increased, which
decreases the VGO yield but increases the wetting rate of the
packing. This defines the zero line, as shown in FIG. 2, which
determines the maximum VGO yield achievable for a fixed



slop-wax bed height with the minimum wetting rate. In gen-
eral, every refinery applies separate guidelines for the mini-
mum wetting rate based on operational experience. Above this
line, the wetting rate would be sufficient to minimize coking
within the packing, and, thus, the VGO yield can be improved
by varying the bed height according to the VGO quality as de-
fined by the 95% TBP wt point and metals contents. Below
the line, either the wetting rate would be inadequate or there
will be a loss in VGO yield.

The bed height can be altered to attain a maximum yield
of VGO from the vacuum column while maintaining the same
wetting rate as the Base Case and the HVGO 95% TBP wt
point within reasonable limits with respect to the metals con-
tent in the final VGO product. Reducing the distance between
VGO yield and wetting rate curves is necessary to attain the
required results. In this case, the additional 2 tph of HVGO
flow can be attained with the HVGO 95% TBP wt at 572°C
while sustaining the same wetting rate as that of the Base Case
when the bed height is reduced by 0.8 m, as shown in FIG. 2.

In this operating case, it is also necessary to address coking
concerns. With the shorter slop-wax fixed bed, less coking oc-
curs as compared to using a taller bed even at the same wetting
rates. Less coking occurs for several reasons and includes:

« With the shorter bed, liquid channeling is less severe as
compared to the taller bed. Channeling becomes a significant
problem as the bed height increases. Redistributors are used
to mitigate channeling.

« Due to poorer separation, the slop-wax quality is lighter
with shorter beds. Again, less coking is expected.

« Shorter bed will cause lower pressure drop.

o In many refineries, the wash bed will coke up in the mid-
dle as the liquid rates are reduced in the center of the bed.

Coking problems. One of the explanations for increased
coking is that the VR entrainment also helps in wetting the
packing. The entrained VR becomes zero after a certain height
within the bed as it is washed with the internal reflux of the
HVGO. The HVGO liquid flowrate decreases from the top to
the bottom of bed due to separation, as well as re-vaporization
of liquid occurs. Therefore, a minimum liquid rate is needed
between the top and bottom of the bed.

For example, if exponential profiles of HVGO liquid and
VR flows are assumed, then the total liquid traffic in the slop-
wax bed varies at different heights, and it can be estimated.
FIG. 3 illustrates the estimated liquid traffics within the bed. As
shown from this figure, as the bed height is reduced, then the
minimum liquid flowrate shifts to higher values. The different
VR and HVGO profiles along the bed height may establish
different liquid traffic profiles However, the lower bed height
will have a flatter liquid flow profile, and the chances of local-
ized coking within the middle of the bed are reduced.

The reliability of the wash-zone section depends largely
on the flash zone entry device design, liquid distribution and
packing used in the wash-zone section.>* One would like to
have packing that would enhance the performance of the slop-
wax bed. In general, lowering the packing height with high-
separation and de-entrainment efficiency is desired to main-
tain high-quality HVGO and to minimize the wetting rate
within the packing, and thus avoid coking.

Refining Developments P

Roundup. The simulation clearly demonstrates that there is a
tradeoff between the VGO yield and quality along with ensur-
ing reliability of the unit. There exists an optimum slop-wax
bed height where a higher VGO yield can be achieved without
violating the constraint on quality or minimum wetting rate,
which is very important for reliability. Besides the simulation,
other factors favor using the shorter bed and include:

« With the shorter bed, liquid channeling is less severe as
compared to using a taller bed.

« Due to poorer separation, the slop wax is lighter than in
the case for the shorter bed. Result: Less coking occurs.

« The axial liquid flow profiles in shorter beds are flatter;
therefore, the profiles are better as compared to taller beds.

« Lower pressure drop occurs in the shorter bed.

Along with the bed height, the packing type, internal reflux
distributor and flash-zone entry devices are important factors
contributing to the sustainable operation of a vacuum distilla-
tion unit. HP
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STREAMLINE PLANT INFORMATION
FOR BROWNEFIELD ASSETS

R. STANDISH and E. BOTTERILL, Intergraph Corp., Siriusdreef, The Netherlands

Brownfield assets suffer from handling large volumes of
unstructured information. Often, such projects do not have
up-to-date/as-maintained 3D models, data warehouses or
integrated operation systems, along with high-quality struc-
tured information. The “as-exists” information is difficult
to manage. With limited engineering, administrative and IT
personnel on a plant site, organizing and keeping track of this
information is a significant problem, particularly when the
plant is subject to a continual cycle of updates, revamps, turn-
arounds and maintenance changes.

Unstructured information comes in such a wide variety of
forms and file formats. Result: No one technology can solve
all of the issues associated with the identification, classifica-
tion, organization, storage and visualization of the plant-site
information. Recent breakthroughs in information manage-
ment (IM) and high-definition surveying (HDS) may change
management of brownfield information, thus leading to high-
er productivity, safety and operational excellence. By pragmat-
ically combining several of these technologies (IM and HDS),
engineers can successful navigate, organize and structure dis-
jointed asset data.

Object relationship and metadata. Many organizations have
implemented document management systems (DMSs) that are at
a corporate level, or now, in the “public cloud.” These have been
successful where there is structure in the content, and processes
are applied to ensure that the information remains under control.
Such projects rely heavily on metadata hierarchy to characterize
the content via an index. However, there are drawbacks:

® It is more natural for users to navigate by relation as they
understand the real world of physical objects and how they
relate to each other. Then, the user can apply the discovered
information that otherwise would not normally be available.

® The relationships between objects provide the context
or meaning. Filtering out a particular relationship type is a
powerful way to provide role-based views of the information.

® Hierarchical views, such as the traditional cabinet > fold-
er > file paradigm of DMS, lead the user to suspect that docu-
ments will be in the lowest levels of the hierarchy. In an object/
relational model, they can reside anywhere. This is a very use-
ful aid to change impact analysis—if this is changed, what else
will be impacted?

Find what you need by what you know. An example of a DMS
isshowninFIG. 1. The user has set up folders that include supplier
and vendor data. Under the vendor data folder, there are various
vendor names, and under these files, the user has created folders
representing purchase orders, against which the equipment was
acquired or purchased.

HYDROCARBON PROCESSING | ENGINEERING AND CONSTRUCTION 2013

This may be optimal for the person who originally set up the
hierarchy. However, how would other users be able to traverse
this and locate the documents they need? Would a safety engi-
neer know to look for an accident report in a folder named to
represent a purchase order?

Optical character recognition. For a number of years, optical
character recognition (OCR) has been available. Primarily asso-
ciated with the image/fax/document scanning industry, OCR
was designed to recognize text from raster (pixel-based) images
and turn it into computer-sensible/readable text. Of course,
OCR has become more sophisticated. Not only has its recogni-
tion accuracy increased to 95%; but many vendors provide utili-
ties to search for patterns and structure inside the raster image,
such as zonal OCR, e.g,, “search in the bottom right-hand corner
of a drawing and extract title-block information.”

Smart converfers. With schematic drawings, P&IDs in par-
ticular, locating text within the drawing that matches patterns is
important. As shown in FIG. 2, text may not be a single contiguous
readable string to recognize the tag pattern. It often lies within
and around symbology that represents objects to be identified
and captured. It has to be linked together and examined to deter-
mine the true tag number pattern, which means there needs to be
arule base that is configurable to match these patterns.

Full-text retrieval. Besides all of the patterns used by OCR
and smart converters in identifying unstructured information,
there are also many useful words and phrases within the docu-
ments to be used by a search. Most people are familiar with
this Google-like searching. For example, you could find all the
documents with the text phrase “operating procedure” listed.
However, as with the other techniques described in this article,
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FIG. 1. Screen shot of a document hierarchy!
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this on its own is not the complete search answer. When you do
such a search and it returns hundreds of pages of results, does
anyone look at every page? This is usually not the case. Most
people will refine the search more accurately, adding more
or different search terms. The end result is full-text retrieval
(FTR), in conjunction with the other classification technolo-
gies as outlined earlier.

Information aliasing. Expecting all parties to correctly follow
your naming and numbering system for the life of the asset is
unrealistic. For example, you may have required PA-4401, but
instead, you found such variations as PA 4401 or PA/4401. It
becomes more complex when there are primary and standby
equipment with prefixes or suffixes added to the tag name, such
as PA-4401-A or PA-4401-A/B/C. The same applies to draw-
ings. Clearly, with these situations, the ability to support all
naming and numbering patterns and provide aliases, such that
each individual can locate the same information by their coding
system, would be a great advantage.

Thumbnailing. Human vision can spot patterns, shapes and defi-
nition at an astonishing rate. An engineer is often able to identify
a drawing from a small-scale pictorial representation quicker than
trying to determine the correct drawing from a list of metadata.
Modern printing and visualization software can provide accurate
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FIG. 3. An example of thumbnailing P&IDs.
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and efficiently rendered representations of the original drawing/
document/image for quick display, as shown in FIG. 3.

High-definition surveying. When it is not cost-effective to
use 3D CAD to model an existing plant (reverse engineering)
for information navigation and review purposes, modern HDS
systems can be used to rapidly integrate 3D point clouds and
high-resolution 360° images into a single interactive display. As
shown in FIG. 4, the user can quickly orient/rotate within the
plant from this realistic rendering, and can traverse from one
scan location to another. This gives the impression of walking
through the plant from point to point. With this full 3D point
cloud available, the remote user can study the actual plant and
take measurements that are useful for plant reengineering stud-
ies, without having the cost and hazard of being at the plant.
When linked via “hotspots” to the unstructured informa-
tion resource, this can provide a photo-realistic comparison
between the “as-built” condition of the plant and the “as-
exists” condition of the design basis. This is useful in design
studies, safety and emergency planning, and other situations
where cross-referenced information would be invaluable.

Crawlers. The Internet would not be the Internet without
“crawlers” continuously reading, indexing and re-reading every
updated page on the web. There is no way that you could keep
up with the task and volume of information if you were to
manually update and index your websites. The same applies
to your unstructured information stores. Of course, you could
manually do a “check-in” for each document, or, every once
in a while, bulk-load a new batch of documents. It is more
productive to borrow a practice from the Internet and con-
tinuously crawl the content, searching for new or updated
unstructured information.

Workflow control. Your business runs on processes and proce-
dures. Workflow control systems have the ability to enforce and
automate the process of delivery, execution and notification.
Not only can you do without the need to look for new things
to do as they are delivered to you, but all of the capabilities that
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FIG. 4. Screen shot of high-definition survey to reengineer 3D model
of existing plant.
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FIG. 5. A reading of the folder structure to create objects and the
relationships between them.

have been outlined earlier can be orchestrated to rapidly gather
new unstructured information and to process it accordingly.

Web portals. Because of their ubiquitous application, web portals
are undervalued. They have the ability to create “windows” into
anumber of different information systems/sources from a single
Web page, and to have each of these windows updated and be
triggered by actions from other windows on the same page. Users
can also read and review content from these applications without
necessarily having the originating application on their computer
systems. In addition, users can browse the information remotely
over the Internet. These are all beneficial traits in the context of
unstructured information.

Utilizing organized ‘unstructured information.” As shown in
FIG. 5, the crawler could read the folder structure to create objects
and relationships. A user could now search for a document and
then navigate to the related purchase order, and, from there, navi-
gate to the supplier to see how many purchase orders were in favor
of the supplier, as well as the documents related to those purchase
order objects, and so on.

In FIG. 6, the crawler has also read the filename and has de-
coded the constituent parts against a predefined pattern. Such
codification is typical for document/drawing naming and num-
bering systems. You now can see that “77” represents the sulfur
recovery unit as a plant structure item, A represents the disci-
pline, DA represents the document type, and so on.

In FIG. 7, the document has been read to extract data-match-
ing patterns—in this case, tag numbers. As indicated earlier, the
appropriate reader used is determined by the file type, such as
OCR for image. Here you can see tag numbers, e.g,, “77-PA-
4352” were extracted from the document “M-77-DA-A-4533,
Accident Report Data,” and relationships were established be-
tween the document and the tags.

This document-to-tag linkage is recognized as most impor-
tant by owner operators and engineering, purchasing construc-
tion companies alike. Often, this is requested in the form of a
document register at handover time. In FIG. 7, the tag 77-PA-
4534 can be found in four documents. This reverse relationship
is important for managing the impact of change. In addition, if
the data regarding this one tag is changed, then it will potentially
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FIG. 7. Objects and relationships created from data-matching.

impact four documents. Such information is tremendously valu-
able once the entire document set is captured.

Path forward. The dirty secret about unstructured informa-
tion is that this issue has existed for a long time even with the
capability of computers to capture and maintain information/
documents. Arguably, computers have exacerbated a problem
that has been around alot longer in the paper world. The answer
may not be more rigors in your existing DMS, or an extension of
your enterprise resource planning or computerized maintenance
management system. Many companies have such systems already,
and the issue still exists.

The real solution is to recognize that legacy information,
which is often uncontrolled and unstructured, will always exist.
Your ability to provide rapid and cost-effective decision support
from previously disparate and unstructured information will be
constrained by how well you deal with it. FP

NOTES

! Screen shot of a document hierarchy using Microsoft Windows Explorer.
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AVEVA design, engineering and enterprise software
Building Reputations

Owner Operators, engineering contractors and shipbuilders the world over trust AVEVA
to create and operate the most complex engineering assets.

We empower our customers to make thousands of accurate design, engineering and
business decisions every day, across the entire project and asset lifecycle. You too can
benefit from improved productivity, minimised risk and reduced costs, resulting in
maximised ROIL.

The leader in design, engineering and information management software for the process
plant, power and marine industries, AVEVA invests in our customers’ success through a
global sales and support network in more than 40 countries.

AVEVA - building solid reputations for over 45 years [r— ™
-
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THE TECHNOLOGY FOR THE WORLD’S
HYDROCARBON PROCESSING INDUSTRY

In this demanding global industry, AVEVA technology is an essential
enabler of the design, construction and operation of ever more complex
and challenging projects.

BIGGER—FASTER—MORE EFFICIENTLY

For the design and construction of processing facilities, AVEVA offers
advanced, powerful and fully infegrated solutions that are mandated the
world over by Owner Operafors and used by their EPCs.

1. The key to Lean Construction. With the release of the ground-
breaking new AVEVA Everything3D™ (AVEVA E3D™], AVEVA at last
provides the key to unlock lean methodologies in capital engineering
projects. With the most powerful 3D design capabilities available and
infegrating asbuilt 3D laser scans with as-designed models in the same
environment, AVEVA E3D closes the feedback loop between design,
fabrication and construction.

2. The key to integrated project execution. AVEVA technology
enables engineering and design data from all project disciplines to be
created, controlled and shared in a single common project model. No
other solution enables such extensive, flexible and controlled collabora-
tion across the entire project team. And no other solution extends this
capability reliably across a globally distributed network, to efficiently
tackle the most complex engineering projects. Only with AVEVA tech-
nology can engineers and designers from opposite sides of the globe
collaborate on a single project in real time. And only AVEVA fechnology
enables integration of 3D plant design with project and workface plan-
ning to achieve effective 4D construction.

3. The key to design integration. A committed champion of infor-
mation sharing and the removal of barriers fo data exchange, AVEVA
continues fo infegrate the entire design process. lis new AVEVA Bocad™
applications infegrate the world's most powerful structural steel design
technology with 3D plant design, increasing efficiency and capability
and eliminating costly design errors.

4. The key to efficient upgrades. Upgrading in-service oil & gas
facilities is a hazardous process in which every day’s lost production
counfs. AVEVA's advanced laser scanning applications reduce site
working and create accurate, finely detailed 3D representations of the
as-operating plant, enabling the design of ‘fit first time’ upgrades that
minimise asset downtime.

SAFER—LONGER—MORE PRODUCTIVE

Cetting your assets running earlier and keeping them running safely,
af optimum output, for longer, demands the management and use of a
huge quantity of information. AVEVA's advanced Information Manage-
ment solutions support many of the industry’s most efficient producers
and processors.

5. The key to rapid ROI. Achieving early startup and rapid ramp-
up to nameplate capacity requires close collaboration between Owner
Operator and EPC from the outset. AVEVA's powerful Information Man-
agement technologies enable the efficient management, control and use
of asset information, in @ common environment, from FEED throughout
design, construction, commissioning and operations.

SPONSORED CONTENT

6. The key to safe, compliant operation. VWhether for the control of
Work Orders, efficient shift handover, or the monitoring of plant KPIs and
regulatory compliance, AVEVA provides the most powerful Asset Manage-
ment solutions available. AVEVA's unique Digital Plant concept hamesses all
assef information. It supports the most efficient operational processes, plant
performance optimisation, froubleshooting and incident management.

An industry partner. AVEVA's deep understanding of its customers’
needs, and the reliability of its software, has made it a trusted partner
fo the indusiry’s leading operators and contractors. AVEVA works closely
with its cusfomers to maximise the value they gain from its products and
fo ensure that its technology continues to meet realworld needs. AVEVA
technology inherently protects ifs users’ information assets while offering
ever more powerful ways fo exploit their value.

Global solutions, local support. AVEVA's worldHeading solutions are
delivered and supported through a global network of offices, staffed by
knowledgeable professionals. Technical expertise combined with industry
knowledge enables rapid implementation of solutions which support best-
practice working methods. Flexible configuration and expansion, backed
up by expert local support, ensures that an AVEVA deployment will
provide competitive advantage as a customer’s business needs evolve.

AV=VA

CONTINUAL PROGRESSION

CONTACT INFORMATION
10350 Richmond Avenue, Suite 400
Houston, TX /7042, USA
Tel: +1 713977 1225
Fax: +1 713 977 1231
sales.us@aveva.com
WWW.aveva.com
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NITROGEN

SCAN WITH YOUR SMARTPHONE
TO VIEW OUR WEBSITE

FourQuest €nergy is your fi

As an industry leading nitrogen service prowder' FourQuest Energy is focused

S i

on continuously improving and advancing nltrogen use. _wald state of the
art pumping equipment geared toward product efﬁaency and"fuel economy,
while developing new uses for nitrogen throughout the energy industry.

By providing innovative, reliable nitrogen services, we have been able to
expand our operations to include both upstream and downstream services.

For more detailed information on our nitrogen services, visit our website:

www.fourquest.com

Connect with us on: w u S | .‘3

FourQuest Energy is an ISO 9001:2008 Certified and Registered Company

uest Energy
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FOURQUEST ENERGY

NITROGEN SERVICES: ACCELERATED

COOL DOWN (ACD)

WHY NITROGEN?2

Nitrogen (N,) is a colorless, odorless, and tasteless gas that makes
up 78.09% (by volume) of the air we breathe. It has several properties
that make it an ideal tool for use in the energy industry. Nitrogen is inert,
nonreactive, nontoxic, and noncorrosive. It is also nonflammable: a
nifrogen atmosphere will not support combustion.

Nitrogen is produced in large volumes in both gas and liquid form
by cryogenic distillation; smaller volumes may be produced as a gas by
pressure swing adsorption (PSA) or diffusion separation processes (per-
meation through specially designed membrane). Cryogenic processes
can produce very pure nitrogen. When produced in cryogenic facili-
ties, nitrogen is shipped in liquid form and transported in specialized
insulated tank trucks suitable for handling the extreme low femperatures
of nitrogen in its liquid state.

Refineries, petrochemical plants, and marine tankers use nitrogen to
purge equipment, fanks, and pipelines of dangerous vapors and gases
[for example, after completing a pipeline transfer operation or ending a
production run) and o mainfain an inert and protective atmosphere in
tanks storing flammable liquids.

NITROGEN AS A COOLING AGENT

Another important application for nifrogen is fo use it fo cool and inert
reacfors filled with catalyst during the shutdown process for maintenance
work. The inert environment created from nitrogen prevents any combus-
fible reactions from occurring. Flowing cold nitrogen through a unit can
also substantially reduce the amount of fime it would take to cool the unit
than if it were allowed to cool naturally.

Depending on the system design, nitrogen can be used for accel-
erated cool downs in either a gaseous or liquid phase ranging from
—-196°C to +400°C. During a oncethrough (gas-phased) cool down,
nitrogen gas is pumped through a process system. As the gas moves
though the reactor, it exchanges heat with any matter it comes info con-
tact with, resulting in an accelerated cool down. VWhen using nifrogen in
its liquid phase, cryogenic nitrogen fluid is pumped info a recirculating
process of the unit gas stream with a specially designed nozzle. The
nifrogen is vaporized by the warm gas stream and forms mixed gas at a
lower temperature. This cool gas mixture is used in the same manner as
the gaseous cool down to accelerate the cooling of the reactor system.
The liquid phase cool down, however, uses significantly less nitrogen
due to the added cooling benefits of phase changing liquid to gas.

The nitrogen is fransported fo the site as a liquid via a nitrogen
pump fruck, equipped with a storage tank, diesel fired vaporizer, and
cryogenic triplex pump. Additional nitrogen to complefe the cool down
is brought to site in specialized transport trucks. The liquid nitrogen can
be pumped from the truck in its liquid form, or it may be converted to
gaseous nifrogen, depending on the application. It then travels through
injection piping into the process unit (hydrotreater, sulphur recovery unit,
etc.) to be cooled.

The heat loss during a cool down can be defermined using the fol-
lowing principle:

SPONSORED CONTENT

Typical N2 (Gas)
Injection points 0@
for ACD shown

furnace
Acid Furnace T3>900°C
Gas ESD

Reactor bypass
Reactor bypass
Reactor bypass

Boiler feed

water
Sulphur i Sulphur
let-d let-d

Liquid
Sulphur i sulfur
let-d:

[ Sulphur pit |

Sulphur
let-d

Q=m X c(AT)
Where:
Q = heatloss
m = mass of object fo be cooled
c = specific heat capacity
AT = change in femperature (finakinitial)

This calculation will define the overall heat transfer requirement from
which the nitrogen consumption can be defermined. Specific elements
of the process unit, i.e., catalyst and mefallurgy, each contribute to the
fofal nitrogen requirement based on their individual masses and material
properties. It is therefore important to compile as much information as
possible regarding these parameters during the engineering assessment.

FOURQUEST NITROGEN SERVICES FOR ACD

Virtually any reaction vessel operating af extremely high temperatures
can benéfit from the thermally engineered accelerated cool down ser-
vice provided by FourQuest Energy. The hightemperature vessels used
in the energy industry for a wide range of processes and products can
often take days or even weeks to cool down to manageable working
temperatures. Proper engineering design optimizes the accelerated
cool-down portion of the plant shutdown process, allowing our clients
fo better plan and execute shutdown activities beyond the time savings
provided by the ACD. Put simply, shutdown time is significantly reduced
so that mainfenance work can start sooner in a safer environment and
with lower overall shutdown expenses.

Four

uest €Energy

CONTACT INFORMATION
4820 Railroad Street, Deer Park, Texas /7536
Office: +1 281-4769249
info@fourquest.com
www.fourquest.com
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Creating engineering solutions since 1953




HEURTEY PETROCHEM

HEURTEY PETROCHEM, PROVIDING ENGINEERING
AND FABRICATION SOLUTIONS SINCE 1953

Heurtey Pefrochem is an international oil and gas Group providing
Engineering, Procurement and Construction solutions to the downstream
and upstream hydrocarbon industries.

In 2013 the Group is celebrating in 60 years of projects serving the
petroleum industry, which have together made our company a leader
with an extensive infernational presence.

Listed in the Paris stock exchange market Alternext of Euronext since
2006, Heurtey Petrochem is part of the IFP Energies Nouvelles Group
and recently acquired 60% of the capital of Prosernat, also based in
France, extending its expertise fo the gas sector.

The Group develops its business through an extensive network of
subsidiaries and local representatives strategically spread around the
globe: France, USA, Brazil, Russia, India, Romania, South Africa,
China, Korea, Malaysia, Saudi Arabia and UAE.

Benefiting from key markets dynamics and a strong growth of its
activity, most of Heurtey Pefrochem’s foreign offices were launched these
past five years and now successfully provide a complete follow-up of
furnkey projecis.

A FULL RANGE OF FURNACES FOR THE REFINING,
PETROCHEMICAL, HYDROGEN AND GAS INDUSTRIES

Downstream. Refining is the Group's main sector of acfivity, reflecting
its experience of 60 years in this segment and its ability fo provide a
comprehensive range of refining furnaces for all hydrocarbon treatment
and conversion unifs.

Heurtey Petrochem has also built up extensive expertise in the petro-
chemicals area, has developed its own design fools and collaborates
with the best licensors as part of major projects. The Group offers a wide
range of fumaces for ethylene and aromatics production unis.

The Hydrogen sector is also a major field of activity, Heurtey Petro-
chem has, for several years, been working in cooperation with some of the
largest licensors for steamrreforming technologies. The Group is also active
in the area of waste-heat recovery units, with infegration of an additional
stage in the steam-generation process, nofably for CO Boilers and for
convection sections downsfream from Steam Methane Reforming furaces.

Upstream. In this market segment, Prosernat provides technologies and
facilities for field treatment of natural gas in the following areas: Phase
separation, Gas sweetening, Gas dehydration, Sulfur plants, NGL
recovery, Modular units, Gas compression and CO2 Capture.

CONTROLLING ALL PHASES OF THE PROJECT
EXECUTION PROCESS

Engineering and project management. Heurtey Pefrochem has the
full range of process engineering, mechanical design, defailed engineer
ing, procurement management, fabrication and construction resources
required for conducting projects.

Basic project engineering is performed mainly at the Group head
office in France, or in the United States. The detailed engineering,
procurement and construction phases of project implementation are
opfimized thanks fo the expertise available in the relevant subsidiaries.

SPONSORED CONTENT
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During the fall of 2012, Heurtey Petrochem successfully completed
its first complete hydrogen production unit for the Pancevo refinery
in Serbia (77000 Nm3/h, Haldor Topsee technology).

Fabrication and modularization. Heurtey Pefrochem runs its own
manufacturing workshop in Romania, strategically located near all
fransportation means. With a monthly production capacity of 300 fons
of casing and sfeelwork, the Heurtey Petrochem Manufacturing work-
shop enables the Group to control each step in the furnace-fabrication
process in ferms of quality, costs and deadlines. lts extensive network
of partners also enable the Group to offer a wide range of fabrication
solutions worldwide.

Heurtey Pefrochem provides a complete range of services, from
detailed engineering to turnkey supply: feasibility studies, process and
mechanical studies, defailed engineering, revamping and modernizo-
tion, site construction, commissioning and startup, fraining, spare parts
sourcing efc.

HEURTEY’S 2013 HALF YEAR RESULTS,
BACKLOG AT ITS HIGHEST LEVEL

Heurtey Petrochem announced on August 8th, 2013 a consolidated
turnover of € 204 million over the first semester 2013 (growing by 25%)
and a record level firm backlog of € 452 million (€ 231 million of order
intake), growing by 6% compared to December 31st, 2012. With ifs
good performance over the semester, the Group is confident in its ability
to achieve over the year a turnover on the high hand of the €360~

€ 390 million range.

HEURTEY PETROCHEM

CONTACT INFORMATION
8 cours Louis Lumiére, 94306 Vincennes Cedex - France
Phone : +33 (0) 1 41 93 80 00 — Fax : +33 (0) 1 41 93 8001
Email : heurtey@heurtey.com
Website : www.heurtey.com
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LOOKING TO INSTALL AN APPROVED PROJECT?
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IPP Has Over 100 Plants In Stock And The Unique Ability To Locate Specific Plants You Require.'
BELOW ARE SOME OF OUR HYDROCARBON-RELATED OPPORTUNITIES. ALL ARE IMMEDIATELY AVAILABLE.

o

Liquified Natural Gas (LNG) Plant (5) Hydrogen Plants (11) Crude Oil Refineries
Liquefaction Capacity: 2,400 NM3Hr NG, 1,620 NM3¥Hr to 22,500 NM3/Hr Complete Refineries And Individual Units Available
Resulting In 4 NM¥Hr LNG All Are 99.9%+ Purity 15,000 Barrel/Day to 275,000 Barrel/Day
Storage Capacity: 22,700 M2 Liquid (6 Million Gallon) (2) Buss Loop Hydrogenation Systems Available Contact IPP For A Complete List Of Units

+ CHEMICAL ¢* POWER GENERATION ¢ ALTERNATIVE FUELS * GAS

* PHARMACEUTICAL * FINE/SPECIALTY CHEMICAL ¢ ARTIFICIAL FIBER +* FOOD PROCESSING
¢+ PETROCHEMICAL ¢ AGRICHEMICAL/FERTILIZER * PLASTIC

¢ REFINING + BIOTECH ¢ STEEL

WE BUY AND SELL IDLED OR DISTRESSED MANUFACTURING PLANTS,  |NTERNATIONAL
PROCESS EQUIPMENT AND INDUSTRIAL REAL ESTATE PROCESS PLANTS

Michael Joachim +1-609-454-2932 http://hub.am/18uXoNA www.ippe.com
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INTERNATIONAL PROCESS PLANTS (IPP)

WE BUY AND SELL COMPLETE PROCESS
PLANTS, PROCESS LINES AND EQUIPMENT

International Process Plants (IPP] is a selffunded global buyer and seller
of surplus manufacturing facilities, process plants, industrial real estate,
and individual equipment. IPP's business model serves clients in two ways:

1. IPP provides companies the opportunity to acquire existing assets
af competitive prices and in a fraction of the lead time of building or
buying new

2. for companies looking to divest assefs that have become surplus
to their needs, IPP serves as an outlet fo convert those assets into funds
quickly in a fiscally and environmentally conscious manner.

IPP. started over 35 years ago by 2 brothers who still lead the com-
pany, has grown fo company-owned operations in 17 countries serving
a client base of 160,000 companies in the worldwide oil & gas, power
generafion, petrochemical, chemical, pharmaceutical and food process-
ing industries. One of the largest companies in this business, IPP's inventory
includes over 100 complete plants, more than 30,000 individual pieces
of process equipment and multiple industrial real esfate development sites.

BUYING EXISTING PLANTS: A STRATEGIC WEAPON

Many of IPPs clients compete in mature indusfries where today’s chal-
lenging economic climate demands creative solutions for business suc-
cess. Given that IPP's plants cost a fraction of the capital needed to build
new ones (savings typically reach 40-50%), buying an existing plant is
the only economically viable option fo satisfy plant needs for many of
IPP's clients. IPP's clients also save valuable uptime as most plants can be
relocated and ready for operation within 18 months or less compared to
new plant construction that can take 3—4 years.

IPP's stock of complete plants includes several properties of interest to
the hydrocarbon processing industry:

e |PP’s Gasification Plant: 3, 000 metric tons / day

e ING Peak Shaving Plant:

o 11 Refinery Faciliies: 15,000-275,000 barrels / day

e 5 Hydrogen Plants: 1,580-25,000 NM? / hr (99.9%+ pure|

e Methanol Plant: 400 metric tons / day

Casification allows oil refineries fo convert residue waste into valuable
commodifies. A study by the National Energy Technology Laboratory
[NETL) estimated that typical US refineries using gasification to produce
these commodities could save up to $55,000 / day. The syngas pro-
duced by gasification could also be sold. Refineries buying an existing
gasification plant can save up to 50% of the capital required fo build
new (US $500-$800MM). Coupled with operating cost savings and
potential revenue from syngas sales, refineries can fund a significant
number of incremental projects.

IPP's ING plant can be used to store surplus natural gas for demand
spikes, to liquefy associated gas in oil fields while reducing emissions
and increasing pumping capacity, in industrial sites with no natural gas
pipeline to delivery ING and for vehicle fueling stations.

WHY BUY ASSETS FROM IPP¢

Buying existing plants or equipment assets from IPP maximizes the
impact your fixed capital budget can have by saving you 30-50% vs.
buying new plus you'll get to market or back online fasfer. Plant clients tell

SPONSORED CONTENT

Complete Process Plants, Process Lines, Industrial Real Estate
and Maijor Pieces of Process Equipment

us they are up and running in V2 the time it would have taken for a new
plant. Equipment clients love reducing downtime when equipment fails
because IPP delivers within days.

SELLING ASSETS TO IPP

Unlike some companies in this business, IPP utilizes its own assets
fo purchase the enfire plant site oufright. With no 3rd parties involved,
selling fo IPP maximizes your plant's value and generates your cash infu-
sion faster, funds you can immediafely use. IPP also purchases idle and
surplus processing lines or individual equipment pieces, tuming those
non-productive assefs info instant funds as well.

Selling your plant to IPP avoids the carrying costs of an idled plant.
IPP's clients have saved as much as $700,000 a year in utilities, insur-
ance, faxes, efc. From a human capital perspective, IPP's clients don't
have to supervise plant or equipment shut downs, provide security or
sell assets piecemeal. IPP can help manage any needed dismantling or
environmental remediation, eliminating further costs.

IPP is highly experienced in extracting multiple revenue streams from
our plant acquisitions, offen achieving 100% recycling of the plant's
confents, a process that benefits the seller too. For example, one plant
site included timber that IPP sold to a client in the paper business, value
that was reflected in the plant's purchase price.

INTERNATIONAL
PROCESS PLANTS

Your Partner for
Complete Plant Solutions

CONTACT INFORMATION
Address: 17A Marlen Drive, Hamilton, NJ 08691
Phone: +1-609-586-8004
Fax: +1-609-586-0002
sales@ippe.com
http:/ /www.ippe.com
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K€ KOCH-GLITSCH

1913 - 2013

100 year

anniversary

Celebrating @
century of innovation
in Mmass transfer
technology.

YOU CAN RELY ON US."

Setting new standards — then and now.

At Koch-Glitsch the culture of innovation has been going strong for 100 years with brands that
set new standards and became the preferred technology in the industry. Development and
testing of mass fransfer equipment continues today in our world-class pilot plant facilities shown
above. Our cost-effective equipment designs provide the industry with higher efficiency, higher
capacity, improved plant performance, and increased reliability yielding significant capital
and energy savings.

1945
Founding of
Koch Engineering
1913 | 1992 2002 20m
Founding of . ULTRA-FRAC™ FLEXILOCK™  Compartmentalized
Fritz W. Glitsch Benturi fray frany tray _ ULTRA-FRAC™ tray
1937 | construction
Truss-type 1952 1989 1997 Cr?;gsnfﬁ)w
sheet metal FLEXITRAY™ SUPERFRAC™  PROVALVE™ ULTRA-FRACT™
fray valve fray trIy_l tray tray
1910 ‘ 1920 ‘1930 ‘ 1940 ‘ 1950 ‘ 1960 1970 ‘ 1980 1990 ‘2000 2010 ‘
v 1 1 7
1%62 T 1977 1991 2007
Pall ring style FLEXIPAC™ FLEXIMAXT™ INTALOX™
random 1971 structured random ULTRA™
packing  CASCADE  packing packing random
MINERINGS™ packing
random packing | 1997 2009
IMTP™ FLEXIPAC® HC™ PROFLUX™
random packing Sfrucfl_llred severg §ewice
packing gricd

E€ KOCH-GLITSCH

United States (316) 828-5110 | Canada (905) 852-3381 | Europe +39-035-2273411 | Asia +65-6831-6500

www.koch-glitsch.com
Select 111 at www.HydrocarbonProcessing.com/RS
CASCADE MINI-RINGS, FLEXIMAX, FLEXIPAC, FLEXITRAY, IMTP, INTALOX, “K" KOCH-GLITSCH, PROVALVE, SUPERFRAC, and ULTRA-FRAC are trademarks of Koch-Glitsch, LP and are registered in the U.S. and
various other countries. FLEXILOCK and HC are trademarks of Koch-Glitsch, LP and are registered in the U.S. PROFLUX, ULTRA, and YOU CAN RELY ON US are trademarks of Koch-Glitsch, LP. FLEXIPAC® HC™
structured packing technology is protected by patents in the U.S. and various other countries assigned fo Praxair Technology, Inc. Koch-Glitsch, LP is the exclusive worldwide licensee of Praxair Technology, Inc.
for the manufacture and sale of this packing in all markets except for industrial gas separation.



KOCH-GLITSCH

CELEBRATING A CENTURY OF INNOVATION
IN MASS TRANSFER EQUIPMENT DESIGN

For many years, equipment designers searched for the ultimate
mass transfer device—one that could be used for any application.
Over time, they reached the conclusion that there is no single device
for all applications; rather there is always a device that has distinct
benefits and characteristics that make it the most suitable to meet the
requirements for a particular application.

Koch-Glitsch put decades of practical knowledge, innovative think-
ing, and fremendous expertise into research and festing that led to the
development of a comprehensive product portfolio. Along the way,
Koch-Glitsch products set new standards and became the preferred
technology in the industry.

RANDOM PACKING

Random packing is frequently used as an inexpensive but very
effective means fo increase a tower's capacity and/or efficiency. The
reduced height to diameter ratio of CASCADE MINIRINGS™ random
packing provided easy vapor passage resulting in lower pressure
drop, additional vapor/liquid handling capability, and increased
fouling resistance.

The improvements in capacity and efficiency in IMTP™ random
packing made it the most widely used in the industry. lts low pressure
drop reduced energy consumption in revamps, and the reduced foam
generation made it a good choice for foaming systems.

As a fourth generation packing, the unique shape of INTALOX™
ULTRA™ random packing provides the highest effective surface utiliza-
fion of any random packing available. It provides higher capacity and
efficiency and lower pressure drop compared fo previous generations
of random packing.

STRUCTURED PACKING

Made of corrugated sheet metal, FLEXIPAC® structured packing was
introduced to the market by Koch-Glitsch in the 1970s.

Conventional corrugated sheet metal structured packing accumu-
lates liquid atf the base of one element before it flows fo the top of the
next lower element. FLEXIPAC® HC™ structured packing was the first
packing with edge modifications to the corrugation af the fop and bot-
tom of each packing layer that allows liquid to drain fo the next lower
element without excessive accumulation.

TRAYS

The FLEXITRAY™ valve fray has been the preferred tray technology
in the industry for over 60 years. With proven performance in all liquid-
vapor contacting applications, FLEXITRAY™ valve trays have been
installed in tens of thousands of columns worldwide.

The SUPERFRAC™ tray has the highest combined capacity and
efficiency of all single-pass crossflow trays tested af FRI. It has been
industry validated for more than 20 years in new tower design and
revamping of exisfing trays. In new columns, SUPERFRAC™ frays can
reduce vessel diameters, heights, or both. In existing columns, they
can increase capacities, reduce uﬁliry costs, and improve separation.

With ULTRA-FRAC™ high performance trays, existing columns can

SPONSORED CONTENT

PROVALVE™ tray

be refrofitted, resulting in significant capacity increases from high to
low liquid loaded systems.

The PROVALVE™ tray's unique valve design with no moving parfs
provides reliable unit operations in severe fouling applications such as
coker fractionators, sour water strippers, and beer sfripping columns.

SEVERE SERVICE GRID

With no horizonfal surfaces and open structure, GLTSCH GRID™
and FLEXIGRID™ severe service grid packings do not allow solids o
seftle, which reduces the formation of coke on the packing surface.

PROFLUX™ severe service grid is a rugged assembly of rods welded
fo sturdy corrugated sheets. This construction combines the efficiency
and de-entrainment performance of a conventional structured packing
with the ruggedness and fouling resistance of a conventional grid pack-
ing that outperforms both. Greater capacity compared to conventional
grid or structured packing allows increased flow rafes in existing towers.

Understanding market demands and envisioning future requirements
constantly drives Koch-Clitsch's search for improved column internals
and services that will help operators address challanges with energy
efficiency, product purity, operation reliability, and the environmental
impact of processing operations.

CONTACT INFORMATION
4111 East 37th Street North
Wichita, KS 67220
Phone: 316-828-5110
Fax: 316-828-7985
www. koch-glitsch.com
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ThyssenKrupp Uhde —
Engineering with ideas.

The key to our success is the creativity and resourcefulness of
our employees. And it is this that keeps turning major challenges
into solutions that are not only brilliant and innovative, but often
set the standard for the entire engineering sector.

www.thyssenkrupp-uhde.de

ThyssenKrupp Uhde

Select 81 at www.HydrocarbonProcessing.com/RS
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THYSSENKRUPP UHDE

THYSSENKRUPP UHDE—
ENGINEERING WITH IDEAS

With more than 2,000 plants to its credit, ThyssenKrupp Uhde is
one of the world's leading engineering companies in the design and
construction of chemical, refining and other industrial plants. We have
subsidiaries and associates in all four corners of the globe. This world-
wide nefwork with over 5,900 employees is acfive in a number of differ-
ent fields: fertilisers, electrolysis, gas technologies, oil, coal and residue
gasification, refining technologies, organic intermediates, polymers and
synthetic fibres as well as coke plant and high-pressure technologies. VWe
offer our cusfomers not only costeffective hightech solutions in industrial
plant construction and the entire range of services associated with an
EPC contractor but also comprehensive service packages for the entire
life cycle of their plants.

HIGH-TECH ENGINEERING. WORLDWIDE. CUSTOMISED.

In the international plant construction industry, it is essential for com-
panies to provide firstclass processes which guarantee industrial plant
operators an optimum in quality and operational economy.

Not only does ThyssenKrupp Uhde promise to meet these demands,
we also orientate our strategy fowards expanding our presence on infer-
national markets and fo adopting innovative new processes to boost our
existing technology portfolio.

In addition, ThyssenKrupp Uhde has also invested in yet more onsite
compefence in the form of subsidiaries and international partnerships
which enable us to keep up with the everincreasing number of customers
on the world market. ThyssenKrupp Uhde's special brand of corporate
performance and efficiency is based on the fact that the company
can offer complete production lines in many technological fields and
has consequently accumulated a wealth of experience in dealing with
process-related tasks.

Furthermore, our various central divisions enable us to provide addi-
tional services which include plant location selection, the arrangement
of financing schemes, negotiations with authorities, plant management,
maintenance, safety analyses, safety fechnology, training of operating
personnel and project management.

Our dffiliates and associates abroad work fo the same quality sfan-
dards as the head office in Dortmund. This ensures that any services
connected with the name Uhde are synonymous with excellent quality
imespective of location.

SPONSORED CONTENT

per-day urea plant built for Yara at their site in Sluiskil (Netherlands).

TECHNOLOGIES

We are constantly improving and expanding our process portfolio
with the aim of providing our cusfomers with even more cost-effective
and, at the same time, safe, environmentfriendly plants. Proprietary
developments, cooperation with external partners and the acquisition of
technologies all play a key role in achieving this aim.

We thus guarantee at all times upto-date and technically optimum
solutions for our customers, combined with comprehensive, state-ofthe-art
services for the entire industrial plant consfruction business.

ThyssenKrupp

ThyssenKrupp Uhde

CONTACT INFORMATION
Friedrich-Uhde-Strasse 15, 44141 Dortmund, Germany
Tel.: +49 231 547 0
Fax: +49 231 547 3032
info.uhde@thyssenkrupp.com
www.thyssenkrupp-uhde.de
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H. POORKAR, M. AL-ZAHRANI and

H. AL-SHBRAIN, TASNEE, Jubail, Saudi Arabia;
and K. SEFIDROU, Rockwell Automation,
Houston, Texas

Advanced process control improves
operation of a polypropylene unit

Saudi Polyolefins Co. (TASNEE Petrochemicals) operates
two world-scale polypropylene (PP) units in Jubail, Saudi Ara-
bia. The units include polymerization and extrusion sections.
The polymerization section for each line has two reactors op-
erating in parallel mode for homopolymer production. Hydro-
gen is added continuously in a fixed ratio to the propylene feed
to control the PP’s molecular weight. The molecular weight is
expressed as the melt flowrate (MFR). Each reactor train has
its own degassing section, intermediate product storage and
extruder. The total capacity of the plant is 720,000 tpy.

In early 2009, TASNEE decided to deploy an advanced pro-
cess control (APC) solution for its recently debottlenecked PP
plant in Jubail. Selected APC vendors were supplied with an
extensive set of plant operating data, allowing them to perform
a preliminary benefits analysis. The project scope included a
reactor composition controller and virtual online analyzer for
MER and xylene solubility (XS). Quality control information
and automated transition records for the four reactors were
also included.

Benefit study. To estimate the potential benefits related to im-
plementing an APC solution, a detailed benefits study was car-
ried out in 2009 for the two PP lines. The benefits study meth-
odology was agreed to by both TASNEE and the APC vendor.
The benefits estimates were based on actual process data and
the APC vendor’s experience with similar projects. The benefits
were seen in three key areas: Measurable improvements in pro-
cess stability; the ability to accurately predict key process vari-
ables (such as MFR and XS), which can be difficult to measure
online; and improvements in process operation consistency.

Another key benefit discovered is that APC will push the
process closer to its constraints without violating them, thereby
increasing the plant production rate. This benefits study fo-
cused on three primary benefit areas; including increased pro-
duction, reduced off-spec product and lower operating costs.

Results of the initial benefits study showed that less than six
months return on investment (ROI) was achievable. In other
words, production increased by over 2%, while the process ca-
pability index (C,, ) soared by over 50%.

APC technology selection. The TASNEE project team in-
vested significant time and effort for vendor and technology

selection. Factors such as technology capability, polymer expe-
rience, commitment to success, and cost were considered in the
selection process. The vendor selection process took approxi-
mately six months. Each vendor was given the opportunity to
present its benefits analysis and its technical solution. The TAS-
NEE team paid special attention to the APC solution that pro-
vided remedies for chronic operational issues.

Project implementation. The project kickoff meeting was
held shortly after the contract was finalized and initial prepa-
rations were completed. The initial preparation work involved
things like installing the APC server, interfacing it with the
distributed control system (DCS) and then making the subse-
quent DCS configuration changes.

TASNEE assigned a project team made up of operations
experts, process engineers, process control gurus, DCS experts
and IT support. The project team was overseen by a dedicated
project manager who also acted as the technical lead. The project
team was involved in all aspects of the implementation. Within
the first three months, the majority of the APC solution was in
place and commissioned. Improvements in process stability and
product quality were noted shortly after commissioning began.

To improve reactor stability, the reactor pressure controller
was commissioned, along with the polymer production rate
controller. For the next four months, the project team focused
on fine tuning the controller and installing and testing of the au-
tomated transitions. The implementation was completed seven
months after the kickoff meeting. The performance test and au-
dit took an additional three months. The project exceeded all
performance criteria outlined in the project objectives.

Initial challenges. This polymer APC project had to over-
come some difficult issues related to the process while remain-
ing compatible with overall objectives. One issue was that the
process makes multiple products with varying catalyst activities
(due to fluctuating hydrogen concentration) in the reaction
loop. This introduced a high degree of non-linearity in the gains
and the dynamics.

Another issue was that some of the controlled variables were
open loop unstable. This required that the controller respond in
a quick and sufficient manner so as not to introduce further insta-
bilities. The team had to be aware that the process was sensitive
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to impurities in the feedstock and to those generated internally.
The impurities tended to affect the catalyst activity and thus the
response of the process. Further, the APC solution had to be pro-
grammed in a way to recognize that the steady-state location of
process variables for a product will vary from run to run.
Another red flag to consider was that some of the final prod-
uct properties that are important to the end user are not char-
acterized by the parameters measured by the lab or controlled
in the process. Clear lines of responsibility also had to be estab-

Gas to recovery/
Cocatalyst Cocatalyst refeed
Cocatalyst Cocatalyst _
Stereomodifier Stereamodifier Powder and gas
separation system,
Recydle gas Recycle gas intermediate storage
condenser condenser
(3 PP powd_er to
Tst reactor for nd reactor for extrusion
homopolymers homopolymers
and random and random
copolymers copolymers
Propylene Propylene
Comonomer(s) Comonomer(s)
Hydrogen Hydrogen

FIG. 1. Typical process flow diagram with APC implementation.
Source: CB&l
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FIG. 2. Reactor’s pressure control before and after APC implementation.

lished, so that appropriate technology transfer to the operations
and technical groups for maintenance and support could be un-
dertaken. Fortunately, the analyzer performance issues and lab
result variability were flagged early in the project and the project
team was able to offer solid technical solutions.

Results achieved. The main project objectives were to increase
production rate, improve process stability (reduce off-spec) and
improve product quality or C,. APC solutions for polymers
achieve these objectives by implementing a nonlinear multivari-
able control solution (FIG. 1). An important aspect of reactor
stability is the ability to control critical process parameters such
as reactor pressure and reactor temperature. FIG. 2 illustrates the
pressure control improvement for one of the polymer lines.

TABLE 1and TABLE 2 show the improvements in process stabil-
ity relative to the baseline during the three month performance
period. TABLE 3 illustrates the project’s performance guarantee
objectives and TABLE 4 provides the actual results for the three
month performance period.

In addition to reactor stability, improvement in the product
quality was an important objective. The product quality im-

TABLE 1. Improved process stability for Train 1

Standard deviation

Train 1 Baseline After APC  Improvement
Reactor 1 pressure 0.74 0.31 58%
Reactor 2 pressure 0.68 0.27 61%
Reactor 1temperature 0.93 0.47 50%
Reactor 2 temperature 0.93 0.68 27%

TABLE 2. Improved process stability for Train 2

Standard deviation

Train 2 Baseline After APC  Improvement
Reactor 3 pressure 0.63 0.25 60%
Reactor 4 pressure 0.71 0.2 72%
Reactor 3 temperature 0.52 0.34 35%
Reactor 4 temperature 0.66 0.34 48%

20

Before TABLE 3. Performance guarantee
55 1 1 1 Train 1 Train 2
Performance
10 guarantee terms RX1 RX 2 RX 3 RX 4
Production increase 2% 2.50% 2.50% 2.50%
50
I [T 1 IR Ouality improvement ~ 50% 50% 50% 50%
0 for MFR-C,
03-Dec-09 00:00 03-Mar-10 00:00 21-Jun-10 00:00 29-Sep-10 00:00
18
After TABLE 4. Performance achievement
13 i } L Train1 Train 2
8 \-'\\KFE Results achieved RX1 RX 2 RX 3 RX 4
Production increase 3.50% 2.80% 2.80% 2.85%
3 Quality improvement > 50% > 50% > 50% > 50%
28-Dec-10 00:00  06-Feb-1100:00 18-Mar-1100:00 21-Apr-1100:00 06-Jun-1100:00 for MFR-Cp
Quality improvement > 50% > 50% > 50% > 50%
FIG. 3. Quality control performance before and after APC implementation. for XS-C,,
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provement was measured by the C, number. This is a statisti-
cal measure of the plant’s capability to operate between product
limits and near the designated product target. For this undertak-
ing, C,, for MFR was a project objective. In the end, APC imple-
mentation resulted in all products exceeding the C,, objective.

Improvements in other product properties, including XS,
were also observed. FIG. 3 shows the quality improvement for
one of the product grades.

The APC solution not only improved process stability, in-
creased production and offered better quality control, it also
improved product transitions by automating the changes. The
product transitions are now faster and more consistent. Transi-
tion times were reduced from 50% to 80% depending on the
direction of the transitions and the magnitude of the change.
This translates to making less off-spec material due to product
transitions. A typical MFR transition is illustrated in FIG. 4.

From then to now. The project was completed seven months
after the formal kickoff meeting. The total benefits achieved
shows that the ROI was less than three months. A few impor-
tant factors that contributed to the project’s success included
the initial work on the project base line, scope definition and
preparation. The essential elements are:

1. Close collaboration between the TASNEE team and the
APC vendor team

2. Ongoing training

3. Technology transfer to the TASNEE team

Process Control Jln

4. Effective project management.

The application performance was monitored during the eval-
uation period (three months after commissioning) and the post-
audit report shows that all performance criteria were exceeded.

The installed APC solution has been online for over 24
months, with an average utilization of over 93%. The nonlinear
model predictive control solution is maintained by TASNEE
personnel so that the expected results will continue to be deliv-
ered. Before implementation of this solution, TASNEE was fo-
cused on improving its lab quality control performance. Imple-
menting this APC solution has allowed TASNEE to reduce the
number of lab samples required. This has reduced the lab work-
load, resulting in more consistent results and improved product

quality control. FP

Transition time
Before APC 30hr
30 30 ‘

5 006’:@5% %5 F—émﬁi

After APC 8hr

15 g
10 10 -
5 5

0 0

24-Jun-10 00:00 27-Jun-10 00:00 16-Dec-1116:48 18-Jun-1107:12

FIG. 4. Product transitions before and after APC implementation.
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SAVE the DATE

Now in its fourth year, Hydrocarbon Processing’s International Refining and
Petrochemical Conference (IRPC) has become an important and compelling forum

because of innovators like you.

We hope to see you again in Verona, Italy on 24-26 June 2014 to share
knowledge and learn from industry peers and executives from around the
world. Like past events, IRPC 2014 will be dedicated to exploring the latest
advancements in technology and operations at refineries and plants on both

a local and global level.

www.HPIRPC.com

HYDROCARBON PROCESSING’

@ IRPC2014
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® Separator Tanks
® Slug Catchers
® Knock Out Drums

®
“ENERGY PRODUCTS & SERVICES WORLDWIDE"

Total Energy

ASME Fabrication & Alteration

WORLD’S LARGEST INVENTORY OF NGL STORAGE TANKS

BUY - SELL - DISMANTLE
www.totalenergy.com

ASME Tank Sales

10,000 to 120,000 gallons
® Butane
® Ammonia @ Nitrogen
® CO2&02 @ LNG
Any Size - Any Quantity

USED & RECONDITIONED
PROCESS EQUIPMENT

® Propane

1.800.682.0181

Eliminate
Valve Cavitation

* Place one or more diffusers downstream
of a valve to eliminate cavitation

e Eliminate noise

e Eliminate pipe vibration

e Reduce valve first costs

¢ Reduce valve maintenance

CU Services LLC
725 Parkview Cir., Elk Grove Vlg., IL 60007
Phone 847-439-2303 e rcronfel@cuservices.net

www.cuservices.net

Select 202 at www.HydrocarbonProcessing.com/RS

Select 201 at www.HydrocarbonProcessing.com/RS

Outperforms Metal, Wood or Masonry
Used for Electrical - Mechanical - Blast
Generators - Substations - Utilities
Pumps - Communications - Hazmat
Maintenance - Restrooms - Shelters
Field Stations - Laboratories - Storage
- EASI-SPAN Roofs - clear spans up to 50'x250°

- Sizes from 8'x 12'x 8" t0 50'x 250 x 35’

- Installs in just hours, minimal site preparation
+ Pre-engineered, assembled, and outfitted

- Resistant to rot, wear, flood, blast & disasters

BUILDINGS

www.EasiSetBuildings.com
866.252.8210

Select 203 at www.HydrocarbonProcessing.com/RS

Call 972-816-3534 for details about

Hydrocarbon Processing’s Marketplace
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® Specialty Engineering

ety Enginees BOILERS & DIESEL GENERATORS =

Rotating Equipment FAST EMERGENCY SERVICE - Boilers

(S Metallurgical and H
‘y‘}e Materials Lab - 800-704-2002 I - Chillers "J‘iﬁuaﬁ\‘*
= e Field Service I
a2 ! www.wabashpower.com 3 - Generators
I FAX: 847-541-1279 I Lease * Rental ¢ Sale
Specialists in design, failure - - E
analysis, and troubleshooting of  oicior Torss | ™ 847-541-5600 i tel 847.541.8300 / 800.446.3325
static and rotating equipment Tel: 281-282"9200 I Wa bash POWER . fcx‘847.54‘| 9984
www.knighthawk com Fax 281028200333 EQUIPMENT CO. m |nfo@|ndgck-power,com
™ 444 CARPENTER AVENUE, WHEELING, IL 60090 I www.indeck.com
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SURPLUS GAS PROCESSING/REFINING EQUIPMENT

25 MMCFD x 1100 PSIG PROPAK REFRIGERATION PLANT
28 TPD SELECTOX SULFUR RECOVERY UNIT
1100 BPD LPG CONTACTOR x 7.5 GPM CAUSTIC REGEN
NGL/LPG PLANTS: 10-600 MMCFD

AMINE PLANTS: 60-3300 GPM
Automatic Filters ’ﬂE. SULFUR PLANTS: 10-180 TPD

FRACTIONATION: 1000-25,000 BPD
3 HELIUM RECOVERY: 75 & 80 MMCFD
Why Should You Filter Your Water? e
MANY OTHER REFINING/GAS PROCESSING UNITS
We offer engineered surplus equipment solutions.
Bexar Energy Holdings, Inc.
Phone 210-342-7106 « Fax 210-223-0018

www.bexarenergy.com ¢ Email: info@bexarenergy.com

Select 208 at www.HydrocarbonProcessing.com/RS

PUBLISHING COMPANY

SOFTWARE « VIDEO « BOOKS
Scale formation reduces the heat transfer rate and increases the water .t The Operator’s
pressure drop through the heat exchanger and pipes. In fact, one study 5 “.ML  RoleinAchieving

has shownthat .002" fouling will increase pumping needs by 20%. * Equipment
Reliability Series

The Best Engineered Water Filteration e
Solution Always Losts Less

Here is a three-part lecture series

2672 S La Cienega Blvd, Los Angeles, CA 90034 USA featuring Heinz Bloch, respected author
(800) 226-1942 (310) 839-2828 Fax (310) 839-6878 and lecturer on process equipment
reliability. Each program introduces
important and proven recommendations
that the operator can use to improve

www.tekleen.com info@tekleen.com
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equipment reliability in their facility.

« Part 1: Introduction and Overview,
and why there is no reliability without
operator involvement

HYDROCARBON PROCESSING « Part 2: Common Misunderstandings

C 0 N ST R U CT I O N with Equipment Reliability Impact

« Part 3: Avoiding Machinery Failures
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Visit our website to see all that

. . . . . Gulf Publishing Company offers
Detailed and up-to-date information for active construction
www.GulfPub.com

projects in the refining, gas processing, and petrochemical
i . i Phone: +1 713-520-4426
industries across the globe | ConstructionBoxscore.com Email: Software@GulfPub.com
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The case for change

When should you change water-treatment suppliers? After
a failure? When you are dissatisfied with the quality or price
of your incumbent supplier? When you receive an attractively-
priced proposal? When your trusted service representative re-
tires? When your competitor buys your refinery?

Answer: Any of these events can be a compelling reason to
make change. The real question is: Is your organization prepared
to make a change? Changing suppliers might be the absolute
right decision. However, if your organization is not ready to
make the change, you have created risk—risk of damaging your
equipment, lost production, and, perhaps, unsafe conditions
that cause injury or death.

Preparing your organization for change. It seems so ob-
vious: If you want to make change, you must understand what
things need to change. Too often, organizations violate all of
the best management practices and change suppliers based on a
flawed assumption, such as: change will solve present problems.
Implementing changes without understanding the cause can cre-
ate additional problems.

The most logical first step is a situation analysis. The clas-
sic method, SWOT—Strengths, Weaknesses, Opportunities
and Threats—is an excellent framework. The source of data for
this analysis is an audit of the plant’s utility water systems that
include inspection of the systems and interviews with key stake-
holders about the operation of their systems and performance
of the incumbent water-treatment supplier. This audit should
address these key aspects: system reliability, system operability,
data acquisition and management, documentation and proce-
dures, organizational, water and energy efficiency, and costs.

TABLE 1. Excerpt of a SWOT Analysis—US Petrochemical Plant

Strengths Weaknesses

System reliability and
operability—Robust pretreatment
infrastructure due to recent
upgrades and capital investment

System reliability—Many water-
related failures in the cooling water
circuits caused over $1 million of
lost opportunity and capital costs.

Organizational—Operators lack
knowledge about the operating,
monitoring and maintenance
practices for utility water.

Threats

Opportunities

Organizational—Improve
operator competency

System reliability—Failures in the
cooling water circuits will continue
to compromise operability, safety
and profitability until personnel
increase their knowledge and
ownership of the utility water
systems.
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The audit is also an opportunity to understand the value (or
lack of value) of the incumbent supplier services. One caveat—it
is important to understand the supplier’s responsibilities. It is hu-
man nature for plant staff to wish that their supplier would take re-
sponsibility for as many tasks as possible. When plant personnel
abdicate responsibility for managing their utility water systems
instead of delegating responsibility, it is a path to certain disaster.

Audit objectives. The primary objective of the audit is to
identify risk, especially if the plant has experienced a failure, lost
production and/or damage. The audit should drive corrective
action to change the circumstances leading to the failure. Often,
the audit team will identify opportunities for improvement—
possibly reducing the chemical treatment costs. In all cases, the
results of an audit will lead to greater understanding and owner-
ship of the utility water systems by plant personnel—a proven
path to reduce risk.

Finally, plant personnel should understand the inherent costs
and risks of changing water-treatment suppliers. Costs include
time, for the audit team members and for the procurement and
contract specialists, along with capital costs—new chemical feed
control systems and integration of data acquisition and control
systems into the plant’s distributed control system.

Audit outcomes. An example SWOT analysis from an audit of
alarge petrochemical facility is summarized in TABLE 1. The audit
team created a set of prioritized tasks with estimates of costs and
return on investment, identification of the person who “owns”
the task, and a negotiated completion date. Once plant person-
nel have implemented changes to correct the deficiencies and
improve the utility water system, the organization can begin the
process to change chemical suppliers.

Think before changing. Making decisions based on unsub-
stantiated assumptions is a dangerous practice—including the
decision to change water-treatment suppliers. Instead, use this
apparent problem as an opportunity to benchmark your operat-
ing costs and competency. Strengthen your staft’s ownership of
the utility water systems. If change is the best solution, create a
long-term, partnership relationship with the new supplier. FP

LORAINE A. HUCHLER is president of MarTech
Systems, Inc., a consulting firm that provides technical
advisory services to manage risk and optimize energy-
and water-related systems including steam, cooling
and wastewater in refineries and petrochemical plants.
She holds a BS degree in chemical engineering, along
with professional engineering licenses in New Jersey
and Maryland, and is a certified management
consultant.
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Linde Process Plants, Inc. provides engineering, design, fabrication and construction of cryogenic plants for the extraction of
hydrocarbon liquid from natural gas, refinery and petrochemical gas streams.

Recovered liquid components can include ethylene, ethane, propylene, propane, isobutane as well as other valuable olefinic
and paraffinic hydrocarbons. Combine your CRYO-PLUS™ plant with a Linde PSA to recover high purity hydrogen from
refinery and petrochemical off-gas streams.
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- Natural Gas
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