DRILLER’S
DREAM

Maintaining a green profile has become increasingly important for
companies in the oil industry as new, more stringent regulations come
into play. Maersk Drilling has found a cost-effective solution to one of
the challenges — how to treat contaminated water onboard oil rigs. ==
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AUNHING ENNROMEENTALLY sale operations iscrucial foe

compapiies within the of] indery. 08 spills trom both
taxlkeers apyd oftshore ofl rigs can wreak havoc with the
mari e envin pment and cause jrreverible harm o a
company brand. Mot only will the company name be
copnected to the inddent in countles headlines affecting
public opinion, but imvesiors may dedde to wrm their backs

awe].

*Prochuced™ waters - iormation waser, brine, injection
waser aned other echnological waters - also posean
environmental haraed, one that ivceesingly seringent
legislation is seeking o eradicae.

When drilling for oil, injection water s pumped inio the

WORLDWIDE
OPERATIONS

Mucrsk Oniling is part of the A7
Molor-Macrsk Group and s ona of
Itm largest drlling oomtracion b it
worid - maasurad i mobla ofstom
riling rigs. Cfther oormpany facts
& Founded In 1072
= Headquarnsrs i Lyngoy, north of
Copentagen, n Denmark
= Ofioes In 11 oountnas
= 3,500 pmployoas wolowits
= 21 il Figs In s i tha North Ssa
Sruncd, Dubsd, Caspion Sxa,
Sl of Markoo and othar regions
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Enjection wells in quantities of
hundesds of thousands of wmmpes ©
mainin the presare in the sysem
apd push the hydrocarbons toward the
producing wells. Formation waser and
bripe are extracied along with ofl. All
of these waters are typlclly pollsied
by oil, matural low-mobeou lar-weight
fydromrbons, inorganic slisand
techmnological chemicals, apd et be
cleaned betore they are discharged
into thesea

The International Maritime
Deganizazion regulations say that
water discharged trom driflling rigs
cary oo Exin a maxi miem of 5 parts
per million of ol Bot oouryiries and

regions als apgly their own kegiskazion, which companies
in the ol ipdustry most shide by, and the stringency af this
lepilation vare

MAERIEN DENLLING B8 one af the larges doifling oontescnes i
the world - myezsured in mobile oftshoee drilling rigs - and
operaies a worldwide fleet of drilling rigs and mobilke
production units lor ol companies 1o et The company
has made ervironmental improvements a part of its overall
straiegy.

“Too live wpy b oo serabegry, * savs Greegers Kudsk, wice
president and CTO, Maersk Deilling, “we run 2 compeehen-
sive enwinonmental perlormance programme, which forms
the hamebire Iorour plans o redice ens sions ad the mial
impact on the envisonment asa result of our activities”

Fart of thar commitment is wo clean the dirmy waser
o board the company's oil rigs

Oishore rigs operate with large wolames of mixnees of
i, vearter and soljds, apd the mixmeres e often in the form
ol complex epyulsions that aee difficult for tradidonal
separation systems io tackle. Cleaning under marine
conditions isa complicased techmical k.

A commeon selution §s io store the waier onboarsd the rig
umitil it can be shipped wshore for cleaning. This is usually
paid for by the oil companies apd @n com 2s much a5
Ho0, Do Eures 02 year io cean rowghly 7,000 cubic metres
af contaminmed water

“Far Maersk Drilling it has been important for owr rig
operations i find a solution that cn des] with all sowoss of
waser ooy ke knazjon directhy o pboard our rigs.” soys Ulrik
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Frits, head of Techmical Support 2t Danish Maersk Deilling.
*These sources INchudie bilge water, tafk deafiirg, deck

dralfisand drill-floor dakns.”

Solutions for cleaning contaminated water ofiboard the
oll rigs inchude static fltering units, mechanical separation
and chem il treatment, all adequate for cost-effective
peocessing of olly, comtaminated water. Gravity settling s a
slow, Ineffective approach that requires plenty of space and
large quanitities of cheffiicals. Riltration systesms can only
seprarate solids Eoft lquids, aitd have ienibed capacy.
Certrifugal separation alofie cnnot remove all the types
of cofntamination in widely varying concentrations and at

differerit flow rates.

“The static Hltering 15 cheaper to wse than mechaiical

a good way"

“It has been impaortant for our rig
operations to find a solution that can
deal with all sources of water contami-
nation directly onboard our rigs.”

ULRIK FRES, head of Teohmica! Support, Maomk Driling
separation,” says Frits. “But It's also fiy experlefice
that filtering alofie s ot as sfficlent 2= a separation

technbque. The deill frud ceates different kinds of
efmulsions, which filtering solutions an't handle In

MAERSK DRSLLING HAD tested a chernbcal treatment
sysbesry that Frits says was very efficlerit, but the high

apeational cost and the wse of chermicals were Major

drawbacks. Maemsk Drilling wanted to determmine
whether a screeriing solution using chemicals could be
coffibiried with 2 mechanical Alfa Laval system for cleaning
cofitafrifated water atbaard oll rigs, which was already
ofboard Its despwater seml-submersible drlling rig in the:
Caspian Sea, the Maersk Explorer. Maersk Drilling Ifvvited
Firifilsh chesiidcals cofmpary Kefinia and Alfa Laval to carry
out tests.

The final ocutcore was a fiew system alled Alfa Laval

Phoenix, which invobvesa decanter ceritrifuge module,

a scpeefiing Moduleand a discstack centrifuge module.

Sz

* Tha Alin Loval Phoonix system

Thes Al Lawal Phioanils cortami
natod water troafman systam
combircs difermnt separadon

the warlar siream in ordar 10 okl

the dffernt scpamtion rguicmants

2 decantar cemriuga moduia, a

soraening moduls and a disc stack
o,

The decanter canirfuge deals with
tha Initinl s%age In e tratmant

procass, focusing on solids remeol.

HEAVY SOLIDS

EEEEEEEEENENNNNEE
Possible recirculation

Tha following Scroaning S2ana s
& combination of machanical
saparation and chemical dosing,
o sysiom s bull o
minimize chamical consumpSon.
i this stop emulsion composad of
small calloidal paricks. and droplols
bound fogethar ans remoswed.. Finally
fha disc stack comirifuge s used 1o
saparaic kow concentrations of of
and Tina particias.

“Thia SCIGaNGT G FETIONG SO
of e wisoous of without clogging
L. sarys Uik Frils, head of
fachrical support & Danish Moarsk

EMULSION

Clean water in three steps

Drilling. *This rraxicas tha joh casier
fior tha diec sinok comriuna. Wiillc all
Firea comporens remove diferant
kircis of comtaminations, foy can
P ared complamant sach other for
o bt rosui.”

Tha Affa Laval Froani syshem
ensures that all weter leaving the
Tyssem s cleanad 10 e appropriste
barval. B threg-way valve with an
olHin-watar morfior af the outiet of
o sysiom recimulstcs waler Sl
comalns more than 15 parts par
milion of ol back into tha sysiem
%0 be processed again.

LIGHT SOLIDS & OIL

The systom ks aisa bult o

minimize snany consumpaon.
“Tha time: for tha Phognix

system is 13 o 14 months,” says

Pracnix b thea naxt bast aftarnativa,
which wes to colac ol tha weter in
lange tanks. and ship for teatment

chshom” B
hara ociobor 2009 21
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from Alfa Laval’s system on
Maersk Explorer, and we are
looking forward to seeing the
new system in action in

the Guif of Mexico.”

Says Franck Gregolre, busifiess frafiager for ofty water

treatment at Alf Laval, “Maersk Drilling specifled how

RIGOROUS
LEGISLATION

« Tha infemasonal Commrdon for tha
Frewention of PoiluSon trom Shipa,
known a5 MARPOL. Is valid for
maring aciiy. Tha convertion
s adopted by the IfomaSonal
Martima Organteation kL
MARPOL 7278 doals with T
provention of contamiration from
VESSIE.

« Tha regquinemenes jor off sepanbon
ard iraton aquipmant ars
=aioguaniad by tre Merna
Emvironmen Protaction Commites
[MEFC], which Is & subsiilary of
1ha MO As of 2003, reoiution
MEPC.1 ¥ {40 stmios that ol
sepantion and SErEtion equipmant
miust ba abia 0 punfy oll-ocorsami-
naed and emuisfied wasioweer o
&n oll concenerion beiow 15 pars
par milllon - 000 5 parcand oy
volume,

# Thers | Bis0 various national and
regional legisiation St must bo
1ini@n nio acooundt. Morway, Tor
EMampic, s pusing pressas on ol
oormpanies and driling conracion
I oormpidy with B logisirtion,
mplamanting soevels sanctions
for non-compiarca.
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1t wanted the system to wark, and we
provided our expertise of how to
sepamte different [quids. So vee really
developed the fiew system 0 cofunic-
tofn with the aostomer.”

The Phoeiilx systerm warks in
thres stepe: First a decanter refiowes
the bulk of the solkds, ther a soeefer
Ll reryioves the emulsions, and
finaliy the disc stack ceftrifuge
takes away the olf and the rest of the
sallds.

The threestep solution was
Fiest trpstalled 15 2 retrodlt version
oftboard the Maenk Exploner.
provved to ke both robust and Aextble
Later the first factory-built Fhoenix
sysiefi was ifistalled ofi Maersk
Developer, a few-built highhe
advanced deepivater developrment
sefil-mobmersible rig that will go
Into opemation 10 mid-zoog 10 the
Gulf of Mexioo with Statol] Hydem as
1ts First casbormes.

“The reason for installing Phoetix
oft our Maerk Developer of] rig is
that we have had good experienos
Erogny Alfa Laval's systern o Maesk
Explorer,” Frils says. “Anid we are

hoakiiig forward to seetrig the new sysbemm 0 action 16
the Gull of Mexioo.”

He says the differefice betweey the retrafit unit on
Maersk Explorer and the fiew Phosfiix on Maeni
Developer |s that the new system provides better system
cafttral. “0n the few Fhoertlx unit the different parts
are itore aligied to work together,” he says. “twill be
highty tuitive to use, and operatiofs ame moch mMore
autofieted ®

ADADNT FROM THE FACT that Fhoefix can save a lot of volumes
space and weight of drillifig rigs - the use of Fhoerilx
requites a yo-cubic-mietne feed tank for the oily water, i
cofttrast to af acdifary stori ng ank, which noremally st
bebig enough to hold 300-500 cublc metres of dirty water
= Frils polrits out that the cofitamminated water treatememit
ofiboard will be atiractive to ofl compadies, because they
will o lofger have the oost of shipping the dicty water
afshore “This s an advantage for Maersk whet we
fegotiats cofitracts with of] compadiies,” Frils sas.

New Fhoetiix systemms will also be |nstalled on two
similar sernl-submersible rigs that are bef g built at the
Keppsed Fels shipyard i Singapore. The frst ofe of the two
will be used i Aastralia by oll company Woodside and will
o into aperatiaf i spring 2oro.

Expectations of the fiew system are high- “H Phoefilx
turfs out to bea suoresy, there is the possibility that
it will beooimie stafidard ofi owr dilllifg rigs 10 the futare,®
=ays Frils.
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HIgN-tech nealing

Drugs produced by biotechnology are spreading quickly across the globe, raising
hope for safer, more effective cancer treatments. Crucial for large-scale production
of these complex drugs is gentle but effective separation technology.

TEXT: MARTIN NEANDER FHOTO: ROCHE

WHEN ALEXAMDER FLEMING discovered
penidillin in 1928 it was a major medical
breakthrough. His observation that colonies
of the bacterium Staphydococals auras
oould be destroyed by the mould Pevicilium
notatum led to the development of medicines
that could kill certain types of disease-
causing bacteria inside the body, effectively
treating many previously serious diseases.
such as syphilis and Staphylocooous infec-
Hioms.

Although many types of bacteria have
since become resistant, penicillin is still
widely used today, and pharmaceutical drugs
continue to play a major role in health care
worldwide.

However, life expectancy is rising around
the globe, and people are running greater
risks today than they did even 20 years ago
of being affected by various other serious
ailments. The need for treatment for different
types of cancer, for example, calls for highly
advamnced drugs and new production
methods.

The latest production technigue for
complex protein-based drugs is cell culure-
based drug production. From the initial
research carried out in the United States in
the 19805 it has spread across the globe to
Europe and lately to Asia. In fact, growing
and harvesting mammalian cells to produce
new medicines has turped intoone of the
maost thrilling sections of the life science
industry.

Froof that microbial and pharmaceutical
drug production is in a negative trend and
that cell culture-based drug production is
on the rise comes from the US Food and
Dirug Administration statistics. Of 1oo new
drugs per vear that are filed as new drug
applications (NDAs), about 6o rely on cell
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culture-based production, while only 15 are
produced by microbial fermentation (the
remaining 25 are produced by traditional
chemical processes). Out of the 1oo NIDAS,
about half address capcer diseases.

FROM A DRUG PRODUCTION perspective, there
are huge benefits to be found in the cell
culture process. Compared with production
using microorganisms, the mammalian cell
can produce complex proteins that target
diseases better and in a more direct and
structured way, which is of great importance
for cancer drugs based on monoclonal
antibodies. These bind only to cancer
cell-specific antigens and induce an immu-
nological response against the target cancer
cell.

The cell culture-based production process
basically involves three steps: fermentation,
harvesting and purification. Fermentation
involves the growth of the mammalian cell
broth. In the cell-harvesting phase, cells are
separated from the fermentation broth. The
liquid or “centrate” from the harvesting stage

is then purified, and the desired protein is
separated and collected.

Research in the mammalian cells field to
create advanced medicines began in the
19805, From the start, Alfa Laval worked with
industry leaders in the development of
large-scale cell culture fermentation. During
this journey, it became obvious that cell
culture characteristics called for an extremely
gentle separator design.

Centrifuges have a powerful ability to
separate in a continuous maode and can reach
wvery high G-forces in rotation, which benefits
the cell-harvesting process. However, because
mammalian cells are fragile and easily break
apart, the design of the harvesting centrifuge
is crucial. If shearing forces are generated at
the inlet, cells are torn apart. Separation
becomes highly difficult, and the flow rate
has to be kept lower.

“Thanks to the gentle design of our Culturefuge
separators, the fragile cells are not torn apart,
and full separation is achieved even at high
flow rates,” says Tom Manelius, manager,
Process Analysis & Design at Alfa Laval.

AVASTIN AGAINST CANCER
Avastin, developed by LS bictech com-
[y Genentech, = one of the newsst cancer-
treatment drugs produced
using call culture technol
ogy. ltis & protein that slows
avastin’ 2smgimd | 30w the development of
fememise o ssstion | | conoar by restraining the
Besscizeimab formation of biood vessals
Woimadmi - in fumours. Avasiin iz made
L from mammalien calls

To provide additional production capacity
for the production of Avastin, Aoche Pharma
Bigtach Production Bassl has built the MAB
Building 85 in Bazsl, Switzerdand. it has
B x 12.5 cubic metres of farmentation

capacity and two downstream processing
fines for the recovery end processing stepa
that yield the final product. Alfa Laval has
delivered equipment to the building for the
producton of this innovative cancer dnug.

an Intermational megazing from &its eve




The single most important lecation inside
the centrifuge is the acceleration zone, where
the fermentation broth is accelerated within
fractions of a second. " Our way of designing
the acceleration zone has been crucial to the
superior performance in the harvesting of
mammalian cells,” Manelius says.

THE LEVEL OF |actate dehydrogenase (LDH) is
oneway to measure the shear in cell culture
processes. LDH is an enzyme released from
damaged cells; the greater the concentration,
the larger the percentage of broken cells.
Manelius says that the inlet design used in
traditional microbial fermentation may

whanw.elaiaval.comhers
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Growing and harvesting mammalian cells to
produce new medicines has turned into one of

the most thrilling sections of the life science industry.”

generate an LM increase in the range of
10-20 percent. "When using the extremely
gentle liquid-filled inlet in our Culturefuges,
the LDH elevation typically stays under

5 percent,” he says.

The hollow spindle design of Alfa Laval's
Culturefuge product range allows the gentlest
acceleration possible in a centrifugal disc
stack separator, according to Manelius. This
reduces the destructive shearing forces that
the vells are exposed to.

“The use of a hollow spindle also elimi-
nates an air-liquid interface, because the feed
zone is completely filled with rotating
liguid," he says. “This is unigue compared
with other solutions on the market. The
hermetic outlet ensures that there is no
contact with the air or any external environ-
ment. In this way, foaming is avoided.”

Another source of undesirable shear forces

is the feed pump. With the Alfa Laval
Culturefuge design thisis not an issue
because jt does not use a feed pump. Instead,
the fermentation broth is fed to the harvest-
ing centrifuge by applying overpressure to
the fermentor.

Manelius says an interesting result was
found in a research study when comparing
wo disc stack centrifuges — one with a classic
nonfilled acceleration zone and the other
with a hollow spindle hermetic inlet for
gently accelerating the feed. The research
group found a 2.5-fold increase in through-
put for the same clarification performance
when processing through a hollow spindle-
type centrifuge. Wl

To leam more about Alfa Lavars solutions for e
biotech and Indusiries pleasa visit

Wwwi.afalaval. com/biopharm
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