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2B BUE W R SEAE & - DI IR Ry IR N E AR LER
bk > #-f:(Mercedes-Benz) S BARET RISEAE LT - 17 IGB B IPA tRERH5E AT
SAFITENIRF ARERSS » IR 2 REEHH% nl [EIF 3 Fraunhofer Institutes Y&
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FTHIBAE B2 - T4k ERE IR FE S5 BE ] R H SR 8 Tl — -

Itk 255 B AL B Interfacial Engineering and Biotechnology (IGB)Ei

%

Manufacturing Engineering and Automation (IPA) » EZIFH A& @ T3
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4.1 8B Fraunhofer Institutes

Fraunhofer Institutes =& i< #5  /\ 42 2% B ¢ Joseph von Fraunhofer
(1787-1826)an44 - A{EEIEEANILE 66 [EHZERT » /& HABOM S AR E I 7E %
f# - Fraunhofer Institutes {5 T 2 8 A » T2 2098 N BB TAZAN - 40T
FedlErEE 19 BEUT - ATESKRERFES - =fCRERBUT - HAatEaEr
THbE - (EREA P2 (RE—) - Fraunhofer Institutes B9t SIS E Rz - &
& ¢ ARNBLEERE T ~ Az anRiER - TR ER ~ SUEIRIE  OUERM ~ Bl e
.. 5 B —IERAMRE % BRI 5 B4R MPS -

Fraunhofer-Gesellschaft

[&— ~ Fraunhofer Institutes {2 [E735% A 43 itk i ELbf o2 45 &

K2 255 B AL B 7 X B [ D047 (Stuttgart) /Y Interfacial Engineering and
Biotechnology (IGB) Ed Manufacturing Engineering and Automation (IPA) &t/
FEAT > FEH TS5BS E P Ms. Sabine Krieg & 518 B4R o Ms. Krieg
744 1GB 4HARZR R 75 7 ) > LT -

® IGB 7EfERpAGAE 4 {EHhJT - f£ Stuttgart HYFFELEELDLSEH T2

(interfacial engineering)&i14E Y714 (biotechnology) & £ - 2012 2 2E%H



11T 9 HEEUT BT 292 & Hrp e ETE TAERY2CMEAL 40%LL F-
® fRiE 2010 fE{EEY Top 100 {R3EHEH » IGB fERT M E YIRS -
Natural Science 25 3 %4 » Engineering £ 10 44 » Computer Science Z£ 16
% HARSEHEHEE 3 E B EEIRYSS 15 44 -
® IGB FHIF a5 Medicine ~ Pharmacy ~ Chemistry ~ Energy ~ Environment
L TUORSHE - ECRIS A EILL buttom-up 77 2(80%) HET TH il B 2 b 5% -
MEERFSRZIFHEE - TECEYRD - KRR RS - AR E TR B2
FER ~ Tof B TEROT BLER OR RS G » SN BRI T
(—) I EAY)Ed (industrial biotechnology)

HATEERALE A T7%RKE R FEHAER R EtA 11%K 854
ZIFEIL - 2800 > BEE R ERS RS - Bl A LR B S N E s AR
Wkl je HLBOERE Fp T LB Y A - H AT AR SRR R 0 By — 8 —TE21b
EXfily (chemical-catalyst) 8f2 - HUESAE nIfF BT IS I R B AR 7E - (Hil R R
O R S BB T s A AR 55— AR AV AR - MY %E:
TP YR R AL S FERE R - B PR BRI I R B - (B SUER(IBORA - B
LI KHAR LT - Ttk B -

AN 255 Susanne Zibek (Group Manager, Department of Molecular
Biotechnology) & & ffis > fZAI T © IGB 1Y F EIFE LB EEWIiG > &
2R e X ok - RURATREE - B R (b 2 A YR R ~ B RR
YRS ERE RO - BAE LR AR E B A - A E R =R TR IR
TEREBOME #ra 2 aE BAE AITE CBP BEA7 (XA 18 Leuna Fr(E#l) #EF T
SIS (RE =) -



raw materials

|

processing of
raw materials

l

biotransformation ~ ¢—— enzyme screening "

l

downstream processing § ; ‘

l

final products

ethanol/water
mother

wood chips <

tank farm :
st xylose fraction

lignin fraction i
ol N organosolv lignin
hydrolysis lignin

D u hydrolysis residue I II concentrated
( G glucose solution

fiber fraction

& = ~ Fraunhofer Institutes /> CBP E5Al7 [N 27 i\ & o U R HR 2 B H 5
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IGB #EA 10 FLL FAEY) B ERSE4EEs - B RTBEALNEOL 7B Bz 2
EiiigE 1 (screen center) - FEAEHREGHTIUER 2 7 BRsG E (L2 0 DURGR BEA:
Y5 B ROl B AR SR SRS 2 I - SooMbAE e AR YRl TR S A B bR A
= (GREY) - Bl - HSEASEAYIRERERE inuline CRilE) - RI{F R BegE T3
TR I EEY AR (A © LAFLE (whey) By [0kt > BRSE VIS B S R ALIR
(lactic acid) 5 DATEAH RylehR - w] Az A28 SR B R ik 8 — & 8% (dicarboxylic
acid) - 4B SR EYI—HHH - AT &Y e st 1.3 >
MR R NEGHREE ST 5IMU T B REEY) (R RRS) T2 HU 28 T
5 (chitin) » FHEAE VIRl B & 2 2 BRHG » fef& A B R F e 44 (polyamide
fiber) -

Chitin-rich ¥
fishery wastes \

\
1
1
1

. ¢
Biotechnology ﬂ Sustainable chemistry I

! -
1

= B Energy
Nitrogen-rich monomers :\
(Diols and Dicarboxylic acids) I
- ’ 1
I
ﬂ Polymer chemistry |
1
| N
Biobased |
polymers 1
(Polyamide) / =
p) Biogas
/
; wa Biosurfactants
Process chain for the sustainable synthesis of bio-based materials for the chemical industry.
raw materials conversion of biotransformation downstream  desired products

raw materials processing

o glycerole —_ 1,3-propanediol —
lipids A e bio-based polymers, )
(e.g. rapeseed oil) e.g. polyesters, polyami-
lipases des, polyurethane
fatty acids —>  dicarboxylic acids ~ =—>

&V ~ IGB 4B b A & o T Z b
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(=) ZoKFHZ (nanotechnology)

FORMRIER G 77+ BB 2 HIAUREGER - FEZoRAV SR > B RS R/ Ny
AE > BRI 2 A RS A= B 1 - B0t ~ B W B R
BEMES  WRAR R RE S EAERNGE - (EREREREZ - dsREE
PEEAMEALIE AT RO ~ BOIEs ~ fbikinSs  SCERRFMERT I LR 4 ~ Bk
EHROE ~ 3OS > ERAME T AN EM - BESR  E T BER
L BEMERPRIRT AT U REEC SRS - dmtlhas ~ ERES - RIS BB B -
It FOREITESAR F - —H4CHY SR ESE - TG 2015 KR E ERF
=g 3 JKETT  MREIER KRB AR 5L - H RTBONA R —FHIAORRHY
FESEIRE PR > HA Fraunhofer Institutes B[15 £ EEHTFEEIPR 2 — -

A pt2:558 Dr. Michaela Mueller (Group Leader, Polymer interfaces and
materials interfacial engineering and material science)fif#; » =41~ © HEj IGB it
FeEAr B LA B R A < ok By B - AWdh R 2 B - AT
HRER ~ KEHE ~ (REA Z ke oot - GREYINE Y A iR 2 K& 0T
KT SFER DU EEY) < 808G » & nIERoR & 0 R R R &S R IR s o
¥ B E Ry R4 42 - anith n] s DEERIR(E 2 - [FII ] DUA SRS TR
AAECaE 1) © BEAh - W LIRoR Rl T BEsi b 2 FER > B SR 48 Rl
Ry ZoR &5 i 2 73+ BNl /= 73 - (Nano-structured  molecular imprinted polymers,
NanoMIPs) - iR &5 E & < R R BN m o0 T g nlE T S HEYE
(B EER 2 T 2Bk © B SERENE R R AP mT b 4 [ S e P (A7)
AN IGB it S & faEsHHE (films, 0.5~10m2/g) B & & (membranes, 0.5~60m2/g) >~

prsk - WHEFHKREE ~ SRfe /T B e A1 s, -
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Uptake of nanoparticles
by cancer cells

1 unmodified

2 ligand-modified

T - 1GB AR BASKRHETIZE | (VAR » QET s 2ok AT
(3) A G

=

Adsorbed mass of bisphenol A in bisphenol- Diagram showing the construction and mode of
imprinted and non-imprinted polymer operation of a material-selective composite mem-
nanoparticles. brane with molecularly imprinted polymer nano-

adsorbed mass of bisphenol A [mg/g polymer] particles as selectors.

7
6.
S
4
3
2
1
0. =

10 pgintL 50 pg/mL 100 pg/mL
incubation concentration of bisphenol A [g/mL] in methanol:water (1:1)

M non-imprinted polymer [l bisphenokimprinted polymer

&l /N~ IGB Bl b 2 FORBHFE + (VDHEMEoRIE] > (2)70R&E 18 71
Jiill 155 43F-(NanoMIPs) 2[5 T B fEE F
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(=) s iERdr (microalgae)
i Dr. Ulrike Schmid-Staiger (Group Leader, Department of Environmental
Biotechnology and Bioprocess Engineering) #E7 TRE%; » fZE40 T  SSEEE S HCRE
o EHER A TR RN ZAERIE - FEESEE - ATRERETEE
A EREERIEY)Z A (e AR PR ER > 49 3~6 RETAERIL > H ik 24 50% -
PRUEG T PAWR Wi 2 1y — S8 A ik - A s B IElhR A /7 » [FIRsBR A7 [ ] DABR B A
FER > BMElFREEIRIEY)  WoRAE MRS » 5l o] A A S SOm B AR S iU - )
B 35 A A R R BEDR BER IR AR A AR RIS eRE T e A S EE B2
(DHA ~ EPA...) » FHIFARCEE S 2 25 - 1 IGB e AGUEHRAE » 132
pgE—E PHCRA-Z(flat panel airlift, FPA) L& RS - BIL#PAT R EIER
iy > A ERUEHEEA] (EP 1326959) - Hrt FPA [/ fE<s/EH PE M4BTl 2
X S BURZJERS » A1 FH 2 SEAY kA TS B > (ESCsE A Bt EIR DUF &S
JERAETTCEER - At R At E IR R - RETT)TT - Bl CO, ‘B
BER L HCRAEREEAHE S > 1% 1~2g/L-day - IGB EL5¢% 5L 81 30L HER'=
Mt ke 180L /NI R FEMIE - M ARz —522 22 &](Subitec GmbH) > HATEL
& CO,p Z HEERSRANE Ryt > TEHEFT 1.3 m® B2 4.5 m® 2 5B TG (pilot plant) i1 7
SEME -

(P9 zZREfiT (coating systems and painting technology)

ARZHIHI S —EHEAL L IPA BYERHT4E - B T Coating Systems and
Painting Engineering | Z3F9 3% Dr. Michael Hilt & F 8% » DI EHZELHH Dr. Irina
Zvonkina - [EEFFIEHEA 60 LA EHVALES - BA% 7 &S RERIZR » 18
RHSEE B R EAE & B 1 e B R R A ~ B LR o e B = (R
&l /\) > B - A ERRAIEZEFELR ~ TransApp 5:5% TJE ~ Microcoat 84 T »
It I E = . R EIRG AT S B2l B A SE 2 JR 0K T TRINE MR &¢
B EESERM AR TS - IPA NSRRI HE FLE - BEATESUR 2 2/ NI AR FE4R
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BLEER TR > R ALE M ORER R R R T BRSSP A B
RIS G - BB R AR T SR 2 M s R (HHCEE - 22 - TAFRAY
GIFEEIRE - A AREZ » HREzESE 2 e ER R 6z — @
/1) ° AR S FEAEE T A B 4% 07 [ BRI - SO Bk B L2 -
BIRMEE KBS R -5 DURELART BB EC 2% B AR THR
ENE R R BRI - RS AR - WER BRI TS % A St &
e - AR EERITE A IR R E I R A 2257 Franuhofer 1IGB B IPA 2

products:
pigments
w-3-fatty aclds
vitamins

( ADP + Pl + NADP
Ll l
2
per kg algal blomass M I digestion/ 8 MJ electricity
produced 1.85 kg codigestion

12 MJ heat
CO, are fixed per m” blogas

& ~ 1GB (s B iE R i B PSR A = U(FPA) S e 25
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Flexible coating line

TransApp® pilot plant

Test and analysis labs

fEl/\ > IPA BT FTER T e B 2 IR e ~ B L

D

PAINT PROCESSING AND SIMULATION

B ~ IPA R B A S 2 FE A
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[+~ IGB(L[E)EL IPACT &) Zah &R A

4.2 1% Haldor Topsoe /\H]

Haldor Topsoe /& 3 B2 515 Ry e (it s S ML e i B AH R AR IR 5 LI AL
flrBSEEE R - @R - &K - Bilg - REFSFAESRE - HATMREL T H e
Hii ki (HDS) I Ed 24 5 B 4H Tt A Haldor Topsoe /3 =12 filgflt » gL G 14 8
BURIRE VA E A58 - BB E 2B ERERHVFRRTRY) » DUAETEY) Rl il
PERERlaBA S - R Haldor Topsoe /A EIffFF EERHH 2 — -

H R AT T 2 Y0 (HVO) B R flo e s BRI - £ £2% UOP
Y BIRE R g 1 T4k S B A AU 2 B b 5% - FL P BA SR SRR A A Y 4,
[FEAR Rkt - B FERERS ] 73 Ry il & it S (HDO) B & it CO, FEfZ JE -
‘RENIEFTHR G RER) - (HEFEIGAHA RIS e A (R E - —2E ) - 1
Haldor Topsoe HAijtlrb/fts% 1 =fdt HVO ZAEMHLE - qran+4 ks TK-340 » TK-351 Ed

HT-102243 » H ¥ %2 BAE G A ESII G CO, S MSEEARE - B4
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TK-340 AN E i S HERY BE R MELY 80% - (iR CO2 HIRZME A 5 20% -
DRI A8 Fh LK HH Bl 255 % & B3 B2 Haldor Topsoe /A R]#E{ T HVO SRERTbGT -
A FI S e -

’ Selective Produgt
Feedstocks Deoxygenation Hydrocracking Separation
Hydrogen
Rapeseed ydrog
Tallow
Jatropha Light Fuels
Soybean -
Algal Oils (Green Je
Palm Oil
Camelina
Greases Green Diesel
Water Recycle
++— ~ UOP &gt B A= S i s B A2 [
o HDO pathway products
W M H/O\H
Water Water Octadecane
N 7 5 ANANANNNANNANS
Propane Water HWa(e,H Octadecane
N N AN
HDO Water Hwam Docosane
+16H,
0=0=0 /O\
=0=0 + H—H —= H H + *O=(C-
0 Rapeseed oil Carbon Hydrogen Water Carbon Reverse WGS
monoxide monoxide
(¢} - S
2 ) 9c - Oleic acid —
(o] = Hydrogen
o 13c - Erucic acid o o ,
=C + H—H — CH + H Methanation
o — Carbon Hydrogen Methane  Water
9c12c¢ - Linoleic acid monoxide S
Hydrogen
+7H,
Decarboxylation Decarboxylation pathway products
O0=C=0 PN NG NI
Carbon dioxide Heptadecane
N 0=C=0 AN N NI
Propane Carbon dioxide Heptadecane
0=C=0
Carbon dioxide Henicosane

fiEl -+ ~ HVO B2 7 &k

18
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R S5 HE P4 Mr. Per Zeuthen B2 {7 B35 A & (Mr. Hao Yuan and Mrs.

Sara BUlow Sandersen) L3 M EF TR - PNZREAT T © ZRFT HATASH 8L

TR [F] 7 A e 2 L BUFE (co-process) Fftufa 5% /o 1 » ROMESIRE A (% ZAR FRIE )
PSS 0 FIRFEE TSN PRV IS FE - R B RTRTE BT SR EYIV & &
{2 55 AR SEINERITAR 2 20K (< 10ppm) « S54h » AR SCRUNEE
DL 100%fE8 et - FLS FERF S TR B - BRERE A » RIEEEL
T2 S M ORBAAAHE T B B &1 - 1T Haldor Topsoe {E I /it &8 2 /5% #1LL 100%
M RBE R R - MEZREY R BRI 2 AR AR (HEMIZE BIRE
KER{h4E T 3 THE ¢
1). HEYIEInEN E(HDO) AL Gt (HDS)RI & LHSV JE T BHETE -
it Haldor Topsoe &&E&f = - Il AN LHSV-(FEYH) < 5 fEs%#< [
ARRUR A 2R 5 AR E MR E 7y - — IR IELE
LHSV-(52H) = 1 [f4T - EEHE(R - AIFHEFR IR ERS A Se A0k
SRFEE BEME - ISR EEELLOT  DUH AT 10%4k B 580
RG> Bl 10%FE ¥ H+90%5 0 2 #EkE T~ - w[H27T N B i i & 2
85% - Jik/b bJg Bl g 2 it E (5% ~ o 10%) - A0 Al E R
LHSV-(tE P2 Bt LHSV-(5H) » A RE A E — &N ERSE 1T HDO
81 HDS &% » FEmilyfr &R 2 20K o
2). FEMmiR S B TEUES LR BRI - AT RE 2 200 fn a2 a4
H7K > S EZa K R S KE SR G5
E BT INES R - AIRE RS & B E B LEER R EA -
AR Ak AT Z AT FERFRRI R KD U R - (2 HUH EHYE
EORAE I PAEGRIBREE TR - 55 o] Ae R L S s 2
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3). 100%‘EPERE I EAR AR A S R B - HUERIEE 2 e
AN E RSB - H BT B A - DA BB EAELE
[ 55 AR RN

2Rt 224 Haldor Topsoe HysiSa T » W BLARTHA B HHEELE - £
A5 By Haldor Topsoe HYfGia M fEZs N EE £/ 1.5 em LULE - HEREHER
(1.2~3 m) » S[fRHETE R BRI HETT I - SFERs NS 5~7 BRI AR
& SR B ERVEE - BRI - 2BEHR - B --%F - HERAEE
MR - SRR E ST > FTAA T L2 B R 51 - R 7 24h /3T
s H BB A E SRR A E g » ] DA BT S B ) B s 4 Y &
R (B BB L] - 2350 Y B FE BEEER w02 AR AR - E
7 BRR - #AEEAGRT - 2008 BEESIEHIEH > ATREAN RIS FFa
FHMEEEER Rz R EAARIE R A EEYI P e A RENEE T
R A RIS R PR B R B AR s ' E - 0 EACRTHE 2 HVO B2 R g
RIFF R ER S RMLIE - A RS TRE I T S e BRI R 2 S e - AR Bl &
FeflotE4S & - 1 Haldor Topsoe Ji*zx R EAH B Hln A ZF S E 54 - B
bt B R A A TR B BRI - AR S S HAH T B iR R s &R 48

BHELRE Rl  ERHANA T

KRS ER 2 Dr. Nikola Georgiev B {i7 ifF&¢ A & (Mr. Frderik André

Damand and Mrs. Rikke Keghler) & M3 sl e tH BB > B fEEA0

I ¢ Haldor Topsoe Z& SR EE4H 4 50 =L b Reffo it Bl i ds - Ho b i e
&Ry TR > BB RSB Siem (R BEUENE - PMEE MRS -
Sk DiEbEL B EFR SRS~ SRR B 2 BE(RE =) - fi40 - BiEs
TR Z SRR IR > RFHEREGREF SR EREfr MRORIR B s Vi e
B > (LA IREERS (pre-column) RERAER 1 2 SHVIE © RELZIRIERIT
Jek VIR SR 364 - 5551 > Haldor Topsoe 2 (7% 5A Sl S BAR AR 5 - B

20



a0 R P A FERAOR. (NG ~ C1-C4 ~ C5 & naphtha) - 3% 2 flAURE
I o MR iR A R B A N M 2 A T (1Y) 5 Beat e i Al
#3777 (Spiraload ™ = 7f7) - R e HL AT DA D B A SRS > o R RERR A
N Z BRI RS (1) -

Bi% > (EAFTERREIZ L RiT %% & > 3R Haldor Topsoe 2 &AL AZKE
A Bk 2 ZER BRI SE - B0 - AEEE(FE - Z8) ~ HE
Hymetane(H,+CH,) ~ £'BYR b 2 &k R...5F » {H Haldor Topsoe H Fij#EflZE
T R E B 2 SR R ) B e SR (SR B B 5 R SR B lo B 8 £ iR T
AEYHERL 2 BT - IR RSP nIH Y H sz R EE AH Rl 5L - S0E
AE YR 2 BRRRGBE S - TR SR B A AR RETR Rl A & - AT
100%%k tRE TR A FE Rl » B R ASFTbiF s (L B R o 58 I > TR T SR LS

EllpERea= e Salle Qe g

Sintering Thermal aging

= Thermal movements
of the Ni crystals

= Decreased activity

= Decreased C tolerance
= Particle coalescence
and growth

= Faster at higher
temperatures

= Decreased S tolerance

Fresh Used

——
In-situ recording from '—'20 T
transmission electron
microscope (TEM)

HALDOR TOPSOE T HALDOR TOPsoE T

Carbon formation in tubular reformers Sulfur poisoning
E— E—
Catalytic cracking Thermal cracking = Long time exposure to sulfur

(on Nicrystals) (on hot surfaces) — The sulfur will be distributed in the entire catalyst particle
- = Sulfur in feed is reduced

— Desorption of sulfur from the poisoned catalyst is very slow
— In most cases it is necessary to carry out a catalyst regeneration

: \ . Tl 1.0
e i i : 2

5 4P g 0.8 \

i

gl g ——700°C
Carbon whiskers, physical Hot bands, NO physical 8 04 800 °C
damage of catalyst - %
damage of catalyst % 0.2 S-Nigyrtace + Ho > Nigyrace + HoS
’ g s . D 0.0t T T T T
Risk:  During start-up and upsets During operation 1 10 100 1000 10000
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Prereformed Light NG
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R S
Prereduced
Non-alkali
RE7R-TH
fron skas Non-aikali
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v SRS
HALDOR TOPSOE T
Naphtha

HALDOR TOPSOE T

[l -+0U ~ AR 2R B A A R

108 144 180 216 252 288

n I Tube No m

ling time S hr
Adjustments No 1/3 of the
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additional
° vibration
Reloading No 4 tubes
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BEIRRRSS .. %) S FOK B PR - AR EEYILURER R B B X -t
AlE S E b 2 A B L mAE - DU AR S E 244 i B 45 B IR i R
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(D) ERCcEEER T - IGB A 17 F45IL % H—= PR A = (flat
panel airlift, FPA)Y:.& S s » HET{EE: RyiUieE &= (1~2g/L-day) - H1E
HEFT 1.3 m° B 4.5 m® 2 5ER T (pilot plant) EESHIS, - (EELEE f HEGRA
ErE o [RIIE - s S EA LM (20 DHA ~ EPA--- S5 BE(ERE ) By H AT
WEE R - (NIE > AFTER 7o biCE B ER i RGN - B A S
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(P9) Haldor Topsoe 53 5lI{£ 1 &M 8 (HDO) B i s i hit (HDS) Ay S e SdAE h i %
TS ES - AR H A AR R ELAE P [FIR AR 2 S 2UA2 (co-process) £
floBraEs K 1 RIEERE RN AR BRI Y R Y B0 Bl AR & 21K
1A 10 ppm SRl R9RE 5 4KFEHEYL Haldor Topsoe 2 &K ERElEH% » 7 REH
IS LHEYIHHVO) BRE Rl 2 #E e - AAAPFT & A 100% 4=t
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