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Eecutive Summaﬁ

Strategies to Industrialize the Algae Bio—business and Policy

Direction

8 The Need for the Study

O The world is eagerly pursing policies for “low carbon and green growth” in

response to global regulations on cutting greenhouse gas emissions.

O Although Korea pledged to boost green businesses and to cut emissions, its

development of renewable energy is minimal.

O Amid increasing attention to algal biomass as a new energy source, Korea de-
veloped technology to produce an algae pulp for the first time in the world.

However, its industrialization has not been active due to the lack of strategies.

O Therefore, policies to industrialize the algal biomass business are desperately
needed since algae are a renewable energy source and absorb greenhouse

gases.

& Analysis Method

O Various statistics analyses and literature review were done on greenhouse gas

emissions, bio energy and the current status of the pulp industry.
O The study consulted with experts in bio energy and the pulp industry

O The study analyzed the bio industry both on the national and ministerial level.
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® Major Results of the Study

O Korea is in urgent need of exploring alternative sources of energy as a first

step towards national green growth.

O Marine algae pose great potential for Korea’s bio-industry because, as a source
of bio-energy and raw material for pulp, they have little limits for production

and are environmental friendly.

O The algal bio-industry is still at early stage world wide. Therefore, special

strategies are needed for Korea’s leapfrog into industrialization of algae

O The following are a prerequisite for successful industrialization of algae: a
large scale of algae aquaculture, production technology for bio products and

the designation as a national pilot program

O The government needs to designate the algal bio-industry as one of national
green growth businesses. Heavy investment should follow over the next 10

years in 3 steps. (Ist: 2010~2013, 2nd: 2014~2016, 3rd: 2017-2020)

m Expected Achievements
O To cut green house gas emissions and to protect forests for CO2 consumption
O To contribute to national energy (oil) independence by supplying bio-energy

O To enhance international competitiveness by developing core technology for

algae biomass production and their utilization
O To develop the algae aquaculture as a foundation for bio industry

O To solidify Korea’s stance as the leading country in the algae bio-industry
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m Utilization of Study Results

O To designate the algae bio-business as national green growth industry by the
Ministry for Food, Agriculture, Forestry and Fisheries and the Green Growth

Committee
O To foster algae bio businesses through pilot projects

O To utilize the business as a green growth engine and for green technology

development
O To cultivate the algae bio-industry as a national green business
O To invigorate the local economy by building a local eco-friendly cluster

O To advance into the algae aquaculture business in foreign countries including

Indonesia
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FEAL SRS A7 COMARY F7 Sl EgElol girk
2o, AR B HAL Aol HEFE s A EL

RGO A olgsks Ao BISIAT el Hobw ujS- wiesigic
218,

AFEG- olelol Sk, 1L, B, vlole F Abgle

(1) AA =7 B4 H 4n] Ae)

AR AAA O oF 20052] HEFT} ol BRI Gu T2 xR S5
= Euln, Anblnol Sael 43k U A7, A Tas, B
A7 e 2R St hAlul, mlefo] AIARE T Glek sG] Al
AlRFE QA7E 15005 Eolr] 1 B4 thalnk, mlel, Zlo] Zb we HFE
ok gick
AA sz il Fol5 HH, 19900 3709k EoflA 1995 6709t
£ 2000¢0&= 1,0009F &, 2005 1,4009F &, 2006 1,5009F EO0 &2 2|&3]
o= F7bsHgrk<ay 28> %zs).
o5 SR TR QbR AR Qlet] 20069 7]E0R EE5
R ZER7} 0% B BEFT 5109 B0 258 Uehiglon], daR

S0 Jeh 2R 208 B Folth
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A& : FAO &3 0| X|(http://www.fa0.0rg/)

[ J3 2-8| AIH SiAz AN %0

oH, AlA sl AAkS UebdE ARt Zlo] <y 2-9>o)t: 2005
7o 2 F=ol A AA silRF A 71.2%<1 oF 1,100%F = AAkskal
Atk FH A FF2 wAEE v, ARV A 5 ol G
O 2 tAluks A AlACIA 71 gol Aatshal ity A gEEE 1bs, &
2, 890l TR0 o5 A9 sF Ak AR 90%E Hal Atk

ARLQ DA A AA s Aakro] 8.5%<Q1 130% 2= 7]5staL
AUck AN = si2R/E A8, T AARE, 7RIS kg, 971
AARR O 72 OFAEL)E FE EZXS B A A8-S Caulerpa lentillifera, C.
recemosa(535F 2= U9} Gracilaria sp. (3325 A7) 4571 911,

I
SEA-2 Gracilaria, Gelidium Pterocladia®} Geladiella, 7}2}7|\d2 751 &

i
2

il

31) 27 E7HE] #HGigartinaceae)ol| o5 D-ZHEAVL APoR AFH thdFEA
AEo AR 4 =g F/A7IL GERMEA S S AEe] B4 9 S A4
A717] g AEHMERA FHA, ASA, A Tz A"



Ol K. alvarezii®} E. denticulatum, L71ARS BXHERE OFAISIT) o]S oFAl
W2 R Akl Al AR FA gl HeAY AT 22 4
o N

230 79 A= QS ekt

st 248 yew guan

28 FAO E)0] % (http://www.fao.org/)
[J8 2-9| 2% 42T YMF(2005)

LA ok= A|A] Bl ABAEFS] 5.9%¢1 929F B8 2}x|SkaL gt AF
QAo 2 A% = F2 Eucheuma, Gracilaria, Gelidium Hypnea, Sargassum -5
of et gAY B FASIH a2 AlA Al4fle T=(4.2%, 647

A2(3.9%< 617 F)o] Fuk=il ek dZoA 7 ol A
2R ol 7P Wil 1 FHE whAukef vgo] HuwEal itk
A 2 52 Y2 26t tAvke S5 dEdA MY '
of AAEL glow, thEo 2 w2 =, P&, FHA F= FAHI Ju
Ae =t dioA st AAtE = ko] 7P HRE sjzFol

ol =7IolA it sf=Fe] 4| FEiE Hu, vyt g2t 4
o2 ANEI tAvs TR A4 2 Ve TR TEPId T

P Aatel] o-§E L e =4 o] fie= of 102 &9 Hxl

—

o
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66 | SI27 vloloAISS S A U A

Aow 2ZET Qrk) wle, thalul 3] JolE & 1154 395%9] sjxR7t

218 43.0%, 5H-8 42.8%, Sk 7.7%, il ALEE 6.5% =2 o]&EIl Q)

Sl2fF AAREES v, A, ohAmL & wEfe] otk 19909 i
20081 9] Aakere] 4 HlES HH, w9 41%, 72 120%, ThAlub=
2603% ket Wb, 52 15%, utElls 20% A4Sk 53] chAjul Aato)
T43] F7IRE o fi= 2000 At HE] A& FAlo] FFSHHA AR 87 F
7Fst7] wZolth,

T S 25 FAIHA o]l W, 20024 69,200ha0l| 4] 20041 69,348ha,
2006 74,757ha, 200813 79,5042 4] 2002 THH] 14.9%7} SUTH<IE 2-14>
£). 2008 7|02 HA| FAUA FolA A FAHAO] HA|Y T1.2%E

Hahar Qlar melwt T} 2b2E 6.7%, 104% 8 AX|sjo] o] 5 3E=o] A

h =
ot 7, chalnk, sl B mAp o gpAlwAo] Fvkska

olzdl, 58] wtehe} chAluke] Z7h3A 7 AAshe

32) http://seaweed.ucg.ie.
33) http://bio.sch.ac.kr/~hwshin/STUDYDATA htm.
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|E 2-13] 23y AR ¥ 58

e B
(Eh=] 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
SHA| 42193 | 604201 | 777,096 | 561,900 | 482,363 | 387479 | 507984 | 545808 | 778,667 | 934,890

a7 30324 24238 | 26899 | 22910 | 12594 | 13023 | 10427 9,000 | 13754 | 13,866

2 3,533 6 7 89| 635 1 29 3 2 1
T} 7 SL1es| LS| s 3%0 88 12 2
Ty 756 39| LI0| 120 15 15 2 R/ 4| L0

t 201 108 388 68 19 29 1 260

o | T 9| SOS| 39| s3I\ a60| M| L7719 79| 3569|314
N lomone | s3] em| 7ssi| 3sst| 36| 2sm| 20| 1| zo2| 1%
ek 5| 34| 23 57| 116 6| 17 1| 38 63
4z s65| 1215| s 31| 20| 20| 58| 66| 2875|1400

L3 70| 4%7| s814| 8086 | 38%6| 6062| S081| s5284| 2933|2721
g F | 45| 8| 57| 3 61 6| 42 71 64| 295
Neze | 2876 | 6941 | S5015| 1594| 3001| 1627| %01| 517 3| 3736

S| 411869 | 579963 | 750,197 | 538,990 | 469769 | 374456 | 497557 | 536,748 | 764913 | 921,004

2 97,637 | 163,555 | 269581 | 166199 | 191,578 | 130488 | 209995 | 228554 | 217,559 | 224242
chAukE | 8084|9560 | 30421 | 35640 | 7931 | 14160 | 24873 | 22500 | 201919 | 285221

iy 99| 1059

Z:lﬂ m o | 269333 | 371432 | 411,602 | 305813 | 239742 | 212429 | 242,135 | 261574 | 322,371 | 381076
4 47 1 8 e 7 2165|1186
L3 2920 | 18163 | 31669 | 23054 | 24993 | 11634 | 11016| 22814| 21,125| 17701

o g 12463 | 17,248 6918 8,272 5298 5288 9,291 1,154 682 8,003

U B 5 5 4l w1l 171 11| 25%

AR FUSAAEE FHIX, o YAUAEAN 2
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| 2-14] oI57 FNmY 7o

©+9: ha

Eh= 2002 2003 2004 2005 2006 2008
& A 69,209 68,062 69,348 69,503 74,757 79,504
2 54,012 53,136 52,749 51,894 55,101 56,582
Gl o 11,579 11,421 8,019 5,873 5,740 5,357
ot A u 1,487 1,440 3,484 5,283 6,149 8,231
o} ) 411 393 1,481 2,130 2371 3,190
$Z7HAHE 0 0 0 0 0 0
= 1,570 1,523 3,446 4,001 4,684 5,080
2oz 153 149 169 228 333 368
7] g} 0 0 0 94 379 698

AR FHPAEE FH oA, oA JYAEAALE

Ao S|2n AAERS B, 20084 AR AF) 027k E FolA Ayl
795 Eo A AA ] 85.9%S HFHAL glof B A edo] ul3) ez

Q1 9l QUTH<Y 210> FE). 2L FES 7, vlel, ) 5 wiepE

At WE AR A HlFo] 7H Bk cheomE WAk A8, F4

g otk

[00

79z
=00

*

AR BYSAA B Follol, o AMAEAN 2T
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Seuete] sjafe F2 gl o8 MArE AL il FE A F52 A,
nlef, chAlul, 5, e, AH7E mARE Soltk o]F F oF4] WA il
A, v, thafutel] Hsh 3
& 7HEAe] dEskel e, ERAE S 3o Aite] Ha

3L olof| Hfsf A e JX‘Xi’Sh Q] A7) 5o 2HES 9 a2
A 52 Al 2wa] ok v} oAt A FAoj7ke] YA,
AL aH] B2, 7k AA SR Ak 0134%% ZaL Qlek E3E A
olfle aste}t FAo7ke Fae FA7INES FHshs 8810 HaL 9l
t}

4

1) o=

RS e ek 72 37 2o 89 9E Jem owy)
Aot 59| obxlo} HSolek ol R7jeN SEFO) AL dhRE 15
Aql zH opale] ojEsha olek delm ATelAE ul Ak me
5ol Wegs o] ot shaw Al A4S Bl LS 9lek S
ve] djti SR AHAATS Y uiehe B8 AgR e At
(free-ﬂoating cultivation system) &-835}o] AAkSEaL Qlck 1L oSt vF

& San ANE o) ABEE Bo| AN B Rmo| §A 2L A
7} 9l oba7 AgstEA] ke Flolebs wo] gtk

2 YPHEoA 0|5 sl X2, Zuel Solo] s

Stz ATs) FUA NS T SR AHIAEe AFsk 9

287 A2F AWS 95 AT FA712)9] o] gL i ko] 53

12

J>
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4% ¥tk 2R Sk

2) =zt

200698 71702 AA A4910] TR RS AL Gl Uelolrk

S AT e 24 AEAE she HERE, 1Y )
H

A EEuieh charsty] il slxs o
2t} Seluehs o)F slai A4 7l&e] Sl a AAH fzol
eha gelA gk

| 2-15] o187 YA AFAY E

Al Al oA st -
OFA OFA VA4
° S OFA] T2 2} 222 ) gt
25 Eig! &4 B3 % | oz el 7]
/\{5:]) =3
T e
AZA
AFHE |1, gl - wjAgol Tm o] lha ©]4} | 1~20ha | 200m ©]A}
595 17, g - ool 40m o]tf | lha ©]4F | 1~20ha | 200m ©]/
F5}4]
%4 30m o]
o, thAnt, &, gtef (FAE ZAE
Q;L{\_}\] H ’ > s L s o N Ol AF
A | oz, e el A 1~20ha | 1~20ha | 100m ©]A]
A 40mou)
L R B F B =4 o4 PN =
opA) A | w1 30m o] 1~30ha | 1~20ha | 200m ©]A}
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S5 Hol2ouA] AbgelE flsiM= WA PAQl dmEgol olFolA
of gt whebA 2 violemAg B Qs dRmT) He s

o] g FAIgel Had, Arldle " FHVle wASF Ve A
S

F 9 o) AVl Sol ek

( HET HO|QUA S U BES )

—_ A =
4 \_- B3l Eolma 2 U ZEIgss A
4 (- HIO|QOIELE MA AT A ZHT|=

-Hlo|oHElE MM ZEJS A BH|E
Hio|Q g1 = -HO|O4a MA REIE U ZHT|=
MATIE

-FeE AEM 2HY|E
- oy EtSpeA (PSS, O7E) a7
- G31stN Ho|eolg Wi|E

AR 98A 9, wol ol AG HEF thFRA B vrol 20U
g XA} 2009, p. 75.
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oUAZ WSy oF SAl FREE oA F2E s, ok
AHE 5o Edfsks As Tt

Al WA= Bloledr AA7lERld), o= HlolemjAE ngE Fo8
HHATAY 2§74 SHER Hafjste] AR 52

2 55§51l vo|solet
% vloleue, vjol ot
b i

fifo
f
o
2z
~
ofs

-

ol
rr

.
R

o



=
=

=2

=

=2

o
ALt ol @ojul 4] RARES
2 pustoms uloledze] Azl o

S

A

SEEE

o

.

1=

npRuRo.E Wi Ul AxE RAE 2H87]4

(polyphenol) 3F

i

olejiEe] B

s

]

¥

o] Adzio

SESERRECE

&)
]

7=
=

1o

&

Xe)

7}

5

SRR
She 71eA sel MEe 9

|

=l

=

v
©
=

R

73

3fiA]

[e]

AlEAL e, F2 UE

12}
/‘RE]

B
A2

Al
2H

E

T

1 upo] S oj

R 8Y

SES S BT PR
o o

Kol

A Hro] @z 7

3-1>

<3
=

b Hpo]2ou%] 7]=7)

RS

o2 2008W o]

%Xl
Hol 7]

{25 Hho]ul X =

9

]

A
=

A

=

1:H6

71&7i, uj-A B 9 BE7|E Y



| 4 32k 823 wloleofdz] gl W Atelst 7R ZE | 75

|  3-1] SIZT BO|QOjA M A7 HY

AR B Ag7|# 2 of 7 A
sroled g ALs dy 4 o
_ Hho] QoY 2] A& A RE
B b i &1 71(°08.10~°09.2)
- vhohe 2AARI T} HRol A

I ANHYABH09~)
241 SE | oA o |- A wrol oA )&
A o =154 Rl AF41(°08.9~°09.2)
- AAE Y sofuteled® 7] 2(08.9)
- A ERTIE A Ve R

o Al el FT&

A4 | | xR | 2A088)
Ay DTS oaes | a4 Aeheascos
=S - A AECE AFI|EAT A
$3(10)
ER L dho] S olekL, Hlo| o Ul Hlol oAl A B A S A E
?ﬂ'gf}‘g/}_]' [ =1 =2 S-S >
O FRRSEIAE)E GBI o] 8)5te] B2 R Hlo] Qoehe A4l
7|&ALH
Seforal L | ARA HxREYT)REE A5 2200 x5 vo]Qoehe AL
B WM 2RE o] 43t ulol o 2oy A
Bl H2RE o83 SAVIA A7 CDM 9AZ 7]% A
}\

Sx R0l S ATAE ¢ =R sl 2o UA HAS AL U e
e garare) | A ARG  vithe 2YAT prol ol TRlof X3t
R R T EEP SR PR L PR ESEE B

=

ATt F
A g kehastal, vhol ooy Zle AZAY AHRA, 2009. 4. 23

(3) Tx5 HiolL e V&

Bfo] @ofehEo] A SR2HEFET PRI S22AE ol

s FEY ‘21% 7ol ofu] =Tt 7 EE Vet '

EA] AlAOF sh= #d Aol glo] AlzFAe] st S 7H
o S AGTloIA S Aggehit chAgahy
HHOR % AekRgo] 20-32%9l wo|oleg e Azehd A v 9

OE-(-‘)—

<) TT L"‘O] =




76 | 3122 ol QAIBIE Qe A2k Ul Axulsk

o o] SXE WA BAAY offehe ML 20-25% ) AT} HwA &
2t 74%1]*401 olekan ghekect
$57hAe] Hlo| Qoleh &S AR SISIAE AT AAERol SA5]

ofok g WA SR 1 B0 2352]E) B ofgkgo] AskelY),
o 2992]8] 7 TPssitha sheh e slas vl eoux] AkisiE
S8l 3002 olido] QPAHom AbElolof Stk Ao] el ATA)
olgolty,

(4) =257 "ol e 7|&

SR vsl A8t A See RN 2R A E of%
3t Hpole ok dA7|EE Sl Zledde] AL itk =] BAT-EolA
v THETA oetEe FEshetl et AAD sy HE JdFE
s vl=, L8 FHAY ol Ssedes AyskaL Sl

HlolemiAs UE7E 7hsdt Bor EefjAlrls WHe AEReAE AL
o= Az Zloltk AT o] IFgoA FAdo] A oekE= A
© oA HaE w7t SA "Jok BATdollMe AR agolA ek
= ARSSHAl A sV es A8dl 54 TS Ao SRl
ob&d Tl EER AeE w ARgsle M2 TH +FE st
k. o] ¢F= TR HS A 23 FHof 160g/L2] e A=
ol 7|Ee Hald AA Fdf ofgs A Bl seoloh

(5) =R vlole tA 7|&

HHRRES 043t ulolot o] A, AR sy ATioN BElas
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T 712481 vkt HE s Aotk
F3F ) Y ATLEoA] B, brauniio] thEt #5= A 2Rlo] glglon)
ol Aol il Wol Z&AR1 A7) o] Fo AR Tk

nAERE gFeR Hidsh] %t WA E FAE vl Ui A+

=
erAle] AlFrEel ARAE ddsto] 23 AlET Ak et 4Fo

o}

(6) =2

Sl i vlol oyl ARlEt BE 7] 9 A A
H] oF 50% 2 Thh we gl & 4= QU< 3-2> X)) ol SRR

A7 1ed s v o yetel Hisl ddiE ez St A

ZleS 7L vk Z2Ey @A) A Arbrles ARom o]guE R
£ Aok 7golBng ARISEE QI3 A7t tis Aol - e A%
= 2e oA W Aol Bast
| B 3-2 | aAmgeIun B2 03 o AU 12 4F
A SOl 22 S sl 20
A= e Hj = o
S I el B B U L R R R T
Az | 4 | Aol R I
2z
%) 38 40 48 41 40 75 50 50
7HEA] 30 50 20 50 20 30

g o AR A R&D ZI=F 2030, 2] 4 F A, 2007

AAH T A2 vl eoltix] ARIslel 7127} B ofe] X 71&E
o] 7] WAelE B, H So] RS o8 vlol o] el
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AL FE ] Al we} SRR vlol ol B 84v|Ee HAh &

HAA7EA Q] vRo| Ro|qA] At W=, 7|Ee A= ¥

A Y AlEA AEReA B si2F7E o83 vlo|o|A| it 7]

o] AlmAol e AST WHEIL lrhh. ohg djiiel sjxF Hiole

A= O ATAES FF daRERY YRR A WETe
S0

0] oAl A SR Hiolollv A Akdet Vs

o
i)
m R
2
rr
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o
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(1) 3l A A

HARE CO 5 SAZLE 2R 245k3 718 A4 2 o
A obi BA 5o H2S 9190 ‘climate neural ¥ ol vo] @ A1zl
A 2 HFEES Yol FAHOE EASk ok RPAT A
200519 12900 AelEl ARAY FHEAL, & vhEro® 20064 280 o]
oolzo] T AAY WES T Ak BT Hlole AR Ak &
A B3 vlolo R A HA, S 918 A4 An 9 AT g, A
WA RS TR ok ook WA SRS AR AR ol gu
ah4jolR o] 5% S mlolofux| 2 chAlskAL

Betae] 749, 201237 Hlol olehe ARle] 1900] SelE B4 A

¢

oZ

34) AR e AREE7E Lela, gadoe] go] xgEo] 9l7] & o]&E& AAsIE=
S0l Hastng ARG AV 2 5+ 9l

35) B FO] 2LATIAMESTAG A A (2006) Fol WEY Aty L4 giEG 59 v
olemjAE YR slo] PAH ARE AEAZAA AN A5 Wr7tA F COE &
£517] wjZo] ‘climate neutral' WA WEEHA] G= AR HEsta S



| #1372} sl25 wpolRoux] gl HE ARls 7ksA 4B | 79

gojrt. 2005 o= AR oSS oF 1509 2 E AAbsialedl, 4
7h2 2E USS 1o = Qleh oked] A offghE ARGA] 247k
WSS S Hok oF 56% vt WoRirk

0]59] 79, 2010 o] Hiole ARV} 7]E A ol|A] 4229 10%E
A =3xE HIATE 20061 S ofehE AAFES: ofF 1849 EE o] &
gt} B2o] 2009 7¥€o)l= ExxonAZ} S| R2FEHE viole ARE A4S
9I5| Synthetic GenomicsAte]l 69 D25 FAS Al&oleial WS, o]
eF ¥dsto] ExxonAle] AN @Y RIS “Fkshs olUAl 85 5
Z3517] YafiAs AZS 714 Aol Basty, Exxonibs o]F FR{FE o]
&= o] 7HE frElsttial wekRit L gl vl Qltk

UEL- 20107H4] 39 7,000 HHE Hio|l ARl pa ofHA] 9
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W Zutd (Ulva pertusa) Az 13.7 40.1 34 42.8
X(Hizkia fusiformis) A 88.1 4.0 1.0 6.9
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3 = 265.9 13 olgtof|n] 2| E 1924 23 290 171.0
4 QLAETo} 251.8 14 o|eg]o} 190.8 24 R 167.6
5 294 1484 | 15 3F 189.1 | 25 ZE 1554
6 =9 2474 16 o=t 184.9 26 o|Agtd 154.4
7 QJH 241.5 17 3 184.2 27 ApO] T A 135.4
8 dut= 2243 18 299l 179.6 28 HETHA = 119.8
9 wAds | 2149 | 19 ot 1792 | 29 | ofua= | 1180
10 SIS 243 | 20 g 1788 | 30 | ofol&TE | 1154
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2004 8,173 1,174 1,998 240 3,921 839
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2007 8,964 1,072 2,271 258 4,536 828
2008 8,690 975 2,245 253 4,419 798
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