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AIAZ 02 o] QAL 21417] 7] HofrA AR A&7Hsd 4S f1d) wsta
Att. HholoAtde] Agel volemAs HEA W YT FEEEE olstel JiAE
LA et AF- ook A 59 b Eofr AEHT Jlom, %84 4 Y3t
SE AR HSE T Qlek HT T Hpo] QAR T HEIYE FHY Y
Arlo] QoA FEHAE tiA], Hlole g ¥ 7|54 A4 5& HEe
ofz dgEs & 4 Aty
Thget Hol 2 2of & @-ofu Ao FEolAE 20009 =FH AHiAl Amet 24
7te A HHOR dro|end, Hio| Qofgh& o] F Hrol oA Fofo] it HF2Q
R&D FAe} 7]/ do] o] FoiA] g}, vroleufA dge 14 A&4EA &, dF,

A, S5, 24 vA8AER] S AERY T211 3AH UH 2R, AdEFE
EFE0l gt o] T A vol oAz I vMEFE 1) 1, 24T Hio] 2riA 2z
H3) DAAG 20~100819] ¥ BAE, 2) 1E9 Hiol QA oF 1.83E9] oj4ldeta
A%, 3) vrolema A2 o] ol % 4) AE Y F4dE-Ad - g o9
OFE #4EES TR AHE AL AT
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At&: Vigani et al.(2015).
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3) o438, 1H4(2015), pp.12-13.



Mmg M2 13

FZ sigolM 2A7E HAL e vAIEEAE Y ao] o9t AEA A SE 5 87 #op
B2 7|98 T 4 St Hiole FStAES fjEH 02 PLA(Polylactic acid) L&A &
AzH AENY SetAE 3} Bio-PET(Polyethylene Terephthalate)?] HAJE|A SetA

o] A&3tH Utk UAERE EET Ho|Q ETFAEHY YA 27] AT DA AN
T A} 7hs Rt 8718 0] MEEIL Qo] B Hol Qi AE A 4+ E Aol AT
ot 2 Hhol 2 EetAE /\]Xo% a9 24 A, AZ7t st 2 A4 C

e
e
o,

TAZ A2, 7HAAIE, B2EE A 5 AANRNA 87 S718tLL 9o, vj=-d
2 Zoet ﬁﬂ%%oﬂﬁ AFAE &9 HAE S A2 sl Atk

Hpo] Qi A S g3 Hho] QA 9] i F 2 HAAYSZ B AF2HS A, A{A 2
A HE 24 3 AR 82 T A0 At A& 4] uj7t Y2 H o
Aot AR Hhol oAt o] A= FE 2R G Yo RTE £4Ee, 2a
e A #ofF I3 7 22 ol & AlRAA Y FHAA7IA S AAA
B38Y AL g A4st B asits) & Ao (2R
83 A2 A7ME 5T, AESh A% d%e AL 9 Aot AZ A

o=H, Iy HAHRF HoleAtd o] M-S mrefsta A Thede AR AAE
TEot1A gt ol9jof Y &
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4) o]z, #iE7(2016), pp.1-2.
5) 23%(2011), pp.359-360.
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A

DHES HHO|QUA AA T
0187I% #3

1. M4 DMER HE7|s

VAZRE B8 A% L AE AL A AAH vhol onj20] AR HuL Fasitt
G4 5 R BN AAE, Wat 2, W29 9 BaY SE 5

Z70] w=t AFEET AgEn. 159t Tle] A2 A7 Bl E LR wA|2 R Hiol2
WAS LIS 9 oldster BEALE), AGHPTA, G LAL)Y BaUD
H(, SAtH, gue, Adue) AE AL W JFETES B85t foH, o9
T 2RFS Al FAleH FFNEE EE o] RE(LED: Light Emitting Diode)
= A& gk 27 ol e F=5E LI Wi (Phototrophic Culture), %
FFB =Y (Heterotrophic Culture), THYFF #iF(Mixotrophic Culture) # F-F

949 8% (Photoheterotrophic Culture) HAlo] ZA5tH | n]Zy} S04 E3FQ

AP >

O

HjoFHbH & 231 vlo|QmjA T Alo AZE A7)
o] 25 Hlol Quf A wigko] Tet AUz A7t AT Ao B A4t

It 2% WA AE qFs7t Basith, i BdALTELE A AR
A28 (Open Ponds System)?| Z(Raceway) FEi<t, LH Y sFALH
(Closed System)2.2 #3, 4 94539, B3 4 YF ¥ FAE w3717t o]&Hrt.
U9 BF TR & 712 A% TR 4AE, 4% SRR A S JoFH 9
HjFgAo] AoE T AT Aw7hentt AL Aolsttt. AL HIAILE Y F¢

M oo

(o)

PN‘
~

6) Ji et al.(2016).
7) B4, d4dw 9(2011), p.4, p.27.
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FAEE 74, B 8 A vlgo] vy AFHAT R e AU HAY B
89 EtAdoR 18k HWefo] of 2 Tol k. v, WY WA LF ] 7
z27] A& 2v]go] PP A2 vs) v EAw, Ao, v

=

ﬂo})
4 HBETH a4(d, CO, &, ¥)9 SAS BiFA LY Fito] 7hsote] 1UE 257
Hioko] 7Hsdt AHL 7N Qi YutHog QY Y] Hlo| QAR AR
A8y wjYrlE TEIHA] 92 BAAAR o] &E T gt HI/A FYAE TR
A(F) oHs ASEA o] Raceway Pond FE 9 SQujY7], 181 25 LHA(F
FEHEA AFEA | ot W g ¥H87] D1 A qEEFA ASDA ] FEEE
FEio] PP ¥HS717E 2 ek 59 AL, vls A ofo]ae} o] At} AHlo] Q0 F
(Seambiotic) AtlAl Raceway FEHQ N E ASHE AL &, Y22 uH|tfstat
AZA AF2oM AF 29 &9 HFE Y nH2F HFld7E 295t At
AE7HEe FF A9 257 il A2ES Ao AgFe-a43e-371e-714 59
Hoprt S8 thghA] 7+9] A7h FRsittal 2 AskH, o F B 25 7§ &9 AAStE
44 4 Yot A8

~—

Q.

Consistent batch production (harvested 3-7 daysafter
inoculation; re-inoculate at end of kst day)

A&: U.S. DOE, National alliance for advanced biofuels and bio-products, AA%Y: 2016.10.15;
@7to]Z& A, http://blog.naver.com/spirulinasu/220587341526, A~ 4L: 2016.10.15.

(O3 2-1) Raceway HE{Q WU OMERF HiY EHEEIE) ¥
Y HEQ UHEY Y SHE(@II0IZA)

8) 2, 444 (2015).
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A

2. DIMER HIO[R0A =3 3 H X J|g

nHERY A e THL AF A4 ARBA0) YA 1 40% ol ul8 FHsto]
A A7 7149 AATE A v§AZ0] BasT L AMHoR 4% o 2Em
UHE, 289 A9 2R AR AL 27 5~30m), BET 47 2 6F 4 25
AE 4714 wgE o 847 44 o 15U HAEEY H45 915 A48

(centrifugation), A& (sedimentation), o ZHfiltration) ¥ 7] EF-FAE (air flotation)
59 71€0] HEEHUT AT B9 SHA Ao whet vHRF AEHHY 4 "I
&4 2AE TAAE 5 oy HEo| AHsH, AHEY BF a0l 2w
BACl B 5 7 71e9] Aol AR AT AT EREe vAEF-HH ot
A7HEAY, e YAE o] &8t 3N, ¢71E4 pH 2 X}%g;ﬂ‘?ﬂ AL A BA
o 59 HAeS 283 Mol ANEQL, F2 Hol AR 49 Hio]H|A 340
AEEol gt T tFHlF AdolA s BAZR 71£88S A dehd ST &&
B 34 7leso] BYHL AL, v A FoA s WEH] o,
A 223 35 7t AAZ 71&= Bt Ut 2/FEL SHH
5 =94 54, A49d 9 AN 5ol E7] gzof wid A

=
425 a9 48] FastchoN0

A3

01

9) Salama et al.(2015).
10) US-DOE(2016).
11) 8%, 48Z(2015), pp.6-8.
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3. OMz=R 18I =22 gMIls

Aol 2770 oF 45t Fo] MAjstal glov, 27 F9f 54 2 gz wet
J

= 7ol JH7|eE B7HEIL it HA0 e BHEE S Rlote=d g2
& | AAE, HZ FoAE AR RE ZAet HAES] 252
AT & e 214 AAE B AAE(iHTac: integrated High Throughput Affinity
Contents Screening System)°] EUE AT} o] AAH2 2E7|&E o]&d}o] o} F T
5,00001 /o] HEEHAES &3 &5 % EAFEE AT 4 e Aol EHolt. 31
M e =7 eAdT A A=AP AT 2FHL Jon, B2 FI7HA

e ARdg Qlof $871e= &AL itk o]9fof vAlRRe AR 24 g oR,
494 BR7I(FT-IRE &8 B2 eI, dAI2uETHT] AFEA7|(LC/MS)E

4% 249 AT 4 193 FAVFH(NMR) ZFHIE AREst 2832 240

13 9Jt}.12)

>

p

]
&

o

ol

sl
(¢)

12) @2H37|£ATU2014).
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High Throughput Screening High Contents Screening
1% 5,000 7§ A2 &5 24 r’HTac.kIé@ Ojuj | CEEHETIS Bt

= g—

. e B
T N Se/ueies ) .g .
B XIS 8 AIAH ) .
=Tl i =
7 A\ J
High Throughput Fractionation High Affinity HR-MS

Sepbox 7|t 04 HAE £ B 7R GHIEE One-Step B

Ag: 271 ATY, https://www.kist.re.kr/kist_web/?state=view&sub_num=41&idx=891, AMY:
2016.10.15.

(d3 2-2) iHTacQ| JHEE 2 A|AEH 0|O|X|

4, HO|2mA HM H 018722 HUH

20149 FH AT APH Lo A E7HE JRC Scientific and Policy Reportso A=
A4 2% B9 2ok A7t 2AE F9, "ol A A F9] YAHH|E Aol #et
71€ 9 H7led dAARS 24 71 AAARY A, 2F v AAAIEY

Z YEton o] Qo] Hhol oA YAt &, Jl, F A, LARA
2 i} EEEYY «oE ZAEAY WY, H7]ed Q902 AEEAL, HH WE
=AY a7 2 SS9 B 5o8 UEtgt HuAo] BEE 27 HolomjAR
FE ohofet AlEY ASE 7hs A=A, 8D g AEY AR £50=
A%t daEd gHet Z7H4 AAA Y AAA Ad E Az AYS A oF &
AR QAAET QUok 2HE, w5 oy § 7Hto & E55tal Q= NAABB(National Alliance
for Advanced Biofuels and Bioproducts)°Al 7] vpol A T7FQl $24000A4 X

tz
$7.507H4] B2 AFAIZTL Haokgly, 42 |y, /WG i A, 17184
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3|4 @ F4HSHHTL: Hydrothermal Liquefaction) 3% 7]14& 59 24 85%, 16%,

14% % 86%7HA ARH| &S &Y 4 QJch.13)

Production upscaling
Biomass production
Extraction

Harvest

Species selection
Contamination
Component separation |
Culture stability
Quality control

Light management 1
Product design
Other

- |'-
0 20 40 50 80
Percentage of respondents metioning this challenge

Capital investments

Legislation

Capital access for SEMs

Credible claim

Trained personell

Public attitude |
Intellectual property

Production models I

Limited public knowledge

Other

2 A
0 20 40 &0 80

Percentage of respondents metioning this challenge

=

Z: (%)) Key technical challenges, (°}&]) Key non-technical challenges
At&: Christien et al.(2014).

(2d 2-3) DMZR 287129 FHYES fIFt YFXA

13) Christien et al.(2014).
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1. HHOIQTISY AXY MA7|2 3

ARSE FALR 179} A7 S/t A A4S mopdA|o tigh B s}
EOHALL Ao AFEES EH de As AAAA R e AlEe Ad2st
gor, T AYTrled Tad g2t B 2419 jerfEo] g5t Atk oY
AEe TAYT AA2A T vARTFE AE W ARE4Ed0] 43HL 8HA7T ol

W WY, A, gokE o]9
T84 SRl wet 7|24F, WA AE, A/ Hele dokE H oE 2 I
H

B A, ASA, FAEY, ZHLHE ASHA 5 HE Hol 75 24=

O,
rk

oz

=
€o| p-7t283 vetyl EXEoh Z+zF 108 2 1008) o4 &1, CoQl10XEth 800H] L}
A J:_

2 7T e 2R QiAo Frkt THRAY Gl BED 4%
B7o] tet BEBA Gapol Matslo], 754 449 Al DL A Fo et
2AY 9F Y R4S 25 Aol Fastth ¥, 252 TBU /%A 449 Gae

Hloleuj s Az o) fii gEet 2E2Y MY ASoE s w2 AFPL 71t EH19)

14) 3o}, 2@, A3]4(2015), pp.527-528.
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o AEFZFE (Astaxantin),

2 AR SAE, AEHTHA, %E 4 =

ELA A A7 54508 &8 Ut} o]l
x

Dismutase, Luciferase )= AEH7IE2 o451, &

4]
& 2okl 4351 oo 27 F

(& 3-1) DMz

= S5 =y=! ol © =
2 5% 9823 ¥ 38 £0f

rll-[ﬂl

o[l‘l

LR ES

=4E AFA=A

ﬂUr(Splruhna)@r Zzdg
9| et Y¥AE TRt

EISE

=l =49l Hﬂﬂﬂi’ﬂ(b’—carotene),
Z2HQA(Lutein), IFLA(Phycobilin), T E
AZ AT E AMRE T, DHA, EPA 5 2H71-3

(Phycoerythrin)

2 &4 (Superoxide

%ﬂﬂ%

g
il
Jo
ofo
o
i)
e
olo
ofo
M
o,
rir
f
w
o
.
Su)

Zc'f'%:1 ==

38

Spirulina platensis Phycocyanins, Biomass

Health food, cosmetics

Biomass, Ascorbic acid

Chlorella vulgaris Astaxanthin

Health food,
food supplement

Dunaliella salina Carotenoid, f-carotene

Health food,
food supplement, feed

Haematococcus pluvialis Carotenoid, Astaxanthin

Health food,
pharmaceuticals

Scenedesmus almeriensis Lutein, B-carotene

Health food,
food supplement,

Odontella aurita Fatty acids

Pharmaceuticals, cosmetics,
baby food

Porphyridium cruentum Polysaccharides

Pharmaceuticals, cosmetics,
nutrition

Lyngbya nujuscule Immune Modulators

Pharmaceuticals, nutrition

Schizochytri
crzoc y‘n.um DHA Infant formula
Cryptocodinium
Nannochloropsis, EPA Food supplement
Nitzschia PP
Food pi t
Arthrospira ) ood pigmen
i Phycocyanin Reagents
porphyridium

(fluorescent markers)

A= AEA, 79%(2012); Christien et al.(2014).

15) Christien et al.(2014), pp.19-20.
16) A%A, A9%(2012), pp.2-3.
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=& 2O

EE dEdor Raste E42 26 3710 & AR &&ot 017

Aol A w2 F vlo] et Ao AT A Yo = ToE HER
A 6&"3%’%% CPC(*ﬂT’éiéEﬂ O AAtstes AFE AA H2E WLk, 2=
Ho| A& vM 2T Chlamydomonas hedleyi 258 UV & E49
Mycosporine-like Amino Acid(MAA)Q] &H9 &% Porphyra-334% o|&35to 3
AEHE Yottt =PI AF LA = WARF Arthrospira sp. 25 AT
EZ£07 A9 4 9+ B-carotene, Phycocyanin, Gamma-linolenic Acid(GLA)S €

245 Aote AFE P oo FHHYFAYEALH A= 2H7t-3
AR 50% o9 sERde v2FE TASHHY. @A, WY nAERE

&3 7154 a9 A7NE 9 AlEShe F43] st Jon, fd7s de Qe
FASHe] Eor7of Qitt.18)19)2021)

FHME drA o @A S2dE BAlste] AFSstL YL, HARE 257
L d743E wHista it Adw, qHfo]lQ 4 otdut 5O AN ATEY 5 WA
Z2FE ol&sto FAte} SHFES AL At 9 F5-, T oA oF AlgatechAte
o= steto], Qlk, oA SAM HaemarococcuszHE OAEMIHZ, T30
BASF A= Dunaliella salina25-€ WETEHE, v)=9] Martek A= Crypthecodinium,
Shizochytriume ©]-&3to] DHAE, 181 v]=9 Cyanotech A= Spirulinas AAtsto]
#0190l "= Solazyme, ZF 2 Innovalg SO E Si2F 2 FF2RE &
e}, 1 75 AAMGES SAetL Aok A AAZN R 27E EE3 AFESLY

Hd
)
qr
¢

—Ll
l‘l("
=

2
oS
H
)
j
l‘_&

olr

r&"

7) KIST(2016).

8) KISTory(2015).

19) Suk et al.(2014).

0) sjzlof, =&, 7314(2015).
1) FHSSZAERFLH(2016).
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24 7190l 20144 71Z, o}*a}w 87 A, WEtRE 107) 9, Astgen
157 @A, 22 707 9 L FE B 87 YA ehdeh 23S 0§63 AR
oJopze omrzrxl EERES xm} 5 Bl ALY Z o] oL, A4t
4gA AR 250w W2 g Aol 22232025)

rol

o
ol
~
B
r2
4
X

Portugal France Switzerland Netherlands Sweden Germany
N. Ci ies: 1 N. C 1 N. Companies: 1 N. Companies: 2 N. Companies: 2 M. Companies: 3
Food Feed
Feed Food Food Food Food Feed Cried algae Cried algae
Dried algae EPA/DHA EPA/DHA Dried algae Astaxanthin  Astaxanthin || AStaxanthin | Astaxanthin
Aquaculture feed Other dietary EPA/DHA EPA/DHA Agquaculture
supplements B-carotene B-carotene feed
Phycocyanin

Canada Mengolia
N. Companies: 2 N. Companies: 1
Feed Food
Dried algae Dried algae
Algal paste
Japan
UsA N. Companies: 6
N. Companies: 11
Food
Food Dried algae
Dried algae Astaxanthin
Astaxanthin B-carotene
EPA/DHA Phycocyanin
Mexico Taiwan
N. Companies: 1 N. Companies: 2
Feed Food
Oried algae Dried algae
China
Israel India Myanmar Thailand Australia New Zealand N. Companies. 5
N. Companies: 3 N. Companies: 2 M. Companies: 1 i N.C ies: 4 N. C i
Food
Food Food Food Food Food Food ggm._"g:e
Dried algae Dried algae Dried algae Dried algas Dried algae EPA/DHA
Astaxanthin Astaxanthin B-carotene B-carotene
B-carotene B-carotene

A&: Vigani et al.2015).
(dg 3-1) OjMz=& 7

r
ok
oot

re
N
or
0x
1=
o
0=
>

22) Vigani et al.(2015), pp.85-86.

23) %A, 1495(2012), pp.2-3.

24) JHto] 9(F), http://www.ma-bio.co.kr.
25) @XN A, http://www.syspharm.co.kr.
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4. 495 A% F2

Vigani et al.2015)9] =20 oj5ta, 2010~20124 7|7+ St 23, Q] A]ofof A
25 719 AFE 9 125 million B9 o4 &5+, ol9of v=3 33, FHAAE
gsteet TgA7F et Bak G5s Holil Yok WAZRERE BAEH= 483

ANEL HFE Spirulina®} Chiorella 1% 272 OFA[o[e} vl FAHOE A FAotaL
ATt 20109 718 Spirulina®} Chlorella® Biid7b= 242k 2088 /kg 2 4493 /kg=Z
LERRT

FH9 EnAlgaed] EA] 9otH, 7|54 A& 20069 o]d F 50~85 billion
g8 12, o] 3 2F AF 2= A 1.25 billion ©2(5,000~10,000% Ao 2
gt 2T 27ty AZY A% 201290 82 million BEE qAToH,
Reportlinker.com(2014)91A4+ 20134 7] E17], A|$-, 2725 g ed713

A% 727} USD 23 billion® & Ueikeh20 A2 837 9 A2HE 44 oul7l3
AZL 534 BAF ANET Q) FF 2R A% ¥Fol FejE ol ARG,
H, WEolRY, ohaerdE, 2HdS FHOE ¥ Azewol UL 2010d 7%

1.2 billion €8 FE& YT (F 3-2)9 200493 20099 = 7}2E| o] E A&
ANAE7F dFE AE 0 Ut 2 uA2FE 283 7|54 A8 A% 54
Az AAEA GYAR ARMEL 1097 AF AFES 18sto] HoHe u 2429l
S7Hgol AdETy B2

26) Reportlinker.com(2014).
27) Voort et al.(2015), pp.23-32.
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(& 3-2) 7tZE|L0[EY HMAAE R

(&9: USD Million)

= 20044 20094
Supplements 125.0 128.0
Food 98.0 103.0
Beta- Cosmetics 6.0 7.0
carotene Feed 13.0 15.0
Total 242.0 253.0
Supplements 50.5 68.7
Food 3.5 9.3
Lycopene Cosmetics 0 3.0
Feed 0 0
Total 54.0 81.0
Supplements 54.0 85.0
Food 18.0 20.0
Lutein Cosmetics 0 0
Feed 67.0 82.0
Total 139.0 187.0
Supplements 3.0 3.0
Food 7.0 8.0
Cantaxanthin Cosmetics 0 0
Feed 138.0 145.0
Total 148.0 156.0
Supplements 3.5 4.8
Food 0 0
Astaxanthin Cosmetics 0 0
Feed 230.5 252.2
Total 234.0 257.0
Supplements 22.0 35.0
Food 0 0
Zeaxanthin Cosmetics 0 0
Feed 0 0
Total 22.0 35.0

A& Mortensen(2009): Voort et al.(2015)°14 AU
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=& 2O

A 4 7|54 AEoR
T4 glon, o] F 2012~2017974X 9 AFELS AB715A AFAA 13.0%=2
FEHAA Uittt o9 22 A4 JAEY Wshe volQ =l u]=e] AN E
Uetgtth, w29 Hho]Q AlAA) Bok= 2012WRE 2017974 AASAE 24 € A%
7154 AE 247 42 1229 5,700 B 629 4,6008 D 7HE £ vFS AAL
Atk @29 A% P |2 FASI, 2017E7A ARISA AAY AR FEI}
Ho] Q AIAA & 60%(F 3% 9,704 ) o4& AT Zolet Aot low 2012~
201799 445 BT 19.4%2 ¢ A Uetth 20169 AFFEtAA HiloM &
24 20159 237154 A% FEE 20149 tiH] 16.2%7F 71 2% 32919 9og
B71gct. ol9lo] AASFFEo] 58219 Yo & T HAR & AFS FAta glon, HI
AA/7154 HE Av9 EdE 9 #H A15F 52 RS o Y 7ol ¥4
B7hE 1 it
SHE, AFAA T W (Ad)Eko] & JokE A2 202097 30% ol AAT Ao
dAsta et HAERE S8 HA/Htel ookE AR 1R A4S Blo] HA| grot
A& @40l mlu|gk A0 Wt ot & 2 |39 Taxusd AE(FH)ZHE
e FAAQ “Taxol” ¥ YL nPERTH /e EFZHAHE Ak “Compactin’
Z 9 o449 wj&o] HAL| Yo nRFE HE3 Hol e
% !

% 9 Aole Agwtt.28)

o] @ Al4A) Zok] AAAGS HAJFAA vto] 2=, A=
_]

28) KTLO(2014), pp.195-197.
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(B 3-3) HIOIR7I5E 212 AIE FE(0=)

—Oo

| zame | 20124 [ 20139 [ 20149 [ 20188 | 20164 | 201741 | ymge)
T (47H) (CHel: eiot =) '12~'174
YAATS | 3409 | 3752 | 4131 | 4547 | 5005 | 5509 | 10.08
ABNSHE | 4124 | 4481 | 4869 | 5290 | 5748 | 6.246 | 8.66
AASHE | 8,956 | 9536 | 10,154 | 10,811 | 11,511 | 12,257 |  6.48
W%, Az | 2109 | 2359 | 2.638 | 2950 | 3.299 | 3.689 | 11.83
mz | AAYMA | 2446 | 2,740 | 3,069 | 3437 | 3,850 | 4312 | 12.01
A | wpelegtm | 2,689 | 3,059 | 3480 | 3,959 | 4504 | 5124 | 13.76
Ho] 9@ | 2,501 | 2,661 | 2,831 | 3,012 | 3,204 | 3,409 6.39
Az 709 | 781 | 860 | 947 | 1043 | 1,148 | 10.12
7168 &n 459 514 577 646 724 812 12.09
R 27,402 | 29,883 | 32,609 | 35,599 | 38,888 | 42,056 | 9.18
A2: KTLOQ014),
(B 3-4) HO|QJ|SA ATQ AN 3E(3t2)
| zeme [ 20126 | 20131 | 201418 | 20154 | 20168 | 20178 | wmm)
T (A7) (el o 9) '12~'174
HARR | 118 | 130 | 143 | 159 | 175 | 193 10.34
AZANSAE | 16340 | 19,515 | 23.307 | 27.836 | 33.244 | 39704 |  19.43
AASBGE | 4150 | 4,440 | 4751 | 5.084 | 5,440 | 5.821 7.00
9% Az | 800 | 848 | 899 | 953 | 1,010 | 1.071 6.01
sz | AAFYA | 3450 | 3547 | 3,644 | 3,757 | 3859 | 3,980 2.90
1% | wologz | 2,000 | 2,100 | 2,205 | 2315 | 2.431 | 2,553 5.00
slolodim | 343 | 388 | 438 | 495 | 559 | 632 13.00
Azl | 1195 | 1,215 | 1,235 | 1,256 | 1277 | 1.298 1.67
NS4 BA | 2373 | 2.864 | 3457 | 4173 | 5.036 | 6,069 |  20.66
7 30,769 | 35.047 | 40,079 | 46,028 | 5.031 | 61321 | 14.79

A=: KTLO(2014).
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155 4%, olAEAEE 259 98, 224e Ay

7850} 9le.29

A ATAIE(2015b), pp.8-9.
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15y 58 154 W oIg7|E
7 A7A42E Fo) A2l &3 B 7|Ho] YYa
Ay el ey | SEEIOE ST AT = vrol @A) AN LA Tl
o138l OOE}‘OHD Z:!—Loﬂ o 32 2] 3) = 5k
99 Coo x A A GA GOl H FrE ojo} ¢
ﬁ'_}ﬁfl% mE |
44 # volorA 9 el
71 AFARE F) B 53 EE 70| B 9%
sojof 513 Aty Q& HholQuAY AMEIT} 0] QA
158 | 009 E8¢ % | A8AYNA FrEolor &
A
2 gy B ol entA 9l gl
@ 7l ATARE B9 7HeA ks Astael B3 EE 7|0
3 000 Eeg 5 & | TEE P Aok m B4 Q= sl oA 9 AN I}
253 o | A2 1A o] AAHEARON sl B
7] =
i P84 el HholentA 9 g9l
00 = A
sog | CORe PR ST iy aznas v 4u0Ae n B s 25T 5
T amaamel g | KE AR O, AALBARAN T54E ST £ G

g AEYFNAA hetp://www.mfds.go.kr): FBZFZHATAE(2015b)oNA UL

HAIE A5 1, AAe FETEE Ao LHA ARAPE HYRE SSA 7|EE WHESHA
e ol dF AR 715 HFAE AL Aot AoJEHSA AA7 s EAIY B
19949 AAH Ao|BZFA A7 1S H(Dietary Supplement Health and Education
Act: DSHEA) o] 9Jsto] APRSRAA = glo] gl 17} Aof Betd ZAE FDAR A &E5H
gof ot R A%, 200795 EH JF EA @ ARAR HA tfgt A E(Regulation
(EC)1924/2006)9] Aoz FHAEPHH(EFSA: European Food Safety Authority)oll A1

woh A 2w S HAatetel AR Ad7ls BA 59 AGEE RAE FEkL Sl
Y22 20019 ARE A7 SAEAES ] A7 54ES Heotn, F75AE B

J
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54 BAE& AFE ERctl S47SAEY AF dAAE ARE AESHEE Ho
30 oHH, ol&%t 7158AE AL A EUS vFore fAAHE 2R
259 AED] Qlol AT Bt AF AR

ATt Y FEHTE F8 %}2; et 9ic}.3n
S AAE Ey #HHE 459 Ars o2 2o FHdA s AAE A%y
Her= QI3 AHASHE EAs17] Yol 20004 HE A|1284455 AAsto] HAZAIFAT
MEEAR S Aot 82 A& st et vl=> 19949 DSHEA(Dietary Supplements
and Human Education Act)& AIAst] AAE 4] A& AFAHCH, FDAZF &4
kol =2kl Z A st M4 ASstol AE2 At AFEHT it nl=9] AS A=,
o7 52 2gote AEY%E(botanical drugs)E T4 At Q1L
FA7EA 2099 Fol £ Mde 21 Qi SYME 'HYAFFHAMG 1)
Agsto] AEglety 91, 8 Z7tof| A= Herbal Medicinal Product(HMP)& A<
& JFFoE YAl it oo T ARAJME HAE 2oFF gl =7}

SR

e oA

=4} 7154 14049} F20] A% 9 AxE 20089 AF TA] ol 201597H4] 7154
&9 71 9 AFYH(A2015-152), SPFE HA71E SOl Tt F4(R2015-438)0.2
A= g AR Fdcle f71% HEES Fet 71E2 oy ASAET} §lof

AEol At gest JEE gelshy] gt A2 AFYdEddAE Fd-F7ls E
s

VSAEE TAZ ste SPFEH) 4F AELE AW dasted AlEel digt #4124
7125 ASAE AT v Foloh A AAH LR V54 sHES 2udt AdsE

30) A& HAHEA(2016), pp.29-47.

31) Christien et al.(2014), pp.49-60.

32) g=tato] Q HA ATANE (2014), pp.7-14.
33) A3 erATLAE(2015b), pp. 8-10.
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(B 3-6) MAUILE Q57|
7|2 Q1502 QIZHS TRUE
| - mEA Adjstm A A 807 ol HAE THEE
- Organic =
o ZAME 1 AA/ Q=
| Nl | qgeny gadd, AE 5 48 A e 52
USA -Organic | - ¥l eFFoA Folstes {716 sA=d 7he4F
- Natural AS
s - Organic
L ER B& YR S2Y FAx
. - Natural o ZAE] 95 o] 5 A A
- 549 A%, AE, EE V1Y 440709 Y TA
BDIH -Natural | - #8904 A, #7% sSgEoz A7 Y3
BDIHO| 7tYsto] 7]& &
-Organic | - 35 Fo|gAdE] S8H AS2Y
BEA @BFA Natwral | -6/19 S92 $70% AR AN/AZ A4
Biological Farmers of Australia

Az 5Y7128AT2013): AFFHYA

2. HIO|@

Hlo]o =

244 Z2AE(Bio-degradable P

A 242 Y

Plastics)¥}

SotAE Yl ©
EeAge duHow Y

Hlo] Q uj A

v

4este vshy Betrgow U 4

AR >

F

B, 24 9 ey 24

gl 2o}, F3o], 27 59 7
lastic) 9@ ARG ZakA

#38F Hho] @ 7|8¥HBio-based Plastic)

AFAE (2015b)l A A 21E.

Ofor

el s o= 4
g(Oxo-Biodegradable
Zgt2E 197
Act. At Rl SSAE L JRY S

IE‘_) o :1._‘1‘6]—01 Aﬂ oH 7]7 ‘% ;E) ];ﬂ X:”‘U-O]E.I-
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= 20

Hpo|27 |yt
i
1
;
Hio| @A i HO| S EetAE
2.9, bobesed PE, i eq, PLA, PHA,
PET, PA, PTT i PES, Tt
i
H]d e i st
____________________ SOEEEEE LT
g @atay 1 HPIREEAE
]
eg, FE, PR, FET : e.g, PRAT, PCL

Ep49H{j0| A

A= European Bioplastics, http://www.european-bioplastics.org, A4 Y: 2016.10.15.

(38 3-2) H0|2 S2HAEY ER

Hro] @ ETAEZ AAle] E7FsHH G716 AR L&A =43 Bro] QA 7|9k
E4& x3oto] A5k Agrocultural, Microbial, Biotechnology ¥ Petrochemical
Byproduct 5 570& 728 4= It} Polyaccharides, Starch 52 A1 EA} Polyhydroxy

Alkanoate(PHA) 5 u]A&E0] o] AAE]= 1 EA}, Polylactic Acid(PLA)Z Hlo] QufA W
Sugar @A 9] S-S0l 9] AJAtE 1EZL Polytrimethylene terephthalate(PTT)}
2o AfA+8to] oA TEFA 9] SgHEkSo Qg 1 EA} 121 Polycaprolactone(PCL)9
AR718E EA7E EA T34

34) AZAZ7A(2012), pp.21-22.
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| BIOPLASTICS |
[
[ I [ I
‘ Agrocultural | | Microbial ‘ | Biotechnology ! Petrochemical
| l byproduct

* Polyaccharides + Polyhydrox « Polylactic acid ‘

+ Starch alkayngate (PyHA) (PLX) + Polycaprolactone
« Lignocellulosic (PCL)

Products * Polyhydroxy

(qud,Straws) butyrate (PHB) « Polytrimethylene
+ Pectines terephthalate
+ Gum + Polyhydroxy (PTT)

butyrate-co-

* Protein/Fats valerate « Polybutylene

(Casein, whey (Copolymer) succinate

Collageneous, (PBS/PBSA)

Gellatin) - Polybutylene

i adipate

* Vegetable Oil terephthalate

(Soybean, (PBAT)

Corn, Others)

Az AZE2(2012).

(38 3-3) H0|2 S2HAEY YHER

A WASE, AZWAA 5 94 4ES ws—}% Zﬂ%% AER: iXHfu A}%aa_ur.
Q Zetad ABE vlolemAR 25% o4 FHHT Y, H=
AZ7%9 wa] BE W, WEAA %ﬂ 240] AN 9o} ZEHNH FhH
ek, A5A Hope] 49, A 7o) A A% A% AH AMCE WA oz
s geragos A FE7]0) et ARE Hol2,

Behadio] o Earau e 4 el oI, dole BelAd A4S e
5 W18 Aug 9 $44S TS AR Aol FReT QYR

DAZRE TEE tolo SerE 449 B 1A Yo FET 5 ek A WA,

i)
[>

35) oA, #ER(2016).
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=435t EStagor A
Gl s FAE, gpdhEe] 4
L HAL G714 Ae AEY Eae o

Polylactic Aacid(PLA)7} Qlt}. Al A2
of7} Aslote] AAksl= 2102 Polyhydroxy
HIZESY EEtAE 2R SUT At

7%:_

o

l

g 1A AR W 9A 920 E4S dh|
Alkanoate(PHA)°|] tjEZojtt. PHAS PLA:=

AEG = EXo| it} o|AY mNZRFEE A 7HA] U8 TAL Esto] H{AE A, ABEG A
vol & EapAEe U2 olgd & k30
Thermochemical Chemical polymerization Intracellular accumulation
polymerization Monomers obtained through Polymers produced within the
Natural, raw biomass microbial fermentation (e.g. lactic cells of microorganisms
lymers that are plasticized acid) that are polymerized by
BIOPLASTIC o Growth substrate for
b f heat means of chemical reactions
PRODUCTION YA microorganisms:
TECHNOLOGIES Building blocks: Substrates for microbial monomer - sugars
- starch, sugars production: - CH,, €O,
- protein e.g. soy, gluten - starch, sugars - fatty acids
- lignin - €0, o, - hydrolyzed lignocellulose
- hydrolyzed lignocellulose
RESULTING - Thermoplastic starch - PLA (polylactate) - PHA (polyhydroxy-alkanoate)
BIOPLASTICS - Bio-PET - Other e.g. bacterial cellulose
USE OF Protein-rich microalgae ) ) )
MICROALGAE IN biomass as polymeric Mllcrc?algae monomer exudates as Mlcroalgale as PHA-producing
) building blocks for polymers cell factories
PRODUCTION material
o (exploratory research) (exploratory research)
TECHNOLOGY (early commercialization)

A&: Voort et al.(2015).

(1Y 3-4) 279l HO0|R S2tAF 4t F=2

Ol

7h A9st A 4 AE3} 5F

Ao 8999 A4 % z];%p_@} WAL o U5 YRS FUOE 53]
el ANGE A% Ui Fery A FAY volo Edry 2B wEH

36) Voort et al.(2015), p.21.
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o Aol WLEI Yot Hol ETHAEL 19009 FE HEAGY AATEA 245
7|90 2 3 AFE AZCRE HTo& Bio-PET, Bio-PE % PLA BHE A= 31
o] F < 70%7t X AHEE AHEE L Sitt. Hlo|Q EHAE YRR S5 AAE AR
Hl4E A9 5024 59 F714 W71Ed 27 5ol AHL JleH, ol &8
AF7F FHASHA ST A37)

U= 2 o2 7 HE2orE o] &3t o] @ EStAE A EH Y A AFE
APt 1 A2 st &AL g A N2 F(Chlamydomonas Reinhardti)®}:
dre| 2lok(Corynebacterium Glutamicum)s °©]-&3t Ho]Q ZTAE YgQ SAA
(Succinic Acid}& AAl 2 & BAstgE, =7l eddAe FAA2E 442
ogsto] YEHE L&+ a5 IRAHEYLH | E-co-2T0|ZH°|E, PLGAE
A 3oz Aaetgint. oo g oM ojitatetaet 2 WEAA T
TR aAE o]8df g EAY AF A=A 7FsAde SASHAT FoA =
2013950 92 A7 ATaAM pAER] 2 RS ol&oto] mAxRF
7]9ke] Hio] @ EtAES WA, aAle F2EUU AN BiEHE g5aEd
w2l E(Paramylon)¥} 7w HE ZAA 25 —ir%?l g f/dsto] 70% ol AE/gEo
FEA. v fEFEdSoN s AR RRRY AESE 39 IAEE Escherichia
colis #%F3to] Poly-3-hydroxybutyrate(PHB) Hto] @ Z&tAE AA AA7|&S A
319/TH38)39)40)

U w2 FE Z83 HolQ ETAY AR deEdY 94 71e/d A7t ol %

AL 27] @Al 99 A9 FH AIGIX HAE FHOE 2FZEE APHEY

_l

@UE, Q/ME, PLA 3D T Heluls 52 AAkelo] Bofeia glow), 25 U Teide)
o] &3t 7l&Z H&ota Ut 0194011 25 Y AdE 4EE g8 BEHE &7 4
ZAAE G Aot Qlot4D nl=h 48 - QES T3 AXTo| A= HiolQ 7|uk E2tAE
37) Buropean Bioplastics, http://www.european-bioplastics.org.

38) $-3H71(2014).

39) &°r41E(2016).

40) 3FstgtAAALAE, http://www.cheric.org.

41) AIGIX, http://algix.com.
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= 20

24 NS FHAOR AT lom 24A
wto 94| %o] =L gct. EH, A7)
ol g3tol SABAY WAL QAN
HEHe A2 Ford, GM, Toyota 5-& Ee Al 68 453 HAeIA L 45 Azl
wolo Betatlg M 8372 AR stel A7 RE 20208714 £54, A4S 19

dEo02E 149

A& ALGIX, AAY: 2016.10.15.

(28 3-5) 27 7|4t BIO|QHF

]_

ol
=2

S 7T AR, ARATA L vl o BehaT AE AL L AYT] FA
ok, A2 vol o Sehaele] RYD EARA, 1) LAAE s} 909
EA9) B4 8 ABAY vo O AREE vhol 9 Hetrelat ulo 0471 AASHE

991, 2) LOBHE Wakso] A%ek LOATTLS Fotel vol o Behad A A,

O

ﬂ
2
a4
X

rio
o

¢

e
=

42) €94 9(2015), pp.146-149.
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3) CJAIRATE oF 1129 49 Ag2 FASt £2|6| EFA 27100 E(PHA) 719
Ho] @ ZetAE S BAste n=9 HErE A ALY Qe AAREETS B AFAA,
vl 5 A AR ) 223 Al CIAISAT 2 REA 0 Z Y Hhol . SEtAE
15 SAEAYS 35 TE5}0] WAelT o4 2e9] A9, 12 FFELE voj oA
R&DHS 5519 3}0]22}5—. LIZAEE Agsto] 27 1, FHA = SPLASH-project
(Sustainable Polymers from Algae Sugars and Hydrocarbons)olAl Botryococcus
brauniig °|-&3ste] Hro| @ ETtAE Y it I AFE St Qlh. @A AlA ol
ZetAE AFY AFA AEAQ 9T o1l Qi 7|9 22 BASF SE, oFAlvHArkema),
B3 Z2H(Techno polymer Co. Ltd.), EF°] AHAEY R, FE oHY AHAEFHZ
(Evonik Industries), Ylo] A &AE (NaturePlast), o] A YA (NatureWorks LLC) 59|
o)t} 44)

(B 3-7) 2UY HO|Q 7|8t HEQ HEY

RRE Blol2 ZatAg HEY s
o 2719 AT AW, F4E 71F Y 42332
Sk 22871 42323
of 520 2512 of FYSE, AFLPA 5%, AYRS, T
7y HEXYEY), 45U Bxzt g
FAHA AEE Az LRSS
2o A0Z vlo] 9 -BET(SetAE HE) S50, A4S
SKC BEs 98 42223
W4 ARA HY A LESS
ool 0.6 yaEeaY 747 LRSS

Az oA, WAR(2016); 3713et] e 54(2015).

43) 73713817115 U(2015), pp.46-49.
44) (AH3t=utol o AR 7| AE 3], http://www.biopack.kr.
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=& 2O

(E 3-8) 29 tH0|Q 7|8 HEO| HY

=7t A H HO|2 S2AE HEY
o] = NatureWorks Ingeo

e Unitika A4 Hiole EtAE
)= ALGIX Hro] @ ZtAE X
o= Ford A=} U)o
= A7hEE Bio-PET

a2 Unitika ALY Hhol @ ETtAE

A& ol A&, wWEW(2016).

. A9st A% FE

S £ Hol 0. Fehage] AL GATo] UA gror, 2919 A9E Aol
A4, WAZE EE wAZES e ol o8 Hole Betay BUY A4

2~

=

NEEIL AT, vro] Quj 0] B vy Ao % AAVe ZAVE HHAE FA Y F
L

_/‘t_

rlo

Fo

Q902 RHHT et AW vlolQ BAAY A% FHHT Y& AGES S

1
ol

5 AT Hol oA dae W2 FA A7 A3l Agte] £A8FHBR, 4}
w7h HET S HAG BAgo] w2 v Hlo|QH A0 gHTF 9 ‘3} Global
Bioplastics Market 2016-2020 1o w2d, F5 H[4L ZHE9 27 7|8t H}O]
ZEAE Y AH7F S8 AR AHE Z0E Buglon A7t 1.3 billion B2 SEH&<
AN Aol A EFt.45)

FHAYY Huo] WEH, A AA EA 2 F 37%7F $BAE AEHL, $BAE
71208 29& AT AFAZE 30%] ettt olF AEL Hio| LARE A9t FA 29
A2 2%0]™, 20144 7] Hlo] @ EZetAY AAOZE 0.01%2] HZ o] AHEE T
A AA A 685 ha® WHE AXste] 1.7 million £9 Hio]Q FEetAE o] BAlEom,
Ae7HeZ 201997 2H] o9 HA o]&Eo] 571 AR A 3hH, 20149

&

rick

1p

45) Research and Market, Global Bioplastics Market 2016-2020.



30 | DIMZR HIO|R0HAQ] Xtadst 20| it A7t HIO|R (IsE)AME Sd22

& et S22 9] A7F AARFS 300 million EO&, o] F Hio]Q ZHAELZ 1%
o)eke] SFEE FAF o] Aok ShA|TE Hlo] @ SEtAE A2 HAH FU A9 23T
OS2 QI8 sfutrt 20~100% S7FstA glof 20199 Aol o 5Hi= F R S Ao
AAFSIL Utk 0|9k §AISHA EnAlgae RIAONNE A AAZCR vlo]Q Zapie] Ak
20108 724ktolA 201549 1,710kte2 Z74gHS Yrepyict.40)

Global land area
13.4 billion ha = 100%

Global agricultural area
5 billion ha =37%

GLOBAL AGRICULTURAL AREA

... Pasture

3.5 billion ha = 70%*

Arable land**

1.4 billion ha = 30%*

Food & Feed Bioplastics

1.24 billion ha = 26%* [F9SW

Material use 0.68 million ha~0.01%*
106 million ha = 2%* -

Biofuels o ~0.02%%
53 million ha = 1% 1.4 million ha~0.02%

A& Buropean Bioplastics, http://www.european-bioplastics.org.

S

(23 3-6) HI0|2 S2tAE HuS ot EXME ¥

&8 HpolQ ZetAE PAFFORE oo} 58%E E HFS AA|otL
1 HE FE% E-BopErte Uetith fFE AR o] BE, ofAjoto A=
H=ro] £8 HAEZIE et o, 2019dE A AA BARFY 80%71A S7FE
At 201449 YA vho] @ ZetAH F Bio-PET(35.4%), Bio-PE(11.8%)& FAo&
3t Hlo] o 7]dka} v YRS SAEL 60.9% 123 PLA(12.2%)%F PCLY] 4474 A& 3)4

E49 polyesters EZAE T2 39.1%E AAsto], HZ7HA] = HiolQ 7|5t
AE Aol o &ds] YAEE & 5 Sl ol AEAAY MdEThe dad A
THE T AS o] Hote FAHE 2, PLA, PHA, 52 7] 24& HuA

>EO{N§
HUL—E

46) European Bioplastics, http://www.european-bioplastics.org JEE HIHOZ 5]4%
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Fof| e vrol 2 EetAY AR eA AL HHEg 5ol A, Y- e
FHE 55 FIAE 5 e 7180 AEEHL 9lo] A8 HA7 diEL o ARA
AR Bhade 184 ARYE BT 1 $8357P1 4iH0R Be 320
g Aoz AYHI Yet.4
Other’ 11% 12.2% PLA @
(biobased; g .

. 10.0% Biodegradable @
nc.m—blodegradable} ________________ starchgblends3
Bio-PA 5.5% 13.0% Biodegradable @
PTT 71% A polyesters*

____________________ £ 2.0% PHAS
@ Bio-PE 11.8%

1.7 million 1.6% Regenerated
® Bio-PET30? 35.4% tonnes cellulose®
0.3% Other’
(biodegradable)
L 1) Biobased/non-biodegradable 60.9% @ @®® Biodegradable 39.1%
=. 1

contains durable starch blends, Bio-PC, Bio-TPE, Bio-pur(except thermosets)
? Biobased content amounts to 30%
3 Blend components incl. in main materials
4 Contains fossil-based PBAT, PBS, PCL
> Incl. Newlight Technologies(CO2 Based)
® Compostable hydrated cellulose foils
7 Biodegradable cellulose ester
Z&: Buropean Bioplastics, http://www.european-bioplastics.org.

T

(Ag 3-7) HO|2 S2AE ZRE Y4t HIE
Hrol 2 7|ik 5l 4ol e HolR EEtAE A AwA AES vt 549

et
53 Bio-PET30 &AAALE 712 4% 719 4487 A4S A48T 4 Yt FHOE
201997H4] oF 90%9] ¥ES AAT A2 AU BRAY volQ Bepalo] A9

47) European Bioplastics, http://www.european-bioplastics.org JEE HIHOZ 5]4%



32 | DR HIO|R0HAQ] Xtadst 20| et A7t : HIO|R (IsE)AME Sde2

$9, 44 243 59, Aol Hobol T8 Uow, 20199 PLASH B Ejoj 2
A B ARY o 70% oS BT Ao AFYTH)

Flexible packaging
Rigid packaging

Rigid packaging
8“ @ Textiles

@ Automotive & Agriculture &
transport o 41 horticulture
in % Flexible packaging 15 % @ Consumer goods
63 @ Consumer goods ® Textiles
Building & construction 22 @ Others'
@ Others’

A& Buropean Bioplastics, http://www.european-bioplastics.org.

(18 3-8) IO 7|8 BYAY@E)T Y2ofY ZAAL(QEZ)Y HBS 28

AA dlol & EEpAE AR fFEEE 20149 1909 ZEoA 20209 4389 229
S7H8 AUHL, 2016~20209 717 F FA| Ho] & ETAE AR ABH AHES
29.3%2 A=FHAth. Bio-PET A2 202049 71& 2919 @8 29 A&7 A
2014~202049 717t T 9B 31.4%9 2 AFES Agsta Ao oo A3
ArQlo]l SEE = Hol o EHAE AEY 871 5L VIR AB 27% o1 F7HE A
ek B3 AGEA AEAAA A B A= ALS] B o] OJstH el LEAAE,
SHEE, Ju/A% A4Y 5ol ol&EHE PLAY 87t ZAHE F4HCE 20194714
19.97% 474 ozt Rufct. ¢H, PLAE AGA TEA ¥ 1rtolnz 237
#7174 A 5 vol QAR H O dapgdoz R v FAY EAE sfEsfof
FEA Qlch. Ff Hhol @ EetAE AR 20004 & AH7]FHA BE A Al AR
A7 AH(B0%) 953} o]F 45k 91, 20089 4,0008S AFoE 20188 o
108] S74e 4% o= osta Uk A2 ofd 27] ARRigH dHz dEA%

=

WE2OAA F AN AANEAE FH0 FHE on HT QAN Hsto]
Lo PLAS FHOE @ sholo Eetafe] Ago] FHHIL Yt

48) European Bioplastics, http://www.european-bioplastics.org JEE HIHOZ 5]4%
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o A9s A

THe AEeAAE A der G Sty WUed REEAEE
npAska Qlow, ol tf-gste] MET} PLA, AEF} PCL 59 TFES 483 R4
2Hq71FFA &5, L4 S5 & ZE 9 EAYud § Hiole EEtaE EE A3
2ot S E L et 9] vholQ SEAE 2 ofA7HA] Aot EEtAE AlEe] 7HAT
W4 & F40 & viAe A2R Yedt. SAXoRE = vt 13 422 4
o= dut STAEY ARGAHA H AT wet 528719 Hid g £ A AR

o

o7}t A0 k. T AR AUt ZEZ &A= 2018W7HA] HIEEE AHES
ot 28 AXGANA EFAE A4 A Agelcy AAR 5051
U9 HholQ EetAE HEIH: BEHNY EAE, ASPYENY EgAE, HolQ
718k EetAE 0 R Yrojxw, YR ZeAEL FA 4l 1S0148558 7|E 0
=7bE qFA7]1E0] EA5HH, AR EtAEL 1]=9] ASTM D 6954, 121 1
o|Q 78k ZeAEL 1= ASTM D 6866% 71E22 A= 1 et sh o] s
EAY AE lft 671 ool 7|=EH ] 90% ol EZ, = fH - gr 5o
60% ol’d Eali7]&ol Hls] AAs e 1A A3/t agt AAolrt. T2 19929 HH
TEAZF 70% ol ZFE ol e 7|vk Y& EtAE vtIAE KSM 3100-12 A%
71208 AFsto] SR} ] -Fidola ik @A (AHEHel LA | A @3 Hl=
A& 7]& ASTM D 6866, AHA A[871%& KBMP 0107, 231 471%& TGA 4L E3}o
Hro] Quj A 25% o]4F $hr AlFo] ‘BIOBASED' Q1% 2hile 2oty it ¥er £ 9
TRAFY A Hpo] QoA 15% o4 AlEE AR st §lrk. Hio] @ 7]vt ZefAE )
TA71EL YRl ofd HAFHEY A E Hio| QA E3tof upet vpo] QA FhEF
2 FEE 5 £AS B olFolArh o[ ¥ F7hd uto]Q EepAE 14 4 9l
& Fotol, W= 20209704 SFEHAIRY] 25%F Hio] QWA VRO R iAol RRE
7M1 Qlom, JEE 2020970 A EE LE SHAEHY 20%5 AA THedt AgoR

A

==

olN o

AlY | http://www.cheric.org.
=] 016), pp. 248 249.
51) A71#871&X84(2015), p

£t
B
=
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FYUTE BEE AY 25T Y505

=7PE HO|2 SEHAS [ H7|E U US 2HE

H}0| 2 Z2}~El(Bio Plastics)
=7t
W s) Set~El(Biodegradable Plastics) Hto| 2 Hjo|~ S2h~El(Bio Based Plastics)
150 14955 150 472
S5 4 BA S| SEEE - 008 OlAH Sz 7| =ois
Bl R 2 70% 0lY Hto|eof~ g 7IEEE
7|3 KSM 7|3 KBMP-0107 BE: 1}

3100-1 0|@H|0]~
gEes | mEEEna Q) QABEH: KEMP

ASTH 2E7I2TEE 20114 25% 0|4,

o

190215, 70% 0|4} =0 1500] 4
7IZ: ASTM 6400 S5, 7|2 ASTM D 6266
oj= A Green seal 5 2 EIC Based Product %
QIZTHH: Green Seal e 2IFTHH| BMA R
190915, 70% 0|4 g Tl 200243, 25% 0|44
7IE: 15 K 6953 7| ASTM D 6266
- DA J2IZalGP) B%1: Hjo| QO A~ ZEkER) p
- QIS TH: JBPA QI CHHl: IBPA A TATS
10064, 50% 0|4 99-435. 20063, 25% 0|4
7|3 EN 13432 7|2 ASTM D 6266
w50 HE: OK Compost WA OK Bic.abased
= QFTHY: Vincotte QIS THAL: Vincotte
199514, 70% 0|4 200043, 20% 044
7|2 : CEN/TR 15932
7|2 DIN EN 13432 ’O Alg_rcmossg =y
=] QIZ=CHY: DIN CERTCO : ( DIN
= - ), SIZCH|: DIN CERTCO -
197919, 70% 0|4 . AT

S 201045, 20% 0|4+
AAg: @uFo] @A, http://www.neomcc.com.

(1d 3-9) =712 HOIR E2tAE HF USHE

52) @Hto] 4R, http://www.neomcc.com.

53) (Ahst=Htol e AW 7] A E 3], http://www.biopack.kr.
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OjMzFe 28 =0F 28 1548

o] 74 u]g % 0.03% B=E AA gt

i okg}oﬂ £ U]Aﬂz'l‘-zl!‘

dg 42 A2 A 2 @405 ZAAE 2AQ sjZd o] Fagt 4oltt. v

A 2FE ol &% +4 LYY Ao #3 AL SHE HIFHI Qi fEH o R

AZ2FE S8 ZAHSY 5771 Q9 A%, TAM Heo AEEE, Al 29Y

A, 5%, JdAER Y dEA fUIEEd A, HA He U S5 AA
sol slom, 1 Atge oot Zrt

1) #2AE Aquaflow Bionomic A= Blenheim stEA A O 2RE &85t

H4 ASHE AL, = HEWHE Fo|AE Algal Turf Scrubber(ATS) 54&

o] g5t HEHAME ZHPatuxent River)olA m’@ A4, A< 77 250mg, 45mg

Aottt E3 Ul solETAIAE FolE Aol WA ste aqfR H(ESA

g4, 574 g 5)Y Ao nAxF 38 AEsta] 90% o1 A4, A A

ALe YZFHAT 5959
2) FRUAAATUHL Autdo g A A} B4 TZES o]0l
2.9 AEEEoltolE (SrCOs) HREE Astol
A AH(Cs), 2AEEES), L2E(D) 5 WA

:N-a
X
—Orl"
8,
i)
e}
ro
=
>
H1
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OMIZR HIO|QuHAC| Xp2i5t 230f ChEh A7 BIOIR (TISYAME See2

L2 9YE Aot A8 oFed v 2R F& oldotd 29 AR IS0l

AU
B 159t 56)57)

o

3) WAZFE ol&ste] YRRl AP 3 W AP ago] Y2 ey 171 9EE
(o, 5%F-Atrazine, WEH|AA 34 F22-Bisphenol A, =4 -Carbamazepine

)9 AA ats dSot9ct.58)

=
r-‘:{jolt
I
R
N,
i)e
re
-
o
=
>
rlr
ral
o
=4
H
10
=k
=
N
u
okt
o
o
0,
oo
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e
e
)
o
ol
of
offt
au)
ol

com: H3A, o[dH2013)14 AAE.

(A8 4-1) DINZRE EES 0= W HeXY 2SAMY

24
t
=
=
=
.
~
~
=
=
£
(S}
Nalml.
o
1S}
=
o
=
aQ
—=
o
[=
o

9o RAEC) Bad, [AZRE 71E NEAINAT B 279 okt 0 de
Ao H8 % Qov], 0@ol $A HEH7] A §259 HolEE gaAAE

ooz Hi ot

56)
57)
58)
59)

St IR ALY, http://www.kaeri.re kr.
Fukuda et al.(2014).

Xiong et al.(2016).

Park et al.(2013).
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60) Vigani et al.(2015).
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61) Wijffels et al.(2010).
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Abstract

Utilization of Microalgal Biomass Resources
: Focusing on Bio (Functional) Materials

Min-Kyu Ji, Sangki Choi, Ji-Hye Jo

The field of microalgae resources has been developed by focusing on
biodiesel production in accordance with the renewable portfolio standard.
However, their commercialization has been delayed due to the unit
production cost which is higher than petroleum resources and challenges in
implementing a massive cultivation system. In recent years, high value-added
industries (such as alternative materials of petro-chemicals and functional
materials) have been developed to ensure the economics of microalgae recycling,
and their market size is growing each year. In this research, development
trends, market status and institutionalization focused on bio-functional materials
(such as functional food, cosmetics and pharmaceuticals) and bio-plastics were
reviewed to identify areas of improvement for the production of high-value
added resources from microalgae. In addition, we examined how microalgae
can be utilized in the environmental field from the perspective of changing

the perception of algal bloom.

Survey results show that the conversion of microalgal biomass into high
value-added substances is mainly carried out by manufacturing functional
food with dried spirulina sp. and chlorella sp. In addition, cosmetics and food
industries are advancing by using various anti-oxidants such as omega-3 and

astaxanthin. In the case of bioplastics, the industry is evolving by using
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potatoes and corns as substrate. Recently, bio-PET and PLA production
technologies are being developed by utilizing non-edible crops and algae. In
terms of environmental aspects, microalgae have been proven to be a good
candidate for bioremediation thanks to their ability to reduce water-based
radioactive materials and environmental hormones, and they are being used
in a wider scale including the removal of nitrogen, phosphorus and heavy

metal pollution sources.

The policies and systems for using microalgae as resources have been
established or are being supplemented by applicable laws. For example,
functional materials are evaluated mainly to ensure the safety and efficacy of
microalgal-based materials. Depending on whether they are biodegradable or
non-biodegradable, bioplastics are assessed based on standards such as biomass
content, biodegradability and heavy metal content. Meanwhile, the recycling
of microalgae is limited by the lack of large-scale cultivation systems and
facilities, making it difficult to procure a large amount of raw materials. Therefore,
it is necessary to establish a biomass supply plan and provide institutional
support for linking technology with commercialization through the cooperation

among the industry, universities, research institutes and government.

Keywords : Biomass Resources, Microalgae, High Value-added Material,

Resources System
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