Met hod for producing 1, 3-propanedi ol using crude glycerol, a
by- product from bi odi esel production Field of the invention The
i nvention relates to biochem cal engineering field. Particularly, a
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ethyl esters are produced (Ma F, Hanna M A. Biodiesel production: a review. Bioresource
Technology, 1999, 70: 1 ~ 15).

(3) supercritical method, wherein transesterification reaction is carried out in a
supercritical solvent system without any catalysts. (Saka S, Kusdiana D. Biodiesel fuel
from rapeseed oil as prepared in supercritical methanol. Fuel, 2001, 80 (2): 225 ~231 ;
Kusdiana D, Saka S. Kinetics of transesterification in rapeseed oil to biodiesel fuel as
treated in supercritical methanol. Fuel, 2001,80 (5): 693 ~698 ; Miao Xiao-ling, Wu

Qing-yu, Exploitation of biomass renewable energy sources of microalgae. Renewable

Energy, 2003, No.3: 13 ~ 16).

During the production of biodiesel using above methods, a by-product,
glycerol, is obtained. With the biodiesel production increasingly growing up, the
glycerol production is increased correspondingly. How to efficiently utilize the
glycerol, a by-product from biodiesel production, becomes a common problem

forlarge amount of biodiesel production.
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As an organic solvent, 1,3-propanediol (PDO is an inportant chem cal
raw material in industries, such as in the areas of printing i nk,
dying, coating, lubricant, and anti-freeze agent. 3-propanediol is
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(Ruch Cof attentmgu{natrlec%rr]lt Ofeags %ecausle of its high selectivity and mild operation
conditions. Now, the main routes of the production of 1,3-propanediol from glycerol
by fermentation include:

1) conversion of glycerol to 1,3-propanediol by fermentation under anaerobic
condition using Enterobacteria (USP5254467, EP0373230 A1l).

2) production of 1,3-propanediol by fermentation under anaerobic condition

using anaerobic bacteria such as Klebsiella (Ruch et al. Regulation of glycerol
catabolism in Klebsiella aerogenes. J Bacteriol. 1974,119(1):50 ~ 56; Streekstra et

al. Overflow metabolism during anaeric growth of Klebsiella pneumoniae
NCTC418 on glycerol and dihydroxyacetone in chemostat culture. Arch Microbiol.

1987,147:268 ~ 275; Zeng et al. Pathway analysis of glycerol fermentation by
Klebsiella pneumoniae: Regulation of reducing equivalent balance and product
formation. Enzyme Microbiol Technol. 1993,15:770 ~ 779).

3) production of 1,3-propanediol by fermentation under microaerobic condition
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catabolismin Klebsiella aerogenes. J Bacteriol. 1974,119(1):50 --
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Summary of the invention The present invention provides a nethod of
1, 3- pr opanedi ol productlon by, direct use of crude glycerol, a

by- product FYIWMBrHAef £aeinysuginict i on, saving the expenditure of

gl ycerol isolation and purification, and reducing the cost

effectively. The b s8Rt HR4niisn Y6l ides 'anrﬁelf’l?od %%B%@ﬁh&ﬁﬁﬁ%ﬁﬁ@u@ﬁ by

bi odi ese). and anedi o he resep I v (Ptl on 8rov

met hod reft 3133 p§H§5 gr;yceﬁp dfh ¥ Rﬂ%duct rom biodiesel pr ductlon savmg the
expenditure of glycerol isolation and purification, and reducing the cost effectively.
The method is useful in the integrated production of biodiesel and 1,3-propanediol.

The present invention provides a method of 1,3-propanediol production
directly using crude glycerol, a by-product from biodiesel production, in which the
crude glycerol, a by-product during the production of biodiesel, is further converted
to 1,3-propanediol, and therefore the expenditure of glycerol isolation and
purification is saved and the production cost is reduced effectively. The method can
be used in the integrated production of biodiesel and 1,3-propanediol, in which both
biodiesel and 1,3-propanediol are made from cheap raw materials. The utilization of
raw materials and glycerol is increased and the production cost is reduced.

The present invention provides a method of 1,3-propanediol production using
crude glycerol, a by-product from biodiesel production directly. Using the method
of the present invention, the crude glycerol without any further treatment can be
used directly to produce 1,3-propanediol. The crude glycerol is the by-product from
biodiesel production with chemical method, biological method or supercritical
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directly using crude glycerol, a by-product from biodiesel

production, in which the crude glycerol, a by-product during the
production of biodiesel, is further converted to 1, 3-prop anediol,
and thergi@pg. t he expenditure of glycerol isolation and purification
is saved and the production cost is reduced effectively. The nethod
can be used in the integrated production of biodiesel and _
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t .
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fermenting, and (c) isolating and purifying 1, 3-propanediol. The
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transesterification. Detail description of the invention The present
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In one embodiment, the present invention provides a method of production of
1,3-propanediol, characterized in that crude glycerol, a by-product from the biodiesel
production, 1s used as the substrate, the method comprising the steps of: (a) inoculating a
1,3-propanediol-producing bacterial strain in the seed medium containing crude glycerol,
a by-product from biodiesel production, (b) adding the seed culture into the fermentation
medium containing crude glycerol, a by-product from biodiesel production, and
fermenting, and (c) isolating and purifying 1,3-propanediol.

In one embodiment, crude glycerol, a by-product from biodiesel production, is
the crude glycerol, a by-product produced during the production of biodiesel.

In one embodiment, the 1,3-propanediol-producing strain can be selected from the
group consisting of Klebsiella pneumoniae, Clostridium butyricum and Clostridium
pasteurianum.

In one embodiment, the crude glycerol, a by-product from biodiesel production,
without any further treatment, is directly used as the substrate during fed-batch
4



1, 3-propanedi ol , characterized in that crude glycerol, a by-product
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enbodi ment, Id, Grepreapadadent 1,3-prepahatield isaiudlped iahd eghrifieddeg alesalaiation,
distill Qﬁstuﬂgtlgrp%@/@a%g&? %&‘ﬁfch&é ation. In one enbodi ment, other
as o,

by- products suc ut ane | actic acid, acetic acid,
et hanol or succinic acid are obtalned. In a preferabl e enbodi nent,
t he present In pueribadipeony otles tey-petduots sufch ok, 33 pntpeadieiladtic acid, acetic
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In a preferable embodiment, the present invention provides a method of
1,3-propanediol production directly using crude glycerol, a by-product during the
fermentation of biodiesel production, characterized in that the crude glycerol is
directly used as the fermentation substrate for producing 1,3-propanediol by
fermentation and as the feeding substrate during fed-batch fermentation, comprising the
following steps:

(a) inoculating a 1,3-propanediol-producing bacterial strain selected from the group
consisting of common used Klebsiella pneumoniae, Clostridium butyricum and
Clostridium pasteurianum in a seed medium containing crude glycerol and culturing,
preferably at 30°C to 37°C for 16 to 20 hours;

(b) adding the seed culture into a fermentation medium containing crude
glycerol and fermenting, preferably 30°C to 37°C, under anaerobic or aerobic conditions;
during a fed-batch fermentation, feeding crude glycerol or a mixture of the crude glycerol
and glucose (the concentration ratio of glycerol to glucose is 5 ~ 10 : 1) and maintaining
the concentration of the glycerol in the fermentation broth in a range of 10 to 40 g/L; and
controlling pH in a range of 6.8 to 8.0, preferably with alkaline solutions or ammonia of 3
to 4M;
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the nmethod of the present invention, the cost for purification of

glycerol is saved and the production cost of 1,3-propanediol is
reduced ef f iRafBHEOPS |1f the nethod is

The term “biodiesel” as used herein refers to a renewable energy source which is
made from vegetable oils, animal fats and waste oils.

The term “crude glycerol, a by-product from biodiesel production” as used herein
refers to the unpurified glycerol, a by-product obtained during the biodiesel production.

Examples

The present invention will be further illustrated by the following examples. In
the following examples, the glycerol is crude glycerol, a by-product produced
during the biodiesel production. The yeast extract was purchased from Wenzhou Jinju
Condiment Company. K;HPO4s was purchased from Changsha Yutai Industry
Company. KH,PO4 was purchased from Changsha Gaosheng Techniqure Chemical
Company. MgSOs was purchased from Tianjin Changhe Chemical Company.
(NH4),S04 was purchased from Sinopec Baling Branch Company. Anti-foamer was
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used in the integrated production of biodiesel and 1, 3-propanediol,
the utilization efficiency of the raw materials and the production
efficiency of biodiesel will be inproved, and the production cost

\AVi 'l be ;ﬁl}?%@? e @nYicalDelahnbt Z88%angTORIvVe®dit). ' hocHE$ & purkBadédieom
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a by- pr dtustVAY &hepiiedi@yepapr Gdusd) on” as used herein refers to the
unpurified glycerol, a by-product obtained during the biodiesel
producti on. X%x rlrglles The present invention will be further
illustrat edEDynf e follow ng exanples. In the foll ow ng exanpl es,
t he gl ycer ol(1) Substraigdoy feymentation and{regingdlyeing dedliaicl dermentating: thgerude
bi odi eselglypeaducty-prdudifiony BRsieseiirodationas purchased from Wenzhou
Jinju Condi nent Conpa was purchased from Changsha_ Yut aj

ny. K2HPO4 w [
I ndustry Céhpatgin KHzpos/laasepurtissd 68 G¢ B apyshaseddbandhg [nstitute

Techni qur 1; ) chased from Tianjin

Changhe géﬁagﬁlg%ﬁgﬁg&%%ﬁm%gggérchased from Si nopec
Bal i ng Branéh MsABMMy. Anti-foanmer was 6 purchased from Chni cal
Pl ant of ZheMeangh Uni veesd ngdiutd UdRs@en@isorpur chageack dlesats solution

Shi ji azhua&gwgﬁg ing Uni onﬁ)ucose C%{%@IX. O her reag%?rcltgﬁzwere

pur chased Chem ¢ Conpany i na). Exanple 1)
Substrate for fermentation and feedi ng)during fed-batch fermentation:

t he crude aE¥e&bP! . a byspioduct Tieaphi odi eselzypyoduction. 4y2)
Strain : Klebsiell a pneunoni ae (ACCC10082), purchased fromthe

| nsti t ut e KSIPQUHHbbi ol oghy45 €hi nese2”ageny oMn&diddtes. (3) IR&di um
Medi um Seed i Ferment atj on Trac enent s tion Co itions
(/1) nedi unﬂl\ﬁ%ﬁ@ (/1) %;cherol 2058?10-30 g %ﬁ%@é 70 K2HPO4. 3H20
4.45 g 2. 225KH,MDCL2. 4H201.3G0 (NHA)REBQE 2.0 GoZLAsHCH3BOB 6000 KH2PO4
1.3 g O. 65MgSC0CI 2. 6H20 200

g

04 7H;0 02¢g 02g NiCl,-6H,0 25
Yeast extract 10g 15¢g NiCl'H,O 27.64
Trace elements 2 ml 2 ml Na,MoQO42H,0 35
solution
CaCO; 20g CuCl,'H,O 20
antifoamer 0.1 ml CuSO4-5H,0 29.28
HC1 (37%) 0.9 ml

(3) culture:
A . Seed culture : Klebsiella pneumoniae was inoculated in the seed medium

containing 20 g/L of crude glycerol, a by-product from biodiesel production (500ml flask
with 100 ml medium) and incubated at 30 °C and 150 rpm for 20 h under aerobic
condition.

B .Fermentation :A 5L fermentor (Biostat B, Germany) with 4L working volume was

used for fermentation at 37 °C. KOH was used to maintain pH 6.8. Seed culture was
inoculated in the fermentation medium containing 30g/L of crude glycerol, a by-product
from biodiesel production. During a fed-batch fermentation, glucose and crude glycerol,
a by-product from biodiesel production, were fed, wherein the concentration ratio of
glycerol to glucose was 8:1, and the flow rate was adjusted in order to maintain the
concentration of glycerol in the fermentation broth at 30 g/L. The fermentation
was performed under anaerobic condition with 0.2vvm Nitrogen aerated.

(4) Results :



MySOX4. 7H20 0.2 g 0.2 g Ni Cl2r6H20 25 VYeast extract 1.0 g 1.5 g
Ni C12H20 27.64 Trace elenents 2 ml 2 nl Na2MoX42H20 35 sol ution
CaCB 2.0 g CuCl2H20 20 antifoaner 0.1 m CuSO4-5H20 29.28 HC
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KOH was ‘us O malntarn p ure was I noculate |nt
fennent ation medi um contai ning 30g/L of crude glycerol, a by- product
from bi odi e antifl dguction. During a fed-batch fernentation, glucose
and crude gl'ycerol, " a by-product from bi odi esel production, were
fed, wherei ﬁ)t%smafmﬁerraéﬂtmbrr ald feedihg dytiyig dedbatth ferimenosionwhe dude,

and the g%&%lrg § I%g&g §ef‘¥1‘8819&font o0 maintain the

concentr ero ernment ati %n broth at 30 g/L. The
fer ment at | o IR 8f R Ve SPGASERE SR €538 Gt h 0. 2vvm
Ni trogen ae(@t@@ml(eél) Results : 7 After fernentation, the
concentration of 1,3-propanediol in the fernmentation broth reached

44 g/1. The Alsakq Ydu@tluge Ole;b.s‘seZ@& ?@Dﬁtghfye Was 11900415&&?@1 teseed medium
productivity was 0.8g/l/h urenent nethods of the

f er ment aontamipg ddgd: of crug glyd@“sb ritlyeroduct fiom biddese prodwtion, (SOGs! flagke

i nhi bi t ivgith 1 (orhieheBMhRhrPRCHatdd 3 379@%9@@9 & fo@@@h ﬁ%%@foﬂﬁ%ﬁﬁﬁﬁmt 0
it, Modern Cheintal |ndust ré 2002 ): 34-38) Exanmple 2 (1
rd

Substrate fBrFemmantationt:Ac elftele‘mﬂm gLaarking vobundaacwsefl demenmentatom:

th d 4 ab f el r oduct on
trar ns B GhoRERmR PO b TS0 L FeaE SrpPRO R hualet) i’ 1%,
Seed dermagtasion m@detﬁmcema@lrpﬁq%%/moa@evﬁscqr@io@ yareduct omﬁbe biodipsel

medi um production. During a fed-batch fermentation, glucose and crude glycerol, a by-product
from biodiesel production were fed, wherein the concentration ratio of glycerol to glucose
was 10:1 and the feeding rate was adjusted in order to maintain the concentration of
glycerol in the fermentation broth at 30 g/L. During the first 32 hours of the
fermentation, the fermentation was performed under anaerobic condition with 0.2
vvm Nitrogen aerated. After 32 h, the fermentation was performed under aerobic
condition with 0.2 vvm air aerated.

(4) Results :

After fermentation, the concentration of 1,3-propanediol in the fermentation
broth was 64 g/l. The molar yield of 1,3-propanediol was 0.51 and the productivity
was 0.95 g/l/h.

Example 3 :

(1) Substrate for fermentation and feeding during fed-batch fermentation: the crude
glycerol, a by-product from biodiesel production.
(2) The strains and the media were same as those in example 1.

(3) Culture :

A . Seed culture : Klebsiella pneumoniae was inoculated in the seed medium

containing 20 g/L of crude glycerol, a by-product from biodiesel production (500 ml flask
with 100ml solution) and incubated at 30 °C and 150 rpm for 16 h under aerobic undition.

B . Fermentation : A SOL fermentor (Biostat B, Germany) with 40L working volume
8



containing 20 g/L of crude glycerol, a by-product from bi odi esel
production, (500nl flask wth 100nl medi un) and incubated at 37 C
and 150rpm for 16h under aerobic condition. B Fernentation : A 5L

f er ment agasWised félfeRérltatitg ¢ Gl7 BGEKmpwuw@dft@ rmaﬁﬁaiﬁqm atoi. 8Bed aflutdoh Was
KOH was .use ﬂa

u n ed. in_t
for oot db vt Tio kPR daRuy oI 0 4L YRG0 B ol Brdlle,
f r om t helf®n bédeesel proguivnc Prong amgbzﬁgh Eﬁm@atabam, ugose M@%}ﬂw Cerol a
gl ucose @Dﬂoﬁlﬁdﬂdﬁ‘oﬂ ploaledt], piodaytiddl; odletet fedf rvadrdih otle eskeBOH Clationof

were f eggl}/ tg gglctope ng g ?r!at dat%;k: ?Q?cflgé ereoxI/ dsgééllftForlpéd 1&100rgl39ﬁ1§1%1ntms

10:1 an
concent rth¢ peﬁcwrat@pﬁ@werpww qhé f?’é?%httl%ﬁ PBﬁh@F 3P/t BigstglQ- 16 hours

During tdnd 4ti30sd/L3Ztenddrs iriidthe feanematianj @8, vviheir fversrenitadi on was
performed under anaerobic condition with 0.2 vvm N trogen aerated.
After 32 h, (thBesWisrent ati on was perfor rred under aerobic condition

with 0.2 vipeai er t%h%g tl(e‘%l g?éﬂ}att& ?(E%l?ﬁ@&i%tl' nthet k@mentatlon

concentration o pa e
g/l . Theradh wes § 7@/515#« aﬂﬂsaﬂield am%ge 34 sﬁasa %P@&%@WW%

was 0. 95vagy 1¢/hh. Exanpl e 3 (1) Substrate for fernent at| on and feeding
during fed-batch fernentation: the crude glycerol, a by-product from
bi odi esel production. (2) The strains and the nedia were sanme as

t hose i n ekKaapbk 4. (3) Culture A . Seed culture : Klebsiella

pneui noni ae i ed in.the |n|n gL of
crude gl yceﬂﬁ??ubﬁg %6{98 tap?rbﬂchfeg inés‘glr“ fS%E %5%1 {hFlcé‘édr?
wi th 10@hycesd) mbYﬂprD)duafr@Hnﬂdhﬂ)@DémS%lmf@mC@nand 150 rpm for 16 h under

aer obi ¢ undi(b) PRe sBainsk@UMBOLAIdi DWere ks fRYsERALREMPR DSt at B,
Germany) with 40L working volunme 8 was used for fernentation at 37

C. KOH was d3kfuitvrerai ntain pH 7.0. Seed sol ution was inoculated to

the fernmentation medi umcontaining 10 g/L of crudeh]?qggcerol a
by- product Af r Saebicolives e K phsdelire tingnwmnomige; Wes angee. e phe seed medium

f er ment Z&%)hi%ﬂn 0%&@'%}{581? aﬂge g{}}ﬂ%%l \%ﬂté?g{o%%t ffom WOd?ésgpgr%huét{oﬂr@[SOOml Pask

bi odi es pro entr

gl ycer olWithpl %nﬁcséb@%éndl@%baéqﬁ‘cﬁt@ﬂecﬁé@él?‘?’@mrfélfé vadeg gaiopis qoadition.

broth ar 1orghe et A GP0L  Shaol bl 156, Srorkfhe, Py FRFLEIL 26

Duri ng tfhmd’nmtmrfﬁﬂd& KOH @abusedno anaintamspth&riaSeet] culture was inoculated to the
fermentation medium containing 20 g/L of crude glycerol, a by-product from biodiesel
production. During a fed-batch fermentation, glucose and crude glycerol, a by-product
from biodiesel production, were fed, wherein the concentration ratio of glycerol to glucose
was 10:1 and the feeding rate was controlled in order to maintain the concentration
of glycerol in the fermentation broth at 10 g/L at first 10-16 hours and at 30 g/L
after 16h. During the fermentation, 0.5 vvm air was aerated.

(4) Results :

After fermentation, the concentration of 1,3-propanediol in the fermentation
broth was 63.2 g/l. The molar yield of 1,3-propanediol is 0.60 and the productivity
was 1.1g/l/h.



(4) Results After fernmentation, the concentration of 1, 3-propanedi ol
in the fernmentation broth was 67 g/l. The nolar yield of

1, 3-propanedi ol was 0.59 and the productivity was 1 g/l/h. Exanple 4
(1) Substratwefcdfindegf ment ati on and feedi ng during fed-batch
fermentation: the crude glycerol, a by-product during the biodiesel
product i on. 1{ &) m¥Hedselr b rigonspditiedraddstiompyiag sapde glycerpdse byrproduct
exanpl e (3 tuyr . re 11Kk i.ell a pneunoni ae was
inoculatéfO?Hn%%égéégggﬁéarh%?gggﬁﬁg%ﬁF§8H§§%§$%£§¥ crude glycerol, a
by- product {a)@madaiatid asied-prpaskdislipodichObdctdriabstkain W & BecllQQithre medium
solution) and incubated at 30 C and 150rpm for 16h under aerobic

condi t i orfonininggFuge ghEerobh by-progdueifirqg pragiselProfucHons oL wor ki ng

vol ume was E@%dfn%\;%e fss&ﬂmm& [ é&nﬁﬁéat% £ g@ﬁm%%ﬁig% g?&udr%t A BerBlH

7.0. Seed cul'ture S 1noculated to t rmentation

cont ai ni ngy-ddadtliront bodidd gbdiwaon| anddedmenpingdmdt fr om bi odi esel
producti on. ring a fed-bhatch fernenéa ion, glucose and crude

gl ycerol, af %mﬁF@§@€?P“P5ﬁﬁibﬁﬁﬁW¥§€JOLroduction, were fed, wherein
the concentration ratio of glycerol to glucose was 10:1 and the
feeding rate was controlled in order to maintain the concentration
of gl ycer ol 2i fh¢ hetlfodr aveotdatg onclbinot] h cleradérizgdlinghatf the studeOgly&rilofios

d at 3Q.9/.L ft 16h. Duri t he f tati .5 ir,)
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1, 3- propans@id®bni N the fernentation broth was 63.2 g/1. The nol ar
yield of 1, 3-propanediol is 0.60 and the productivity was |.lg/l/h.
9 W clained: 1. A nethod of 1, 3-propanedi ol production using crude

gl ycerol, agby'T%EOd Chhoal T 9 RLQd1 65€l produpt i Hra GO i SEPO d e me

foll owi ng steps: "(a) Tnoculating®a 1, 3-proparedi ol -p uci ng
bact eri al 1,3ptd@anedidl-grodedals Maktedble steidi UM stepoiid)aisniseigeted ufleémgthec groab,
a by-product, from bi odi esel production, (b) adding the seed culture
to a fer RORBIEERG nofreli{ehiedenPasuRiang s r Gd&idiyter B igim pjadr GiRseEdium
fron1bioghﬁgghagbgduction, and fernmenting, and (c) isolating and
purifyin , 3- pr opanedi ol .

4. The method according to claim 3, characterized in that in step (a) the bacterial

strain is cultured at 30°C to 37°C for 16 to 20 hours.
5. The method according to claim 1, characterized in that the fermentation medium
in step (b) contains 10 to 30 g/L of crude glycerol, a by-product from biodiesel

production.

6. The method according to claim 1, characterized in that the pH during the

fermentation in step (b) is kept in a range of 6.8 to 8.0.

7. The method according to claim 6, characterized in that the pH is maintained by

using a 3 to 4 M of alkaline solution or ammonia.

8. The method according to claim 1, characterized in that the fermentation in step (b)

is performed under anaerobic or aerobic condition at 30°C to 37°C.
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2. The nmethod according to claim 1, characterized in that the crude
gl ycerol from biodiesel production is crude glycerol, a by-product
produced in the biodiesel production. 3. The nethod according to
claim1, characterized in that the 1, 3-propanedi ol -producing

bact eri al sPrHiemethod beprdiad td daisel edtedtefizednnt thet igsepgb) codsglytérnla
of Klebsiella nmoni ae, G ostridium butyricyin and ostridi um
past eur | ARGROIE THE DL SRAgP gk PO T S OgR arseb and atiepse is
that in stgpnd Me tReMBkAIfAhe gSLED] h the rErahdntiRH Rth3IO aiaid e 1026
16 to 20 hours. 5. The nethod according to claim1l, characterized in
t hat the 4%g/lentation medium in step (b) contains 10 to 30 g/L of

crude glycerol, a by-product from biodi esel production. 6. The
nmet hod according to claim 1, characterized in that the pH during the

f erment at i onQ.iThesh@Rod Bdcokding &Pélaint 9 acHasdefeiz6d iBtht the Bnékntrition o of
met hod according to claim®6, characterized in that the pHis

mai nt ai netle Blycerghiorgluepsgin emigtuss isat-#8F lne sol uti on or ammoni a. 8.
The net hod according to claiml, characterized in that the
fermentation in step (b) is perfornmed under anaerobic or aerobic
condition atl.3DKe hretiddCaccdflifg td ey nmichofl cattondiM)ghbmcrliaednid that the
characterjzed in that in step (b) crude glycerol, a_ by-product from
bi odi esell-fPERIBEdiON IS dtolatedy %aduipénﬁ?f tie desaligatiof. ydisiiationn angy| vFewea
is fed apd;gdagogoncentration of the glycerol in the fermentation
broth is maintain at 10 to 40 g/L. 10. The nethod according to claim
9, characterized in that the concentration ratio of the glycerol to
gl ucose in e mxture is 5-10 : 1. 11. The methaod, according to.a
ane of ol ai b1 nelfa, dhedie, du iy Phaccls AR 31 fr Gkt i ot
i sol at ed @nstoRttsf 2 8hudhedRS aldcatdcRl), adtkist adid akihaRolaBe swaGikidMicid are
rectification. 12. The nmethod according to any one of clainms 1-10,
char act erregéiged.n that co-products 2, 3-butanediol, lactic acid,
acetic acid, ethanol or succinic acid are produced. 13. The net hod
according to any one of clainms 1-10, characterized in that crude

gl ycerol, alhyriy eedthet feeduged idy bfeopeRdhetiiian chfirabiefighdeethat crude
wi t hout any further ) ) . .
glycerol, a by-product produced in the production of biodiesel, without any further

treatment, is fed as feeding substrate during fed-batch fermentation.

14. The method according to any one of claims 1-10, characterized in that the
substrate crude glycerol for fermentation production of 1,3-propanediol is crude glycerol,
which is a by-product produced in biodiesel production with chemical method, biological

method or supercritical method, which has not been further treated.

15. The method according to any one of claims 1-10, characterized in that crude
glycerol, a by-product from the biodiesel production, is used as the substrate for the
fermentation production of 1,3-propanediol, comprising the steps of:

(a) inoculating a strain selected from the group consisting of Klebsiella
pneumoniae, Clostridium butyricum and Clostridium pasteurianum into the seed
medium containing crude glycerol, a by-product from biodiesel production, and
incubating at 30 °C to 37 °C for 16h to 20h,

(b) adding the seed culture to a fermentation medium containing crude
glycerol, a by-product from biodiesel production, and incubating at 30 °C to 37 °C for
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treatnment, is fed as feeding substrate during fed-batch fernentation.
14. The method according to any one of clains 1-10, characterized in
that the substrate crude glycerol for fernentation production of

1, 3- pr opanR&dbe of Sebud Cort MERIR, wheMinChel Grude RYydRESQISICH rRIx@EHCEThien
bi odi esel production with chem cal nethod, bi ol ogi cal nethod or
super cr ictidasalglyesrpbdindwigiudestials  hest ddeithe (pomeentratiaratafd glywsrolThe the
met hod according to any one of clains 1-10, characterized in that
crude deyeentation Arah-ipmeduieinedr g & hdOLd/bdwdsedin sho dorednsntiongatie ed
as the substrate for the fennentation production of 1,3-propanediol,

conpri si etr(tﬁetosélﬁ §se°i§1 thé ﬁlf(hﬂ’gqyka‘t 1009, nFhfidlife §Sf%h§%r LA ARG

group consi sting o Kl ebsi a pneunoni ae, ostridiumbutyricumand

Clostri %'tga%@?é r%ggdiu nﬁqntﬂk%ﬁ lc}‘ a?? Ofngsg téjr@&ont ai ni ng crude

gl ycer ol ct U from | 8sEl produc i'ori, and incubating at

30 C to 37 C)fdafterlfeimémailOn, 1sélb)1n§d€lt1@@ritfle@gﬂeﬁ@rﬁpdriedicﬂ Hyodeéalination,
fermentation nedlunlcontalnlng crude ycerol, a by-product from

bi odi eséistijlagignctndbyaca iepd Baétqfhganét plsqfer@bbb oBtainggpthen py-products
anaer obig r [ n rol or a
it ur oG i S AR TR T a0l o AT Bl b BF MR g8
concentration of glycerol in the fermentation broth is nalntalned at

10 - 40 g/L ein the co centr Lon o of . r ol | uc se
in the m xtdfe \M} method pagear m§nH’ a\ta %eé)gacw%(ﬂgf\fa ata?ﬁ%?u 5toL

to 4M a'B?—_ PHSRR teTehBlAlsBl BEbdURtidn! @Q@d of feding C&ugstpate (d%}méffte@'hatch
fermentation |solat|ng and purifying 1,3-propanédiol by

desal i nérimentationi still ati on and vacuumrectification, and preferably
obt ai ni ng ot her by-products such as 2,3-buty|eneg|yco|, | actic acid,
acetic acid, ethanol or succinic acid. 16. The nethod according to

cl ai m 15, Clharﬁfét SHetzRd abdordiR@ttoCEMBE 1, YéHafRterizad iRYthaf Ak Gernfen@ifion
bi odi esel production, is fed as feeding substrate during fed-batch

f er ment ashsiate for profketioreehbd paereaediphig Wecglmwllwhwélharadumrpﬁlz@drqm
t hat th d te f.or tion ql's
crude ofirc PRt E B G AR LR o R B Al mBna G BB ARG eod,
wi th chem cal nethod, blologlcal met hod or supercriti cal nethod. 12
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