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Junyeong An

Energy and Biotechnology Laboratory (EBL), School of Environmental
Science and Engineering, Gwangju Institute of Science and Technology
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Greenhouse gases (GHG) et
and thelr sources -

¥
ﬂn:ual Greenhouse Gas Emissions by Sector

Wastes from human activities
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New & Renewable Energy

New Energy Renewable Energy

Primary energy resources

¢ Geothermal ;
Hydrogen NojiA] A AjgoYLA| * Oceanic
k-0 - HI =NY * Wind

*  Coal gasification & * Hydro
liquefaction » Solar thermal

» Solar photon

» Edible biomass—

* Waste biomass}
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Al EMStE TIFR 1AL oIHAI>t O BE N s(1)

Potential energy - kinetic energy Geothermal energy Photon
energy

thin light
| memerane

Pt electrodes

Reclangular Rotation of coil

Perma nem—l coll anticlokwise
™
111 7

| acidic
solution

magnet

1
The photovoltaic effect was first observed by
French physicist, Alexandre-Edmond Becquerel,
in 1839.

\Curbon brush

+
Galvanometer

Michael Faraday (1791-1867) invented the generator in 1831.
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Chemical process Biological process

Lignocellulose | | Sugar cane |

Lignocellulosic
residues

Eﬂcﬂon ]

e :"!_alfo'rm. Saliddliquid Pretreatment
Ethanol ~\geparaton —
Butanol o " Platfo!
- - atform
_ [Pecantation > Giycero |—o|Chemica|)| \liugjiinmeramn EL) Chemicals
i /
_ : R [Fuels] i ) | Lignin and || Heat
Purification - \%l S Furification I ) solid residues Electricity
Products Ethanol
Products
\‘“-'H;—
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A Bioresource Technolog

vs Biological

“ | :
! Source, https://www.google.com; keywords: forest waste, food Forest Industrial

waste, municipal waste, industrial waste, livestock waste

Source, https://www.google.com; keywords: forest waste, food
waste, municipal waste, industrial waste, livestock waste

Waterloo Envir Bi hnology Lab, Dept. of Env, Civil Eng., Waterloo, ON, Canada 6
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Combustion

Heat

H HolmA ouA] FE &)

Syngas

(CO+H,+CH,)

No Oxygen

Pyrolysis

Char, gases, aerosols

» Heat/power
« Boiler, steam turbine
» Co-fire with coal

» Burn gas for steam
» Catalytic conversion to
alcohols, chemicals,

synthetic diesel

Torrefied wood for pellet, coal
replacement

Pyrolysis oil for boilers and power
Further refining for transportation
fuel

G
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Landfill gas recovery

Anaerobic digester
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Unit: TOE
1,500,000
Renewable energy
production
1,000,000
500,000 Unit: TOE
1,500,000 1 Waste energy
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FE RS R EEEER: 1,000,000 1~
ROour # o F FH Ao Ao Ao ROOR R W W 0 00 F
o X 'K RO Ko Ko & ® R RO
T I T ol @ T o
500,000 -
Unit: TOE
2 ) 0«
250,000 Bio energy uouod
200,000 BETREES PEEER
150,000 KOSIS (Z7IEA| =4, 2012)
100,000
50,000
0 e .
T T T T T T X MM oW oW oo u
ol B B B B B N ¥ o Wy 0 I J0 Kk
ROouWr FHo A Ho A0 A 0 RO R R AT wr %0 0 T
o o ®OKE =) Ko Ko & & RO RO
T T ool @ ofu
G Energy and Biotechnolo
Ili Gwangju Institute of Science and Technology 4 Laborato%; 10

-11 -



T

B2
o]

HIE
oIz

e

?kE

Ho| o HALF BTIEAAHAIY g R

TR T
1. MES7INIE WA Rofxls 7L WM = Al o2
2 HISO| ARE P4 = HEAR 20K OlLX
% HIZ E= Hpso| oliXpH Al MO} okt MSHE Sit &
Bl ZS0i= MBS7INESE MME SE0IS HOIQOLKE B}

1, MESIIE BRI HOIRTIA, HO|ROIIE, HIOIRISIS X FTE e
Eaia TR

2 Ma7OfEES] B7IIHP IES MR OREADIA e ojg - &

3 S2 - AZ0) SX|HHE HEARI HOISTHY g

4 MBSUIIE HEAR] W2t S 2 9 Bt So| THeE ot

1, ZES ARSIl S MEAEO] 7 IBE MM PI0iTis 713 o o
£= T ¢ Hio QL]

2 HiZ0| HRE P E= HEA B0l 0K S| 7iF o

3 HPIEO| AZBE HEAR olLix] el

# HISFE HEEPIEE] oiHIPE b - TRHEEDE Ofd MREE S
I EgEis FR0iE 43 MY 2 dEAEe] HYIERRE
H SE0S Hp [Zo|ux|E 2o

s

o)

T HEE

o] YalzolA vehbs ule| 2oz e} H71EA] ] EFEAE 7Hdst
a1, vle] Rof[HAE &AEHAF]7] fl8te] 20134 AHEdbE Roll A Hle] 2 oflu7)

7 Al Blo10fI{x|

AP A e

F7lhsptr sHERAPIA TA

S-SRI BB ORI Slaaix

7IE 9 E94R G AFFIRLL, 2013)F B3 sHdE vleleiA ] 7)E &
HAE AN e, olF THZ ¥ /HEE 54 T Ao
G .
Ili Gwangju Institute of Science and Technology Energy and Blol_tgggr;géggz "
HIO| Q9j|L{A] B9
=ZH HI°I2 By
[
& 35 Hiol20x|2| He
=2 N S 515
i S AT MCOIES, IR S
Hj &3 2|
HOIRHE | g iR HalE U 2| SA 20, 244
A B0 °T 932 &
7187 = HiSA, B2 5 HRiESR], B S-SR S
&3 1A Ho|P= 2 2Rl g S
ot T viojeH= &L BoleE &
= HIOIRUIEES, ETBE47%01Y). HIO|RFIERS,
aibai s ofAED slologiz, Fel 5
o Hiol2ollAx| ; HIOILCIHFAVE), < Hlo|2CIHBO). Biol2
s DVE, Bfol2 FTCH, B2 it 5
7Et Holediz A2 7IEPV0), HE} BIOIL0HEL BIOIRBISR S

2|7 oiefElel R7 1M 2 IES HEAR! oiZix|

Eaasps | EHAERIRUISES, Sugp| S8

S7IASIAP ORI 7 A} 7pA

g, MBS/IHES sieisoR HEA 2ofKls

B

xtE: 2A%Q £, 2013

-12 -




# 11§ HUCIRQUAZRE F|

i
o=
>
_o
rir
g
o=
4O
re
=]
2
2

q H ti H o Mol
Waste Biomass to Energy” Technologies i s
M gy
- . - [——§ Load ‘—’ WOMAMEOR] g =
s ‘. : g romom Ly S
e A Q1=
h Oxidized J ir . )
\ 3 ol Oxidant W i 30,
] ’ ue T 0 Ot O £ e ] R el
s o _I_Eiaclu:r:1 R EJP\[ s | SN
: ransport Nz o1 (A0S
Livestock waste s @ 3 vo;aa, paz 484
PR — OM cylochrome % Red 'u_.
iaes FUEL Fuel > educed e
e Baclerium Direct elctron oxidant ,“1
transfer via i E—
—l Cytochrome ’:‘“’ |_ TosMopeny S
.: lon-exchange'merybrane — -
N Anode compartment Ca(hude.dungapment waction accoptan I8
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Electrochemically active bacteria (EAB) producing electrons and protons on the bioanode
(left); electron transfer mechanisms of EAB (right)

Municipal waste

G Energy and Biotechnolo
I'i Gwangju Institute of Science and Technology 4 Laborato%)l; 13

8 - M4 MA% Lab-Scale TWEAZEN 45

COD MHZ& : 79% MMM : 2400 mW/m? COD MHZE : 90% MM : 2200 mW/m?
MMM 72 £ 1 mW/m? (Logan et al. 2004) MMM 0 170 mW/m2 (Liu et al. 2007)
(Min et al. 2004) (He et al. 2005)
T A2 1081 o - HS NS OYBARTA A7 B
E 100 70 1 61
E 10 60 - 56
£
H 50 A
= 0.1
2 oo 40 -
& 0.001 7 T T T 1 30 -
1998 2000 2002 2004 2006 2008
vear TRENDS in Microbiology 20 1
»>C0D M2 &: 80~90%°I¥e NME[ZE /A 10
>N 72 ~ 2400 mW/m? 0 -

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Energy and Biotechnology
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Comparison in the performance of MFCs operated with different waste-water.

Coulombic  Current density

Max. power )
Types of substrates COD (mg/L) Types of MFCs i efficiency  (mA/cm?) at ma Reference
density (mW/m?)
(%) X. power
. Min et al.
Swine wastewater 8,320 One-chamber MFC 261 8 0.015
(2005)
Two-ch: MF ith Ni l.
Starch 10 wo c‘ amb.ered C witl na. na. 13 iessen et al
ferricyanide catholyte (2004)
G tal.
Landfill leachate 6000 Two-chambered MFC na. n.a. 0.0004 reenman eta
(2009)
. Scott & Murano
Livestock manure n.a. One reactor vessel of manure n.a. n.a. 0.004
(2007)
X . Wang et al.
Domestic W.W 600 One-chamber air-cathode MFC 146 n.a. 0.06
(2009a)
) Feng et al.
Brewery W.W 2240 One-chamber air-cathode MFC 205 10 0.2 (2008)
i Wen et al.
Beer brewery W.W 600 One-chamber air-cathode MFC 669 10 0.18 (2009)
Two-chambered MFC with Patil et al.
Chocolate industry W.W 1459 Wwo-chambere ! 1500 NP 0.302 aveta
ferricyanide as catholyte (2009)
a. a. Oh and L«
Food processing W.W 1672 Two-chambered MFC na na 0.05 and Logan
(2005)
. n.a. n.a. Liu et al.
Protein-rich W.W 1750 Two-chambered MFC 0.008
(2009)
S I¢ lyte (1000 cm®) &
eparate anolyte ( em) na. n.a. Rodrigo et al.
Real urban W.W 330 catholyte chambers (100 cm?) 0.018
) ) (2007)
connected with a salt bridge
. X Luetal.
Starch processing W.W 4852 One-chamber air-cathode MFC 239 8 0.09 (2009)
- - - Energy and Biotechnolo
I i Gwangju Institute of Science and Technology sy Laborato%; 15

OMEATMA] Pilot-Plant

-2%F9| Keller and Rabaey
(2008) SOl <l 2ME UFFTF
HI-I\II E“/\ 7<1E|-g I:I| 20137(17“
pilot-plant; COD MH2&°| 98%
2 =2 HH MY YN FH2
500 mW/m22 OME[o|E |t
lab-scale DJ¥=AEMAl ¥4

1/5 #&84.
» R conductivityl 9%t 2/ ¥ » FHET HIEE
M3 Aole] ENY 5t
_ WI== 4ac MA9 %712 =2 S 272 2TIT
> Re 4n02 FETY
1
il!l Gwangju Institute of Science and Technology Energy and Biotechnology
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Sequence aerobic
treatment for COD 1
removal

—_— e,

byrmas

BT A T D= DT
Tt g on Babewls Ay

“rgenry s

ot

Anaerobic digester for manure treatment

o -HH

w ol A
B¢
wl®
-

e

Frask o e aeta B pam e dpmi s Jp s menaiersl e Le STt cad,

G Energy and Biotechnolo
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|4+ 7IC DY EAETA

= Utilization as a fertilizer for growth of agricultural crops
= Environmental problems such as eutrophication and

acidification (Arredondo et al., 2015)

— Need to be removed or recovered

http://www triwaterstour.com/prevention-learning-from-a-canadian ttp://www.greenpackonline.org/engli
~case-study-in-eutrophication/ components php?id=03-03-02

httpi//blogs.edf.org/growingreturns/2014/08/06/lake-eries-fertilizer-probl

< Energy and Biotechnolo
II! Gwangju Institute of Science and Technology 4 Laborato%)l; 18
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o dl °
| H
i NH,(g)
N, + H* T
@? H* + NH, {aq] NH, (ag) + H*
; NH ‘

NH;
e @

v
CH,04 5N
(biomass)

a
{
i
i

anode cathode

(Kuntke et al., 2012)

¥

+ Struvite (MgNH,PO,-6H,0)
v directly usage of slow release fertilizer
¥ recovery of P source

Mg?* + PO + NH,* - MgNH,PO,6H,0 |

Fig. 3. Overview of the ammonia removal mechanisms in an MFC.

S04 RO 2]

[ =]

1. Transported through the membrane

1a) Passively via diffusion of ammonia

1b) or actively via migration in the form of ammonium

1¢) ammonia loss by evaporating into its gaseous form as
a result of the elevated pH in the cathode

2. Biological treatment at cathode

2a) At the cathode chamber, it can be (biologically)
oxidized by oxygen and denitrified by microorganisms
at the cathode (denitrification)

2b) or in solution — the dashed lines show processes that
are independent of the electrodes.

3. At the anode, it has been suggested that ammonia can
be directly nitrified/denitrified to nitrogen gas by
microorganisms.

4. In the anode or cathode, ammonium can be
incorporated in biomass for growth.

*  Ammonium sulfate ((NH,),SO,)
v' fertilizer for alkaline soils

v many applications in the chemical, wood pulp, textile, and
pharmaceutical industries.

2NH; + H,SO4 & (NH,),SO,

G
I'i Gwangju Institute of Science and Technology

Energy and Biotechnology 19
Laboratory

MFC-feeding ADs

Table 2. Ammonia recovery efficiency in CCM and OCM for 192 h.

Ammonia recovery Ammonia recovery

*

ok

| OJAMSOIENA| AAEHI

MFCs for ammonia
Technology, Kim et al., 2015)

recovery (Bioresource

Table 3. Ammonia recovery efficiency by NH,* migration and
energy efficiency in the MFCs for 192 h.

Ammonia recovery Ammonia removal

efficiency efficiency efficiency by NH,* 767:"?};" ?fff:;g;,c}(/; }V by biological paths
in CCM (%) in OCM (%) migration (%) + Mg “ (%)
pH7 59.4 37.3 pH7 23.3 27.4 36.1
pH 8 59.1 53.2 pH 8 5.0 7.0 54.1
pH 8.6 66.8 731 pH 8.6 <5.0 <70 >61.8
Energy and Biotechnolo
ili Gwangju Institute of Science and Technology 4 Laborato%)l; 20
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10% 10%

=I|E

104 102

Hjul

(20124)

Courtesy of Prof. SH Moon (at GIST)

101

Wiem? +

mWiem?+

Power density (chmz)

/
uWiem?® +

+ 104

.106

1 pAVem?

1 mAfem?

; 10%
1 Alem?

Current density (Afcmz)

Comparison of power densities for MFCs and other chemical fuel cells

G
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A8t Packed-Bed Reactor
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“Biofilter \
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Ho|°:= = |HE HiO| T[S HA] AL

Bioanode Cathode

Liu et al, 2005
Value added products: H,, H,0,,

Kim et al, 1998
Power source, nutrient recovery

N

Biosensor (An, 2013)

Kim et al, 2011

Value added products:
methanol, ethanol, acetate

—

\ Microbial D“'Eg'limwe
electrosynthesis A o
Esoclectrogenic 4
[ Preterin . caade (electroferment Bhcteria | &—1
m . AEM CEM
ation) cell (MES) Kim et al, 2011
Microbial Desalination
s : reverse
|E||g|F| il electrodialysis
I |
SCEMs 6AEMs Seswater cell (MREC)
Kim et al,, 2011 Value added products: H, v
G Energy and Biotechnolo
Ili Gwangju Institute of Science and Technology sy Laborato%; 23

~4 Mpstas a9 NN

T - )
Hydrogen Hydrogen Peroxide
2 Pulp and Paper Bleaching
= A E‘.Tmu dh‘:::—:‘::::r‘m' Elactronics
W ] Future g Indusiry
) T g Detergents
- o= 2018 = 2025~ Suburasial markens for d K‘\ /_,-"
[ ard vechicies Bhaby e
B020: 5 s ik srallicn hyebragesn- prraceed cars Textile 4" Yy —= Wastewaler
| - Industry H 202 ! Treatment
al 200 a.--,:..:.»..-m..,nr.a..r..l.,,. -J.-'
y I / T \
4 130 g cosod e Metallurgy J Othes
s = - Applications
Some Limitations Chemical SYNhes's  (Fiermo et al, 2006)
_—
B Hydrogen: ¥ hasame e
" - Cleam AMerent
® Not readily available, must use other energy sources to ( surtaces indluting
MO SNt
convert tabrics and
® [nfrastructure not in place
= Difficult to store/distribute
B High Capirtal Cost
® Non-technical barriers e o
® Could have dramatic impact E,'::‘::;':‘?m(w
(Courtesy of Saxena)
ource, http://www.slideshare.net/
G Energy and Biotechnolo
II! Gwangju Institute of Science and Technology sy Laborato%; 24
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Electrolysis Cells

* Assumption: No energy loss in the cell

2H'H, [-0.42]
i .
L
0 ¥
Anode Cathode
Water electrolysis cell
10,/ H,0 [0.815]

E; Vaits)
05—
PR Catode
03—
02—
=01~

00—
+01—
+0.2—
+03—
+04—
0.5
+06 —

08—

G Energy and Biotechnolo
Ili Gwangju Institute of Science and Technology 4 Laborato%)l; 25
* Assumption: No energy loss in the cell

E; (Volts)
-05—
M, [-042] g, |

NAD'NADH [-032) ;TN
02—
-01—=
0.0—
+01—
+0.2 —
L . +03—
Reduction in applied
voltage from 1.24 V +04—
to 0.14 V
L 1 +0.5—
+0.6—
el S
Hot: 1,0,/ K0 [0.515] | +08= ENCTTEE
L4 & @ Bacteria e
H,04€0, (3 | +08—
Amd:\; g l Electrode 40
= E Potentiostat
=% Orgamcs
Energy and Biotechnology 26
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- Filled with deionized water (18 mQ-cm)

—_ —_
200
Putent lontat T
:E_ 160 < -------------- ™
£ o ®
5 120 N
B (R
Anode Chamber (289 mL): g ow 4 i
| * I
- Used anode: carbon fiber £ aw ¢ |
= |
(per projected area of a membrane: 31.7 . |
cm?; measured surface area: 1060 cm?) 7 ’ : m,j,t,,e,,,iw:i,m., 8 +
- Fed 25 mM acetate medium s
- Fixed the anode potential at -0.03 V I . At
Cathode Chamber (120 mL): i " "
= w0 ]
- Used cathode: stainless steel mesh - N !
(per projected area of the membrane : 3 é w ' ] i
1.7 cm2) |- 3
= \

[E] 060 080

- Operated in a continuous mode with a | (B) COD removal loading rate (kg COD/m?-d)
oading rare of 6.3 kg COD/m3 d _am
3
Membrane: j;: B R >:A i
- Anion exchange i m 4‘
& 100 | :
- Surface area: 33 cm? £ i
5 " 4
3w i
E ]
o 23 ]
T |
o
0 03 06 09 12 15
MEC for H, production (RSC Advances, An et al., 2013) (©) Applied voltage (V)
Energy and Biotechnolo
i Gwangju Institute of Science and Technology 4 Laborato%;l; 27

B gde f4

AHA}

(o B I:I'

-

Tt Hu

Overall comparisons of selected hydrogen production methods (Normalized).

n v o~
=z = =2

=+
=

= ~ ™ x o o
=z =z 2 EEE

Methods

o~
—

M13
M14

n
-
=

M16
M17
M18
M19

M11

Method Energy efficiency  Exergy efficiency  Cost
M1 Hectrolysis 5.30 250 134
M2 Flasma arc decomposition 700 320 9,18
M3 Thermolysis 5.00 400 612
M4 Thermochemical water splitting 4.20 3.00 8.06
M5 EBiomass conversion 5.60 450 8.10
MG EBiomass gasification 6.50 600 B35
M7 Biomass reforming 390 2.80 793
M8 PV electrolysis 1.24 070 450
M9 FPhotocatalysis 0.20 0.10 519
Mi10 Fhotoelectrochemical method 0.70 015 0.00
Mi1 Dark fermentation 1.30 110 752
Mi12 High temperature electrolysis 290 260 554
M13 Hybrid thermochemical cycles 5.30 480 741
M4 Coal gasification 6.30 460 911
M15 Fossil fuel reforming 830 460 928
M16 Eiophotolysis 140 130 17
M17 Fhotwfermentation 1.50 140 181
M1z Artificial photesynthesis 0.90 080 754
M19 Fhotoelectrolysis 0.78 034 109
Ideal  {zerc-emissions and cost. 100% efficiency) 10.00 10,00 10.00
120
100

=

g 8.0

£ |MEC:1.7-26 $/ kg H,

S 60

K

3

3

a

Production cost of selected hydrogen production methods (per kg of hydrogen).

Energy and Biotechnology
Laboratory

28

il!i Gwangju Institute of Science and Technology
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Conversion of H, MEC to H,0, MEC

* Assumption: No energy loss in the cell

!

Li'vetock

laal SE

FUEL

MEC for H2@2qgulachimhion
BS
! )
J ‘ \ Il Aviode mchsle
e T N - o [ Gotion Exchange Mfembrane
oo ety
b | A [ Gz Diffusion Electrode
an,
IHCOy 50 8 Awcdreipirig Lacteria
10
- Reforence Elecmade (dgidgCl)
Anode Cathods

Energy and Biotechnology 29
Laboratory

ot MEC [ 2

1000 100

900 S0

800 = [H202] - - » »+ H202 C.E| 30

700 70
5, 600 60 £
e =
=501 o e EEL 0 U
6' oo 1 - » &
53 8 s . =

300 30

200 20

100 1o

Q 0

24 10 g 6 q 2
HRT (hr)

i i Cumulative H,O, concentration and H,O, conversion efficiency
Lab-scale MEC for H,0, production (Sim et al., 2015) at 6 hr of cathode operation in the acetate-fed MEC at different
HRTs (bars represent standard deviation).
Anode Chamber (289 mL):
- Used carbon fibre as anode

- Fed 5mM acetate medium at HRT 2 h, 55
6 h,and 10 h L2 a -
- Fixed the anode potential at -0.4 V L2 PETZ e
'-E, 10 ] mmmm e - ®HRT 4 hes
Cathode Chamber (70 mL): Zos . ® | *HRT &
- Used gas diffusion cathode £ 06 . HRT & hrs
(surface area: 33 cm?) &4 ] || ®HRT 10k
- Filled with deionized water (18 mQ-cm) 02 ] || eHRT24brs
- Operated in a batch mode for 24h o0 ] v
i ] 4 6 i Lo
Cation exchange membrane Cugrent Density (Afm®)
- Surface area: 33 cm?
G .
Ili Gwangju Institute of Science and Technology Energy and Blol_tgggr;géggz 30
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Total Investment Cost (2012 estimation)

0 20 40 60 0 100 120
H,0, Anthraquinone process Plant Capacity, kt/y
> Price estimation of a H,O, plant via traditional auto-
oxidation process (2012 price basis).
» 141 $/ ton (large scale) ~ 376 $ / ton (small scale)

MEC: 315 $ / ton

G Energy and Biotechnolo
Ili Gwangju Institute of Science and Technology 4 Laborato%; 31

S

$18t Pilot-Scale MEC g“’"&

Anode module Five anodes in Membrane Air-cathode Leakage

. X . . ; Coll
with carbon fiber  the anode chamber installation installation checking olleagues

Cathode
Membrane supporter
Anode
Expanded membrane Membrane
G Energy and Biotechnolo
II! Gwangju Institute of Science and Technology 4 Laborato%; 32

-22-



Nano/Micro/Macro Bioelectronics Platform
I

Nano-scale Micro-scale Macro-scale
Bioelectronics Platform Bioelectronics Platform Bioelectronics Platform

Determination of the electron

S— Operation of scaling-up system as
transfer system in microorganism Confirmation of the electron

g ; : transfer system and the theoretical pilot plant
& Finding the main mechanism " h
of potential drop maximum current density

Specialized electrode material
inati of bio-electronics
Determination qf the electron Confirmation of the electron
transfer system in the electrode . P
& Search the main mechanism transfer system in the biofilm i
; (singly, multi, symbiosis) Specialized current collector
of potential drop ! ! of bio-electronics

A .-" = ._";1' h Specialized separator
— el of bio-electronics
e S e
B e et e et
il

- derorn Donae W

s dmrw, arma B

[ 8-
E .
Mk B e 8 ._;._:
mmmmch U8
C -
III Gwangju Institute of Science and Technology Energy and Blotl‘_eacgg’%lg)% 33
[=] = - =
ENEREE [E YAStE OYEAEHA
a b
Cathode reaction: |
20,48H" + +8¢” = 4H,0 | s Resistor

with connections to
real-time monitoring
devices

e e et ; Cathode
CHO, +2H,0 - 2CO,+ 8H' + 8o Tobe pcs\lmmed in
the overlying water
Fermentation  Organic
Acaiate e T AG
%0, Xe matter

Anode

To be buried inmud

Center for
Biological and
Molecular
Science and
Engineering
Naval
Research
Laboratory,
USA

Ocean
Ecology and
Biogeochemi
stry, USA

L g I
Clare Reimers, Ph.D.

Aquatic sensors being driven with SMFCs (for the detection of a torpedo (upper); for
I!I temperature monitoring (lower))

Gwangju Institute of Science and Technology

Energy and Biotechnology 34
Laboratory
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Leads-

controlling s
terminals

Marine mud batteries (JEM, 2010)
Marin mud battery: 28-20 mA/m2, 0.4-0.5 V

Sediment MFCs (Bioresource Technology, 2014)
Sediment MFC: 40-30 mA/m2, 0.4-0.5 V

Multi-phase MFC (ES&T, 2010)
Multi-phase MFC system: 60-30 mA/m2, 0.3-0.4V

Comparison in the performance of other SMFCs that were applied to natural water systems as a power source for
various sensors (An, 2012)

Lake Michigan 0.4V, 5.4 mA T S e 33V, 15mA
Sensor
Palouse River 035V,9mA Remote temperature 5V, 500 mA
SEnsors
Yaquina Bay 0.35V, 11 mA CrgEEn 5V, 50 mA
: temperature sensors :
Palouse River 048V, 5 mA D s i 33V, 15mA
Sensor
Roskie Creek 0.4V, 14 mA W“e]“:eteml’nw i 33V, 15mA

Energy and Biotechnology

Laboratory 35
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Cold Warm Hot Hotter
Solid (ice) Liquid (water) Gas (Steam) Plasma
° » &
bS] K| 7| ey

XFetiTt MXPE 22|20 XSRS S201= A
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Position control coils Primary coil

Primary =
current

\

Vacuum Plasma Poloidal
vessel magnetic
field
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Toroidal
magnetic
field

Toroidal field coil

L

Toroidal field
coil current
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Reactor P
100— Conditions y
7 Ignition
28 -3 % :
ntT=23.10° Km™s y @ —
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- BRIy [— 1990
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TFTR
g TFTR » DilDS, Te 2 1
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w - TFTR // DIl-D
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[&]
0.1— ALC-A ASDEX
'§ ASDEX ® y TEXTOR
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§ T10 e /,/ —ren
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4 e D-D Experiments — 1970
T3 ’/ © Full D-T Experiments |
= T 1 el 1965
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The ITERN Prejest

ITER

A'multinational'scientific'collaboration
wﬂhout-eqﬂmﬁéﬁ't‘(?ﬁﬁ’sﬁ?v o
Allarge-scale experiment'to demonstratem__
thefeasibility of fusion energy
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1950’s

Fusion research begins i
n earnest in the US, Euro
pe and Japan.

November 1985

At the Geneva Summit P4t |

Reagan and Secretary Ga!

Gorbatchev give a decisiv

e political push to an inter
national collaboration on f
usion “for the benefit of all
mankind”..

4 June 2005

The ITER Members unani
mously agree to build IT
ER on the site proposed
by Europe in southern Fr
ance.

August 2010
Construction work begins o
n the 42—hectare ITER Platf
orm.

December 2011

The Poloidal Coils Windin
g Facility is the first buildi
ng to be completed.

Today

16 buildings at various st
ages of construction; firs
t plant components insta
lled; first machine comp
onents delivered.




Storage Area 2 y/ o5 ...

Storage Area 3 e

Assembly Hall
1 (Under construction) Tokamak Complex

{Under construction)

5 4 ? < e, e A n =
| Cryostat Workshop e : '~ Tl S e
.| (now receiving components) /s £ P . 1 = - -
b | -5 § - -
. F 2 i g gt ~ Foundation works
3

_-Mgenici'ﬂ'u'
. g

/ — i : . . ~3
Batching Plant - N o, o -
- ; S R N 3

HQ Extension
4 7

¥ 4

Storage Area 1

oy

2

s
(i

=

i Resting on 493 seismic pads , the reinforced concrete “B2” slab bears the 440 000-ton Tokamak Complex.
' Concrete pouring on the 1st level of the Bioshield was completed on 20 Jan 2015. On the 2nd level, installa
tion of skirts, plates and reinforcements is ongoing.

e 1= i R - 2 = 'V e Ry = maa -
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The Assembly Hall

Before being integrated in the machine, the components will be prepared and
pre-assembled in this building (6000 m2/60 m high). The 730-ton roof was put

. in place on September 10-11, 2015. Cladding operations (mirror-like stainless
steel) are ongoing.

Too large to be transported by road, four of ITER’s six ring-shaped magnets (the poloidal fie
Id coils) will be assembled by Europe in this 12,000 m? facility. “White rooms” are currently b
eing equipped prior to the start of manufacturing operations (mockup) in the summer of 201
6.




First plant components installed

W ot |

Four US-procured 400 kV transformers have been positioned
on the ITER platform in May 2015. They are the first ITER plan
t components to be installed on site.

Who works for ITER?
10 Staff distribution by ITER Member

A
=y O

o - & ' - - = o

b 3 iy
The international staff of the ITER Organization (Central Team) comprises ~ 650 persons (35 count
An equivalent number of contractors and experts are directly working for ITER in Saint-Paul-lez-Dura

More than 2,000 specialists work ITER throughout the world.
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Role of KSTAR and ITER

DEMO

@ Completion of Fusion
Plant Engineering

© Reactor System Optimization

oElectnicity Production

o Commercialization of
Fusion Energy

Ado=

oLz 7|=

oz S=5Q)e =
AN sty

e A8 EY 500MW 12Z (108 mbar),
oflu{z] & 10 0|4
222 (-2697C) : (KSTAR E4)
Sgst 221 ~3,000 MW _ .
DEM ' ZHUE (8T), 212 (190) : (B2
o oLz BEE 30~ 50 G0 =8 (50 5
(KSTAR 2|Z &7L2}A))
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NER/
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o

| Ab= A H2|2 CO2& AH L M2

A
=
= WA, LAY, EY S 2 Hete dHT=S LA A

Geological Storage Options for CO,
1 Depleted oll and gas reservors

2 Usaef CO, in enhanced od recovery
3 Deep unusad saline water-saturated resenvoir rocks
4 Deep unmencable coal seams

$ Usecf CO, in enhanced coal bed methane recovery
6 Other suggested oplions (basalts. off shales, cavities)

National Fusion Research Institute
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Shale gas

obieny
® 0|2 WHS|AL A2 bR
m MEHS]) vs. dHTFA(OF2H)

=%J: POWERX| 12.9.1 7| A}
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A Compact Power House
How an underground small reactor works
(based on the example of the mPower reactor)

A small reactor ge ar less electricity than a conventional
nuclear reactor, h acity of up to 300 megawatts rather
if the individual modules can be
small reactors could be

x's mPower model,

existing light water reactor technology, engineers are
working on modern reactor types that use nuclear fuel more
eflectively and are cooled with, for example, lead or sodium.

Other planned small reactors

fox comparison
Manufacturer | Alome Toshiba TerraPower

Russi us

Areva

Trpe | SVBRIDO traveling wave
reactor

Coolant | lead-bismwth | sodium sadium
alloy

around I5meters (115feet)

Capacity | 100 MW 10 MW around
MW

Fuel | after sround p after up to
elements 30 ye 100 yea
changed

National Fusi
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Nuclear fusion startup gets Jeff Bezos backing,
won't be dropping any bombs

By posted May 5th 2011 8:01PM

Jeff Bezos Invests $19.5 Million in
General Fusion's Nuclear Technology

This is the fusion company that PopSti sad might save the world
By Cay Diow  Posted 05052011 ot 543 pm 25 Comments

Home-Brewed fusion Gentral Fusion's proof-of-concept device n the company's sustere
headquariers, in Burnaty. Britsh Coumbia JohnB. Camed!

National Fusion Research Institute
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Helion Energy takes in $10.6M for fusion energy

Originally published July 7, 2015 at 9:44 pm

Redmond-based Helion Energy has raised $10.6 million,
according to a filing, to build a fusion engine that would create
power.

SECTION SPONSOR

By Rachel Lerman

Seattle Times business reporter
Helion Energy has raised $10.6 million in a new funding round to develop
technology that aims to create a fusion reactor to generate power.

The company disclosed the funds in a filing with the Securities and Exchange
Commission (SEC). Helion plans to raise more than $21 million total in the

continuing round.

Redmond-based Helion had previously received $5 million from the U.S.
Department of Energy and raised a $1.5 million round in August 2014 from Y
Combinator and Mithril Capital Management.

The company declined to comment on the latest funding round.

National Fusion Research Institute
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October 16, 2014

EMC2 Park Presented on Polywell
Fusion

enerqy. fusion future nuclear

Recent Experiments at EMC2
(EMC2 San Diego Facility)

wha

Talk Polywell has the slides for Jaeyoung Park talk on Energy
Matter Conversion Corporation (EMC2) research results Bussard
developed this EMC2 fusion design before his death.

* Time resolved hard x-ray measurement provide the first ever
direct and definitive confirmation of enhanced plasma confinement
in high B cusp, a theoretical conjecture made by Grad and his team
in 1950s.

* The enhanced electron confinement in high B cusp allows the
Polywell fusion concept to move forward to complete the proof-of-
principle test.

* If proven, Polywell device may become an attractive fusion
reactor due to the following attributes

- stable high pressure operation from cusp

- good electron confinement by high B cusp

- ion acceleration and confinement by electric fusion

Polywell will not work with a charged Magrid. This was proven by
Dr. Park and is currently being overlooked by analysts.

The actual key to viability is in the start-up cycle and having the
ability to drive the potential well. WB proof was the key to
considering adequate well depth. The next phase of testing would
pursue investigation of adequate well depth.

National Fusion Research Institute
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June 14, 2015

Tri Alpha Energy Enables Field

Reversed Plasma lasts for 5

milliseconds instead of 0.3

milliseconds and C3 prototype is G

operating
energy. fusion. future nuclear. physics, science, technology, trialpha energy

Tri Alpha team has revealed how fast ions, edge biasing, and other
improvements have enabled them to produce FRCs (Field Reverse
Configuration plasmas) lasting 5 milliseconds, a more than 10-fold
improvement in lifetime, and reduced heat loss. “They’re employing all
known techniques on a big, good-quality plasma,” Wurden says. “It shows
what you can do with several hundred million dollars.”

To achieve fusion gain—more energy out than heating pumped in—
researchers will have to make FRCs last for at least a second. Although
that feat seems a long way off, Santarius says Tri Alpha has shown a way
forward. “If they scale up size, energy confinement should go up,” he says.
Tri Alpha researchers are already working with an upgraded device, which
has differently oriented ion beams and more beam power. TAE Chief
Experimental Strategist Pr. Houyang Guo revealed during a plasma physics
seminar held at the University of Wisconsin—Madison College of
Engineering on April 29, 2013 that C-3 will be increased in size and heating
power, in order to achieve 100 milliseconds to 1 second confinement times.
He also confirmed the company has a staff of 150 people

National Fusion Research Institute 56
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