o

R T ¢ E s A AT

TR -
o BILRYIRNE: EIRTAEE 2 2%
o BROK HENGEEE R A R T

+ BlztkEEEE R

|
7
L]

X

o SREFEREATRE (KU) =S ERHsT S Mtss

B \ | 6 RZ—: Lab

~3 E\Q * Carbon Dioxide Sequestration & Reservoir Engineering Lab

o HEER - BREMF ~ AOH - RIRR  IFERHN

bzhsieh(@mail ncku.edu.tw

C @2
[Carbon Dioxide Sequestration & Reservoir Engineering Lal

Rf’ Lab




AR TR b 0 R B S S AR A B

7

)

= /=R ) B

= o S BN e B e B T e

i L=
EETJ7

Cies AR/ AL

C @2 Rﬂ Lab
[Carbon Dioxide Sequestration & Reservoir Engineering Lal

LA BRI A AN RS

S EZEH

AR

2026/11




B H IR SR

C @2 RZ—: Lab
[Carbon Dioxide Sequestration & Reservoir Engineering Lal




& 2025 BEFREEAUHT T BRI R T B

58 2025 gEJFEAY © 20-30-50

BIERE A FHAYRER 7R
FEIZ R (B F A AE T P B S kB R ( BAU )

1= F BElR 5 A R

ETTIAR IR
RARZRIER
| AFFE LR

EFBEREIR

(FiELBREL) =EBM HEEHY ENRE
—RE

© 2023015108 nﬂu

EEEATLLE EEREES

ERS (108 ) —EEE (REREAEREET) BER (REREEEZ) - FRs
FRIRES  AEHEEET200FERE2RRIBIHE  ARFRABEEETEER -

AL 7E  SRERESTFFESHRMNEEEES  ASKHBSIZRZES - #
BRMBHENER NRHEE  ZEREEE VENRREEES ONSHEEE
FER BN mA=EER - (RREBERER) ARETHE? (BEEAPL) BEE

FREE . RENBRIGH

HERERPIIR © CO2CRC 48k




R[S

(REEBRIEZ) =EBR WEENGRE EMERE

—RE

©@ 2023F01810B nmu

EEENPLEE THEEES

THERS (108) —=ZEE (I=REEEREER) BER (SEEEREZL) - R

FAREESE  BERERET00FENEZREETIN > RAFTRABEELIEIE -

A7 A  EXEEERFZRFESURNEERRE  ASKEHBSIERAEESR 7
HRISHENER  URHER  ZTERERSE GEUREEEEE ORNSH2EE
FER - BN =EER - (FREEFEZE) IEETIE? (BEERPL) 2B

EEEREERSS .
-,
Rl
SR

mERRREREIERE AIREEEEE

4 BAREETIE 2050 iR B AR
> fRHE 2 EE 2005 FR950%

CORE L

[Carbon Dioxide Sequestration & Reservoir Engineering La

A&

ATELE %%L?J 205075

EhxHE |

( %ﬂj’%?f )

7F1i!i$lE$Z'%:*" ( BAU)

1= F BEIR E AR

EITRARI R ¢
BAXRZmER
Iz P B Xt 1% f5E FR

ERBEREIR

FREE . RENBREG

TE1R . 2050 E2FZE

fix 3




\/

//%T %?U ] 2050}\%3 Z2 ﬁjéf[?jﬁ T Sﬁ%%ﬁi%m/@iﬁﬁﬁ&%ﬁl&

300
276.992 Mt
F, g
280 266.038 Mt . 2005 FFEEFHIK
260 m..,!\zqfa 10% o bbs N
= Sy A0 S
" EesnE 31 | 20 IR BEIRE R
\\\ “
220 ~

................................................................................. ‘\\ 50% ?E‘Ti' 1%*3‘ $§}%

m = RAEHEIE (Mt CO, eq)

Q ERELELEE

i BRI R i1

140 L 4
. : v
120 \ “ I f X VAN \
100 \ “ : : %ﬁﬁaﬁﬁxﬁiﬁbiu
2007 - \ 4 ; : @ g m E% ﬁg ijﬁ\ i"ﬂ ?‘?ﬂ'
19p0 1995 2000 2005 2010 2015 2020 2025 2030 b, il] -
Eﬁ} m ?w!ﬂf‘:ﬁla f'ﬂ[ﬂ-ﬁré%ﬁg'rﬂ'iv N
awﬁmuml B 7 BT R B S i

Z2F Zhix

; )
¥
3
&
g
3
%,
i
&
&
£
5
4
3
3
]
3
@
#
&
8
3
2
o
3
)

Lab
eering Lal



[=]
E( )
&
H

3

g

5

5

A

o)
‘\@
5N
&

3

i

=

2

£

3

g

o

g

5

Lab
eering Lal

=/22050

e LG

+ _IARA R B

EER|E
R ARG {E

AIBRAEIR | (3FY) BUSE

B AE

[

Bix 1€
R EE

\(CCUS) TBER

BRI - Bl




£33 2050 ;1

|
N

FEHERORE] (E3%e)

2019
BRI

86.6 Mt

EHE 35Mt

- FERRENAYE 26.4 Mt

-

&N

139 Mt

=
7

-

~

4

>

2050

8.7 Mt
3.3 Mt

B LAY 4922.5 MtAR T FE IR RLUE S T HK

HERIEE B 50%

| E&1E ) ﬂ:mzm R EEMERRER
%

i ) FIAEICCUS HAE £ HEBECCUS
HERER (KSR (B4~ KR FEF WAZHFN)

FH: RARMREHFEREERE

‘Eﬁﬂ: ER EHENRAERR
EWEBH |
BEEHG070% ; » 2050BIFTKIFIR
E4760-70% ; ;
HO-12% : | FIRER 2+0.5%

WH+CCUS 20-27%

HMEKS 1%

REE 4,275~5,731(5E

TiFE ( BMERE -21amt

(Mt)CO®

min:mman  JPHENE: 265.6 MtCO,*

(mm -zzsm] HIE)E&DI]_I:U&I&

REFAEHRCCUS
RIZLEE- 40.2 Mt

| ImmemsTEE nonne

[Carbon Dioxide Sequestration & Reservoir Engineering Lal

BRI ¢ BEE e




C @2 Rﬂ Lab
[Carbon Dioxide Sequestration & Reservoir Engineering Lal




m/\\\

HZAARERAR T K T84

-« MEVZECO]BERR
BAREET AP

(i

J

« RABBENMKIE - DEan

np 2=

A RS B A AR ETE -
- =12 B RS

AERE -

- OJRSEEXETER
BER - ABIRSEHEE .

ZREAEHE -

%

B HARY

BEIR

ARZZ - AEHBERE
i -

C @2 Rﬂ Lab
[Carbon Dioxide Sequestration & Reservoir Engineering Lal

fHEE

=&

HZAARERAR " JELE

RAREREF AT EAIERBE

&

7
ok
mul
(LD

)

i

. FRBERUBERT - FERAY
® - Tl 24/ 7T E FABHLE -

. WRMEERARAEE (S8R
i) RENES - AABRES
FRREEERR 1A -

. BT - BILIEEARR
SRR AL B T -




td

W

iz B 2 BHIFR B BB E I IERIE S ARRE

o HERIEEM N - BAEEIINT
o« EIFRYBHRAARRE

N

o

Steam Discharge Production

or Fumarole Well Power Plant

Injection

Outfiow
£y

Upflow in
fractures

Permeable
fractures

Heat and gas
from magma

C @Z Rﬂ Lab

[Carbon Dioxide Sequestration & Reservoir Engineering Lal




SERIE " BAtKEY, EER] T RBEHEL
( im,nfaﬁﬁxﬁ’]im% %‘f S FTesE )

- EHKE  MERNBERIRIERYE 0 AEIE R A—EAMREDE -

T2 B A A A IR - SRA MM T Bk
. cERNDAESEKENE B
SEERE - EHELIRIMW . - SEEEANH . EH (HMaE
ﬁﬁm&m”mxa% TR ) S maI LA -

2 :’z—f_-l Lab
[Carbon Dioxide Sequestration & Reservoir Engineering La



R [ T ZR A 1

o RIBME (2EFEHNEZE)  BEEIKRK
> B RS
> IR AU 20 Z 47 Enhanced geothermal
systems (EGS) ( REZBEZHES A L)
> FoiE AU EN 24 ¢ Advanced geothermal
systems (AGS) { EERYENELAEK)
> mEE
> ot a I Eh 247  Sedimentary Geothermal

Resources (SGR) / Hot Saline Aquifer (HSA)
(B LENEZEER)

> BEE
> HEER R EN 2 4% - Supercritical geothermal
system (SGS) (LA—3&—T)
CORE

[Carbon Dioxide Sequestration & Reservoir Engineering La




& " = —JRIE (First Principal) 1 BE R E 205 28
.- ZVEEEIF1E (Heat to Power equation) --

AL W=hXxmxn

7R e I Y R 2R (Moon and Zarrouk, 2012)
FEEEsEEEEEEEEmE Il @ - - - ———— - I
G E R G PG SEEIMR AVER RS

Running capacity x | Conversion efficiency

of geothermal power

Reservoir enthalpy | x | Total mass flow rate

oo - C o e e e e \

kJ kg —— | > BIFE TRERME, - B
kWe | = kel X | 5| % URFRL | sk raEsERemmsE, -
> BARPEME (RR130EH
. S HIE ) - BERFEE ( 2500/
- ) - TTEEMMWENEIRE
= BHKE ORISR ) AOESRE -
S

[Carbon Dioxide Sequestration & Reservoir Engineering Lal




AN
—

/

-

(111= 73

=

g

/

—
4

Y|
IE]

Gy

.
1

= b=
\\\%)i‘m“\\

Lab
eering Lal

= ERUHNEL -

R/

g_emhermaf ,,/
B gfadlent(°C;krﬁ) I
G50
"o o/zo’
®.720-25
70 25-30
7 @ 30-35
o 35-40
® 40-
I o-20
I 20 - 25
B 25- 30
B 30-35
[ 135-40
I An

=
oo

‘4

nljilk__l-l//{ |__| H—_l')

( BE#HmKE

P RUIAK/AER

BIGWEBE )

~40 GWe 10

/\\\

No. I I Y v Vi Vi Vil IX X
* Name Tatun Chinsus: Lushan | Reisuei Wu'fj— C}.“ben Baolai |Guanzilin| Miaoli [ Dongpu
N Tuchang Yenping | -Jinlun
- :‘:;‘, Volume km> 809 2774 1096 1237| 1900 2011| 1412| 1254 431 780
-7 |AverageT | °C 235 227| 236 219 225 215 212 215 217 219
s 10%) | 2452  7950| 3320| 3347 5308 5311 360.2| 3243| 1136 209.2
content
Power GWe 057 85| 37/ 35 56| 54/ 36 33 12 29
available o]
iz == To 7—. ;l;
’ ==
ﬁ B 1~ I\ﬁ Hﬂ/ ll} oo / LJ*EE ( /I\\\/\\\

MR R e

2 C0Z Spy
& s,

& ( EZEVE - B40GW

=) i



N
\E
/'='_,

/

YA NN
—

(%

FEIA R B ER K
LB FRRRELS
& (2B
RREHH (3
I

ZE) > ot
ERRMKERE -

A\

=

-

ZON
BE

ih & 7K A

m
[

YV YV Y VY

BRI

= B3 oh

EEE

//

|

\

R

3

\.|.

ZK )

23T )

\

1ﬂf='§ 7J<T

7 55

™' L

geothermal

TG_fix%0
® 0-2
20-25
5.3
30-35
35.40
e 4
o-2
Bl 20-25
252
B 30-35
B-4
|

o
C
(]
o)

A

gradient ( "C/km |

Lt N ERRY T EIK )

\7\7\7\7\7

lllllll

st 24
EEE

1300 =
L1 o[BS

= M ED

KEEIE -
HKAFE -

(AT

af
1M

RHAKHIhEtE -
B RERE

mERREE (F

2 EN =

I\\\

N

) REMEIEREFEHATER !

[Carbon Dioxide Sequestration & Reservoir Engineering Lal




k

1y LA @ 2 PERLIEE RIS i 2

C @2 Rﬂ Lab
[Carbon Dioxide Sequestration & Reservoir Engineering Lal




—

4
iy

(AL =]\

i
I

/|
V|

&
I

=

)
|

=z
=

2 C0Z St
P toy,
¥

EEMmENBEEREMBNZERSE

r

geothermal
gradient ( °C/km |
TG_fix50

® 0-20
20-25
25-30
30-35
35-40

® 40-
. 0-20
[ 20- 25
[ 25 - 30
[ 30- 35
[135-40
. 40

0O @ 0 e

Renewables

Sedimentary Geothermal
Resources Offer a Bright pOWE n

Future for Geothermal Jul 3, 2024
by Kellen Gunderson
Energy
Conventional Hydrothermal Sedimentary Enhanced Geothermal System

Sedimentary geothermal resources offer a middle course aeeroach between conventional geothermal and
EGS develcements by targeting sedimentary rock reservoirs with high natural porosity and permeabillity in

hot sedimentary basins (Figure 1). The use of horizontal wells completed within the reservoir can increase
the flow rates of production wells and improve project economics. Many of the areas being considered for
sedimentary geothermal development are data-rich traditional oil gas basins, which decreases exploration
costs and project risk. A prominent exampme multiple companies have been
Wramideveloping geothermal power projects.
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€ Conventional coalfired power plants release CO; directly into the atmosphere.
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€© Conventional coal fired power plants release CO; directly into the atmosphere.
Plonts equipped with CCS will copture much of the CO; instead.
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