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Abstract - Expansion turbine system to recover the electricity energy from natural gas trans-
mission stations is a well-known technique. The turbo-expander efficiency depends on the ratio of
the natural gas flow rates to the design flow rate of the turbo-expander. However, if there is a big dif-
ference of the natural gas flow rate through the pressure letdown station because of seasonal supply
pattern, that is, high flow rate in winter while low flow rate in summer, single turbo-expander sys-
tem is not so efficient as to recover the pressurized energy from the low flow-rate natural gas.
Therefore, we have proposed a new concept of double turbo-expander system: one is a big capacity
and the other a small capacity. Here we have theoretically computed the electric powers at the pres-
sure reduction from 18.5 bar to 7.5 bar depending on the inlet conditions of temperature and flow
rate. The calculated electricity generation has been increased by 30% from 12.4 MW in a single turbo
expander to 16.1 MW in the proposed double turbo-expander system when a minimal design effi-
ciency of 0.72 is applied.
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pressure letdown station
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Fig. 2. Turbo-expander efficiency curve.
KIGAS Vol. 23, No. 2, April, 2019

oo "
sh= A Fig. 28] 7t2 SolA X 3 X, & 2he
=t AAFEl X & wetw Ha e, A
el 2 Fohd Ao /& 2HE + Sl
o fE Ad {3 Aol sigete fE
W72 EoI7hA 0720149 EEE UL YAl
S %A ¥ fFe dAgHEE Solit
Fig. 29 O ZS AF2FeAshd BE&HAS
g Aoz ZFT 4 U]

y=0.0741.X°—1.2593X°+2.1993X—0.0141 (2)

A7IA y= BHEBATY HAAE|L, X=
AA - E%Hj“%WH AAfES wlolt) yo
AARE 095 FotH Fdol ohe HERA7] &
EMpw)e & 7 Atk

2.3 ‘E#"é}%':'

HA7IAZ A

=

YE = HA7tL 5 HEFHAT =

Sol71A] oke HAVLA EDF 7}0}4;40 7] 2 oF
SH7] wol ol WyWEolA S B 3}
RS B8 BYAE FPAEOA L uhTYS

ol Aedr129] Qrelg S77] W, 7k
o oA vdz A4 B A4S A

orL
15 =

[7].

24 2xZst ¥ =

AAZI A= ezt "k o RSt 34
2L W37t tE) FRlE T Bl A o)y
3 FARL th& 3t -2 Joule-Thomson EIFE Al
e i=

[ 3

=

o

o7 A pu= ]oule-Thomson A, TK)= 25,

P(bar)= &g o|th. A 7129 Joule-Thomson 7|
T Fol7] "ol AEIA A o] Fa
3 e eml WolTH10]. LEskeo) ulE A
o] vish 9l A w)s] Slel Aokl Aoiit
7] Aol Rdel g &3 oldo] Zastroe]. EHE
W) SAERT Bgem AArkAe YRy
27F 42 AZE] o) FANE T BAS T of
urh o 2 Zoz exrl sjekeith AAS o]
et By gYoRE HAVMAE ARE A}
g,

oT
0

®)

H

- 76 -



AAzbze] A We R3S 23 o|THERYY] A EEE o83 Aoy A 3l it A7

31, XoiyjAgl 29 ok HAH

B} ZEst AR 7tAe] s
7)1 Qe A= 3x) AFE|uFA Al Z9] &2l Peng-
Robinson(PR) Aei7d 41& Aozt E3tae] &
Ao ARgEATHI]. HeAztAe] 24, & 1
g3 e ol FuE AL = glom vt
29| dguel QERD EI A 4= QloH12].

4 WAL O fYEE HATRAe] JF
LE(T)e 9 FH(P)S A SHE gloz F
oA = grolth. &7 2E(Ts) 2k S+ (Ps)2= 4
Aol golth AYRLE ST AL 59 ¢
&(Py Ps, P)2 P13t 27] fite] ofd Fo] 2%
(To,Ts, TS F8hA 7S BAAAE ] nE 23

oA o3tz EAL PR AHHAALE o] 83510

4
iy
i

5 oX
o
e
22

—

Hy(Ty, Py)
o714 H(J/gmol)= g

=H(T5,P) (4)
grolh.

BRI = SAERY PP oer 4
o} wheba] A 33} 5 = 49} 5 Abo]of] SAlER
¥ 23E& A8sH Taok Tughe 44 thdAl=
& 4 Sl

Sy(Ty, Py) = S,( T, P
STy, ) = S5( T, Py

oJ714 S(/gmol-K)&= ANE=ZT Zholcl

7, P) o )
Ty, Py)

T, Ts 1AL Ta= AAE Yol AHT &
2% ojst Wolx|A] ghw g o As) Hokshe X4
2roly ZF HdeoA ag & AR F
= 2&o|th é:rL ==, dga ot dgol 1A
Hol & A Ty, Ts &Ta= 4T 4HE Zhe=th

32. ¢, & A E&58 AN

71—0]—/\]/\15]] ]‘1 EE Z];(_] ] QES)‘]' Ol—E o o}
<
R

et mheEbA] Al A" oA AAkehs o, HdE o
A Fat I dgy Atts 3 & ¢ AL o
2HE daes Andd 5 3ok

A4 3, 4 E= 4, 5AFol9] BEAAY] TEHS}
TELo| M= 9525 Oﬂ—J %ol gla Foly
A&k YA AU A HetE FARTAL 7S A

ANAA o} Ale 2h7h oheat 2k,

AmTEH(Hs_Hf) = Wsl or (6)

Bl

AmTEL(Hi_H5) =Wy

2w 7|4 (/51 AYE HYLol

ol ™A 11} 2= Z}zF R A7| TEHS} TEL

& e, 2t agEe] 9] el A
Holt WSk HRBHIR Solrbe f3ol
et ol ol Gekek. H(6)E F) SAER
5 BAol A oMo AL Aol e AL
o4 9w 1 Azl HEBR Y RS Fotol
AR ARl Qo] oH(IV)E AN 4 Atk &,

N
-~

W= Wa or Wo=npg- W (

Hu8yy] TEHS} TELo|A A4 Qe 242}
o Fofutset AUdlolEE F3) H7lefuA
AFHELh Al A Aol Zzke] sjejura
of AUeolEe] B&e Fato] AT

E1=n¢r * Nepr * Mren - WSl or (8)
E2=nN¢r * Nepa * M W

91 Aol A EW)e A8, nap, nap 22 Ay
dlolget 7o kel & goltt

FeA2gA B 9 5] AL
RS ERREEE PEBIE B ISt
L ge mE Asop dth

Q1: mEV(H2 - Hl) )
QQZMTEH(}[B _Hl) (10
Q:s:mTEL([lﬁ_]{l) (11)

7|4 QW) BFMHE ko] HAgo| =

g o, QW) QW) ZZ el e 7] TEH

TEL #gte] welgjod Fast o ofolr},
2 a2 ol gol At

(12)

- 77 - =7 s A A3 A2E 20199 49



e o=
g9 - {1 g7

AZVA 2 = AWM B L 747y TEHSF TEL Table 2. Natural gas temperature and pressure in
7retA Ago] AE A dFgolrh the pressure reduction system
\Y, Al = E‘Ilol M Inlet gas properties Outlet gas properties
- —_
Temperature Pressure Temperature Pressure
41, AIB0|M = ®) (B) ®) (B)
wele] ARG Sla) Aol 1A A Bk Devery | | s s
A & (D A AAstel 9 B L= | Temperaure ' ‘ '

(Fig. 3), fr&(Fig. 4= =Afskth 53] 524
109714 7h20] a7t A3, 11YREE 50
Table 3. Flow rate dependency of the turbo-ex-

Table 1. Average compositions of the natural gas pander efficiency

300

290

T [K]

280

270

1 2 3 4 5 6 7 8 9 10 11 12
Month
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Fig. 4. Monthly natural gas flow rates at the
pressure reduction station D.
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Table 4. Calculation results based on the single turbo-expanderl(TEH) condition at D station

Minimum Minimum Maximum Design Electricity Thermal
efficiency flow rate (ton/hr) flow rate (ton/hr) flow rate (ton/hr) Generation (MW) efficiency
0.72 63.6 168 120 12.4 0.68
0.765 63.8 147.4 110 11.9 0.65
0.81 64 127 100 11.49 0.66
0.855 65.7 106.2 90 10.77 0.69
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Fig. 5. Electricity generation corresponding to the
design flow rate changes at the D station.

EEPA7Y] e = AT A2 1
B9 AARFE F2ollMt AL st St
< Aotk HEAYY7 9] HE&e w4 AT 1 H
HPZF7 A dggate] g dEe2 AT A
A PaFo 2 B uls G80] 23 Wrets fo)
2 A7 Axbsks Aol o ¥ mypz el

A D 71A 04 Fd7]ek shd 7] o] EeE
ASHA] Fal TABEAGAYT o EsM e
A 9o AggES AR HiE
BA71e] BEe 0720102 SAHES S
249 o gEPP7Y] ARFFE WA
AZE AAtE = A= s ALY Fig. 504 AAI+
o] 120 ton/hrdd wj 7P AA o] AYikE=
A& & 7 ek D 71x¢9] sd7Ie} sk A
el WE HeAE A4 HERRI|TE A2
Wol x4 A7 2 e wol =3¢
Foll whet Peak7} 27 yepedth 2 fafoll A
o A ikl ges & 5 ok
71RO A HEFA7| O A ago] W
e Aakgol il BRI o) HARF
& 2al O o] de itk daes Aitsto
Table 4°] 2|3t o] 3¢ HEFH7] S HE&0]
SHEE § @2 Y AAVtAE HERATVE

240 o
N T ot 10 ol pE
it S o

o2

- 79 -

Month

Fig. 6. Calculated electricity power generation at
D station based on the single turbo-ex-

pander1(TEH).
£8P o) AAEE Ao ool A 2 2
& o % 9tk
D 717e] ezt faFe] Wk W9l 300 4] 150

ton/hri Wk oh 9 ek upebd B mga) ol
AAGeF oA 2] oo WEY] o] F At
shAIuE 47§l 120 ton/hrel © HAA]
e ARG AL AE A gake] F71E
of ulsl Hlel Ao AXA gtk 1 ol ¥
w7 R Fej5ol7hs ol 9lrk. 120 ton/hr
o HAGHE A HRARIS 0720149 &
g2 LAY AT §F WL 636004 168
ton/hrolch. Aol 2 HEBHE Ha &
& oo A5 $18] B D /X2 Sof

N
=~
o
-
s

2 AGA7IEA dEe A 5= ek Al
B e e =tekal 1 W o] frafo] vl A A
g Aol AxRt a7 Y] ¥ A=
FAWEE AshA "ok mebd 2 ol M=

d71Et =ATEE ARl AAle 2719
T gfoll HA ¢of skl dARHE e

o4 N\

1/5%

St 7k~ 8k A] A23W A2 2019 4€



o
o

)
=4

3000
2500
2000

2 1500
1000

500

Electricity generation

0 L I I |

123 456 7 8 9101112
Month

Fig. 7. Monthly electricity generation at the D
station with two turbo-expanders press-
ure reduction system.

T HEARY|EY ede o et )
AP Brbse B U 4 9k

olelF BAHE HASIIHA Sl g
3 4283 olF EHBY| AR AW A

sl Btk 2, S1AlGA0Y) o AT
o] 41ton/hrQl Turbo-Expander2(TEL)E, §47]
(119~49)5¢He A -GFo] 108ton/hrel Turbo-
Expanderl (TEH) & 2+2+ 2481 o2, ok
7] B¢ AYWEES T3 O BIAAA = EA
AR A A=A ol gel SHES sl
ot B RV 5 HA2RES 0728 SIS 4
& 2 AolAd MEA AT o] FE EBAT
Al A AAEF] 161 MWE Ehole| 2379
S AFE-3te] )43t 124 MW(Table 4 3Fx) =2 oF
30% S71e 2AE A Hook £ AFolA Agk
gt o] FHEFATE o]§5te] D AY7IA 9 €
AR AR AT

L

—rr T
= Fig. 7 3} 2k wpehA] Gy Eg37nhs o
B3to] 35T 4 e AYAY4=K(Fig. 6)2t vl
3 & o FAsA o|FEHEHFHVE o] 8T AS
7b AYgslert A A2 & 5 itk

V. d

A7 3] WS} ol 2 DAY/ A M
sfof eRBY] A2 HS F3 55 A
AS A 7120 Ak BlE RS
ol g7 wAZRA A LHOIH Y AL Th
2 Y WE Hol A g APelE (HR
B9 Egol WA S vt 2R RR)BY
719 AARZHSINNA Feje] A 7))

¥ 4 A, Selvelel ol skl S

KIGAS Vol. 23, No. 2, April, 2019

rot
T

EAThAY ARgEaFe] FA] Aol} Aol
shuel Hupgrlzs HAe e AdE 4
glek. shbel EHEBRIue A A9 2
A7k ARGl Mo shaslel Hgst Huni
71 AAshe A Bk bl Be 547
Agret GRS B ASHolut AL
AFsHE Zo] gelsteh AT AT 2alTHT].
e shavlelE FAsIgEe ohAg B g
ool HeAzkazk Mg Ze SEACIAE A
o] MR, B oA Ae] DIYIAE A
Hotel $H7|§ ool 2 ERBYYIS shav|
& Gl AL HuBRIE WUZ AXE st
9 W U Hele A 5 9l olFE EBR
FebAl 2l AlokshAl wgich 1 At AEE f
WSl 2 DY el GelERgEy] moks
oJFHHAY] ALY =St Zlol, Azt A

9L 0%l o wol B4 ¥ 4 rks HEe

[J o2

N

o o

Ans 99
ZiAkel 2
o 2 2018UE WAAR] AEAl Y ket
Ay wAeulo] ofstol +qH Gk

REFERENCES

[1] Mirandola, A., and Minca, L., “Energy Re-
covery by Expansion of High Pressure Na-
tural gas”, Proceedings of the 21st Intersoci-
ety Energy Conversion Engineering Confer-
ence, 1, 16-21, (1986).

Hedman, B. A., “Waste energy recovery op-
portunities for interstate natural gas pipe-
lines”, Interstate Natural Gas Association of
America, (2008).

Howard, C., Oosthuizen, P., and Peppley, B.,
“An investigation of the performance of a
hybrid turboexpander fuel cell system for
power recovery at natural gas pressure re-
duction stations”, Applied Thermal Enginee-
ring, 31(13), 2165-2170, (2011).

Rahman, M. M., “Power generation from
pressure reduction in the natural gas supply
chain in Bangladesh”, Journal of Mechanical
Engineering, 41(2), 89-95, (2010).

Ardali, E. K., and Heybatian, E., “Energy Re-
generation in Natural Gas Pressure Reduc-

- 80 -



AA7beo] AR WERTFS

[7]

(8]

a7 o] TE RG]

tion Stations by Use of Gas Turbo Expan-
der; Evaluation of Available Potential in
Iran”, Proceedings 24th world gas confer-
ence, 5-9, (2009).

Yoo, H. B, Kim, H., “Feasibility Study of
Pressure Letdown Energy Recovery from
the Natural Gas Pressure Reduction Stations
in South Korea”, KIGAS, Vol 19, No 3, 9-17,
(2015).

Yoo, H. B, Kim, H, “A Study on the
Operational Optimization of Turbo-Expan-
der Pressure Reduction System to the
Natural Gas Pressure Flow Rates”, KIGAS,
Vol 19, No 6, 72-79, (2015).

Bloch, H. P., Soares, C., “Turboexpanders
and Process Applications”, Gulf Professional
Publishing, MA, (2001).

- 81 -

~E o

Eayips w3

A o]-§-g 7)ol LA 3] =0 AT

[9] Yoo, H. B, Kim, H., “Electricity Generation
by Using Turbo-Expander in Natural Gas
Pressure Reduction Stations in Republic of
Korea”, Proceeding of the Annual Fall Mee-
ting of KICHE 2014, 273, (2014).

[10] Maric, 1., “The Joule-Thomson effect in nat-
ural gas flow-rate measurements”, Flow Mea-
surement and Instrumentation, 16, 387-395,
(2005).

[11] Peng, D. Y., and Robinson, D. B., “A New
Two-Constant Equation of State”, Ind. Eng.
Chem. Fundamen., 15(1), 59-64, (1976).

[12] Smith, J. M., Van Ness, H. C., Abbott, M.
M., Introduction to Chemical Engineering Ther-
modynamics, 7th ed., McGraw-Hill, New York,
(2005).

St 7k~ 8k A] A23W A2 2019 4€



