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Optimization of System Performance on a Biogas Cogeneration in a Sewage Treatment Center

Firdaus BASRAWI, Takanobu YAMADA ? and Kimio NAKANISHI

“2 Kitami Institute of Technology, Dept. of Mechanical Engineering
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An efficient configuration method of a biogas-fuelled cogeneration system (CGS) in a sewage treatment center was
investigated. The efficient configuration was clarified by classifying a relationship between exhaust heat recovery
efficiency (en) Of @ micro gas turbine CGS, and the ratio of average heat demand to biogas production of the facility
(Qna/Qup). It was found that on the point of view of biogas energy recovery, reduction of unutilized biogas and
electrical power demand efficiencies, the most efficient CGS was obtained under Qy¢/Qpp = #ene condition. If a CGS
with lower e, such as a fuel cell is used under Qpa/Qpp < 7en condition, or a CGS with higher e, such as a steam
turbine is used under Qn4/Qy, > 7enr condition, more efficient system can be obtained. On the other hand, suggestion for
more efficient system when #e,, cannot be conformed to the Qp, ¢/Qy, value was also presented.
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Fig. 1 Energy flow in the sewage treatment center. Fig. 2 Energy system configuration of the sewage treatment center.

2. fEWAE

21 TKUMEBRERADS R T LOBE

FRNTET V& LT FAKERSEER N D > AT AOMEE A 2 \ZR9. 2 2 CHE L7c FKILERIERR 1%, #iiAn
10 FAFRED HHEH SN AHIHIE A EE LT, £ 51 000m*/month D /3A FH ARFAETE L8O LD &L Lz, |
i U7z & 9 ICHisk N O EREGEESEE, THLY 7 WIBTEOINRS L OVEBBOES « #Thh, Zhb%xif
T2 DITIRELE L TRAAA 7UJ7<>5: CGS TR T 2 LIE LTz, 708, BAFEEO BN L itisk T CGS DA
THEEARLIES = L ARATRRICR DBEICE, VAT ARICIBARA T HRET LRELE. i,
INA FH AR AR RN AE U DA TIE, AT ARICA X oA RL— MMH)EFEOEAZ T L, 25

DERFISA FH 2% B MHAL L TR L, S T HARRET DAL N E L AT 5 b
DELEO® F7=, CCSNHBEOLNDE THERNDENEED AR, THERICL > CENEEES
T ESED E Lz, 22 TD MGT-CGS 1L, 30kW ik MGT & fek 55kW DFEEA [FIIY T & 2 PEEAEINLAR A 7 %
LT, A0 MGT-CGS % ik % /Nootof@ff!ﬁ IO L TIRE T DIRERAE LY. R oBGE
BAFHT 572 DIITLET OO Tt L 7= i IS ORI BRI & L, &P i s L & 4%
RIRE L OIREZAENOAEERZRH LT, th/prfﬁzxﬁf;ém XORHEE 572018, fATET WZIXFER
BISURD Bre Z ik CRIF L7356 480 L, AHUK COMRR OBTELZ R L TH. ZOBE, Qnd/Qup > Zen

DA A B s A, % L C Qna/Qop < e PHFEITITHUILIS KON CT ORI A 488 L 7=

2 -2 CGS Rk

CGS DEARAY v FEFHET A E LT, RFHDOREASA AT ADEIREER fypred 3 & OVFE D FFEOEJRR
Npered ZUATOX (DBLOICEVFE L. 22T, HlOIEAHEL LiZ0iX, MGT-CGS ZH A LRWHAET
BHLHE DT DITARA T LOMEH LRUWERT AT LDgE L L.

~ Quercos + Qruelp
My b,red — = = 1 (1)
Qb.p
Pecgs — Pewn

TTpe red = P—edl (2)

Z T, Peces[KW], Qpueicas[KW], Queip [KW]FS K TF Peyy [kKW1IE, Z4L€4L CGS DFE R, MREHHE &, 1 T
OBREREE BB IO MH AR OO OB NIFEETHD. £z, TOM, REMICHRE LIz xS G AT A
RO AR AT A X % EORREEL T E D0 E T 2 72D AT AT LIV T BN e, 7 EF L,
KEONTEVEH L. 228, PeedkW], Qces [KW], Qu[kW]H LN QueaskWIZZENFNE /I HEIKE &, CGS
MHOEE, RA THDOEE, BIXOFRHTE /20 CGS b O EE T

_ Peg + (chs +Qp +Q, cos )
nb.eAr - Q ’ (3)
b.p

— 112 — © 2012 The Japan Society of Mechanical Engineers



TARESER CHEB T 2N A AT A2V xb—a VU AT AOMEREREE 1060

3. fETHER
3:1 MEEETOIRILFNTUR
AIRHTIZFUNTIE,  Qnd/Qop MEITIE Qna/Qop=1en DY AT FRIBHLO FEHEE & L72 04812, — 77, Qna/Qop < 7enr
DA TIZ035BL0201, LT Qnd/Qb.p > #enr DA TIL 0.60 DB BNZDNTLEDOFHEZIT - 7-.
3%, Qnd/Qup(=0.48) =npeny DIFE DT H/ILFNT L A TH Y HEOBEOFREREZK 3@, AFEDOLEIEXN
300) 1R T. KLY, HETIIANAS LT ADOKE /731X CGS IZHE SNAFEEEEAMA D Z LN D, £z,
BV ONRA A H AT MH BT SN, AFICFOLB LTS, —FT, 3(b) LV AZETIIHTER LTo A AT A%

1 T
Hydrate Heagé[é’l’egi‘ric Hydrate Heégéi éiégiric
storage eman storage eman
hd Pey Qng Pey
386kW  631kW 626kW  643kW
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N iserver
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(a) Summer (b) Winter

1 Biogas production 1069kWw 8 Electrical power for 14kW 1 Biogas production 1046kWw 8 Electrical power for 24kW
energy, Qb.p biogas pre-treatment, Pey, , ¢ energy, Qb.p biogas pre-treatment, Pey, , ¢

2 Fuel heat values of 750kW 9  MGT netelectrical 170kW 2 Fuel heat values of 1356kW 9 MGT net electrical 322kwW
CGS, Qe cas Power, Pecgs CGS, Qpel, cos Power, Pecgs

3 Remaining biogas 310kw 10 Shortof electrical 519kW 3 Remaining biogas 310kw 10 Shortof electrical 321kwW
Energy, Q,p, power, Peguor Energy, Q,p, power, Pegnor

4 CGS exhaust heat, 520kW 11 Gas stored, Qgs 310kW 4 CGS exhaust heat, 905kW 11 Gas collected from 310kW
Qexe, cos Qexe, cos gas storage system, Qg ¢

5 CGS exhaust heat 389kW 12 Electrical power 689kW 5 CGS exhaust heat 626kW 12 Electrical power 643kW
recovery, Qe cas supplied, Peg,, recovery, Qe cas supplied, Peg,,

6 CGS unutilized exhaust 3kwW 6 CGS unutilized exhaust okw

13 Electrical power for 57kW

heat recovery, Q, enr. cas heat recovery, Qy eny, cas

7 Electrical power 184kwW
generated from MGT, Peygr

MH, Peyy,

Electrical power 346kW
generated from MGT, Peygr

Fig. 3 Energy balance under the Q4 /Qy, (=0.48) = 7y condition.
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generated from MGT, Peyqr

1 Biogas production
energy, Qyp

2 Fuel heat values of
CGS, Qtel, cas

1059kwW 7

Electrical power for
biogas pre-treatment, Pe;,

415kw 8 TkW

3 Remaining biogas 644kW 9 MGT net electrical 94kW
Energy, Q,p Power, Pecgg

4 CGS exhaust heat, 284kwW 10 Shortof electrical 544kW
Qexe, cas power, Pegyo

5 CGS exhaust heat 211kW 11 Unutilized remaining 644kW
recovery, Qenr cos biogas, Q

6 CGS unutilized exhaust 5kwW 12 Electrical power 638kW

heat recovery, Qy enr cas supplied, Peg,,

Fig. 4 Annual energy balance under the Qg / Qyp (=0.20)< #en condition.
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Management  Digester
building tanks
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\ i| Power [™%77 \. Boiler
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e d 710 : 7 Neeeg
1 Biogas production 1069kw 8 Electrical power for 15kwW 1 Biogas production 1046kW 8 Electrical power for 10kW
energy, Qp biogas pre-treatment, Pey, ¢ energy, Qy biogas pre-treatment, Pey, ¢
2 Fuel heat values of 809kW 9 MGT netelectrical 188kW 2 Fuel heat values of 573kW 9 MGT netelectrical 141kwW
CGS, Qel, cos Power, Pecas CGS, Qpuel, cos Power, Pecgg
3 Remaining biogas 260kw 10 Shortof electrical 476kW 3 Remaining biogas 473kw 10 Shortof electrical 505kwW
Energy, Q. power, Pegyort Energy, Q. power, P&
4 CGS exhaust heat, 547kW 11 Gas supplied 114kW 4 CGS exhaust heat, 375kW 11 Gas supplied 618kW
Qexe, CGS To boiler, quel,b Qexe, CGS To boiler, quel,b
5 CGS exhaust heat 393kW 12 Gasstored, Qg 145kW 5 CGS exhaust heat 239kW 12 Gasstored, Qg 145kwW
recovery, Qgny, cos recovery, Qgny, cos
6 CGS unutilized exhaust OkW 13 Electrical power 664kW 6 CGS unutilized exhaust OkW 13 Electrical power 646kW
heat recovery, Qy enr cas supplied, Peg, heat recovery, Quenr cas supplied, Peg,,
7 Electrical power 202kW 14 Electrical 7 Electrical power 151kW .
power for 32kwW 14 Electrical power for 3kW
generated from MGT, Peygr MH, Pey, generated from MGT, Peygr MH, Pey,
15 Heat from boiler, Q, 97kW 15 Heat from boiler, Q, 525kW

Fig.5 Energy balance under the Q,«/Qyp, (=0.60)> #epr condition.
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! Other higher efficiency heat
i supplier equipment are needed

i (such as a heat pump)

— — Qud/Qup (50-60)>77¢p,
——Q1/Qy, (=0.48)=1,
=== Quy/Qup (50.35)<nep,
........... Qhd/Qpp (0.20)<1pgp,

0.60

(Qn.o/Qop > Mehr)=>

0.48 Other biogas utilization pathways |
| are needed '

Qn¢/Qop
T
_q—
26 50
'\5

© ! (such as a purification of biogas |

&
-2 035 i for NG vehicle or city gas)
g {OR
0.20 | gf O | Other waste heat utilization
___________ 1 0.20 i pathways are needed
o i (such as a heat transportation
0.8 0.4 i system, bottoming cycle, etc)
Mper [-] Mpe,red [-] 0
Fig. 6 Effectiveness of the CGS for all assumed conditions. Fig. 7 Optimization methods of the CGS under

Qhd /Qobp < #enrand Qng/ Qpp> #enr CONditions.
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