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O 1.1 Treaty Obligation of Green House Gas Reduction[18]

Country Treaty Obligation
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Russian Federation 0%
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O 1.1 Concept of Cogeneration System
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0 1.2 Concept of Microgrid
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0 1.3 Ordinary CGS Planning Procedure
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0O 1.4 Example of Large District Heating and Cooling System
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O 1.5 Configuration of Fuel Cell Cogeneration System
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O 1.6 Example of Heat Demand Supplied by District Heating and Cooling System
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0 1.7 Example of Residential Heat Demand
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000 (D000000000000000 (00)000(00)00)0 Ef(s=1,2,...,M)000
00000000000000 Ey(s=1,2,...,M)00000 MOOOO0OO0O000000O00O
t(t=1,2,...,r1)000000000CGSO0000000000 SH)O000X(H)0000000
0000000000000 D(#)0000000000X(1)0000000000 P(i=1,2,...,N)
00000000000000000000000000000000000 V;()(i=12,...,N)
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000000000000000000 W;()000000000Y#)O0000Y(#)0000x(t)
00000000000000000000000 D()00000000000000 «(t)000
0000000 p(f=1,2,...,n)000000000000000000000000000000
00000000000 v(t)(¢=1,2,...,n)000000000000000000000 we(t)
000000000 y#)0000y(¢) 00000000000 D)O00000000000

222 0000

0000000000000 00O000O00DO00O0O00 CGSOOoUoOoUooooO S oo
ooO0o00oO0ooooOoo0ooooooOoboOoooooobooOobDOocecGSoooooooooooDooooobooD

e J000D0O0D0D00O0DO00ODONODDOOOONONDOOOt=1,2,...,7000008(t)—
XHOY(#)—z(t)0y@)00000000D(#H) 0000000000

000000000000000000000000000000¢=1,2,...,700000
X¢)0O0V;(H)0i=1,2,...,NOOOOOOOOOY@)OOW;(t)0i=1,2,...,NOODO
000000x@)00vt)0¢=1,2,...,n,000000000yt)00we(t)0£=1,2,...,n
0oOooooooO

00000000000000000S#) -X@®0Y () —=x(t) (t=1,2,...,1)000000
oooooooo

Vit)>0(i=1,2,...,NOt=1,2,...,r)000000000000000V;())=00000
000000000000000w,(¢t) >0(¢=0,1,...,n,t=1,2,...,7)000000000
000000000w()=00000000000000000000000000000
0000000000000000000000000000000000000000000
000000000 100000

e00t=12..,7000000000PG=1,2,...,N)0O00DO0O00O0DO0O0O0O00000O
00000000 V() 00000000 W;(1)000000000000000000000
0000000 p(¢=1,2,...,n)00000000000000000000000000
v () 00000000 w(t)000000000000000000000000

e 00t=1,2,...,7000000000 R(i=1,2,...,N)0O0O00000000000000
0000000 V;(+)00000000000000000000000000000000
Op(¢=1,2,...,n)00000000000000000000000000 v(t)0000
0000000000000000000000000

23 00O

gboobooooooooooooon
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2.3.1 0000

FOMOOOODOOODOOODOOOFOOOODOOOODOOOOOOOOOOOO0OC0OO
000C;(j=1,2,...,J)0000 ¢;0000000¢((k=1,2,...,K)0000000 kOO
00000QO000O001000000000000¢q00000000 100000000000
000000000CGSOO00000000000N0D0NON0N0NONN0NoNonooonod

T N J n K T N T n
FTZS(t)—1—220]{‘@']'+ZZ@¢7K}~:+QZZ®1’U)+QZZ¢E(t)
t=1

=1 j5=1 /=1 k=1 t=1 i=1 t=1 (=1
000000 S(¢)000000000000000000000 Ty;0ry,0®(t)0¢(t)00000
0oooooo0

00000000000 0000000 GOO0O0G={g,¢s...,9;)000000000000
00000 HOOOH = {hy,hy,...,hxg}000000000000000Ty; (i =1,2,...,N,
j=1,2,...,/)000000000000000 v (¢=1,2,....,n,k=1,2,...,K)000000
ooooooo

1 0000 FROgOOO0O00O0OO
0 0000FRO0OgOODOOOOOO

1 0000p0 ARO000000D0
oooop0O KOOOOOOODO

00000000000 O 210 &®B0¢(t) (i=1,2,...,N,6=1,2,....nt=12,...,7)0
000000000
®;(t) 0000 PO00D00O0O0O0DOOO0O0OOOO0OO 10000100

¢(t): 0000 p, 00000000 DOOODODOOOOOODOOO1I0000-100

232 JO0O0OO0OOOOOOODOO

ubogbobobooboobobobooboobobooboobobooboobooobon
goooooboogon
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233 UU00OO0OOOOOOobObObOOOObbObOoOoOoOn

gbobooooooooooooooooon

D(t) < S(t) - X(1) + Y (t) — 2(t) + y(t)

(t=1,2,...,7)
goooooooboooooobooooooooooon

Sit)>0 (t=1,2,...,7)

Y(t)—x(t)>0 (t=1,2,...,7)

X(OOY ()0 V; ()0 W;(4)Dz(t)Dy()Dvg(t)Dwe(t) (i =1,2,...,N,=1,2,... ,n,t =1,2,...,7)
0000002320000 2340000000000 000000000000000000O00
ood

234 0O00OO00OOOOOOOOOOODOOO0

CGSOODODODOOOODODODOO0OO0OO0OOO0DO0O0DNO0ONO0U00D0ONN00O0O0oooOoOD [44]
o000 7000000000000 R(i=1,2,...,N)DO000O0OO0OO0OO0OO0OOOOOOOO
gobooboobbooboobooobooboonoon

Wi(t) = AV;(t) + ot Z;(t) (2.1)

ooow,(y)ooo t=1,2,...,700000000000000O0O0V;(1))0000000CO0OOOOO
Z()0DDO0D000000-1000A4'000000000000000«!00000000000
gooooboogo

gbooboooooooooooooooooobogoooon

ViZi(t) < Vi(t) < ViZi(t) (2.2)

DDDWDEDDDDDDDDDDDDDDDDDDDD
CGSDDDDDDDEIDDDDDEIDDAiDaiDWDEDDDDDDDDDDDDDDDDDD
DIZIIZIDDDEIDDDDEIDDDDI:IDDDDI:IDDDDDDDDDA’DO/DWDEDDDDDD
000000O00ooooo0Oo (21)00 (22)000000000OOOOU0OOOOOODOOOO
0000000000000 00DO000DO00O0DO0D 44,7/0000000000DODOODOOO
O0000000000000000oo0o0oOoO00ooO0oUooOOoUoOoOoUooOO (2,00 (2.2)
gboboboboboboboboobooboobobobooobooboobon
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0 (21)00 (22)000000000000000000D0D0000O0DO0O0DO000ODOO0
oooooooog Av;4)(Gi=1,2,...,N,t=1,2,...,7)0V; Z;(t)(i = 1,2,...,N,t =1,2,...,7)0
ViZ;t)(i=1,2,...,N,t=1,2,...,7)000000000000000000000000000
000000000000000000000000000000000000000

00000000000000000000000

000000000000000000000 0000 RG = 1,2,...,N)00000000
9;(j=1,2,...,J) 00000000 W;(t)(i =1,2,...,N,t=1,2,...,7) 0000000

J

Wi(t) =Y {A/Ryj(t) + o’ Z;;(1)} (2.3)
j=1

000 A'00000 ¢;00000000000000000000MxMOOO6 00000
00 MOOOOO0O0O0O00000000 (21)00 ADe0000000000 (2.3)0 A/0a¥ 0
0D00D0000000000000A/0e 0000 ¢,00000000000000000000
0o0o00o0O

Ri(t) (i=1,2,...,N,j=1,2,...,J,t=1,2,...,7) 000000 O0D00O0O00O0 g;00
0000000000000 MOOOOOOOOOO0OPR 0y 00000000000000000
000000000 V;(t)0 R;(H) 0000000000000

J
Vi) =) Ry(t) (i=1,2,...,Nt=12..7)
j=1

0D000D00000D000000000000R,;(1)00000000000000
Rii(t)>0 (i=1,2,....N,j=1,2,...,J,t=1,2,...,7)

0000 (21)000000000000 0100 Z()00000000000000 (23)000
Zg®)0 (i=1,2,...,N,j=1,2,...,J,t=1,2,...,r)0000000Z;() 0000000000
oooo
1 PRODODOOg 000

0 POODODOgOO0DO
(i=1,2,...,N,j=12 ..., Jt=12._..7)

Zij(t) =

00000000 P(i=1,2,...,N)0D0O0O gj(j=1,2,...,J)00000000000000 g;
00000000000000000

Zyg(t) <Tiyj (i=1,2,...,N,j=1,2,....J) (2.4)

00000000000000000000000000000000000000000
0000 p(¢=1,2,...,n) 00000000000 he(k=1,2,...,K)00000000000

00000 (23)000000000000OO
K

we(t) = > {Bre(t) + bFzu(t)}

k=1
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000 B*O00000000 A O00000000000000000000MxMOOO0b 00
00000 MOOOOOOO0OO0O00O

re(t) (6=1,2,....nk=1,2,... K, t=1,2,...,r)000000 p, 00000000000 k
000000000000000 MOOOOOOO0O000p0 A 00000000000 000
00000BMOB*0000O000 K, O0000000000000000000000000000
000000000 v(t)0 ree(t) 0000000000000

K
ve(t) = Y re(t) €=1,2,...,nt=12...,7)
k=1

ra(t) > 0 ((=1,2,... .nk=12,... Kt=12.,7)

O0Ozu(t) (=1,2,...,nk=1,2,...,K,t=1,2,...,7) 000000000000 01000
ooo

1 p000000 KOO0
0 p000000 KOO0
(t=1,2...nk=12_.  Kt=12_.71)

ng(t) =

0000 p(¢=1,2,...,n) 0000000 he(k=1,2,...,K) 00000000000k, 0000
000000000000

2o6(t) < v (=1,2,....,nk=12,...,K)

0000000000000 0(22)0000000000000000V;#)(@=1,2,...,N,t=
1,2,...,7)0ve(t)({ =1,2,...,n,t =1,2,...,7)0000000000000R;(t)(i=1,2,...,N,j =
L2, Jt=12... . n0ra®H(l=12...,nk=12.. Kt=12..7)00000000
0ooooooooon
Li(j=1,2,...,J)0000¢000000000000U;(j=1,2,...,J)0000 ¢;0000
00000000 ((k=1,2,...,K)0000000 /00000000000 0uk(k=1,2,...,K)
0000000 KOOODO0O0O00000000L;0U;040uw,0 MOO0000000000
000 (22)000000000000000000000 (25000000000 (22)0 V;0V;
(i=1,2,...,N)0ODODOOOOOO (25)0 L;0U; (j=1,2,...,J)00000000000000

L;Zi;(t) < Rij(t) < UjZi(t) (2.5)
(i=1,2,...,N,j=12...,Jt=12_..7)
0000000000000000000000000000

lzo(t) < re(t) < upzen(t)
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23,5 UU00ObOOoobooooobooo

100000000000000000O0 O0boO0 PGi=1,2,...,N)0OOODO100000O
000000000 p(¢=1,2,...,n)0 0000100000000 0OCOOOOOOOOOOOO
gooond

J
0<> Ty <1 (i=12,...,N) (2.6)

oooooooooo oooooo pPROP0000000g;0¢g,00000FR04¢;00000
P, 0Ogy00000000000FO0gy00000P,0g,0000000000000O00O0O0O
gobooobooobboobooboboobooonbon

Fij’ + Fi’j <1 if 7< ’L',, 7 < ]/D
(i=1,2,...,N,i =1,2,...,N,
j=1,2, . =1,2,...,J)

gobooboobobooboobboobooonbo

Yo + e <1 it L<l, k<K
(¢=1,2,....,n,0' =1,2,...,n,
k=1,2.. . KK=12..K)

23.6 UU00ObOOOOOoOoOobDOO

0000 pU00000000O0O0OO0O0OCOO0OD 0100 ¢;(v)00000000O0ODn (27000
0000000000000000000 (270000 10010000200 0000000®,(t)
0100000000000 0O00000LOO0UO00DLOO00DO0O0LODOOOOO (2000
010000020000000000¢;(t)0000000000DO0OOOOOOOOOO (270
00010000000 20010000009;(t)0 —10000O00ODODODODO (21)00OO0ODO
00000 ¢;(t) 0000000000000 0OO0O0O0O0O0O ®(x)000 10000

J
Oi(t) > D Zij(t) = > Zij(t—1) (2.7)
j=1 :

Jj=1

(i=1,2,...,N,t=2.3,...,7)

gooboooboobooboooboooboobboobobooobooooboooboooobo
gogboboobboobbt=7s000000¢:t=10000000000D0O00O000O0Ot=1000
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00 (70000000000 oooo
J
(1) > Zi(1) = > Ziy(r) (i=1,2,...,N)
j=1 j=1

00000000 p 0000000000000 0O0O000O0ODO0O0ODN ¢p(t)ODO0ODOOOOO
goooo

237 O00O0O0DOOOOOO

gbobooobooboooboooobooboboboobooloboooboobobooobOobobooDo
ugboboobooboobooboobooooobooobo1booboooboooboo3boon
gbooogboobooooboboboobooboboboobobooboboboboobobo
goobooobgod

t=1

uboobobuoobobboobuoobouoobobooboooobooboboobobob
gbooboogobobboboobuoobooboobooboobooboobobooboooon
gbooboooboobbooboobbooboooboo

238 0O0OOO

00000000000007;0v08#)0 R ()0 7e(t)0 Zij(1)0 20.()0 ®i(t)0 () 00 0 O

24 0000

000000000000 0000O0000O00DOO0O00oO00oDOoOoooOOo cGsSsooooon
gbobobobobobooboboboboooooboooo
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24.1 0O0O0OO

gooooobo0 Ooouoboboo0oboo0oD M=6U0U0000OO0OO0OO0ODDOOO By, Ey,...,Es
O000F =000E,=00000FE=000FE,=000FE;,=00 (00)0Es=00 (0O)
oooo

oo0oOo0O0b DbOOO0ObDoOoccGSUbOOOoOoOoOoOoUobboUOUOoDbDOoOOoDoOoObDbOOoOobOon
O000000000O0O0oOo0ooOoUo 19o000O0o0oo0oo0boO0ooD (0D 22)00
0000000000 (0D 23) 0000000 (024 00000000000U0O0O0O0OOOOOO
oobooobcecGSboooboooooooooooooo 24000 b00bO0bObOObOOOOOO
gobooboobbooobbboobooboobbooboooboon

000 —®— Electric Power
—il— Cooling Power |
fA— Hot Water

800
700
600
00 TNy
400
300
200
100

Energy Demand [kW]

1 3 5 7 9 11 13 15 17 19 21 23

Time

0 2.2 Hospital Energy Demand

obobobobo 0OooOoooooooobooo 210000

000000000 OoO0O0O0DOooOOoQ@=1oo00000000000000 ¢=15000
oon

ooodoo ooooobooJ=1000000000000D000D00000D0O0O0O 600kW
OovookwiODOOoOOOooOooOoOOooOOoooDoOoOooDoeookwW O rooxkwWOOoooooooooo
ooboooooOOooooOoOooOoOooboboOoobO220000b0 GUOoDOOOOOOOD
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1600

1400 | -| —e— Electric Power
1200 | -|—®—CoolingPower |- pumll—\~—  ——gm —
| —&— Hot Water

z
?“ ipp0 | L= Hotwater | [/ EEeTE .\ ]
£ 800
]
& 600 [
Q
S 400
200 [ - "SERENA A A A A . 2 AAAAAR
0

1 3 5 7 9 11 13 15 17 19 21 23

Time

0 2.3 Hotel Energy Demand

0 2.1 Energy Costs
oo0o0ooooo (oog

E, (OD) 15
E, (DDOOO) 3.52
Es (OD) 5

E, (0D) 4.14

Es (00 (0O)) | 4.14
Es (0O (0O)) | 4.14

boobouobodnb 0ObUobob0ob0o K=900O4Oboo 220000000000 0100kW O
00kWoOHOOooOOoooOoooboooobbooooooobooobooobooboooooooDoboOoD 23
gbobobobobobo FOOOOO

googbooobooobogooboodg boboooboboobooobooboobobooboboogo
gboooboboogo NOOODOOoDboooobobonoobooboo -r1O000D0OODODOO
UO00O0ON=1,230n=1,230r=1224 4800000000000 0000000O 2200 2.30
024000000000 7r=240000r=1200000000000000000000DO0O
gob2000000020000000000000000D0DOO0O0OODDODOTr=2400000
gbobogbooooobobobobooboooboobobooobobb0r=4800000r=24
ugoboobogoboog20boaoboooboboobobobbooobbooooboooooboobod
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—&— Electric Power
—il— Cooling Power

1600 —a&— Hot Water
1400

1200
1000
800
600
400
200

—
o

1800

w

Energy Demand [kW]
Hot Water Demand

O - N W h~ 01 & J o

T 3 5 7 9 11 13 15 17 19 21 23

Time

0 2.4 Office Energy Demand

gbobobobobobobobobobob 24000000

0000000 0UO0O000O0O0O0IBM e-Server p670 (CPU: Powerd 1.1GHz) OO O OO O0OOO
0000000000000 000000000 (0)ooooooO NUOPT Ver8.1.200000
NUOPTOOOOOOOOOOOOOOOOOODOOOOO [10)00000OooNvuoOPTOOOO
00000000000 O00O0O0O0DOO0OO0DOO0OOO0O0D 2DOOo0b0Oo0ooOo
gooobooobooboobobooobobobooboboobooobooboobooobooon
gboooboboobooobobooboboooobooobooboobobooboobobooooo
gobodboobbooboobboobooo

242 0000

0000000000000000 0240000 123(0000000000000O000O0O0
000000ooooO0O0o00o0oo)0ooooO00o0o00ooooOOoO0o0o0oOobOboooOoOOoOOO
gobooboobooboobobooboobooboobob 2500000 25000000000
gboooboooboboboobooobobobobooboobooboobobboboooboon
obob 421 80bobobobobobooobooobooooobooog

googboboobooboobobooooboobooboobooooboobobobooOoo
gboooboobbobooboobobooobobooooooboboooboobobooboobobboono
goboogbooooo
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0000000 0O0O0O0OCGSUOOOOoUoUoOoOoOoOoUUbOOOOOoOODO22oDoDOOoOn
0000)000000000000000 2500000000000000000000O 2600
ooobobobobobooboobobo 2yoboobobbooboooboobobooobg 2800
gbobobobobobooboz29b000

cGSOoOooooooOoooooooOoOoOoooOopOoUoUoOoooOooOoUOoOoooOoooOoOoooo
2500000000000D0O0O0O0OO0ODODOOOODODOOOODLDOD 280000000O
gboogooboollioooi1ooooobobooooboobooooboboooboboooboon
goobopoobooobob29000bboobooboboboobooboobooboobooon
27000o0Db0OppO00bO00OOO0ODbOOO0bOOO0OOO0DbO0ODbOO0ObOO0DbOOOObOOODbOOODO
gboogboboogobobooobooogboooobooooobooboobooooboooDo
gbobooboboobooobobobbobooobobobooooobobobooboooobooboo
000 F(O21)00000000 EpO0000D0000DOOO00ODOO0OOOOOOOOOOOOD
gbobooboobooooooooooooon

[ #3 Machine Qutput
[ #2 Machine Output
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800
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O 2.5 Electric Power Supply (Hotel)

gbodgbooobobooboobooboboboboob boooboboobooboboboon
o0 r=240000000000000N=n=3,N=n=2N=n=1000000000
oooooooooboobodb N=n=300000000000000 7=12,24,4800000
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1600

[ #3 Machine Output
-\ #2 Machine Qutputr--—---- -\ - -~ - -~ -~@¢ " —"-"—"~-"-"~-"~"~"~-"~-"-"-—"-—"--—-——-
—&— Cooling Demand

1400

1200

1000

800

600

Energy for Cooling[kW]

400
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O 2.6 Energy Supply for Cooling (Hotel)

gobobooobooo 2100b0b000oboooobobooobooobobooooobooooDoon
gbobobooboobooboobooobooooooboooooboooooboobooooooobooobooobo

25 00O

00000000 000CGSO000000000000000 (21)0 V;()0Z(t)(i=1,2,...,N,t=
1,2,...,7)0000000000000000000 (23)000Ry;(1)0Z;t)G=1,2,...,N,j=
1,2,...,J,t=1,2,...,7)00000000 ;0000000000000000000000000
0000000 (24)00 (2500 (26)00000000 R;(1)0Z;(H)000 100 ;00000
00 0000000000000000000000000000000000000000000
000

000000000 2400000000000010((@O0O0OO0O0O 7=12,24,48)0000
CcGSO0O0OD0O0O0DDUUUUDOOODOODOO0O0DUUUUUOODOODODOOOODOUOUO 44000
0120 (0000000 288)0 000 [7jO000030(0000O0O00O 72)000000o0o0O0O
gobooobooooboooboooooooboobboo 2o00b000bO000DOoOoboboOoboOn
gocGSUOoOoooooOoOoooooooOoooooooooooooooUoooooooOoOoo
oboboboboboboboboboboboboo
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450

[ #1 Machine Output
400 | ~|—e—Hot WaterDemand |~~~ T o

350

300

250

200

Energy for Hot Water[kW]

150

100

50

12 3 4 5 6 7 8 910111213 14151617 18 19 20 21 22 23 24

Time

0 2.7 Energy Supply for Hot Water (Hotel)
godooouooooon

e JJ0OCGSOUUODODOUDOOUDOOUDDUOUODDOUDODDOODO 23000000
boooobooobobobooboobobobobbob 21180000000 bOODOn

O000000003.0%000000000000000000000O000ODO0ODODOOOO
cGSOOoODoOOoOooDoooood

e 00O00OODOOO FOOOOOODODOODOCC;(j=1,2,...,J)0000000000O0
00 (k=1,2,...,K)00CGSO00000000OO0O0O0OOOOOOOOOOOOOOOO
oboooooooooooooobooboboboboboboboboobboboobobooooo
OO0000OO0o00oDOOO00O0O0o00obooOo0oDoOoobocecGSOboooooooooooo
oooo0o0ooooooooOoooOoOooooooooOoboobOOoOoOoooo cGsoooooo
00000 FOOODOOO E,0000020% 0000000000000 (0250000

Op0RIOODODOOOOOOD 2000000000008 UIODOODODOOODOOO
uboboobooaoog
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600
[ #3 Machine Use
1 #1 Machine Use
000 | —— Exhaust Heat

400

300

200

100

Use of Exhaust Heat(Gas Engine Cooling Water)[kW]

0

12 3 456 78 91011121314 151617 18 192021 22 23 24
Time

0 2.8 Use of Thermal Heat Energy from Gas Engine Cooling Water (Hotel)

26 0UO0OOO

cGSOOOooOoooOoDbDoOOoboOoUOOboboUbOOoOobOOUbObOUbOOoOobDOUODbDOoUODbDbOUODobOO
gbooboobooooobogobooooboboooboobooobooboboooboobooono
gbooboobob240bogbooobooboobooboooooboico000b0boboOoboDO
gboooooboboobogoboboooobooboobooboooooobobobooobooboooDo
ooobooObo cGSOooOooooooUoopoooOopoOoUoDoOooboooOOoobDooooo
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Use of Exhaust Heat(Steam)[kW]

Computational Time[s]

250

[ #2 Machine Use
—&— Exhaust Heat

200 |

150

100

50

12 3 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24

Time

O 2.9 Use of Thermal Heat Energy of Steam (Hotel)

1000000
T=48

100000 |~~~
10000 [~ R
N=n=3
1000
—0— 7=24
—&— N=n=3
100
1000 10000

The Number of Variables

0 2.10 The Number of Variables vs Computational Time

100000
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0 2.2 Data of Generators

G 000 0000 | 000 |0oooO0
000 kW] 00 00 [
g1 |00D0O0O0O 692 00 0.215
g | 000000 295 00 0.184
gs |000O0OO 650 00 0.235
¢4 | 000000 60 00 0.273
gs |000DO0D0O0 | 1090 00 0.249
gs |000OODO 740 | 00O *| 040
g7 |0D0D0OODO 280 | OO0 *| 040
gs |000O0ODO 700 | 000 *| 0337
g |000O0O0O 350 | O0O0O0*| 0.334
g0 | 000000 560 | OOO0*| 040
G |0000 00 00 00
0000 |000 kW] | 000 kW] | 000
g1 | 05430 714 3531 23067
ga | 0570 475 1756 9833
g3 | 0.518 2278 3029 21667
gs | 0.433 26 241 2000
g5 | 0.481 3202 4797 36333
g6 | 0.344 727 2028 24667
gr | 0.343 276 767 9333
gs | 0.463 1118 2273 23333
go | 0.436 565 1150 11667
g0 | 0.346 553 1535 18667

*D0O0: 0000oo0oooogo
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O 2.3 Data of Thermally-Activated Machines

H 0000 0000 |000 | 000 || H| OO0 |00000 |00000 | 00
0oooo kW] 00 00 kW] kW] 000
h | 0000000 500 00 00 | k| 095 0 526 1667
hy | 0000000 500 00 |000*| hy| 0.95 0 526 1667
hs| 000000 2110 00 00 | hs | 1.274 164 1609 35167
hy| 00D0DODODO 176 00 00 | hy | 0.995 16 172 2933
hs | 000000 281 00 00 | hs | 1.207 23 226 4683
he | 000DODODO 1846 00 |000*| he| 0.71 236 2528 30767
h; | 00D0DOODO 844 00 |000*| hy | 0.767 109 1068 14067
hg | O00DDOODO 141 00 |000*| hg | 0.765 18 179 2350
hg| 00DDOODO 105 00 | 000*| he | 0.705 14 145 1750

*OO0: 0000000000 oo

0 2.4 The Numbers of Locations and Time Steps

oogd |oboddd | N |n | T oo oooo
ad oooga oo o0 (@oo)
1 Hospital 3 13(24] 9921 1569
2 Hotel 31324 9221 1569
3 Office 31324 9921 1569
4 Hotel 2 | 2] 24| 6662 1046
D Hotel 1 |11]24 ] 3403 523
6 Hotel 3 13|48 19785 3081
7 Hotel 3 13|12 4989 813
0 2.5 Computational Results
Case Demand | Elapsed | Objective
Number Type Time Value
1 Hospital | 14218.73 | 167858.0
2 Hotel | 11219.37 | 205228.6
3 Office 8089.75 | 186597.3
P | P Py | p1 | p2| p3
gio | none | none | ho | hg | hs
gs | g+ | G0 | ha | hs | hg
gr | none | gio | hs | hs | hs
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3.1 00O

000000000000000000000000000 (PEMFC:Proton Exchange Membrane
Fuel Cell) 00 O0O00D00O0OO0O0ODOODOO PEMFCOOOODOODOOOOOOOOOOOOOO
Oo00ooo00o0oooo0o0ooooo0o0oo0oboooO0o0oooo0o0o0ooooOo0o0oooO0O00n
ooooodoooosi1ooooooooodoooooooooooooooooooononon
Oo00000o0O0oO0O000oOO0O00O0OO0O00bOOO00O0OOO0OO00O0C0O00O000000
0000000000000 00D0000000000000 3% 0000000 (OLODOOBOOO
00000000)00 4% 000000000000000000000000O0O0O0O0O00OO0O
Oo00ooo000ooo0o0o0ooo0o0ooooOo0o0ooooo0ooo0o0oooo0o0o0oboO0n
00000000000000000000000000000 (CGS:CoGeneration System) O O
oocGSOO0DO0O00O00O000O000D00D0 [12]0000000000000000O00D00O0
[43]1]27]0 0000000000000 000O0OO0O000OO0DOO0O000OO0O00O000O0
Oo0o0ooo0o0o0ooo0o0ooooboo0o0ooooo0o0oooo0o0o0oooo0ooooo0on0n
0000000000000000000000000000O00O000000 420000000
O000o0O0oO000oO0o00000oO000OOoO000O0OO00O00O000O0000000000
ooo0O0000000000b0oooooOoOO0O0O0O0O0O0O0O0O0OOOOOOOOOOOBOOb
000 23]00000000000000000O000O0O0OO00O000O0O00O00O0000O0
Oo0o0oooo0ooobOO0o0o0ooo0o0o0ooOo0o0o0ooOo0oo0o0o0oooo0o0oooO000n
0000000000000 0000000000000000D0 [2000000000000000
O0000000C0O0000O0000O0O0000O00O0000C0O0O0O0COOOO0OG000000
goooooooOoooOoooooooOoOoOOOO0S00000DO0DODOODOOoOoOoOoOoOoOoOoO10O
00000000000000000000000000000000000D0000 42/00
00 2000 00000000000000000000O000O00O00O0O0O0O0O010000
O000000000000000000000O00000000O0000C0OO0O0O0000000
o000 3200 330000000000000000000000000O0O0O0O00000000A0
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gbogboboobobobooboboboobooboboobouooboboobobooobooboo
gboboooboobobooooooboboobooobooobobooboobooooooboboo
gbobooboobbooobooboobboobooboooboobooobooboon

gobogobboooooooboooobobooobobooooobooboooboboooboD
gbodgbooboobobbooboboobuoobobuoooboobobooboboobobo
good

PEMFC Power Generation System W

Hydrogen
Tm Fuel Processor s » Fuel Cell J » Electric Power
t Hot Water Hot Water
Storage Tank [ Hot Water
0 3.1 PEMFC Cogeneration System
1800
1600 |~~~ —InstantDemand [~~~ "~~~ """ """ [{ T T T T oo oo To T
= Hourly Average
100 e
< 1200 |- S R BT 1| s i et ' S
-
(5
S 1000 | n ﬂ ﬂ NJ\ \
Sy
& I [ I
o 800 [ [”*"”” -tr-N-v-- s
“ 600 -t
400 -1 ThoTh TS TS TS T T T T T T oo
200 |
0 ‘ ‘
17.00 18.00 19.00 20.00 21.00

Time

O 3.2 Electric Power Demand
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35000

— Instant Demand Ti\ N

30000 |-~ Hourly Average| | il

25000 “

20000 [~ -t

15000

Hot Water Demand

10000

5000

17.00 18.00 19.00 20.00 21.00
Time

0 3.3 Hot Water Demand

3.2 U0O0OOOOOooood

3.2.1 0O0O0OO0OOO

034000000000000000000000 2(h)0000000 hh=1,2,...,H)00
000000000000000y(h)00000000000002(A)00000000007(k)0
000000000000¢k)000000000000Oer)0000000000p(h)0000
00000000 O000000000000000000e(R)0000000 h(h=1,2,...,H)
0000000006k 000000000

000000 k(h=1,2,...,H)000000 ¢h)000000000000000000000
0z(h)00000000000 #(h)0000000000 ¢A)000000000000000
Oe(h)00000000000000000 n(h)0000000000000000000000
9(h)000D00000 p(r)00000000000000000000A0O0000000 Q(h)O
0000Q(R) 0000000000 k) 000000000000000 ¢(k)000000000
00000 2h)0000000000000000 p(h)000000000000000 7(h)O00

gooond
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Town Gas Inputx& PEMFC q(h) ‘/ Energy Demand \

Power Generation System

Heét (st;l)r)age Heat Loss*g (h) Electric Power Demand e(/1)
\ p(h)
7(h) Hot Water Storage Tank >
P Hot Water Demand (/)
Town Gas Input& Backup Boiler r(h) >

Commercial
Electric Power
Input Z (h) /

O 3.4 Energy Flow of PEMFC Cogeneration System

\ 4

3.2.2 0O00O0OO0OODO

03500 3600000002060 103100 100000000000000000000
3. 700 380000000000 Db 1000000000 bO0ObOObO0O0DOObOOOnOn 3.500 3.6
gboogbooogobobooobooogbooooboboooobooobobooooboooDo
gbobobobobobgobobooosrybo38suboboboobobobobuobonoonDo
gbooboobooboobooooboooobobooobobooboboobboooobooDo
gooboooooooon

1400

1200

1000

800

600

400

Electric Power Demand[W]

200

12 3 4 5 6 7 8 910111213 14151617 181920 21 22 23 24
Time [hour]

O 3.5 Average Electric Power Demand



U3d boobuodobboobodgboobboobooboobobooboaoboo 35

10000
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5000
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2000
1000
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1 23 456 7 8 9101112131415 1617 18192021 2223 24
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O 3.6 Average Hot Water Demand

3.23 UU00O0O0OOOOO0OO0OOOOOO0

PEMFCODOOOOODOODOOOODOOODOODOODODODOOOODODOOOOODOODO
00 QUo000000000000000000000O00UD0O0O0UO 1IW/secOODOOOO
0000 Q0000000000000 00000000O0O0O0O0O0OOObaral26)00000O
gogobooboboooobooboboooooboboooobuoooooboobooboooobobooooooooon
Tsourapas0 (410 0000000000000 00OOO0O0O0OO0OODOOOODOOOOOOODOO
goobogoboobbooboobo 1oboobboobooboobbooboobboobo

goboobogooooooobooboobooboobogoooboooobooobooboobooboo
gboobooboobooboboobooobboboboobooboboobobooboon
gboooboooboboboooboboobooobobooboooboooooooboooobooon
goboobooobooboobooobooon

gboboboobooooobobobobooboooboobooboboboboboobooobobo
gbbodbuoooboboobooboboobooboboobooboobuooboboobooo
gbodboboobobboboobobooboboobobobobooboooobooboon
gboopooobooboooobooboooobobooboooobobooboboboboooboon
gooooboboboboboobooboboobobobobooboobobooboboon
gboooobobbobooboboooobooboooooboobooooboooboobobooooonoo
gbogboobooboboboobduoboboobuoooobobooboobobooboon
000 (0390000000000000000000O0OODOOO0OO0OD0OODODOOODOOOO
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2500

2000 |

1500

1000

Electric Power Demand [W]

500 |

0 200 400 600 800 1000 1200 1400
Time [hour]

0 3.7 Instantaneous Electricity Power Demand

gooogbobooboboobooooboobobooboboobobooboboboobOooboo
gboogbooboobooboooooboboobobooobooboboobooboobooDo
gbooboobobboboooobobobbooboobooboonoooboooobobobo
gbooobooboooboooboboobobobooooboobobboobooboboooboonoo
gboooboobobobobooobobooobooobobooboobobooboooboobo
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gbooogobooboooboooboboobobooboobobobobooobobobooobooboon
gboboobooboobboobooboboooob33gnboonoonn

oobogobooooboboooboboobobooogooooboboobooobobooobon
gbodboboboobooboboobuoobobobobobooboboboboobobo
gbooboobobooobooobooooboboobooooboooboboboboooboooon
gbobooboobooobobooboobobooobooobooboobooobobooboooo

gooboobooobooooboobobobooboboobobooboboboboobon
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35000
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25000

20000 [~

15000 |

Hot Water Demand [W]

10000 |

5000

. _ bl . ‘ N

0 200 400 600 800 1000 1200 1400
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0O 3.8 Instantaneous Hot Water Demand

3.24 0O00OO0OOO

gboboopoooobobobboboboooooobobboobobboboboboobo
000000000000 0ooO0O0O0boO0D Rhk=1,2,,...,H) 0000000000 OOOOO
0000 ¢k 0O0OD0OO0O0O000O0ODOOOOODOOOODOOODOOOOOOO

() 000000000 ¢h)000000 2(h)00000000000

(b) 000000000 x(A)000000 2(h)00000000000

() 00DD0O0000#(h)OD0OD0OO0OD0Oyh)OO0DDO0DOO0D0O0000O

(d) 000000000 ¢A 0000000

() 000D0O00000000D 01000

(f) 000000000000000ek)00000A(R)DD000000000OCO
(¢) 000000 ¢gh)00D000qR)000O00DO0OOO0O00

0000 (a)0(f)0000034000()000003300000000
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1800
Power Demand

1600 |

Power Generation Plan

1400

—_
N
[=3
o

1000 |

Electric Power

800
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400 e —
18 18.5 19 19.5 20 20.5 21

Time

0 3.9 Power Generation Plan and Actual Power Generation

33 U0O0oboon

gbooboliooooboobooboobobobobobobobobobobobobOobDOonD1
gbooobooogoboboooobooogbooooboooobboobooboboooboooDo
gboooboobooooboobooooooooobboooobobooobobbooboobboobooDo
gbobooboobooooboobooobobooooboboooobooboooobbbOoboouno
gbobobooboooboooobooooooooooooobooooobooboonDog

3.3.1 0O0Ooooo

ubooobobooboooboobooboboobobbobooboboboobobon
O0ooO0o0ooooooooooooooogd A(k=1,2,...,H)00000O0O Z, 0000000
E,00000¢E0000E, 000000 pp(§)0000pp(¢)0000O00O0O0UODOOOOOOO
oon

pr(§)AE = Pr(§ < Zp < £+ Af) (3.1)

O000A¢0E,00000000000A0O0000000 (3.1)00000000000 AOO
OD00Z,0[6+A000000000000 7600000

Pr(E < E, <€+ A = (0 (32)
0 (3.1)0(3.2)00000000000000000
ne) = 74 (33)
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000 AL =100[W]0000p,(E) O [€,€+100](§ = 0,100,...,2900) 000000000000
en()0 0000000000000 0000000D0 3700000 (00000 3.500 3.6)0
0000000000 h=6,12,18,2400000 pp(6) 00 (3.3) 0000000000 3.1000
3.1100 3.1200 3.130000

000 p(§)00000000000000000000000000000000000000
0o0000000000gon

0.008

0.007

e
=
=
S

0.005

0.004

0.003

e
(=
Q
R

Probability Density[1/W]

0.001

50 350 650 950 1250 1550 1850 2150 2450 2750
Electric Power [W]

00 3.10 Probability Density of Electric Power Demand (h = 6)

3.3.2 OUUOOOgbObObOoooobobo

3230000000000000000 khk=1,2,...,H)000000000OOOOOOOOO
0000000000000000000000000000000000O0000O000O0D (O 3.9
00000)0000000O0 AODDOODODOOUDO¢gAUOODODOOOOD AODOOOOOOOOOO
gbooooboobbobboboogobobooobooboboooobooboobobobobooooboobooonoo
00000000000 (0390000000 0OO)0D00DDOUDOOO0DU0DODOOOUDOODOOOO
0000000000000 AO0000000OO ¢gh00OD0O0DDOO0O0ODODOOOOOOOOOOO
000000000 ¢(1<t<H)OODOOtoopoOoooOooOt¢h<t<h+1l,h=1,2,...,H)O
0000 Z, 000004 0000000000 AUDOOODDOOOee(h) D000 R<t<h+1
0¢)ooooooooooooooonoo

h+1 —+o00
e(h) = /h £(t)dt = /0 Epn(€)de (3.4)
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0O 3.11 Probability Density of Electric Power Demand (h = 12)

0000p,(6)000 (3.3)00000000000000000000000000000000000
000000000Ah=1,2,...,H)000000A,000000¢¢h<t<h+1,h=1,2,..., H)
00000 A)000000000000¢#0000000 ¢kr)0000000000000000
0At)=¢#)00000000000000000000Mt)=¢h)00000000hR<t<h+1
0000000 M) DDOOO gh)000000000

+o0

G(h)
g(h) = /0 Epn(€)dE + (h) /q s (3.5)

000000000000000 0, (h=1,2,..., H)000000 th<t<h+1,h=1,2,... H)
O0r,000004(¢) 000000000000 ¢#)000000 ¢k 0000000000000
000~()=0000000000000000 () =¢(t)—¢h) 00000000 hA<t<h+1
00000000002k 000000000

—+o00

2(h) = / (€ — a(h)pn(€)de (3.6)
q(h)

0 (3.5)000¢(k)0 ¢(R)000000 3.140000000000000 ¢(k)0 ¢Rk)0DD0O0O0
000000000000 ¢k) <¢h)0000
0000000000 g 00000¢g(k)0000000000000000

'max —+o00
a(h) < /Oq EPR(E)E + Gman / pn(€)de (37)

dmaz
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O 3.12 Probability Density of Electric Power Demand (h = 18)

037000000000 pp(6) 00000 gmee = 1000W] 00000 (3.7) 00 qh)(h =
1,2,...,H)000000000000 3150000

000000000000000000000000000000000 §¢*r) 00000000
00000000000000000000000000000 ¢k)(h=1,2,...,H)000000
000 «(h)D000 2(k)000000000000000000000000000000000
00000000000000000000000 (3.7)0000000000000000000
0000 qh)(h=1,2,...,H)0000 (35000 ¢h) 000000000

3.4 UU0U0obooooooobobod

3320000000000000000O0DODOODLDODOODOODOOODODODLDOOOOODn
gbobobobo
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O 3.13 Probability Density of Electric Power Demand (h = 24)

3.4.1 OUOOgOOooOOOdo

gbobooobooboooooooooooooooooooooooog

>

8
AV AV \VAR V]
o O o o

<
R e
=

(h=1,2,...,H) (3.8)

>

I

g
>

3.4.2 OUOOOOODODO

0000000000000000qk)(h=1,2,...,H)0000 2(h)0000000 e(h) 00
0000000000000000000000

q(h) + 2(h) > e(h) (3.9)

0 (3.4)00 (3500 (3.6)0000 (3.9)00000000000000000000 6(h)(h=
1,2,...,H)000000000000p(k)000000(k)00000000000000000
ooooooo

p(h) +r(h) > () (3.10)
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A
q(h) q(h) = §(h),
g
Range
v >

é (h) Qmax

00 3.14 Average Output of Fuel Cell

3.4.3 0O000O0O0DOOO

0000000000 2,4, 00000000000 2, 0000000000 A(h=1,2,...,H)
000000000o0O0o0o0ooooo1000 60000000000 x(h)0000O0OOOOO
goo

Tmind(h) < z(h) < Timazd(h) (3.11)

344 0O0O0O0ODO
0000000000 z(h)DOODOOx(h)0DO0DODOOODOOODODOOOOOOODO
w(h) = ax(h) + mpd(h) (3.12)

0000e¢000000mO0000000a@ms+7>00000000000000000000
00 z(h)0000 ¢h)000000000000000000

a(h) = ba(h) + qod(h) (3.13)

0000b000000¢O0000000bzmin+q >00000000000000000000
0yh)0O0O000+(h)00000000000000000O

r(h) = cy(h) (3.14)

ogob cObooboooon
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O 3.15 Upper Limit of Average FC Output

3.4.5 LOUOOOO0OODOOO

O000000O0DO00oo0oooOoC 1D00oo0oooooooooboboood a(h)(h=1,2,...,H)
O000«h)00000ODOOOOOOO

a(h) >0 (3.15)

5(h) — 8(h — 1) < a(h) (3.16)

O0000o0o00oooU00ooOooU1lDobooooooooooonoUuooO Bhy(h=1,2,...,H)
O000p(h) 000000000 DODOO

B(h) =0 (3.17)
6(h —1) = 6(h) < B(h) (3.18)

00060 0-100000000a(k) 0 A(R)O0O (3.1500 (3.18)000000000000
000000000«kO4(k)00-1000000000000000000000000

3.4.6 00U

oooo0oO0eA=1000000000Q@0O0O0O0O

Q1) = Qo (3.19)
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gbobooboobbooboobooon

Q(h+1) = Q(h) +m(h) — p(h) — e(h) (3.20)

000 ekh)(h=1,2,...,H)0000 Qh)DOOO0DODOOOOODODOOOODOOOnODOOOO
gbooboooo

e(h) =nQ(h) (3.21)
000000000000000000000000000

Qmin < Q(h) < Qmaw (322)

DDDDOSQminSQma@"DDDD
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O 3.1 Reduction Rate of Operating Costs

Month 00 Method 2 | 00O Method 3
- Method 1 [%] | - Method 1[%]
Feb,2006 2.71 3.24
Mar 1.92 4.85
Apr 1.31 4.59
May 1.94 1.91
Jun 1.60 4.24
Jul 1.05 6.44
Aug 0.36 6.88
Sep 1.12 6.94
Oct 1.35 4.03
Nov 1.52 5.41
Dec 2.06 3.75
Jan,2007 1.25 3.64
Annual Average 1.52 4.66
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O 4.1 Constants Used in Numerical Experiments

Constant Meaning Value
a Coefficient of CGS Hot Water Output/Wh/Wh] | 0.55
o Constant of CGS Hot Water Output[Wh] -300
b Coeflicient of CGS

Electric Power Output[Wh/Wh] 0.35
9 Constant of CGS Electric Power Output[Wh] -75
Tomin Minimum CGS Input [Wh] 1070
Tmax Maximum CGS Input [Wh] 3070
n Heat Loss Coefficient of 0.02
0 Heat Storage Tank[Wh/Wh[ h]
Qmin Minimum Heat Storage Amount [Wh] 0
Qmaz Maximum Heat Storage Amount[Wh] 8333
Ch Cost of Unit Gas Input [Yen/Wh] 0.0094
Cy Cost for CGS Start [Yen/Time] 9.7
Cs Cost for CGS Stop [Yen/Time] 0.36
Cy Cost for CGS Stand-by [Yen/Hour] 0.58
Cs Cost for Contract
Electricity Demand [Yen/W0O Day] 0.0087
Cs Cost of Unit Electricity Input [Yen/Wh] 0.02
Cr Cost of Unit Hot Water Input [ Yen/Wh] 0.0104
¥ Confidence Level O
of Maximum Power Demand Constraint -] 0.95
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