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Nonlinear Control of Combined Heat and Power Plants

in a Two-site Regional Energy System

—Simultaneous Regulation of Electricity and Gas Flows*

Hikaru HosHINOT, Yoshihiko Susukit, T. John Koo% and Takashi HIKIHARAT

This paper is concerned with coordinated control of combined heat and power (CHP) plants for
regional-scale energy management. The objective of the control is to regulate electricity and gas
flows (energy flows) through an regional energy system with two CHP plants. In order to manage
energy imbalances of demand and supply inside the region, the gas flow is indirectly regulated with
tracking control of boiler pressure to a suitable reference trajectory. The output tracking controller
is designed by the input-output linearization of a nonlinear state-space model of the energy system.
Effectiveness of the proposed controller is established with numerical simulations under a practical

set of system parameters.
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Fig. 1 Schematic diagram of regulation of electricity and
gas flows
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Fig. 2 Schematic diagram of two-site regional energy
system which we study in this paper
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+ Py (Pea (25, 228)) (42)

72720, it B ROt 1 (37) KoL & % v
TRATHZONS.

wlhi= @ L [Pis0...,0]T,
[AprefaO]T;[77£Ef,77§ef77]§ef]T) (43)
72721, j=13¢9 5.
Plbo#amcld, Bl (HEHE) 2E32 P s

LU Apt 352 SN EICTERR 2 D40 F v Tl
RITES) Povo BEOH AMEH R Pyas O IRAHASTHAlI W]
BECHLI LR L. P s—g2ogs, Apret 1ok
L C Pyas DNEE 5720, HUIHIED Pyag OHAEI 0T
LT Ap™ 2EMICEHET A ENTEDL., IhalE
ZC, Kot LHEAo b & TOMV—TRD
Wik % Fig. 3 s Wy =1 BEL W y=&,1 DH
T (29) RANDIBHENZ L 5 T Pony B LU Pras D HEE
BEANOWELERT 2. 2B, Ap' & Py OBIRIZO
WL 6.2 THETT 5.

6. FEYIa1L—23>

AREGTIE, EE L BB (30) O F B & B elic
LoTHRT L. ¥, Apf=0DHAICHFLTZoD
MAODIET LT 5. DX, Ap'f Z@EEIES
LT, ERAENB LN AMHEORIHAT EER 2
LR BEFETVOIST A — 5L [18,20,21,23]
(2D X, Table 1 IZ/RTHICERE L7z,

6.1 EREENHLUKRA FEHDIEFTHL

IFLOIC, #1054 % Fig.4 1287, HIZBW
THEMIL detA(z) =0 L 22 HEEERLTEY, BT
detDP(2) =0 ZRL TV 5D, Kifi LTI, (Tel,Ze3) =
(0,0) &t 2 NSO MBONBOFEEE D X3 5.
DEI|Z, ER LICEDE Y AT A OR/IMIATED S
RWMRT L. 2721, BIEOMELY, ¢l & WKL
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Per;f/ yief . . ée Uy . Tg Peoo
1 Referer{ce — Deviation - Controller Dyn.amlcs of o | Energy flows [—*
Pgas generation Y5~ | from reference &n Eqs.(26).(30) ug | two-site system Eqs.(4), (9) Pyas
| Including Eq.(29) Eq.(31) *48-20), Eq.(15a) Lh s
(4, 1) Cordinate
&1 | transformation
Eq.(19)
(€n2, &n3)
(1, 025 M3) Coordinat(.e
transformation
(o1, - -5 Eo5) Eq.(37)
Fig. 3 Block diagram of the proposed controller for two-site regional energy system
Table 1 Parameters for numerical simulation 2 1
=
=
Symbol  Meaning Value E 0.5
Tyi Valve positioner time constant 0.05s 35 0
Tk, Fuel system time constant 0.4s % Mw
Tcpi Compressor volume time constant 0.1s A 05 e Y "
Wi Fuel valve lower limit 0.23p.u. ,;? 1 st
Ke1 Rated mechanical power #1 7.5MW 0.6 0.7 0.8 0.9 Lf 11 12 13 14
Koo Rated mechanical power #2 3.0MW Pew
Ky; Rated heat output 6.0MJ/s Fie. 5 Real ts of ei | £ 0 f . pret
Bi Coefficient for no fuel condition 0 & cal parts of eigenvalues of Q for various Feso
wWs Synchronous speed 377rad/s 12
H, Per-unit inertia time constant 10s '1
D; Damping coefficient 0.05p.u. = 0.8 W
E; Voltage of the generator 1.0p.u. 0'6
Bio Transfer susceptance to infinete bus 1.0p.u. 0.2
Bia Transfer susceptance 0.5p.u. o 01
Gij Transfer conductances 0 s 0
Po Nominal value of pressure 800kPa -0.1
Ps Density of saturated steam 4.161kg/m? 0.8
hs Specific enthalpy of steam 2768kJ /kg - 82 \/V\.
hw Specific enthalpy of water 721.0kJ/kg T o2
e; Coefficient of pressure variation 3073J/Pa 0
d Diameter of the steam pipe 0.2m é
L Length of the pipe 200m - 6
A Friction coefficient 0.016 - 3
QL1 Heat consumption at site #1 2.0MJ/s 0
Q£2 Heat consumption at site #2 5.0MJ/s 0 3 10 15 . 20 2 30 3 40
Time /s
Fig. 6 Time responses of outputs y1 and y2 and inputs u1
. and uz. The solid line shows the responses under
detA(z)=0 — y5f =0, and the broken line under y5*f =0.1.
detDP(z)=0 -~ L . L
™2 CENHRTED, 72, o =1.32 CIREAMAAE
FUELL TV A, S IUETPHE LT detA(z) =0 L2 %
o
& 0r 1 SLEELTBY, ZORETIEHEIBEAT (30) A5EA
Yhb. LiehioT, AT A (15) 1 P €[0.67,1.32]
2y “ DREP TR & 5B 2 EADB D
PUE TR 7 IS0 LT Aptef =0 & 5y 72 Bl
_71' A =3 .
- - HI (30) @A R 2R T 5. Fig.6 1%, 240 BIE

Fig. 4 Singularity condition of A(z) and D®(x)

HPAIZA L TP RUIIHES D OHIZH 5 Z Ehbho
7z, FET A5 QI P < 1.2 o< 2 Mlo# Rt
BeEAHE —DOERAE SO, EEAMIT —101
TIHFTEL, 2MOBREFMEOFERIL Fig. 5 1R THH
Lotz &Y yief <0.67 CEAHEOERLHIE L 72 5

il (g2l yiet) = (PreL pref) (23 2 BV — TR OIS %
Ry RoERE (P preh) = (1.0,0) o4& DIk
BAERRL, BE (P pret) = (1.0,0.1) DIs & &R L
TWwa, T hoBsd (P pref) =(1.0,0)
XSS B P 2 12 LT e =2 +01 B LT
Thi :‘Tﬁl +0.1 &FFELR. HlfZEZD 751 >~ Qs B &
W ap; IZ2WTIE, 175 Ac B A, OFHFMHEOHE
T N TR E R LHEHT, BRI IZH L TALD



164 AT AR SWOGE R 30 B 55 (2017)
8 1 1.4
£ 1.2
H : < 1 A
2 q 0.8
2 0.6
2 1
g 0
El ’ BN
I~4 -2 -2
0.1 -0.05 0 0.05 0.1 3
A ref 1
Fig. 7 Real parts of eigenvalues of Q for various Ap™®f & 833
0
2 1.2
g 11
15 A 1
. 0.9
. 20 40 60 80 100 120
0.5 Time /s
001 005 ) 005 ol Fig. 9 Time responses of output variables and gas flow
APt under P =1.0 and Ap™f = —0.02

Fig. 8 Relation between Ap™f and the final value of Pyas

w€0,1] &Y, PORENre X iR E v, &K
WLTIE, ThelE 2 EUTHERIC L) > T 0L A
WCHEDE TS U ERBEL: (s24+2.55+2.5%)2(s+2.5),
(s240.255+0.25%)(s+0.25). Fig.6 2BV, ilo
Pt ot et Bz pt oBEICNLT, gy FFEL
ISEZERL, Yo l22OWTIIRE Lz pref NENUE L T
B, Ziud, By BE Oy BIETFHLS I, HRA
BHOBBENOBIENTFETHL I EERLTND.

6.2 ERABHHLIUHXFEHEDREHER
iz, HIEA (30) OFMEEZERT A, FEB 20

ZHIZOWT, Fig. 4D o lZHEHED /ST 2 — 45 Apre!
AEALS G EORRE R, 2720, yief=1.0k L

TWa, flHEELY, Apf €[-0.068,0.1] DHIPHT
EEE 2 00 ([Pr0,...0)T, [0, Apret, 0T pret) 12 B4k

EDEHEEINTVE. 7P QOEAMICHL TIE, #i
WOKER L Ak, EEAEO—DD —10 fHEICHFEL
D EAAMEDELIL Fig. T IRTHERE 2oz KLY
Ap™ef > 0.046 OHIPHCEIHIED B A EIFIET 5 2
EHbhDb. LhoT, i =101 LCEE 20
ZMH1x Apref € [—0.068,0.046] OHIPA T T 5. it
DOFPFADIL S1ZDWT, Fig. 81d Aprf & Py OHAE
DERZRL T D, LY P13 0.7 505 1.4 DFEHH
THBIRTHY, Lo Ap™ O TT AHHE%
HMETLELL S L LN TELI LIS,

Fig. 91dyif =1.0 B L 0" Ap™f = —0.02 & L2 HED
BV — 7 ROIBEERT. DB L OH#ERo 7 1
26.1DbD L UEIZEE L. #ANED y BX
ORA TEND yo DWT IS HIEEHEIERELTB Y,
HAMHEMETLTWE I E0bb. FEOREIF
Bt GEHE) 251 BIREEZLY 2 A FICH Y
LCBY, CoMIcrAfiHEE: | SIRENHT 2L
WMTETWS, FREROKRIE, KXT A=Y HEICBW

RLTE
T, Hid LcERMieE 2R L72) R TOT A&
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L7z AMHEORHED D% 8L Cilisn v 5 2 &7
TREL e o7z, K LOEMRE LT, HRHEIICH
L CHEMENOBHEEIT VDD, KA FEIIZEL TS
Y RICEALT 5 HEEBLEAOBREZITH) 2 & T, HA
=% — % B & DO S 2 HIEH) 2 Z i L7
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L2ALads, EEOBE2LIE, ETIVELEEDOR
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REBIET LR IE T FIH S NS [26]. 207z
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