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Development of Energy Integrated Operating Algorithm
in City Level

Heo, Na-Ri

Department of Ocean Architecture Engineering

Graduate School of Korea maritime National University, Busan, Korea

Abstract

The purpose of this paper is to develop algorithm of using and

operating energy effectively from the entire city.

To realize "Low Carbon, Green City", some techniques related to
reducing energy of existing buildings have been used for energy
saving. However, there is the limitation of reducing carbon dioxide
emissions in the entire city and energy consumption. Through the
renewable energy which has less carbon dioxide emission, it is to
reduce carbon dioxide emission for the realization of "Low Carbon,
Green City".

It is needed to realize "Next—-Generation Energy System in City
Level". Through energy infrastructure and the effective management, it
1s possible to reduce energy consumption. I develop the operation of
this system.

The research methods and procedures of this study are as follows.

First, I investigated two systems. One is the micro grid and smart

- Vi -



grid of power system which is energy integration operating system.
The other is district heating and cooling of heat source system.

Second, 1 described "Next—-Generation Energy System in City Level"
which is suggested in this study and described energy source of
operating plant. And it is presented energy integrated operating
algorithm in city level.

Third, this study describes three elements which configured
algorithm. First element i1s to determine the production priority of
energy source from lowest carbon emission and lowest power cost.
Next element was to forecast power forecasting of photovoltaic and
wind power generation. Photovoltaic predicts using "Predict Solar
Radiation According to Weather Report" and Prediction equation of
output capability diagram from wind power generation’s generator. The
last element, storage of heat shows from the decision of prediction of
regenerative power and heat demand forecasting, prior to 24 hours

from the decision.
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Al 3,290 24,297 1,209 35.1
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[HE 3.8] M40 HAAT MA JIA L) &4 S&

Feed source HZ %
Steam reforming 64-96
Ehylene off-gas 35-98
Catalytic reformer off-gas 75-90
chlorine off-gas 98
Dissociated ammonia 75
H2CO cold box 94-99.5
EB-styrene off-gas 80-85
Methanol loop purge 68-84
Butadiene off-gas 79
Ammonia loop purge 60
Toluene HDA H2 Purge 57
Cyclohexane H2 purge 42
LPG dehydrogenation 58
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02 63.9 103.6 116.8 6.2
Clid 17.3 10.9 9.2 6.1
N20 1.8 2.6 3.7 7.4
HFC N.A. 0.7 1.4 -
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Pawerclne ™ Power curve for USX series WT
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2,000 = 700 - — —
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[0 4.9] £82M8s534(U88—2.0, U54-0.75)
(EX: |UZ http://www.unison.co.kr)
[ 4.10] SHUX™I| H|
A EH A A2 Cut in AAZTS Cut out 0]
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124] 3.60 6.2 7.2
134 3.00 5.2 6.0
144 2.80 4.9 5.6
157 2.90 5.0 5.8
167 3.70 6.4 7.4
174 5.70 9.9 11.4
187] 4.40 0% 8.8
194 4.10 7.1 8.2
20A] 4.40 7.6 8.8
217 3.60 6.2 7.2
224] 3.70 6.4 7.4
934] 3.10 5.4 6.2
247 2.70 4.7 5.4

_82_



[
wn

[t v
R S VR £

[
=]

[ T E R ST W I E I s TR B =

Cutin ~

bl

2]

4]

14
il
A
4
[}

(53]
I

b=
|

& ¥ 8 9 10 1112 13 I4 15 16 17 18 ‘19 20 21 22 23 24

Hour

[O2 4.10] S52-0.6MW2| 2T &

s
=

Cutin ~ HZHE% 77

2O R

Hour

[O8 4.11] Uss—2MWe| EXES

_83_

e



(few)

35000

30000

25000

0000 UsE

15000 A T

10000 A

5000 +

1 2 3 45 & 7 8 9101112 1314151617 18 19 20 21 22 23 24 (Hour)

(O3 4.12] 2009 O7& 05¥ 2| UB8, S529 Ut

olFA AA = TRkl Wt A He WAFE ST AV|AEE

ol gste] SR el WG oZo] T,

— 814 —



Fto,

©

stz A1z}

&
s

bl gasEE s

°

b1 9

°

g 2%

qUAZ ggHoE AL

o))
\If

5t

°

2 Ag

)

7=
1

17 ALg, A7

of2f oA

1
T

sle] A
v|3 FHo] Eo] A8
Ale g Qo U B AT

S

5

1

)=
kel

T

Fol o

A HHE, Huy
U=

=
=

s

Q)
=

;ﬁo

o
B
el
o
oo

K

)

R

&

el 9

}

RS

10%2 AR EJ48), A

o

24N 7 A o=

_85_

=

=

.

il
o] oA

9
pl

Rl

2

e

a3
St

A AT AgoM HH &%
shel e A}
AN = A2}

- olEf g,

| —

.

&3] 20045}7]

1A

goz Q8 vg G4 or)= A}
o

e A

ke

48) €71



=

=
=

Kz

A

=

=

L322 10%

oM e T A 2ol Hu H=AA

<5

A%} o] A A

]

o}k
3

ol

<
o
oo

o
B

;OL

ofo

o] 1417

o=

149 10%7} =dx9] §ao] "o} o] =
o}.
71FEOo 8 AFEET] W Eol 2423

']—_Tl_’ o

°

S

B
N
S

Ho

o

o

& 24X 7F

A 2<%

B
N

Tor

el

uy
file)
o
el

0
Nl

are

o)
=

=
-

olof

T
| .

SEF 24 2AES YElZ] AsiA

B

i
il

)

—_
file)

oj

B
]
-
oo

B

AEAF 1o

o

)
T
o

_86_

1EELS 19 413 7 Zoh

1

[e)
=

3

eF 2%



t Plant ¥7HH| 24

=]
&

4

o
=

oy T B o w o
Y < ol o
T St
O_E o_l To N
= A T xom s ©
= ™ e LN e Bu OE
Mln mﬂc M m o N %
g TE R
B Ll T SR
i N o] el
i) )] AN R
_ & R poreoE o W
oll 3 ) o
o o o4 ® 7
o~ ®O _.._Alo 0 O_E ﬂwo ~
& Eil I B w IR N
i w [ op W om Ao
> 0 s | W RGN
b0 & =l m:._ ~X - N ‘mE
5 & 20 Kir o1y T T o oF i
2 By, B B o & ® T i
o c3
e - 3 P owp g o oF
— y N o= o d
nid = ® B ojo o
o il < < W
P oF w= = N Y
Jd = ajo 70 d 7 x T g
g o o _ m W
au T m__m )] 2 ‘m,o
.% i T o W M
o o woow e
T _ZTI m:._ _Zrl ~X ﬂ %T OME
B
o) K P H T o
op . . Koo AR
T B ~ T m %P o

R Lok B %o

_87_



stol madt. 9o 9o AEE (959 - 295 (NF F

HE 2

”
<

UM E IECOUSEY - SEASII MTE AN SE 71520 S0k YR

Lt. ArE Qs 89

i ¢umw S -y




— o M o o
2 - BT
w FEoR o
<) > ¥ T o T N
o B = do
Caa) X o .
W odo o B
iy = _
Gl ). 0
m_,ﬂw‘_ W_W oy oo Moﬁ
el _
MM =, 3 ¥
™ oF —_
— T
Gl _— Kin ﬁ T W
z ? = I
0 : 3 5 ol 0 )
Y ) s L Pw o
i 7E 2l ¥ v=Fcw
i I
% w % [\ ho " wﬂﬂ
Y = i © -
o m & in o — MH__ © T MW_
T = - o <~ o X
mH Mw_m EA . _mm ‘UI oﬁ . OT
o 8 2 X
n_ﬁ i = B a1 T W of-
I oo = i i mo o T
I IPNHIEE N
N N OT B % - moa 4 X E._ o
| £ —_ MM ni =0 T 7E
ﬂy m__m N ﬂ 4 wu w_: w_wv w .” ,UI
kK o ) o = CRCTN
T olo T = s - Hewmp
%o ) oo & > u = T
- = o .
T m ° i : Pw B
o . ofp L 3T =0
Nfo T B Ea z of B °

7l
by
=
=
=
A
L

= Hta A4

e AgE 1

A1

S

il oF
— 89 —

S



AN

10] ohje} 2447 £

)
—_

Aol7] Wzl o]

o

G glout, glelA

To-

el

el
Npy

—_—

EN
<

<

B
£l

file)

olo

el

24

=8 AAE

4.3.2

7l

o

ol

3 = At

3} A

v o2 2

]

A

1)
=

olJ

2=
s

AT L9

7}

ba s

7

A B2 A 2ASY R

S}
=]

Fa7}

.

—

ol
pelll

i

A

e

B} wtel Aol Hol

W

B

A A & ok

AN

o]

o
N

oM &e] ¥ ok

_90_



(lewrh)

120,000 -

160,000
140,000

120,000

100,000 -

80,000

60,000 -

40,000
20,000

-20,000 -

A iz He 59 A o AL 2AlEIH. AF
Bol 23 d& FaT A ¥= AME dE AHSH t=2A v

9 ARe A 93 SaE gk JduE WS s%e] Bed

12

=

W
( \ AT
—1GCC/CCT

- O 2
-~ - EEE

— e 20

| \ - A

1234567 8 91011121314151617 1819202122 23 24 (Hour)

(D18 4.17] 189 H= Yo A7 S

I EE(EAZ-THE)

= GEET)
Z3(=0/2)

- AT (E

- T

oS

L o
28

T T TET T T T T
LN | I L]
1234567 8 9101112131415161718192021222324 (Hour)

[18 4.18] 182 & & 2AE

flo

,d
ne
°

of A solgle @e 2x, W AN HH gt
2=

¥ ]:1_
AR A E = Y g €S AL

QA

-

_91_

=]

L

f

>

=
E

s,



(kwh}
180,000
160,000
140,000
120,000
100,000

80,000
60,000
40,000
20,000

(kwh)
70,000

60,000
50,000
40,000
30,000
20,000

10,000

-10,000

-20,000

NE=

12 3 456 7 8 9101112131415161718192021 222324 (Hour}

(8 4.19] 782 ©F Y& 23S

=

=l
=

= E(EE
=

=

=

- T

-

11234567 8 9101112131415161718192021222324 (Hour)

[23 4.20] 782 & 4& 2AF

_92_

=)

(0| 2)
A Th(E

- T
AT
. IGCC/CCT
[ =Rl
- |2
| RuE=rapy|

— Y na

(EA|7H2-EEE)



(lowh)

A4

220,000 - =
200,000 -
180,000 T
160,000 - _— AT
140000, - B IGCC/CCT
120,000

: —
100,000 - HETE
20,000 T
60,000 - =T
40,000 - —HH =8
20,000

1234567 2 91011172131415161718192021222324 (Hour)
[O8 4.21] 439 N3 MM A=

{kwh)
110,000 - 42
100,000 -
90,000 -
20,000 - = (A 7R
70000 =GR
80,000 Zd(Hro|2)
i — AT (E )
40,000

! — 27
30000 - . |

mm EO| 2
20,000 -
— O
10,000 —
= A o | |i & TR ~

10,000 | Ll | i i I I

20000 4 3 34 56 7 89 101112131415161718192021 222324 (Hour)

(L8 4.22] 482 & d& 23 E

kwh

st -
240,000 -

220000

200,000 I 2
180,000 - AT
160,000 -

Sinie EEIGCC/CCT
120,000 - - T
Hgg'g : 0|2
o - =T
40,000 - —HH 9
20,000 -

= = Y M W P |

12345678 9101112131415161718192021222324 (Hour)

(O 4.23] 1189 5 W& 2742

_93_



=

=

(kwh)
110,000

100,000 -
50,000 -
80,000 -
Jo0000 -

0,000
50,000

40,000 -
30,000 -
20,000 -
10,000 -

-10,000 -

-20,000

12345678 9101112131415161718192021222324

-z
LB

2 (50| 2)
- E S
— TR

I HO| 2

(Hour)}

(18 4.24] 1182 & 4 2AE

o
AW
o
EY
b

o] Yol Fgo

—_L
=]
o e B 5 AES T Rl

_94_

Solek. shAT oy

f

_,d
i

(=AZE2-EYE)

(RY72)

= 3
¢35 7



Moy & &

A AA Aoz A|A AREFol Ayt Ay EEA A

R, SHYUEE 7t o uEHeE A

el

2

A7

FA T

ol
2

1

9l

=
| .

=24 7]

A

gozn oy

g

stel A%

=89

3 %

Aol A8

o= R
==

THE A7

&17]

o B

lEag =

v =
= 5AFH} &¢

gl

—_L
=]

ﬂ.o

94

=

bof, o]z e

°

% A

<
==

ol

_95_



=
T

1
2~ A
b

7h

T

AZLA A}

1

T

ol A
2 AudTe A9 Q7]

Feao.

[

Fof X3

S

23l A=A $

Aulo] u}
A

uj

i

)

FARE ob2 el Al-A A Ao o g

°©

F= @71I7F Awol At i

gAIE O e Zhed Al A | Ao AdETE LI A AN WS

jlN

N
—_—
[—=
1o
o7

ojn
Gh

—_—

X

—

0

_96_



o HejM= F&EF AgSo] yotof It EZ doz A-AYA|AIE B

=37 HY A AT A Tl ARIE vl whdFRE old A Ferb Atk

’l__

ol duAE dxmd wet SHAs G Y, 99Tt dI A8 I

L3 Aolt},
=9 2AZFS FF o 2o fuHS BEAo, oud Ao x Fy glo
AT = UEE oY 7R 2AZFo] HRF)

_97_



o
]
MO
o

1
) W, <ael AMETAE 2T WBA A A4ESLILT

rr
o
>
A

APFRAA =T >, TIThe), 2006
LB\ ZSAHAA >, 712, 1999
AR B FE A AGAAANE, < FF>, %2, 2008

el EAYATE, <HAFS AT FANY Adst AP, AFY

[@)) 1 IS w
o)
o
IS

7. fﬂ%sﬂﬁﬂ%ﬂ etE e, <U-719F Aol |y A] Fdae] A =4
7l M 221ds AFZAAR IS ALdNFE IxAd TR Y,
2009.6.29
8. = AGIAFAL ANURBA AT, <AGEY FHAY S B3 A
T EFR TS| 1996, pp.31T44.

9. AAALF, AL E FHE AL EFE A28 AFATF, 2007.12.29

10. AEHEZHNAS], A-ABAIA AGEek - 7e R AL F
A, 2007.10

11. gh=af et At e e, <U-719F At oA S@ae] - FA =H
Zle A 194 AFAFRIA>, AAAGTE A FrIER Y,

2010.04.29

m SH=E

L 2AE, hadz dugidel AdE ddu 24, dwTAEss



Vol.7 No.l1 March 2011, pp. 4712

2. °oF, "FEel AAAY ALAYA AR =L TAHLR), , FFAY
S 3], pp. 42747

3. A TA~HFeE, 'GETEM EdS o83 Arx X9 g
AAA Vs B7E, , Vold7 No.3 2010, pp. 267-276

4. olgA, "AaF7tx @AY FHe] A F Ve dF-SR-A,

St Adn) 7| &g s -dul/F 2 Y- YA A28 A25 524535 (2005, 2),

B

ol
Ho
1.011
20

<

ol#E, AET(2009), "EEVIZHCIES ¥ AL HolH
HIaLE A, S golliAsts] FAStsdRt 3] =5 vol.2009 No.ll,

6. 9FTW, =9, Y (2011), "7 RE o] &3 LA o =7]HI
v, 3ele & ekels) ] vol.35 Nob, pp.3877392

(2000), ppl126™133

8 A&7 o, YA RS gt NI Sz HHHA A &
& AT, digrdnZes] 20048t A =R Ul S =3, pp.5137518

9. ¥R, mlolazawle Q71 AW AT T, , A9AAES], A
154 235 (2010 4), pp25™29

10. H92, "2rEOdE 55 A% d8AZ7Ies @ A=F At o

T, U St (A AE=E), 2010. 2

m] 7|Et=¢

L AR, A FAZIEZRY 783 duAde] A=k A7)
<= 7, 2001
Foolv A 7R 7k, ‘adey A %

2. A 2k
R&D oA : IGCC, B0 1A 71%%5 719

_99_



3. AFAL R I3k A (Power park) A4S 913 718 ATAREY, 2005
4. FFAGELYFAL- S|, TV AMSASAZA AT, 2003,
pp.1267127

(m] HALOIE

ek Al A ANYA 3], http://www . knrea.or.kr
ATl Fd Al-AAY A I A A E, http://www.energy.or.kr

1
2
3. A FFANAYAF2 3| A}, http://www.iae.co.kr/center/info.jsp
4
5

o

o

. 1Yl 719 ‘“AFASDI, http://blog.naver.com/sdibattery/60144936838

CEY FHE v IAERER TP HYAd, AF I B A=Y

=43 9 ®, http://blog.naver.com/muckangkim/100030354322

6. JAEY 7he), © A Dol A, ALD S|EFZ A|2E,
http://blog.daum.net/hankook0510/72

7. Q1M 7, ¢ EjekgEEdAl2~E=] EAY http://blog.naver.com/hjo0075/150097336249

8. B4l olEl http://www.tc-net.cokr

9. Suzlon Energy http://www.suzlon.com

10. +Y<= http://www.unison.co.kr

11. g€}, http//www.millinetsolar.com/product/product02.asp

12. M71452] http://www.segigb.com

13. vlo]® Z}9‘the goods’, http://cafe.naver.com/cetech2003/8724

14, A7 2 =AZES A8 34 JE, FrlolodldA],2007304€ 12
http://www.todayenergy.kr/news/articleView.html?idxno=29325

15. 7143 24 http//www.kma.go.kr/weather/main.jsp

16. 2vtE 28lE ¥& dojgl, S UE, 20099 099 259,

http://www.hkbs.co.kr/hkbs/news.php?mid=1&r=view&treec=131&uid=160409

- 100 -



!
o)

N

]

A

o
Ao

1A A7} 01771

3

R ey

bl

Y3

i

Ko

o

bl

AgEeA Tohe vl APV

MAHez AR Pde do] A=d, AAY o] HoF

il

ol

;OH
&

el
ofn
o
=

v}

3], o] x|l A

of
—_
m}

U,

iAo g7 Ao s olmztA] obAgle Ui-vt HolF

i

Wy, slgmud Qe

=] S}
=

AaL OPAFA =

N

224 vreS AFY T

4

U,

- 101 -



	제1장 서  론
	1.1 연구배경 및 목적
	1.2 연구범위와 내용
	제2장 에너지통합 운영시스템의 사례조사
	2.1 전력공급 시스템
	2.1.1 마이크로그리드 기술과 사례
	2.1.2 스마트그리드 기술과 개발동향
	2.2 집단 열 공급 시설
	2.2.1 지역냉난방사업의 도입배경
	2.2.2 지역냉난방사업의 역사
	2.2.3 지역냉난방사업의 국내&#5159;외 현황
	제3장 에너지 통합 운영 알고리즘 제안
	3.1 에너지 통합 운영 시스템 개요
	3.2 생산플랜트
	3.2.1 태양광발전
	3.2.2 풍력발전
	3.2.3 소수력
	3.2.4 바이오에너지
	3.2.5. 석탄가스화 복합발전(IGCC)
	3.2.6 페기물 에너지
	3.2.7 열병합발전 시스템
	3.2.8 지역난방(지열, 하천)
	3.2.9 연료전지
	3.2.10 부생가스
	3.3 에너지 통합 운영 알고리즘 제안
	3.3.1 에너지 통합 운영 알고리즘
	제4장 에너지 통합 운영 알고리즘 개발
	4.1 에너지 통합 운영 알고리즘 요소
	4.2 에너지 생산 우선순위
	4.2.1 전력 생산 우선순위
	4.2.2 열원 생산 우선순위
	4.2.3 생산 우선순위 알고리즘
	4.3 태양광, 풍력 발전량 추정
	4.3.1 태양광 발전량 추정
	4.3.2 풍력 발전량 추정
	4.4 축열량 결정
	4.3.1 축열량 결정 알고리즘
	4.3.2 축열 스케줄 결정
	제4장 에너지 통합 운영 알고리즘 개발
	4.1 에너지 통합 운영 알고리즘의 요소
	4.2 에너지 생산 우선순위
	4.2.1 전력 생산 우선순위
	4.2.2 열원 생산 우선순위
	4.2.3 생산 우선순위 알고리즘
	4.3 태양광, 풍력 발전량 추정
	4.3.1 태양광 발전량 추정
	4.3.2 풍력 발전량 추정
	4.4 축열량 결정
	4.3.1 축열량 결정 알고리즘
	4.3.2 축열 스케줄 결정
	제5장 결  론


