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# # 5970113021 : MAJOR ELECTRICAL ENGINEERING
KEYWORDS: DIRECT LOAD CONTROL / LOAD AGGREGATOR / LOAD SCHEDULING
ALGORITHM / AIR CONDITIONER / THERMAL COMFORT
KUSAPON PHETSUWAN: A Direct Load Control Algorithm Concerning Comfort
for Demand Response. ADVISOR: ASST. PROF. WANCHALERM PORA, Ph.D., 61

PP-

Direct Load Control is one of the demand response policies. It may control
remote appliances via a telecommunication network. Air conditioners are its main
targets since they consume lots of power in summer. In this work, a load scheduling
technique for operating at a load aggregator is proposed. It selectively turns on/off
some of air conditioners. The ultimate goal is that the customers are still in the comfort
zone as much as possible. The optimization problem is solved by linear programming.
The developed algorithm is implemented and tested by a group of 2,000 simulated
air conditioners (500 ACs 12,000 BTU/h; 500 ACs 18,000 BTU/h; 1,000 ACs 24,000 BTU/h)
in many conditions for example in regular climate or in very hot days. The developed
algorithm is able to control and limit the electrical power not higher than a given
level. It can decrease the power consumption in a very hot day more than 1) 500 kW,
while most customers are still in comfort zone; 2) 1,000 kW, while 80-60% of customers
are still in comfort zone and 3) 1,500 kW, while 50-40% of customers are still in comfort

zone
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2.1 msmevdauasniulian (Demand Response)
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Time/Price Based Demand Response
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2.5 1nsn1sAduANivanlagnse (Direct Load Control :DLC)
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Summer Discount Plan unanasiily ansgeissng [4]
Juanasnisiinisauaun1slaUnvenounsawasuades aauiuanie
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Energy Wise Rewards 299961 avi3goiusni [5]
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100% cycling azlarmaunnu $60 fel

Summer Advantage 8735Au%e 3§45 [6]
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50% cycling aglaAmouunu $25 el

75% cycling aglammauniny $40 seol
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Husnesmsfiazmuauededddlnih Aldviaadyyililasezinduaiose
iielvianunsanuaumislnald wazagldmmeuumuiuseifon
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Anpnudoansndalwin (un/kw/idew)

Madend 1 Madeni 2 Madenyl 3

42.84 21.42 42.84

madend 1 mysednglnihldiiu 3 ¥u./A59, 2 ASY/Y, 10 ASARRY, 40 ASYA
madend 2 mysednelnihldiiiu 3 ¥u./A59, 1 AsY/Y, 10 ASARBY, 20 ASYA

madeni 3 mawdnglndihldiiu 6 wu./ass, 1 asy/i, 10 ASYAReY, 20 ASeA

2.7 audsiusamunisann1sldlnila (Load Aggregator)
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2.8 ANMUAUELTRUNAN (Thermal Comfort)

(Y] 1
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RH A 205°C 235°C 235°C 26.0°C
89.0°F 740°F 743°F  T9.0°F
86.5% \
79.5% \ .
58.3% ‘ | :
57.3% T
Winter ) 1 Summer
29.3%
e e . st 55
s R N - JHEs
19.8%
B
195°C  225°C 245°C  27.0°C
67.1°F  T3.0°F

T6.0°F  81.0°F
U 2-2 nevanuduiusseninanutudinsuazgumnil Tngagnsluauauieniy

ASHRAE 55-1992

INIINITHINAIYVRI319718 (Metabolism Rate)
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gaunniinsuniedafy (Mean Radiant Temperature)
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AMUTUFIANS (Relative Humidity)
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v‘hmamﬂmmaﬁﬂ (Predicted Mean Vote: PMV)

Juswinenuidnauieseanineinia a vy lneldunisinnaievesnszans

(% [ '
=

 navaziy laglddudsne 6 Mnlananitialiun yhuienaefeveiruauIsBRuInIm
o4 & =

lasdananndwwindeu madvdnianely Feruwsasiuivselunianeiu agdnduniy

= ] v a @ v a a ] ya v S A
AUNYNLEANHININUY @ﬂ%ﬂiuaﬂ’]'ﬂgu'}ﬂa@mlﬁlﬂ'} "ﬂ%llﬂ'ﬂllLﬁuﬁﬂﬁ)qawa%ﬁluaﬂ"ngLL?@@@@JU‘UW

¥ @

WANE9AY ANRTLUALIUAT -3 D9 +3

M54 2-2 ANRYLVBIANNAUILLTIRUNA TN

Lavee! B RITENIEY auly Aoud9gU qu ou

-3 -2 -1 0 1 2 3




14

sunsvinuen1sivantade

nfinannundrsdu Fanger Idlaueaunis Fanger [13] Wislddmsunismansuings
Tmaads Tneldidoulafidmatenuauiaidoumninlaenss aunsiiduaumsfiunsuans
Tdlunisinurenidrdeidnisinaniade waztluuszyndlunatesiiu wu dy
AmnssuiedesnaluniseaniuuiadssUsueina viefiunisesniuuaannenssu aunns

¥94 Fanger a5ungaunslanail

PMV = (0.325e79942M 4 0.032)[M — 0.35(43 — 0.061M —
P,) — 0.42(M —50) —0.0023M (44 — P,) — 0.0014M (34 —
T,)—3.4%x1078f,((Ty4 +273)* — (T +273)*%) —

fclhc (Tcl - Ta)] (1)

T, = 35.7 — 0.032M — 0.181,[3.4 X 1078f,;((T,; + 273)* —
(Tmrt + 273)4) - fclhc(Tcl + Ta)] (2)

2.05(T, — T,)%?> for 2.38(T,; — T,)%?° > 10.4Vv

h, = (3)
104V for 2.38(T,; — T,)%?5 > 10.4Vv

P, = P,1,/100
(4)

Tail
M ARTRTIUAUBSTY (kcal/h)
I fio mmuduauiurended (clo)
T, Aogaumnd one (C),
143 Aot U MSuRI07MA (%),
Tt Ao gaungiinsunssdnwsou (O),
v Ao Amsvesau (m/s),
P, Ao Ausulene (mmHg),
T, ﬁaqmwgﬁnﬂauaﬂmaalﬁamw (0,
h. ApAnduUszansnsALSau (kecal/m2 hr °C),
fer Fordnsduiiuiiiunequiededn nefufiudey,

P Aeanuduledudiigamgiila 9 (mmHg)
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asvinunelesidudainulinala (Predicted Percentage Dissatisfied: PPD)

a U a
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PPD (Predicted Percentage
f Dissatisfied)
"
o
4

10 Pgi.—*
8 b—t |

6 b

g e e —— = 3 =1 1 I 1
20 1.5 10 05 0 05 10 15 20
Cool Shightly Neutral Slightly Warm

o |
g PMV (Precicted Mean Vote) v

U 2-3 AnudNTuSEnIne PMV fiu PPD

ANMUFUNUSTZNIN9 PMV e PPD @nunsawandbannuaunis fadl

PPD = 100 — 958—(0.03353PMV4+0.2179PMV2) (5)
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ANz inTeslsueInIARINg 31NN15d15938 leaunisiannseilafnng
A509USUBINAlLUIANS e Anuaunis (6) Wetdunsiasieiaedslnim nedkeulaly

309UpIANNTUENTINSTUeINA 92BETENIN 50%-60% Laidy

y = 0.3633x - 9.2633 6)
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2.11 wadian1saiunisnisinarnun1siataluan (Load Scheduling)

wuudtagudsiusiunsaanstdlnialusuidedidosnndunsaniiunis nis
v A g | =t ) 1%
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Usununan 13.00-14.00 14.00-15.00 15.00-16.00

N SW W N SW W N SW W
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1,000 kW | Swouweds | 19958 | 358 0.18 1768.55 | 231 0.1 1941.03 | 58.17 0.18
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a v ¢ a = 1Y 5% a 1 v 1 [ [y a
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N SW W N SW W N SW W
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9394787
a a
JFuaunan 13.00-14.00 14.00-15.00 15.00-16.00
N SW W N SW W N SW W

500 kw a‘hmmaﬁa 1995.87 32 0.17 1983.42 14.95 0.17 1982.77 17.15 0.03

Sovay 99.79 0.16 0.01 99.17 0.75 0.01 99.14 0.86 0
1,000 kW a‘hmmaﬁa 1852.22 146.85 0.27 1965.73 336 0.17 1981.6 18.38 0

Sovay 92.61 7.34 0.01 98.29 1.68 0.01 99.08 0.92 0
1,500 kW a‘hmmaﬁa 1026.87 972.42 0.33 1605.47 394.37 0.05 1983.85 16.15 0

Souay 51.34 48.62 0.02 80.27 19.72 0 99.19 0.81 0

N = ao1ugUni SW = Aoudegu W = gu
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Foudallognatuau wnsesdsuainmiasveglulguaiiuauislauinndi wesaindndugiu

a

mdsnsldlnihunfnedgeninaniunisaldu q ibivsinamdinistdnihnandudndu

a

Wosndn Fedwaliszaunanivaindtaniunsaldu q usdiegseaunsaniiediu e1nei
Foudnagyhliiasesusuenmiseglulauninuauietdesnit lnsuanisazidenninsiulang

A1519 5-7 NwanananiIsnaassnglaasaslsue1nie 2,000 LAT83

M58 5-7 asuanuzinsesusuenianieldaniunisaling 9 91uIu 2,000 AT8Y

wanIsel Maanan (Alaing)
500 1,000 1,500
N SW N SW N SW

aniwenniaung ﬁ?wuauLaﬁa 1995.26 4.48 1709.9 289.72 919.17 1080.64

Souay 99.76 0.22 85.49 14.49 45.96 54.03
amwmmﬂﬁﬁamﬁﬁau ﬁ?wuauLaéa 1996.73 2.6 1901.79 97.58 890.03 1109.36

Souay 99.84 0.13 95.09 4.88 44.5 55.47
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Souay 99.76 0.19 97.84 2.13 56.72 43.23
anmanAwUIUTIU Srunuede N/A N/A 1987.35 11.77 1933.18 | 66.28

Souay N/A N/A 99.37 0.59 96.66 3.31
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