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O ABSTRACT 0O

Hospitals are among the most important public facilities that must be ready for any
emergency or emerging situation. Recent events have shown that power outages do not
distinguish between public facilities, which exposes hospitals and their patients to great
danger. At the same time, hospitals consume as 2.5 times more energy than similar sized
buildings. Therefore, it was optimal to resort to renewable energy sources and advanced
technologies, including microgrids, to secure these special requirements for hospitals.

Our research proposes the design of a control system based on a Fuzzy Logic theory for
distributed control of a virtual microgrid for Tishreen University Hospital in Lattakia city.
To verify the validity and effectiveness of the proposed control system, a microgrid
connected to the main network (an infinite network) containing several distributed
generators (photovoltaic - diesel) has been modeled using the MATLAB modeling and
simulation software. The modeling and simulation result we have obtained showed the
effectiveness of the proposed control system in improving the energy management system
(maintaining voltage and frequency, coordinating the connection and disconnection of
generators, the active power sharing, etc.), in addition, to distributed generators overload
protection from. These results also showed the strength, durability and superiority of this
type of controller (FLC). This research can be developed through modeling energy storage
sources and studying its role in achieving the power balance between energy generation
sources and loads, especially at night work situation, in addition to conducting an
economic study to show the savings in energy costs.
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IF fpieser = (48 —49)Hz OR

\F fpipser = (47.5 — 48)Hz
IF  fpieser = (47 — 47.5)Hz
IF foigse, = (46.5 — 47)Hz
IF  fpieser = (46 — 46.5)Hz
IF foipse, = (45.5 — 46)Hz

OR
OR
OR
OR
OR

Vpigsgr = (375 —380)V THEN M = 0.9
Vpigsgr = (370 —375)V THEN M = 0.8
VpiesgL = (365 —370)V THEN M = 0.7
Vpiesg, = (360 —365)V THEN M = 0.6
VpiesgL = (355 — 360)V THEN M = 0.5
Vpiesg, = (350 — 355)V THEN M = 0.4

lpdal) QUi andy Cum o Slpdiall Blaiall degane Applai (S Ao gana olimelS ol ol ciluria Jia oSa
el LS il st Sy (3) IS (B came 2 LS e pana S35
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Alaill i @ aass o qany Jally Llede SISV ae Al Glesbed) 30a Aglsdal) e gendll
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s -Cpre Aggae b Adlgdie Glpaie ) Asaall Jaall Shaie e S Alsdall pUaill 8 e AN
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Negative ) s s i ((Negative Medium —NM) Lugie e s (Negative Big —NB)
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IF f=PS ANDV = NM THEN M =NS
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x NB NM NS z PS PM PB
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IF Piygq — Ppy >0 THEN SO =1
oAl e bel il bsbus ) aal Progq = Ppy @il oS 13 B
0 el
IF Pyygqa — Py < 0 THEN SO =0

) S| o
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= r Phasor
[ §H
! ] ] W
~t—q!
- g = B |1

Utiity * 5 WHW"

Point-of-Connection -
Rated Power: 3.12566 W PV OPEN SPACE BUILDING Load 75e3
Dlesel Generator Pe5edW

M
N

Ap—T

- B
Lﬂ——b Vref (pu) ¢

PV RADIOLOGY BUILDING Load 475E3
P=225e3W

PV SKIN DISEASES BUILDING Load 5S5E3
P=250e3W

A
e A B ‘W\ﬂ |1

- g TEmiEanmnm PV SLEEP no;rons BUILDING LOAD 58563
oty P = 50063 W A8 4

G]

0 PV SLEEP DOCTORS BUILDING 197.1KW

Tl A2

Variable Load

g paall Ay pSal A, 5lSlaally Aadail) ke (7) Jeil

Pl oS Ay ySad) A0l e baladl Bae die il 3Slae dplee cudig

:(PV+GRID) audall Jasll Jaad 3 Jaad dyg Sual 4320 LA

oo il Akl Lgilay apV) Afigng el Clalpd) 48 Jaxi Guade asy Alla Auy 5 Laadll 13
die i) aelE Jea ) dassia a5 2050[kW] & (SN Jasl) delin) Jasll e (llall Gl b 4<0)
588 S0 %10 Ay AlyeSl) Jeall delaind a5 A &L (1000[KW] e Uil (g5ils Jass 1050[KWV]
e sa LS O[KW] ias T000[KW] (e 5lil) Jaad) delaind (il Cusy S[8] o)d i) Jald Pl
Al ey DAl Jaa s 1050[kW] aielaind als illy sacldl) Jaadl Wi L(a —8) Jsall
el Jaall Jelsiv) goene go ually JSU Jeall dellaind (b -8) JSall 3 seda .60[S] &Ll
0 e Al A0l Ao gal) Cilalgall (g Adadl) deUninY) AS e (3) Jsaal G i) g5 Jaall
A gan g 5eSI) il sall S5l 2050[KW] S Jea aind L(€ od <G —8) ISV b dalasally Jeall de lain
Sle bl Al Al Aal e 582.7[KW] Jhatind &5 Wiy «1467.3[KW] Layss 51050 deUnivly day)Y)
ey Jldl Jass e 400[KW] ) g5l Jaad) de Uaind (oalis) dlls 8 Wl L JSH Jeall Jd (g 2L
38 50 po e Uiy ZagY) Aipum g poSH clalsal) byl «(1050[KWI+400[KWI]) 1450[kW] ISH Jesl
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el (ouald ey Badinall gy sall Aol Gpml il aladinly Cpp oadial Apal ) Ays Sie AS0E) A8 Al ayad

a8 allly Al Ao i) Wl caaadl IS0 Jasll J (e Lesa 1450[KW] i iy «1467.3kW]
Mye 0% Aladl o3 by LAl Al ) A G aid Yy Kl ASEN ) a3 17.3[KW]
(€ —8)JSall b pliage s LS Jaall s Syl

bl Janl haai B Ao sall cilalgall i Atal) Ao Usiay) AS L (3) Jgaad)

BASE LOAD LOAD Active power sharing
GEJ =1050 [kW] [kW ] iledl) AcUaiN) ASHLia
= VARIABL LOAD 100% Py,
o
5 “ ~(0- [kW ] GRID
£ %* kW
7 i 1LY OPEN | RAD | SKIN | SLEEP Z p, |
(KW ]
0-10 1000 2050 | 868.7 | 226.3 | 175.2 | 197.2 | 1467.3 | 582.7
10-15 900 1950 | 868.7 | 226.3 | 175.2 | 197.2 | 1467.3 | 482.7
15-20 800 1850 | 868.7 | 226.3 | 175.2 | 197.2 | 1467.3 | 382.7
20-25 700 1750 | 868.7 | 226.3 | 175.2 | 197.2 | 1467.3 | 282.7
25-30 600 1650 | 868.7 | 226.3 | 175.2 | 197.2 | 1467.3 | 182.7
30-35 500 1550 | 868.7 | 226.3 | 175.2 | 197.2 | 1467.3 | 82.7
35-40 400 1450 | 868.7 | 226.3 | 175.2 | 197.2 | 1467.3 | - 17.3
40-45 300 1350 | 868.7 | 226.3 | 175.2 | 197.2 | 1467.3 | -117.3
45-50 200 1250 | 868.7 | 226.3 | 175.2 | 197.2 | 1467.3 | -217.3
50-55 100 1150 | 868.7 | 226.3 | 175.2 | 197.2 | 1467.3 | -317.3
55-60 0 1050 | 868.7 | 226.3 | 175.2 | 197.2 | 1467.3 | -417.3
p_dsl DSL GEN 3. 125MWVA = 10% variable load 0-1000 kKW
o s| | L= | . _
| l I_l_l_
. ey | [ I I (é) I I
IR L 10% pload
1000 I-hr.f, 1 1 ] ! 1 z 'I
o {lll’ S — 1.51
e : : ' : : i o 10 2-c> 30 40 50 60
(b)
146?:29995
o 10 20 (360) 40 S0 60
(tlal) Jand) aa B Jaad) do Uil i i 4] gall cilalgal) Cp Aladl) Ao Uaia) AS L (8) S
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4d))a: as4 (Frequency Controller For PV System) ) (Hlgdall (Glaiall Satia o (9) =&l G
pSaiall 138 a6 w4l Aasenall dpaall e BEY rs ()50 Ase IS aSaia) (JsaasseSl) Algall 2053
Jile sdlly (10) J3) A e 98 WS (49-51) HZ dasend) adll o 205l (S Jla A aalsll Ligbos
I WSl 22 e dead (51) HZ dadll e a3l i) ) g isad) g eSl sl Ladiel Taja
IS 458 Jaall g (Ssng el gl z13) 58 0 el Jladl) aSatll eha¥) (5% et ¢ inall Lislas
Al 8 il dgmg e i Wl 5 a0l G L Bl )aY) desall culalsall s il e laa
LS il 4S8N W s oy i) oY elldy 90 Loy sl Jaall (10%4000as vie adaadl 3

(d —8) JSal) 3 plase 5o
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mMy,
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I -
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| 550
49.9 l 499 |]
I o
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[ 00 fith 400
50 - ~— -~ PO
I o 0
49.9 |]
260 360
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400 400
50 Ml Ur |
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499 I‘ ‘ |
360 360 |
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£ - - .
ol Janl) Jaai Jal e Ao sall clalsally ASul) cha JSI 25illy agad) i (9) i)
106 pload , 52 deisel work stale ‘unlitled181 fis' rad _fc 53 DIESEL CONTROL SIGNAL w
r
22 ;
H
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-
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12 o
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1
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1ot qload ‘untitied18 fis' output s0
10 '
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[}
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S1 grid work state ‘untiled181.fis' open_fc
1
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- N &
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:(DIESEL + PV) 2Dl Jasdl Jaad b Jand 49 Saall 40l B

sae Gl sy 3 Al el asy b Ay A e Al gl Alla Aul @ ) i b
Aalie ale Al Ala g Wie gy s cJlael o Bpene Sl 4385l A8 a5 llans (g peiS
Aseal) Al & O3l alge pe el dpalaeV) Lglay au¥) s g oSl Clalsall Jasd Cun

dellin) (aids Cysy (S[S] o i) dealh PA x5 U< %10 Aty Ageal) dellinl i Ay &
Ao Vs cacldl) Jaall Wi L@ —11) JSE 8 Gae 58 WS 400(KW] sy 1000[KW] (e g5l Jaal)
el (b —11) JSa0 3 seda 40[S] dllly duball o) A i Jea 568 1050[KW] e s
AHlie (4) Jsaall G o osid) sl Jaslly gac @) Jeall elliinl poene ge urdly (KU Jeall
d ¢ —11) JEYI 3 daumgally Jeall dellaind i die J3al) algay dejsall colalgall cp Adadll de Ui
Lei 1467.3[KW]la a8 520 50 deUniasly dag V) A gan g 36S1) clal gl S5l 2050[KW] S Jes ind (€
oaliasl dlla b Ll L Jeall J8 e @8 e Gl At Jhall Al e 582.7[KW] il &
Clalsall i 1450[kW] SN Jeal) iy oJld) Jas e 400KW] I g5l Jaall de Ui
(S Jaall Jd e Leie 1450[kW] Jhaia) 3 1467.3[KW] ayss salse de Uiy dayyY) agigun s 36<0
S echane gad Al 8 ila) dea Jiln 8 ol b dailal) e Uaiu) e 5ol oSey Ly
(A —11)JSaD & mlage s LS Jaall z)la Gadll 40 ()60 Alall o2

B ) Jand) Jaai B Ao gall clalgall i Aal) Ao i) AS Lk (4) Jsaad

BASE LOAD LOAD Active power sharing
g =1050 [kW] [KW ] Aledl) de Uaina) 4S5l
:é —  VARIABL LOAD 100% By,
‘—é - ~(0- =y DIESEL
@ 0511000 OPEN RAD @ SKIN | SLEEP Z P,y [kWW]

KW ]

0-10 1000 2050 868.7 226.3 175.2 197.2 1467.3 582.7
10-15 900 1950 868.7  226.3 175.2  197.2 1467.3 482.7
15-20 800 1850 868.7 226.3 175.2 197.2 1467.3 382.7
20-25 700 1750 868.7  226.3 175.2  197.2 1467.3 282.7
25-30 600 1650 868.7 226.3 175.2 197.2 1467.3 182.7
30-35 500 1550 868.7  226.3 175.2  197.2 | 1467.3 82.7
35-40 400 1450 868.7 226.3 175.2 197.2 1467.3 -17.3

481 a8y (Frequency Controller For PV System)Jsy! lsial) Ghaidll aSaie & (12) JSE G
Jisy o5 (13) ISl 3 (e sa WS (49-51) HZ dasasall ol o 2050 oIS a8 sl Lglse
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ALl lgle aala Al sall 35 Ayie) 85l Aailal) ALY) el (i Ml ol ADE b (@bl e
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Aokt Cud Cua dgladll deUain) A8l (5) dsaad) G« wiall gl Jaally saclll Jeall e Uain
(& «d ¢ —14) JIY) b mmse s LS lajiie Jiall se Jd e S Jeal

(C-i) tashl) Al b Jandl haai b Ao gal) clalgall (s Lledl) doUsicy) 48 )Lka (5) Jgiad)

BASE LOAD Active power sharing
fgj =1050 [KW] LOAD Aledl) AeUain) A8 )Lk
é @ VARIABL LOAD [kW] DIESEL
c_é =(0-100)%*1000 [kw]

@ KW ]

0-10 1000 2050 2050
10-15 900 1950 1950
15-20 800 1850 1850
20-25 700 1750 1750
25-30 600 1650 1650
30-35 500 1550 1550
35-40 400 1450 1450
40-45 300 1350 1350
45-50 200 1250 1250
50-55 100 1150 1150
55-60 0 1050 1050
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