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Performance Characteristics of Pyramid Solar Microgrid

with Different Individual PV Systems

An-Lun Lee*  Bin-Juine Huang**
Department of Mechanical Engineering

National Taiwan University

Abstract

This study builds a 4+4 physical pyramid microgrid system, and uses HyPV
simulators and CCUs to assemble a 4+4 simulation system, and then discuss the
simulation accuracy of the two systems. It also research the power generation efficiency
and data transmission stability of the three different power dispatching control methods
which are centralized scheme, cascaded scheme and mobile-commander scheme. After
this, another experiment about three different combination of pyramid microgrid
systems including 8 HyPV units, 8 HyS units, and 4 HyPV+4 HyS units are proposed
and their power generation efficiency are analyzed and compared.

According to the experiments. We have the results that there is no effect on the
power generation efficiency and data transmission stability by the three different power
dispatching methods. And the microgrids which included the HyS units improves the

power generation slightly, but don’t contribute much to power dispatching.

* Graduate Student

**  Advisor
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i oo
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(5) Data: & B » il & 3 Bl o

(6) CRC[12]: &ty 2 A F IR g > * W RBFFT R DI o
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# 2.3-2 ~ CANbus2.0A F 3 =# ;¢ (data frame)
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Arbitration field Control field Data field CRC field
(base) ID DLC Sequence -
- o~ o|~ 2
o} o (W - =
RIS 2121Elg(2 2|2z (2|88 - |BEF2 z|S|E
HE i|& 5|&|&|8| 0 ©8\ZE 5|38
LSB

MSB (first bit transmitted)

(1) Start of Frame(SOF) : % A2dpf 9 g * o

(2)  Arbitration Field : # z COB-ID » p*{f i+ % 7 3% T AL B ALIE > b
YoE 5 BB @ > AP S P i - L IR > COB-ID A%
o BARARE o AL FH LT RALED

3) Control Field : IDE 4% & % % ¥4 :4 -DLC A2 FHE & ~ 10
& BT o

4 Data Field : 0-8bytes e F L » &/ Tl E R 5 0~ &~ FTHEL AL 8

5) CRC field : % 74 1e5% (Cyclic redundancy check)[12] » i i 1% 3+

BRERRL A P R T AL D AR
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F042-1~ F A A4 P P30 P oA % Bk

. P igitd BRRRE PETE R g FRALE
(Wh/m"2) (Wh) (Wh) (Wh/W,)

37116 p 6378 1566 18887 9% 2.34
3117 p 4186 2913 16467 21% 2.04
3718 p 2393 2361 13572 21% 1.68
3919 p 809 0 5315 0% 0.66
3120p 3004 2410 18500 15% 2.29
39 21p 5154 2299 20342 13% 2.52
31220p 4547 2355 19986 13% 2.48
39 240p 3366 701 14444 5% 1.79
31 25p 4689 1930 20552 10% 2.55
371260p 5290 2678 24006 13% 2.97
31279p 3455 1225 15993 8% 1.98
371289 694 0 4610 0% 0.57
3129p 3070 871 15753 6% 1.95
3330p 1691 2175 11132 24% 1.38
5% 3p 5394 3103 28132 12% 3.49
51 4p 6369 1221 29030 4% 3.6
51 5p 4818 2426 26429 10% 3.27
51 6p 3082 1975 15849 14% 1.96
51 7p 2647 2151 22108 11% 2.74
518p 3848 3427 21693 19% 2.69
579p 5910 2664 26827 1% 3.32
5710p 4309 2960 22112 15% 2.74
5711 p 5323 1665 23968 7% 2.97
51 12p 909 233 5799 4% 0.72
5713 p 7183 2405 28323 9% 3.51
51 14 p 5438 2988 23875 14% 2.96
51 15p 4895 1904 23211 9% 2.88
57 16 p 3614 2086 19115 12% 237
5917 p 6517 2710 27584 11% 3.42
57 18 p 2236 2301 14066 20% 1.74

= 4096 1990 19256 12% 2.38
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%422~ s S BEE 444 AT 3 30 P A& B

o Pi5sE BART PELTE nogEw #FRIE
(Wh/m"2) (Wh) (Wh) (Wh/W,)

3916 6378 1476 21398 7% 2.65
39 17p 4186 2889 17338 20% 2.15
3718 p 2393 2040 11588 21% 1.44
3119 p 809 0 3246 0% 0.4
3120 0p 3004 0 11204 0% 1.39
3921 p 5154 1555 18950 9% 2.35
39 220p 4547 2825 15525 22% 1.92
39 240p 3366 2253 12510 22% 1.55
39 25p 4689 1583 17304 10% 2.14
392608 5290 2715 17503 18% 2.17
31270 3455 2155 12637 21% 1.57
3128 p 694 0 3257 0% 0.4
31 29p 3070 342 12083 3% 1.5
3730p 1691 2094 10832 24% 1.34
5130 5394 3595 26300 16% 3.26
597 4p 6369 1922 26486 8% 3.28
51 50p 4818 2886 23025 14% 2.85
5160 3082 2445 15128 19% 1.87
59 70p 2647 1334 12027 12% 1.49
578p 3848 3101 17041 22% 2.11
579p 5910 3758 24037 19% 2.98
5110 p 4309 3891 18314 27% 2.27
59 11p 5323 2701 21787 14% 2.7
59129 909 558 4133 16% 0.51
59 13 p 7183 3154 26746 13% 331
59 14p 5438 3555 20112 21% 2.49
5115 p 4895 2482 20733 14% 2.57
5116 p 3614 2383 14824 19% 1.84
5117 p 6517 2500 23643 12% 2.93
5118 p 2236 1979 9797 25% 1.21

ey 4096 2139 16316 15% 2.02

68

doi:10.6342/NTU202002472



35000

30000

25000

20000

1 15000

B H#SERWh)

10000

5000

30000

25000

20000

(Wh)

]
@f 15000

[SERE

10000

5000

HHGSEEHNENENE(L

B 422 P HFTEHP HHE R BEH L Sulicdy)

69

doi:10.6342/NTU202002472

L]
L] . L]
. . e o
b
o
. . . e
.‘ ; .
L] o L]
‘ . .
..-6-
o
1000 2000 3000 4000 5000 6000 7000 8000
E HESHE(Wh/mA2/day)
B 42-1~ p# T 2P 5 E %1 B(F WL iy
[=i =N +
AR EE RN EE(L
,-‘
E
T
. . b4
‘.-" L]
.
g L]
.
e o @ .
. o .
"
e
. _,:“w, .
-7
o
1000 2000 3000 4000 5000 6000 7000 2000
B R E(wWh/m»r2/day)



D4R B RS B RV

4000
3500
L ]
3000 . o
. . L
. L ] L [ ] . el .
) . ) L e .
pa— N
e . ° o
® ®
oy [
T 1500
[ ]
1000
L ]
4 L ]
500 ;
.':.'..
0 e
] 1000 2000 3000 4000 5000 6000 7000 8000
E HEEEE(Wh/mr2/day)
> g i - 7z % A
Bl 423~ P AREHP F5E R0 BI(F W L SR
B H 4HEE R B R SR8 b
4500
4000
[ ]
[ ]
3500 *
. [ ]
3000
. . L ]
=
B
] 2500 . .
o o
®
2 [ )
% 2000 . .
i
1500 ¢ ¢ .
[ ]
1000
500 *.
- )
a — "
0 1000 2000 3000 4000 5000 6000 7000 8000
E TR E(wWh/mn2/day)

Bl 42-4~ p AR EHP I R BIBE : Slicdy)

70

doi:10.6342/NTU202002472



g ¥ RO b

YU

SR AR - R O R

R AR LR 2 R

% ég'ﬂﬁggimﬁzkg VRS N KRB RGP B U KRR PR Y

N
,V-

ﬁ&%%;%ﬁq& 3 \#';ari ;,pé?ﬁ; o

71

doi:10.6342/NTU202002472



423~ M2 HEL R R

*

o RARLLEV PETEZLE
(Wh/m"2) (Wh)
37 16p 6% 12%
31 17p 1% 5%
3718 p 14% -15%
37 19p 0% -39%
3220p 100% -39%
3%221p 32% -1%
31220p -17% -22%
31 240p -69% -13%
3125p 18% -16%
37%1260p -1% -27%
3827 p -43% -21%
3% 28p 0% -29%
3% 29p 61% -23%
37230p 4% -3%
5% 3p -14% -1%
5% 4p -36% -9%
5%25p -16% -13%
5% 6P -19% -5%
ST Tp 61% -46%
5% 8p 11% -21%
57 9p -29% -10%
52 10p -24% -17%
5% 11p -38% -9%
5% 12p -58% -29%
5% 13 p -24% -6%
5% 14 p -16% -16%
5% 15p -23% -11%
5% 16p -12% -22%
SH 17 p 8% -14%
5% 18 p 16% -30%
I35 7% 15%
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%424~ BESECEE 444 AT 30 P& B

o PRAE | ARRE | AERE || R
(Wh/m*2) (Wh) (Wh) (Wh/W,,)

3716 P 6378.7 1498 22305 7% 2.76
3017 p 4186.4 2796 17269 19% 2.14
37 18 p 2393 1988 11678 21% 1.45
3719 p 809.1 0 3152 0% 0.39
312007 3004.7 0 11185 0% 1.39
3921 p 5154.5 1601 18769 9% 2.33
39 220p 4547.6 2698 15078 22% 1.87
39 240p 3366.2 2376 12568 23% 1.56
39 25p 4689.1 1583 17304 10% 2.14
392608 5290.4 2686 17526 18% 2.17
39 27p 3455.5 2098 12689 20% 1.57
39 280p 694.8 0 3296 0% 0.41
3929p 3070.7 426 12113 4% 1.5
3930p 1691 2282 10965 26% 1.36
5130p 5394 3675 26652 16% 3.3
5% 49 6369 1851 26438 8% 3.28
51 50p 4818 2886 23025 14% 2.85
59608 3082 2297 15246 18% 1.89
51 7p 2647 1377 12178 13% 1.51
5180p 3848 3179 17158 23% 2.13
5190p 5910 3525 23169 18% 2.87
5710 p 4309 4021 18562 28% 2.3
59 11p 5323 2691 20686 15% 2.56
59 12p 909 491 4087 14% 0.51
51 13 p 7183 3117 26108 14% 3.24
59 14p 5438 3760 21387 21% 2.65
5115 p 4895 2380 20123 13% 2.49
571 16 p 3614 2323 16103 17% 2
5117 p 6517 2416 23165 12% 2.87
57 18 p 2236 2022 9652 27% 1.2

ey 4096.68 2630 21377.50 14% 2.65
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% 042-5 AR NN HCEE 4+4 R 4 30 P A E Bk

- PRME | AT | ERE )L | FR0E
(Wh/m"2) (Wh) (Wh) (Wh/Wy,)
" 16 P 6378.7 1387 21083 7% 2.61
1 17 p 4186.4 2763 18659 17% 2.31
" 18 B 2393 1578 11324 16% 1.4
119 p 809.1 0 3069 0% 0.38
" 20 B 3004.7 0 12964 0% 1.61
1 21 p 5154.5 1604 18658 9% 2.31
" 22 4547.6 2703 16109 20% 2
1 24 p 3366.2 2287 12687 22% 1.57
" 25 4689.1 1492 17605 9% 2.18
126 p 5290.4 2826 18024 19% 2.23
" 27 B 3455.5 2189 13106 20% 1.62
128 p 694.8 0 3963 0% 0.49
129 p 3070.7 716 13297 6% 1.65
30 p 1691 2562 12365 26% 1.53
51 3p 5394 4061 27205 18% 3.37
140 6369 1965 26485 8% 3.28
150 4818 2833 23695 14% 2.94
16 R 3082 2587 15898 19% 1.97
17 g 2647 1188 11687 11% 1.45
18R 3848 3037 18169 20% 2.25
19p 5910 2750 22658 14% 2.81
" 10 B 4309 4279 19879 27% 2.46
1 11 p 5323 2932 21389 16% 2.65
" 12 P 909 679 4138 20% 0.51
" 13 7183 3387 26518 15% 3.29
1 14 p 5438 3418 22054 18% 2.73
" 15 p 4895 2666 23235 13% 2.88
116 p 3614 2094 17863 13% 2.21
" 17 B 6517 2104 24138 10% 2.99
118 p 2236 1687 9328 22% 1.16
T 4096.68 2630 21377.50 14% 2.65
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Byrd] Bkl 5 RS485 8 145 28m » YTpF gl > 5\ # 72 1 = A7

Microchip 2z

PIC18 )% 7| datasheet 4B 4.2-9 » % & F x5 = e 5is » PICIS H

7 OERRDbit ¢+ 1 8 T = p*FF USART { % ¢ B 3 TATIEL > #7020 ik R

datasheet 4] 4.2-10 #-f2;V & {722 2 » 4 OERR # 4%+ 4=pF » #- CREN bit 7

—

AR

7 RCREG buffer % ; VT‘ OERR bit » i& }* B~ % i A2 5% K f2 47 &8 -

PL S end+d B B 30 % qc 2 RS485 - & K #icho £ 4.2-6 0 @ RS485

230 % ,f‘;é}@ﬁ%]:'zﬁx;% 4147200 = (3£ 2.4-5 &) TR H & Sk P Y %
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FIGURE 16-5: ASYNCHRONOUS RECEPTION

Start Start
bit
Rev Shift
Reg . (( (( (( |
Rev Buffer Reg ) ' )] )) !
[ Word 1 Word 2 '
RCIDL | RCREGx RCREGx '
((
)] |
Read Rev !
Buffer Reg E S 5 5 5 S : H—H_
RCREGx ' ’)
RCXIF (¢ 3 {
(Interrupt Flag) ) )
OERR bit (( (( (( L
' )] )] ))
CREN (( (( [ ( 3
)] )] ) ) LA
Note: This timing diagram shows three words appearing on the RXx/DTx input. The RCREGx (receive buffer) is read after the third
word, causing the OERR (overrun) bit to be set.
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16.4.1.8 Receive Overrun Error

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received hefore RCREGX is read to access
the FIFO. When this happens the OERR bit of the
RCSTAX register is set. Previous data in the FIFO will
not be overwritten. The two characters in the FIFO
buffer can be read, however, no additional characters
will be received until the error is cleared. The OERR bit
can only be cleared by clearing the overrun condition.
If the overrun error occurred when the SREN bit is set
and CREN is clear then the error is cleared by reading
RCREGx.

Bl 4.2-10 ~ Microchip +4vri@ f#;&- OERR

% 4.2-6 ~ RS485 #- ¢ =t #c+t i

E il Al X3 B 2 =1
Al 25 13 2 0
A2 32 5 0 0
A3 17 12 1 2
A4 63 23 3 3
e 137 53 6 5
Fo0 427~ R A S Fb R
7 Ll bl i =3 N EaN &R R
T i 9*10 6.456*10°° 6.456*10°°
T 3.3*%10°° 1.3*%10°° 1.4*%107° 1.2*%10°
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