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a Introduction h @ C- Geometrical optimization process A

The irradiance In the plane of array (GPOA) assessment is an approach requiring calculations based on . Optimum Ot monthiy varition secordingtothe reffctorlngth ; - Optimum Otitfor fixed archiscturs according t the refctor engt
several parameters and measurements and it becomes more complex when adding planar reflectors in front womiz
of the panels [1]. Several optical, geometrical and solar data must be taken into account for that purpose. On [ _ o, |
the other hand, the plane of array irradiance of a PV-Reflector system will be highly affected by the T L e e
longitude, latitude and weather conditions. In this work, six different locations will be studied in this paper: (@) Monthly variation - >\—1 "x) (b) Seasonal variation - opgmzr  *| (c) Fixed architecture

Oslo, Palaiseau, Chicago, Athens, Ouarzazat and New Delhi (Table 1) over a five years period (2012-2016). . preai b

The irradiance data ( horizontal beam and diffuse) were taken from PVGIS (Photovoltaic Geographical
Information System) dataset [2], [3]. Fig. 5. Optimum ©tilt for Athens according to the reflector’s length for monthly varied (a) seasonal varied (b) and fixed architectures (c)
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Table 1 : Different geographical locations studied

Country | Location | Latitude | Longitude il ] st (<) Fixed architecture
Norway Oslo 59 9 10.73 (a) Monthly variation —1 %20' (b) Seasonal variation %ZO@ VD T T S T T S S S S
France Palaiseau 48.71 2.24 1
USA Chicago 41.87 -87.62 : o 0
G reece Athe nS 37 . 98 23 . 72 -19UN JUL AL‘JG SIIEP O(‘ZT NOV‘I:I;Egi_i_jJAN FI;B M;\R APR MAY 71?UN JLIJL AUG SéP OCT Né\/ DEC JAN FEB MAR AI;R MAY '1.(J)UN JL‘JL ALIJG SéP OéT NéV DEC J/-‘\N FEB M/‘\R AF[’R MAY
I\/IOI’O_CCO OuarzazaF 30.92 -6.91 Ny \iig. 6. Optimum OR for Athens according to the reflector’s length for monthly varied (a) seasonal varied (b) and fixed architectures (c)
India New Delhi 28.61 77.2 . . . S
Fig. 1. Photovoltaic system equipped with mirrors

ODbjectives 4 Results I

» Describing a plane of array irradiance (GPOA) estimation study performed for a PV system equipped A- Geometrical o pti mization results for Athens case stu dy
with flat reflectors.
o The WOrk presented focuses On the evaluation Of GPOA for a PV_Reﬂector System architectu re in SiX 60 Gain monthly variation according to the reflector length +§:::tr:tpﬂ _ Gain seasonalv}anatuon{accordu‘lgtothg reﬂectorlength_ﬁ_Ga?nLr:Lml2 - Gain for a fixed architecture according to the reﬂectorIength_igz::tr:tpv/z
different geographical locations and under various weather conditions. e o, o2y
« Performing an architectural optimization approach by considering several geometrical variations in order :/\wﬂ 11 (c) Fixed architecture
\ to achieve the highest plane of array irradiance. / I P e S N A S S ) A
0 (@) Monthly variation _ 1
(b) Seasonal variation | |
I\/I O d e I an d M et h O d O I O g y Fig. 7. Gain in GPOA for Athens according to the reflector’s length for monthly varied (a) seasonal varied (b) and fixed architectures (c)
A- System’s description B-C ting the ol f rradi -
________ - Computing the plane of array irradiance gain
« BNI: The beam normal irradiance (W/m2). Table 2150?%']2 g%f[itrgesggé'irenciZggrﬂ)rgrz'ztgfgf%ig;)ta'”ed Chicago Chicago
 DHI:The dlff_use horl_zor_ltal |rrad|_ance (W/m2). . Monthly Seasonal Fivod B et py
« DRBI: The direct radiation reaching the reflector to be then absorbed by variation variation  architecture -
the PV array (W/mZ) Location Relj‘lectohr's Gain (%) Seasonal variation i
« DRSR: The diffuse radiation reaching the reflector to be then absorbed by i R ey
LI’—LpV/Z 1.7 5.1 3.3 onthly variation -
the PV array (W/m?) ‘ ~ 0 02 04 06 08 1
'*.I OSIO Lr—LpV 176 122 82 0 0.2 0.4 0.6 0.8 1 Fixed hi S I ..
 Lr: The planar reflector Length (m) \ Lr=2xLpv 32.0 24.3 16.1 y e 'tE:Ct_ure sesonelvariation
° va The phOtOVO|taIC panel Iength (m) 11_ |_r:|_pvl2 79 =3 Y - I_r’=L|:-JV 2 Lr=|_pv- B Lr=2=Lpv - -I Monthly varla-tlon -
: . : - - - Fig. 10. Gain comparison
 Otilt: The inclination angle of the PV module to the horizontal plane (°) Palaiseau | Lr=Lpv 17.1 12.0 6.9 Fig 9't Gt:;m c?c:npta “.S oln actchordlng accordgijng to the angulgr variation
* OR: The angle between reflector and the horizontal plane (°) Lr=2+Lpv 28.1 21.7 12.6 O the retiector's feng
Lr=Lpv/2 9.9 6.1 2.0 25
 GPOAwi: The plane of array irradiance for a PV-Reflector installation Chicago | Lr=Lpv 20.1 13.7 0.5 20
(W/m?) _ _ Lr=2+Lpv | 317 25.1 12.4 _ .
Fig. 2. PV-Reflector system architecture Lr=Lpv/i2 | 11.8 7.9 2.5 =
GHI — DHI 1 + cos(Otilt(pv)) 1 (Otilt(pv)) A iy o s v o
— COS 1 \" — COS L \"A —
GPOA,,; = — x cos(AOI) + DHI x PY)) + GHI x Albedo X D VFpy. | + DRBI + DRSR Lr=2+Lpv | 354 29.2 12.7 b | | ‘ I ‘ | | ‘ ‘ I
sin(O SunkEl) ) 2 2 R 4 Lr=Lpv/2 10.8 6.6 2.7 S | |
Diffuse [4] Ouarzazat | Lr=Lpv 20.6 15.0 6.7 5§ 8 £ 5§ 535 58 $ 58% 553%5 58 5§8¢%
Lr=2+«Lpv | 305 26.3 13.9 L5 3 L 5 7 L85 % LS5y s 5 %85y
- - - - - Lr:LpV/z 91 60 28 Oslo Palaiseau Athens Chicago Quarzazat New Delhi
N
B - A n a.I yt I C a.I IVI O d eI C- G 60 m et r I C a.l O p t I m I Za.t I O n Dee|v|»\]l| Lr:LpV 175 131 69 B Gain Seasonal vs Fixed Gain Monthly vs Seasonal Gain monthly vs fixed
Lr=2+Lpv 26.7 23.2 14.9 Fig. 8. Gain comparison between PV-Reflector architectures
D PIODD p FOCessS according to angular variation frequency
Length of the PV array / . \
Conclusion
Architecture System’s J Z::crg:: PV array tilt angle

« The optimization results showed that each region requires specific considerations.
_ * GPOA gain doubles or triples from Lr=Lpv/2 to Lr=Lpv in monthly and seasonal variations.
rorizontal plane « The gain does not increase similarly going from Lr=Lpv to Lr=2Lpv where the increasing ratio is lower

(shading effect).
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Fig. 3. GPOA estimation and optimization model Fig. 4. Geometrical optimization parameters ) _ . . : : .
» Regions with close latitudes showed quite similar results in terms of geometrical optimization.
L » The highest gain was achieved was 35% considering a monthly varied architecture with Lr=2Lpv in Athens
Optimization strategy: _ «  Oslo presented the highest gains in fixed architectures because of its geographical location.
* Three possibilities for the reflector’s length (Lr) were considered : Lpv/2, Lpv and 2Lpv. « A power production gain assessment will be conducted using a MPPT model developed in a previous work [1].

« Three architectural possibilities affecting Otilt and OR: a fixed configuration, a seasonal adjustment
and a monthly adjustment.

* Ga: Gain in GPOA added by the reflectors over the
entire period (%).
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