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IREFEZD LB (4DFE)

NETFRIRIIBEE (2009F) f=o =-S5 EIFELEAREFETL
13D FHZ4T>oT= (Wiley Progress in Photovoltaic 2014) .

]l i f (A) Kanto ] (B) Chubu | (C) Kanto + Chubu
136°E  137°E  138°E 139°E  140°E 141°E 136°E  137°E  138°E 139°E  140°E 141°E 136°E  137°E  138°E 139°E 140°E 141°E
Area 32 423.90 km? 72 572. 34 km? 104 996.24 km?
Installed Capacity 4 409.02 kW 3694.16 kW 8 103.18 kW
Number of PV systems 143 130 273
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IREFEZD LB (4DFE)
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Area 32423 km’ 72 572 km® 104 996 km” Area 32423 km’ 72 572 km® 104 996 km”
B Method1 B Method2 B Methodd B Methodd O Persistence B Method1 B Method2 O Methodd B Method4 O Persistence
Kanto Chubu Kanto and Chubu
Method with lowest nMAE Method 1 Method 1 Method 1
Method with highest nMAE Method 3 Method 4 Method 4
Maximum % Variation™ 6% 28% 23.7%
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kWh

> AR THBARBGAREFTARMORAFET., FRALGRFALEHLH
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> ARLIKGZAFRABENRELTLRIINEEDOREINZS,

Typical PV Power Generation in Changing Weather - Ref
—— Meas
6 | — Fost
= 97.5%
5 Real Forecast ” a O e on
' O 85.0%
4 Forecast |
Error +
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AN
) — ° [

| . ° + =
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0 N
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hour of the day
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Calculation of the Prediction IntervalS (crand Renewabie 2014)

The prediction interval for a target hour are calculated considering the forecast
errors that occurred given expected weather conditions, extraterrestrial insolation,
season and time of day (morning of afternoon) similar to the target hour’s ones.

= e FE (B Input data for the PV power
generation forecast at 13h.
GPV(T,, Rh,, C,)+Ext,

What is the prediction
interval for the
forecast of 13h?

kwh

O B N W A~ U O N
| S I I S S R S—

@ For a forecast value target, its input data are compared with the input data used in past forecasts (past 60
days, 840 hours).

@ The most similar hours (5% quantile, 42 hours) to the target one are selected and gathered in a set.
@ Itis assumed that the samples in the set are part of a Laplace distribution or a Gaussian distribution.

@ If any of the 2 assumptions is true, c for these distributions can be theoretically calculated from the
Maximum Likelihood Estimation Method.
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Calculation of the Prediction Intervals

» Laplace Distribution

p(z) = %e_lczf_l (A)

If the set of forecast errors, err, follows
this distribution o in Eq. (A) can be calculated
via maximum likelihood estimation as:

1
o =%Z|erri|
i=1

Once o is known Eg. (A) can be integrated
and the superior and inferior limits, p; and pg, of
the predictive intervals can be calculated as:

p; = 0 In(2s) ps = —o In(2s)

» Gaussian Distribution

1 2 B
p(2) =———=e (B)
21O

If the set of forecast errors, err, follows this
distribution ¢ in Eq. (B) can be calculated via
maximum likelihood estimation as:

1
02=1‘Z|91‘Fi | 2
i=1

Once o is known Eq. (A) can be integrated
and the superior and inferior limits, p; and p,, of
the predictive intervals can be calculated as:

pi=—0d (1 —5s) ps =0 ®1(1—5)
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PV Systems Description

+ PV System Location

38.4%

)—X :NEDODFT-T—4%

» One year of data of 421 PV systems were
used (a subset of the systems in the map).

» These PV systems are in installed in
different locations in Japan.

» They are part of the Field Test Project
maintained by NEDO.

» The set contains a variety of examples
regarding installation conditions and rated

power.

Table 1. Installed capacity of PV systems per region.

Number of PV systems

Installed Capacity (kW)

w\
5
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o
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& :i"“;‘??‘gl "m"mﬁ_gg
ERe)
=
North East South West North
Module Orientation (degrees) .
.: 71“ =
" i ﬂ.
@
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£ b
: ]
ﬁ“ & 25% 23.3%
b z 20.7%
- ] 20%
o
iy E 15% 12.6%
*.3& g 0% o 03w
e o
. = 65%
s €
4,
. g 5% 6%
g 129. 139’12& 163’ 1.1%
LS 0% - = -
"N‘“‘“SEDESQ;§§£
& £
Module Tilt Angle (degrees) 2 £ 6
o }
130° E 135°E 140° E 145° E

Hokkaido 6 118.9
Tohoku 12 261.8
Kanto 109 34158
Chubu 107 3 438.2
Kansai 65 24256
Chugoku 38 14321
Shikoku 21 896.1
Kyushu 61 2198.8
Okinawa 2 50.4
Total 421 14 237.7
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% of Forecast Errors Within Prediction Intervals

Results

Which distribution assumption is better ? Four confidence levels.

Predetermined Confidence Level vs. Achieved Annual Forecast Error Coverage

100

97.5

95.0

90.0

85.0

82.5

° e
BN
— k.
—
e} & :
B P-4
s
|
e s
~ 5 8
M| \With Laplacian Dist.
B \With Gaussian Dist.
T T T
85% 90% 95% 97.5%

» Based on the median values in the boxplot it is
clear that the assumption of Laplacian distribution to
model the forecast error is a better assumption that
the Gaussian distribution.

> Moreover, even in the worst forecast error
coverage values the confidence level provided good
estimations of it.

» With the Gaussian distribution assumption there
is a trend to underestimate the forecast error
coverage at low values of confidence levels and
overestimate them at high values.
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How big are the intervals?

Size of the intervals with the proposed

60

Naive Prediction Interval
(100% error coverage)

Bl
A -B- Ref (100%)
\ 97.5%
< 95.0%

90.0%

{ \

40

PV power Generation (kWh)
20
|

o

HourofDays 7 8 9 10 11 12 13 14 15 16 17 18 19

» With the Laplacian distribution
assumption the proposed method yielded
prediction intervals 44% smaller than the
naive method while yielding 97.6% of
forecast error coverage.

Results

method versus the naive reference method.

Proposed Method with Proposed Method with
Laplace Distribution Gaussian Distribution
Foreca_ast_ Ffredmhon Forecast_ Prediction
errors within| intervals | errors within .
rediction relative** rediction Intervals
P . . P . |relative™ size
intervals size intervals

—~ |8 ( )

2 5 86.9% 0.327 88.4% 0.332

[

= g 91.5% 0.389 91.5% 0.376

|

8 g 95.6% 0.484 94.7% 0.439

2 o

s |7.| 97.6% 0.565 96.5% 0.491

O 5 —

* Median of the forecast error coverages for all PV systems.
** The ratio is based on the average size of the intervals compared with the
average size of the intervals from the naive reference approach.
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