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Generation Forecast of Renewable Energy and System Technology

Kazuhiko Ogimoto*®, Member
(201442 A 24 N 2ZAF)

The penetration of variable renewable energy generation is bringing about the new issues of variability to a power
system operation. The 1ssues are expected to be resolved through the optimum deployment of all the flexibality re-
sources. The paper discusses about the variability and the Hexibility to find the needs for the evolution of the forecast
technologies and the system technologies of centralized and decentralized power systems.
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Evaluation of Forecast Accuracy of Photovoltaic Power Generation
by Power Output Flexibility of Residential Fuel Cell

oo X

Takeyoshi Kato

EB®EN

Yusuke Manabe

EAXRBH

Muneaki Kurimoto

fit B8 A7

Toshihisa Funabashi

An accurate and reliable forecasting of photovoltaic power generation system (PVS) is essential for effective
utilization of various energy resources in demand side for the integration of PVS at high level. This paper evaluates
the forecast accuracy of PV power generation in terms of flexible operation of residential fuel cell (FC). The main
results are as follows. When the forecast error of 4 kW PVS is compensated by 0.7kW FC using electricity load
following control, 30% of annual forecast error can be compensated. When the reverse power flow from FC system
is allowed, the compensating forecast error can be increased to 60%. In the case of the forecast error of aggregated
PVS, the ratio of compensating forecast error is increased by about 10%. Even when the forecast error of 20 kW
PV system is compensated by 0.7 kW, 20% of annual forecast error can be compensated. These results suggests
that the forecast error of PVS can be managed to a certain level by the flexible operation of residential FC.

Keywords : Photovoltaic Power Generation, Forecast, Residential Fuel Cell, Demand Side
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Improving electrical grid efficiency through weather-based D EEHOERICHETF
dynamic-thermal-rating methods . ST L
Maggie Campbell (mcampbel@eoas.ubc. ca), Gregory West (gwest@eoas.ubc.ca), Roland Stull (rstull@eoas.ubc.ca) %ﬁ@?/ﬂ/? )[/ rﬁ $&€

The University of British Columbia *IJ m (24% Fﬁﬁ §||—: i —Go)
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* High powerline temperatures can damage lines and are hazardous. D'arcy, 2016-08-01 to 2016-08-31, Blas-corrected Forecasts MR CNestS 12
+ Powerline temperature depends on the conductor’s ch istics, o
the amount of electrical current in the line, and the prevailing -
weather conditions. a ﬁl* w % ’ ' 9 ]z %ﬁ
* Higher wind speeds and lower temperatures allow more power L ®
10 be transmitted due to cooling effects. Wing O w 7][] ﬁlg ( h eati n g rate )
* A thermal rating is the amount of current that can be in a given ... 8::‘_ o
powerline under the prevailing weather conditions without causing » Toig T
i z == E45z25, 8%
damage or too much sag. . o o 5"/ = K
*  Most companies use static thermal ratings that assume worst case | e N
weather conditions for an entire season. on:g % (i j E 1/ ] [Im} T’ 75\ ~
+ Using numerical weather prediction forecasts to forecast dynamic N
thermal line ratings (that change based on weather conditions) is a ﬁ I ;I'\ 75\ A é é g ﬁ E U
relatively new concept, i
* Dynamic thermal ratings (DTR) are calculated using real-time or " ; ’ i . “ome - o
TSN csrditions falaiie NS0 lake betles ) o P » Fig 4. DTRs calculated based on ensemble average for forecast hour 12, with weather
SN A oA S Bpsed bservations (black), raw forecasts (purple), bias-corrected variable f
dvantage of the full capacity of the lines, optimizing Fig, 3. DTRy calculated with bi d wind speed and cnsemble average. S Y et (e i 2o m::;.h\:l:,,, st A= o'C —=
their system, and reducing costs, DTRs plotted against wind speed, as a function of wind direction and temperature. thermal rating for the powerline's region (red). = ]* EE_; ﬁ}% 0) E}l: j'l.. z N l j: 24

H) Blay B

Fi 3 shows the clear temperature - DTR ==
.M .“mm e - b hip. Higher DTRsp:n: associated with lower H% Fﬂﬂ 9& i -sz = $ % %

“ temperatures, and vufc versa. Also, for hlghc‘r . .
temperatures, DTRs increase as wind speed increases, ( : ll‘ﬁ #& % Jé 17]‘
Fig. 3 also shows higher DTRs are associated with

J wind angled perpendicular to the line.
l : Fig. 4 illustrates the potential for DTR forecasts to

improve efficiency and safety over static ratings. -

I Fig, 5 shows that both bias-correction techniques - 1 E 9& -as —G é i“-_l- %

improve DTRs significantly. These preliminary
Fig. §. lhr plot 0fll|¢l\) 100! mean \qlmcd rvor (RMSE), and B) biss, between DTRs calculared rom results indicate that the weather-variable-based bias-

observations and DTRs caleulated with raw forecasts (purple), using the weather-variable-based bias correction may be superior.
vorrection method (bluc), and using the DTR-based bias correction mathod (green).

CrE— | 7T FOEE
: Include precipitation and evaporative cooling effects with m 1@ E I] 0) } ~ / :E) L k

e 1 F A EE R
i‘:cl:lil l::l:‘;:::;:nphic effects and the catenary shape of 5 l’ \ 5 fd‘ y j_ ) j_ Z

Fig. 1. High-voltage transmission lines in British Columbia,

Methodology

* DTRs are calculnted using the IEEE Std. 738 for Calculating

Current:Te of Bare Overhead Cond which take the line on the incident angle of incoming solar radiation é 1_—_ &) ( —_ *I J ﬁ 7 N -‘j- y
into account conyeetive cooling, radiative cooling, solar heating, (Fig. 6). o ~ ~ o ~
and resistive heating. « Calculate DTRs at every point along the transmission line.

* Air temperature, wind speed, and wind direction forecasts froma | EE——— -

*  Create graphical display showing continuously varying DTR
high-resolution NWP ensemble system, and observations are

along line, based on high resolution gridded NWP output.

TILAIN—IF371E

used to calculate DTRs. Fig, 6, Diagram of powerline segments split into +  Compare DTRs with static line ratings and quasi-DTRs.
* Weather obscrvations on the ission lines are not availabl e e S Bl iars Cos bilistically calibrate the DTR forecasts
po of the hanging powerline. The angles ry A
50 instead we use nearby weather stations to post-process and between the powerling and the towers are to produce forecast bability of exceedance forecasts for

verify NWP forecasts, This simulates how accurate DTR
forecasts could be if on-line weather stations were present.

different depending if the two supporting towers a given line temperature: threshold for different currents.
are ot the same elevation of nok.

* Two methods of DTR bi 1on are used: 1) DTRs are
leulated with the bis d wind speed and temp I =
forecasts, 2) DTRy are bias-corrected afier being caleulated with —— # ; ‘ Y rd for calen 110 of bare overhead conductors. IEEE Std 738; 2012
maw forecasts. i ; W

&l Courtesy of Margaret A. M. Campbell
EIHRBREA EE SR I I i e D1 Z0 PIT

AMS2017E R AR CDHRRSA—




FEEFRHODARNAEAD A2 /NI

Conceptual Model of

Production Costs
JFEHEET 2024 F(2H1TH1.8CWD KIZHFHE
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Load

Contracts

Trading

Units
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Cur rent
’Fomcasts

Costs w/

- h‘l\ptﬂl&d - > =
Forecasts

~ .. Costs w/
Perfect

Costs w/ _ .77

B D=5

$1,209,429,880

135012 M
Value of
Improved
— Forecasts
$819,820
#990005 M

$1,208,610,060

Remaining

™ Uncertainty

Costs
$366,120

Forecasts
~ 3o

Courtesy of Jeffrey K. Lazo (NCAR)
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