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Today’s Contents T exsgina

1. Introduction of JWA's services for the energy field

2 . Demand Forecast with AI technologies and Big data
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Japan Weather Association (JWA) Fi) exsgins

O About us

— Established in 1950
— The first private weather company in Japan # @) 587

Japan Meteorological Agency

* HeadQuarters

O Company profile
— Over 800 employees
— HQ in Tokyo & 5 regional offices r .....

— 3 main pillars:

« Social and Disaster Management Dept.
« Environment and Energy Dept.

« Media and Consumer Service Dept.

.....
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Our Business Fields and Services Ji) exzstma

Social and Disaster Management
Department

Consulting aimed at mitigating risk of natural disasters

OO

Services Department  Energy Department
Service providing meteorological Consulting aimed at predicting future

information to the media and consumers  environment and energy and realizing a —

sound and safe society .A ;‘ f ;‘ — ﬂ

ANAAAANAAN

Earthquakes, tsunami Marine, waves IR S
and prevention

++’%\ & || @Gl || <=

Energy/ : Research, analysis :
Climate change ' '
Renewable energv 9 assessments International
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http://www.jwa.or.jp/service-business/service/service-cat01/
http://www.jwa.or.jp/service-business/service/service-cat02/
http://www.jwa.or.jp/service-business/service/service-cat03/
http://www.jwa.or.jp/service-business/service/service-cat04/
http://www.jwa.or.jp/service-business/service/service-cat05/
http://www.jwa.or.jp/service-business/service/service-cat06/
http://www.jwa.or.jp/service-business/service/service-cat07/
http://www.jwa.or.jp/service-business/service/service-cat08/
http://www.jwa.or.jp/service-business/service/service-cat09/

Our Services for Energy Sector T exsgina
Covering Whole Energy System

1. Wind Power (Onshore/Offshore)

- Feasibility Surveys

- Design Support for Offshore Wind Power

- Wind Forecasts/Power Generation Forecasts
- Environmental Impact Assessment

2. Solar Power

- Solar Radiation Database and Analysis

- Solar Radiation Forecasts/Power Generation Forecasts
- PV Malfunction Diagnosis

- Environmental Impact Assessment

"
h g

4. Fossil Fuel

- Demand Forecasts
- Weather and Ocean Forecasts

- Dam Management Systems
- Rainfall Runoff Forecasts

3. Ocean Energy

- Marine Analysis and Forecasts

- Wave Estimation Database
- Wave Simulations — P

5. Energy Management

- Tsunami Simulations - Weather Forecasts



Our Approaches to Climate Change Jid) Bxzsins

Business
Activities

i » Mitigation strategies

| scenario %

Support at IPCC session

[ 3 ) . G . J

B Al 2 T.L: HPELON.
[ =\ [ A 2
A.i'r ‘ “ “ = nhile(f::m aittel of heate nmj
s - Impact assessment and S

adaptation strategies

| rate ; ‘
R e J \
by ol g . J

! Climate change—related
Analysis of future rainfall Services * Heatstroke Zero project
(24-hour precipitation, \ y

100-year return period)

*including activities in ICCP
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Our Support for Renewable Energy M) BERSHS

RENEVEDIE
energy

S operations N

Potential Analysis  Feasibility Surveys Forecasts /Monitoring

.
S operaton: [N

Environmental

Considerations Support for SEA Support for EIA Follow-up surveys and
(Strategic Environment (Environment Impact Environmental Monitoring
Assessment) Assessment)

We provide extended support for renewable energy for every development phase,
using both meteorological and environmental technologies.
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Planning /Design of Solar Power ) Bxssime
® Providing services for solar power for over 40 years

® Estimating solar radiation based on the observed values of sunlight duration or meteorological satellite images,
even if there is no observed value of solar radiation

Solar Radiation Database o Estimation from satellite images
L — A —e ‘ 7Maximum
e :; T [SOLASAT-Global ]
) . “7 . . NS ] | Average | . 80° N — s
/ e"s u » . " \ Min;mum T (W/m?]
@-'.o’,7‘m. SR B B S S R B R R T R R 1] ¥ e 1000
i A Monthly Database (MONSOLA-11)
o .. . i
o g i (Cedinessing e

| BHE T - SRTEM

Precipitation

Slope angle and
direction

80° S e

" zad Global horizontal . . .
#‘ - 1| Ciradistion A Example of estimated global radiation
.(' ¥ & . , 57":"; b vvvvae
e, ey 3 o2 - Data: Jan. 2011 - now
— =_goes - Spatial resolution: 5 km
Direct horizontal irradiation Diffuse horizontal irradiation ° Time reSOIUtion: 1 hour

A Solar irradiation map
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Operations of Solar Power T Bxzgime

® Improving the accuracy of solar radiation estimation and prediction by using satellite images and a
specialized meteorological model (SYNFOS)

® Services employed by many companies (power transmission and distribution companies, renewable energy
power generation companies, retail electricity companies, etc.)

SOIVASAT SHNewy SO IFASAily SY,NE®SZsolanglkm
(Estimatedfsolagradiation)) (Eorecasfaheadfalfewlhours) (EorecastiaheadhZ8]hours)

New Energy Award 2018

Agency for Natural Resources and Energy Commissioner's Award

original
meteorological

Infrared

e
Water Vapor ,
satellite images

Optimized for solar radiation
prediction

Area statistical correction
technology

Estimate the amount of solar radiation
from satellite images using a proprietary
solar radiation conversion model

- Spatial resolution : 500 m - Spatial resolution : 500 m * Spatial resolution : 1 km
- Update frequency : 2.5 minutes - Time resolution : 5 minutes - Time resolution  : 30 minutes
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Planning /Design of Wind Power ) BERRHS

® Observing and profiling wind conditions for onshore and offshore wind, including design support
® Participating in numerous national research and survey projects on onshore and offshore wind power

Planning/Preparation Wind Observations

Observations/ Met-mast

Maintenance

Data reduction/Analysis

Buoy LIDAR Offshore
Onshore

Simulations
Wind Simulations

Evaluating
business feasibility

A Implementation flow for
evaluating business feasibility

Ocean and
tidal currents

Wave height (m)

A Various external forces - .
10 Japan Weather Association All Rights Reserved. A Example of offshore wind simulation toward wind turbines A Wave height distribution by numerical models




Operations of Wind Power

) Bxssime

® Predicting wind speed and wind power output at target sites by combining multiple meteorological models
including our specialized meteorological model

® Providing sequential corrections based on local observation values and information on confidence intervals
for both onshore and offshore wind power.

Wind speed '
(m/s)

\ 2m/s= /—
10m/s= f

Rk L

e o o ,' K

A Example of wind direction/speed prediction
using a meteorological model
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A Example of wind power output forecast example (forecast of next day)



Environmental Considerations I Bxssine

® JWA has the largest share of EIA* wind in Japan’s wind power sector.

® JWA also owns the Bird Monitoring Technology used in domestic and overseas offshore wind power generation
facilities.

Domestic market share of Bird monitoring for wind power generation

EIA for wind power
JWA'’s "Birds Migration and Collision

Monitoring Technology"

P’ Conventional Survey Bird Migration Tracing Extraction System
N {Visual Inspection, Corpse Survey, etc.) +
Bird Strike Detection System
. Bird strike detection System  -------ooo oo oo .
[
management office, etc.
Offshore wind potential map including § i -
environmental and legal constraints i 1= |
i .. [Farinfrared I h - |
e v FERAFLANKEBET U OAYINT YT shmen —uBeABs5808 660 H camera : 1
! i apparatus :
@ . i ) ))) “wireless || '
: instrument | 1
| : :

____________________________________________________________________________________________________________________________________
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A Example of potential map (Niigata pref.)
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* Environmental impact assessment
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Today’s Contents T exsgina

1. Introduction of JWA's services for the energy field

2 . Demand Forecast with AI technologies and Big data
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Why High-precision demand forecasting is required? Ji) BAzzims

High-precision demand forecasting is required due to power system reform

B Expansion of renewable energy
B Planned simultaneous amount system

B Transmission and distribution separation

B Use for the power transaction market

! ! ’r + >

2011.3.11 2016.4 2020 2021

Initiation of the same Tran_smi_ssio_n and Launch of nationwide
amount plan system distribution supply-demand
separation adjustment

Great East Japan Earthquake

Expansion of renewable
energy
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Climate Change and Variable Renewable Energy (VRE) 7@ Ak S S

VRE installation is steadily increasing worldwide since 2012 as an alternative for fossil fuel
(as shown in the figure).

However, excess of VRE may result in the destabilization of the energy supply.

—Tarwan

[—
[N

—Japan
Brune: Darussalam
—Cambodia

—Indonesia

Lao People's Democratic Republic

Share of VRE (Power Generation)[%o]
o)

Increasing
VRE share Malaysia
4
—Myanmar
2 —Philippines
Simgapore
0 L
S = ol N OO At N O D — Thailand
o O O O O C O O O O ™ ™ o e e e e = = = 0] 0
S OO OO OSSOSO OO OO Viet Nam

[ I ot AR o I o IR o NN o N e A e A A o N ot N o Y o A AN I AN o Y ot Y it AR ot A o IR |

A Renewable Energy Share [GWh], IRENA

To balance large-scale VRE installation and ensure the energy supply stability,
high-precision forecasting is indispensable.
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Overview: What is JWA's power demand forecasting service? zop nxssima

A

| |

"',_."’ m Weather +
$ forecaster

Weather model

Weather
observation

Weather
observation

Power demand+—

JWA-AI ENGINE

Complex system
analysis

3

Renewable energy+_
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Non-linear
analysis

?

Power demand forecast results
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T8 Predicted
value
(000 G100 12:00 18:00 0:00

Machine
learning

+ Statistics

A Power demand forecasting algorithm



Overview : JWA's power demand forecasting service ) BEs S

/ Energy Demand Forecastln\

7
C Data Integration Customer
ustomer
« Explanation of Demand
Training on previous Forecast Results
Actual Demand data « Future Weather Outlook
Actual contracted m Demand forecasting
Power ) power demand A
forecasting

Accuracy evaluation

Model tuning

Japan Weather Association All Rights Reserved.



Supply area of regional power companies in Japan ) BEs S

- JWA provides various forecast information targeting all 10 power areas nationwide
- In some cases, specific forecasting are demanded
e.g., per prefecture, per voltage type

Supply areas of Japan’s electricity companies
(regional monopolies)

Okinawa Electric
Cycle boundary Hokkaido Electric

Tohoku Electric
Hokuriku Electric

Chagoku Electric A
.~ Tokyo Electric

Chubu Electric
Kyushu Electric Kansai Electric

Shikoku Electric

Source: METI Expert Committee on Electric Power System Reform
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Features: JWA power demand forecasting service (/@ BARZRHS

7

Japan Weather Association

Category Our share
Electricity sold by electric retailers 40% About
o)
Electricity demand managed by transmission system operator 40% 40%

JWA is continuously enhancing the forecasting model based on our

extensive experience with many installations for forecasting accuracy ~ Sharein |
improvement. Total electricity sold by electric retailers/
P Total electricity demand managed by
transmission system operator

We highly contribute to obtaining a stable electricity supply in Japan

*Based on our own survey

Japan Weather Association All Rights Reserved.



Example : JWA's power demand forecasting service ) BEzZHS

Case : Chubu Electric Power Co., Ltd.

- Electricity demand forecasting system developed by Japan Weather Association has started
operation at a major power company of Chubu Electric Power. (April 2018 - now)
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suaniva s I IR T v
| o ESERNE EReENE | rmmiEnd SERGESE LT
+: ! ! ! { BEFEHEE
EELELEL L s -l_ Ll
; : =58 | AnigsisEEEIE
W ESER-TH  ame:aEssn e o) RARF: £5H - mFRME G IERCARIEE NS | |
RRE [ECEL |BmEmm 1o | BExTmmn [Bmome o [EMAEME (Win | B0 | SNREOETOR |
H OG0 NS |BE AT MM |RE 172 s | RR T 2 mam KRB P - .
F ik kb T4 (15371 | ¥ i [ TN frezad] 3] F— 3] P H4aH |20IEFIERAHIE]
B REIST s wrast - EETRETELE EETE ST T T

Screenshot of the on-premise power demand forecasting system

An overview of this system was introduced in the “Chubu Electric Power
Technology Development News Issue 159” “Introduction of an Electric Power
Demand Forecasting System—Efforts to Automate and Improve Electricity
Demand Forecasting Operations” published in August 2018. The prediction
accuracy evaluation results were introduced.
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Features : JWA's power demand forecasting service f/% BEARZRIHE

High Accuracy

« We provide highly accurate demand forecasting by tuning our forecasting model to target
characteristics and weather conditions.

M Forecast[Anno
16 unced at 3PM

« For example, JWA forecast achieves Days before]

MAPE of 1% level in all time section

x 12 W Forecast[Anno
& unced at 6AM
< 038
= Y on the day]
0.4 Forecast using
actual weather
0 values

MAPE: Mean Absolute Percentage Error

A Annual MAPE of Chubu-Aria power demand
(the closer to zero, the more accurate) )

(weekdays [excluding special holidays]), FY2018
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Related activity : JWA's power demand forecasting service

® In addition to Power Demand forecasting, we offer a wide range of related forecasting
services corresponding to various needs.

. Tradig Price forecasting Service  Energy Demand Variability Analysis

. : = R
Forecasting spot fweath‘?" info " Energy <
Expertise Demand pigr*
. 9 S .‘S’fi)
market prices \ e , &4

spot

r ‘ o . < \ \ &\ %\
Spot Market Prices O' " ‘x i
. (actualdata) JWA \ A E a /

£ . 7
market ¢
Weather Forecast . N
prices i
S y
model b
4 ™ . | | | | | | | Energy Time series analysis, correlation analysis, etc.
calendar information 7/21 7122 7123 7/24 7/25 7126 7127 7/28 Dema nd
\. J Variability

A | . Understand the characteristics of demand
nalysis fluctuations and the relationship between demand
and weather parameters

More efficient energy demand forecasting
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Summary : JWA's power demand forecasting service ) Bz &HS

m Features of JWA power demand forecasting system

- Achieving high-precision demand forecasting with our unique weather/renewable energy

prediction technology and data analysis technology

- Offering one-stop service from providing weather information to the operation of the demand

forecasting system

- Compatible with various types of data receiving / delivery with selectable cloud type and on-

premises type
m Performance

- Trials conducted with major power companies demonstrate high forecast accuracy with annual

MAPE of the order of 1%.
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) BEsRHS

THANK YOU FOR YOUR ATTENTION !

Contact Us
Ke-eigyo kankyo@jwa.or.jp
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