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Toshiba IOT (CPS) Technology Enterprise
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Toshiba 10T (CPS) Technology Enterprise

Collect data from physical world and analyze by digital technology in cyber world,

then feedback to physical world to create new values

Cyber

- : Analyze, Predict
Toshiba unique Recognize & Optimize
digital & AI Architecture to
technology realize CPS
Sense 7 \/Control

Core component
of superior
performance

For power generation,
Field work, digital
substation, PV

prediction Al, etc.

Various Domain Assets

Power Gen. T&D Build. & office Industrial Transport, Bcast

Device, storage  Info. And Cmmuni. automobile Logistics Medical
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Toshiba 10T (CPS) Technology Enterprise
Toshiba loT Reference Architecture ( 1/3)

Based on industry’s IoT &
CPS reference model

Nall:n |n,ﬂ3.ne.;f | industrial intemet
S CONSORTIUM

U.5. Depariment of Commerce

Power-Water Building-Facility

Control Technology-IoT

working in the Domains,
Practical Solutions

. . Transportation-
Manufacturing-Logistics Road

R&D Technology

Continuous study
= on AI & application

& +I*  mSensor data processing
mVoice recognition
EImage processing

W Statistical processing

Integration into
Logical
Architecture

Toshiba loT
Reference
Architecture

@ Int’l Standard

Open Toshiba’s DX
technology globally

As a Service

Toshiba Enterprise loT Service

Digital Energy
Digital Infrastructure
Digital Logistics

Digital Manufacturing




Toshiba 10T (CPS) Technology Enterprise
Toshiba loT Reference Architecture ( 2/3)

3 Tier Architecture QT Platform Enterprise Service

loT Bus Service

c?.a. Control — Data Bus g, Service

Master Data Intelligent Heuristic Engine
Communication Data lake APl & Ul

Edge Analytics Logic & Workflow

Transformation

Sense é&”’ Analytics “:,-) Business

|
2
4_
|
b §

Actuation Statistics
Machine Learning CRM, ERP, PLM & EAM

Optimization

iﬁ Operations * System of 1

systems
Monitoring & Diagnosis SoS API & Service

Management Orchestrator

Common Service Other
Security Logging Billing Domain
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Toshiba 10T (CPS) Technology Enterprise
Toshiba loT Reference Architecture (3/3)

Control Service
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Toshiba 10T (CPS) Technology Enterprise
Power Industry loT Solution ( 1/6)

By combining OT & IT, solutions are displayed in single Dashboard

~ Dashboard

Office =

o]

— Data & Service

Master Data Intelligent Heuristic Engine
Data lake API & UI
Logic & Workflow
é%" Analytics I I -
Systemo
Statistics - systems
Machine Learning P D c A ’ Se rvice SoS API & Service

Optimization OT ‘ Orchestrator
[ m] . -
Operations
Ky Op Other
Monitoring & Diagnosis Domain
Management
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Toshiba 10T (CPS) Technology Enterprise
Power Industry loT Solution ( 2/6)

m
0 >
) , » o 2 &
- - - ‘)u = = -. m U
Integration of management w Optimized load 1T — o i ® 3
data from several systems distribution 8
i i Remote i
Performance Case-oriented Tur?ﬂ.?,e.t%' = Seamless assistance/ AR./ VR - Security
analysis failure prediction Boiler access to PAMS Multimedia ~ enhancement
P combustion & Document access SoC support
sootblower - —
§§:g (((( )))) optlatlon U EVL — @ . -
g™ - j_ = ]
-
2
. . - . Plant Outage Equipment ®
Distributed Eng||I1)eBer|ng Operation Reports Astgts Maintenance , ., .
9 Database DB DB DB
=
=) :
3 Data link framework HMI framework
High Data link by Solution-ready Data link
Performance information - Utilizing Open API1 between Components

DB model engineering data components
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Toshiba 10T (CPS) Technology Enterprise
Power Industry loT Solution ( 3/6)

Platform Features

1. Micro-service (Service Oriented Architecture)
2. Hybrid configuration

. . . : Plant Outage Equipment
E Assats
Distributed nglr;::rlng Operation Reports sns: Maintenance | . . «
Database 8] 1 De DB
Data link framework HMI framework
High Drata link by St ooy - ety Drata link
Performance information - Urtilizimg Open APT between Compaonents
D rmiodel enginearing data Components

wEAT - r W . i . W
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Toshiba 10T (CPS) Technology Enterprise
Power Industry loT Solution ( 4/6)

Platform feature - @ Selectable micro-services to match Customer needs

( Service Oriented Architecture)

- . _l.
Dashboard @ Fleet operation ﬁ pu =
Integration of management g/) Optimized load — e :_'
data from several systems distribution
Digital twin Failure Operation Asset Field work Knowledge Security
. . T R EAVAM ¥ . ~
Prediction MM‘EMSMQM?T Management B lran/szfm' o
Performance e urbine quic emote AR/VR ecurity

analysis f ﬁ?f:-e on?t:-dn r.;';‘,f" SeaTle:AsMs assistance/ Multimedia enhancement

ailure predictio er access to Document access SoC support  * * *

combg tion &

g%g (((( )))) osi?t?vgﬁ'h /@l@é}

- - . - Plant Outage
Distributed  Engineering | b Eors
) Database @ DB
o))
=4
o -
§ Data link framework
High Data link by Solution-ready
Performance information - Utilizing Open API
DB model engineering data

= % B =
Equipment
Assgts Maintenance| . , .
‘ " DB

HMI framework

Data link
between
components

Components
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Toshiba 10T (CPS) Technology Enterprise
Power Industry loT Solution ( 5/6)

Platform feature - @ Selectable micro-services to match Customer needs

( Service Oriented Architecture)

Digital twin Case Operability Asset Field work Technical
analysis 'In:Erove_ment management _ Transfer
Performance, Case-oriented 1r-||.|'ln—|l.|r|')e quick acCess emote I3 Mlﬁ::!ijmvezia
Failure prediction failure prediction %lilﬁjrustion = to PAMS Document access L
sogtblower
API . . . API API -- ( ) e R@; E
Digital twin Case rield work §§§ (©) ;% >
View gy analysis View
Performance, Case-oriented assistancef I
Failure prediction = failure prediction Document access

B () p

model DB model DB

- - ’ . Plant Outage Eguipment
Distributed Englr::rmg Operation Reports .hsns:;ts Maintenance | 4 « =
Database ) DB . DB ) DB
Data link framework HMI framework
Higlh Data link by Salution-ready Drata lirk
Perfarfmance inlarmation - Lrtilizirsg Open APL belwean Componants
DB madel engineering data

omiponents
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Toshiba 10T (CPS) Technology Enterprise
Power Industry loT Solution ( 6/6)

Platform Feature- - Hybrid Configuration

(Configure functional distribution freely On-premise and/or Cloud platform)

Micro-service
CIOUd Platform Digital twin Fallure Operability
i, analysis fallure prediction Q'I“rm&
Sl "% o TE

Tailure prediction

(@)

i B

N} =l =]

figital twin N_r_!.a‘ L':'._'.-'_' H_!Ijn‘:l:.! work
Eaannalysis
_t_l‘ne-mien'lnl %ﬂl‘ﬁ;u

fallure prediction

« 9

meae § (TR (mois} (7]

Power
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Solutions for Power Industry ( 1/2)

Providing solutions from a broad perspective in the power generation business

Environmental _Reliability

Performance o Y Security

_ ~__ Availability |n?provement \ i —
Total Value Chain solution

Optimization Solution

/" - -
8 Optimized load distribution

.....

N Total Security
m _7 Solution
ASSECIIMRAgS

Log Mang. |
eneration p ) et .
upervisory W
D

Security

N

—y B
: Plant Modernizati D\
Operation Improvement Solution ant _O. ?':mz.at'on \

Equi. Diagnosis m

) |
— , Sy /
Digital Twin I Asset linkage - -

. | - Control y
— Single Dashboard Hum an RESOU rce
Plant

e ~ Management
Performance Operability
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Solutions for Power Industry ( 2/2)

Optimized load i) em— = = |

Integration of management

data from several systems distribution
Turbine quick Remote i
Performance Case-oriented i Seamless : LY Secinity
analysis fail dicti Boil to PAMS assistance/ Multimedia enhancement
ailure prediction combals'?i:)n - access to Document access SoC support

§J§<§ (@) °S‘?tvtv‘%r" ﬁ@;% % % [

Total Life Cycle Solutions

1. Plant Availability Improvement Solutions
2. Plant Operation Improvement Solutions
3. Plant Modernization Solutions

4. Total Value Chain Optimization Solutions
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1. Plant Availability Improvement Solutions (1/6)

Total Support from abnormality detection to recovery, contributing to availability improvement

Y] 3 @ .=
Integration of management Q ) Optimized load 1T m— o i
data from several systems distribition
performance  Case-orented | AR | seamless | assimmce/ oo eniaspemen
analysis failure prediction Boiler access to PAMS | p MLl
combustion & ocument access SoC support

o [T B R =

Total Life Cycle Solutions

2. Plant Operation Improvement Solutions
3. Plant Modernization Solutions
4. Total Value Chain Optimization Solutions
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1. Plant Availability Improvement Solutions (2/6)

Total Support from abnormality detection to recovery, contributing to availability improvement

Operation Discover signs of
Data failure from the model

Individual Abnormality Detection

Advanced
plant
monitoring

Total support after detection, issue
RCA and maintenance support

Maintenance

work
support
B T
ety
2idz =
Optimized Maintenance R
Plannin gl s
[ 4 [ — . =
Integration of Several [ - E.- Asset Management
| - =

Power Plant , S Linkage
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1. Plant Availability Improvement Solutions (3/6) :

Performance Monitoring - Build thermal efficiency model and monitor performance online

NG—’S’

) Plant Model

= Heat balance chart : T T ks
= GT Curve 1=
= Turbine : L Ll B )
= Condenser - e

L =
" etc Plant Model-based
performance data
: model
Creation
Online
Performance

Monitoring

Thermal power plant

Actual performance
data

Operation
Data

(C) 2017 GP Strategies Corporation. All Rights Reserved.

XThis sample only
Values are different from Mikawa Power Plant

Monitoring Screen

Main Steam Temp (controlled) & Hot RH Temp (controlled)

Beoiler Efficiency Actual & Boiler Efficiency Expected

mih mil
215.0 MW 220.9 MW
10,6940 KIS kEWh 10, 308.9 K1/KWh 4271 K HWh
2,260.4 B SI)/h 2,732.0 B{SI)/h 2B.4 t{SI)/h
G231 T 610.6 °C 125 %C
Model Results

(Expected value)
© 2019 Toshiba Energy Systems & Solutions Corporation
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Actual Data Deviation
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1. Plant Availability Improvement Solutions (4/6)

Abnormality Detection using Big data Analysis - Build a monitoring model based on

historical data, detect abnormalities before reaching a fatal failure

Select monitoring targets Upload healthy condition L. .
g targ P historica)ll data Define monitoring model from correlation
. i e‘»«*'_‘\r‘n’wm_-_,‘_. I ._l_ -l.
L7 L e
= Generator output 177 ',: - / 7 o
= Main steam pressure e Z\ L
= Exhaust gas temperature e

= IGV opening degree
= Condenser vacuum degree Hh - C4 40VICP003
= Bearing temperature

[ [ 1]
APRYVS DCS (For reference only)

Early Detection

DCS has fixed value.

I r'
_ " F‘“ H'W
i Pty

APR builds the model from historical data

(Normally 1 year data) and change accordingly . H
to operation change.

The model combines different scenario of
operation (Example full load, partial load), then
detect deviation at early stage.

: Current Value
=Ideal Value

: Current Value : Ideal Value
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1. Plant Availability Improvement Solutions (5/6)

Abnormality detection cases through Joint research with Tohoku Electric Power Co Inc

Analysis shows that model can detect abnormality before plant operator can detect

¢ further improvement to power plants thermal efficiency
¢ Verifications are underway to introduce cutting-edge digital technologies

Example 1: High-pressure feed water heater leakage Example 2: Air preheater differential pressure rise

Observed Time :
Aug.3" 14:36

Reduce the feed water temperature at the inlet of the Air preheater secondary air differential pressure
next stage high-pressure feed water heater deviates from threshold lower limit
Detected about operator discovery Detected before operator discovery
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1. Plant Availability Improvement Solutions (6/6)

Plant Life cycle support -

Seamless data linkage of plant operations from abnormality detection to maintenance

o = B - e
Analysis -—— =
== = etz B
o — —_— =T A=

‘Check plant inf.|==
-Check doc/dwg=——-—

Abnormality
Detection

Normal Ope.

& 0 6 e
Sihes (523w 3313

Operator dashboard

-Perf. monitor
-Failure pred.
-Patrol & insp.

Engineer dashboard = —> Work Planning

l Check Spares

Work Order
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2. Plant Operation Improvement Solutions (1/4)

Analyzing operation data, providing solutions with the technical capabilities

LA > ([ & -:.Eli
% Optimized load ")? _ ‘ EEI

Integration of management

data from several systems distribution —
. Turbine quick Remote AR/VR Securit
Performance Case-oriented run-t?p Sealless assistance/ Multi{n edia enhancemyent
analysis failure prediction Boiler access 10 PAMS  pocument access SoC support

§>§<§ (((( )))) S O 2 % o
i - @

Total Life Cycle Solutions

1. Plant Availability Improvement Solutions

3. Plant Modernization Solutions
4. Total Value Chain Optimization Solutions
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2. Plant Operation Improvement Solutions (2/4)

Improve power plant value through operational data analysis

Operation
Data nderstanding

of each Data Fitting

Digital Twin

Operational

Data equipment

behavior

Dashboard
Performance . . .
Cont of fuel ot pttern afeer opti——t , Overall Plant Dearadation Operational improvement solutions
apense I IIII Improvement improvement Simulati
! & Repair measures muiation
1-.:?: : " 9 . EE:-EE
_[_/_/ T Performance & Operational - -!!j'=' =¥ T
ST Speed ot Lol P, Lo o= "IZ; i
’_,_/ / Fv— Improvement - .!_.-. 2 -.:_--,..' i,
- e BHRE
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2. Plant Operatlon Improvement Solutlons (3/4)

s|V|= DIROAA=

it[t/h]

Renewed Plant

40

30

= 20

0

0
0 1800 3600 5400 7200

BFls)

Demand Fluctuation

Simulate plant optimization based
on actual plant operation

Generate &
Understand Trends

Redesign heat balance cycle
for plant optimization

Operation Change

Optimized heat balance
Fuel cost reduction

Effective use of waste heat

Operation Range

Turbine bypass

o) S X

C

©

3 §j>

(]

©

£ - x Power
® N\ G sell
] >

(V2]

\~"" Condensing Turbine
+ Power purchase

Electric demand
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2. Plant Operation Improvement Solutions (4/4)

Case study - Examples of improving plant efficiency through offline data analysis

« Uses offline data model to analyze plant performance, * Propose solution to each potential
such as compressor efficiency, steam leak, etc. improvement
« Confirm potential improvement before actual R ————— T
implementation Gpastg : R o )
Parameters o CCCapacity |

MM (0ss and added
(i fuel cost trend

Controllable Losses Gross Power Loss, MW

GT Inlet Filter DP 1.5 i

4 GT Heat Rate

GT Exhaust dP -0.3 - 1 0t | F and output =
Isentropic Compressor Efficiency 3.4 ] S — = "end i
Condenser Pressure -0.1 " R —
. Compressor EFF — e T—
Main Steam Pressure 0.0 Loss Gauge e : Capacity
i Green: Acceptable pos line:  tean loss : Added fuel
Main Steam Temperature+SH Spray 1.1 - Range gauge e cost gauge
Yellow: Washing is . n
Reheat Temperature+RH Spray 1.3 - recommended =
Red: Turn-on
Aux Load 0.0 compressor washing ik Mirddows
| immediately, if there
1 ici H H t = - D AN ST L AR X » 2%
HP Turbine Efficien cy 0.0 :ﬁ':: mgﬁ?:;%?:de Compressor Washing Timing I
IP Turbine Efficiency 0.4 [ damaetemaybe
present.

Compressor performance improvement

6.78 MW Potential (Online Washing Advisor)
Improvement
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3. Plant Modernization Solutions (1/5)
Renew power plant through digital technology

Optiniized load i e— oo

F T =

Integration of management

data from several systems distrit ution
i ick Remote it
Performance Case-oriented Tu"PL'mELflI;" Seamless ¢ AR/VR Security
analysis fail dicti Boil to PAMS gesstanes Multimedia  2nhancement
allure prediction comboston & aceess to Document access SoC support

sootblower

§§§ (((( )))) opttion /Q@Q% = L@

Total Life Cycle Solutions

1. Plant Availability Improvement Solutions
2. Plant Operation Improvement Solutions

4. Total Value Chain Optimization Solutions
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3. Plant Modernization Solutions (2/5)

Renew power plant through digital technology

Aging power plants Digital power plants

Smmwaee | [ ] |
RSP FREWE - | pmeem -

= Bmaaa |
RHEHEE

@Advance inspection @3D Data @ Field support &
knowledge transfer
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3. Plant Modernization Solutions ( 3/5)
@ : Mikawa Power Plant- Patrol Inspection, instrument reading

Daily inspections are recorded on mobile devices and uploaded as digital data

Mobile Device Inspection Input Screen Input Results

©) 1esTHIBRA5— ~

@ LMrS5—oReH ¥
- @ mKmzen O]
- (@ BsmpOReH E

Select inspection target

It is possible to enter
results while checking
limit values and past e

records
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3. Plant Modernization Solutions ( 4/5)
@ : Drone Utilization

Simple package from 3D laser capture to whole digitalized image

Basic Flow

< General drone flight> » < Developed drone flight>

Close flight and shooting along the object

Simple pattern flight (landscape)

< <&

Characteristic /‘ — / Flight Route
/ / (X/Y/2) . [
7 ! E— 1
v

A

A 4

A

v

/ R
<

—— < < <

< < < <
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3. Plant Modernization Solutions ( 5/5)
® : Field Work Support

Analysis technology by Al, Knowledge transfer by AR/VR, Digital field work

Procedure Visualization
Navigation Surroundings Insides

Plant Street Vlew

A ARG (M) B2 "I‘Iﬁﬂhl"' -
EEELL TCANTOIE RS

Workers Health
Monltorlng Solution

TR TE
BEANFOSHM | DSt |

£

AR B ML o RN iR Eu._ o
L-.-._.-.-.-.-.._..--- . [LL =2 S Y] 4 2 8211 4

: W soet 0
naet =t 4 ] . .. . :
Combining image processing and
' =~ S . -
~ B 4 w g g IoT digitization of field works such
2O : as routine patrol.

&nW=0.75
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4. Total Value Chain Optimization Solutions ( 1/7)
Support various decision constrain with prediction & optimization

LA I~ Wl & -:.:;é'-
i—_-rl/__l-_—l) Optimized load b? _ « = E-

distribution

Integration of management
data from several systems

. Turbine quick Remote AR/VR Securit
Performance Case-oriented run-t?p Seamless assistance/ MuIti{n edia enhancemyent

B o© [F R | B O o=

Total Life Cycle Solutions

1. Plant Availability Improvement Solutions
2. Plant Operation Improvement Solutions
3. Plant Modernization Solutions

ooration
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4. Total Value Chain Optimization Solutions (2/7)

Support various decision constrain with prediction & optimization

Its difficult to plan with
too many constrains

Various decision-making
constrains

Demand forecast

Generation Plan

Effective capital investment
In timely manner is difficult

Fuel constrain

Overall Control

Prediction
+

Too much time spent on
Fuel procurement

planning

Fuel procurement

Fuel control

Fuel
operation

Optimization

Maintenance planning

Operation constrain

Total Value Chain Optimization
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4. Total Value Chain Optimization Solution (3/7)

Prediction technology - Combining weather forecast and Al, predict PV output precisely

arded Grand Prix PI"IZG. in Techplcal Competiti Flectricity demand forecast conte:
" PV output prediction [PV in HOKKAID kyo Electric Power Company Holdings, In
bonsored by Tokyo Electric Power Co. and Hokkaido Electric Power Ky pany gs, Ine

P .
- nd Prix Awart /inning the highest awar

j m—

Unique Weather forecasting technology
Actual Value —Predicted Value To generate highly accurate forecasting data

Utilizing various physical data obtained from
Toshiba's unique weather forecasting system

Generation

Utilizing multi-point weather forecast data

Sparse modeling technology
/\ /\ L Prediction technology for PV condition with Al has

been developed

Time

aiha| Predicting the amount of power generation Deep learning p_I‘GdICtIOI‘IS
at each PV site Ensemble learning technology
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4. Total Value Chain Optimization Solutions ( 4/7)

Y Pprediction Technologies - Use Sparse modeling, Ensemble learning for Weather

and Demand forecasting

W Classify significant areas

Monitoring
Point

EE [ )
£ ®
o

| Cléssify Demand

Demand
forecast

—o— Actual

7l : A
(U3 / ‘..

Electric demand

Fore-

cast

Time

| / + 2 / .
:K:"'J _4 -’f . -
iy - Y . . o
! . ! e e ° )
o A «® ° ®
y S ) | ® g }
| Skt | ) *aa o A PR ® Q-
: ) 1 ‘ . 7
9 J ) - ®e - ”' . ®
“ e | @  of
i< ol {
’ o e o) ’ - ...'_,, ‘i’; >0
{ * S w» ¥
(Y { ¥ e L/ o
N b | i 2
o | 4 < e
4 £ .
137.5°E

Power vs air
temp.
Split

Electric demand

Air temperature

Power vs
radiation intensity

Electric demand

Radiation intensity

Improve forecast accuracy by blending results of models

Weather Actual
forecast data demand data

| |
y

Forecast(B)

Sparse
regularization
regression
model (2

Forecast(A)

Sparse
Deep learning

model

J Intermediate value

Ensemble learning
(blending)

i Final forecast value

regularization
regression
model (1)

Demand
forecast data

34
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4. Total Value Chain Optimization Solution ( 5/7)

Optimization algorithm is applied for solution

Ex. : Optimized load distribution for hundreds of thermal units

Demand forecast Load Distribution

U1 manllEissEEEEEREREEEmnnn

U2 -llllllllllllllllllllll-ll
U3 T

un HRNERRERENRNENARNRNENERIND

Constraints
Fuel &
Statistic/dynamic cost | Executables An algorith devel dt

Fuel storage @, lyr . ~ An algorithm was developed to

g characteristics ~ solve large scale optimization
Generating <.~  |Outage, MW calculation within the practical
units = = restriction, \ o time, without it even super-
el EE Reserve capacity i W computer requires huge

e. Ivery h . : Guide?ne Point ‘ amount Of time.

ship — Electric market -0 ‘ ' ‘

v Solution space
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4. Total Value Chain Optimization Solutions (6/7)

Total Value Chain Optimization through optimized forecasting and advance technologies

Weather
forecast
Demand 5 y
eman
forecast forecast
Renewable P Gen
Energy Forecast Market i Business Plan
Forecast Forecast fi Demand _
Market Price Forecast RIS BEw
Forecast
Coal/
Fuel Order Qty. :
Fuel Ope. Optimization Operation

Optimization

. . A 4 l
Retail planning Retail Generation 5 e
Optimization planning P'a“E'i“q Optimization

— Generation O&M
Distributed Plannina Optimization
= Power supply =
nergy optimization

management
Optimization © 2019 Toshiba Energy Systems & Solutions Corporation 36




4. Total Value Chain Optimization Solutions (7/7)

Total Value Chain Optimization through optimized forecasting and advance technologies

Bid Proc. Dispat
Strate Strate ch Plan
ay
9 Market
Price
Forcast

Electricity
market Power
Procurement Generation
and sales

Transmission
& Dist.
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4. Total Value Chain Optimization Solutions (7/7)

Total Value Chain Optimization through optimized forecasting and advance technologies

Bid Dispat
Strate ch Plan

9y Market

Price
_ Forcast

Electricit
Realize total optimization through
Procurem micro service linkage
and sales
~ Solution Platform

Consumer Transmission
& Dist.
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TOSHIBA

Thanks for your attention

© 2019 Toshiba Energ ( &




