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From Process Control to System Optimisation

Advanced Co-Generation System

700kW,~30000rpm
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(Natural Gas)
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Energy and Sensing System

o 3RFTTHEEEREmS 2574
B VL PR =V Y
. BFHER\-RITFEERTZASINIUCEB I RN F - AT AOKIRIEERE( L A

. Al IoTIC &3 EAFE R PlTo i S (L RO— > P IoTEY YL LB RIRORES LI

o AIFTCL2TOCRAETYI Y LU0 EFRIZ ]
. CO2EBABIXIEIAE S BB BT RN E —RY NI— IV AT L (EPFLAAS REHTRIX)
. TRLE-ISITFOREHR (CRINKASE)
- . mACL- TR0 LRI F—NLZIAD N AT hows

- EFMRE(EE (IEC 63376) OIFA/N—hUTHKRREZRE
« SIPEE 38 EFERAV-MIRIF-IRIAY MNEHESRT AOFRFEERE

o IFNF-SATLAAREBOEFARIL : ECOS International Society Incorporated Executive council
BRM (RAARAHVT, ADI=F>, RA4Y) , b@EXK (PAVD, AF¥33, T5INMRE)

2024 copyright AMANO LAB: Energy and Systems Engineering for smart society @ WASEDA University



A S2DTS UL BAREIRIINE—THIUS—> 3 VRl 20241200

I iyl telviodinieie i e e LTk :
HHSHEEEIL I BEFAITRILT &R y S R
RIS C RIEICRE Lmwl| | [(Emmr] | —EwEE | ETIE— &R | SR .
e I I :
22 | o

g px J P — ! HEFEEES 2T
@ I]g : %r&ﬁﬁlz»éu? HbiEERES X5 s B> AT L I :
DIk | o 2 PEYE VE -l G ] :
MK | H . : dfE AN '
(N | At Y| 0= :
- I_________________________________"_' 4

LAYV~ N\ | 7= ™ QUBO
. e ey — . 1

IEE(CEESHTL, FARBEERED 6" = argming — 2% %, W, ;6;6; — X; BiSi +v

SHAIEDEZHRID

iiiﬁJﬂj

2024 copyright AMANO LAB: Energy and Systems Engineering for smart society @ WASEDA University

where W; ; = —Z(I.éi*éj* +Pb): Bi=—(u —
o . %2 ;
2peei Ect + peei ) Oﬂd Yy = peng‘

2




2024/12/05

SCM: Supply Chain Management

\ ERP: Enterprise Resource Planning
: SCM ERP

- @ c o -

Machine Instruction/order t ‘ t

Feedback

Lear ning (From/to ISA-95 Level 4) Data-Hub/Gateway
i : rl/ A—naIVSis “ Strategies Optimisation
“ous i i Prediction/Forecasting Integration
N tE Inf tion AdmMi ! S €
V?:!fefern Unrigé Sntc?frg;iufc;]Howoii: ReSoure d Anomaly detectiol Coordination
Electricity Generation Supplies, DOE/EIA-0544 ,DC, Causal inferenc
September 1991). DeC|5|on-
Perception making
—}Monltorln Instructlon

> (From/to ISA-95 Level 0~2) DCITCI‘HUb/GGTGWGy

DCS/PLC DCS/PLC DCS/PLC

A
C C v C
Devices Devices ‘_Y_\ Devices

DCS: Distributed Control System PLC: Programmable Logic Controller
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IONL: Industrial Open-Network Laboratory

SINCE 2006
Fieldbus:

Communication standard

Intelligent bi-directional digital communication in the field

*« IONL

—— FCG section

‘l‘ FiELDComm GrRoupP™

Connecting the World of
/ Process Automation

—— 10O-Link section

@ IO-Link

—— FDT section

@
FDT 'GROUP

Empowering the Intelligent Enterprise

f Lmkm e

17
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® Energy-related data and @ Prediction of renewable energy output
forecasts of demand and supply using meteorological data, etc. Factory-i

ENU LT o

— —
s s s
- A

(HEMS, BEMS i) ‘
=g E

L}

'

Prediction /forecast

» Coordinated operation

Optimization

j_'“

® Automatic updating of production plans in response

-1 to changes in the business environment
TISEIDFEMSIEE

@ Optimization of production scheduling through
effective utilization of energy resources with FEMS
using information and communication technology

ERP: Enterprise Resources Planning
SCM: Supply Chain Management

( FEMS: Factory Energy Management System )

DCS/PLC:
Distributed Control System/ Programmable Logic

Standardization of
communication

Controller

/ 4 |§| ((ﬂ\ ( Facility/Device )

® Define requirements for information models
L _d e and data that contribute to greenhouse gas
/'*l‘ Emm ia reduction through FEMS coordination

( Energy Facility )

Management System
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« R. Buckminster Fuller (1940) (Z"Energy slaves”&W\SHIEZEA

ABOFHEADICHIETIIRIF—%, 1 energyslave ¢UE.

—ADOBPMOEIIRINF— ~ —ADFHEOIRINF— LIBATEHELLS;
2800 [kcal/day] * 365 [days/year]
= 1,022,000 [kcal/year]

~ 136 [W]
A3FE9136 [W] THEITIEY
BRIIXNVFHISREUEERSE@EE (TRIVF-) &
8&21008F0h0OY—ciHNT 3.

1 energy slave
~ 136 [W]
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 [FRMitEZ 70 [US $/bbl] EIRETSBE, 1 energy slavetfl=
DIFM=0.7[bbl]Diit&(E#50 [US$] ~ 6500~7500MH
(130~150 Yen/US$)ERRB.
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R. Buckminster Fuller (1940)
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Anthropogenic mass waste mm : :
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From “Fig. 2: Biomass (dry and wet), anthropogenic mass and anthropogenic rees and shrubs A . - o
mass waste estimates since the beginning of the twentieth century”[1]. 900 Gt Buildings and infrastructure
Source: “Global Human-Made Mass Exceeds All Living Biomass,” by Emily Elhacham et al., 1 ,1 00 Gt

in Nature. Published online December 9, 2020
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SUROUNDINGS

Material inflow Material outflow

" * minein

- System MoutCout

] . State(T,P;X) .

L (Heat) Q;y, AE (Heat) 0,

|

- Energy Transfer AA;I Energy Transfer

- Work) 1. (Work) W,us Products
Resource® ( ) Win o & Waste

u Energy Transfer

|

]

Environment
Dead Siaie(To,Po;Xo)
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PARTS MANUFACTURER
L
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A etk

STOCK MANAGEMENT

FARMING/COLLECTION'

S

BIOCHEMICAL

FEEDSTOCK PRODUCT MANUFACTURER

REGENERATION BIOSPHERE * *

SERVICE PROVIDER

—

€/ CEI*)L#—O)/ML
= T_g t ULTinBEcstEd anaEroaic

BIOGAS

CASCADES

EXTRACTION OF
BIOCHEMICAL
FEEDSTOCK:?

\v4 \ I oy lHunting and fishing e L
E / 2 Can take both post harvest and post-consumer waste as an input e e
~ B
= ~ SOURCE
— ”Eﬁ l ’ —) Ellen MacArthur Foundation
— [ Circular economy systems dag am (February 2019) MINIMISE SYSTEMATIC
www.elle ”maca“h“ff ndation.org LEAKAGE AND NEGATIVE ELLEN MACARTHUR

nga t&M Donough, EXTERNALITIES FOUNDATION

Drawing bas:
Crad\e to Crad\e (CZC)

https://emf.thirdlight.com/link/7kvazph93afk-owveai/@/preview/120
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Definitions of EMS from ISO 50001 2024/12/05

* management system

set of interrelated or inferacting elements of an organization fo establish
policies and objectives and processes to achieve those objectives

From ISO 50001:2018 Energy management systems — Requirements with guidance for use
What 1s an energy
management system?

Policy

—

|
L Targets, objectives

)

]
L Action plans
framework for developing an effective energy

management system. Like other ISO man-

]
\\ Meqsure progress agement system standards, it follows the

“Plan-Do-Check-Act ” process for continual

An energy management system helps organi-
zations better manage their energy use, thus
improving productivity. It involves developing
and implementing an energy policy, setting
achievable targets for energy use, and design-

ing action plans to reach them and measure
progress. This might include implementing

new energy-efficient technologies, reducing

energy waste or improving current processes

to cut energy costs.
ISO 50001 gives organizations a recognized

improvement.
https://www.iso.org/files/live/sites/isoorg/files/store/en/PUB100400.pdf
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IEC 62264-1: Enterprize-control system integration

Enterprise-control system integration (reference to IEC 62264-1)

Energy functions

Carbon footprint
CSR data management
1ISO14001, ISO 50001 support

Policy

\

Targets, objectives

L

Action plans

Business planning
& logistics

—

i Level 3 A 4 Energy intensity (basic cost)
: Energy cost management

Analyse energy data F EMS
Planning energy conservation

Manufacturing operations
management

Pump control by inverter
Multiple unit control
Electric power meter
Discrete Enthalpy calculation
control

—

Batch Continuous

control control

—

Measure O O Ol S | it AL Jerusausnsssnnsnnsasssnssnssnsssnssnsssnnsnssnsssnnsnsssnnsnssnsssnntnssnnssnnsnnssnnsnnsnn .
Exhaust heat recovery :
Thermal storage
Heat pump

|IEC: International Electrotechnical Commission
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Definitions of EMS from ISO, IEC 2024/12/05

* energy management system
conftrol system designed to monitor the environment and the use of
energy in a facility and to adjust the parameters of local control

loops to conserve energy while maintaining a suitable environment
From ISO 16818:2008(en)

* energy management
process for monitoring, analysis, reporting and improvement of energy

efficiency
From ISO/IEC TS 22237-7:2018(en)
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IEC 63376: 2023(FEMS) HAREE AR

 Title :
Industrial Facility Energy Management System(FEMS) - Functions and Information Flows

§ Scope:
B Define functions of Industrial FEMS

B A generic method to classify the FEMS functions which include from visualization system to
systems optimizing facilities’ energy supply and demand will be explained.

B The information exchange between the FEMS and other systems will be outlined.

} Projectteam:
B Project Leader : Tomoyuki lkeyama (Yokogawa Electric Corp.)
® Editor : Yutaka Wakasa (Japan), lan Verhappen (Canada)
B National committee : JEITA control energy management technical committee WG1, FEMS-TF

Chair Prof. Yoshiharu Amano (Waseda Univ.)
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Fundamental functions for EMS 2024/12/05

» Extended |Idea from IEC 63376:2023 FEMS

Policies Level 4

Objectives | 4 Feedback of operation

v Monitoring |:> Analysis
4 the “loop” implies

Level 3

= m—" ﬁ continuous acﬁvi’ry@

A (] (] () (]

Instruction | <=1 | Optimization

\_ /

Actual and reference data] ¢ Operation strategy

Levels 0~2

MOM: Manufacturing Operations Management
MES: Manufacturing Execution System, PIMS: Plant Information Management System
2024 copyright AMANO LAB: Energy and Systems Engineering for smart society @ WASEDA University
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Management and Control

QA HEERITIRDESZFRIS

DEFEERT — IR,
HAFEEFUVITE o9

earning from Past

State Prediction Future

ISA-95 model forecasting
ontrol |
LEVEL 4 ERP
| Past Now Future >
LEVEL 3 / MOM \\ State estimation . l

Decision-Makin

LEVEL/ Controller

LEVEL 1 Sensors/Actuators\ Management

\ OFADELTRBERSE
REHTS

LE}JEL 0 Physical Process

Located on LEVEL-3
of ISA-95 model
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Intelligent device and smart system

Loop/cycle Modified based on
Information technology data LEVEL 4
Slow
MES/MOM LEVEL 3
i#{E (communication) (&,
BHEDOIT1T1 D ERREFETS Englne mg/Coniro LEVEL 2
e inzAa

Sensors/Aciuaiors \ LEVEL 1
OT data: / ‘ f

Operation technology data

Field Process LEVEL 0
Fast

ERP: Enterprise Resource Planning MOM: Manufacturing Operations Management

MES: Manufacturing Execution System
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Automation level in FEMS 2024/12/05

Avutomated
process

Boundary

m Y
Aufo | Aufo’“‘ o 1ol - uQiiQ
[ idle ol tirn: n
) HiZde  difltio e M
Fue Mo gofym? of 2qq4:
¢ yt? | gol Ah QtIQ
M A iol i d Q)
o%0 fe Yy
Peo™ pss® d AN
a ua' i
N\dn Based on IEC 63376: 2023
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o YLIAY M AT LADBEARELRE
- TBNEZENRTBEHEHBIEVTDONRIAI N AT A
- BEAES
- BRI EN | EAEREREZEHIET Scopediisk
« Communicationlc&?0bjectivetCommon Sense(¥|¥igEt)DHH

- FiinE(CEBEMEL NI
o &Y [EHRALIEREEE
« IntelligencetSmartness
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 Monitoring : HRDIRRE - IR3FULZIBIEL. 52ikT S
* Analysis : IREEOZELZRMUTHBAETIVEEIEL, ERHEET S
- Optimization : BE&ENRSFUAZEMT D

BREHzHE LW, —SI0BMNEEIELMONSIEN,
RO —T ZHERT D

fHiRESIHRSED ; 7IUT—5

e Instruction : FFRZMENIRERU. XRDFENZIERIT D
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[EREEMT3HEH IELTOIZIAY MO RTA
BEAREE

\tl: -
BRI ERRS B : caniilBlEryEn > | Feedback loop

Scope®iXDiAdH
RSB TETIE

Bl - | wn mmEnEeE

IRBEEA + HETE Control
(R T - EEY)

Scope®DILEX - HL3E :
KONV = Al
SEROER o
i - REEREE kg2,
Management: |#EcES<EERE

(BT - BEH. <

Decision-making juxs-s1) B
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BARBEORBAT—)

Policy-making Month, Week, day

Operation, Management day, hour, min

Control min, s |:>/M . |:> - \
Protection 5{9 onftoring Andlysis

i} &

Instruction <:| Optimization

- /

i}
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Optimisation in short and long term

RHA ¥aHA
FEHEETERIRBEL TOYATASGTOSEL | EVERO T AIZ E(CUHERE B O sE b
How to design a (large) How to operate a (complicated)
energy system? energy system?

-

-

System optimization for design System optimization for operation

AREENRISEC, ESFMITNEELDN ? EMOE AL TR, BRICLZDERBIL
AHENBRRE RHTUES ! IINF—PGHGODIRER, EIRF—HT
Vision-I38%35(F, EtHEL! ;Eﬁtu:
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« NAIAY M AT ADOBEARKRE

- FiinE(CEBEMEL NI
o &Y [EHRALIEREEE
« IntelligencetSmartness
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Evaluate your system from the perspective of
Evolution of Technology.
@ree of complexity UP!
>

o E(EDHDBLICTHEMZRHELS
Automation level is the key indicator of
the Evolution of the Technology.
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« activity inside and outside
« How can we perceive the external world?

Smart
---------------------------------------------------------- System 2 :

gEMr Conscious/logical
actlion Human \

3 i
‘ Decision
World jp  teliig \ | FB (F—SBDERDEL

emotio | TEI DLHAH) (CLDT

o \ nference |/ sranzs
sensation ‘ﬁf

e
-

Imaginary world in mind

perception . ]
________________________________________________________ Unconscious/intuitive
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Evolution of Technology 2024/12/05
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Engineering is a knowledge system that evolves technology
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- EFUYY
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Management Body of Knowledge) 4 RT(d.
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The Standard for Project Management

1. INTRODUCTION
2. A SYSTEM FOR VALUE DELIVERY -
3. PROJECT MANAGEMENT PRINCIPLES A cuide o putll

Management Body of Knowledge

PMBOK GUIDE

Sevent h Edition

AND The Standard

for Project Management

L

PMBOK® Guide (7th Edition), Project Management Institute, August 2021
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The Standard for Project Management

1. INTRODUCTION
1. Purpose of The Standard for Project Management

2. Key Terms and Concepts
3. Audience for this Standard
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The Standard for Project Management

2. A SYSTEM FOR VALUE DELIVERY

1. Creating Value
Organizational Governance Systems
Functions Associated with Projects
The Project Environment
Product Management Considerations

nhob
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The Standard for Project Management

3. PROJECT MANAGEMENT PRINCIPLES
Be a Diligent, Respeciful, and Caring Steward
Create a Collaborative Project Team Environment
Effectively Engage with Stakeholders
Focus on Value
Recognize, Evaluate, and Respond to System Interactions
Demonstrate Leadership Behaviours
Tailor Based on Context
Build Quality into Processes and Deliverables
Navigate Complexity

. Optimize Risk Responses

. Embrace Adaptability and Resiliency

. Enable Change to Achieve the Envisioned Future State
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End
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