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Stage ' awaren PP i dsting drawings -Supp l «Trial for 0&M and Human resource develop program - Evaluation and improvement of
She Eomerstation -0&M, plan tud PP fHuman program trial
=Overall business plan
Site 1st 2nd
visit Site visit Site visit Site visit
AWork Plan A Project Completion report
Report
S [1-1] Clarification of O&M
y 1) List up of O&M works [2-1] Support for maintenance of Existing manuals and
s 2) Authority and duties drawings
t 1) ic sorting [3-1] Support for Establishment of Systematic O&M Manuals & Procedures
Al e 2) Practical placement such as drawings 1)cl of legal requil and i
¢l m 3) 0&M guideline framework study covering O&M 2) Establishment of O&M guideline
hl| 2 work/division/authority 3) Preparation of manuals/procedures based on O&M guidelines
t
i . [4-1] Trial for Systematic O&M
el ¢ O Example [5-1] Evaluation and
v O Example of of Existing manuals and drawings 1) Common of trial
m| O *P&ID, Operation, Trouble shooting, Maintenance plan, - 0&M guideline, Emergency / Disaster countermeasure Procedure, HSE manual, PTW / LOTO Procedure etc. 1) Revision of
el & Equipment list, Cotrol logic, Electrical wire diagram etc.. 2) Operation manuals/procedures
nl v +Operation manual, Patrol procedure, Trouble shooting procedure, Reporting procedure etc. RliptemaliAudic
t 3) Maintenance
N s “Mai standard, work Procedure, Outsourcing management Procedure etc. / E
y
s
t
e
: |
H 5 B
u [2-2] Improve O&M basic knowledge level through support || 13 5} | orove 0&M and technical through support such as manuals and
m for sorting of existing manuals and drawings
a
n T — :
2-; ilizati hi ial for hi e o q
r 123 tlat onles Slteachin ma-terla or human resources [3-3] Utilization as a teaching material for human resources development programs such as manuals and |
development programs such as existing manualss and
e drawings
: |
o
Al u
c| T ~
hl ¢
i e [1-2]Clarification of personnel training
e policy/system
d 1)Understanding the current situation, \/\
vie Matching awareness with the power station [2-4] Study of human resource development plan
el v 1) Human resource development program framework [3-4] Support for Establishment of Human resource development program
m T 2) Matching with EDM human resource development program 1)Human resource development target setting and skill certification system
e 2)Establishment of training program include OJT, Off-JT and training simulator
nl ° 3)Develop a system to promote human resource development etc.
p
thm [4-2] Trial for Human resource develop program
e
2 " T — [5-2] Evaluation and
t O Examle improvement of trial
+Human resource development plan, training program include training simulator, Training implementation/recording of 1) Revision of program
o results, in-house certification system etc. 2) Internal Audit
r
o
g
r
a
m
A
c
B [2-5] Study of PDCA cycle "
hi P [1-3] Understanding the current situation 1) PDCA cycle mechanism [3-5] Support for Establishment of PDCA cycle
il 1) PDCA V! 1)Establishment of PDCA guideline
el 2)Study of Key performance index (KPI) 143] Trial for PDCA
v *(O&M) Plant operation rate, thermal
el ¢ efficiency, repair cost reduction rate, etc.
m| v o i i
. ) lHR)Number of persons with technical [5-3] Evaluation and
el certification etc. of PDCA
ni e 3)Establishment of Internal audit
t
3
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2. IRENNR

21. ¥ o2F7I—-FT47

EBFTEEONFIZOWVWT 2020 4E 9 A 16 BHIZF v /A7 I—T 4 > 7 2BEL T, 7'
Tz V7 N OEREHIREE A P 2 — T OWT EDM & BREF— A TR L 7=, #il =
2 F 7 A LA (COVID -19) DREGIERIZFE Y BIHEIR LR R ThH 2 Z & 25 | EDM
EDFTAVERIR—T 4 7 %@ LT, EDM OXEFT O&M Kl SUE/r EDOBRET
fifi. FEHiEe ). \NMBRDOE 27, AMBROERESN 2 EICOWT, Wik 5 2 & 2R
LTce v I3 T7I—=T 4 7OW#ENE 2R E LTI #D7 (RS Appendix-1:
Kick-off &}, Appendix-2: Kick-off ik F#kz= 2 H),

jf;’ HRD Planning [concept of the Project} jﬂi

Capacity Development in Management and

Operation of Gas Fired Power Plant Adwanged

Sustaimable

Kick-off Meeting

Muotivated
HRD [Human
Resaurce
{@, Dewelopment]
September 2020

Electricidade de Mocambique (EDM)

Exist LI nd Imgrave HRD envi it
Japan International Cooperation Agency {JICA) né in the | o 10 gt Goal afte.<he Frajoct

X 21-1 ¥ I FT73I—FT47
B F—— b LEBENEEE

# 22-1 IZH D2 —3— hOHY LR - K& %777, Ms.Thandi 75 EDM > Project
Leader & 72 0 BARM R 2D 5 ¥ 7 7 A0 EDM BfE& L 7o 7=,
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£ 221 Ay H—s3—}

FH2Y

T - 1E

Mr. Neves Xavier

(Successor)

Mr. Narendra Gulab

(Predecessor)

EDM, Generation Director

Mr. Firmino Licumba

EDM, Generation Division Director - South Region

Mr. Lourenco Macau

(Successor)

Mr. Inacio Manuel

(Predecessor)

EDM, Maputo Plant Manager

Ms. Thandi Tekwasse

EDM, HRD Project Coordinator * Project Leader

T 222 NEBIEEEOMY LR - KB AR,

# 222 ¥EBNEEE

2

FTIE - Bl

Mr. Ono Masayoshi

TEPSCO, Chief of Operations /
Thermal power plant operation management A

Mr. Aoki Masaho

(Successor)

Mr. Takeda Shinobu

(Predecessor)

TEPSCO, Thermal power station maintenance (inspection/repair)

Mr. Nemoto Hiroyuki

TEPSCO, Human resources development A /
Thermal power plant operation management B

Mr. Nakajima Takahiro

TEPSCO, Thermal power plant operation simulation A

Mr. Koto Taisuke

(Successor)

Mr. Kawakami Naoki

(Predecessor)

TEPSCO, Thermal power plant operation simulation B /
Operation Coordinator

12




23. EDM Lt DEBII—FT 47

Frilav oA LA (COVID-19) DEEYRIERIZEE Y, 2020 4RO ¥EEBIMA S #1%, BLHER
HRZ2WRILTH L Z 025, EDM DA T A VERIR —T 4 > 7 %@ LT, EDM D%
AT O&M I, SCE7 & OB, EMRES, AMBERDOE 2. A E RO AR i
RENZONWT, KRB DFR « ) ONTEIFE LR Xy XU T 4 TERARA L N
Fhi Lz, £io, EHEMI—T 4> 7 O7 ru—7T v 7L LTHEE TEPSCO N —7 «
YIS Em LT,

23.1. HEIERIEFI—T 17 (2020410 A 6 H)
7 —~ (O&M),(HRD) : FEAEE (KH], ¥50H
> FEFOEEES, FI7N—TOxRE, NFErn—T—a VR EIZOWTAIES
EHOTTERH LN 6~ 7 MK S5 ET O FEhi 715 % fend Lz,
7B, % B, EDM 2 HAFK BB ORGP RREEH SN2, 5L LT
TERR LEEH L7z,

X 23-1 B1ERIEFII—T 47

232, F2RIEFII—T 127 (2020410 A 13 H)
T —< (O&M) : SCEMFR, CE L Fldk
> HATOBRFEECESBLHBEOA MR, SUERRSCSCEFLER ORI £
[ZOWT, AIEHEADO T iEZHH LN S~ 7 K FEEBATO Fh 715 % s
L7,
7 —~ (HRD) : fEEBORMFHE, A E L OWHE AR
> WEEBOFMFECHE, AMER, ANFRE) K OWHERRIZOWT, RITE SO
HER~T MRIERT 0T =27 NEBEZBEL TCORRE S L2~ MKIIFETO
it 71k E MR LT,
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X 232 F2EREFI—FT 47

233. EIEBIEFI—T 17 (2020410 A 20 H)

T —~ (0&M) : FEEZRAH IR T FTH & 5 B 5 5
> HARTOERIFEECES S EWAMOAE, (RFFHEOREHIE L EOE M, faEfh
BHTE OFERAE O LER FNEZR S22\ T, AIE SO HEEZTH LR
~ 7 MK IIFE T O FEHE LA R LT,
7 —~ (HRD) : H s el
> A EIO N E RGO EE R FANGRER I OWT, RIRESAEOHIE L O~ 7
MAOEH e Y27 NEBEZEB L CORBRE L L ICHiHE L,
(a) ~7 MAkNFEBHTLY ., BURORELE U CEARMICR T 2/EEEM O A ¥
VX vy TN T N K IJEERIRF IS AT DR L 38 EE T O I B Aa % OB A
FHizhh, TOX vy THENEETH S Z L/ RE SN,
(b) ~7 MKSFE L Y EANPHE L OSMEFHME I LB LT, BEOMT 7
U 7 3EF0[E T O St AT REME A fR R S vz,

X 233 FEIEEFI—FT 47

234, FARIEFII—T 17 (20204£10 A 27 H)
7 —~ (O&M) : FEEHTDOIERE R F LA
> BREFEEIRLTEV L E— 7 HOKESSCEEN D OERFEOLIRIRIL, +
DOARSFIELHE 72 B~ DB & ST S5 Bl oW T, RIRE SIS0 Fika 3 L7

14



DB~ N KIIBEERTOEN 71L& R LT,
77—~ (HRD) : [ENHHE K OFE 7 7 U H FnE<e B ARIZHT 2 2 EFHE.

> EARBHE K OSMERHE O S HEIZ B L C, Website & 0 BEEORT 7 U A 4EFECTEX
HEINF A BER TNk 20HE (R, EFgR R OVERREY L—7 L) b
HZ EEMEER LT,
7B, T 7V A IFIENT AT D HAHHME D ERA S R OZK) E. RTREDN, JICA 12
HEFER S M L B b,

> HARIZRTHUHE X, SRIOFMITIE, FENRN L 2R LT,

X 23-4 BARIEFII—T 47

235 ESEIEHII—T 17 (20204£11 A 10 H)

7T —~ (0&M) : [FEFERTIE E 4 T & FE A HL
> <7 MABEEFTTOEMEIERE, FEREE PR SIZON T, AEE S0 E
Zin L7e s b~ 7" N KT )FEET O FE i 715 % et L7,
7 —~ (HRD) : BEPIEAHHE T G088 & e RIBGEFIME o & — A8
>~ 7 N KIIRERT O B O S ORI 72 B HEIZ DT kSRR Y A B
IZHES X R LT, 7235, Website K W7 7 U o LFNE CHITAE IS 1A EFR TS
Nk 2 #H&  (PLC System = Programmable Logic Controller System) 738 % Z & % fife
L7z,
>  Website & 0 AF L7-BEBBEEIIME & —OZ (2018 4 6 H Website $5#{) (T
DUNT, %@W@%%MLRO
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X 235 ESEEFI—T 427
23.6. FORIEFI—T 17 (20204£11 A 17 H)

T —~ (O&M) : TE¥EL2RIHR (TEHERF T & VR RREE)
> <7 MARIBEEIT COMEERE - FEHICHTZ > TORENED ERR IR o0
T, KB HEMOFEEZHA L 20 b~ 7 R IIFEBHTOEN T 1E 2 R LT,
7 —~ (HRD) : WEIME o & — B EHE & FIFN A
> Website X O AFLIZEEL: (1) HEH# L v — F~ v 7 (2018 4 12 AERK), 2) &
BIESERN R > # —FHEOBEE (2018 4F 6 1 Website #8#)
> KU EDM XV EZfELCER : (3) BB o Z —FtHOAF )L v R
N 772 (2020 - 9 AERK), @) FE T v 7T AOBEEE L k53 (2016 - 12 HAE
%) ZREICNAHER N LB R EE 23 L7z,

X 23-6 HE6RIEFII—T 47

23.7. FIEEFII—T 47 (2020411 A 24 H)
T—~ (0&M) : FEHKERR, RLBhSE
> <7 MAKJIEEFT COIET KERGIF X OSSR SICBI 5 Ikt 7e
ElZoWNWT, REE NSO T EEHA LN b~ 7 k3BT O FhE 715 % e
RL7.
7 —~ (HRD) : ¥ E OFMGFHE, AME K& OCBHER R 72 & ORER
> WEEBOFMFE, AMBEREOHER R LI T, FHiER LT,

16



X 237 BTERIEFII—T 47
238. FES8EIEFI—T 17 (2020412 A 1 H)

7T —~ (O&M) : FEEITIRTES
> 7 NAKJPEEFTCOMRSFRIE, FEhE, BEFER Sl oW T, AEHISEOS
LA L3 b~ 7" MK )FEEFT O FEMi 715 % e Lz,
7 —~ (HRD) : &It o ¥ — DO BEHHE O fER
> 6 RIERII —T ¢ v VR ENE L7 IEIE & — S B EHE & AR AT
LRI OFMERZ LT PN ENZIGIZ D72 5720 3T E OB HLH 3R 1T
EDM OB PRS2 Z LI LT,

X 2.3-8 FESHEIEHI—T 47

239. FIRIEFI—T 17 (2020412 H 8 H)
T —= (O&M) : JEFEATEILES
> <7 NKIIREFTCOERES, VAR — FEK. T TR OKER ST
DONT, AEBHEEDTTEEZHRA LN b~ 7 MKk EITOFE T 1E% R L
77
7 —= (HRD) : [EZFRBR-CAHNRBR O ARE (6 D N R
> EZEHRBRS EDM N OAEE TR 2 REHI X, EEEDOH OB A X
VT FICHBERDT-DEANZRRE LT,

T D DOFRFZHEE DN A R 5 ESGBR 2 803 %7, IRIBIO B HSRIF I RS9
HZ LIl

17



X 239 BIRIEFII—T 47
2.3.10. FHIOEIEHI—TFT 4> 7 (2020512 A 15 H)

T —= % 1 A7 — Y (Clarification) D F & 8 & 5 DD J5
> ZHNETIOMFEMLI-EH I —T 1 > 7 ORKE LS H%OMED FIZHOWTHERR LT,

2.3-10 BIOEIEBH I —TFT 47

23.11. FENNREEFII—T 47 (2020412 A 22 H)

T —= % 1 A7 — Y (Clarification) D F & 8 & 5 DA J5
> BIRICEI&RE ., BB —T 4 T ORKE L A% DOMED FIZHOWTHER LT,

23-11 FEUEIEFI—TFT 47
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23.12. EREEFII—FT 47 (2021581 H 12 B)
T 8 1 AP R Y 2 — L K OV
> 1 [RIPREREEER A 7 Y 2 — U QNS PR Y & L C B MG SRR
THER LT,

23-12 B REEFHI—F 42

2313. EB3EEFI—FT14v7 Q021581 H268)
T—=  BBD AT Y 2 LA ONT BT YA
> BSHBOART Y o — UREGRIF NS M YEE & U CELHUE G ROR L 2 fesR L 7=,

X 2.3-13 FE13EIEFII—T 47

R 72 O&M DHAAAHMEEE, NMERT 1 7 7 AOHBEOEFZ1T 5 7=, EDM & 13
BIOEH I —FT 4 2B L7, FICHE 1 AT =0~ 7 MK EBEHFOBREE (5
BEITO O&M i, SCE7ZR EOBRERAE, FMie /1. AMBROE X J7, AME RO A
lifle L) £ Lz, TOSWAMENSEOMA ), v &3 L=, EDM &

Clarification D F & & ffE78 L7= (W& FE}F Appendix-3: Clarification on TV Meeting Z ) ,

19



23.14. FUREIEFRI—T 47 (202142 H 9 H)
T 51 (A M OV T
> 1 SRS EORE - Bl OV EERER & L CERHURYSE FR I A R L
7-. EDM LV EEfAZEF—LOBMA D DNHFE I N,

rﬁ 12. Preparation of Business trip to Moza mhique]f;,-
uJ
Cam;it\r Devglgpmgnt in Managemgnt and 'ETM '!J'islt to 1n5ﬂe:t the Cavid-lg Pmmol [1]
Operation of Gas Fired Power Plant
TV Meeting (14)

February 9 2021

Electricidade de Mocamblgue (EDM)
Japan International Cooperation Agency (1ICA]

X 2.3-14 FE4EIEFI—FT 47

23.15. FISHEEBFII—T 47 (202143 A2 A8)

77—~ : O&M Guideline & O Methodology for HRD Program
» O&M Guideline } 0" Methodology for HRD Program % #tBH - i L7z,

—,

ji.m‘ 5. Goal of Systematic DEM in this Project ji'm-'

Eﬂpﬂfit"ﬂ' DEUEIHmeI"It in M ﬂﬂﬂﬁemem and One of the goals [Main] af this praject is 1o oreats a systerm that CTRA
Operation of Gas Fired Power Plant i i
indegendantly,

i iz impossible 1o complete capacty bulding In one or two years.

o as S, wie will try to budd a system that PDCA oyche to be implemeanted by
_E_D&M uideline + Establishing abaut 10 guidelines and manuals in Stages 2, 3 [Plan]
Methodology of HRD Program + Implementing works based on them in Stage 4 [Da)

+ {hecking and improving them in Stage 5 [Theck, fction).

Corfitse capec iy davelzprent By yourashaas [apiralup)

2 (| oo | e | acron NN D D -
MErEhI zm:l I Esizhizh mpement Seplugks Marine H
Electricidade de Mocambigue {EDM) Vlueni hem o gas e
i
lapan International Cooperation Agency (JICA) el This Projeet S

23-15 FE1SEIEFII —T 47
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2.3.16. F16EIEFII—FT 17 (202143 A 23 AH)

7 —~ (O&M) : Emergency response manual
77—~ (HRD) : HRD Program
HiJi+5 : EDM (Mr. Firmino)
JICA team (Ono, Takeda, Nemoto, Nakajima, Kawakami)
>  Emergency response manual {Z DN CAFEE ) 2O HEF| 2500 L7225 SRR Lz,

ji'HJ Emergency response manual jlea’
cA
Capacity Development in Management and 1 4

Operation of Gas Fired Power Plant

TV Meeting (16

Emergency response manual
HRD ram

March 237 2021
Electricidade de Mocambique [EDM])
lapan International Cooperation Agency [JICA)

X 2.3-16 FE 16 BIEHFII—FT 4 7

23.17. FEVTEEFI—T 147 (202144 A 20 H)
77—~ (O&M)HRD) : ~ 7 k)R EATH
Hif#7& : EDM (Mr. Firmino, Mr. Inacio, Ms Thandi)
JICA team (Ono, Takeda, Nemoto, Nakajima, Kawakami)
> ~ 7 NKIPFEEIRIMA Y 2 — OV THERR L 7=,

— Subject & Attendees
jiea’

2%

i

Capacity Development in Management and
Operation of Gas Fired Power Plant

TV Meeting (17)

CTM visit 2. Attendees

EDM:
Mr. Firmino, Mr. Inacio, Ms Thandi

&
April 20t 2021 JICA Team: ) .
Electricidade de Mocambique (EDM) Ono, Takeda, Nemoto, Nakajima, Kawakami

Japan International Cooperation Agency (JICA)

23-17 BT RIEBHI I —T 47
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2.3.18. FISEIEHII—T 17 (202146 A 22 H)

7 —< (O&M)(HRD) : Next Trip Schedule, JICA Online Program
Hi#E# © EDM (Mr. Firmino, Ms Thandi)
JICA team (Ono, Takeda, Aoki, Nemoto, Nakajima, Kawakami)

> <7 NKIIREIRIM A Y 2 — IOV CHERS L7z, JICA Online Program % #7 /1
L7z,

N .-'I
jea) Next Trip Schedule

Capacity Development in Management and

Operationof Gas Fired Power Plat _—

s Aem ke Wl Ban

TV Meeting (18) L A I
Member Change
Next Trip Schedule R G el I

m n ' Ll s ¥ ¥ i
JICA Online Program e

@g’) L — - — .- = ...

June 227 2021

Electricidade de Mocambique (EDM) = 7 = = =

Japan International Cooperation Agency (JICA)

X 2.3-18 FI1SEIEHFII—FT 4 7

2.3.19. FEVREEHII—T 12 (202147 H 13 H)
7 —~ (O&M) : HSE Manual
77—~ (HRD) : Questionnaires Survey Report
HiE# : EDM (Mr. Firmino, Ms Thandi)
JICA team (Ono, Aoki, Nemoto, Kawakami)
> HSE Manual (22 T EDM @ Q&A % & & IZHH - Wk L 7=,

ji’c:) Human Resource Development (HRD) lrﬁ:"
Capacity Development in Management and <HRD= L Questicnnalres Survey Report (2/6]
Operation of Gas Fired Power Plant
i e i P e & 5 e erween T TR amipinyess depending on
TV Meeting (19 B
o&m R
m L}

Next Tnp Schedule . M-
G‘Q
July 13th 2021

Electricidade de Mocambique (EDM)
Japan International Cooperation Agency (JICA)

X 2.3-19 FE19OREIEFII—T 47
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2.3.20. FH20MEEFI—FT 127 (202148 A 17 H)

7 —< (0&M) : HSE Manual
7 —< (HRD) : Questionnaires Survey Report
HiJi54 : EDM (Mr. Inacio, Mr Macau)
JICA team (Ono, Aoki, Nemoto, Kawakami)
> HIENCH| & #5 & HSE Manual (22U TR - Wi L 72,

ji’c’;) Subject & Attendees jﬁ::)

Capacity Development in Management and
Operation of Gas Fired Power Plant 1. Subject

TV Meeting (20)

0&M 2. Attendees

HRD EDM:
Next Trip Schedule Mr. Inacio, Mr. Macau
JICA Team:

August 17th 2021
Electricidade de Mocambique (EDM)
Japan International Cooperation Agency (JICA)

X 2.3-20 FE20EEFII—FT 47

Ono, Aoki, Nemoto, Kawakami

2321 E2AEEFI—FT 427 2021589 H 7H)

7 —< (0&M) : O&M Manual (CTM-2-001 Operation Manual, CTM-3-001 Maintenance manual)
7 —< (HRD) : Training Management Check Sheet, Overall Training Courses
HiE# : EDM (MR. Firmino, Mr. Inacio, Mr Macau)

JICA team (Ono, Aoki, Nemoto, Kawakami)

» O&M Manual, Training Management Check Sheet, Overall Training Courses {22V Tt
B - ek L7,

ji’CA) . Operatice and Maintenances Mareal in tha Documant tree IE:J
Capacity Development in Management and
Operation of Gas Fired Power Plant _ it “uf,.__.  (————"]
=y L 8 e ] L 1
|_'_|. -\.:.‘.. ...'“ m AP e prsany bmmmad -
TV Meeting (21) ) S 2
Oo&M
HRD
Next Trip Schedule
ﬁ‘?’ . Rl U]
LT [emawmwnrm ] [
September 7th 2021 [ eeeminnms ]
[
Electricidade de Mocambique (EDM)

Japan International Cooperation Agency (JICA)

X 2.3-21 E221EEFI—FT 47
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23.22. FE2REEFI—TFT 427 (2021511 A 12 A)

7 —< (0&M) : O&M Manual (CTM-1-003 Legal Compliance Manual, CTM 3-002 Purchasing and

Contractor Management Manual)

7 —=~ (HRD): Skill Certification System and Training Management Check Sheet, Overall Simulator

Training Schedule for Operator

HiJ§ % : EDM (Ms. Thandi)

JICA team (Ono, Aoki, Nemoto, Nakajima)

»  O&M Manual, Skill Certification System and Training Management Check Sheet, Overall

Simulator Training Schedule for Operator (Z- DWW Tt « Wik L7z, ~ 7 M KIRE
SRR Y 22— DWW THERR L T,

— Subject & Attendees

R )
e ) JICA

Capacity Development in Management and
Operation of Gas Fired Power Plant

TV Meeting (22)
o&Mm 2. Attendees
HRD EDM:
Ms. Thandi
November 12th 2021 JICA Tean.1: i
Electricidade de Mocambique (EDM) Ono, Aoki, Nemoto, Nakajima

Japan International Cooperation Agency (JICA)

X 2.3-22 FE22EEFI—FT 47

23.23. HBABIEERII—T 47 (202242 H9RH)
T —= 1 5 2 [P R E
> E2EPEEMEEATA Wi L, EDM LV TX 57T HEMAFEF—L0OHMAD

DAL INT,
— 9. Second Field Survey jﬂ;
jhl Period: October & (Fri) to Dec 8 (Wed], 2021
B . Purpase: Frame Work Establishment (second] and Establishment
Capacity Development in Management and {third], were cartied out.
Operation of Gas Fired Power Plant Business Traveler: Mr, Ona, Me. Aoki, Mr. Nemoto
TV Meeting{23)
Second Interim Report
L

February 9th 2022
Electricidade de Macarmbigue (EDM)
lapan International Cooperation Agency (JICA)

2323 HBEEFII—T 47

24



(KRHI72 O&M DAFALRESEE, AMBER T 0 7T LOREEDORK 21T 5 -, EDM & 23
BIOEH 2 —T 4 7 &2 LTZ, #2 AT —VDERRZRMZ O&M « AMEBERK 7 10 7T A
D7 L—ATU— 7, H3 AT — VORI O&M - A\NMEKRT 1 7T LOFESREE
i Lz, OB, ARIMBE SOOI, N0 &34 Lz, EDM XV TX 57210 EMEF
—LOBHAY BAHLEINT,
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24, FUTFAUTHTI— (2020410 H~202141 H)

Filav AL A (COVID-19) DREGIERIZFE Y, BUHEAR TR 2V R TH D Z & )
5. MEBEKRT 77T LO—2 & LTKIIZEEIOEBEAGRIZONT TV REICTAH T A
YTATI— GERED) HFEM LI, TRy 7 3R ZAER LFEANZEAN LT,

A TA T AT I —TIEAEREREE 2 FANCEAT LT EDM HiiE N TE T 5 LX)
W2 U7, E7o, sERPICEMOBS AT, R im L2 HICITRA L CGREBEOERER
¥EBMEICLVBINTE 22D > 72 EDM Hiff& It L7z, ERMEZ/ER L EDM L0 B
EHEML T, KEILIFEOHROSE L LT,

£ 24-1 TR

Title and Course Aims Date Lecture
1 | Title : Understand numbers used for electrical expression | 2021, Mr. Tanaka
on the complex plane by Geogebra October

Aims: For those unfamiliar with electricity, complex numbers,
which are the basis of electrical expressions, will be
introduced with concrete examples. For those who are already
familiar with the subject, a new method of representing
geometric numbers in motion using free software will be
introduced. Finally, an example of a complex representation
of a generator will be presented, which dynamically represents

the phase of the voltage and current.

2 | Title: Generator and its commissioning test 2021, Mr. Tanaka
Aims: The textbook description of the generator is combined | October
with the behavior of the generator in actual commissioning.
Section 1 is the principles and structure, which can be
understood without expertise.

Section 2 visualizes how the generating voltage varies with
the type of load using Geogbra Section 3 explains the
generator commissioning test and what it means.

Section 4 explains the extent to which a generator can be
operated. People in the electrical field should be familiar with
jargons at least. This section shows the significance of reactive
power in numbers, along with an explanation of the range the
generator can operate in. Also, as an example of using
Geogbra in the business, it is shown how to illustrate the

steady-state stability limits with numerical inputs.

26



3 | Title : What is Entropy 2021, Dr. Blackstone

Goals: Introduce Entropy as a basic knowledge of thermal | November | (Takashi

plants. Kuroishi)

4 | Title : History of the thermal power plants 2021, Dr. Blackstone
Goals: This course introduces changes in thermal power November, | (Takashi
plants (Large capacity, high efficiency and etc.) Kuroishi)

5 | Title :The role of the thermal power plant in the RE era | 2021, Dr. Blackstone
Goals: This course introduces the role and value of thermal | December | (Takashi
power plants for a decarbonized society. Kuroishi)

6 | Title :Energy Master Plan for the future 2021, Dr. Blackstone
Goals: This course introduces that a draft energy vision for | December | (Takashi
2030-2050 will be presented. Kuroishi)

7 | Title : What is happen on the earth? 2022, Dr. Blackstone
Goals: This course introduces the background of global | January (Takashi
warming and its factors Kuroishi)

24.1. FT1EFVIFIALTHTI— (2020510 5 14 B)

T—  BRCH O EHEEE Geogebra TR L CEEiET 5
> REININIENES EENE IR H Y KA TIIER T 7 7AW G NEHEDE
MECTH D, N CITFH. BEOFHE T Geogebra E\WH 7 —V 7 hEEH LT
BY, HREOICHEDA A=Y R TE DT REL, AL,

X 24-1 F1RIA VT T HT I —DFEF

242. F2EFVIATHTI— (20205210 A 28 A)

T R L SUERAR
> FEMORBERILR O ORI T OREEOKEILIZHOVWT, KRLFEHE,
Geogebra Z i/l L TR L7z,
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X 242 F2WAVTFA T AT I —DRRF

243. FEIEALUIA LT HATFTI— (20205611 A 18 H)
T HoTHTHZ brE—
> BAEBRLSEEITH S TCWAINEO LI RBE 2T 20O0BENEH LW [ ba
E—] IZ2WT, 72 b DBl Tt %Z LTz, £72. KW EFTOFEIZTHON
T, RA T—IEBRADIRE « EHE = o —OBROMB 2 L=,

X 24-3 FE3IRA L TA T HT I —DFEF
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244. FARFV A TATI— (20204E12 7 2 A)
T~ KNT T FOREE - BRI
> 1950 SELARE D HARD KT IFEEFT O KRE Bl - @ANFILDOIEL & | Z OEAREER (7K
SIEAROFRRIBEOMR E, a4 Ry A 7)LDEAN) Z#H LT,

X 24-4 FARZ T T AT I —DORF

245. ESEIFUVIFIALTATFTI— (20204612 5 16 H)

T PURFEMSITIANT 72 k13 EO&E] & HifiE
> ASBOFARRED L= T, WERE Y bEBN KE L RDENER
NG U ADRELE T HI-DOIKNEEHBLETHL L2 LT, HbET,
CO2 HEMM IR CE DB Ch D, ART AMEEEFHEEM & W —R 7 U —8k
BFOIRSE « BBEHIN 248 LT,

X 24-5 FESBIAVFTA T HT I —DFEF
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246. FO6EAVIFIALTHTI— 202141 H 13 H)
T—  EIRAHIE (R A & A
>  BHREOEEEEE L EEREICOWTHH L, b T, LEHRESRCRHE
Uk oENDKIIEHTAIRETIMETHDL, 77 ANy My I T AT
RARL—2 g 5B L,

X 24-6 FE6RIALVTA LT HT I—DFEF

247. EIEAFVIFALTAHTI— (202141 427 RH)

7 —= : What is happen on the earth?
> REBRA A OMEESHERIRE L OB AT LT,

Tokyo Electric Power Services Co., Ltd.
PhD. Pedra negra ( Takashi Kuroishi )

X 247 FEIWA LV FA T AT I —DORRF

MMBRT 77T bD—> & LTRAFEBHO LRI OWTAL TA T HT I —
(GH7ED) Z%M LT, 51, 2[R OM#BITFIWEELL THY EDM L0 HF#E LW
LAy bbby, 8316 EUBIZER A% < B ARG COMRICS 0Tz, EDM
V=T (GEEE, RME) ORIKOSINE 15 TRIIFEEI O ERM#E 2 < DR BT
HEIA L,
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248. E8EAVIFIALUTHTI— 20215%E4H6RH)

MNERR T2 75 LD—>L LTAkIFEEFD PDCA $4 7L (Plan Do Check Action: ki
M7 EEE)) (IZOWTC TV SEICTESEA U IFA T T I —%Fh LT,

AR A FRNCEAG L C EDM #ili 8N T E TE 5 X010 LT, Eiz, #RTICEM oM
DERT, EEZEE LB HIZEEAA L GEREOEESCESHAICLI VBN TX o7z
EDM HfFE 12t L7,

7 —=~ : PDCA for Thermal power station
HiJi53 : EDM (Mr. Inacio, Mr Macau, Ms.Thandi, EDM Engineers)
JICA team (Ono, Takeda, Nemoto, Nakajima, Kawakami)

=
o 1. What |s the PDCA cycle 7 ]ﬂ:g
jiea?
Capacity Development in Management and Thr: Plan-Do-Check-fiction cyele is a £ step madel for carrying aut
Operation of Gas Fired Power Plant works, A glrela hag no end, the POCA cycle should be repeated again
and again fer eontinuous improvement. The PDCA cycle 15 cansiderec
A praject management tools
11 '
O&M Study group ) - Example in daily Jite: -
PDCA for Thermal power station LA
Tosday, | ke @ pii-gin chicoan !
by TEPSCO 5.TAKEDA ALTION i
So. | 'will recuce a cup
'.-'- 1 of pir=ain resst i,
i ard keeo @ respe for
Nt 1mi |
April Bth 2021
Electricidade de Mocarnblgue [EDM)
Japan International Cooperation Agency (JICA) CHECK

il Too spicy Il

X 248 HEEALFA LT HT I—

EDM > V=7 (ifiln, {RE) OWEILWSINER CTARIE SIS0 K5 ERT O B %
2% < OREITEME £ 35A Lz, EDM L 0 Hff « HREOHERF - M ik, —8l—4 12k L
55 HDOTIHRWA, 5% bR REIZ L Y EDM OB T2 - LT -
WIZ, AEFEATEPDCA YA 7 v Eb L, IR L mO TWnEZWNnEDa A |
ZTEUVN -,
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2.5. B 1KRBHES

2.5.1. =

JEA&MyRmNiZ%IiSHSH(*)ﬁ%5ﬂ27ﬁ(ﬁ)if%fyﬁﬂ7lkﬁ
FEEFTEERE )M LR OR 1 IRBIMZER 2500 Uz, 5 1 IREBUMEZEER Tl 1.2.6 DB
7 v —|CREH LT 2,3 AT — Y OEEEME &AM B LD Frame Work Establishment (£ 2)
& Establishment (57 3)% 3%t L 7=,

252, HEH
W FATE /KR EATERE AN E S
KIVFEEFTRST Ok - ﬁ%) HEER

MMERL A/ KI5 BT ERRE P B RAHLSE

253. AT a—)L

A H N ®
5/3-4 - BE) HpsS~7 k. R— i
PRI JICA BH B — 27 HEFTH, % : EDM ~ 7 MK IR ERTRH.
5/5 7K . n
R BT
5/6 /S X I FTI—T 4T

2% ; New Generation Director 72 FEHE L T &Y
- KIFEEFURSE : AT F U A/ FRL—2 3 2 G ~DOBA
ANMER ; EDM 7 45 2—, EDM  ~ 7 MK EFTEFTHE

5/7-
5/21

5/24 A Warp-up Meeting

5/25-26 | k-K | A EMERR, ERHEEL PCR MR - A5 SRS

5/27 N ZFHIT : JICA B v B — 7 HEArmE., BE) ~7 %

5/28-29 - Bl K= =HR

254. BHHY

4B : New Generation Director > BLE (B, prk. Eis, #ifE) L 5B O¥EBEE
M7k, EEAK 7 L2 PR L RAF R BIR 2 HERF 9 5,

KNFEBIHETF . AT FURANX =y a v I —T~Eh UAEETIE GERM. B H.
At SEhE, Fc#k) & PMIS (Project Management Information System) O LRI O fgER A 9
Do

MER . A BROPSREE ik, A 7rYa—, Hikk L) [ZOWTEDM 70
TI— (Kth), =7 MAKIIEEFT EMERT S 2 L, FRNTERM LI AMBERIZET 2 E/M
EOREEINET D,
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255 HEEEHE

() ¥ I AT7I—T 12T ORME
TUVEBUVER ATV a—EKES EICE 1 RBHMESOHNZH - A7V a—10
fleRB &340 L 7=, 4713 Ms Thandi 7% EDM {l|® Project Leader & 72 V) HAKR 72 3£ %
WHDHEREI T ADEDM BEE L LAY n Y27 N £+ D 2 L 2R Lz,

X 251 ¥ 7F7I—T 47 DORHR

(2) Generation Director ~D 3 FaH 5 L Ok
Work Plan, 25 1 [E]f#tEE b Llc7 vy =7 hOEBEDH - Wik % 506 L7-, New
Generation Director, Mr. Neves, Head of generation department - South Region, Mr. Firmino

& ARFEH~0D EDM D1 /) 2 F B CRHEGE LT,

New Generation Director, Mr .Neves  (F1 572 1H])
Generation Division Director (South Region), Mr.Firmino  (F1 545 81)
X 2.5-2 EDM Eff# & DEE
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(3) Y1 hER
Ms.Thandi &~ 7 MK ERAWRE LTz, 77 v MIK 7 HlOH ) CEoEiRH Ch
N %Wi%bif B V& D70 IO HEREIC /e ST, JEk% EDM
MECLEICET HE#E TEAA Y MIRET AR ERENR L T2 TH D, A
Wuﬂﬁéﬂfwé77y&1? NHD GT ORBRIEIRNTHON TRV IEFREOSE
HEHL Lo LTV,

~ 7 N KTIFEEFT GT EFERATIT

X 2.5-3 VA L

N2 £ THERMTHOILCOZEEH & LT, 2018 4 8 H OFREAHEMBIMET A IZ

args s (BEfFETF—L) Lar b T 74— (ARN) BRI L THREIHEND
AIFNEITIR o7 L I EDM OHERE, v 32—V ¥ —27 T AL EATSMLT,

IO ORERDPBIZENRNT-OTIT vk BEbihvs,

EDM 3R ETERREZ 2 b7 7 X — O FHERRHER ETE < O HARORETT % A

FLUTHENITIHEA ETENNICRS TS ZEZFREIEYZ 7 AU RIFEE#LTEBY ., 2

NHBKME N TN,

LRRERORREIL, Bt a s b7 72— R EILX EDM B3 To> T\ 5, Z48

DOEATHE X EDM O ZHERRE Y LT\ 5, EMFETF— 2 b4 M EHET HRIICE

Y X0 ERHE R % LT,
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2.5-4 BEMEL R T 2FMRF— 4

(4) Handbook DFFIM I N5
A b T2 —ERD O&M ¥ =2 7 VTR TH L7280, fliFRICIRY Lol
Handbook %H(Operation Hand book, Control Logic Diagram, Set Point List)Z #3/1 L. EDM
TS L7z, ZOBRIICA £V B — 7 FEFHPHLE LT,

X 2.5-5 Handbook it 5

KIVEET T > b O, ERIZY T > IR R THEOKEHE R, EinEk, &
SFERRENETENTND, ZOFTT TV NORBROLZEER T D077
v NERBICHAREINERIZ E O TN RT v 2352 LI3FEEICEHATH D,
HHETF — LDORR TV ZIE, "EHELEICH YT 2, ZO8lA K Y. Operation
Handbook, Setpoint List, etc. & fft (2 L C EDM (2t 5 LU 7=, fli5.12% 7= > CTlZ, EDM (Z
REFEHH S TN D, 5 2 BIHRGHIERFC P RE#E=E (CCRYOA XL —F—F 7|
FAY v 2 7 S 4172 Handbook 23 o722 & LV AEH ST L b s, ek,
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JARK T8 Soft data B2 L TRV MLV H PC ~DX U m— RaiEL 78> T
b\éo

Elsciricidads de Mogambiqus £F Ebutrissiluebs the Mogamliqus £P
e 1
Sk &;| (3]
a0 &0
Capacity Development in Management and Capacity Development in Management and
Operation of Gas Fired Power Plant Project Operation of Gas Fired Power Plant Project

Opsratisninandbooks Operation Handbook

(Selected Edition)

Jfea) e
Jica’
B 25-6 ARL—a vy K7y 7 OFK
(Paper Size)
Drawing Title Page A4 A3 Total

1. |Documents (1-126)

1-1 |Plant Operation Philosophy 1-21 21 21
1-2 |Plant Start up / Shutdown Procedure 22-38 X B X |
1-3 |Gas Turbine Package Operation 39-71 33 33
1-4 |Steam Turbine Operation Procedure 72-126 55 55
2. |Drawings (127-192)

2-1 |Plant Equipment Layout (Plant Site Layout) 127 1 1
2-2 |System Flow Diagram 128 1 1)
2-3 |Eey Single Line Diagram 129 1 !
2-4 |Control Architecture Diagram 130 1 1
2-5 |Protection Instrument & Configuration 131 1 d
2-6 |GT Sequence Time Chart 132-134 1 2 3
2-T |Plant Sequence Time Chart 135-150 2 14 16
2-8 |Heat Balance Diagram 151-169 19 19
2-9 |Water Balance Diagram 170-192 T 16 23

Total 155 37 192

X 257 FRL—Lau NV Ry 70OBR
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(5) O&M

(5/10~14) ~7F M KFEEFD A T F 0 AT N—TITE R U ARST pd6 O 3 ~ i
~FEEHOT — 7 7 u— FRSFEMR. b7 Tt EO TR A R LT, B
Bt EICEWEBEERIIEBESNTVDE LD D, T DB b, EEOML
RN B AMEY LT D E DM 0 I WIRIIZ R > TV D 728, BEFTE
RO~ AL MOV SVT 7 AHENOKRNEEEN T v T D=
b« AR EatED T,

L INBbDR RS

R TPRATF A
X 2.5-8 O&M 122

(5/17~21) ~F MK IFEEHROAN L — g I A—FIZEH L, B % Oz, BEHK
T, Mo 0 B x| GUEROIERL - tRE . b T 7%t e EOFERRIL A s Lz,
D ST FMEICHEVENE STV D S O DONERFEOBIN, 0RO MRE . i/ 1k

AIOFFERR ECWELZIZOIDEE LW EEDNLI R bH Y | 5B OIGFE O Tl
DTN,

I EEOEN

K i
Sl

Hh A =

Lk
B
I
B

X 2.5-9 HREBIEETOEE
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(6) HRD
NI E R DR AHEZEIZ DT Explanatory Note. Z 6 H W CTatBi L7z, %ﬂ% H
EDM 7 717 X — (Kth), ~7 b KOFEERT & FIZ FREIC OV Tk - Rl L7z,
(1) Explanatory Note.
(2) Skill Management Plan
(3) Basic Training System Organization
(4) Reconfirmation items for HRD on TV meeting (16)
(5) Concept of Outsourced Contract
(6) Skill Certification System

FANZEA LI AM BRI 3 2 B E O [RIE % IV E Lto AN BERICE T 5B E
DOIEXREELNL 50 4, BIEEIT 23 4 B TOFEFICIIAEH 24250,
4R 46% Th 5,

X 2.5-10 Academy Director, Mr. Fabiao (EEH )

. EDM 7 NKIFEEFTLY BAD JICA hb—=0 T Z—ET7 7V 5, W
Y ETIZRBT D HETHE SR E S v,

¥, EDM @ (Fi) #HERE L HEHE O FEMEGE D & o 72, BEMHE O FEhEIEAR
EBOTRINCEEZN TR & (X EDM IZERfiE S =03, FHIE & JICA O TR
WChDHI L EFRICEY B =7 BN TIRERH R WIFHEEHI 2 E, 770
TOR L —HHED—H AR LTz, D% EDM |9 B 7 [E D KGRTC(Kafue Gorge
Regional Training Center)ifH&, F§7 7 U B TOXU X —HHE L OYH AR TO JICA #H& 72
FOHHERE L],
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2.5.6. %1 KEHEBOREE

K7y =7 FORKBEIL, ~7 MAIIFEHICBWT, BIFEO EPC 2 F 77 X —|Z
KIF LT O&M 2 BEIL, B L72FEATE L CTLEIE « Mkt /e R EBATEE N A RE & 72
5 X9, KR O&M DAEFHIA, B LN, FD 7= D A ERIRIIZ BT 5 A7 2 AT
TAHZLELTHD,

Z Ofcf& BRI, 25 1 IRELHIZERS (2 C Rl & 92k L7,

> EEENRE A% OGS I, AR 7 & ORERE.,

> AUTFURFANVL—T g I N—T A UAEETIE L PMIS O AR IO,

> AMBEROMEARESE ik, A7y a—n, HiERE) I2onT, AMBERICE
TAHEMEORIZINE,

il aw 7 A L2 (COVID -19) DOFEGYERIZAEWBLHIG R R 7V R e & . EDM &
DHBBRDOA L TA L I—T 4T B LTEHE1 AT —CTh 5 Clarification D TE7-,
LrL, BAWIZEMRA - KESH7e Z SITHETETH, b 5 —BEAOA T BRAE, TR iR
METHEIAETELIZLIFHELL, F-RAMEERZFEMTHZ LIV~ Mk
FEEATO O&M ¥(FICHEBfMN - PO - Wikz Db EnTE T,

LR T — A BLHIEAR L 7= 2 LI EDM X 0 B O S HEE TAW =, BPIFE T — LD K%
BHRSTHMBIZ~ 7 MKIRBFOA T F VAT =T AR —a v I —TIC
BV L7, EDM D A 2T F v A7 )—"7" L K IR BT R ST REF BIIAR ST AR O FHE 5> & 52
Jidr N EFEBRLDO U — 7 7 m— FARSF R, N T TS O E R A SRR LT,
ARV —v g VI N—T LRSFEM I H 2 OEfs, B, s v x| FREkOE
B - RE . T 7SO FERBIRIL A MR L7c, EDM O 2 ¥ =7 13 HF £S5 M iRk
T 5, ARG LT L v,

EDM Afk® EDM 7 # 7 X —® Director & A BRI FILZFRNT BT LIz A BRI
THEMBIZOWTIT b bE, FTAEEYBICRETERWVWLEDOIE EDM 77 I —0
Director & V) # H it 72 < R 2 R TH -,

St DOBIMZERIT T, KRR O&M DALKAREE, ANMBER T v 7T LAOWEOR %
foe, ERUEBLIZIZONEE LV EEDLND RIZOWT, EDM IZIEEE LTV PET
b5,
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2.6.

2.6.1.

52 IRBLHEEE

B 2 REVEHE

JICA Study Team (%, 20214F 10 H 8 H (&) »H 12 H8 H (K) FTEV v —7EHKAN

A

FEATEE AW EEBOF 2 IRBIMER %2 £ Uiz, 5 2 KEBHB T, B3 AT — Vi
HAAfIE & AM B RLD Frame Work Establishment/ Establishment & V5% O 3 EiE R 2 F20 L
720
2.6.2. HEEE (=7 MEESIR)
¥HBFE KT EITERE /NEFEEE (10/8-12/8)
KIVFEEIRST (R - ﬁ%) HAIEML (11/12-12/8)
ANMER A K15 BRTEERE RAHLSE (11/12-12/8)
2.6.3. EEHIM
A H N A
10/8 4 | EDM ~ 7 N KB ETIC CEB LA
10/11 H | EDM ~ 7 kK13 ERT
10/12 U X I FTI—=T 4T
Lo/13. 4% ; Generation Director 72 E/&EHEE L A&+, EDM ORE 5 2 Fhe (KK
i - TRE. EAE B, BB BRMML) . KIIEERLRST - A B R EHERGH B, BT
O&M D H 7 3E8 DG S
11/12 & | TR 7 hE (RA, HA) . P EDM ~ 7 KR EERT - BRI i
45 ; Generation Director 72 EEHEE L FT&+H . EDM OBEI5a b & Fhm (KK
13 TRE. EKER, MBEERHM) . FEFT O&M O B ¥EBE OUETE
11730 - KIVEBFRST AT F U A/FALL— a3 G ~DB, EDM ~7 bk
JIEIT LA
ANMER ; EDM 7 45 32—, EDM  ~ 7 MKOFREF &
12/1 7K | Wrap-up Meeting
12/2 N HEERL, ERHEEEL
12/3 & HEER. BEPERE, PCR M
12/4 T | WEFEAL. EREEH PCR AR
12/5 H BHE) ~7 M3
12/6-8 - By A
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2.64. EHY

2% .  Generation Director & BEE (i, Ak, #Eiis, ) & EFIh ik, EE
K70 & 2 a8 U BRI 72 BfR & 4R35, EDM OREIEL %2 F2hE (KSETPRE, SR0EHL,
W) . FEEAT O&M O H i ¥ Dtk E &2 581 5,

KIRBART: AT T U R/FRL—2 g T —F~E0 UAEEFIE GAR. H F'ﬁ
AT, S, FLdk) & PMIS ORI OMERZ T 5, K~ ==7 /L% EDM & a8 9
AMER . AMBEROPHEAEE ik, A7 Y 2—, ﬁ&&&)_owfkﬁﬁm_
BT 2EMEOKIEEZSZICEDM 747 I — (Kth), ~7 MKREIT R T 5, 54
AT — Y OHERHE 2OV THERT 5,

2.6.5. HEEHE
(1) ¥ IFT7I—=T 127 DOBME
m[]2M322E®ﬁ/74/7vt/%ﬂ AT a—)VFE Y LICHE 2 RELHIZE
BOHWEB - A7 Y 2 — VO % 320 L 7=, Ms Thandi 7% EDM 1l Project Leader
k@@ﬁ%%@% EHEDDHEH Y 7 AD EDM BEHF ELTATnY =7 b &5
952 L EMER LTz, Ms.Thandi IZBEFTEIEDO~ R AL MOV~ T v 7 5
FTEORENT v 7 DI DOHEICRE) L e oT2,

X 2.6-1 2—F 4 VT DR

(2) Y1 MER
HAR = ORBSRICSIbE -T2, v T 74— (HD) OEEBICETEEE
% O TIE72 < EDM OREE b FEmIIC ifEE L FEm L T, 2 77 Z—LED
MO E O&E|7H & BRI, AFANcirad 4 9Em LA L Tnwbd, 2 7
7 Z—(% EDM BEIZxt L, Eiifa&K %325 2 &3 LTSA 2KICii# STk Y EDM
OEHIZLIZB, a2y b7 77— Tl EmAS gL T\ 5,
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: - - ps” B} '
GT Bt L1EE TAETIEN S RESE
X 2.6-2 HA&%—vEBRkAR

=

(3) Handbook DFA I N5
A RNT I A —ERD O&M ¥ =2 T VFHRTH D720, RICHY £ &7
Operation Handbook % A5 A XITHE/Is L 20 #BHE G- L7, % B O&M ZEH IZEHE 72 Alarm
& Set Point Lis tA4 1 X% 20 ##EfE L7z,

-
v
" ar
-
-
-
-

FYTEL]

Operation Handbook Alarm & Set Point List
2.6-3 ft5 L7 Handbook

4) O&M

20 =], 21 [B], 22 [ O 7 LR CEEOD 5 HARST AR O FHE ~ K~ SR E OV —2 7
n—Zagie, Fiiv=a 7 VHIZOWTTEY 2 %M L7, 5% EDM b DEEZ |
BUWMEEL TV TETH D,

+ (CTM-0-001) O&M Guideline

+ (CTM-1-001) HSE manual.

+ (CTM-1-002) Emergency response manual

+ (CTM-1-003) Legal compliance manual.

*+ (CTM-2-001) Operation manual.

+ (CTM-3-001) Maintenance manual
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X 2.6-4 O&M TD I —T 1 v T DR

(5) HRD

20 [\, 21 [\l 22 BOF LR ERDO S5 B AMBEROBEEZELEIZ-SVT EDM 70
TI— (A—HER) . ~ 7 MAFEERTE EIT TR HOW T - MR AT > 7,
L% EDM N6 DELE S HUWMEIEL TW FETH D,

(1) Explanatory Note. With Q&A

(2) Updated Assignment of Training Roles

(3) Work Assignment & Roles

(4) Updated Work Flow

KEEANZBIMHE L HRD ~ = = 7L & B R,

HA% S — A1Z EDM IZ TRt 2 [A 3 O SHE RO W LT,

51 HLHIZEG R EDM 2 bR E SN A ERHES G RIX A ERTH 5 L b 503,

(1) AZFFEIZITEEN TN &,

(2) COVID-19 OB TAKOY BT @ KGRTC(Kafue Gorge Regional Training
Center) WHEK OB T 7 U I TORU X —HHEIZ O W CIIHHETE A S A 7 ¥
2= UPRBRR TR E > TN &,

(3) ZNHOHAEFHEITS D COVID-19 R F Tl b, FEFICHETH
HZ &,
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2.6-5HRD TD I —7 4 v 7 DIRIL

(6) KW & &40 LTI
EDM &g L a ORI O 7= D3Ik Lz, (VR E L CHEHETOR > b
S IEBLFIE O BhE (English) Z#2 L=,

2.6-6 FFIHBL T O FIREN EH
https://www.tfd.metro.tokyo.lg.jp/learning/contents/jiei/en.html#breadcrumb

AN EIL TR TH D,
KK DFEA— KK DI KK DOMEFR—119 FdH—TH IR K D2 HIHHE K
— BN KARIT & 2 I K —RE S H— T PRk~ O 15 e i — s T

EDM [ZH EZ%HH A2 L CHb Ho7-, EDM FrE LD TXIUTKIIREFT OMBG IR OE)
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https://www.tfd.metro.tokyo.lg.jp/learning/contents/jiei/en.html#breadcrumb

BINLEE L NnolelDa Ay bbb bolo, FERITFTRERNE Y | K I)FEEFT DOIERGFI
RO EhE] OFE LA FHE L7z,

EDM O~ 7 Mtk E B8N EZAT > Tc, 2 v FRNEFTE ORI A fha THEIZ 2 B L,
THAKER, BOME AR CTOFRFIZ LT o, Bl 500E L T 220 3 TEBG B @
FAUL 15 31 E E TR GHBE) 23R ERTIZEEIT S T< b,

(7) FRIEHLRE /L
EDM OEKVE BB REN b 2 FMi I D724 > T A T L=, i##%% PDF 7 7
ANTRARL, AV PFADORT—RA 2 b OERORMEZ BV S5 78 SH0E
BUZOW TR 2 Ff o T kk 772 o 72,
SEEAILIRAT Appendix-6: F2H0AE EERE ) i L& B2 2 I,

(8) WM& BERE /15 k.
EDM OB E BB RE L & FEhE 9 D 7= OB e (£ v — 27 B HA%D
) AR LI, ZHH EDMMHOBAWTHEFE & L, ~7 MAJIREINIC
IERRF I OBFAZIX N WO T, M ORF M B FZ~E R A4t Uiz, BT
BEMFZIOANERE LTEHLIZWEDZ ETHY VAR T—RA v FOE
B L7z,
SCEEAHIXUSAT Appendix-T7: A B BRAE S TRILIE KL 2 S B,
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* PR

TRAINING IN
FINANCIAL ANALYSIS

‘Case S‘Li.ld',_r' of the EDM

iy Davelopment in Managemert and Op=ia1
“aweer Plant

T

2.6-8 B IATHHER K

2.6.6. 552 WELHEL ORTE

AK7vY =/ FOEMKBEIL v 7 MAIIREFICBWT, BIfEO EPC =2 77 X —(C
KIE L7z O&M D HIREIL, HILU72HEHT L L TLE - Mkfer 7 8 B RTE E 23 " RE & 72
%X 5 KRR 0&M OAEFAA, B XL, 2D 72D D AMERIRILICE 3 D 7 & A5
THZLEThD,

Z DA BRI, 5 2 WHMSERIC TS FRi 2 FhE L7,

» O&M D~ = = 7 )VHEIZ DWW T,
> ANMEROMFAEE ik, A 7rva—n, Hiked) 12251,
> Atk DS I T 1R DR

Bl o v ) oA LA (COVID -19) OREGAERITHEWBIHIGERT 72V IR FE X . EDM &

DHHDOF o FTA I =T 4 T HBLTCEEZEDTE I, L, B 1REMEE (5

HS%E@) LA RIOE 2 REMER 2L+ 52 LIk~ NROREFTO 0&M HH
BRI R TR - WhiksED DL Z LN TE T,

EDM (¥~ 27 OFM., FHROFHEHEEZ ZEDICL T, SEEORZHAMT2EZFED
PR A DT E 2 1 7 4 L 2 DIRYLR 1 eh5 2 U LT U,

EDM & 85 F— A D K S5 BT RS8P BUXPRST AR O FHE ) & i L CIREE B
U— 7u—%kate, v =2 7 VHICOWTHAE 23 LT EDM DL A [N Lto
EDM & AMEREMFIZAM B RO AET O W T BRI R A ¥ 2 — LR E N T
FIEEEDM 02 X > &R L2, HEEBIZIBEDIL 727> T EDM (IFEMA 72 ki 2 L
<nriz,

AROFEFHITT, RO BRICE T THCRIYZ O&M DHEMZHESR, AMER T v 7
T LOREFEEORE kR L, WA DMk - FHROILAEED TV, A D1 - FRoLE
fBIZ oW T, T TITEH Z1T > TV % Computer Management Information System (e-Serv) ™
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EHRZORNTEICTA, 2T A T F AT NN—TF F_— g 7 —F A
CTH D, TR EFHEMNT DN — R TOREE, WEEOERNOH L & F Do
— A D LEOMRE 7K ORE I O X% EDM (25RO T <,
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2.7. FIRBIHER

2.7.1.

B
T IE

B 3 REVEHRE

F— A, 2022$3ﬂ 1I8H (&) 66 H 11 H (1) FTEF v —7EANHE
HREA A LR O 3 ISR A Lz, 53 REETIE, 4 AT -0k
HH72 O&M « AMBERT 7 7T ADOFERIR O 5 AT — Y DA O&M « AME KT
07T AOiEES FEi T ECHD, FTV—rvay TEHETETH D,

2.7.2. HEEE (=7 MEESIR)
¥ A KR ETERE /NEFEEE (3/20-6/10)
KIVFEEIRST (AR - ﬁﬂk) HAEMNL (4/8-4/20)
ANMERL A K158 BT ERE RAGLSE (4/8-4/20)
KIVEBATELR S 2L — a3 A HBFEIL (5/13-5/25)
KB EFTE RS I 2 L — 3 B/ wERE (5/13-5/25)
EBIEEE
2.7.3. XEEHM
A H N
3/18 4 BE) B> F—n
3/19,20 | ¢ BE) F—r><7h
3/21 A EDM ~ 7" MK J)REINC CEBB M
3/22 DS X I FTI—=FT 4T
3/23- % ; Generation Director 73 CEHEE L T EH . K IEHRLRSF « AM B
4/7 ) ~ =2 T AAERAEEY. FTEFT O&M O H i s O M
Pl =7 E (BA, FA). % : EDM ~ 7 MK ERT - BRETE
4/8 4
fisi
2f% ; Generation Director 72 FEHLE & 76, EDM OEES) /b % ki
Wil \ E(k%%ﬁﬁ THVE L, WEE M) . FEET O&M O H 5 O U E
EH
e KA FETRAT - EDM ~ 7 b KIS & 4T At
MMERK ; EDM 7 45 2—, EDM ~ 7 h k138 ET LT AE
4/20 7K Bl <7 g (HAR, IRA)
4/21 VN BH) F— o8 (FAR, BAE)
zg; B, EHE < R
TRV NOFEDELBORE, V—U v a v TRETE
6/10 & BE) ~7 M
6/11 + BE) R— =HR
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274. BHY

f% : Generation Director OFHE (K ) RE., MEEMIE, ik, EiE, #iE) & BAr72BE%
BT D, Tuval FOFE LD ELBROBEEHIRT D,

KIVBEEBAMRST « ~= 2T VL &R T 5,

IMERK : AMBERIZOW TR T 5,

2.7.5. KL EIE

() ¥ 74 7I—T 47 OB
EDM ff|® Project Leader ® Ms Thandi & A7 ¥ = —/LV &K% & & IZH 3 IRBIHIZER O B
B« A a2 — VOMERE I LT, KBRS, AMERICOWT~=aT
JVEAZ R U Clole s a2 BBREV L T2,

X 271 ¥ I FT73I—=FT47

(2) ¥ a2 L—F—OBfER
HHFEF— LTy 2 b= —OEEERZ 1T o 7o, BRH TV b T o
EETHDH, VIalb—F—|ZHEAFF-oTHEL 720, a3 T 7 Z—{EkD Start
Sequence @ Exercise O ARFIfRZE % VERK L7z,

== wag

e — Lo
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272 VI ab—#

— B fFRERR

10. Instrument Air System

Exercise 1 IHI
Try make the arrangement of START SEQUENCE for Maputo CCPP
Denmin. Plant System
HRSG Drum Feed Water System
Steam Turbine v
Gas Turbine Generator Synchronization

HRSG Drum Level Make Up -
Steam Turbine Generator Synchronization -

14. service/Potable Water Pump

1
2
3
4
5 Fuel Gas Supply System -
6
i d
8

Waste Water System -
9 GasTurbine -

10 Instrument Air Sysytem

11 Air Cooled Condenser
12 Condensate Water System

13 HRSG Warm Up

14 ServicefPotable Water Pump -

15 ST Turning/

16 Vacuum System -

17 Demin. Water Transfer Pump *

18 Cooling Water System -

19 Deaerator Storage Tank Make Up -

[X] 2.7-3 Start Sequence

(3) LTSA & ~DZN
HAR—E

REHA = BLOYEBEINAR A 7 —%2 w1410, ~7 bAkSIREFREA

RO RIGEAZER T, EWIR 20T R, R S 2T b 2fE L7 X

., RERFOEINEIRIE., HdAirE 1 £ %E
# (Long Term Service Agreement: LTSA) % fifi

# 2.7-1 Bb R ELHE

EATEEL AN & LT 6 B O R B SF
LT D,

T A B — B pifafE ] SRR EHE A = O R AR ET
1. Annual Inspection 20194 8 A
27, Annual Inspection 2020 6 H PERAEN AR A T — piR
3", Annual Inspection 2021 %6 H 7554 — £ > Minor Inspection
4 Annual Inspection 2022 46 H PEENBIN AR A 7 — SR
5%, Semi-Annual Inspection 2022 412 H T A K — & ER R S s
th 5 "ig/:‘ — :
6 .Annual Inspection 2024 £ 6 A RRA \\/ E/Iajor Overhaul
(Major Overhaul) PEENEIN AR A T — iR

EERIRST D ) U 2B S0 = v b7 7 Z— RO RS

W5, BERTF— AL ES
féfn%nﬁﬂé’TT’Jf_o Z DL
— Zfkfoe S it 2 FBREV L 7=,
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27-4LTSA X —F 47

O N 4

EDM 354 Z R BRICEBEOEGH S BREDOKRER 2B U T, EHENESLEH Z Lo
RERDDHZEHHRE LTA H— vy T HBBHINCITOER D AM ISR IZES D
TU7=,

X 275 A v F—vvS
(5) Handbook D fftH5:-

O&M I EFL 7 Alarm & Set Point List % A5 ¥ X/ LIBINT 20 Efk 5 L7-,

POl (CCRYD AR —H —F A 7 |[ZFYS i Z 72 &7z Handbook 73~ 7- 2
EXVAEERIN TV,
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2.7-6 Handbook

©6) V—rvavT

AREBORBREDTDA L TA DT —0 gy T EGE LI,

TP T —ya VEREERT DB, EDM KV R LD R~=a T VAR DY, ThEh
O HBNIAID, AT D720 EARIEREEIC L2 Z @ L TR LW & OBV
277,

U= v ay NIAT Y a— L OFE TEHEMFEF — LIREHR O 2022 47 7 15 HOBfEL
7o72, EDM (EBLE, &L, fRME) O 20 4FWBINEST,

HHETF— LT 0&M v =2 7 ARAMERT B 7T LD E I H BN & A
WZOWTHE] L O&M 13 Emergency Response Manual Z3® O, AMBEK T 7 7T MIHHAED
TUVET DR TR Y 2 VRO RERRERIE 2 E AR LT,
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Ii'::‘ O&M Manual Docurment Tree jft:J

Capacity Development in Management and
Operation of Gas Fired Power Plant

Work Shop

-

L

May 2022

Electricidade de Mocambique (EDM)
lapan International Cooperation Agency [JIICA]

Human Resource Development (HRD) 1/13 Ih" i
P [ ] u Human Resource Development (HRED] - 413 j'h’
HRD Repart consists of the followings; 2. Training schedule for new emoioyee -1, 2
Mzl B List Dwescriptic: -— '- toa [ [ [ | | -
”url'lb-ﬂ'r e e | e e | el e T
S . N [ — — .
i CTre-4-001 Huran Fesounce Deselopment Mdanial
3 CT-4-I0% P far QB ard HRD T [T———
3 | CT-4-03 | TralsingRecond Hobebaok dor HRD —na B i
4 CTR-4-D0L Trzinirg Management Check Sheet for CTAY Oerior ottt |
= T
5 | CTA-A-005 | Tralsing Managesen: Crack Stast for CTM i | | |
Mairtenance Englnger Ee—a
. e | R —— ol ol
W CT-4-I06 | i of Esamination for 5kl Certification System I
7| omeamr | curstionmaimsSurey Ripot = T —
B Cra-4-MR nspectinn Report for Exising MRD Frogram
0 | CTR-4003 | TralsingList of Trainng Cencer
10 CTRd-4-0LD Lst reoised T EDM ed Wiebsine

]

X 277 V—rvavS

EDM XV Fitoa A ha b B o7z,

< S tE OTEEhFE AT L TR LY,

cO&M ~¥ =27/, HRD HA KT A NZONWT~7 MAIFEEFICE @A TX 50
ZatBH L TRR LU,

BZE T — LI 5B OFEM L~V EHEIC DWW TR THREECTIRET D L &
EDM IZFB L7z, O&M O~ =2 7 VESSAMER T 7 7T KXY 7 b7 —4 (Word,
Excel) Z EDM |22t L TRV, 4% EDMIME TELE «- ZENARETH D Z L 23
L7,
EDM L HMFEF — A IS B LBEWVCH NI T2 & 2R LT,

2.7.6. % 3 KEHEL ORIE

FilawF 7 A0 Z (COVID -19) DZEFRED FEGYERAT A EWBLHIES R H R 72 v RS 23 6E
TR D a— ADNEN SR RIS E T, B4 AT — VORI 0&M « AME
71 7T ADOFRKR O 5 AT — T DOERIR O&M « ANMBER T 7 77 AOFHIidGE
EHEMTHIENTE R o7z, EDM X5 & Hil oo F 7 o L 2O &Y 1E xR 2 il
JEL T\,
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KREBOREREDI DI TA LTI a vy TZBEL, O&M D= =27 LA
MBERT 177 AOPEIZONWTHE L, v=a2 T AHA K7 A 20T~ 7 bk
BT E HWEHTE 50OV T EDM X W EM &, FEMFEF— L1 0&M O~ =
2T VM BER T 0 7T NEY 7 T —4% % EDM IZ#t L TEB Y, 4% EDM M H T
EIE « ZENARETHDZ L EMHA L7, EDM L BHMFEF— LIS B LBEWVICH T
e aMER LT,

iz Dx =TT 7 =% OEAT LD EDTZ I, EDM I bIRESNTZH =
EHEZL, AERTHDL EBDbNHOTEBT THREEOH TRET D,
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3. 7uvxs bVEEEREORE - TR - il CEBERHE. B
B2 E)

21K7 2y =7 NI 2020 4 8 HANGEBBMBETNEY L E—2 « BRON G a1 S
I DI, HHIFHENE D) OEMBFEHR TE RN T, TV R#ED AT L& i KIRE
ﬁﬂ L. AV Z == e bBICaia=r—Tarzliol,

ANMER T 77 L0D—>b L TKIPBEEITOEBEMFH IO TFA T T I—
(F+ 8 #%hE L7z, &MEERERZ FaIChA L C EDM EiFE R TECcEL K51l
7o Flo. iERAEE L GEROEE ESBMEIT LV BINTE 220 > 72 EDM HAfr #1212
e U7z, EfEAER L EDM X0 BERAZEH L T, REILFEOEROBE L L, 2L x
1, 2 EHOBRITHEMAMEICFEL THY EDM L0 EFHELWEDa A FB3H Y |
55 3[BT H DARRIXE M 2 2 < B AN T ORERITE DT,

ANMEBEKR T 7T LD—>E LTAKIZEEFND PDCA Y1 7/ (Plan Do Check Action:fifi
P72 R E)) ([COWTCESEIA L T4 T hT I —% K L7z, EDM L 0 Hfff - HEED
HMERF - 1 B1X, —F—A Ik LIS 2 O TRV, 4tk bR 72 aEIZ L Y EDM Otk
DHRBETERZ LT 2O, AEIZFAT PDCA A 7 vEEb L, fEhiczh iz
@bfw%twk@:%/héﬁwko

EDM = v =7 (#ix, RE) OF L TA T HT I —~OWEIENSIN %S CARHE T
D k)BT O FEHERFR A 2% < O EATHINE L/ L,

EDM &D 23 BIOA TG4 I —T 4 7 2B LTEH 1| 27—V Th 5 Clarification, 5 2
AT =V DIRREE O&M « N\NMBEK T 0 7T LD 7 L—LT— 75 83 AT —V DK
HH7E O&M « \MMERRT 0 7T AOMEZFEM Lz, L, BAWIAYTA 0 I—F
4 T ICAVERZR D & L BfRE - RESH 72 Z I3 TE Th, b 9 RIS AaA A TR
HWiEmaTHEZAETEDLZ LI LT,

fvﬁy?~yaygﬂﬁﬁf@%ﬁ’%b%ﬁﬁi%W@Vkaﬁ%ﬁ%O&Mfﬁ%
LTWAERZIEHL TilEgmzED 2 X 912X L7223, B Co 0&M 5 12 B il
T COER - Wiz D D Z ENEDM LW EENnTs, 2 CH L IRBIMIEER, 2 kB
MR RO 3 B3R 2 Fid 5 2 Lok 0 ~7 MK EHTO O&M 3752 H il
NI COd - Wik a5 Z LN TE T, EDM IE~ A7 OFMH, FERWFEEGEE 2
FOICLT, EFBOREZKT 2728 2 DXz LnidHiiian o A L ADEY
Bl 1k k3R A MR L TNy,

2021 KD COVID-19 OEBRFEOEEIZ L HIETIR7Z: End 0 HIEA 7 ¥ = — ViniEn

oM EAIM AN E T, 4 ATV D KRR O&M « AMERRT v 7T LD EE”
KO 5 AT —2 0O “URRHE O&M « A\MTBERKR T v 7 F AOFHMIickE” 23+ 5 2 &n
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T2, PDCA N[EERno7=, LLRRD, OM O~ =27 WVESLAMBER 7 1 7
T LTI 7 hT—X% EDM IZHHE L TE Y, 5% EDM M H TELE - EENAREE 72D K
I IZELE LT,

EDM OFHRSGR-CNFRINZ L 7 o X — 3 — D@ F AR & 72 57273, Ms Thandi 73
EDM fl|® Project Leader & 7¢ V) BRI 7035286 5 R¥5 7 7 A0 EDM BIEH & LTAY
0=/ N FEM U AHNIERE T o 7o, £ 72 Ms. Thandi 1T B EEO~ R A M)
DVLVT v 7 FEEHEDOENT v 7O OEBICREN L o7, HEEFITEDND
727>C EDM (3R 72 %t 2 L T < 7,
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4. AEBRRDZRE

A7ay =7 hORAMIE, 7 b HRILSA » FHA 7 NVFEEFTIC

=
TEE 23 A RE
LHAMAHEREERET DL TH D,

BT, BED EPC

—IZRTFE LT O&M 23 HIREI L, B L72 3R & L CTLE - Mk 7R J8 A A
LD X5 HSRRYE O&M DA, B L, Z D72 D N HRGRILIZBES

1RO 123k L2 L ) IR SN D KR (T HEE) X TFReTh 5D,

> [Fklizbhblro TEHELERE

RATOTERR, 223224 10 il O B ik (2

~ 7 N EEE A~ DL E LT BRI T O D,

>
>

O&M D4k -

gf,{ﬂfﬂ%fﬁﬁ?_[/ mfi'&bjj . &ﬁ—]ﬁjjzw))mj:ﬁ_é
}\1:7‘" EJZ7 = 7 7.ZA %Ob \f\—ﬁﬂkﬁ‘??j’)h 5%

B ATHAT A OB /)23 E B D,

MR INDREREEZERT D200, A7a vy MZEDE (=7 Mok

i SN DB |

\ZDWT, Z DR 28 2 | 2R LT,

K7y =7 MTX DR

EERK

e

RRHY72 O&M D3~ 7 MK JFEBERTIC LV FEfi s 5,

O&M ¥EBBIR MM LT O&M A KT
A VRPN EES & KR EFTHM O ST L
MEBRIZ B TIEHRCPRSF D & 3675 03 T it X
ns,

EDM L DEBIA L TA I =T 4 T %
LT, FEIT O&M (ZBE3 2 8 EITHEME
DELLHEREZLE2— L. 0&M WA FF
A ¥ (Maputo thermal
organization, of

responsibilities of each group, outline of each

power station

division duties  and
manual / regulation. etc.) (ZH#ED 7=,
FHlavF A A (COVID-19) DREGE
PRV HIBEBIRR 72 £ 238 V| £ 72 EDM A
Hoa o ARBEDTO N T ATV
Fehti 7 NI R MEH M S LB TH o
Tl B4 AT — VORI O&M D
Fhti fp OB 5 AT — Y DERAIZR O&M D
Pl E 2 i D Z LN TE RIS T,

O&M HA R4 NTH AL KZ~=aT )L+
FEZ Pl L0 B STFOKELE N H
o MEMNCE Y HEMICER S LD,

O&M T A R T A ANTEFNT,

(a) HSE ¥ = = 7 /L (Risk management,
Health/ Safety/ Environment management,
Compliance items for dangerous work and
low, etc.)

(b) S ESF~ == 7 /b (Records and

reports of power plant operations under the
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law. Laws and regulations applicable to
power plant operations)

(c) #E #5 ¥ = = 7 /L (Daily Operation
(Monitoring, Patrol, Testing, Switching,
etc.) Plant Start-up / Shut-down Operation,

etc.)

(d) PR5F~ == 7/ (Scheduled Maintenance
and Equipment Improvement Plan,
Maintenance Work, Spare Parts

Management, etc.)
EEBIUOWMAEHE~~=2T L

(Structure of ordering specifications, points

(e)

to note, Work Supervision, Work Cost
Estimation System, etc.)
ZHL 0 DT,
COVID -19 DERGHERIZ R HgRHIR 72 &
W&V £7- EDM WEROD = ot 2 A8
VBEDTD ~ T A T VENETe B\t
MR LETH 72720, KRR
O&M D FEffi % ARAIZ: O&M DFFAfik
EBEEETHIENTERNoT,

kZ 7VR AR VI ) 2 g - s
A B D KD, kb - REEFNER En
S b,

O&M HA BT A NTHEFNT,

@ BAaxtIh~ == 7/ (Emergency
organization, typical emergency response,
emergency response plan, etc.)

o FT TN a—T 4 TERTFIE
(How to troubleshoot, Trouble Shorting

Flow Diagram, etc.)

ZHLY DT,

HEAGEHD 22 R EATG & S A3 & 4L D AR 22 23
Kb,

IMER T 07T hD—>L L TKkIIHKE
AT PDCA # 1 2 /L (Plan Do Check Action:
RO 72 e B ) (CHOW T S EIA VT
AT AT I—%FEw LT, EDM =T =
7 GEER, fRME) OIS %S CTARHE
N0 K I BRT O IR E % < D%
BATHANE & 38 LT,

TCTICHEA 24T - TV DA AFE &t m
REER LN HMEREFETCHEALR

Computer Management Information System (e-
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Serv) OAGETRHAKEL, R5F~=a7T
JUIZELYD AfL7=, EDM I e-Serv % 7 TIZi#E
HALTW5,

~ 7 MK EINC T M BT 7 7T DBNEA SN D (BANKIEIT G C 7o b & il o

%8N

HiffEioko oo FRUKME (BAE) (28]
ETDHEDDOANMEBER T 0 7T ANRE S
N5,

~ 7 MKV EFONEBRRIT. 7 ek
NN SNz =7, v
MAkDEER T 0P =7 BN D 2018
8 ADTZ v MEHBGE CTICERH I
AR —ARA T AT =TT
»H D,

2019 3 HICHH SN R L =20 R
ThoAZ V=T LT TICRAESN
VU T DM TAXIAX Yy v T RHDH L
VAR =t R AV

Zod, BfFOHALEIHE S AT LD
g 2019 4 3 HICERA SN (B K
OENLUE O E IR 2 X RICA % O

B AT LBk LTz,
AN BERBECEEST D720 DWHE T v 7 | S% 0O~ 7 KR EFTHEE ORGE L0
7 LRSS, ESTLD, E7a T LEE LT,

<2019 4 3 AFRH LI=EEBIZ DWW T
@) ANV —F LA TF ATV =T
DOFEEERERIEDBUG A 7Y 2 — )L

(b) BEDOWHEAR ¥ 2 —

(c) HHEEREREZ R—R T LIzA XL —
HHHE A Y =2 — )

(d) £ ERIEZ =R LA T
VATV =THHMEA Y a—

(e) ERIELZN—R LY I
— X —WHEAr ¥ 2 — )L

<2022 4E 4 HEROBADREEEIZHOWT
@) ANV —F LA TF ATV =T
DEBEREHIEDEIGF A 75 ¥ 2 — )L

(b) BEDOWHER ¥ 2 —

(c) HHEEREHEEZ R—R T LizA L —
HAHEA 5 ¥ 2 — 1

(d) ERIEZXR—R T LTz A T
VAL THHER Y 2 —)L

D=
CIERDY

iy

D=
[i]=3 ﬁ?g\

=S
HER

D=
Hbﬁ?g\

o
[3]=3 m)l‘?\
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=S
HER

(e) HEEREHEEZR—R T LV I
— X —fHER Y 2 —

- HRERRE R EEICE AT 5 OIT 2 N—R &
LIZWHEF =~ v 7 > — b

(@) ANV —FDWHEF = v 7 > — |

(b) AT T LA =T OWMET = »
73— b,

() hL—=27 2L —ZDOWHEF
=y 73—k,

L=
BE o

& 0P

FEBMEIIXT A EM, EFN—1 3 U
e &% B WIS EATE TR E SR 2 L N
b,

-
—

o =t=s
HERS

53 TEHIE DB AIZDONWT
FRRERBE NI E DIEZR L, EDM 22 b LT
EDM Skill Management Plan (2020 4% 9 H %
17) D% TEMIEE LG D E N

ERIEE L,

iy

Ba=x

N2
HE Rty =

HE Rty

HiffEioko o5 b FRUKME (BAE) (28]
ETDHEDDOANMEBER T 0 7T ANRE S
ns,

FRV—FEAT T AT V=T DR
E LIV Wk, Pk, BfkE L, &6
2. % TE il BE DR FE B D52 BRFE B Y
BRER A KPL & LTRE LT,

=
HERS

HAEE) 70 3l & S 25 X B L D LA 2 5
FEIhb,

Bz
CERDY

AL HERSEH LT EDM Tl TOEA
Th Y FEANZ T4 T NVFEMEITV PDCA
WXV T 7T — b U ORKE A Z5HE L
Te R ER R AR5 T2,

Z 1. COVID-19 D2 L 0 HaRHIBR 72
ENR®H Y TE LTHRERERED N T A7
JVENE S H Sk 72 < PDCA 23alE 720 7=,
X5, AHIEIXZ EDM £t ko b oL 7z
D . EDM WNED 1 ot o Z N LBEED -8
kT A TSGR ST A5 72 UG B A3
WV TH T,
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5. SROBRE L IEBIFHHE

Y —7 EHOEFEONAFH 2R F R ERLELFEOM L2 STy, B HFTFEENRIFICHYE
MLTEL, JICA XEOE N~ AX—T7 Q20182 L D & ENFTFEOF LR EFIX
12.4%, B —Z7 FTHEX 2015 £ 655MW 7> 5 2042 £121E 6,500MW DL 725 LHES L
TWa, Fillaa oA LV AORBIZL Y RN ENREOIK TR RIAENL N, 2

DB EPEM SN, 2 b bEHFICEF =7 HOENTFEIIMR TN
DEHER NG,

EDM OF 7 ¥ /L LAR— | (BUSINESS PLAN 2020-2024) (28115, YR EBa A D
iz k5 L E*ﬁ:ﬂa/}?<lpp<$ﬁu7\a‘?73 Lo T4, 2020 iﬁ# HCEY L E—7 l Bl
HEDMIC L 2R EBEEOEISIIEED 2% RETHY  ENOEEE A2 T-77-DIZ EDM

IXHR AR S0 IPP L V) & ﬁ%ﬁb\ﬂ&%ﬁz%#&)é Ak o> K 9 1 A7) <° IPP 75%@;@\
B i3@EilicdH Y EDM OMBUZER L KT L TWD, K2 2 MO EAEREAHECL T
A FE O IR IPP 22 b O AEZ ST 2 LI12 LY EDM OB IR O UE 23 #iF5 C
X%, 5% b EDM M B O K SFEEFTOHA AIRE = 1L X —I|2 L DR EHT O 5] & HE 8 TIT
S MEMNH D, LI=23 EDM M H O3 EHTEE | iz%fxrb@f&bé

R0~ 7 MK OREFROLEOR OM EHERFT 27201213, = 7 b KRB O
o&MKﬁ%ﬁéﬁa@%ﬁ%%%-ﬁﬁfa;awﬁgfﬁao

RK7va v =r NI, HIZHREEFTHEITE BN OHEMTRE Db 2 X5 & O Tlid/e < . FEATHR
&L TISRINIZ O&M % St 3k DA A DB, = D= DI A RI AM B D T2 DT
0T AMEROIEEEETHIETHD,
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(1) Thermal Power Plant Operations and maintenance for Mechanical engineer
(2) GT Package Routine maintenance for mechanical engineer
(3) Power Plant Planning System for planning engineer
(4) Maintenance Management System (eServ) for planning engineer
(5) Customized On-site Planner training for planners for planning engineer
(6) Instrumentation and Process Control for I&C engineer
(7) Allen Bradley PLC System
(8) Maintenance of the FM200 Fire Fighting System
(9) Certification in Fire Fighting System
(10) CEMS (Continuous Emission Monitoring System)
(11)Water Treatment Technique
(12) Power Management and Control Room Operations
(13) Training of Trainer
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Presentation Material of Kick-off Meeting






"‘\
jica

Capacity Development in Management and
Operation of Gas Fired Power Plant

Kick-off Meeting

-

1)

September 2020

Electricidade de Mocambique (EDM)
Japan International Cooperation Agency (JICA)

Table of Contents jica’

1. Introduction of the JICA Expert Team

2. Outline of the Project

3. Work flow & Schedule

4. Project team’s structure

5. Image of Activities

5-1. Systematic O&M (O&M)

5-2. Human Resource Development Program(HRD)

Appendix: Source from Work Plan Report

p—
1. Introduction of the JICA Experts jica’
Name Area of charge
M hi Chief of Operations /
a;ayos "| Thermal power plant operation &
ne management A
Shinobu | Thermal power station maintenance ﬁ
Takeda | (inspection/repair)

Hiroyuki | Human resources development A/
Nemoto | Thermal power plant operation management B

Takahiro Thermal power plant operation simulation A

Nakajima
Takashi
~ . | Human resource development B (TV conference lecturer)

Kuroishi
T

sutomu Human resource development C (TV conference lecturer)
Tanaka
Masahiro . X .

Economic and financial management
Sado
Naoki Thermal power plant operation simulation B/

Kawakami | Operation Coordinator

2. Outline of the Project jica

Expected Goals
> Capable of sustainably O&M the Maputo Gas Fired Combined Cycle Power Plant

Project Activities
> Implementation of Systematic O&M Practice by EDM
+ Systematic plan to evaluate, take countermeasures & develop preventive
measures for trouble including natural & human disasters is established.
* The established systematic plan for trouble is implemented.
* Work flow for the utilization of PMIS is developed.
+ Structure of O&M implementation is developed.
* The HSE for the power plant O&M is defined & introduced.
* The KPI for the power plant O&M is defined & introduced.
+ Capacity of EDM for contract management (e.g. LTSA) is developed.

> Introduction of Human Resource Development Program by EDM
* The existing training system for new employee is improved.
* The existing training program for the simulator system is improved.
* The plan & system for human resource development & training is introduced.

4
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2. Outline of the Project (cont'd) jiea’

Systematic O&M Building Human Resource Development

Program Building
Organize the Existed
Documents & Records

Systematic O&M Manual,
Procedure Building

J L

O&M Capacity Building as the Maputo Gas Fired Combined Cycle Power Station
O&M Capacity Building as Individual of Power Company

3. Work flow & Schedule jiea’

Project Period
H Aug 2020 through to July 2022 (Approx. 24 months)

Stage 1 |« Clarification the current situation of Power Station | Sep to Dec 2020

Stage 2 | * Organize the Existed Documents and Records Jan to Apr 2021
* Framework Establishment of Systematic O&M and
Human Resource Development Program

Stage 3 |« Establishment of Systematic O&M and Human May 2021
Resource Development Program to Jan 2022

Stage 4 | * Implementation of Systematic O&M and Human Feb to May 2022
Resource Development Program

Stage 5 | * Evaluation and improvement of Systematic O&M | May to July 2022
and Human Resource Development Program

Subject to change depending on the COVID-19 conditions.

4. Project Team’s Structure jf;)

EDM JICA Experts

HQ

-Generation Director

-Head of Generation

Department-South Region
t Basic point,

5-1. Image of Activities — O&M jf;)

Mapto Power Station Rolicy -Project Manager

-Plant Manager -O&M Management
-Maintenance Manager -Human resource development
-Operation Manager -Plant simulator instruction

llndication IReport Implementation

Mapto Power Station

-Support unit member
-Maintenance unit member
-Operation unit member

This project does not establish everything on
the JICA Experts and unilaterally imposes,

it should also work on the power station
aiming at "On Job Training (OJT)" where both
parties think and share the work.

Stage 1 | * Clarification the current situation of Power Station Sep to Dec
2020
Stage 2 |+ Organize the Existed Documents and Records Jan to Apr
* Framework Establishment of Systematic O&M 2021
Stage 3 | * Establishment of Systematic O&M May 2021
to Jan 2022
Stage 4 |+ Implementation of Systematic O&M Feb to May
2022
Stage 5 |+ Evaluation and improvement of Systematic O&M May to July
2022
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0&M Guideline — (Common) E Emergency response program |

HSE Manual

H PTW/LOTO Procedure |

Legal compliance Procedure |

Documentation Procedure

PDCA management Procedure

| (Operation)

Operation Manual

L (Maintenance)

Operation results
management Procedure
Trouble shooting
management Procedure

Maintenance Manual
Standard

Scheduled maintenance

Some of the example

Onsite work management
Procedure

Purchasing & Contractor
management Procedure |4

Stage 4

> conduct trial operation of actual work based on the establishment of the
systematic O&M manuals/procedures in Stage 3

Stage5

> Based on the trial operation results of each program in Stage 4, evaluate
and improve each program
> examine the necessity of revision of manuals/procedures, and if necessary,
carry out revision work

— . -
. ge . - . . . —
Stage 1: Clarification the current situation of Power Station ji‘CAj Stage 2: Organize the Existed Documents and Records ,4™,
What kinds of documents/records use/make/store and how manage? JIcA
What are the overall O& M work ? Existing O&M Manual structure Sorting of Existing O&M Manuals
Which Group/Person have to do & have first/final responsibility ? <Classification by EPC supplier> <Classification by Power Station organization>
What kinds of Documents/Manuals/Procedures/Records established ? overall Overview, System diagram, |, | Overview, System diagram, | Overall
System overview System overview
O&M work Excerpt from work Scope of T e p— Start / Stop procedure Operation
(e'g') (e'g') work Trouble shooting list -
N " N = Operation Procedure
Legal List up legal requirements, Compliance check, Maintenance summary
Compliance Update legal requirements, etc. Eguipmentli:s Trouble shooting Procedure
- n - - A Gas Turbine Detailed, parts drawings for Operation
Emergency Organization, Communication, Responses Flow, Drill, pa—

A peration Maintenance Standard for Maintenance
response Equipment, etc. Trouble shooting Mechanical (Mechanical)
Mid & Long term | Scheduled outage plan, To shorten a planned e e Equipment list for Mechanical
O&M plan outage, Cost vs Performance, etc. HRSG Operation

; . - - ble shooti d
Daily O&M Daily O&M plan, records, approval, evaluation, etc. L 2 STl I;f:nei,fa:,i;”g Procedure
Maint
Budget control Budget plan, Expenditure control, Cost vs — am_enance - Maintenance Standard for Maintenance
Auxiliary , BOP | Describe the above items for Atz (Electrical)
Performance, etc. e oA

Contractor LTSA, Local contractors, etc. = Equipment list for Electrical
Management CIassiﬁed into

each item Trouble shooting Procedure
(Many others) (others) 5 for Electrical

s 9

Stage 3: Establishment of Systematic O&M jica’ Stage 4, 5: Implementation, Evaluation and Improvement of O&Njije 5/




5-2. Image of Activities — HRD

jiea’

Stage 1 |« Clarification the current situation of Power Station | Sep to Dec 2020
Stage 2 |« Organize the Existed Documents and Records Jan to Apr 2021
* Framework Establishment of Human Resource
Development Program
Stage 3 |« Establishment of Human Resource Development May 2021
Program to Jan 2022
Stage 4 | * Implementation of Human Resource Development | Feb to May 2022
Program
Stage 5 | * Evaluation and improvement of Human Resource | May to July 2022
Development Program

13

HRD Planning (concept of the Project) jfc:)

—
Stage 3:Framework study of human resource development planji‘m)

W Step 1:

Set target skill level (set skill requirement level as a officer)

M Step 2:

Compose training program along with target

M Step 3:

Skill Level

Basic level
(training target)

Collect program and Publish text book

AT Skill 9

Advanced level Skill 8

_________ Skill 7
A Skill 6
Intormediate lovel Skill 5

Skill 4

Advanced
Skills.

Intermediate Intermediate
Skills Skills
Skill 3
Skill 2 Basic Skills Basic Skills Basic Skills
Skill 1
Basic level Intermediate fevel Advanced level Instructor

(1 year after joining (3 years since joining (5 years since joining (Selected from

the company) the company) the company) advanced level
Engineer)

EDM Certification

Make each skill a training
program (subject)

Create training texts by
collecting skills up to advanced
level

Skill9
Skillg
Skill 7
Skill 6

Skill 5
Skill 4
Skill 3
Skill2
Skill 1

Training text contents in

Maputo Thermal Power Station

15

Budget
allocation Advanced
foliaining Sustainable
Motivated
Tex; book HRD (Human
or
training - Resource
Skill Development)
Training certification
programs system
Certified
trainer
Existing H Arrange and Improve HRD environment
Training in the Project to get Goal after the Project
14
. 1"\
Human Resource Development Planning jica’

Implementation structure

This Project

Trainee

EDM Thermal
Power Training
Center

New

Basic

Implementation of OJT
based on annual training plan

CTM: Maputo
Power Plant
General human Annual training plan preparation,
resources implementation, lecture (Off-JT), review
® Training NCL EPP:
policy Nacala
instruction NCL EPP Emergency
@ Text revision Power Plant
L]
qualification
@ Training total

management

Bl R 00 |
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HRD Planning (PDCA cycle for HRD) ji'c:’

M Arrange training schedule with combination of Off-JT and OJT
to enhance training

-

@ Target Setting for the number of the high

rank and the intermediate level operator

@ Reflecting target in mar t plan

@ Development the target to operator
and engineer

L 4 Budget inclusion of the training

@ Training implementation
4 Recognition of high/ Intermediate/ Basic
level

-

4 Confirming the number of
recognition of high and
intermediate level

@ Identifying issues of training

@ Considering necessity of new training subject

@ Issues improvement
L @ Addition of new training subject

TEPSCO Online Academy jica’

Electricidade de Mozambigue, E.P.

What is happened on the earth?

Tokyo Electric Power Services Co., Ltd.
Dr. Blackstone ( Takashi Kuroishi )

Total 8times (2times/month, Oct.2020- Jan.2021)

18

Schedule under local travel restriction jica’

Year 2020 2021

Month 9 10 11 12 1 2 3 4

Kicl
1 Time (Every Tuesday) / Week = Total 20 Times
TV
Meeting ﬁ

Maputo <:|

19

NEXT Schedule jica’

Date: 29 (Tues.)September 2020
Time: 9:00 a.m. Mozambique Time
Items: Confirmation of EDM
Maputo Latest Staffing and
Organization etc.
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Appendix: Work Flow from Work Plan Report jl'C:I Appendix: Detailed Schedule (Sep. — Oct. 2020)j,’;1

Sptember | 1W 1.4 -Praparation of Work: Ptan (English)
200 Praparation of Onlins Academy
Maerat
w 7411 “Prapasation of Work Plan (English)

~Preparation o Presereacion Material for
Kick-off meeting with EDM.

3w 14-18 ~Preparation o Presereation Material for
Kick-off meeting with EDM.
Preparmion €0 nline Acadenry

Maerial
W 3 ~Preparation o Presereacion Material for
24 (Tue) Kickof |Kickffmestingwit EDM
Meeting with EDM “Recording Repor
s 25 National Holiday in | -Prepaation o TV Mesting

S —— Mozarbiqoe
W 3 Prepaation o TV Nestng
29 (Tues) TV Mesting | -Recording Repon
with EDM(1)
30 (Wed) 1t Ouline
Academy
‘Oxtober 2020 | 1W 1-2 Preparacion o TV Meeting
W 3 Prepaation € TV Mewtng
6 (Tue TV Meeting | -Recording Reports
with EDM(!
W o) Prepacation o TV Newtmg
13 (Tues) TV Mesting | -Recording Reporn
with EDM)
14 (Wed) 2od Online
Academy
W » Prepacation of TV Mesting
20 (Tues) TV Mesting | -Recording Reponi
with EDM(e) ~Preparation o Onlins Academy
-3 Maeral
W % -Praparation of TV Mescing
27 (Tues) TV Meeting | -Recording Report
with ED) Preparacion o Onlins Academy
2§ (Wed)drd Oulie | Maweal
Academy

Appendix: Experts Schedule Appendix: Questionnaires (Sample) for O&M

Ttems

Leve 1 Level 2 Leva 3

1. Administration | -Staffing and organization -Number of personnsl and the
orgamization

o ek i e P
20 Mg et &
Traor v Pt i e

ilities and equi ini: building

P P
-Laboratories and laboratory equipment
-Mobile equipment
“Warehouse
i -Grounds, including roads and parking
5 “Human relations -Personne recruitment and hiring.
" 2 s . including applicant testing
-Perscnnd records
3 -Labor relations
-Public relations
%o Medica Services
-Emplovee benefits
Teza mpects ~Conditions for staff enzazement

wo Finance and accounting “Cost accounting
-Budgeting
o “Procurment and stores -Procuring materials and services

fan. try
[ — o Funcroning stores, includis

—
receving, handling, warshousing and
security

TP B G

T Safety Funishing 2 safiy  speadlist

Shesinen Pl [Ty — Sl Tresia s il Tl responsible for safety prozramm

Reprh Subirin Dak. Ak Pl - Daveloping safety and health policird,
standards and proc s

-Fira Protaction -Fumishing 2 fire protection

ection/prevention programme.
-Developing 3 fire
protection/prevention programme
-Developing and implementing 2
project emergency action plan
-Inspecting and maintaining fixed and
potable fire protection equipment
Secority “Unavtorised entry and respass

“Fecords and files. of an orderly system for




Appendix: Questionnaires (Sample) for HRD jf;)

Oetober, 2000

reflect to technical

=
.
Conmaltmion on Techmical Support inthe Freldof omer Grneration
[ ———
@
s
o )
e | m | ww v | omm
.
e

E—] L Op— Mechanseal Bectrioal/ A Ochers.

e e g
|What is your cccupation ™ Cmmical ac el

Appendix: Handbook List (Draft) and Sample jf;)

@

No. Ttems
L Operati on Handbook Maputo 106MW Gas Fired
2 SetPoint Li ook Combined Cycla Power Plant
3 DCS Logic Handbook Development Project
4 Safety Handbook
5 To be discussed withEDM
[ To'be discussed withEDM
7 To'be discussed withEDM
L] To be discussed with EDM Operation Handbook
9 Tobe dixussed withEDM
10 To'be discussed withEDM

ZRBEHORESTEN

2022/7/13






Appendix-2
MOM on Kick-off Meeting






JICA Capéc‘ity Development in Management and Operation of Gas Fired Power Plant

MINUTES OF MEETING

Date ¢ Thursday / September 24,2020 | Meeting No. : MOM—2020-09-24-01
Hours : 9.00to 10 30 MST (16 00-17:30 JST)
Meeting between  : Location :

JICA, EDM, TEPSCO TV Meeting by Google Meet

Subject Kick-off Meeting for JICA Capacity Development and Operahon of Gas Fired Power
Plant

Attendedby : . . ' Attachment :

JICA , ;| Mr. lijima Daisuke 1.Presentation Material

: ' Mr. Soyama Tsunenari
Mr. Tomura Hiroyuki
Mr. Ishiguro Ryo
‘EDM :| Mr. Narendra Gulab
Mr. Firmino Licumba

' .| Mr. Inacio Manuel
JICA Team :| Mr. Ono Masayoshi

, - | Mr. Nemoto Hiroyuki
Mr. Takeda Shinobu
Mr. Nakajima Takahiro
Mr. Kawakami Naoki

Distribution:
1JICA
2.EDM
3.TEPSCO
MINUTES REVIEWED AND AGREED
For and on behalf of: _ For and on behalf of:
‘ Counterpart ‘ ' » JICA Team
G F A A
Narendra Gulab / EDM M.ONO / TEPSCO

1. General




JICA - Capacity Development in Management and Operation of Gas Fired Powef Plant

MINUTES OF MEETING |  Page2of3 |

Action Target

No. Item / Meetmg Result By Completion

At first the JICA, Mr.lijima welcome the participants and the meeting
open. '

The EDM, Mr. Narendra thanked to attend the meeting the JICA and
JICA Team ‘

Then, all party was introduced by themselves.

JICA Team explained the Project Work Plan in accordance with MOM |.
between EDM and JICA dated May 15, 2019.

2 Meeting Results

The outcome of main points is as follows;

2.1 | Title of the Project

Capacity Development in Management and Operatlon of Gas Fired
Power Plant

2.2 | Expected goals
EDM becomes capable of sustainable operate and maintain the Maputo
Gas Fired Combined Cycle Power Plant .
Project Activities
(1)Implementation of systematic O&M practice by EDM
(2)Introduction of Human Resource Development Program by EDM

23

é 3 Duration
" | August 2020 through to August 2022 (Around Two (2) Years)

Implementation Structure

(1)eDM

(a)ﬁe Generation Director:

Mr. Narendra Gulab ,
(b)The Head of generation department — South Region:
Mr. Firmino Licumba

(c)The Maputo Plant Manager:

Mr. Inacio Manuel

(2)JICA Team

(a)PM/Thermal power plant operation management A :
Mr. Masayoshi Ono ' :
(b)Thermal power station maintenance (mspectlon/repalr)
Mr. Shinobu Takeda

(c)Human resources development A/thermal power plant operation

24




JICA

Capacity Devélopm_cnt’ in Management and Operétion of Gas Fired Power Plant

FORM-11 |  MINUTES OF MEETING

Page 3 of 3

No.

Item / Meeting Result

Action
By

Target
Completion

2.5

2.6

2.7

. management B:
Mr. Hiroyuki Nemoto

(d)Thermal power plant operation sxmulatlon A

Mr. Takahiro Nakajima )

(e)Human resource development B (TV conference lecturer)
Dr.Takashi Kuroishi |

(HHuman resource development C (TV conference lecturer)

Mr. Tsutomu Tanaka

(8)Thermal power plant operation sxmulatlon B/Operation Coordmator
Mr. Naoki Kawakamx

Work Schedule

JICA Team expléined including implementation of under local travel
restriction for new coronavirus (COVID-19).

The personnel schedule was revised with the assumption that travel will
resume in April 2021.

JICA Team asked that TV meetmg will be held on every Tuesday until
Mach 2021 with On line Académy (two times per month).

| JICA Team will submit detailed schedule October 2020 as soon as

possible.

Human resource development

EDM explained Maputo Gas. Power Plant is the first combined cycle
thermal power plant in the republic of Mozambique. Most of the power
station staff are young employees who were hired in March 2017 when
the construction started, and young employees who were newly hired
after the start of commercial operation, and O&M skill proficiency varies
from engineer to engineer.

JICA Team understood and will consider that conditions at pro_[ect

‘implementation stage with EDM.

On lipe Academy -
EDM asked information required for attendee selection.

TEPSCO will submit schedule with materials and brnef personal record
of lectures. .

End -

TEPSCO

Early next
week

(END).
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Clarification on TV Meeting






December, 2020
TEPSCO
Clarification on TV meeting (Oct to Dec, 2020) for O&M

(6 Oct, 2020) 1t meeting (Staffing and organization) Could you please provide information/documents on the following?

Related to iv. Structure of O&M implementation is developed, Implementation of Systematic O&M Practice by EDM (MOM*! between EDM and JICA at
15 May, 2019)

Question items Answers & Comments Attachments
1 _Organization charts & Number of Personnel(each | Received CT™M Organization
section) chart at 26 Oct

2 Outsourcing Personnel (Permanent/Temporary | (Scheduled maintenance, Minor repair work) Actual field works carry out | None
local contractor) by CTM engineers, not use contractor or technician.
(LTSA, PMIS) use contractors.

3_Responsibility assignment matrix(RAM for whole | CTM does not have materials related to responsibility assignment and | None

O&M works authority, it is only have HQ boards.

4 Authority and responsibilities of each job position
Others

5 CTM Support unit (HSE, Operation support, Statistics, Procurement, etc.) does not have specific Manager. Managed by Plant Manager.

6_ Personnel rotation of Operation and Maintenance is being done on a trial basis in three-month cycles. The future of the system is under consideration.
7 _EDM asked JICA Team support of PMIS utilization, ISO9001, 14001 preparation for acquisition etc.
TEPSCO Comment

Responsibility assignments of overall O&M works are not clearly defined on the document. So, own group assignments and other group assignments,

and the specific division of responsibilities may become unclear. As a result, there are also concerns about the difficulty of proactive work and delays in
responding to emergencies. It also makes it difficult for new employees and others to catch the overall O&M works.

Therefore, it is necessary to create a document that summarizes the overall O&M works and shows the division of duties. So, we will develop O&M

guidelines with CTM that organize the overall O&M works include responsibility assignments matrix in Stage 2.




(13 Oct, 2020) 2" meeting (Documents and Records) What kinds of Documents/Manuals/Procedures/Records established?

May, 2019)

Related to_iv. Structure of O&M implementation is developed, Implementation of Systematic O&M Practice by EDM (MOM between EDM and JICA at 15

Question items Answers & Comments

Attachments

Documents list and documents tree (EDM thermal power dept. and CTM) Received CT™M

Operation & Maintenance Records list

Power Plant

Documentation List (Rev.3)

Are there any legal requirements such as the Japanese Safety/Security regulations | No legal requirements in the | None

and are there any documents based on it? If so, please provide them. Mozambique

TEPSCO Comment

So, it is difficult to improve the O&M capabilities of the organization and individuals.

Therefore, We will establish the documentation system and documentation with CTM in Stage 2 or 3.

Insufficient documentation for O&M. As a result, there is a risk of individual differences or unclear in the way for understanding and carried out works.




15 May, 2019)

(20 Oct, 2020) 3@ meeting (Maintenance and Outage plan) How do you manage / decide the maintenance and outage plan on the following?
Related to_iii. Work flow for the utilization of PMIS is developed, Implementation of Systematic O&M Practice by EDM (MOM between EDM and JICA at

other documents, | previously described like procedures.
- Maintenance & Outage planning (Mid & Long term) procedure

- MW and Maintenance planning (Short term) procedure

Market player and NLDC.

Question items Answers & Comments Attachments
1 <lLegal periodic inspection> Are there any standards in the | No legal periodic inspection for main equipment in the Mozambique | None
Mozambique Electricity law that are similar to the periodic | law that are similar to the periodic inspections in Japan.
inspections in Japan (e.g. Boiler: Every 2years, Turbine: Every
4dyears)?
2_<Scheduled Maintenance standards> Is that reflected in the PMIS | Maintenance are being done using a CMS (PMIS) and using CTM | None
or other documents if periodic inspections need in the law? standards, Manufacture recommendation and so on for best
practice.
And also considering strategic maintenance through PM, CBM and
BM.
3_<Procedure> Do you have clear procedures in your manual or | Implemented in EDM's Practice. Procedure is under review with the | None

Others

- Scheduled Maintenances are carried out in accordance with PMIS, and when maintenances are postponed, they are blanked and checked.

TEPSCO Comment

Review the use of PMIS at site and discuss how to proceed in Stage 2 or 3.




(27 Oct, 2020) 4" meeting (Legal compliance) How do you ensure and manage your compliance?

Related to iv. Structure of O&M implementation is developed, Implementation of Systematic O&M Practice by EDM (MOM between EDM and JICA at 15
May, 2019)

Question items Answers & Comments Attachments

1_Ithink there are many laws and regulations that regulate power plants, | There are also many regulations that regulate power plants in | None

but how do you share information with your staff? Mozambique, but these management are big challenge.

2_How do you manage the implementation of legal procedures?

Does the PMIS or other documents clarify the contents and timing of

inspections in accordance with the regulations?

TEPSCO Comment

The items and procedures for legal compliance that must be implemented in O&M may not share/control the Information in CTM. There is a concern that

legal violations may occur.

Therefore, we will organize the items and procedures for legal compliance with CTM in Stage 2 or 3.

(10 Nov, 2020) 5" meeting (O&M Targets, Yearly business plan)
Related to_iv. Structure of O&M implementation is developed and vi. The KPI for the power plant O&M is defined & introduced, Implementation of
Systematic O&M Practice by EDM (MOM between EDM and JICA at 15 May, 2019)

Question items Answers & Comments Attachments

Could you please send your actual 2020 business | EDM send Business plan 2020 include KPI. Not yet received

implementation plan?

TEPSCO Comment

The business plan created at EDM HQ seems to be the reference for CTM work, but there is currently no plan that breaks it down into CTM. So, we feel

that it is not easy to understand the yearly plans and targets of CTM in all CTM worker.

Therefore, we will establish yearly business plan and targets of CTM with CTM in Stage 3.




(17 Nov, 2020) 6" meeting (HSE, PTW, LOTO)
Related to v. The HSE for the power plant O&M is defined & introduced, Implementation of Systematic O&M Practice by EDM (MOM between EDM and
JICA at 15 May, 2019)

Question items Answers & Comments Attachments

1 Do you use the safety procedure like PTW, LOTO and Work | CTM is implementing PTW/LOTO system for both | None

procedure? Please send your procedure if you use. electrical and mechanical work.

2_ Do you do Tool box meeting (TBM) before start of field work? And | CTM is implementing TBM by Preliminary Risk | Not yet received

keeping records? Analysis (Documentation list no.3)

3_Do you have HSE manual? EDM has the HSE manual as a whole company, but | Not yet received

don't have one as a CTM.

TEPSCO Comment

Review the use of PTW/LOTO/Preliminary risk analysis at site and discuss how to proceed in Stage 2 or 3.
We will establish HSE manual of CTM with CTM in Stage2 or 3.

(24 Nov, 2020) 7' meeting (Emergency response, Disaster prevention)

Related to i. Systematic plan to evaluate, take countermeasures & develop preventive measures for trouble including natural & human disasters is
established, Implementation of Systematic O&M Practice by EDM (MOM between EDM and JICA at 15 May, 2019)

Question items Answers & Comments Attachments
1_Do you have emergency response manual / procedure? Natural disasters are rare In Mozambique, only general | None
Please send your manual / procedure if you have. information/instructions such as forecast, cutting power lines are

provided by the government and HQ, so no manuals have now. But

it is useful to have a manual because CTM is gas-fired power plant.

2_ How often emergency response drill? What kinds of drill you did? | Time to time, firefighting with fire engine test run, evacuation drill, | None

etc. are conducted.

TEPSCO Comment

Concerns about crisis management for emergency/disaster without procedures include organization, equipment and so on.

Therefore, we will establish emergency response manual with CTM in Stage 2 or 3.




(1 Dec, 2020) 8" meeting (Maintenance)
Related to i. The established systematic plan for trouble is implemented, ii. Work flow for the utilization of PMIS is developed, iv. Structure of O&M

implementation is developed and vii. Capacity of EDM for contract management (e.q. LTSA) is developed, Implementation of Systematic O&M Practice
by EDM (MOM between EDM and JICA at 15 May, 2019)

Question items Answers & Comments Attachments

1 _Are you using PMIS effectively for Maintenance? Have | CTM and TEPCO will discuss PMIS matters at site. None

concerns?

2_What do you do annual inspection and overhaul after 6years | EDM is still not decide future LTSA after current 6years LTSA. EDM is | None

LTSA? accumulating a maintenance experience at site and training with IHI.

Some maintenance works may can be doing by self.

PMIS (Plant Maintenance Management by eServ): Maintenance Management, Lube Oil Management, Spare Parts Management, O&M Document
Management, As-Built Drawing Management

TEPSCO Comment

It is difficult to review utilization of PMIS without seeing the real PMIS. Review the use of PMIS at site and discuss how to proceed in Stage 2 or 3.

(8 Dec, 2020) 9™ meeting (Operation)
Related to ii. The established systematic plan for trouble is implemented, iii. Work flow for the utilization of PMIS is developed and iv. Structure of O&M

implementation is developed, Implementation of Systematic O&M Practice by EDM (MOM between EDM and JICA at 15 May, 2019)

Question items Answers & Comments Attachments

1_Are you using PMS effectively for Operation? Have concerns? | CTM and TEPCO will discuss PMS matters at site. None

2 On the Operation side, how do you use your previous | Operation team is conducting review of operation with writing | None
experience with trouble? e.g. Review of operation, Information | indication, information sharing operators with report, training and so

sharing with operators as a record, use training or simulators, etc. | on after trouble. In addition, CTM carry out root cause analysis

(RCA). But need more experience.

PMS (Operation Monitoring & Analysis): Trend Data Monitoring, Plant Performance Monitoring, Utility Consumption Simulator, Troubleshoot Guidance,
Reporting, Remote Monitoring)
TEPSCO Comment

It is difficult to review utilization of PMS without seeing the real PMS. Review the use of PMS at site and discuss how to proceed in Stage 2 or 3.




#1: MOM between EDM and JICA at 15 May, 2019
(Outputs)
Implementation of Systematic O&M Practice by EDM
(Activities)
i. Systematic plan to evaluate, take countermeasures & develop preventive measures for trouble including natural & human disasters is established.
ii. The established systematic plan for trouble is implemented.
iii. Work flow for the utilization of PMIS is developed.
iv. Structure of O&M implementation is developed.
v. The HSE for the power plant O&M is defined & introduced.
vi. The KPI for the power plant O&M is defined & introduced.
vii. Capacity of EDM for contract management (e.g. LTSA) is developed.

EDM Comment

The site visit is crucial for EDM. Anyway, EDM & TEPSCO will proceed Stage 2&3 based on last week’s presentations.




Clarification on TV meeting (Oct to Dec, 2020) for HRD (1/7)

(13 Oct. 2020) 2" and (26 Nov. 2020) 71" meeting (Employee Recruitment, Company life and Promotion flow)

by EDM (MOM#! between EDM and JICA at 15 May, 2019)

Related to iii. The plan and system for human resource development and training is introduced, Introduction of Human Resource Development Program

Our assumed company life and promotion flow is:

(1) Type of company life is Life-time employment

(2) Standard promotion flow is from Staff to Manager through
Chief and Sub-leader

basically the same as assumed company life and promotion
flow by TEPSCO

Question and Confirmation items Answers & Comments Attachments
1. EDM Employee Recruitment: Confirmed that Employee recruitment system is basically the | None
Our assumed employee recruitment system is: same as assumed employee recruitment by TEPSCO
(1) Recruitment of employees in accordance with the staffing
plan
(2) Periodic hiring and non-periodic (mid-career) hiring
2. EDM Company life and promotion flow: Confirmed that EDM Company life and promotion flow is | None

TEPSCO Comment

Confirmed.

However, if necessary, we will confirm and discuss at site later stage.

HRD-1/8




Clarification on TV meeting (Oct to Dec, 2020) for HRD (2/7)

(13 Oct. 2020) 2" and (26 Nov. 2020) 71" meeting (New employee Training)

between EDM and JICA at 15 May, 2019)

Related to i. The existing training system for new employee is improved, Introduction of Human Resource Development Program by EDM (MOM#

Awareness as a company employee of EDM, Basic
business processing, etc.

(2) At Maputo CTM: Basic knowledge of safety, Basic
technologies and skills of the thermal power plant, etc.

(3) Approximately 6 months of shift operator training with an
instructor

(4) Assign to operation shift after 7 months of employment,

they will be officially certified as a Qualified operator.

Question and Confirmation items Answers & Comments Attachments
1. New employee training 1. Confirmed that New employee training is | None
Our assumed New employee trainings are: basically the same as assumed New employee
(1) At EDM training center. Company-wide training such as training by TEPSCO.

TEPSCO Comment

Confirmed.

However, if necessary, we will confirm and discuss at site later stage.

HRD-2 /8




Clarification on TV meeting (Oct to Dec, 2020) for HRD (3/7)

(13 Oct. 2020) 2" and (26 Nov. 2020) 7! meeting (New employee Training for a Qualified Operator)
Relate Related to i. The existing training system for new employee is improved and ii. The existing training program for the simulator system is improved,

Introduction of Human Resource Development Program by EDM (MOM# between EDM and JICA at 15 May, 2019)

Question and Confirmation items

Answers & Comments

Attachments

1. New employee training for a qualified operator

(1) 0JT

and LTSA by the Contractor.

(2) Regular technical meetings are covered as:

(d) Others.

Our assumed New employee training for qualified operator is performed

by OJT and attending to the following Regular technical meetings:

(@) OJT of Operation training and simulator training by Shift
Supervisor, Chief Operator and Simulator instructor.

(b) Class room and/or practical training at site during warranty period

(&) Weekly technical meeting. (b) Troubleshooting meeting.

(c) Pre-meeting before plant outage work and major works.

Confirmed that New employee training for qualified
operator is basically the same as assumed New
employee training by TEPSCO.

EDM informed that from perspective of human resource
development, after about 2 years of operation experience,

the employees are rotated with the maintenance section.
There is a technical gap in skill levels between
engineers depending on when they joined the Maputo

power station, and we want to know how to improve it.

The possibility of modifying the Simulator

None

TEPSCO Comment

We confirmed that the rotation system between operation and maintenance section is very good system for improvement of overall skills.

Technical gap of above engineers and possibility of simulator modifying will be reflected in the Training system at later stage.

HRD-3/8




Clarification on TV meeting (Oct to Dec, 2020) for HRD (4/7)

by EDM (MOM#! between EDM and JICA at 15 May, 2019)

(13 Oct. 2020) 2", (27 Oct. 2020) 4" and (26 Nov. 2020) 7" meeting (Operator & maintenance training after employment of 2-3 years)
Related to iii. The plan and system for human resource development and training is introduced, Introduction of Human Resource Development Program

Question and Confirmation items

Answers & Comments

Attachments

1. Operator and maintenance engineer training after employment of 2-3 years.
(1) Our assumed above experienced employee training is performed:
(&) Training by OJT and attending to the Regular technical meeting
(b) Class room and/or practical training at site during warranty period and LTSA by the Contractor.

(2) Our assumed following training plan is applicable in near future
(a) Training at the rehabilitated EDM Vocational Training Center and/or EDM EXxisting training center.
(b) Specialized vendor technical training in Mozambique such as Pump and Motor (assumed factory is

Tecnel).

(3) Specialized vendor technical training at South Africa by EDM suggestion (*1) such as Transformer, 11kV,
6.6kV, 400V and 200V switchgear and protection relay for operator and electrical engineer, and PLC
(Programmable Logic Controller) training for 1&C engineer. (assumed factory is ABB and Allen Bradley).

(4) Overall operation and maintenance training for thermal power station at Japan which is not included in

this scope, however since this training is available arranged by JICA in future.

Confirmed that training
after employment of 2-
3 years is basically the
same as assumed by
TEPSCO

EDM stated that South
Africa has some

Training Place (*1)

None

TEPSCO Comment

We will confirm and discuss at site later stage.

We confirmed the applicable training at South Africa by the website, and we added the applicable specialized training at South Africa (3) (*1)

HRD-4/8




Clarification on TV meeting (Oct to Dec, 2020) for HRD (5/7)

(20 Oct, 2020) 3@ meeting (Skill Certification System)

by EDM (MOM#! between EDM and JICA at 15 May, 2019)

Related to iii. The plan and system for human resource development and training is introduced, Introduction of Human Resource Development Program

Question and Confirmation items

Answers & Comments

Attachments

1. Skill Certification System
We explained that the Skill Certification System will be applied to CTM Operator and
Maintenance engineer.
(1) Estimated target level of skills are classified into 3 grades:
Grage-1. Advanced level, after 8 years of experience.
Grade-2: Intermediate level, after 4 years of experience.
Grade-3: Elementary level, after 1 year of experience.
(2) Operation and maintenance Certification method with judgment criteria.

(3) Operation and maintenance skill training.

No further comment.

None

TEPSCO Comment

Confirmed.
We will discuss and decide in the “Skill Certification System” at site later stage.

HRD-5/8




Clarification on TV meeting (Oct to Dec, 2020) for HRD (6/7)

(11 Nov. 2020) 5" and (19 Nov. 2020) 6" and (01 Dec.2020) No.8" meeting (Rehabilitated Vocational Training Center)
Related to iii. The plan and system for human resource development and training is introduced, Introduction of Human Resource Development Program

by EDM (MOM#! between EDM and JICA at 15 May, 2019)

Question items

Answers & Comments

Attachments

Confirmation of Rehabilitated Vocational Training Center

1. Training Policy and Roadmap (approved by EDM’s Board) (December, 2018)
(Obtained from Website)

2. Upgrade the Vocational Training System of the Public Energy Company in
Mozambique (Obtained from Website)
Overview of Leaning Needs Analyses (December, 2016) (Received from EDM)
Technical Assistance for project definition and supervision related to the
Rehabilitation of EDM Vocational Training Centers — Skill Management Plan
(September, 2020) (Received from EDM)

EDM Rehabilitation of Maputo Vocational training center is very useful for the training

of thermal power station employee, therefore we want to confirm the Implementation

status and actually applied training programs with materials such as laboratories,

practical fields, class room and/or remote training and so on.

Under confirmation to related

divisions.

None

TEPSCO Comment

Confirmed.

We will confirm at site later stage.

HRD-6/ 8




Clarification on TV meeting (Oct to Dec, 2020) for HRD (7/7)

(08 Dec. 2020) 9t meeting (Reward System for passing National exams and RDM In-house exams)

by EDM (MOM#! between EDM and JICA at 15 May, 2019)

Related to iii. The plan and system for human resource development and training is introduced, Introduction of Human Resource Development Program

Question items Answers & Comments

Attachments

Confirmation of National and EDM in-house Exams applicable to CTM | EDM will check performance of Employees annually.
employee.
We explained that the reward system for EDM employees for
passing National exams and EDM in-house exams will be applied
to CTM Operator and maintenance engineer to motivate and further

develop their skills and self-development.

None

TEPSCO Comment

Confirmed.

We will confirm and discuss at site later stage.

HRD-7/ 8




-Note-
#1: MOM between EDM and JICA at 15" May, 2019
(Outputs)
Introduction of Human Resource Development Program by EDM
(Activities)
i. The existing training system for new employee is improved.
ii. The existing training program for the simulator system is improved.
iii. The plan and system for human resource development and training is introduced.

EDM Comment

The site visit is crucial for EDM. Anyway, EDM & TEPSCO will proceed Stage 2&3 based on last week’s presentations.

HRD-8/ 8
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Entenda os numeros usados para
expressao elétrica no plano complexo
por geogebra

Understand numbers used for electrical
expression on the complex plane by geogebr:

Outubro de 2020

TANAKA Tsutomu

ENE. <
Ferscd) MBIEHHRAY S ——

1. Objetivo Purpose S
Engineering torme NEXT
Revendo uma ideia bdsica de nimero para compreender os™
circuitos alternativos de corrente com a ajuda do geogebra,
um software educacional gratuito para matematica.

Reviewing a basic idea of number for understanding the
alternative current circuits with the help of geogebra, an
educational free software for mathematics.

Vocé pode entender a
correspondéncia da onda
senoidal com uma seta em

movimento. Y /\
You can understand the k 5 : \/

correspondence of sine wave
to an moving arrow.

oo

2. um nUmero e aritmética a number and arithmetic
Engineering forme NEXT

® - 90 - .-
mais igual Pode ser igual ao anterior?
Can it be same as above?

etapas de abstragdo (steps of abstraction)
Food

Selecione cuidadosamente um voo e use as ferramentas matematicas adequadas.
Subir para um mundo abstrato e calcular, depois voltar para o mundo real.
Carefully select a flight and use proper mathematical tools.

Going up to an abstract world and calculate, then back to a real world.

3. nimeros e expressdes numbers & expressions \
Engineering r:.mNEXT

Numeros Exemplos EquagGes Expressao
(Numbers) (Examples) (Equations) (Expression)

NUm. Natural 1,2,3,... x—4=1 linha numérica
(Natural num.) (number line)
Inteiro -3,-2,-1, x+4=1
(Integer) 0,1,2,3,...

-3-2-10123
NUm. racional. %, 0.8, -1/5, 2x—4=1
(rational num.)  1,-4
Real num. 0.7,-1/3, m, x%=2
(Real num.) V2,8, -4
NUm. Complexo  V2+i, V3+i, x2=-5 avido complex
(Complex num.)  -4+2i (complex plane)
Conveniente para usar nimeros complexos )
no circuito AC. ® 4+2i
Convenient to use complex num. in AC circuit.
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=N
Engineering forme NEXT

Geogebra

Geogebra é um software educacional gratuito para matematica.
Principalmente, a relagdo entre a dlgebra e sua geometria pode ser expressa
facilmente. Métodos basicos de operagdo e exemplos disso sdo carregados no
You Tube. Vocé também pode criar uma conta e baixar muitos aplicativos Uteis
feitos por professores em todo o mundo.

Geogebra is an educational free software for mathematics. Mainly, the
relation between the algebra and its geometry can be expressed easily.
Basic operation methods and examples of it are uploaded on You Tube.
You can also create an account and down load many useful applications
made by worldwide teachers.

4. Quantidades elétricas no plano complexo

. g L
Electrical quantities on the complex plane Engineering e NEXT

(1) Tensdo e corrente alternativas

no mesmo plano.

Alternative voltage and current B (3) Aimpedancia de

on the same plane. B transmissdo observada por

: Z=R+jX um relé é composta
principalmente por X.

ZA wE—FAImpedance  qrangmission impedance

Fd observed by a relay is
i 2 P 3 composed mainly with X.
(2) Fluxo e tenso induzida (4) expfe_SSEO de poder
Flux and induced voltage expression of power
B

O eixo horizontal representa a poténcia
ativa, sempre positiva,

P[kW]+|Q[kVar] e o eixo vertical é a poténcia reativa.
EFIPower . .
Horizontal axis represents
A active power, always positive,
f‘—z—ﬂ; and vertical axis is reactive
i i s wer.
¢ o [ Vsinwtdt « sin(wt +%) powe

5-1. Plano complexo e conjugado
Complex plane and conjugate Engineering s NEXT

O reflexo de u pelo eixo x mostra u ', que é chamado de conjugado.
Reflection of u by x-axis shows u’, which is called conjugate.

O Geolebag MR

Ble #4000 &N =+
@ ;-5-3 =N
A = Point (<88 ) o

© ®

- (0.0) s

o = Vector{A. 1) :
-0 ,
o = Reftees(u22) *
- (3

[ Bold character means vector.

=

5+3i =5-3i

Conjugate is used when
Power is derived
P=VI

5-2. Expressdo de produtos no plano complexo

Products expression on the complex plane
Diferente de vetores compostos por nimeros reais, produtos de dois nimeros
complexos podem ser expressos no mesmo plano complexo pelo vetor,
cujo tamanho sdo os dois produtos de cada magnitude de nimero multiplicado e
0 angulo é a soma dos angulos de cada um dos multiplicados nimero.

-
Engineering torme NEXT

Different from vectors composed by real numbers, products of two complex numbers
can be expressed on the same complex plane by the vector, whose size is the two products
of the each magnitude of multiplied numbers and the angle is the sum of the angles of
each multiplied number.
ZyXZy=@B+D)xA+20)=1+7i

= V10ei® x y/5eif = 50ei@+h)

Euler’s formula can explain the above relation.
e'®t = cos wt + i sin wt

P

k Used when calculate sum of

f zy w3 1 1 1

) : lell i d —=——
| paralell impedance — -~ +22

1
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5-3. Rotagdo de 90 graus de j no plano complexo

90 degree rotation of j on the complex plane TT—T

No plano complexo, j funciona como um operador girando um vetor 90 graus ‘; y
no sentido anti-horario por multiplicagdo.

On the complex plane, j works as an operator rotating an vector 90 degrees
anti-clockwise by multiplication.

Por exemplo, a multiplicagdo de um vetor de corrente I por uma reatdncia jX produz
um vetor de tensdo jXI que é perpendicularaI.

For example, the multiplication of an current vector I by a reactance jX produces

an voltage vector jXI which is perpendicular to I.

2 [+

v
WO PosL2RE

o 7 2 3 ] B [

Voltage drop by reactance X
V=jXI

5-4. Rotagdo de 120 graus de a no plano complexo

120 degree rotation of a on the complex plane Engineering e NEXT
No plano complexo, a funciona como um operador girando um vetor 120 graus

no sentido anti-horario por multiplicagdo.

On the complex plane, @ works as an operator rotating an vector 120 degrees
anti-clockwise by multiplication.

1+
a=—1/2+i/3/2
05
A |22
-1 05 0 05 1 15 2 25 3 35
=05
BEHFRH aDmE
o ~ | Util para lidar com célculos de circuitos AC trifasicos.
Useful to handle three phase AC circuit calculation.

6-1. TensGes de linha e tensdes de fase
Line voltages and phase voltages

A (Phase)

N

6-2. Expressdo de tensdo alternada no plano complexo
Expression of alternating voltage on the complex plane

-
Engineering torme NEXT

O vetor no plano complexo é um instantaneo, a partir do qual o angulo de fase 6 e a'g .
magnitude da tensdo podem ser dados.

The vector on the complex plane is a snap shot, from which the phase angle 6 and a
magnitude of Voltage can be given.

m A a=114°
Wil ‘ ,
g
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7-1Tensdo e corrente alternadas
Alternating voltage and current

Fase de correntes expressa com base nas formas de onda por onda de tensdo -
e gréfico fasorial.
Express currents phase based on the voltage wave by wave forms and phasor graph.

W

6-3. Capacitancia e indutancia das linhas de transmissdo
Capacitance and inductance of transmission lines

T

® ] T/ Ltem caracteristicas de capacitancia e indutancia

=N -
Engineering forme NEXT Engineering torme NEXT

12
1

T/L has capacitance and inductance characteristics.

- o . ||/
/ ntre os fios e / __/_/_\/; ~F

° _\1?]

Mudanga de co
induz potencial no
préprio e em outros fios
na diregdo de impedir a
mudanca. Between wires
Change of current

and/or wire & e 1A - =
induces potential on ground, P >§Q>é Lr /\

ou fio e terra,
existem
capacitancias.

\k@
1
_|_

<]

self and other wires in there are
the direction of capacitances.
impeding the change.

A

7-2 Adigdo de correntes, expressao de fasores e formas
de onda
Addition of currents, phasor expression and wave forms

8-1. Gerador (sem carga e tensdes de carga no
3 terminal)
- Generator (no load and load voltages at terminal )

-
Engineering torme NEXT

=N
Engineering forme NEXT

4

DC: Conectando a carga, a tensdo do

- —d — . .
3 q terminal cai pela taxa de IR,
| resisténcia atual e interna

ot
] i s v E ! J DC: Connecting load, the terminal
[#) cowem i >, - voltage drops by rate of IR,

current and internal resistance

Gerador AC com circuito aberto, ou seja,

X sem carga, sem fluxo de corrente,
reactance ~. portanto E = V.
AC generator with open circuit, namely
E no load, no current flows, therefore E=V.
No load voItag termmal voltage

Ao conectar a rede, V segue a tensdo
da rede, ou seja, é constante.

When connecting to the grid, V follows
the grid voltage, namely it is constant.




8-2. Relagdes de tensdo induzida E, tens3o terminal Vel
Relations of induced voltage E, terminal voltage V and |

A tensdo da rede é estavel e a tensdo terminal V é constante. Mantenha a
poténcia ativa Pec VI cosé constante. Mova o | e investigue as relagdes entre a
tensdo induzida E, a tensdo terminal V e a corrente |.

=N
Engineering forme NEXT

The grid voltage is stable and the terminal voltage V is constant. Keep the active
power P « VI cos 6 constant. Move the | and investigate the relations among
induced voltage E, terminal voltage V and current I.

Geogebra records the drawing steps as shown below.

8-3. No caso dessa corrente, |, conduzir a tens3o, V.
In the case that current, |, leads voltage, V. EASUEEECY

sl

= |

Defina o vetor de tensdo terminal V como referéncia e conduza a corrente |,
entdo a tensdo terminal se torna maior do que a tensdo induzida E.

Set the terminal voltage vector V as a reference and lead the current I, then
the terminal voltage becomes larger than the induced voltage E.

9. Resumo summary N
Engineering forme NEXT

Conveniente para usar um nimero complexo. no mundo elétrico;
tensdo, corrente, poténcia, angulo de fase, etc.

Convenient to use complex num. in electrical world; voltage, current,
power, phase angle, etc.

NUmero complexo. é visualizado no plano complexo.
Complex num. is visualized on the complex plane.

NUmero complexo. é visualmente mdvel no geogebra para melhor compreensdo.
Complex num. is visually movable on geogebra for better understanding.

Produtos de amplitudes sdo derivados por multiplicagdo e
produtos de angulos sdo expressos por adigdo.

Products of amplitudes is derived by multiplication and products
of angles is expressed by addition.

Existem operadores Uteis, como i e a.
There are useful operators such as i and a.

HARL
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A abreviagdo em negrito foi tomada pela simplicidade
Bold abridgement has taken for simplicity
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1. Principio de um gerador e estrutura
Principle of a generator and structure

N
Engineering ror e NEXT

1-1-1. Principio de geragdo Principle of generation
Engineering ;:; NEXT
O gerador segue a regra da mao direita de Fleming: do dedo médio ao polegar,

lembre-se da forga elétrica (E) magnética (B) (F) da parte inferior.,

Generator follows Fleming’s right hand rule: From the middle finger to thumb,

Remember Electric(E) Magnetic(B) Force(F) from the bottom.

* current
Motion

Current

A direcdo do campo magnético, fluxo, segue a dire¢do do dedo indicador.

Abaixo desse campo, subindo pelo condutor na diregdo do polegar,

aparece o gradiente potencial na diregdo do dedo médio.

The direction of magnetic field, flux, follows the direction of index finger. Under this
field, moving up the conductor in the direction of thumb, then there appears potential
gradient in the direction of the middle finger.
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1-1-2. A regra do parafuso de Maxwell & descrigdo da dire¢do

do fluxo atual

The Maxwell’s Screw Rule & description of current flow direction

A relaggo do fluxo de corrente no fio e 0 campo -

Japanese ritual arrow ~ bottom view magnético criado. Imagine que um parafuso destro
to drive away devils é girado e continua, entdo ele pode ser considerado

a diregdo da corrente. A diregdo de rotagdo fornece

a dire¢do do campo magnético.

-N
Engineering ror e NEXT

Magnetic
Ficld
The relation of the current flow in the wire and
magnetic field created. Imagine a right handed
lCmm screw is turned and proceeds, then it can be
regarded the direction of the current. The direction
1 of rotation gives the direction of the Magnetic field.

. _J
s cppedeaming comfansuere @
o ihemaemel conocen colobaéoes
top Vie“\ A diregdo da corrente pode ser representada como

mostrado na imagem, que se parece com uma cena
do lado inferior e superior de uma seta.

The direction of the current can be shown with
marks,

StiREH

1-1-3. A diregdo da corrente na bobina do estator
The direction of current in the stator coil

Em um gerador, um im& permanente é girado por uma forga externa e seu campo
magnético afeta as bobinas circundantes para induzir eletricidade.

In a generator, a permanent magnet is rotated by an outer force and its magnetic field
affects surrounding coils to induce electricity.

aN
Engineering rorme NEXT

Apply the right hand rule to a generator.
2. Assume fixing the magnet then the wire

o) relatively moves to the left with speed w.
1.0 fio é fixo e o im3 se Relative Assume fixing the magnet then the wire
move para a direita com motio relatively moves to the left with speed w.
velocidade w.
The wire is fixed and the t
magnet moves \;\, l :
to the right with speed w. 1oy ¢

RS\ |
A~

3. A corrente flui de um lado préximo ao outro, conforme mostrado.
The current flows from near side to far side as shown.

1-1-4.A relagdo de fluxo, tensdo e frequéncia

£
The relation of flux, voltage, and frequency Engineering e NEXT

A tensdo induzida, V é proporcional ao produto da velocidade angular, w,
e a magnitude do fluxo magnético, ¢.

Induced voltage, V is proportional to the product of angular velocity, w
and the magnitude of magnetic flux, ¢.
VowXepx2nfe. b
Hence, Py
pxV/e.
Suponha que a tensdo seja constante. Entdo, quando a frequéncia
diminui, o fluxo aumenta.

Suppose the voltage is constant. Then when frequency declines, the flux
increases.

BRIt na

1-1-5. Efeito e contra-medida contra o fluxo de vazamento (1)
Effect and counter measure against leakage flux (1)

aN
Engineering rorme NEXT

Se o fluxo muda em um condutor, ele cria uma corrente parasita
e aquece a estrutura.

If flux changes in a conductor, then it creates eddy current and
heats up the structure.

Bad Good

-

A~

VVIVIVUIUIY

Para reduzir o impacto, sdo
usados agos laminares.
To reduce the impact,

laminar steels are used.
https://en.wikipedia.org/wiki/Eddy_current

RRIRSHERARA

2022/7/12



1-1-6. Contra-medida contra fluxo de vazamento (2)

Counter measure against leakage flux (2) Engineering o oe NEXT

Limites operacionais com tensdo Excitagdo excessiva € limitada pelo tempo -
terminal e frequéncia de operagdo.

Operational limits with terminal Over Excitation is limited by operating time.
voltage and frequency Assuming operate 47.5 Hz with

1o 10000 —f{ rated voltage, gen. will trip
1007 Fracuarsy = Reled krormmey 2| after about 15min.
100V Veltage + Rt tormnad Z
Z
Z
Z
Z
i Alomiti Zo0a - Z
] 7] 15min
w “]
H
€ ]
&0 - - 2 Atowatie Zens
3 E 2,
8 ¢ DA
K 2
E “Z
Z
] %
) 2 Z )
o Trip 0 Z Trip
Z
T Z
Z
Z
" b
Time flow Z
0 1 Z|
%0 s 10 108 o w 1 lu u W
Frequency (%) VOLTS PER HERTZ (o)
1.05=47.5Hz [T —v—

1-2-1. Gerador sincrono, pélo e revolugdo por minuto.

-
Synchronous generator, pole and revolution per minute. Engineering rme NEXT

4 poles

N, a revolugdo nominal de um gerador sincrono é derivada

de P, pdlo e f, frequéncia

N, rated revolution of a synchronous generator is derived

from P, pole, and f, frequency

In case of 50Hz, 2poles: n=3000 rpm and 4poles:1500 rpm
In general,

n=120><£
p

1-2-2. Bobina Coil

N
Engineering ror e NEXT

Uma bobina é composta por um nucleo de ferro e fios de cobre.
A coil is composed by an iron core and copper wires.

A capacidade de um gerador é determinada pelo produto da carga
magnética e da carga elétrica.

| A capacity of a generator is designed by the product of magnetic
loading and electric loading.

O carregamento magnético refere-se a um nucleo de ferro no qual o
fluxo magnético perfura e o carregamento elétrico relaciona os fios
de cobre nos quais a corrente flui.

Magnetic loading relates an iron core in which magnetic flux pierces
and electric loading relates copper wires in which current flows.

A porgdo de quantidade utilizada de ferro ou cobre, o gerador é
denominado rico em ferro ou rico em cobre.

The portion of used amount of iron or copper, the generator is
called iron rich or copper rich.

1-2-3. Caracteristica da maquina de ferro e da maquina de cobre :

. . . N
Feature of the iron machine and the copper machine Engineering rrte NEXT

A maquina de ferro é maior e mais cara do que a mesma capacidade da
maquina de cobre.

Mas as partes do fio sdo menores, o que significa menos impedancia, e a
perturbagdo das tensGes causada pelas mudangas de corrente sera menor,
ou seja, estavel.

The iron machine is bigger and more expensive than the same capacity
of the copper machine.

But the wire parts are less, which means less impedance, and the
perturbation of voltages caused by current changes will be smaller,
namely stable.

A relagdo de curto-circuito, Is / In é grande.

Short Circuit Ratio, Is/In is big.

2022/7/12



1-2-4. Rotor gerador de 2 pdlos
2-pole generator rotor

O rotor é um grande eletroim3 e os pélos sdo energizados por corrente continua (DC). Na
inicializagdo, a DC é fornecida por baterias externas e, apds a inicializagdo, a DC é
autoalimentada através da excitatriz. As bobinas de placa sdo feitas de cobre com prata
enraizada e resfriadas por hidrogénio.

The rotor is a large electromagnet and poles are energized by direct current (DC). At the
start up, DC is supplied by outer batteries and after start up, DC is self supplied through

the exciter. Plate coils are made of copper with silver ingrained and cooled by hydrogen.

N
Engineering ror e NEXT

Rotor Monoblock steel, Ni-Cr-
% il Shaft Mo-V steel
o 07
Ij:B:ﬁ_W_ B Fanring | Axial fan blades are
el H oL/ Lt bolted
o Retaining | Non-magnetic, 18Mn-
04
Figare 1M ring 18Cr anti-corrosion
oL | coum NG BALANCING PLUG Wedge Aluminum
o FAN 06 COLLECTOR FAN
w [ consior v | couecror R Coupling | Monoblock with shaft,
Gl ) Not shrink-fit type

1-2-5. Estator do gerador (armadura) e suas caracteristicas
Generator stator (armature) and its characteristics

Converte o campo magnético giratdrio em corrente elétrica (armadura).

Converts the rotating magnetic field to electric current (armature).

Algumas bobinas do estator sdo resfriadas por dgua pura.

Some stator coils are cooled by pure water.

O estator é composto por agos laminares para reduzir o efeito da corrente parasita.
Stator is composed by laminar steels to reduce Eddy current effect.

A extremidade da bobina é exorbitante e a extremidade do estator estd sujeita

a um fluxo magnético perpendicular.

Coil end is exorbitant and the stator end part is subjected to perpendicular magnetic flux.

Sialo

o[l

+—Retaining Ring
Rotor S shan
Stator ““.;“’;cz"-", —Flux

End Part Heating in Generator
From Electrical Concepts Home Page

rom Asian Tec Indonesia Home Page

N
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N
Engineering ror e NEXT

2. Comportamento de um gerador conectado a um sistema de rede
Behavior of a generator connected to a grid system

2-1. Um rotor e um estator de fluxos magnéticos
A rotor and a stator magnetic fluxes

Corte o estator e endireite-o. O fluxo magnético pelo rotor é mostrado abaixo.
Cut the stator and straighten. l(\)/l@gnetic flux by the rotor is shown below.

&N\ .

o2 0 \ 360
=)= = 9
z4o°%lo°°120° \ /

Conectando-se a grade, o estator atua como um ima giratdrio.
Connecting to the grid, the stator acts as a rotating magnet.

N
Engineering rorme NEXT
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2-3. Efeito dos tipos de carga para o gerador. tensdo terminal
Effect of load types to the gen. terminal voltage

2-2. Interagdo mutua do estator e os fluxos do rotor
(reagdo da armadura em uma maquina sincrona)

Mutual interaction of the stator and the rotor fluxes
(armature reaction in a synchronous machine) - ; Sob constante If, aumente a corrente de carga | e observe V com trés tipos de cargas. N

Under constant If, increase load current / and observe V with three kinds of loads.

N
Engineering rorme NEXT

N
Engineering ror e NEXT

Total flux = Ehe _”_
Stator flux o — C wlf — MABAR A0
Terminaf | _~ .
voltage “ | Bus

. .| J =
A A A A"%% Load current

_‘ }_ W— Quando a carga se torna capacitiva, ou seja, rica em condensador, a corrente de chumbo reforga o fluxo

magnético do gerador e a tensdo terminal aumenta.

O fluxo do rotor (fluxo principal) induz tensdo na bobina do estator. When the load becomes capacitive, namely condenser rich, the lead current enforces

A corrente de carga flui. A corrente faz o fluxo do estator. the magnetic flux of the generator and the terminal voltage increases.
Ambos os fluxos s3o combinados e criam o fluxo total A noite, quando as demandas reativas diminuem, como motores, a influéncia de longas linhas de

s oA . . transmissdo ou cabos que sdo comparativamente capacitivos tornaria a tensdo mais alta. = Quebra de
A resisténcia varia de acordo com o tipo de carga.

. R . isolamento
The rotor flux (Main flux) induces voltage on the stator coil. . At night when reactive demands decrease such as motors, the influence of long transmission lines or
The load current flows. The current makes the stator flux. Both fluxes are combined cables which are comparatively capacitive would make the voltage higher. =Insulation breakdown
and create the total flux. The strength veries according to the type of loads.

RRIRSHERARA

2-4. Relagdes de tensdo induzida E, terminal V e |
Relations of induced voltage E, terminal V and |

2-5. No caso dessa corrente, |, tensdo dos cabos, V

-
In the case that current, |, leads voltage, V. Engineering fre NEXT

N
Engineering ror e NEXT

A tensdo da rede é estavel e a tensdo terminal V é constante. Mantenha a
poténcia ativa Po< VI cos 6 constante. Mova o | e investigue as relagdes entre a Effective voItage P(Constant voltage)
tensdo induzida E, a tensdo terminal V e a corrente |.

The grid voltage is stable and the terminal voltage V is constant. Keep the active
power P « VI cos 0 constant. Move the | and investigate the relations among
induced voltage E, terminal voltage V and current I. Induced voltage E

| :
Geogebra records the drawing steps as shown below. Reactance effect jXI

ACa ! i

Effective voltage P(Constant voltage)
2

/” _ Terminal voltage V \
0| CurrentI 2 ) 4

Induced voltage E

Reactance effect jXI

vicsauEn
Terminal voltage V| |
- - T
" Defina o vetor de tens&o terminal V como referéncia e conduza a corrente |,
.+ |cirrent 1 et i entdo a tensdo terminal se torna maior do que a tensdo induzida E.
f SRS _ Set the terminal voltage vector V as a reference and lead the current I, then
2 Change in current the terminal voltage becomes larger than the induced voltage E.

BRIt na HASH
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3. Teste de circuito fechado e circuito aberto, relacdo de curto-
circuito e estabilidade
Closed Circuit & Open Circuit tests, Short circuit ratio, and Stability

3-1. Preparacdo para testes de circuito fechado e circuito aberto :

. . . . . N
Preparation for closed circuit and open circuit tests Engineering rrte NEXT

Sob o gerador, desconecte os condutores de malha que fazem parte do IPB,
barramento de fase de isolamento.

Under the generator, disconnect mesh conductors which are part of IPB, isolation phased bus.
O teste de circuito fechado é realizado conectando-se os terminais. O teste de circuito aberto
esta removendo os condutores.

Closed circuit test is carried out by connecting terminals together. Open circuit test is removing
the conductors.

Closed circuit Open circuit

Generator cerminal /{%‘:\
{ I

' &

( ] (=

E3.= il (5) SRANBLE (5)

IPB
(Isolated Phase Bus)

g =3

3-2. Gerador (sem carga e tensGes de carga no terminal)
Generator (no load and load voltages at terminal )

) Caso DC, carga de conexdo, a tensdo do terminal
1] / q cai pela taxa de IR, corrente e resisténcia interna.
\ | [ Quanto menor for o R, melhor sera a bateria.
" J DC case, Connecting load, the terminal voltage

drops by rate of IR, current and internal
resistance. The smaller R is, the better the

N
Engineering ror e NEXT

battery is.
Z:impedance No caso de um gerador CA com circuito aberto,
nomeadamente sem carga, nao flui corrente,
E No load v portanto E=V. . o
terminal In case of a AC generator with open circuit,
voltage voltage namely no load, no current flows, therefore E=V.

Entdo, o que acontece quando a corrente
flui?Then, what happens when current flows?

BRIt na

3-3. Teste e resultado do gerador Generator test and result

N
Engineering rorme NEXT
Closed circuit

Objetivo dos testes de circuito: medir a impedénciaﬁ‘-
g sincrona. Veja a analogia DC.
Purpose of the circuit tests: measure the synchronous
the DC analogy.Rls=E-V

A corrente de excitagdo Is é usada para medigdo.
Excitation current ksis used for measurement.

A corrente de campo Ise Is sdo liner, que sdo
chamados de curva de curto-circuito.

Field current Irand /s are liner, which called short
circuit curve.

/ Teste de circuito aberto: A saturagdo do nucleo é
[manenen | observada e a tensdo mostra histerese.

Open circuit test: Saturation of the core is observed
and the voltage shows hysteresis.

[(munnen |

EaSEER (5) SEREB0ER (5)

RRIRSHERARA
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3-4. Processamento de dados de teste  Processing of test data
Engineering nmNEXT
(DMeca as correntes de campo, i, ifs, correspondentes a tens3o nominal e a corrente
nominal. Calcule ifo/ifs. Este valor é semelhante a relagdo de curto-circuito, Is/I},.
Measure field currents, if, ifs, corresponding to the rated voltage and the rated current.
Calculate iw/ifs. This value is similar to the short circuit ratio, I/I,.

(@Read Is correspondendo a ip e calcule Z = V,/ Is.

Read /s corresponding to iw and calculate Z=V,/ Is.

— EhRE
" No load saturation curve
z [ Vi
i :39 B » wwam J,
L .
\ @ Field current
z Is i i,
e L q— 5.5 ol

Overlap drawing of SC and NLS curves

3-5. Relagdo da razdo de curto-circuito e impedancia sincrona

. . . . . A
Relation of short circuit ratio & synchronous impedance Engineering e NEXT

A relagdo de curto-circuito significa I¢/I,a robustez da flutuagio de tensdo, normalmente mais de 0,5.
Short circuit ratio Is/l,,means the robustness of voltage fluctuation, normally more than 0.5.

Aimpedancia sincrona é Z=V;,/15[Q]
Synchronous impedance is Z= V,, /.

Expresse a impedancia sincrona pela razdo da impedancia de base, ou seja, por unidade de expressao.
Zlpu] =2Z/Zygse = Z X In [V
Sendo pequeno, este valor significa que a perturbagdo da tensdo é pequena.

Express the synchronous impedance by the ratio of the base impedance, namely per unit expression.
Zlp-u.] = Z/Zbase =ZxIn/Vy
Being small this value means the voltage perturbation is small.

A impedancia sincrona [p.u.] é reciproca para a relagdo de curto-circuito, SCR.Synchronous impedance
[p.u.] is reciprocal to the short circuit ratio, SCR.

Z[p.u.] = 1/SCR

-N
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4. Curva de capacidade e tensdo do lado da demanda
Capability Curve and demand side voltage

4-1. Trés tipos de notificacdo de energia elétrica

A
e . . Engineering orme NEXT
Three types of notification of electrical powers -

Poténcia ativa, P, significa a poténcia que realmente funciona ou é utilizada.‘
Active Power, P, means the power that actually works or utilized.
P =VIcos@

Poténcia reativa, Q, significa a poténcia que interage com a carga
de bobina ou condensador, que ndo pode ser usado para o trabalho.
Reactive Power, Q, means the power interacting with the load
of coil or condenser, which cannot be used for work.
Q =VIsin@

A poténcia aparente pode ser dita como a capacidade de alimentagdo vista
pela fonte.

Apparent Power can be said as the power supply capacity seen by the
source. VxI

2022/7/12



4-2. Verificagio operacional do gerador Generator operational check

-
Engineering ror e NEXT
A drea operacional de um gerador é verificada no comissionamento.

Operable area of a generator is checked at commissioning.

A drea operavel esta dentro da curva no plano de poténcia ativa, P, e poténcia
reativa, Q como mostrado abaixo. A fronteira é decidida pelos limites de calor das
pecas do gerador.

Operable area is inside the curve on the plane of active power, P, and reactive power,
Q as shown below. The border is decided by the heat limits of generator parts.

Q(kVar)

=) Gen. fornece energia reativa. Aumente a tensdo dos clientes.
lag =) Gen. supplies reactive power. Raise customers’ voltage.
Operatirlg point @

P(kw)

lead =) Gen. absorve energia reativa. Reduza a tensdo dos clientes.

€= Gen. absorbs reactive power. Lower customers’ voltage.
power plane

WiRtRERARY

4-3. curva de capacidade capability curve D~
Engineering rorme NEXT

2PUE 1T 2000r/min  ZIOOVLTS 0 8T 2060N AP
FIELD GRREDNT CHLOAATED BY 16EE VWD

CumE 48 LINITED BY FIELD HEATING ® Esch BF punt

CURYE BC LINITED BY JRMATURE HEATING Bk

HURVE D LIVITED BY APMATIRE OCFE 000 HEATING o - Each BF ot

a8
nc
co

O ponto operacional se move para o retardo quando a
Tow TG ks E2000008 corrente de excitagdo aumenta e se move para o
i o REATIVE R 53400M1A P

avango quando ela diminui.

2
T - A Operating point moves toward lag when the exciting
ry

o sare” current increases and moves toward lead when it
x
£ Operating point @\"""" decreases.
E o i
g 098 pF
H L
s o st v O teste proximo a borda do condutor deve ter cuidado

- rapr —1
[TIEErTIEEr TR iy
PR UNIT ACTIVE PORER

para ndo ultrapassa-lo, pois a extremidade do estator
seria superaquecida em breve. Para a protegdo, UEL é

-

E definido.
* [Under Excitation relay | Testnear the lead border should be careful not to
- surpass it because the stator end would be overheated

in short. For the protection, UEL is set.

RRIRSHERARA

4-4. Por que a energia reativa é eficaz para o controle de tens3o?

Why reactive power is effective for voltage control? Engineering rorne NEXT

Suponha que a impedancia de uma linha de
transmissdo seja Z = R + jX, entdo a queda de
tensdo entre a tensdo do lado do receptor, V_re a
tens3o do lado da alimentagao, V é descrita ZI,.

Suppose the impedance of a transmission line is Z = R + jX, then the voltage drop between
receiver side voltage, V.and supply side voltage, V is described ZTI,.

RVrIrcosg + XVrirsing _ RP + XQ

Vs —Vr =~ ZI, ~ RIr cos ¢ + XIrsing = Vr Vr

Onde P é a poténcia ativa e Q é a poténcia reativa.
Where P is active power and Q is reactive power.

R é muito menor que X e a queda de tensdo é dominante no item Q.
R is much smaller than X and voltage drop is dominant by item Q.

BRIt na

(Reference) More precise model calculation
-
Engineering rorme NEXT

r Jx P: active power @ :reactive power
@ = P=jQ r:resistance x:reactance thenZ=7 +jx
V.=V, v / V=V, e’ Vs :Supply side voltage (base) -
Vre™J? :Receive side voltage (lag)

W

. — v
P—jQ =Vrl = Vre/® i
P —jQ)(r + jx) = Vrel (Vs — vreI9)
rP+xQ — j(rQ — xP) = VrVscos@ — Vr? + jVrVxsin 6

- rP +xQ = VrVscos@ — Vr?
Compare the real part and the imaginary part{ #Q — xP = VrVssin @
Take square of both equations and add them for deleting trigonometric functions.
(P +xQ + Vr®)? + (rQ — xP)? = Vr?Vs?
Assume that Vr is a function f (P, Q) and partial differentiation by P or Q is taken to assess the rate of
influence.

* Take conjugate of Vr to get power.

2(rP +xQ +Vr?) <r +2vr %) +2(rQ —xP)(—x) = ZVr%Vsz
v v
(P + %@ + VP + 2Vr(rP + xQ + Vr?) S — (i@ + 47P) = Vs?Vr o

avr
Vr(2rP +2xQ +2Vr? — VSZ)B—P = —x?P —r?P —rVr?

awvr Z%P +1Vr?
9P~ Vr(2rP +2xQ + 2VrZ —Vs?)
L 2 2
Similarly we get r_ 2°Q +xVr

9Q T Vr(2rP + 2xQ + 2VrZ — Vs?)

RRIRSHERARA
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Continue: Input typical

2(0) 0502494
Q) 0.05
x(Q) 0.5
P(kw) 6125
Q(kvar) 1250
Vs(kv) 125.02
Vr(kv) 125
ZAP+VIA2(5 FEB5Y) 2327.813
1202 (5F ) 8128.125

numbers and N
Engineering ror e NEXT

Denominators are the same, then
calculate only each numerator and
compares.

As a result, changing of Q is about four
(4) times effective than that of P.

N
Engineering rorme NEXT

5.Summary

RRIRSHERARA

Resumo Summary

N
Engineering ror e NEXT

Um rotor é um eletroim3 e fornece o fluxo magnético para a armadura. A corrente parasita criada

pelo aumento do fluxo de vazamento aqueceria as

pecas e deve-se tomar cuidado.

A rotor is an electro magnet and supply the magnetic flux to the armature. The eddy current
created by the increased leakage flux would heat up the parts and care should be taken.

Conectando-se a grade, a armadura atua como um im3 giratério. O efeito mutuo com o fluxo do

rotor influencia a tensdo terminal.

Connecting to the grid, the armature acts as an rotating magnet. The mutual effect with the rotor

flux influences the terminal voltage.

Os testes de classificagdo de circuito e circuito aberto derivam a relagdo de curto-circuito, da qual

€ maior do que a estabilidade é alta.

Sort circuit and open circuit tests derive short circuit ratio, of which is larger then the stability is

high.

0 gerador pode ser operado dentro da curva de capacidade. O controle da poténcia reativa é

eficaz para controlar a tensdo do lado do usudrio.

Generator can be operable inside the capability curve. Control of reactive power is effective to

control the user side voltage.

BRIt na

&k : B D EFERNGH
Appendix: Review of basic electricity
B IEROMBEEEL LIS TEROREIT—FETRT .

Express currents phase based on the voltage wave by actual wave form and phasor graph.
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Tokyo Electric Power Services Co., Ltd.
Dr. Blackstone ( Takashi Kuroishi )

Entropy = Clutter, Messy, Randomness

Entropia = desordem, bagunca, aleatoriedade

S_

o Entropy

This is called Entropy, do you understand?
— (Isso se chama Entropia, entendeu?)
jica)

[ Definition of entropy in thermodynamics ]

» The entropy is defined as the sum of » A entropia é definida como a soma da

the converted heat quantity of the quantidade de calor convertida do sistema
system when the system is changed quando o sistema é alterado reversivelmente
reversibly from state O to any state Z. do estado O para qualquer estado Z.

The entropy is defined as the sum of A entropia é definida como a soma da

the converted heat quantity of the quantidade de calor convertida do sistema
system when the system is changed quando o sistema é alterado reversivelmente
reversibly from state O to any state Z. do estado O para qualquer estado Z.

» The fact that the entropy is a state » O fato de a entropia ser uma quantidade de
quantity is a remarkable feature estado é uma caracteristica notavel em
compared to the fact that the heat comparagdo com o fato de que a quantidade
quantity is not a state quantity. de calor ndo é uma quantidade de estado.
The fact that entropy is a quantity of O fato de a entropia ser uma quantidade de
state is a remarkable feature compared estado é uma caracteristica notavel em
with the fact that the heat quantity is comparagdo com o fato de que a quantidade
not a quantity of state, which is the de calor ndao é uma quantidade de estado,
reason why entropy is emphasized in razdo pela qual a entropia é enfatizada na
thermodynamics. termodindmica.

-
Jiea)
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[ Definition of entropy in thermodynamics ]

> Inthe case of a reversible change, » No caso de alteragdo reversivel, a
the sum of the converted calorific soma dos valores calorificos
values obtained by the system is convertidos obtidos pelo sistema é
equal to the increase in the entropy igual ao aumento da entropia do
of the system due to the process, sistema devido ao processo,
whereas in the case of irreversible enquanto no caso de alteragio
change, the former is always smaller irreversivel, o primeiro é sempre
than the latter. menor que o ultimo.

» Whenever an adiabatic system » Sempre que um sistema adiabatico
undergoes an irreversible change, sofire uma mudanga irreversivel, a
the entropy of the system increases. entropia do sistema aumenta.
(Second law of thermodynamics: law (Segunda lei da termodindmica: lei
of entropy increase) do aumento da entropia)

i

This is called Entropy on the textbooks, do you understand?

(Nos livros didaticos isso se chama entropia, entendeu?)

jiea’

[ What is the entropy? ] Qual é a entropia?

» This room is cluttered and has » Esta sala é desordenada e tem
high entropy. alta entropia.

» | added milk to my coffee and » Acrescentei leite ao café e mexi,
stirred it and the entropy had e a entropia estava alta.
been high. » O importante em questées

» The important thing in ambientais é ndo aumentar a
environmental matters is not to entropia.
increase entropy. » Perder o valor da informagdo é

» To lose the value of information receber entropia da informagdo.

is to receive information
entropy.

iy

Can you understand the meaning of these sentences?
(Vocé consegue entender o significado dessas frases?)

[ Entropy is like garbage, trash and waste. ] A entropia é como lixo, lixo e lixo.

> This room is cluttered and full of » Esta sala estd desordenada e cheia
trash. de lixo.

> I put milkin my coffee and stirred it % Coloquei leite no meu café e mexi e
up and it looked like garbage. ficou parecendo lixo.

» The important thing in » O importante em questées ambientais
environmental matters is not to é ndo aumentar o desperdicio.
increase waste. » Perder o valor da informagao é

» To lose the value of information is to receber lixo de informagdo.
receive information garbage.

i

Can you imagine the meaning of entropy in these sentences?
(Vocé pode imaginar o significado de entropia nessas frases?)

jiea’

jiea’ 6

(lei do aumento da entropia)

law of increasing entropy

[ The Second Law of Thermodynamics ]
(A Segunda Lei da Termodindmica)

jiea’ 8
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This room is cluttered and full of trash. (Est sala esti desordenada e cheia de lixo) Ordered candy has low entropy. (0 doce pedido tem baixa entropia.)
This room is cluttered and has high entropy. Disordered Candy has ngh entropy. (0 doce pedido tem baixa entropia.)

(Esta sala é desordenada e tem alta entropia)

¢_\ Low entropy High entropy
(Baixa entropia) @ (Alta entropia)

‘ Lowientrqpy } @ @3
O OO0 0% 4@
@@e@e@ B, &
OROROLO" %

High entropy
(Alta entropia) Order Disorder
\_7 (Ordem) (Transtorno)
—~ ‘-' —~
Jiea) Greed 9 Jiea) 10
Q1:Which one has more high entropy, A or B? Al:Entropy is higher with a mix of colors.
Q] .'Qual deles tem mais entropia alta, A ou B? Al:A entropia é maior com uma mistura de cores.
B A B
!
Low entropy High entropy
(Baixa entropia) (Alta entropia)
000000 0OROOOS o e ......{...... 000000 OOOOS
00000 0POOPOOO o e ......}...... 000000000 OS
00000 OOGOSSS o0 e ......i...... 0000000 OCGOGOIOS
00000 000OOS (1 1) ......‘...... 20000000 OCGOS
000000OGOISIOS 00 000000OOGOISIOS 00000000 OOS
02000000000 OO 200 00000000 O0OOOS 000000 OOOGOIOS
( 1] @8 (i1l ......‘... 20000000 O
L 1] @8 (11 ......‘... 200000000
L X ] L X ) L 2 1] ......‘... L 1 J
( 1] ‘ L 2 ] ® L N R 000000 OGS [ ] e
0000000000060 000000 OOOGOOS 0000000000060 000000 OOOGOOS
The colors are Separated The colors are mixed The colors are Separated The colors are mixed
As cores sdo separadas As cores sdo misturadas (As cores sdo separadas) (As cores sdo misturadas)
~ ~
e 11 N 12




Q2 : Put the appropriate words in A and B.
Q2 :Coloque as palavras apropriadas em A e B.

mais aleatoriedade
entropia)

Less randomness > More randomness

entropy) entropy)

Menos aleatoriedade

entropia)

(+]
Solid (sstido) Liquid (iguido) Gas (gds)

~
Jiea)

A2:Less randomness means less entropy.
More randomness means more entropy.

A2: Menos aleatoriedade significa menos entropia. mais aleatoriedade
Mais aleatoriedade significa mais entropia. ( mais entropia )

Less randomness More randomness

(less entropy) (more entropy)
Menos aleatoriedade
( menos entropia)

AS>0 '
AS<0
(+]
Solid (sstido) Liquid (iguido) Gas (gds)
.o‘\
Jiea) 14

13
Q3 : Which one has more high entropy, A or B?
(03 :Qual deles tem mais entropia alta, A ou B?)
Adding Ink to Water The ink is mixed with water.
(Adicionar tinta a agua) (A tinta é misturada com dgua.)
.o‘\
Jiea/ 15

A3:Entropy is higher with a mix of colors.
(A3 :A entropia é maior com uma mistura de cores.)

Low entropy (Baixa entropia) High entropy (Alta entropia)

B

The ink is mixed with water.
(A tinta é misturada com dgua.)

Adding Ink to Water

(Adicionar tinta a agua)

_
jiea’ 16
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Q4:, Which one has higher entropy, A or B?

Also does it take more energy to change entropy, C or D?
(04:, Qual deles tem entropia mais alta, A ou B?
Também é necessdrio mais energia para alterar a entropia, C ou D?)
B

Supermarket House full of garbage.
(Supermercado) (Casa cheia de lixo)

jlea 7

A4: Entropy is high, in B.

Also, movement D, which lowers entropy, requires energy.
(A4: A entropia é alta, em B.
Além disso, o movimento D, que reduz a entropia, requer energia.)

Physical
phenomenon 20,
(Fenémeno fisico) . O ®

' @ A

'-»‘O Apr A g
e®_ U 80
CXCRALY

Conscious .0 _@

Ji . AT O
- e Actions
(A¢ées Conscientes)
Supermarket House full of garbage.
(Supermercado) (Casa cheia de lixo)
Order It takes energy. Disorder

Low entropy (E preciso energia.) ngh entropy

jlea 18

Q5: Which one has higher entropy, A or B?

(OQ5: Qual deles tem entropia mais alta, A ou B?)

People are always standing on the hill.

(As pessoas estdo sempre paradas na colina.)

» Formation (Formagdo)

» Growth (Crescimento)

» Challenge (Desafio)

> Optimism (Otimismo)

> Readiness (Prontidio)
B

—

Slope is a force of
environment and events.

> CoIIapse (Colapso)

> Laziness (Preguica)
> Escape (Escapar)

» Sadism (Sadismo)

> Giving up (Desistindo)

A

—

(Slope é uma for¢a do ambiente e dos eventos.)

-
jiea) 19

A5: Entropy is high, in A.

People are always standing on the hill.

(As pessoas estdo sempre paradas na colina.)

» Formation (Formagdo)

» Growth (Crescimento)

» Challenge (Desafio)

> Optimism (Otimismo)

> Readiness (Prontidio)
B

—

(Slopd é uma for¢a do
ambignte e dos eventos.)

> Collapse (Colapso)

> Laziness (Preguica)
> Escape (Escapar)

» Sadism (Sadismo)

» Giving up (Desistindo)

Slope is a force of
environment and events.

ﬂWhen people are lazy, they go downhill.  People can work their way up a hill.

- ) (Quando as pessoas sdo preguicosas, elas decaem.) (As pessoas podem subir uma colinaé
jica 2
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Q6: Which one has higher entropy, A or B?
(06: Qual deles tem entropia mais alta, A ou B?)

>
-~}

The iPhone is was launched by Steve Jobs
of Apple in 2007.

(O iPhone foi langado por Steve Jobs da
Apple em 2007.)

Nowadays,
the I-phone is used all over the world.
(Hoje em dia, o I-phone é utilizado em todo
o0 mundo.)

-
jiea) 21

The Irreversibility of Entropy Increasing
(A4 irreversibilidade do aumento da entropia)
» Entropy in physics means that if any matter is left alone, it heads toward
a disordered state and becomes indistinguishable from its surroundings.
(Entropia na fisica significa que se qualquer matéria for deixada sozinha, ela se dirige
para um estado desordenado e se torna indistinguivel de seus arredores.)
» For example, if you leave a hot cup of coffee alone, it will soon be the

same temperature as the vessel and will be the same as the room
temperature.

(Por exemplo, se vocé deixar uma xicara de café quente sozinha, ela logo tera a mesma
temperatura da vasilha e serd a mesma que a temperatura ambiente.

& sc @ @
L S QP

— Hot “w Becoming cooler
o (QUENIE) (Tornando-se mais legal)

jlea 23

A6: Entropy is high, in B.

Good things can spread. = Law of increasing entropy

(Coisas boas podem se espalhar. = Lei do aumento da entropia)

A B

% /J.V
/ a/ a a;"

| B

J

The iPhone is was launched by Steve Jobs
of Apple in 2007.

(O iPhone foi langado por Steve Jobs da

Nowadays,
the I-phone is used all over the world.

(Hoje em dia, o I-phone é utilizado em todo

Apple em 2007.) o mundo.)
Low entropy High entropy
ji’cA-’ .TEPSI:D 22

The Irreversibility of Entropy Increasing

(A4 irreversibilidade do aumento da entropia)

» This phenomenon, which occurs as a matter of course in the world of
things, reflects the flow from order to disorder (entropy), and all matter
cannot escape from this flow.

(Este fenomeno, que ocorre naturalmente no mundo das coisas, reflete o fluxo
da ordem a desordem (entropia), e toda matéria ndo pode escapar desse fluxo.)

& e @ @

‘ P
~— Hot .. Becoming cooler |
= (quente) s (Tornando-se mais legal)

jlea 24

2022/7/12



The Irreversibility of Entropy Increasing

(A irreversibilidade do aumento da entropia)

Low entropy

High entropy

natural expansion
(expansdo natural)

Irreversibility

(Irreversibilidade)
B
R Gradually
R : * o o (Gradualmente)
° *.® .. ° ﬁ
0. 00 g0 e
* o0 ®e
g L adiabatic expansion
% % es o (expansdo adiabatica)
Heating
(Aquecimento)

25

Disease and Biological Entropy (2/3) (Doenga e entropia biologica (2/3))

. . Low entropy High entropy
immunity.

(As atividades dos organismos vivos geralmente sdo programadas para diminuir a
entropia. Isso ocorre porque essa entropia alta e baixa é usada como energia ativa.
Mas, embora isso seja verdade em termos do conceito de uso de energia, é exatamente o
oposto quando se trata de imunidade.)

» Activities of living organisms are usually wired to lower entropy. This is because
this high and low entropy is used as active energy.But while this is true in terms
of the concept of energy use, it is exactly the opposite when it comes to
immunity.

(As atividades dos organismos vivos geralmente sdo programadas para diminuir a

entropia. Isso ocorre porque essa entropia alta e baixa é usada como energia ativa.

Mas, embora isso seja verdade em termos do conceito de uso de energia, é exatamente
~.0 oposto quando se trata de imunidade.)

N
jica

» Activities of living organisms are usually
wired to lower entropy. This is because
this high and low entropy is used as
active energy. But while this is true in
terms of the concept of energy use, it is
exactly the opposite when it comes to

27

Disease and Biological Entropy (1/3)
(Doenga e entropia biologica (1/3))
The left is called the low entropy state and the right is called the high entropy

state. The colored round balls are organisms in the body (viruses, bacteria,
white blood cells, etc.)

(A esquerda é chamada de estado de baixa entropia e a direita é chamada de estado de
alta entropia. As bolas redondas coloridas sdo organismos no corpo (virus, bactérias,
globulos brancos, etc.))

Low entropy High entropy

jiea’ 26

Disease and Biological Entropy (3/3) (Doenca e entropia biolégica (3/3))

» Normally, organisms have a high entropy, which prevents certain bacteria from
growing, but this high entropy is acquired after birth. Therefore, infants and
others are vulnerable to unknown bacteria because they do not have sufficiently
high entropy. If an unknown virus or bacterium invades, there is not enough
room for it to reproduce in a high entropy state.

(Normalmente, os organismos tém uma entropia alta, o que impede o crescimento de
certas bactérias, mas essa entropia alta é adquirida apos o nascimento. Portanto, bebés e
outras pessoas sdo vulneraveis a bactérias desconhecidas porque ndo tém entropia
suficientemente alta. Se um virus ou bactéria desconhecido invadir , ndo ha espago
suficiente para que ele se reproduza em um estado de alta entropia.)

» For that reason, we often don't even notice that a virus or other

organism we've never heard of has invaded.

(Por esse motivo, muitas vezes nem
percebemos que um virus ou outro
organismo do qual nunca ouvimos falar nos
invadiu.)

Low entropy

High entropy

jiea’ 28
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As the temperature increases,

entropy increases as it changes from a solid to a liquid to a gas.
(Conforme a temperatura aumenta, a entropia aumenta a medida que muda de sélido para

liquido para gasoso.) T i —
C 3
/ \\ -“/ \» \’C | i’h‘

) 2099.9 09’ - /
\/ 90”5"0 y Q”J/
SOLID LIQUID GAS
E
= A
& ]
" /
P (plam de fusio) . I'I (ponto de ehulicio)
9 melting point oiling point
JI“) Temperature 29

Carnot cycle

» Nicolas Léonard Sadi Carnot (French: Nicolas Léonard Sadi Carnot, 1 June 1796, Paris - 24
August 1832, Paris) was a French soldier, physicist, and engineer whose work on the "Carnot
cycle", a virtual heat engine, led to the prototype of the second law of thermodynamics It is
known for its

» The Carnot cycle is a type of reversible heat cycle that operates between two heat sources of
different temperatures.

*  Nicolas Léonard Sadi Carnot (francés: Nicolas Léonard Sadi Carnot, 1 de junho de 1796, Paris - 24 de agosto de
1832, Paris) foi um soldado, fisico e engenheiro francés cujo trabalho no "ciclo de Carnot”, uma mdaquina térmica
virtual, levou ao protétipo da segunda lei da termodinamica E conhecido por sua

* O ciclo de Carnot é um tipo de ciclo de calor reversivel que opera entre duas fontes de calor de diferentes
temperaturas.

_
Jiea) 31

The cycle of a jet engine is the same in principle as that of a car engine.

(O ciclo de um motor a jato é o mesmo em principio que o de um motor de carro.)

.

A car engine  (Um motor de carro) A jet engine (Um motor a jato)

Cylinder engine (Motor de cilindro) Gas turbine  (Turbina a gis)

_
jiea’ 32

2022/7/12



Carnot cycle 1 (cicio de Carnot 1)
» Entropy: Increases or decreases when heat is added or taken away.
(Entropia: aumenta ou diminui quando o calor é adicionado ou retirado.)
» Ininsulated (adiabatic) change, entropy is unchanged, but in isothermal change, it changes.
(Na mudanga isolada (adiabatica), a entropia permanece inalterada, mas na mudanga isotérmica, ela muda.)
Carnot cycle Carnot cycle
on P-V diagram on T-S diagram
A A )
A (valor calérico)
6‘0\ calorie value Q1
~ = A ".
< % 2 Isoth | 1
- sotherma
v t El = expansion ?
> , ] I =
2 | AR 40 E
9 |5y 3 23 2
a | % £< Isothermal = :
%%, g - compression (Compressio
D = — '
calorie value Q2 Isoth C D : - c
er, calorie
e ~torgymal value Q2 -
> >
S1 S2
Volume (V) Entropy (S)
n AW = PAV AQ =TAS
o = =
JKAI W : Effective work (Trabalho eficaz) Q : Calorie value (Valor calérico) 33
Carnot CyC|e in Gas Tu rbine 3(Ciclo de Carnot na turbina a gas 3)
» The cycle of a gas turbine is the same in principle as that of a car engine.
(O ciclo de uma turbina a gds é, em principio, o mesmo do motor de um carro.)
Gas Turbine compression Combustion  Expansion
2 3 4
Intake - e Exhaust

W=

- - - Carnot cycle in Gas Turbine
Car engine combustion engine (Ciclo de Carnot em turbina a gds)
(Motor de combustdo do carro)

E
9]
e
=
2
u 4
3 i
<%
£ |2 i
1. Intake | 2. compression 3. Combustion | 5. Exhaust K] 1
1
4. Expansion 1 i
—_ H !
9
jiea’ Entropy (S) 35

Carnot cycle 2 .
(Ciclo de Carnot 2) Isothermal expansion
(Expansdo isotérmica)
§ o
N . . >
» In the insulated compression process, !grllﬁlon CauT‘:S the gaz
the temperature of the gas rises. '?4 X € \fesse ° expar? .
» It changes from a certain temperature ‘:uslflx,g:fpf;;::’ queogdsno
to isothermal expansion.
(No processo de compressdo isolado, a temperatura do
gds aumenta.) it
(Ele muda de uma certa temperatura para uma 1 Ig n It I_O_ n
expansao isotérmica.) | (Igniqo)

Insulated compression

(Compressao isolada)

Insulated expansion

(Expansao isolada)

ssure (P)

F

» Stop heating and put it

» When it cools down to a certain in an insulated state.

temperature, the gas is compressed. » Expand to the middle of
» Heat is released during compression. the process, and the
(Quando ele esfria até uma determinada temperatura, o temperature drops with

gds é comprimido.) expansion.
(O calor é liberado durante a compressdo.) . (Pare o aquecimento e coloque-o
(liberagao de calor) .

em um estado isolado.)

_ heat release [y ac.omeio do processoe
jiea! Isothermal compression compressioisoimicas | mpnany - 34

expansio.)

Q7 : What is the temperature A and pressure B at the gas
turbine inlet 3 shown in the figure below?

(Q7: Qual é a temperatura A e a pressdo B na entrada da turbina a gds 3 mostrada na figura abaixo?)

3 (A c Bwmpra)

a (460C, 0.1MPa)
(525C, 2.96MPa)

Temperature (T)

(31C, 0.1MPa)

Entropy (S)

jlea 3
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A7 : Ais undisclosed. Please image for yourself.

(4 ndo é divulgado. Por favor; imagine vocé mesmo.)

B is almost same as point 2.

(B é quase igual ao ponto 2.)

3 (? C 2.96MPa)

a (460C, 0.1MPa)
(525C, 2.96MPa)

Temperature (T)

(31C, 0.1MPa)

Entropy (S)

-
Jiea)

37

What is the difference between enthalpy and entropy?

(Qual é a diferenga entre entalpia e entropia?)

» Enthalpy and entropy are thermodynamic terms that describe
the state of energy or clutter.

(Entalpia e entropia sdo termos termodindmicos que descrevem o estado de energia ou
desordem.)

» Although the names are similar, the only similarity is in the name,
they are completely different concepts.
(Embora os nomes sejam semelhantes, a tinica semelhanga estd no nome, sdo

lif )

» Enthalpy = Energy State (Entaipia = Estado de Energia)
» Entropy = Clutter, Randomness (Entropia = desordem, aleatoriedade)

-
Jiea)

39

What is the difference between enthalpy and entropy?
(Qual é a diferenga entre entalpia e entropia?)
» To give you an example of enthalpy and entropy combined.
If you heat a steel plate for only a portion of the plate, that portion of the plate has
higher enthalpy than the other cooler portions.
(Para dar um exemplo de entalpia e entropia combinadas.)

(Se vocé aquecer uma placa de ago para apenas uma parte da placa, essa parte da placa terd uma entalpia mais
alta do que as outras partes mais fiias.)

» The entropy of the plate as a whole is low (heat is unevenly distributed to one portion).
(A entropia da placa como um todo é baixa (o calor é distribuido de maneira desigual em uma parte).)

» As time passes, the heat spreads over the whole area and the difference in enthalpy
disappears, and the entropy is high (heat is diffused).

(A entropia da placa como um todo é baixa (o calor é distribuido de maneira desigual em uma parte).)

>

High

Enthalpy (H)
Entropy (S)

Enthalpy (H)
Entropy (S)

,_
o
H
| —
i

Iron plate
The time has passed. P

Iron plate 6
Y —
flea) U 0

40
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Enthalpy is easy to understand as a familiar phenomenon.

(A entalpia é facil de entender como um fenémeno familiar,)

Enthalpy diagram

» Enthalpy diagram (H-P diagram)
(Diagrama de entalpia (diagrama H-P))
The horizontal axis is the pressure.
(O eixo horizontal é a pressdo.)

The Vertical axis is enthalpy.

| (O eixo vertical é a entalpia,)

o
100°C » Therice is boiling and filled with steam.
(O arroz estd fervendo e cheio de vapor:)

> The kinetic energy is high and the water

vapor molecules (H20) are diffused.

(A energia cinética é alta e as moléculas de

vapor d'agua (H20) sdo difundidas.)

Entropy and Enthalpy in Thermal Power Plants

(Entropia e entalpia em termelétricas)

Rice on-the boil
Pressure-Enthalpy diagram = p| > The cooked rice is plump
and fluffy as the water
and steam are absorbed.

(0 arroz cozido fica gordo e

Temperature-Entropy diagram

‘————J[ﬂc_\_‘ Saturated  Saturated
turats turate
\T\Wc Water Line ~ Steam Line, &

§

|

e

kinetic energy low

Enthalpy (H)

3500
3000 -
= b s00c E Jofo & medida que a dgua e o
g @ vapor sao absorvidos.)
£ 5
e g o
£ | 3 =20C / .
g S g Cooked Rice
100 2ve & o - . . P .
™ = Pressure (P) 4 > Before cooking, the rice is filled with 20C water.
e b (Antes de cozinhar, 0 arroz é enchido com dgua a 20C,)
05 1 1B . 25 30 35 a0 > » The kinetic energy at this time is low and the water
Pressure (MPa-g) Entropy (S) molecules (H20) are close together.

A A i i (A energia cinética neste momento é baixa e as moléculas de
8 o Rice before cooking (A energ ica nest s s
JIcA’ (epscg) 41 JICA’ Gerscg) dgua (H20) estdo préximas.) 42

Q8: Where is the states A and B of cooking rice corresponding to A8: The state A is in position 2 at the boiler inlet.
1,2,2,3,3 and 4 in the figure below? The state B is the position of the steam drum, between 2’ and 3'.
(Where is the states A and B of cooking rice corresponding to 1, 2, 2", 3,3’ and 4 in the figure below) (O estado A estd na posicdo 2 na entrada da caldeira. O estado B é a

Drum type boiler

| Super
Heater

Drum type boiler (Caldeira tipo tambor) posicao do tambor de vapor; entre 2 'e 3')

Steam

et brun
i Zfﬂﬂ
; A7

Water | ggiil)
Wall

Rice before cooking Rice on the boil Rice before cooking Rice on the boil
(Arroz antes de cozinhar) (Arroz a ferver) A
4 saturated Saturated “ Saturated Saturated &
3" Water Line ~ Steam Line, & & 3i—! Water Line  Steam Line & &
: &g : » ! §&
3’E Heater = d)g'," 3’E Heater E 9
! Steam drum o i Steam drum g
pr £ Insulated 2% T B
H T2'=T3-. & | expansion : T2'=T3- & |
i 5 & ! o
: g S : g
' T4 - S & ' T1=T4 --
2: ________ T1=T4 k] (§; Q@ 2 :A ______ @
Entropy (S) Entropy (S)
Pump 51252 3554 Pump s1=52 s3ts4
“’—\ Drum type boiler Configuration T-S diagram “’—\ Drum type boiler Configuration T-S diagram
jiea’ (Configuragdo de caldeira tipo tambor) (Diagrama T5) 43 jiea’ (Configuracdo de caldeira tipo tambor) (Diagrama T-5) 44
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Q9: Where is the states 1 through 8 shown in the GTCC configuration
diagram show on the T-S diagram?

(Onde estéio os estados 1 a 8 mostrados no diagrama de configuragio GTCC mostrado no diagrama T-5)

A9: Where is the states 1 through 8 shown in the GTCC configuration
diagram show on the T-S diagram?
(Onde estao os estados I a 8 mostrados no diagrama de configuragio GTCC mostrado no diagrama T-S)
» Gas turbine works in cycles through 1 to 4.
(A turbina a gas funciona em ciclos de 1 a 4.)

3 Inl mperature ri:
Inlet gas temperature rise et gas temperature rise

. ) N N . (Aumento da temperatura do gas de entrada)
—=>Efficiency increase » From 3 to 4 shows effective wo‘rk through Gas Turl?me. ) => Efficiency increase (Aumento de eficiéncia)
(De 3 a 4 mostra um trabalho eficaz através da turbina a gas.)
A %> Steam turbine works in cycles through 5 to 8. A
‘l (A turbina a vapor funciona em ciclos de 5 a 8.)
’ > From 7 to 8 shows effective work through Steam Turbine. 4
(De 7 a 8 mostra um trabalho eficaz por meio da turbina a vapor)
Effective » The GTCC does two jobs in Gas turbine and Steam turbine. » Effective
. worl (0 GTCC faz dois trabalhos em turbina a gds e turbina a vapor,) __ work
= =
@ [
Gas 5 5
HRSG © ©
V34 7 g g
Comp. a a
£ £
GT@ K Kl
Generator Generator :> Effective Effective
14 2 8 Steam work 1¥ 6 Steam work
Air ! Turbine / ! Turbine /
Condenser i 7 i 5// S
i ‘Condensate loss i ‘Condensate loss
Feed Water Pump Entropy (s) Feed Water Pump Entropy (s)
Gas Turbine Combined Cycle System Configuration T-S diagram Gas Turbine Combined Cycle System Configuration T-S diagram
. (Configuragdo do sistema de ciclo combinado de turbina a gis)

(Configuragéo do sistema de ciclo combinado de turbina a gds)

jiea’ 45 jiea’ 46

Entropy is my friend!

A entropia é minha amiga!

jlea

Muito obrigado
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Dec. 2, 2020

jlea

Tokyo Electric Power Services Co., Ltd.
Dr. Blackstone ( Takashi Kuroishi )

Al : The answer is as follows. (A resposta é a seguinte.)
» High efficiency heat engines are getting bigger.

(Os motores térmicos de alta eficiéncia estdo ficando maiores.)

Kitti’s Hog-nosed Bat Elephant Blue whale

Land Sea

The smallest mammal Leg size limits to sustain No need to support its
discovered in Thailand in 1973. the weight. weight.
Hard to maintain their body Cooling by water provides

temperature, and restricted in good heat transfer.
activity. Fly only night.

Body length 3cm 4m 24 m
body weight B: 2g C: 4ton C: 100 ton

b
jiea) 3

Q1 : What is the weight of the animals shown here?

(O1. Qual é o peso dos animais mostrados aqui?)

Please choose between A, B and C. (zyoiiq enre 4, B¢ C)

i’s Hog-nosed Bat Elephant (Elefante) Blue whale (Bateia Azul)

The smallest mammal discovered in Leg size limits to sustain the No need to support its weight.

Thailand in 1973. weight. Cooling by water provides good

Hard to maintain their body temperature, (Limites do tamanho das pernas heat transfer.

and restricted in activity. Fly only night. para sustentar o peso.) (Nao hd necessidade de suportar seu

(O menor mamifero descoberto na Taildndia em peso.

1973. Dificil de manter a temperatura corporal e O resfriamento por dgua fornece uma

com atividade restrita. Voe apenas d noite.) boa transferéncia de calor,)

Body length comrinento docons 3 cm 4 m 24 m

Weight A: 05g A: 1ton A: 10ton
(Peso) B: 2g B: 2ton B: 20ton

C: 100g C: 4ton C: 100 ton

jlea 2

Al:High efficiency heat engines are getting bigger.
(A1: Os motores térmicos de alta eficiéncia estdo ficando maiores.)
[For your reference] (Para sua referéncia)
"The Time of the Elephant and the Time of the Mouse*(0 tempo do elefante e o tempo do rato)
From Tatsuo Honkawa's book (Do livro de Tatsuo Honkawa)

» The heart beats about 2 billion times in the lifetime of any mammal.
(O coragao bate cerca de 2 bilhdes de vezes na vida de qualquer mamifero.)
» During their lifetime, they breathe about 500 million times.
(Durante sua vida, eles respiram cerca de 500 milhoes de vezes.)
» This is about the same for mammals, regardless of body size.
(Isso é quase o mesmo para os mamiferos, independentemente do tamanho do corpo.)
» Life span varies greatly with size. (4 expectativa de vida varia muito com o tamanho.)
» The amount of energy used per kg of body weight in a lifetime is constant.
(A quantidade de energia usada por kg de peso corporal ao longo da vida é constante.)
» Smaller ones have a shorter life span and burn out more violently.
(Os menores tém uma vida util mais curta e queimam com mais violéncia.)
» Larger animals use less energy for their body weight and therefore have a longer life span.
(Animais maiores usam menos energia para seu peso corporal e, portanto, tém uma vida 1itil mais longa.)
» Larger animals are more sensitive to their environment. (4nimais maiores sdo mais sensiveis ao
ambiente.)

—
> Larger ones have more leeway. (Os maiores tém mais margem de manobra.) ji’CAl 4
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Al :High efficiency heat engines are getting bigger.

(Os motores térmicos de alta eficiéncia estao ficando maiores.)

< Reference : Life time >

5 years 80 years 110 years

-
jiea) Geed 5

Increasing the Capacity of Thermal Power Plants

(Aumentando a capacidade das usinas termelétricas)

-
jiea) Geed 6

Transition of Thermal Power Capacity in Japan

(Transi¢ao da capacidade de energia térmica no Japdo)

500

Mw 1000MW 1000MW
>& 1000
S Coal
Q
@
(&) 750
9]
g 600MW.
& w
©
£
£
@
=
=

(Capacidade de energia térmica)

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995

Commercial Operation Year
(Ano de Operag¢do Comercial)

-
jiea) Geed 7

Changing of Steam Condition (Mudanga da condigio do Steam)

35 = Matsuura2% - 625
Kawagoe1%
Misumi15
30 3MPa §Y = 5 7= =1 600
B . Q
s g_ Anegasaki1g : oL
= N 25 5660 Y _2An:Pa- __________ . 4 67 o .\g“
® 2 . Main Steam Temperature (°C) % 2
3 £
ﬁ E 20 " 1ovPa 4150 g &
gt s 23
Qs KaritalS54™ 15.5mpa| Main Steam Pressure (MPa) 8|8
E § 15 1558 €3
3 < $ 3
o o
2 s 4
§3 10 -1 500 % 5
= & = 5
2
5 1 475 =
457°C 1
0 ; " . . . A L A L L 450
1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Year

—~

Jica) @red 8
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Trends in the temperature increase at the gas turbine inlet
» Aircraft gas turbines have generally led industrial gas turbines. Also, Aircraft gas
turbine inlet temperatures are about 10 years ahead from industrial ones.
(As turbinas a gas aeronduticas tém geralmente liderado as turbinas a gas industriais. Além disso,
as temperaturas de entrada das turbinas a gas aeronduticas estdo cerca de 10 anos a frente das
turbinas industriais..)
» It has also been rising at a rate of about 20C/year.
(Também tem aumentado a uma taxa de cerca de 20C / ano.)
1800 [m====p=-=mopmmmm e -

= )
\ 1
o 1700 A S . _i ______ E
=z | i
5§ 1600 [rrmere e o - @ oo S ;
=S I I
a5 1500 - - - - deens ;
£3 : '
L% 1400 S :
33 i i
€T 1300 ! '
23 L
S5 1200 fo-mmmpm e oo N !
ER L
2 v 110 bbb E m e
25 1100 - ;
T 2 1 1
O F 1000 [---c-+ g P R |
] i i
900 | ----~t g B BN ;
i 1
800 H 1

1950 2010 2020

jlea

Q2: Setting the Heat Efficiency Ranking as bellows.

(Q2: Definir a classificagdo de eficiéncia de calor como fole.)
1.1 N}
o it
] PRy

Sl

Fuel Cell Engine Car

= ST (Carro com motor a célula
% de combustivel)
Trevithick boiler 1800 Electric Car
(Caldeira Trevithick 1800) (Carro elétrico)

Engine Car
(Carro com motor)

Once- Through Boiler 2000

R ——1 (Caldeira de passagem tinica 2000)
- Two drum Boiler 1899
4 (Caldeira de dois tambores 1899)
jiea’ 11

Efficiency comparison between cars and power systems

(Comparagdo de eficiéncia entre carros e sistemas de energia)

-
jicA‘ ..sza:u 10

A2 : These Heat Efficiency Ranking are as bellows.

(A2: Esta classificagdo de eficiéncia de calor é como fole.)

Once- Through Boller 2000

@ Around 40%

SecticCar  Around 30%

Fuel Cell Engine Car ~ Around 15%

l l Around 10%
;ﬁ % Lg@i Engine Car Around 7%

Tevithicxboier 1800 Around 5%

jlea 12
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A2:Heat Efficiency level of Drum Boiler, Once-Through Boiler and GTCC.

(A2 : Nivel de eficiéncia de calor da caldeira de tambor; caldeira de passagem tinica e GTCC.)

70
GTCC
60 Once- Through Boiler
n| N\~ “ING
5 e /V —
2 286000000000
8 . | R 7 Coal
& I
s
E‘é 40 Drum Boiler S
§5 —> * 24.5MPalx 600/600°C| USC
o= —
E ¥ 24.1MPa x 538/566°C SC|
w2 30 - (SR
F é 226008800000 " 16.6Pax566/566°C RH Cycle
ES - —_—
g 20| Kettle 12.4MPa x 538°C
@ " 4AMPax 450°C
10— ABBABA el 4 \\UQBMP
&b ; PR / E a X 268°C
| -2
@ -

1700 1750 1800 1850 1900 1950 2000 2050 2100 (y)

—~

jica’ 13

A2: Electric Car is the best efficiency

(A2: Carro elétrico é a melhor eficiéncia)
< Electric Car (Carro elétrico) >

Nuclear < Efficiency >
Gas ransport Charge Motor
100% 95% 80% 70%

<Fuel Cell Engine Car (Carro com motor a célula de combustivel ) >

Gas Inprove Fuel Cell Charge Motor
100% 70% 40% 80% 70%

<Engine Car (Carro com motor )>

h
il Cleaning Transfer Engine “L:S’;‘C
100% 92% 98% 15% o
Source : Nihonkeizai shinbun July 31 2005

jiea’ 14

History of Heat Efficiency regarding thermal Power

(Historia da eficiéncia térmica em relagdo a energia térmica)

Jiea/ 15

History of Heat Efficiency regarding thermal power.

(Historia da Eficiéncia Cal(isim em relagdo a energia térmica.)

70  a: Newcomen invented steam engine (0.5%) et ‘6\(‘6
b: James Watt (49)
60 c: Early Thermal Power by Persons (3%)
50
$ See Changes in /:\
340 the Efficiency of |- 40& p
5 Steam Turbines G/
o h
£ ' 4,
E 30 LR i I
3 /ls:eam —| . 16.6Paxs66/566C RH cycle
= ~, _|[Turbine " 12.4MPax 538°C
20 S i G s :
- 4AMPa X 450°C
10 /T
R Lt / *-0.98MPa x 268°C
a - \
e . —.—i----" ce

1700 1750 1800 1850 1900 1950 2000 2050 2100 (y)

’ﬁ [ Source: The University of Tokyo Shozo Kaneko Laboratory ]
of

jica’ 16
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Changes in the Efficiency of Steam Turbines

(Mudangas na eficiéncia das turbinas a vapor)

1.0%

1.0%

0.8%
0.8%

1.7%

Efficiency increasing(%)
(Aumento de eficiéncia (96))

S
241 245 \‘“&&Q
. u i
Main Steam Press Per Critica) Pressyre

~ U
(Pressgo de Yapor prim re (MPa)

Cipal
jiea/ e 17

Heat Efficiency level of Thermal power systems.

(Nivel de eficiéncia térmica de sistemas de energia térmica.)

i Steam
mple Boiler Electricity
cycle Steam =
E Turbine \Generator _\l

Fuel

e U =
Double

Combined cycle ?} (HRSG) Generator

Electricity

Combustor

Compressor, ... -
)

Steam Turbine

Gas Turbine

Electricity Exhaust gas Electricity

Combustor l

Gas Turbine

-
jiea) 19

Breakdown of efficiency regarding a typical thermal power plant

(Reparti¢do da eficiéncia em relagdo a uma central térmica tipica)

Condenser o

Pump

# Example of a typical thermal power plant
(Exemplo de uma central térmica tipica)

Condenser Loss
2 45% (Perda de condenggllor)
- £
2 S N,
100% E 89% :
g 42%  Electricity Production
» (Produgdo de eletricidade)
(Gas doescape)
Exhaust Gas Other Losses

outras perdas,
(Heat Loss) f s )

~
jiea’ 18

How to improve efficiency

(Como melhorar a eficiéncia?)

jlea 20
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Ideal and actual heat drop for HP turbines (Queda de calor ideal e real para turbinas HP)

» The change in pressure from the pressure at ; .
ﬁoint A'to'the pressure at point B is the actual h-s diagram e
eat drop. i s
(A mudanga na pressao da pressdo no ponto A para a | g Z
pressdo no ponto B é a queda de calor real.) o 17225 O“,_ - 2%
» The change from the pressure at point A to 4 Hig | z
the same pressure at point B’ is the ideal heat b h Pressure gl pressio)
drop. Ve
(A mudanga da pressao no ponto A para a mesma v E
pressdo no ponto B 'é a queda de calor ideal.) s
» In this case, the enthalpy difference between = 7
point A and B is the work of the steam turbine. = z
(Nesse caso, a diferenca de entalpia entre o pontoAe 2. '1tHaﬁ§y
B é o trabalho da turbina a vapor.) = Work -
=< =3 1
c
wi

Pum ¥ o e Z
. : *B

Simple cycle system Configuration _
(Configurago do sistema de ciclo simples)

~ S -
jiCA] Entropy (s) 21

The internal efficiency of steam turbine can be compared to the slope.

(A eficiéncia interna da turbina a vapor pode ser comparada a inclinagdo.)

» The steeper the slope, the higher the internal efficiency.

(Quanto mais acentuada for a inclinagao, maior serd a eficiéncia interna.)

7= Mz_ < = Mx_ < n= A h1
Ah, Ah, Ah
A i A :
Internal efficiency 1
(Eficiéncia interna)
L]
R/ E
G
@ % ¢
SN ol 2 — o -~
Q % g =
Z18 = A\ S HE z|%ig <
= |52 %@ O < o) 5 = | 8= <« ]
£ NES 2y CON < e (7 EEES < <
ARE % N < |83 <
Qe = Entropy (S) W Qs
9 B2 s1252 s3:58 =}
=~ 0 T-5 diagram i3
o RS
&! | Losses through Losses through the blades 3
<
the blades (Perdas através das laminas) -
(Derdas atraves 2. "7| » due to blade profile >
das laminas) (devido ao perfil da limina)
Entropy » due to steam leakage through Entropy
clearance.
N (devido ao vazamento de vapor
o8
jiea’ atravis da folga,) 22

Steam temperature rise makes efficiency increase.
) (O aumento da temperatura do vapor aumenta a eficiéncia.)
Drum type boiler
(Caldeira tipo tambor)
Ste

’ am
Super ]
Heater Dr)
Water] g
wall \QT{
i

(Parede d'dgua)

Steam temperature rise
(Aumento da temperatura do vapor)
=> Efficiency increase
(Aumento de eficiéncia)

Iy
3 ﬂ
3 E
g
2 T2=T3- 2 | Effective
@ work
g- (Trabalho eficaz)
2 T1=T4 - &
Entropy (S) "
Pump S1=S2 S3=54

Simple cycle system Configuration T-S diagram

-
jiea) 23

when the main steam temperature increases, HP turbine heat drop increases.

(Quando a temperatura do vapor principal aumenta, a queda de calor da turbina HP aumenta.)

S—

ST
S

/77 447 M In case of HP turbine inlet 540C
A7 (No caso de entrada de turbina HP 540C)
A-B : 794-713=81kcal/kg

B |n case of HP turbine inlet 560C
(No caso de entrada de turbina HP 560C)
C-D : 810-726=84kcal/kg

?D

x

= U

3

= B Increasing the HP turbine inlet

2 temp. by 20C improves the heat

;:f 750 drop by 3kcal/kg (84-81)

S (Aumentar a temperatura de entrada da
turbina HP em 20 ° C melhora a queda de
calor em 3 kcal / kg (84-81))

7264

713

700

1.65

~~ R
ji’CA’ .-spa:n Entropy (kcal/kg K) 24
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Inlet gas temperature rise makes efficiency increase in case of GTCC.

(O aumento da temperatura do gds de entrada aumenta a eficiéncia no caso de GTCC.)

Inlet gas temperature rise
(Aumento da temperatura do gas de entrada)
=> Efficiency increase
(Aumento de eficiéncia)

Inlet gas temperature
(Temperatura do gas de entrada)

Effective

work

W« --

Temperature (T)

Effectlve
6 Steam
Turbine
v 1§

Condensate loss

Feed Water Pump

Double combined cycle System Configuration
(Configuragdo do sistema de ciclo combinado duplo) Entropy (S)

o ) T-S diagram
Jica/ 25

Optimal energy mixed Power Station in Japa

Central elétrica mm‘a de ene; Bzma no Japdo,

T
Tokyo Electric Power Co., Ltd.
leono Power Station

1:600MW Oil (SC) 1980
2:600MW Oil (SC) 1980
3:1,000MW Oil & Gas (SC) 1989
4:1,000MW Oil & Gas (SC) 1993
5:600MW Coal (USC) 2004
6:600MW Coal (USC) 2013
7:500MW Coal (IGCC) 2021

Increase in boiler capacity

(Aumento da capacidade da caldeira)

—\.
Jica/ 26

Comparison of typical various boilers in Japan

(Comparagdo de varias caldeiras tipicas no Japdo)

Commercial Operation Year
(Commercial Operation Year)

1960 1970 1980 1990 1995

Around
70m
1
1
1
1
1
1
1
1
i
\l/
250MW 600MW 1,000MW
0il firing boiler Gas firing boiler Coal firing boiler

ji’c—A\-‘ ..TEPSI:D 28
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hest Boiler?

Q3:How high is The World Hig

=
Jiea)

: Qual é a altura da caldeira mais alta do mundo ?)

A3 :The World Highest Boiler is 150m

A3: A caldeira mais alta do mundo é 150m)

150m

30

=
Jiea)

29
A3:World Bulldlng Comparison (A3: Comparagdo de edificios mundiais)
828m 298m
Yokohama
Land Mark Tower
The World
Highest Boiler
In Germany
s
jica) 31

The world's largest thermal power plant

(A maior usina termelétrica do mundo)
Mountaineer (1,300MW) in U.S.A

-
Jiea)

2022/7/12



Increasing the Capacity of Gas Turbines

(Aumentando a capacidade das turbinas a gas)

jiea’ 33

Latest GTCC thermal power pla Nt (Usina termelétrica GTCC mais recente)
Jera KAWASAKI thermal power station

_- 2-1:1,500C 500MW
2-2:1,600C 710MW

jlea 3

Transition to High Power and High Efficiency Gas Turbines

(Transi¢cdo para turbinas a gas de alta poténcia e alta eficiéncia)

Maputol GT (41MW)
v

55 Iseries 600
s G series ® 500
2 F series ." s 0|
z 50 § 400
>
g ) < 50Hz
3 y. 2 300 [ 60Hz = 34| oo
& 4 I 285
5 Y 4 5 CiC 67
S e . S e
o D series 200
5 85
© a5

44
100 [l B
A R . N L
1200 1300 1400 1500 1600

R D series Fseries Gseries Jseries
GT inlet temperature (degree C) —
[Source: Mitsubishi Heavy Industry Co., Ltd.]
—

ji’cA‘ ..sza:u 34

Load changing rate of Thermal Power Plants

(Taxa de variagdo de carga de usinas termelétricas)

jlea 3

2022/7/12



Comparison of animal running speed

(Comparagdo da velocidade de corrida do animal)

Usain Bolt

= 115km/h
g

38km/h

Horse (Cava.

Camel (Camelo) 77km/h

Coal firing thermal power with
flexibility is liken to Horse

(Energia térmica de queima de carvdo com
Sflexibilidade é comparada a Horse)

Coal firing thermal power without load flexibility

is liken to Camel.

. 16km/h (A energia térmica de queima de carvdo sem
o lexibilidade de carga é comparada ao Camel.
j?CA ) S 8 D ) 37

Q4 : What is the load changing rate for A, B, and C shown here?

(05: Qual é a taxa de mudanga de carga para A, B e C mostrada aqui?)

A : Drum Type Boiler
(Caldeira Tipo Tambor)
rum Bollor

BBANRRARAARS

B : Once-Through Boiler

(Caldeira de passagem tinica)

Once- Through Boiler

AbBEANAAARAY

C: Gas Turbine
(Turbina a gas)

GTCC

==

r
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

- Load changing rate (%/min)
ji’CAJ (Taxa de mudanga de carga (% / min)) 38

A4: The load changing rate for A, B, and C are shown below.

(A5: A taxa de variagdo da carga para A, B e C sdo mostradas abaixo.)

A : Drum Type Boiler B : Once-Through Boiler C : Gas Turbine
(Caldeira Tipo Tambor) (Caldeira de passagem tinica) (Turbina a gas)
Load changing rate is The latest Load changing The latest Load changing
around 1 %/min. rate is around 5 %/min. rate is around 10-15 %/min.
(4 taxa de mudanca de carga (A iiltima taxa de mudanga de (4 ultima taxa de mudanga de carga é
éde cerca de 1%/ min.) carga é de cerca de 5% /min.) ~ de cerca de 10-15%/min.)
10-15 %/min
GTCC

5 %/min
Once- Through Boiler

. s

1 %/min e

Deum Boiler

S N

PYYTTIT I TeTS
£ e

|
|
I
' |
! .I T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
- Load changing rate (%/min)

ji’CAJ (Taxa de mudanga de carga (% / min)) 39

Today's Conclusion (conciusio de Hoje)

A4d: > Ifefficiencyis im ortant, the bigger the better. (Se a eficiéncia é importante, quanto maior, melhor:
Y p 88 1pe q

» If speed is important, the smaller the better. (Se a velocidade for importante, quanto menor, melhor,)

I T

Large one G T b

o GTCC

Cheetah

Small one

jlea 4
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\
50 years xt 50 years
5 years ago Xt 5 years
Yeste MoIrow

istory Future >

'Maputo
Mozambique =
jic: ) All over the world
Muito obrigado

(Para sua informagdo de referéncia)

jica’ 42

For your reference information

What material does Boiler use for?

(Que material a caldeira usa para ?)

1 : Carbon steel (4¢o carbon)

s o 1 :Alloy steel (Liga de ago)

Wl : Stainless steel (4¢o inoxidavel)

—~

jica’ 43

Q5: How long does the boiler extend as the temperature rises?

(04: Quanto tempo dura a caldeira a medida que a temperatura aumenta?)

» The boiler (Water Wall) is suspended
from the ceiling. (4 caldeira (Water Wall) é
suspensa no teto.)

» The height of Water Wall is around
50M. (4 altura da Parede de Agua é de cerca
de 50m.)

Q: How long does the Water Wall extend,
when Water Wall temperature
increases from 0 °C to 500 °C ?

(P: Quanto tempo a parede de dgua se estende,

quando a temperatura da parede de dgua
aumenta de 0 °C para 500 °C?)

1 :Alloy steel (Liga de ago)

I : Stainless steel (4¢o inoxidavel)

44

2022/7/12
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A5 : Coefficient of thermal expansion = 0.01mm/m°C

(A4: Coeficiente de expansdo térmica = 0,01 mm /m °C)

l |

(Ponto de partida para comprimento)
Around ‘ Starting point for length },/
50m S ¥ » Coefficient of thermal expansion
=0.01mm/m°C
(Coeficiente de expansao térmica = 0,01 mm /m °C)
» 50m &500°C=> 250mm (25cm)
Water Wal
1 : Carbon steel (4¢o carbon)

1 :Alloy steel (Liga de ago)

I : Stainless steel (4¢o inoxidavel)

jlea 4
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Flex-USC

Tihe Intet
Thermal Pewer:

S

A
7l

jI'C;‘ =" Supporting Renewable Energy Expansion

Tokyo Electric Power Services Co., Ltd.

PhD. Pedra negra ( Takashi Kuroishi )

= Growing up in Mozambique

» Mozambique has grown rapidly since independence in 1975.

Mozambique W |
Before Independence y v g

in 1975 \ s

Current Maputo

‘® Maputo

-
jiea) 2

A: The median age of Mozambique is 17.1 years old.

x| D myway X K Tfye-7 ADosgossd X |+

Mozambique

Date Age
2015 1710
2010 17.03
2005 17.30
2000 17.58
1995 12.73
1990 16.53
1985 17.80
1980 18.25
1975 18.21
1970 18.43

jiea’

C O @ jpknoemacomvatlas/EH ¥~ /topics/ Al M/ ACOE MO AE * B

EE, %
0.42%

-1.58%
-1.60%
-0.85%
1.26%

-7.12%
247%
0.24%

121%

-1.51%

[H#:T— R T—5-FrSR-EHFUE—Y-FEV - ADHE - Fil]

A: The median age of Japan is 46.35 years old.

New Tab x | D myway X K B ADOSS0+RE 1950 X 4+
C O @ jpknoema.com/atlas/E #/topics/ A o »
[5) 1

Japan
Date Age TE %
2015 46.35 3.80%
2010 44,65 3.84%
2005 43.00 4.37%
2000 41.20 4.59%
1995 39.40 5.67%
1990 37.28 6.50%
1985 35.00 7.54%
1980 3255 755%
1975 30.26 5.17%

i 1970 28.78 5.89%
1965 2718 7.03%

[HE#:D—)LR-F—2- 7SR -BE-FEVT- AO#EE - FE)]

jiea’
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A: Comparison of workshop attendances

3 2016

The median age of Philippines is 23 years old.

Which country is more promising, Philippines or Japan?

o]

The attendance average age :43 years old
»> Female rate : 0%
—

—~

jica) @sd 5

Sustainable Development Goals in Mozambiqu

—~

= Mozambique has the huge promising in the future
» Africa will be an important position in the world by 2100.
» That is why African people median age is so YOUNG!

Sivia
Iraq

Turisla

Moroceo 1956 ) Iran
1956
‘l‘g:;" Libya Egypt
West
S oh o SaudiArabla
on
Mana | 4
1960 1960 o Sudan ey
1960 L 1960 1956
Burkin X Gulfof Aden
m’,g‘;’:‘ 168" ga60 Nigeria { ¥
3960 960 Joco| Soith suding S hne
1957, #Y 2011
(2 EL - Somalia:
........................... iR~ K:ns):s bt
1960 DRC 1962
1560 1971 Tanzania
L1961
Aogola. | zomia 1§ -
1974 1964 ;-l;;:mhlqne
Red -Mlumtlm Namibia Zimbabwe
Green : Before Africa year 1950 g 1980, Madagascar
Blue : After Africa year ‘;‘;::"‘ 1960
- Year of independence
8 in Africa countries Soute
1994
jICA Go gle

The transition of needs for thermal power surrounding the world

» In the 1950s, when thermal power became the leading role of power generation, it
responded to needs such as increasing the capacity of power and then improving reliability
and the environment in response to changes in the times.

» Then, in the 2000s, high efficiency aimed at reducing fuel costs became a need for thermal
power.

» In the expanded RE era, thermal power plants are required to have load flexibility in order
to maintain power system stability.

X4
ue:
ain Moa™ Load flexibility
de

Higher efficiency .
i &
t improvement OV e ®
P! s ~N3‘°\

2" @
Higher reliability ?’*on(e“
Larger power
generation capacity

| 1950 1960 1970 1980 2000 2010 2020 2030

—~

jica) @sd 7
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The structure of Power Grid is similar to pooling water in a swimming pool.

» Water level control in a pool is equivalent Wind Solar Pumping Hydro Thermal
to frequency control. Up ]

If supply and demand are balanced, the
water level will be maintained.

Solar and wind power are difficult to
control the water level.

Pumped water and hydraulic
power can be controlled, but their
capacity is small.

Thermal power has a large
capacity and can control the water
level.

v

v

v

v

>

P g

8. i

. [ L] [ L]
Houses Buildings Factories

jiea’ 9

Sustainable Development Goals ( We Say SDGs)

» Unanimously adopted at the United Nation Summit in September 2015.
» The "17 International Sustainable Development Goals" for a sustainable, diverse

and inclusive society "leaving no one behind", with the year 2030.
in Maputo?
e power outages In
Total effort Q: How many times a year do you have p
in thermal technology

1 poor \
E I

Firewood
v

1
1
[}
Electrification |

1

1

! -~
! 1

1 RE increasing

[ ¥

1 Power Grid <::| !
1 stability

1

1

1

1

]

CO2 reduction
v
RE increasing

]
I
]
1
]
1
]
1
]
]
|
I
l

-
jicA‘ ..sza:u 10

Electrification of the cars

» Converting the engine car to the electric car greatly improves efficiency.
» As aresult, CO2 can be reduced.

Electric Car
(Carro elétrico)

Efficiency is around 30%

Engine Car @

(Carro com motor)

Efficiency is around 7% CO2 reduction

-
Jiea/ i

The best energy mix to maintain the stability of the power system

jiea’ 12
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Comparison of animal running speed

(Comparagdo da velocidade de corrida do animal)
Cheetah (guepardo)

irp,
":wr“’i;

Usain Bolt

o
GTCC is liken to Cheetah. % %

115km/h

Horse (Cava.

38km/h

77km/h
Coal firing thermal power with
flexibility is liken to Horse
(Energia térmica de queima de carvdo com
Sflexibilidade é comparada a Horse)

Camel (Camelo)

Coal firing thermal power without load flexibility

is liken to Camel.
(A energia térmica de queima de carviao sem

16km/h
~ g7 .
jiCA ) flexibilidade de carga é comparada ao Camel.) 13
Regarding Load changing rate and Minimum load
» The lower the minimum load, the wider the operating range. %‘%
» The faster the load change rate, the more stable the system frequency.
RE : Min.
Coal: Max.
Biomass
[Source]VGB Power Tech e.V. FOL|E22
\,&é Load changing rate: 1%/%
15

The Integrated Thermal Power Technologies in the Renewable Energy Era

» Flex-USC

USC with enhanced load flexibility
increases the operating time as
much as possible.

USC with superior flexibility
stabilizes the power grid.

USC has a system disturbance
control function and an FCB
function, which enhance the
system tolerance for system

» GTCC
High efficiency plant (GTCC) is
used for baseload power.

» IGCC
IGCC can reduce CO,
IGCC can use low quality

coal. g

The Integrated
Thermal Power
Technologies

failure.

e,
78,
R Ve
S
power i, %

IGCC:
Integrated coal Gasification Combined Cycle

[Source: Tenpes Report in July 2014] coal firing thermal

. " company?
do you have in you 14

‘—\ Q: How many
Jica’ Geescd)

The best energy mix to maintain the stability of the power system
> To reduce CO2, increase the ratio of RE in the future.
» In the expanded RE era, thermal power plants are required to have load flexibility

in order to maintain power system stability.

/ Base load
usc

Flex-USC

E =) Stabilization [
~ 1N ‘
|

Fluctuation

Mozambique

Solar Powe;#?

Wind Power

jiea’

16
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GTCC

GTCC is liken to Cheetah.

.'g =

S

Cheetah

—~

jica’ 17

Flex-USC

Coal firing thermal power with flexibility is liken to Horse.

Horse

jica’ 19

GTCC contributes to the reduction of CO2 at high efficiency

» By integrating a conventional thermal power system into a combined-cycle system(GTCC),
the efficiency is greatly improved.
» By applying GTCC, efficiency can be improved and CO2 can be reduced.

History of Heat Efficiency

70 -
&
&
L )
&0 8 O A
50l - N
~ ~
&
Z4or >
g .| 24.5MPax 6001600°C| USC
£ “, 24.1MPa x 538/566°C SC|
Zaor LY
E 16.6Pax566/566C RH cycle \“0'
20} " 12.4MPa x 538°C 29"
i Cc'\‘\
"t 4.1MPa X 450°C 6‘(
10} 9
- 0.98MPa x 268°C _\e(\c
[ e,
[ : &

\\0 ~—
1700 1750 1800 1850 1900 1950 2000 ‘\5“ 2100 (y)
o

[ Source: The University of Tokyo Shozo Kaneko Laboratory ]
~

0'.
jica’ @red 18

The role of the Coal fired plants in the RE era is - - -

@ Support RE increasing @ Load flexibility for
In the future. power grid resilience

Electricity demand growth rate
§ 8
€02 Basic unit

jiea’ @e=d 20
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Required Load Changing Rate and Minimum Load in the RE Era

0 r 1 1, r rt—° 1 ® crcc|]
Coal firing Top runner in the world * USC
10 plant target =7 | T T
" GTCC plant
20 y target 5!
/F/ ®
A

,planf?CoaI firing) g

%

>
>k

TEPCO Requirement
Specification for New Plant_|

Minimum load (%)

Top runner

7 8 9 10 11 12 13 14 15
Load changing rate (%/min.)

[Source: Tenpes Report in July 2014]

-
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Coal-Fired thermal Power to Support Renewable Energy Expansion

In order to meet increasing power demand in Indonesia,
» The first solution is to increase the amount of electricity by thermal power.
» Thermal power with Flex-USC can also contribute to the expansion of renewable

energy.

a 2 N
g 3
8 8 8

0

it

[

CO2 Basic un

—Without Flex-USC

200 ‘3
100

0

Electricity demand growth rate

10 20 30
<RE Introduction - & RE Expansion - < RE Matured
period period - period

Indonesian electricity demand growth and energy mix

-
jlea) GE==d 22

Coal-Fired Power without “Flex-USC” will limit RE expansion

H » In case of Coal-Fired Power without “Flex-USC”,
the expansion of RE will be limited to maintain power system stability.

Without “Flex-USC”

The expansion of renewable energy
will be limited to maintain power
system stability.

Electricity demand growth rate

<RE Introduction - & RE Expansion - & RE Matured
period period -> period

Indonesian electricity demand growth and energy mix

) 23

Comparison between with Flex-USC and without Flex-USC

» Flex-USC can contribute to the expansion of renewable energy.

with Flex-USC without Flex-USC

2 2
g g
£ w2
g 5 3
& w3 &
- a2
5 8§
| 30
£ ~
L] g%
z Lo © £
.:‘ > b 3% 25% o
g £t | 10 g 19% 2%
2 e 1w w2 13 1w 100 1% 10 W0k 1% 12% 12% 13% 13% 16%
Gas Gas
o N " L _— o M T 2
o 10 0 30 ° 10 0 30
€RE Introduction - ¢ RE Expansion - €  RE Matured €RE Introduction - € RE Expansion > & RE Matured
period period - period period period - period

jiea’ 24

2022/7/12



IGCC

IGCC : Integrated coal Gasification Combined Cycle

=N
jiea) 25

Why is the IGCC desired now?

» High efficiency
» Excellent environmental performance
CO2 reduction, Low SOx, Low NOx, Particulate matter

i History of Heat Efficiency

D
v\¢e 3
o
60 SRt O
50 |-
g
gar
8  24.5MPa x 600/600°C| USC
5 " 24.1MPa x 538/566°c_SC|
T a0t
E “, 166Pax566/566°C RH cycle
= 2L ™ 12.4MPax538°C
T aampaxdsoc
10
=t “0.98MPa x 268
-
& - -

1700 1750 1800 1850 1800 1950 2000 2050 2100 (y)
[ Source: The University of Tokyo Shozo Kaneko Laboratory ]

-
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IGCC project in the world

Buggenum Nederland Puertollano Spain Wabash River U.S.A. Tampa U.S.A.
284MW  COD199%4 318MW COD1997 296MW COD1995 315MW COD1996

i
! t I
% T It
m
ot I
AR A
Nakoso 10 (Japan) Nakoso IGCC Power 1 (Japan) + Hirono 7 (Japan)
—_ 250MW COD2007 + 540MW COD2021 540MW COD2021
Jiea/ 26

The principle of gasification » British engineer Murdoch invented the
world's first coal gasification system with

indirect heating.
William Murdoch (1792~1807)

» Coal molecular structure is shown as
bottom left.

» When coal is heated indirectly using a dry
stove, the coal molecules decompose and
gas is produced.

Indirect heating (Dry stoves) » The produced gases are CH4, CO, H2, H20
and etc.
H OH
CH,07 Y CHOH
O~ C=H
C(Iﬁ%l Lignite cH,
oH /O’EEO;L
¢H= CH,CCH
COOH o]

Molecular Structure

jlea
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Gasification can make coal as clean as natural gas.

| IGCC : Integrated coal Gasification Combined Cycle |

GTCC

Coal Gasification

& N,

Efficiency

Combustion £

Gas generated
from Coal

Clean as natural gas €02 reduction

| Environmental Improvement |

» Dust (PM) reduction

» SOy reduction
[Source]Dr. Shozo Kaneko, IS, University of Tokyo > NOX reduction

jica’ 29

Future vision

jica’ 30

Thermal power that can be transformed according to the needs of the times

» Considering the thermal power by 2050,
» itis necessary for thermal power plants to change the role of thermal power
and itself according to the needs of the times.

2020 2030 2040 2050 ‘
Economical Economical Flexibility
& Low carbon & Flexibility & Decarbonization plus

' Low carbonizing by improving power generation efficiency (USC. IGCC)

Improved function to compensate for RE instability
(Load changing rate increasing, Minimum Load reduction,
Startup time reduction, Frequency fluctuation control and Fast Cut Back
Decarbonization by co-firing carbon-free fuel
(Biomass, Ammonia, SOFC, etc.)

Decarbonization plus
(Carbon free fuel,CCS*CCU)

.
jlea/ 31

GHG emission reduction goals

» The following are the GHG reduction targets of the Paris Agreement.

» In order to significantly reduce GHGs in this way, RE needs to be significantly introduced
and the remaining thermal power plants need to improve their load balancing
capabilities.

u know your GHG
Q;: Do YO duction goals
+10 emission recuc Year 2020 —> RE expansion era
s o @  inMozambiave?
s N
= L0 BLs
] bty
® -20 | DS
c B, \
S -30 b S
° P N\
S gty
g 40 2,8
14 | To )
@ -50 e Y
0] AY
] -60 \‘
g-nr IPCC Statement 2014.4.13 @70 O Load flexibility Q) @ High
~
g -80 - T
@ ~.
O .90 - S
Paris Agreement at COP21 2015.12.12, 2 <y~ ~ |
-100 T T T T T T T T T _
1990 200012010 2030 2050 ~ 72100
— 2005 (Year)
jiea) Gersed 32
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The Integrated
Thermal Power: Technologies

Supporting Renewable Energy Expansion

Flex-USC

Muito obrigado
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Tokyo Electric Power Services Co., Ltd.

PhD. Pedra negra ( Takashi Kuroishi )

Transmission Lings
— HVDC
— kY
— 220V
— TV
— eV
o  Substaton
k) B Hydooom
& 5 ] Thermal Power(Gas)
o &
§ R~ a Thormal Power(Diete!
535 L B Thermal Power iCosl)
'b\ “,0 o [ Solar/Wind
¢ o
N
N
S )
S
)

The power grid dia in Mozambique.

[Source: JICA report regarding Master plan for Mozambique in 2018]

The power grid dia

in Mozambique.

Tiansmission Lings
— HVOC
— SOOKN
- s
— 220V
— TRV
— eV
o Substaton
[ ] Hydropower
&‘ ] Thermal Power(Gas)
R O  Thermal Power(Dioce!
RS B Themal Power (Coah)
o B Solar/Wind
&
s
N & >
&~
o"éo $ QO
o
o
“
[Source: JICA report regarding Master plan for Mozambique in 2018]
o
jica! 2

The structure of Power Grid is similar to pooling water in a swimming pool.

» Water level control in a pool is equivalent
to frequency control.
> If supply and demand are balanced, the Wind Solar Pumping Hydro Thermal
water level will be maintained. i
a
» Solar power and wind power

are difficult to control the water level.
» Pumped water and hydraulic
power can control the water level,
but their capacities are small.
Pumping up is not existing in
Mozambique.
Thermal power has a large
capacity and can control the water
level.

v

v

Houses Buildings Factories

jica’ 4
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World Power Systems

jica’ 5

Comparison of power systems

Mesh Systems

Radiation systems

Somelkind of
acddent
Customers A Customers B A
» The response is strong up to a » Easy to see the tide of the accident.
Merit certain level of accident. » Difficult to spread to other systems.
> Difficult to see the tide of the » Weak backup in case of an accident
Demerit accident. compared to mesh systems.

» Easy to spread to other systems.

jica’

Q2: Which power system in Mozambique is Mesh or Radiation?

(5] ” e
¢ Somekind of accident (4. I - ]
-

5 (o Some kind of
accident

Customers E B E A Customers @ c @ B E A

—~

A2: Power system in Mozambique is Radiation system.

Some kind of

accident
Customers Cc B A
A @: &

» Merit is easy to see the tide of the accident,
and difficult to spread to other systems.

» Demerit is weak backup in case of an accident
compared to mesh systems.

Source: EDM

jica’ 7
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Q3 : How many times is the power capacity in Japan compare to Mozambique?

I V7

Land Area X 103%km? 810 (1.0) 380 (=0.5)
Population Million Person 23.9 (1.0) 126 (=5)
Power Capacity GW 0.9 (1.0) ? <« A:10
In 2017 B:100
A C:200
D :500
~°°~‘! & sasmsnEan
¥ < Y =
~ Source: EDM
]
jica’ 9

Blackout in the world

_
]

jica’

1

A3 : Japan's power capacity is about 240 times that of Mozambique.

I V7

Land Area X 10%km? 810 (1.0) 380 (=0.5)
Population Million Person 23.9 (1.0) 126 (=5)
Power Capacity GW 0.9 (1.0) 234 (=240)

In 2017

A EammAEE

wazmxnEas

& uamnznzan
aaszen

‘.\/ Source: EDM
)

10

% What are the lessons learned from the North American Blackout?

This blackout happened in 2003 EE tndarea  :9.670%km?

Power capacity : 1,018GW
" Population

:312million pers;ﬁ'\
(A

The North American Blackout
Size is : 61.8 GW
Effect for :50 million person

e e l*é

United States
transmission grid
Source: FEMA

[The cause] » Neglected tree trimming

» Meshed power system has resulted in widespread blackout.
» There was a shortage of reactive power, which is critical to grid stabilization.

- » Lack of operator reactive power knowledge.
]

jica’ 12
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l] Blackout in Italy

< : - The Alps _22
France + Switzerland ~ ] Zai 2= Austria| _/

»_ Slovenia

g M September 28, 2003.
& » At Switzerland‘s Urmiberg ridge
¥ e in Seewen (900m), a 380kV

Greece high-voltage line between Italy
% and Switzerland was cut off by a

Transmission capacity(MW) tree.
— Wintertime » Then This cut off power

— Summertime - — transmission from France
The figure of power system transmission % Moreover eventually led to power
[Source] :Provisional data on Operation of the Rakian Power System 2004, Y P
outages throughout Italy.

jiea’ 13

Comparison of Power Outage Times in Major Countries

These numbers are
Annual Accidental Outage Hours per House
162
160
min
140
120
100 °°<<\
80
60 57

40 I 37

20| 16

Japan. NY. Cal. Ger. Fra. UK

jiea’ 15

| ® | Main blackout in TEPCO area

TEPCO : Tokyo Electric Power COmpany.
TEPSCO : One of TEPCO subsidiary company.

Mw B Blackout scale (Left axis) TEPCO Area hours
9,000 | M Blackout duration (Right axis) g 24
8,000 | HE~ 1=
TEPCO Hirono Power Station #3 I 20
7.000 Equipado com a fungéo FCB & Power sistema de [:>, Jul. 23 1987
’ controle de disturbios I Main grid's voltage drop 18
6,000 H 16
5000 G
= ar. 12
4,000 L 10
1
3,000 | \ :
al
2000 | ‘. 6
1 4
1,000 ‘\ 2
0 0

1850 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 year

-
j?c“' & 14

Electricity demand & RE potential in Mozambique

» The potential for wind power and solar power is very high
among Mozambique's electricity demand.

jiea’ 16
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Demand forecast in Mozambique.

» Demand in 2007 was 0.9GW.
» Demand forecast in 2030 will be 3.3GW.
» Demand will increase about 3times in 10 years.

Demand Forecast by Province (Base Case)

[Source: JICA report regarding Master plan for Mozambique in 2018]

Minimum load & Load changing rate

> Flexibility is very important for power resilience

jiea’ 19

Solar power & Wind power potential is so high in Mozambique.
Solar power potential map Wind power potential map

————— - A .- N

’ a ~ o . ’
1 - o o -
\ 3 A Y < N - s
RS - N
S~ Demand forecast Vel
A ' in Mozambique ~ \L_ L~
RN < mw—ew is 3.3GW in 2030 = .
I
- R S
Potential 7 =\ Ppotential

——  2.7GW |

/ 4.5GW

[Source: JICA report regarding Ma;tgr—plan for Mozambique in 2018]
» Northern Mozambique Has High Potential for Solar Power.
» Solar power potential is 2.7GW
» Northern & Southern Mozambique Has High Potential for Wind Power.
» Wind power potential is 4.5GW

jiea’ 18

Flexibility is very important for power resilience

- Stabilization
M nQR2

Coal firing thermal power with flexibility TR .
is liken to Horse. The Load Flexibility function
» Load changing rate increasing

» Minimum load reduction
is liken to Camel, > FCB (Fast Cut Back)

16km/h L T T

Coal firing thermal power without flexibility

There are camel, house and cheetah. Fluctuation
These animals can be likened to the ability of power systems
regarding load flexibility.
Contribute to ﬁ
[aininiaieieieiebeieieiebebebeekelebeedeiadelabey i
Cheetah 1 :
s . 3 1
V= (5 : GTCC
GTCC is liken to Cheetah, 4 : - H
115km/h \ 1
Horse ! H
i / '
. \ % | Flex-USC |
1 \ ‘TL‘ y :
> I
77km/h : . :
1 1
) 1
' 1
' '
1 1
| '
1 1
: i

jlea) GE==d 20
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B | o0ad changing rate and Minimum load

What | want to say through this slide is that as
» The lower the minimum load, the wider the operating range.

» The faster the load change rate, the more stable the system frequency.

RE : Min.
Coal: Max.

Hydro
Biomass

Load changing rate: 1%/min

21
“Island Operation” can be compared to “The touch and go” of an airplane.
Trend regarding FCB
100 @ FcB
80
8 60
kel
©
o
- 40 3 >
20 MW (Thermal Power plant Output)
@
0 @ After the power grid is restored
0 10 20 30 40 50 Time (min)
@ FCB:Fast Cut Back FCB function continue operating even when the power grid is disconnected.
@ Island Operation : Continue to operate at the internal load
@ After the power grid is restored, the power plants will swiftly raise its to the original load.
-
]
jica’ 23

-
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“Island Operation” through FCB

Reactive power (VAR)

jiea’

24
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Active Power & Reactive Power

A
Reactive Power(Q) VAR
Powerfactor | [SSEESEEEEES T A T
N B~ delay limit
Visualization
LS
VAR /’/ Active Power(P) VA
. > W
sy
T power factor
D .
advance limit
Possible Power Curves for Generators . | @ e ¥ _____ A A

Beer Analogy

jiea’ 25

Power factor comparison between 1.0 and 0.85

[Power factor : 0.85] The most common setting

A .

VAR

This softness is very important for the stable transmission of electricity.

[Power factor : 1.0] Unrealistic setting

. Itlooks Beer glasses are connected softly.

Active power and reactive power in a power pool.

Wind Solar Pumping Hydro Thermal Nuclear
Up

7
P

Power pool
(Reactive: kVar)

—
e | S - ' Reactive power contributes
Houses Buildings Factories for voltage

jlea/ 27

Reactive power (VAR) controls voltage in power system.

[Power factor : 0.85]
VAR V1

» The reactive power (VAR) is determined by the
Power factor setting.

Power system voltage

» VAR controls voltage in power system.
» VAR is essential for long distance transmission.

Vi @ v2

» Electricity does not flows easily,
» That is why Potential difference between V1 and
V2 is small.

@ y
y

\'/3

28
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Installation map of Synchronous condenser in U.S. & Canada.

United States of America 1<+ 1 &'
e L

[Source: TENPES (Thermal and Nuclear Power Electric Society)]

n) 29

¥, Base load Flex-USC
usc

Power Grid (T} Mozambique |
- Stabilization

Fluctuation

o ,
ji’un’ Wind Power Solar Power, 2%

Muito obrigado

31

Synchronous Condenser external view

[What can Synchronous condenser contribute to?]
» Synchronous condenser supplies Reactive
power (VAR) for power systems.
» Synchronous condenser is effective for long
distance transmission.

Sync. cond.

(gen. reuse or new)

Driving motor

(reuse or new) Voltage control

[Source: MHPS 2020]

_
jlea) GE==d 30
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This photo was taken

by the Apollo spacecraft
as it returned to Earth
from the moon.

We are now in
Mozambique and Japan
on Earth.

jlea

Tokyo Electric Power Services Co., Ltd.

PhD. Pedra negra ( Takashi Kuroishi )

The birth of the earth

The earth was born in 4.6 billion years ago

—_
)

jica

Q1: What day of the month was human emerged?

[The calendar of the earth] Present
4.6bil|ion years ago 3.|8bi||ion 2.2bi|||ion 800m|i||ion 230 5I
I I T I 1
Baclteria Snow ball earth Fossil fuel

1

1 1

1 1

Month v v

Q Fossil fuels were created: Between Nov. and Dec. |

2
ﬁ 230million years a90|The Birth of Dinosaurs: Dec. 13|

-3
ﬁ ﬁ ﬁ K 5million years ago| The Birth of Human: Dec. ?
[ A

E

€~ -7

—_
)

[The calendar of the earth] Present
4.6bil|ion years ago 3.|8bi||ion 2.2bi|||ion 800m|i||ion 230 ?I
I I T I T
Baclteria Snow ball earth Fossil fuel i

€« - == - -1

1
1
1
v

1
1
Month v

Q Fossil fuels were created: Between Nov. and Dec. |

2
ﬁ 230million years a90|The Birth of Dinosaurs: Dec. 13|

&
ﬁ ﬁ ﬁ K 5million years ago | The Birth of Humans: Dec. 31
e & E

Smillion / 4.6billion x 365day = 0.39
Humans live only one day on the Earth's calendar.
_ Humans are the newcomers on Earth.
)

€~ -7

3

jica

jica

A1l: Os humanos nasceram em 31 de dezembro no calendario da Terra.
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Humans emerged from Africa 5 million years ago.

The earth 650million years ago \:} @

» A huge meteorite crashed into the earth in this period.
» The dinosaurs died out because of the crash

LA
The Middle East was an ocean.

o ;

The equator was connected.

Antarctica and Australia

The dinosaurs died out

> A huge meteorite, over 10km in diameter, crashed into the earth

650 million years ago.
» The dinosaurs died out because of the crash

It’s crater in Barijer Arizona.

were land-locked.

[Source: Student Atlas of the World(p.15), Naﬁonal Geographic]

jiea’ 7

jiea’ 6

The earth today

» The equator was divided by continents. :
» Antarctica has become an isolated, cold mass.

Seawater temperature
circling Antarctica is 3°C

saesvoues

-—- _’.1 Antarctica has become an isolated, cold mass.

[ Source: http://www.hir-net.com/link/map/world.html]

The equator was divided by continents.

jiea’
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Q2 : What was the surface temperature of the Earth
650million years ago?

1) +10°C from present.
2) +20°C from present.
3) +30°C from present.

Antarctica and Australia
were land-locked.

(Source : Student Atlas of the World(p.15), National

-
jica) 9

A2 : Earth’s surface temperature in the Jurassic Period dinosaur lived,
650million years ago, is around 6-12°C.

The warmest period in earth’s history.
6-12°C warmer than now.

[feme. | i
N\ N\ J Warm
\/ \ / J'Cool
18 - - \/ - 40
16 1
woano | N o W ol g
o4 w1 \/ / =
“1 7N A 5
- 1 g
12 1 \ 1 \ L3 &
c 1 \ 1 ]
2 10 - 1 =
g3 [ Vgl \ 7N S
£ o Mz » SN
£z - o ) T |- 20 +°02 at now
8o S r-mm=~_ e ‘g N
~ B N/ N, \
g2 47 1 RSN BN
2 ! ! * ~ 10
AY — z > «-C02 at now
ICamb. IOr IS |De |Car. |Pe |Tr Ilu |Cr |Ce
. shillion 3billion' 1hillion
N years ago
jch TEPSCO; 10

The temperature of the earth has been very stable for 10,000 years.

The temperature of the earth has been very stable
for 10,000years.
N -
I/

=
&

— -10°C

1
14 12 10 8 6 4 2 0
(x 10thousand years)

Temperature trend of Greenland in last 140 thousand years.

~
jiea’ 11

Scotland was covered with ice 10,000 years ago in Scandinavia

» The sea level was about
100 meters lower than now,
» England and France were

NORWAY

on land.
around around faround \
70,000BC 35,000BC ) 10,000BC |\

Start of last Ice  First modern * End of ice

Age; Scotland  humans arrivf  Age; Scotland

covered by ice. in (south) no longer
British Isles. ice covered. J

~
jlea/ 12
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Q3:What is the sea depth around UK ?

» The UK plans to build 30 GW of offshore wind turbines by 2030.
» 8GW of Offshore wind turbine had already sat up.

» The water depth of the North Sea is very shallow.

S .
= - g e i
s

Q3:What is the sea depth that this wind turbine is installed?

i
jiea’ 13

A3 : See depth around UK is less than about 100m
» The UK plans to build 30 GW of offshore wind turbines by 2030.

» 8GW of Offshore wind turbine had already sat up.

» The water depth of the North Sea is very shallow.

S
i
~

Greenhouse Gas

Diameter of the Earth: 12,756I~(_fm
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H20,C02 and O3 are staying there as below.

» H20, CO2 and 03 are just like three blankets in the atmosphere.

A4 : The most effective Greenhouse Gas is H20.

H20 and CO2 play a significant role in creating the greenhouse effect.
If it were not for greenhouse gases, the surface temperature would be almost — 20C.

& A
~ | The earth’s radiation : -20°C |
= -
S — +
“w \ \
p. 1 » o
'::tu 5 < € S 2 The greenhouse effects :  +35°C
- o o &
0= \ gt & T
BR v R “
Sy ! The surface temperature of
--------------- rth 1 +15°C
: The greenhouse effects : ea
1 =Total :35°C !
' H,0 : 21°C i
! CO,: 7°C '
| 0;: 2°C I
! Others : 5°C '
)
jica’ 19

Q4 : What is the most effective Greenhouse Gas?

Typical Greenhouse Gas are carbon dioxide(CO2), vapor(H20), ozone(03).

What is the most effective Greenhouse Gas that covers the earth

just like a blanket?

1) CO2

2) H20

3) 03

\ 0,: about 30km
H,0: The lowest area
€O;: The lowest area
‘-—\
jiea! @ 18

Water vapor (H20)

.
jlea) GE==d 20
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60% of the Earth is always covered with clouds.

Water vapor (H20) have < > Cloud (H20) have
a greenhouse effect Changing in a short time a cooling effect

[Source: http://visibleearth.nasa.gov/ [The Blue Marble: Land Surface, Ocean Color, Sea Ice and Clouds] ]

Carbon dioxide (CO2)

—
) 21

Q5 : What percent carbon dioxide is there in the atmosphere?

Oxygen, which makes up 21% of atmosphere, is necessary for man to live
on earth.
Carbon dioxide is also necessary for plants to conduct photosynthesis.
Then, what percent carbon dioxide is there in the atmosphere?

1) 0.3%  (3000ppm)

2) 0.03% (300ppm)

3) 0.003%  (30ppm)

£ 0,: about 30km
- ,

jen) @ i o 23

-
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A5 : Around 300ppm carbon dioxide is in the atmosphere

» The amount of CO2 has been increasing from the industrial
revolution with rising speed.

380
@ Ice core’s records(D57)
A lce core’s records(D47)
Sample base
360 9 he point of the South Pole
”7 The average of 100years line

340

==l —a

The industrial

revolution ]F

w
(=]
o

CO2 concentratin (ppmv)
@
)
o

280

260

0 1000 1200 1400 1600 1800 2000

jiea’ 24
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Methane gas (CH4)

—_
]
jiea) GEsd 25
Greenhouse gases in New Zealand
In New Zealand, the number of Sheep and Cows is
over ten times the human population of 4million.
X
CH4'’s coefficient of greenhouse gases is 23 times
that of CO2.
Power Plant in New Zealand
The greenhouse effect is almost the same
as the CO2 emitted from power plants and CH4 emitted from livestock.
—_
]
jiea) GEsd 27

The coefficient of greenhouse gases

The coefficient of greenhouse gases indicates the effect of each gas in proportion to
that of CO2 set at 1

*v. From thousands
A to

“~_ ten thousands
Se
~ o -

- co _________________________________ .
Carbgn CH4 CFC
dioxide Methane Fr on

* S b
Fossil fuel Cloud Livestock belches Coolant
etc. etc. etc. etc.

jlea) GE==d 26

Global warming felt in the world

jlea) GE==d 28
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Global warming happening on the planet

Arctic sea ice has decreased by half from 1980 to 2012.

I:'> Maybe, next 30 years, there will be no more ice in Arctic.

[Source:NHK TV 150905]
30

The ice
on the Antarctic Continent

Q6: How thick is the ice in the Antarctic and the Arctic, respectively?

The ice
on the Arctic Ocean

A6: The thickness of the Antarctic ice is 1,900 meters.
The thickness of the Arctic ice is 3 to 4 meters.

Theice
on the Arctic Ocean

The ice
on the Antarctic Continent

[Cross-sectional view]

aseg 01S0A

g
< Vinson Massif

4897m

~| 3j0d Yanos

.
e

Theice3-4m

W 006‘T

Sea water
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Global warming felt in the United States

US Record Warmth on June 19,2017

[ Source: CNN Weather Forecast June 19,2017 ]

jiea’ 35

US Record Warmth on June 19,2017

[ Source: CNN Weather Forecast June 19,2017 ]

jiea’ 34

4.6 billion years ago 2000
A

We are currently living in one of the best times of the earth’s history.

100 years later?

.
9 1,000 years later?
jica’

| hope human will still be in 1,000 years later.

Muito obrigado

36
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> You have the big possibility in Africa
to be next driving force in the world.

That is why

> Your average age is 17years old,
so young compare to Japan 46years old.

> You have women energy for driving society.

We want to continue to walk together with you.

jiea’
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1.1 Standard Conditions of Contract for International Projects
- FIDIC-

FIDIC (International Federation of Consulting Engineers) publish the most highly
respected and used conditions of contract for international construction projects.

FIDIC publishes variety kinds of Standard Forms for various delivery methods.
The major forms are:

« Conditions of Contract for Construction —for Building and Engineering Works for
Designed by the Employer (CONS/Red Book, MDB version/Pink Book

- Conditions of Contract for Design-Build — for Electrical and Mechanical Plant,
and for Buildin%and Engineering Works, Designed by the
Contractor.(P&DB/Yellow Book)

«» Conditions of Contract for EPC/Turnkey Project (EPCT, Silver Book)

——— o

—
—

¥ '
B |

L L 3

Ref. What is FIDIC

FIDIC, }he International Federation of Consulting Engineers, is the globa] representative body for
nationa] associations of consulting engineers and represents over one million engineering
professionals and 40,000 firms in more than 100 countries worldwide.

+ Founded in 1913, FIDIC is charged with promoting and implementing the consulting engineering
industry’s strategic goals on behalf of its Member Associations and fo disseminate information and
resources of interest to its members. Today, FIDIC membership covers over 100 countries of the
world.

FIDIC, in the furtherance of its goals, publishes international standard forms of contracts for works
and for clients, consultants, sub-consultants, joint ventures and representatives, together with
related materials such as standard pre-qualification forms.

FIDIC also publishes business practice documents such as policy statements, position papers, .
guidelines, training manuals and training resource kits in the areas of management systems ?qua\lty
management, risk management, business mte%rlty management, environment management, .
sustamabmt%/ .and business processes (consultant selection, quality b%sed selection, tendering,
procurement, insurance, liability, technology transfer, capacity building).

FIDIC organises the annual FIDIC International Infrastructure Conference and an extensive
programme of seminars, capacity building workshops and training courses.

(V\ﬁgnMﬂ&er Association representing Mozambeque is Associagao de Empresas Mogambicanas de Consultoria

Interestingly, in 2020 amid of pandemic, FIDIC published FIDIC COVID-19 Guidance, Memorandum to Users to
FIDIC Standard Form of Works Contract. It is available free in FIDIC Website . .




1.2 Standard Bidding Documents (“SBD”) for Japanese ODA Loan Projects

For Japanese ODA loan projects, using Standard Bidding Documents (“SBD”) issued by
JICA'is (a kind of) mandatory.

JICA publishes various SBDs for construction of infrastructure projects as follow:

SBD (Works) for Procurements of Works, published in 2009, 2012, 2019

SBD (Plant) for Plant Procurements of Plant Design, Supply and Installation,
published in 2010, 2013 and 2021

SBD (Design-Build) for Procurement of Electrical and Mechanical Plant and for
Building and Engineering Works designed by the Contractor published in 2017 (trial
Version'), 2021 %‘lnal version) .

Conditions of Contract incorporated in the above SBDs are:

SBD (Works): FIDIC Pink Book
SBD (Plant): ENAA Model Forms
SBD (Design Build): FIDIC Yellow Book

At the time of preparing the bidding documents for MGFCCPP, the SBD (Design-Build)
was not available and the use of SBD (Plant) was recommended by JICA .

2022/7/13

1.3 SBD and General Conditions of Contract for MGFCCPP

SBD used for EPC contract of MGFCC Development Project is JICA SBD (Plant) 2013 which says
in Preface, among other things:

These fz‘andard Bidding Documents for Procurement of Plant Design and Installation (SBD
(Plant)) have been prepared by Japan International Cooperation Agency (//CA}? ,

These SBD (Plant) are consistent with the Guideline for Procurement under Japanese ODA
Loans, April 2012 and their use is required for all Plant DQS//‘%’/?, Supply and Installation
contracts to be financed, in whole or in part, by JICA under the aforesaid Guideline.

The procedure and practice incorporated in these 55%(/3/5/71‘) have been developed through
broad international experience and are based on the Master Bidding Documents for
Procurements of Plant Des%fn, Sug/zg/y_ and Installation, prepared by Multinational
Development Banks and. ot erfpu ic international institutions. These SBD (Plant) have the
structure and the provisions of the Master Procurement Documents, except where specific
considerations within JICA have required a change.

JICA SBD (Plant) also says in Notes for Users, among other things:

Conditions of Contract are based on the Model Forms of International Contract for Process
Plant Construction fub//shed by the Engineering Advancements Association of Japan
(ENAA) ... . JICA gratefully acknowledge the permission of ENAA to make use of and amend
the Model form for inclusion in this Standard Documents

Therefore, Conditions of Contract for MGFCC is ENAA

Reference: What is the Master Bidding Documents

This Master Bidding Document for Procurement of Goods and User’s
Guide have been prepared through the joint efforts of the Multilateral
Development Banks and International Financial Institutions, namely: the
Asian Development Bank (ADB), African Development Bank (AfDB);
Caribbean Development Bank (CDB), Commission of the European
Communities (CEC), European Bank for Reconstruction and Development
(EBRD), European Investment Bank (EIB), Inter-American Development
Bank (IDB), International Bank for Reconstruction and Development
(IBRD), North American Development Bank (NADB), and the United
Nations Development Programme (UNDP). The Master Document is
intended to be used as a model by these organizations for issuing new
and better harmonized Standard Bidding Documents for each individual
institution. The document reflects what are considered best practices,
and is intended to be followed, insofar as possible, while allowing for
institutional and member country considerations. The text shown in
Italics corresponds to institution specific clauses that each MDB will
replace with provisions consistent with its respective policy. 7

Ref. What is ENAA
The Engineering Advancement Association of Japan
(ENAA)is a non-profit organization established in
1978 with the support of the Ministry of International
Trade & Industry {)the present Ministry of Economy,
Trade and Industry (METI)) to aim at developing
diversified activities such as advancement of
technological capabilities and promotion of technical
development. It is also contemplated herein to assume
a role of Front Runner to establish a social system in
harmony with the development of social economy and
environment through participation of a lot of
enterprises engaged in engineering business under the
close cooperation with government, academia and
industry. (from ENAA Website)




2. Typical Development Sequence of
an Infrastructure Construction Project

(Translated from EFCA Website with
modifications)

I. Master Plan

National Regiona

2022/7/13

3. Project Overview

The large infrastructure construction projects definitely require involvement of a
consultant during the project execution stage.

Therefore, JICA SBDs require involvement of a consultant (the Engineer in ES-2)

I1l. Project Execution

Master > | ->
Plan Master
Plan

1. Project . .

Formation | I1l. Project Execution |
Projec N Feasibilit ‘ ES-1: Preconstruction ‘ ‘ ES-2: Construction ‘
tPI

an y Siiuly PQ Constructio ~ Commissioni

; ; n > ng
DBgzldgr:]& > £ aBllda/t'o (Contract) Training
Dolcurlnegn X |l1J g Supervision

t IV. Operation and

Maintenance

ES-1: Preconstruction H ES-2: Construction
Pre-qualification Post- Construction/ Commissioning/
qualification (Contract) Supervision Training
Design & Bid/
Bidding Evaluation
Document

« Construction supervision as a specialist engineer

Preparation of P/Q documents
« Construction Supervision as a professional

Evaluation of P/Q applications

Preparation of drawing/specification (licensed) Engineer/Architect
Preparation of Bidding Documents « Contract Administration as a independent impartial
Evaluation of Bids Engineer/Architect

Participation of Contract Negotiation
Preparation of Contract Documents
Support to get JICA's concurrence
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TRAINING IN
FINANCIAL ANALYSIS

Case study of the EDM

November 2021

Capacity Development in Management and Operation of Gas
Fired Power Plant

PROGRAMS

1. Basic knowledge of financial
analysis

2. How to read financial statements
3. Typical Financial Indicators
Case Study: EDM

Basic terms needed for financial analysis

WHAT ARE FINANCIAL STATEMENTS?

Financial Statement shows the financial
situation and business condition in a financial
year.

Prepared in accordance with Accounting
Standards of the country.

It is prepared for reporting to interested parties,
and listed and public companies are required to
make it available to the public.

2022/7/13



WHAT IS AN ACCOUNTING
STANDARD?

Rules for the preparation of financial statements.

Each country has its own accounting standards, but
IFRS (International Financial Standard) is a generally-
accepted worldwide standard.

In Japan, the following four accounting standards are
allowed to be applied:
® Japanese Accounting Standards
®U.S. Accounting Standards
®|nternational Financial Reporting Standards: IFRS
®J-IFRS

COMPOSITION OF FINANCIAL
STATEMENTS

Japanese companies prepare the following
financial statements

®Balance Sheet: B/L

®Profit and Loss Statement: P/L, Income
Statement

®Cash flow Statement: C/F
®Statement of Profit and Loss
® Annexed (statistical) specification

WHAT IS A BALANCE SHEET (B/S)?

Indicates the financial position of a company
at the end of its fiscal year.

It is composed of
®Assets
®Liabilities
O®Equity (Net Assets)

[ Assets = Liabilities + Equity ]

MAJOR ITEMS ONTHE BALANCE
SHEET (B/S)

Assets Liabilities

Current Assets Current Liabilities
® Cash and deposits ® Accounts Payable
® Accounts Receivable ® Short-term Borrowings
@ |nventories

Non-current Assets Non-current Liabilities
® Land ® | ong-term Borrowings
® Buildings ® Bonds

® Machinery, Equipment

Equit:
® Depreciation SR/

® Capital Stock
® Retained Earnings

ZY ZAS

Management of funds | | Procurement of funds
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BALANCE SHEET (B/S) GLOSSARY

O®Assets
®Current assets : assets that can be converted to cash within one
year. They have higher liquidity
®Fixed assets : Assets to be used and held for longer than one year
®Depreciation and amortization : Depreciation is calculated by
dividing the cost of an aging asset, such as a building, by the
period in which it is used, and subtracting the depreciation
expense from the asset value. The depreciation period and

method depends on the type of asset and are determined by the

accounting standard of the country.

BALANCE SHEET (B/S) GLOSSARY

®Liabilities
® Current liabilities : Debts that will become due for
payment or repayment within one year

®Fixed liabilities : Obligations that will not be paid or
repaid within one year

®Capital stock
®(Capital stock : Funds invested by shareholders

®Profit reserve : Reserves accumulated from retained
earnings (retained earnings) i

WHAT IS A PROFIT AND LOSS
STATEMENT (P/L)?

The status of a company's revenues and
expenses for one year (fiscal year).

Operating results of the company
®Revenue
®Expenses
®Profit

Revenue - Expenses = Profit

11

MAJORACCOUNTS INTHE
STATEMENT OF INCOME

Revenue Expenses Profit

Sales Revenue Cost of Sales/ Cost of Goods ~ Sales Profit/Loss

General and Administration ~ Operating Profit/ Loss

Cost
Financial/Non Financial/Non-operating Profit/Loss before Income
operating Revenue expenses Tax
Profit/Loss after income
Income Tax Tax

2022/7/13



Balance Sheet and Profit & Loss Statement

3

HOW TO READ FINANCIAL
STATEMENTS

®Before looking at the financial statements,
review the Annual Report entirely.

®Grasp the characteristics of the company and
its industry.

®Understand the trends and characteristic
events of the year.

® Compare financial data over time (multiple
years).

®Read Notes that have important information

POINTS TO CONSIDER WHEN
LOOKING AT B/S (1)

®Assets
@ Current assets: Accounts receivable

—Be careful if there is an increasing trend. Also pay attention to the
trend of revenue/ income collection rate. If the collection rate is
declining, it may be a sign that accounts receivable will increase. If it
cannot be collected for a certain period of time, a loss will be recorded
on the income statement.

®Changes in fixed assets: land, buildings, and machinery (in the case
of electricity, power supply equipment)
—If the trend is upward, it means that capital investment is
expanding. This will lead to an increase in depreciation expenses. Also,
pay attention to how the company is raising funds.

15

POINTS TO CONSIDER WHEN
LOOKING AT B/S (2)

®Liabilities
® Trade payables within current liabilities

—If there is an increasing trend, be careful because fuel and other
payments may be overdue.

®Changes in long-term debt within non-current liabilities
—This increase may come from finance capital expenditure. In case that
the total liabilities exceed total assets, the company is "insolvent" (an
extremely dangerous situation that cannot be repaid even if all assets are
given up) and equity is negative.

®(Capitalization

—It may be increased by capital injections by the government. In such cases,
the long-term debt may be amortized in the meantime.
16
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WHAT TO READ WHEN LOOKING
ATAP/L

®Sales (revenue from electricity sales) (level of electricity
prices and amount of electricity sold must be confirmed)

®Cost of sales (generation costs, transmission costs,
distribution costs)

®Depreciation and amortisation
®Changes in non-operating income (government subsidies)
®Non-operating expenses (finance costs/interest expense)

®Other gains/losses (B/S reconfiguration may result in
gains/losses)

7

Types of financial indicators and how they are calculated

TYPES OF FINANCIAL INDICATORS

®Safety and soundness (corporate
insolvency risk) indicators

®Profitability indicators (profit on sales
and profit on capital)

19

TYPICAL SAFETY AND SOUNDNESS
INDICATORS (2) LIQUIDITY RATIO

®Current Ratio: Current Assets / Current Liabilities

A measure of a company's short-term financial
security (solvency) —The bigger, the better

(Reference: 120% for electricity and gas in Japan,
300% average for all industries)

In a case of power utilities in developing countries,
the key to improve this ratio is to reduce in
accounts receivable (collect receivable faster) and
accounts payable (pay costs slower)
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TYPICAL SAFETY AND SOUNDNESS
INDICATORS (2) CAPITAL ADEQUACY

®(Capital Adequacy Ratio : Own capital / Total capital

An indicator that measures the medium- to long-term
financial security of a company. A capital adequacy
ratio of 100% is debt-free management.

(Reference) Electricity and gas in Japan: approx. 30%,
average of all industries: approx. 50%.

A reduction in long-term debt and an increase in equity
capital (capital or retained earnings) will help to
improve the situation.

21

TYPICAL SAFETY AND SOUNDNESS
INDICATORS (3) DE RATIO (DEBT-
EQUITY RATIO)

®Debt Equity Ratio : Liabilities for liqueurs / Main capital of
the plant

A measure of a company's capability to pay its debts over
the long term. —The smaller it is, the more likely a company
is able to repay its debts.

(Reference) Electricity and gas in Japan: about 1.7 times,
average of all industries: about 1 times.

Reduction of interest-bearing debt or increase in
shareholders' equity are effective measures for
improvement.

TYPICAL SAFETY AND SOUNDNESS
INDICATORS (4) FIXED RATIO

®Fixed Ratio : Fixed assets [ shareholders' equity

An indicator of the extent to which fixed assets such
as buildings and machinery are financed by
shareholders' equity — the smaller the ratio, the
less reliance on debt (Reference) Electricity and gas
in Japan: around 300%, average of all industries:
around 100%.

The fixed ratio tends to be high in the equipment
industry. It is necessary to monitor fixed liabilities to
prevent them from becoming too high.

23

TYPICAL PROFITABILITY INDICATORS
(1) GROSS PROFITTO SALES RATIO

®Gross Profit Margin = Gross Profit Margin / Turnover

Gross profit as a percentage of turnover. Gross profit
margin.

(Reference) Electricity and gas in Japan: around 20%,
average for all industries: around 30%.

In developing countries, electricity prices (tariff) are
sometimes determined at a level that can be covered by
policy-determined cost of sales, and gross margins are
generally low.
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TYPICAL PROFITABILITY INDICATORS
(2) OPERATING PROFIT MARGIN

®Operating Profit Margin=0Operating profit / Net sales

Operating profit as a percentage of turnover. The
profitability of a business.

(Reference) Electricity and gas in Japan: around 7%
Average for all industries: around 1

In developing countries, electricity prices are in some
cases at a level that can be covered by policy-
determined cost of sales, and gross margins are
generally low.

TYPICAL PROFITABILITY INDICATORS
(3) GROSS RETURN ON EQUITY

®Total Capital Gross Profit Margin= Gross profit / Total
capital

It looks at how much gross profit is generated by the
total capital raised (debt + equity). =The higher the
ratio, the more efficiently the capital is used to
generate profit.

(The higher the ratio, the more efficiently the capital
is used to generate profit. (Reference) Electricity and
gas in Japan: around 12%, average for all industries:
around 32%.

TYPICAL PROFITABILITY INDICATORS
(3) RETURN ON ASSETS

®Return on Asset (ROA)=Business profit / Total
assets

An index that measures the overall profitability of a
company. Business profit = operating profit + non-
operating profit

(Reference) Electricity and gas in Japan: around 5%
Average for all industries: around 5-6%.

TYPICAL PROFITABILITY INDICATORS
(4) RETURN ON EQUITY

®Return on Equity (ROE)=Current net profit / Own
capital

(Reference) Electricity and gas in Japan: around 7%,
average for all industries: around 3%
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Case study of the EDM
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FINANCIAL ANALYSIS
PROCEDURE

® Gathering of financial data (financial
statements for the last 5 years or so are needed
to identify trends)

® Organizing and checking financial data
(entering data into EXCEL sheets. (Re-
organization of data entry to conform to the
general format of English financial statements)

® Analyse changes in financial data over time

® Calculation of financial indicators and
analysis of trends

MOZAMBIQUE ELECTRICITY
AUTHORITY FINANCIAL DATA OVER
TIME (B/S)

® Accounts receivable goes double in 2019
and remain high thereafter

® Expansion of tangible fixed assets —
expansion of capital investment

® Accounts payable (fuel costs?) High prices
® Gradual increase in non-current liabilities

® Gradual decline in equity capital (net losses
continue)

31

Balance Sheet (Urit :million MZN)
2020

Assets
B S Current Assets
Inventory

Trade Debtors

Other Financial Assets
Other Gurrent Asset:
Cash and Banks
Non-Curent Ascsts
Tangble Asset:
Financial Assets Held for Sale

Other Financial Assets
Deferred Tax Assets
Total Assets
Liabilties
Tabiliies
Provisions
Loands Obtained
Suppliers
Other Financial Liabilitie:
Other Current Ligbities
iabilties
Provisions
Loans
Other Financial Laibilitie:
Other Non-Current Lishiities

Deferved Tax Liabilties
Total Lisbilities
Equity
hare Capital

tetained Earnings
jet Income for the Year
[Total Equity

I o

2022/7/13



EDM FINANCIAL DATA OVER TIME
(P/L)

® Revenue from electricity sales increases
year by year (increase in number of subscribers
due to higher electrification rates)

® The company records an operating loss
every year.

® | osses onimpairment of accounts
receivable in 2018 and 2019

® Financial costs are high

® |n 2018 and 2019, the company received a
corporate tax refund due to a net loss

Income Statement

2018 2019 2020 2021 |
Sales 31,145 39549 39,008 41,649
Cost of Sales. —23.341 —21.511 —29.266 *(!1.75_9[
Sales Profit/Loss 7.804 11,978 9,742 9.890
Supplemental Income 38| 284 334 72
Personnel Expenses -3.467' —4.663 -4,836 -5,152.
Third Party Serivce Supplies -3,383 —4.970 -3073 -3.132
D 1 and Amortization —4.445 —4.727 —5.003 —5.650.
Reversals 4 37
Impairmert Expenses on Finaical Assets -2
Provisions -995' —1.216 —1.255 ~1.380
Inventory Adjustment
Financial Investment -0
Gain/Loss from Impairmert on Account R -1.321 -970
Other operational Income and Expenses 2,692 1,622 -181 3.216
Operating Profit/l oss -3.075. -2.625 -4.272 -2.136.
Financial Income 5.995 6.131 ‘1
Financial Expenses -6.755' —6.447 |
Net Profit Before Tax -3,835' -2,941 -4.272 -2,136.
Income Tax 368 809
Net Profit After Tax =3.467. =2.132 ~4.272 -2.136]

34

TRENDS IN FINANCIAL
INDICATORS OF EDM

® Safety
® The current ratio needs to be improved.
® |ong-term repayment capacity is not a
problem as far as the indicators are
concerned, but both long-term liabilities
and equity capital are too low against
tangible fixed assets.

® Profitability

® Return on sales to the total capital is very
low at 4%.
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Minutes of Meeting
- On r
Capacity Development in Management
and Operation of Gas Fired Power Plant in Mozambique
(1st Mission Schedule May 5 to May 24, 2021)

Venue:'- Conference Room, Maputo CT™M
Date: May 24, 2021
1.  General

(1) The confrrmatlon and request items discussed between EDM CTM and the Study Team -
such as O&M and HRD and Others.

(2) EDM requested overseas training programs for turbine governor, 1&C, management Ievel
position training and so on.

(3) JICA Study Team submitted copy of work plan, first interim report, operati‘on handbook
each five (5) sets and DVD (Online Academy) one (1) set.

2. O&M

“ (1) JICA S'tudyg Team joined and confirmed the daily O&M activities and will connect to the
next activities which establishment of systematic O&M such as make manuals, work flow
and so on. _

(2) JICA Study Team asked whether revised condition of submitted - 2 documents (O&M
guideline and Emergency response manual) on March, CTM will revise the documents by
June. JICA Study Team will submit other documents based on the O&M gu1dellne

3. HRD

(1) JICA Study Team explained the outline of HRD framework 'construction to Academy and |
EDM CTM based on the attachemnt-1.

(2) Both parties discussed and confirmed above mentloned Confirmation ltems was
mentioned in the attachment-2.

(3) The Questionnaires by Study Team to reflect the Human Resource Development Program
was received from EDM. :

4. Next Schedule
(1) 2nd Survey schedule will be Middle of July, 2021 in accordance With COVID-19 Situations.

(2) June 22 (Tues), 2021 Regular TV Meeting with EDM No. 18 at 9:00 a.m.-10:00a.m:
Mozamblque Time by Google Meet. »

T Ll AT t%%

Firmino Licumba Masayoshi ONO
. Generatlon Division Director — South - Team Leader of JICA Study Team
Region TEPSCO
EDM

Attachment—t
- Attachment-2



Attachment

Revl May 06, 2021
- May 05, 2021

Meeting Materials for HRD with Academy and CTM

1..  Explanatory Note e 2

II.  Human Resource Development Program ------------ 4
-Draft- (In progress)

III.  Attachment- ' - 23
No. | Confirmation items and Reference materials / pa.ge
1 | Applicable Leaning Programs for Academy ' 24
2 | Applicable Leaning Programs for CTM 28
3 Skillls Management Plan for CTM 32
4 | Assignment of Training Roles for Academy and CTM | 33

5 | Responsibility and Authority for Academy and CTM 34

6 | Flow Chart of Traiﬁing for Academy and CTM 36

7 | Basic Training System Organization of CTM | 44

8 | Reference Materials

8.1 | Overview of Learning Needs Analyses 53 “ |

8.2 | Technical Assistance for project definition and| 76
supervision related to the Rehabilitation of EDM
Vocational Training Centers

8.3 Training Policy and Roadmap ‘ 103

8.4 | Upgrade The Vocational Training System of The | 112
Public Energy Company in Mozambique

9 | Reconfirmation items for HRD on TV ,Méeting (16) 45

10 | Questionnaires : : 46

11 | Award System for Academy and CTM Add-1

12 | KPIfor HRD . , Add-2
1/3



Minutes of Meeting
On
Capacity Development in Management
and Operation of Gas Fired Power Plant in Mozambique
(2nd Mission Schedule October to December, 2021)

Venue: Maputo CTM
Date: December 01, 2021
1. General

(1) The confirmation and request items discussed between EDM CTM and the Study Team
such as O&M and HRD and Others.

(2) Handbook

JICA Study Team submitted Operation Handbook and Alarm & Set Point List each Twenty
(20) sets.

2. O&M

(1) JICA Study Team explained 6 documents (O&M guideline, HSE manual, Emergency
response manual, Operation manual, Maintenance manual, Legal compliance manual).
CTM will review the documents by End of December 2021.

3. HRD

(1) JICA Study Team explained the HRD Documents (such as work flow). CTM will review the
documents by End of December 2021.

4. Next Schedule

(1) 3rd Survey schedule will be Middle of January, 2022 in accordance with COVID-19
Situations.

Hwo | % R

Thandi Tekwasse Masayoshi ONO
HRD Project Coordinator Team Leader of JICA Study Team
EDM TEPSCO







Minutes of Meeting
On
Capacity Development in Management
and Operation of Gas Fired Power Plant in Mozambique
(3rd Mission Schedule March to June, 2022)

Venue: Maputo CTM
Date: June 06, 2022
1. General

(1) The confirmation and request items discussed between EDM CTM and JICA Study Team
such as O&M and HRD and Others.

(2) Handbook
JICA Study Team submitted Alarm & Set Point List Twenty (20) sets.

2. O&M
(1) JICA Study Team explained the O&M documents as per Attachment-1.

(2) Both parties agreed to continue to review manuals via email and online meetings.

3. HRD
(1) JICA Study Team explained the HRD Documents as per Attachment-2.
(2) Both parties agreed to continue to review manuals via email and online meetings.

4. Draft Final Report

(1) JICA Study Team will submit a draft final report to the EDM in mid-July, 2022.
EDM will review it.

Ml . _
Thandr Tekwasse Masayoshi ONO
HRD Project Coordinator Team Leader of JICA Study Team

EDM TEPSCO
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Appendix-8

Presentation Material of Work Shop
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