Appendix 3-2-2 Attendant list, and Q&A, of the 2nd Energy Efficiency Workshop(Jamaica)

Technical Cooperation to Promote Energy Efficiency in Caribbean Countries

2nd Energy Efficiency Workshop (Jamaica)
List of Participants for Online Attendance (28 Mar 2023)

Venue: Zoom

No Name Agency
1|Barrington Jackson MSET
2|Todd Johnson MSET
3|Horace Buckley MSET
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5|Steve Dixon MSET
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8|Brian Richardson BSJ
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Technical Cooperation to Promote Energy Efficiency in Caribbean Countries
EE Workshop on Mar 28: Q&A

No | Day Item Content Name Answer Further Notes

In developing EE roadmap, EE Index was assumed to be 1. That is, energy efficiency of]
currently used including old types at all households/offices, etc. is assumed to be 1.
Meanwhile, LED with EE of 200 Im/W is already in the market while conventional EE of
LED is between 60-90 Im/W. So there is a plenty of rooms for energy savings just only
LED. It can be assumable/reasonable that EE of lighting will be 3 times higher in 2031
compared with those currently used by introducing MEPS.

According to the pie chart, lighting in terms of energy conservation is almost equal to
AC and Refrigeration. Our information is that lighting contributes to less than 10% both
1 | 28-Mar| Question |for residential and commercial energy use however according to the pie chart the Steve Dixon
overall conservation is almost 30% making all of them almost equal but lighting in
Jamaica contributes to less than 10%, could that be explained?

. How did Japan get the commercial and residential sector to start complying with the Brian That is a topic to be presented later however the Japanese government is planning to
2 [28-Mar| Question - : . ) ) ) ) - N . .
energy efficiency requirements for buildings in particular? Richardson establish mandatory energy efficiency regulations for houses in the upcoming years.
To grasp actual power consumption by appliance/device, the
In terms of the percentage of energy for household, etc that lighting would have used, Firstly, the energy balance data was extracted from the MSET website. Secondly, data logger was handed over to MSET. When you collect data,
3 [28-Mar| Question |where was the data collected and did the energy balance that the energy division Horace Buckley|power consumption ratio at households was extracted from the data/material prepared |it should be taken into account that the family structure (single,
produce help to make those figures more practical in terms of our reality? by Barbados government. wife & husband and 4 people family, etc), annual income and

locations/regions.

| am not familiar with dual inverters in split type air conditioner with one compressor. But}
Richard Venner [some air conditioners have two compressors. In that case, both could be equipped with
an inverter for each compressor. Anyhow, this question will be addressed later.

| had a question regarding Dual inverters for air conditioners. Hoping to find out the

4 |28-Mar| Question impact this has made for reduction in residential load demand.
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Technical Cooperation to Promote
Energy Efficiency in Caribbean Countries
Progress and Discussion for

RE and Grid Stabilization
in Jamaica

——
D )

Overall Project Schedule JICA

1234567 8910111213 3233 34 35 36 37 38 39 40 41 42 43 44 45 46 47 -

P!lasel Phase 2 Technical Transfer
Baseline Survey
Year
Year 2019 Year 2020 2021 Year 2022 Year 2023
4567 8 9(101112|1 2 8 4 .o oowon ... 1112(1. 2 3 4 5 6 7 8 9 101112(1 2 3
RE and Grid Stability activity is to:
Output 1 Output 3 - introduce micro-grid concept in one of the

agreed areas and develop modelling based
information is institution on existing grid data.
Conf"me‘g f_‘i(rj_the Caﬁac'tyjrfe . - introduce computer modelling for grid
SEIREEisy ULy CRINESEE! il Wis analysis and examine issues associated
for the mass introduction . .
introduction of RE of RE with a large penetration of VRE

- propose the way to enhance resiliency
- consider and propose the necessary

The basic The human and

Oct 2022 Output 2 Output 4 technologies for achieving the RE goals,
The basic T [RUET EE inclu_ding grid stabilizatior_w,_ _
information is institution capacity - consider and propose additional policy legal
confirmed for the are enhanced for system for achieving RE goals
capacity building the promotion of - prepare necessary training plan
Nippon Koei Co., Ltd. ZirEtge Rromoton == - provide recommendations on design of the
olicy/ legal system
PADECO Co., Ltd. i psliarfial i
NIPPON KOET FJH)ECO Japan International Cooperation Agency | 1 NIPPON KOET FJH)ECO Japan International Cooperation Agency | 3
1. Project Outline — 2. Baseline Survey Report- Summary
L) *1JPS Annual Report 2021 *2 IRP Feb 2020 v
1 ; *3 Interview to JPS *4 Transmission Code I

Challenges Jica

Current Near Future
Power Power
MW Mw
[ ]A : ]A /‘fluctuation
A
Thermal | [ Storage :
. Primary: RE + Battery
— RE - Backup: Thermal
— >
Load Time Load Time
[MW]A [MW]A
\_/\/\ Energy
Efficiency
Tone Time

nippon KoEl  [RDECO

Japan International Cooperation Agency | 4

Summary: Jamaica
| Fields | Findings | ProjectActiities |

* Energy Source: Oil (53%), Electricity (37%) ..
- Peak Demand: 654.5MW (2018)>622MW (2021)  Frio"ity 1:BEMS
i e . Generated 4356 GWh (2018)>4,303 GWh (2021)°" P'.'t‘:‘".ty z'rtM'"' split AC
« 1833 kWh/customer/yr, 0.34 USc/kWh (2021)*1 ;',‘:'. .': V;_ LeErD
- Peak Period: 6:30pm — 8:30pm 1onty 3
* RE target 33% by 2030, 49% by 2037 *2
*  Hydro 28.6 MW, VRE 175 MW (PV utility 53+
distributed 20? , wind 102) *2, RE 15% of grid
* Rooftop 20MW? *3
e >50.5Hz:0.5sec, <49.5 Hz: 20 sec, <48Hz:0.5 sec *4
* RE Fluctuation affects gird stability*3
e JPS 21.5MW/16.6MWh Li BESS +3MW flywheels

Recommendation for 50%
RE target

Micro-grid concept study
Introduction of asset
management

Renewable Energy

Grid Stabilization

e Thermal power plant: total 20 units including IPP

* Installed Capacity: Total 1036.5MW including GTCC in
Old Harbour P/S (190MW) -

* Heat rate 11,330(2017)->9,392 (2022) kj/kWh *1

* Predictive Maintenance: Considering to apply

O&M of Thermal Power
Generation

JET experts select topics
and develop the most
suitable curriculum for
technology transfer period

* MSET’s Energy Division: 14 employees
Human Resources and * Most of capacity building is done by OJT
Capacity Building e There is no systematic HR development.
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RE Status in Jamaica

Summary of IRP jiea’

Maw Genmration Sited = 1630

Cha”enges fOf‘ RE & Grld: M%_\_’vﬂﬂ MMM"“”"IRW W e | 1::::1:[:-::- "1'11":::' SIS Kl
.- — ‘- IR IR L ey Warlubibe 5wt Wit rras ¥
‘/ o o W IR o T IR
Increasing RE capacity >15%. Grid ,.,,“ _, i i - ™ TR
stability and power cut issue Eﬂi st i Cabaiied B e F
v Feeder cut at 49.5 Hz = 1*';2';: "L-L:" \1{'\"1‘“ Matursl Gan Combuibon Turboe L a0
v System losses 26.3% 2018 e ““MEMH\':MQ- < JP =p 3 s i 150 0o
—28.3% 2021 ; Hyddroy wigton {Wind) ‘\. e b Ui fnl erturyg casTEL veeabie el fead
. . W DR e sarhahng & S10E RS,
v’ Large number of distributed PV, & g’ s i
H . Source: JPS, 2019 ol Lowniind Enif Puluity Cafetal ewiilie b fed
available database? ®  Major City DMl bt = (RN
v" Wind & PV potential unevenly ‘C’RE '_’;"Z“s ":_Jam'ca — = WostatoEnenee o Dbmam: o Hidn e DAL sad pechciny prasi s 102NN
. R R . . apaci eneration ari nvestmen . .
distributed = less smoothing pocation/iioiech VRN N | 2o S ——— * Wind/Solar  w Fossil fuel thermal Wiasts 1 trergy e "
Wigton | Wind 20.7 52| 2004 10.21 26 " Sonaw’ Sur Ed
Wigton I wind 7 27 2010 10723 5 Generation 2041 MW Source: Integrated Resource Plan Feb 2020
Wigton Il wind 24 63| 2016 13.4 46.5 Wind/solar 959.59
Munro Wind 3 10.5| 2010 (PS) Fossil fuel thermal 597.37 Year Generation  RE RE
oot solar i) [pv |zl s i amsl s Hydra 362 o e
: : 2030 5,453 1,913  35.1%
Independent roof-top |PV 20? - Biomass 20.1 Do
Eight River (EREC) [PV 33.1 2019 8.5 Waste to Energy 18.1 2037 5939 2435 41.0%
{I———mmm = Wind Potential Wigton IV Wind 34 ? Total 1631.36] - Cost for control and grid stabilization is not included in Wind & PV
o et P in Jamaica VRE under operation 142 3265 .| - Itneeds to identify yearly VRE introduction to assess grid stabilit
i VRE 58.8% yearly 9 y
Source: S”Sta'"tﬁnxagcysoadmap 2013 Source: Prepared by JET with several data sources
NIPPON KOET Japan International Cooperation Agency | 8 NIPPON KOET !‘-’FDECD Japan International Cooperation Agency | 9
—_— 2-2. Baseline Survey Report- Renewable Energy and Grid Stabilization
-s . oge . . 0
Characteristics of VRE jieca’ | RE: Grid Stability Issue with VRE in Jamaica
] — T Wind - . . .
.t . . | Grid Stability issues due to significant VRE fluctuation |
pan - Unpredictable generation output change — : - . —
,:.: - produce ramps according to weather condition . ,I&lgutatlon f(;f gener:\ltlngRunlts, Efr;_at_)le to ramdp_fast to COL;nterdrapl_d variations in VRE
0 - Depending on geographic areas, fluctuation comes at verse effect on Heat Rate (Efficiency) and increase of production cost o .
s | ey . » Part-load operation of generating units, increasing emissions and reducing operating life of equipment
B R N once if it installed in the same valley

W AL 3

Wind Output

St a0 B080

PV

- No output in night-time and rainy day

- Large fluctuation in tropical climate (likely to change
80% in a minute)

Both (VRE):
- It does not always generate when needed. Load-supply

: L S 3 matching is an issue
PV output ﬁ .

Time coincidence of VRE, there can be times when there is
Caribbean Islands:

too much supply. Curtailment of VRE is necessary
—energy storage/control cost need to be considered.
- Lower cost than tariff >rapid private investment
- Limited area for transmission

- Frequent change of weather condition
- Limited stable RE (hydropower/geothermal)
nippon koer  [PRDECO

SEEEARL

Challenges for
- Cost for stability : who covers?
- Technical and regulatory matters

Japan International Cooperation Agency | 10

» Impacts System reliability, security, stability and power quality

RE Production Dutput Prolile Ower 24 howrs September 28, 2016

Ramp Rate: ST 1-3MW/min,
GT 5-10 MW/min,
CC 1-2 MW/min,
DG 0.3-1.6 MW/min

| 1 ous Source: DEVELOPMENT OF RENEWABLE
Hydro 0.4-0.5 MW/min e R -

ENERGY MARKET IN JAMAICA, OUR, 2018
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Transition Changes of RE Penetration

Key transition
challenges

Greater variability of net load
and new power fiow patterns

Minor changes

Power supply robustness
under high VRE generation

to operating patterns

. _

Need for mﬁﬂll’sﬁw - =
Longer periods ufanermf'

surplus or deficit

VRE: >30‘V

Fhmtm:mem ﬂperi!ncesp!riodswium

Phase-3

Increased level of uncertainty and variability by higher share of VRE. System flexibility is
important for integrating VRE to in the supply-demand balance.

Phase-4

VRE provides majority of electricity. It requires advanced technical options to ensure
system stability, causing changes in operational/regulatory approaches.

Phase-5

VRE output exceeds power demand. The demand is entirely supplied by VRE and further
VRE additions face the of substantial curtailment.

Phase-6

Determined by a surplus or deficit of VRE supply on seasonal or inter-annual timescales.
This drives a possible need for seasonal storage and use of synthetic fuels or hydrogen

Arrangement toward 100% RE
—

VRE 0%

Ongoing
Technology

——]
Energy Storage

\/
\/

Response (DR)

Curtailment

& BESS

Demand

-ﬂﬁ )
JICA

| Voltage and frequency Stabilization |

- Curtailment of VRE energy in PCS to make grid stables,
smart inverter

- Governor Free (GF), Economic Load Dispatch (ELD),
Load Frequency Control ( LFC)

- Energy storage: Battery, flywheel

- Synchronous condenser, Statcom

- EV charging time shift

- Demand side management

- Regulatory framework change, review of grid code

Emerging
Technology

VRE 100%

CSP, Biofuel

generation

NIPPON KOEI  [PRDECO

Insufficient Inertia, Synchronizing Force

- Battery-Motor generator set

- Biofuel (diesel, jet) for DG

- CSP (Concentrated Solar Thermal Power)
- Gravitational Power

- Grid forming Inverter

- H2 generation from RE by electrolysis

- Seasonal large scale storage

Japan International Cooperation Agency | 13

Battery and Energy Storage
Positioning for Energy Storage Technology

Release Energy

Curtailed
energy >
spike leveling

For load

-ﬂﬁ )
JICA

PV output

Primary: RE + Ba
Backup: Thermal

ttery

Time Rate
i Substations, Distributed Power
Loma) BUI|C!II19, Facilities etc. for System Stabilization/
Transportation Load Leveling
Pumped
Redox Flow Battery ] Storage Hydro
H CAES Compi d
L Fuel Cell Na$S Battery Air Energy Storage
0 Batte
Minutes
Nickel Hydrogen Battery
1 11 11
Flywheel I
SMES :Sup: i
Capacitor Magnetic. Energy Storage
1
1kW 10kW 100kW 1MW 10MW 100MW 1GW

nippon KoEl  [RDECO

Source: NEDO Renewable Energy Technology White Paper Chapter 9

System Size

Y.

Japan International Cooperation Agency | 15

Inertia and Synchronizing Force with RE

Large scale
VRE

=

Generator

Power

Frequenay
(Rotation *
Speed) : :

Generatof
Voltage
(Disk Radius)

_—
-
JICA
Inertia i istri
) : Grid Voltage Distributed
(Disk weight, speed) (Disk Radius) VRE
-

Rooftop
PV

Transmission line

issi i Load ﬁ

I 4m Generator

Synchronizing Force
= the power to make rotating
speeds of both disks same

Prepared by JET with reference
to https://www.tdgc.jp

Inertia: The force to keep the rotation of disk when load is changed
Synchronizing Force: The force to keep rotation speed of disks. It keeps back to the same
rotation when generation power and load is varied, without entangling.

Fluctuation of large scale VRE affects to generator at generation side and load side
= Inertia and Synchronizing Force need to be enhanced for grid with large VRE

NIPPON KOET

Frpeco

Japan International Cooperation Agency | 16
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Agenda for Workshop for Grid Stability with Large RE Penetration

Date/time: 13:00-15:00 12 Oct2022
Venue: MSET/ Online

(Tentative Schedule)

13:00-13:10 Opening Remarks and Introduction
13:10-13:30 RE target in Jamaica and Challenges
13:30-14:00 Monitoring of Grid: simple power flow
analysis, demand-supply balance

Grid Stability: analysis method, tools,
recommendation for grid code

14:00-14:30

Seminar on Grid Stability with Large RE (3-days, Nov 2022}«&:;

1. What is Power System?: Three-phase AC,

Day- Basics of Power Single line network description

To review basic principal and

1 System necessary formula for 2. Per Unit Method:
i i i i 3. Modeling of Power System Equipment: Tr.Line
En_glneerlp_g for conducting load flow analysis B
Grid Stablhty 4. Active Power & Frequency: Frequency control,
H i Area requirement
Slmplatlon 5. Reactive Power & Voltage: P-V Curve, Reactive
(optlonal) power resource

6. Practice of Modeling of Grid

1. Overview of Load Flow Analysis: Purpose,
Methods, Modeling of grid

2. Newton-Raphson Method: Theory,
Characteristics 3. DC Flow Method: Theory,
Simple method to solve load flow manually

4. Exercise of DC Flow Method,

5. Practice on Microgrid/VPP Designer

6. Load Flow Analysis & Evaluation of sample Grid

Day- | Basics and
2 Exercise for Load
Flow Analysis

To understand the principal
and method for Load Flow
Analysis , DC Flow Method,
and conduct exercise with
the software “Microgrid/VPP
Designer”

1. Overview of Stability: Definition, Methods, Swing
equation
2. Stability Model: Simplified grid model,

To understand the method of
grid stability analysis, with

Day- | Analysis of Grid
3 Stability and

14:30-15:00 Discussion LFC/ELD Steady State Stability, Equivalent circuit. oflsyr.mhronous generator
e Stability Equal S 3. Equal Area Criterion: Theory, Simple method to
Ive stabilit Il

Criterion. LFC (Load i?X\?aT‘I;bllel ')I/'rr;::mu;s)i/on Capacity & Spinning

? Reserve 5. Exercise of Equal Area Criterion, 6.
Frequency Control) and ELD Practice on Mircogrid/VPP Designer and LFC/ELD

NIPPON KOET F}H)ECO Japan International Cooperation Agency | 17 L (Economic Load Dispatching) - Stabilly Analysis, Evaluation of Barbados Grd
. - N . — ; . . —
Grid Stabilization: GF, LFC, ELD «® ) | Inertia and Synchronizing Force with RE I?CA‘

Governor Free Within one Generator detects rotation fluctuation and automatically controls
(GF) minute rotation so that frequency is kept at suitable level

Load Frequency
Control (LFC)

Minutes-ten
minutes

This involves the sensing of the bus bar frequency and compares
with the tie line power frequency. The difference of the signal is
given to speed changer of generator, so that the frequency of the
tie line is maintained as const

Economic Load More than ten  Most economical load distribution between a number of generator

Dispatch (ELD) minutes units is considered with different heat late at each load range.
(preparatory Optimum operation of generators at each generating station at
setting) various station load levels (unit commitment) are settled.

Demand o M [Demand—VRE outpu_t] Larger VRE penetration,
Demand Variation larger fluctuation. Grid (generator and battery)

has to compensate fluctuation.

(Demand — VRE)
w

Voltage $ Reactive power
Fluctuation deviation

Y Long-term
= Output $ Frequency

Short-term — i fluctuation
5 :&I LFC Fluctuation

Small fluctuation

=) Governor
Time Free

NIPPON KOET .G'FIEE@E Prepared from NEDO ~4pan International Cooperation Agency | 19

Synchronous generator: The power source establishes voltage and frequency with reactive

power, and combines with generators by synchronizing force

VRE/BESS with inverter: DC converted to AC. There is no rotation, no synchronizing force. It

monitors grid AC voltage and wave and adjust accordingly = no contribution for stability
Frequency {HZ} SELS:OJ:QZ?;r’:e:}eL?ency load shedding

L Generation RoCoF: Rate of Change of Frequency

ey Nadir: minimum value of frequency
disconnection reached during the transient period.
\ el

L T e S - e e R e

Less synchronous generator, larger VRE

Rate of Change :
of Frequency 4

(df/dt) (RoCoF) %

Affected by inertia, .
generation loss

Recovery by GF and load shedding

Time

AY
If Nadir< UFLS - load shedding Source: OCCTO Committee on Demand-
supply Balance on 27 Oct 2020

nippon KoEl  [RDECO

Japan International Cooperation Agency | 20
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—

Black-out when
insufficient Sync. Gen.

VRE+BESS+Inverter g }
%’ anc:ng_erator
Power Grid @

Sync.Generator

Sync.Generator

Sync.Generator @

. Power loss
Sync.Generator

£ 4

VRE+Inverter @

Sync.Generator Sync.Generator

Increase of VRE+BESS+Invert

If synchronous generator is reduced and
inertial is not sufficient, power loss

- Frequency drop, with no recovery

- Chain reaction of loss of VRE

- Black out

Frequency (Hz)
\

Generation
M disconnection

Sufficient Inertia . VRE+Inverter
VRE+BESS;Inverter
- Frequency recovery
Syr],c,.Qe,ne_r,aLor g Sync.Generator
Power loss @
ROCOF>2Hz/s | N/ _ _ . __ Power Grid
- Chain loss Reduced Inertia VRE+Inverter ; VRE+|nveﬁer
of VRE >RoCoFt Black Out!
RoCoF: Rat
oor: Rate VRE+Inverter
of Change of Sync.Generator
Frequency Y VRE+Inverter

Blackout!!

Source: Tr_ansmlssmn and C§r|d Council, Japan
Japan International Cooperation Agency 21

nNiPPON KOEI  [PRDECO

—
SCO and STATCOM for Reactive Power j"l’tA*’
SCO (Synchronous Condenser

SCO is DC-excited synchronous machine (large rotating
generators) whose shaft is not attached to any driving
equipment. Though changing field excitation, SCO adjusts
reactive power and provides reactive power at the time of
voltage drop.

https://energy-shift.com/news/af737655-0462-
4655-81ae-b17d86b5784d

STATCOM STATic synchronous COMpensator
For compensation of reactive power, it generates/absorbs reactive power, and stabilize
voltage continuously at high speed by self-commutated inverter.

i 4} STATCOM bus-bar voltage -~ With STATCOM w Internal Phase Angle Deviation
1.3 ] - Without STATCOM o - With STATCOM
3 1 - — - 53 i - Without STATCOM
= an o O W o
S o ] 39 e
g on { S
E e i ol o
ae 30
':"‘-'.__ r - ™ r: - - - e = T 2 L a B ] ¥ i i [
Time (s) Open one circuit Time (s)
Source: Enhancement of Steady ~State Stability and Suppression
e, STATCOM Output of Over Voltage using 450MVA GCT STATCOM, Mitsubishi
z (positive: phase advance) Denki Giho, pp.52-55, Vol.87, No.11, 2013.
)| 1 —
oS T\ N
2= imD }
58 ' i / - With STATCOM
e .rr—H'% -~ Without STATCOM
- | https://www.hitachi.co.jp/p
- ——————— - - roducts/energy/STATCO
I [ L 7 1 4 @B & 7 @& @ o M/about/index.html
Time (s) Japan Intel

—

Consideration for Larger VRE/BESS Penetration jl’tA"
* Increased application of PV and Wind :
* Is Battery sufficient measurement?
» To what extent can utility scale PV and wind be operated without affect
on grid power quality?
* How much can a feeder accommodate distributed PV and BESS?

» Planning with grid simulation is necessary.
* Load flow analysis
+ Stability analysis
» Grid code needs to be checked for condition of
grid connection of VRE and BESS

Example of frequency fluctuation with VRE

nippon KoEl  [RDECO

Japan International Cooperation Agency | 23

Grid Stability Simulation jfuf
* Simulation of National Grid Model based on asset data

* Analysis of Issues and Solutions
e ELD/LFC Calculation

* Stability analysis

Photovoltaic Generation

"
ELD: Economic Dispatch Control ; 7
LFC: Load Frequency Control —n M s
-
"

nippon KoEl  [RDECO

Japan International Cooperation Agency | 24
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Emerging technology for large RE with Grid stabilization : Generationg™
with Inertia and Synchronous Power

Type of Technology Advantage Develop stage

1 i i .- Motor
Bh-: generator
Source: tai;;electric (MG)
f Gravity
{ i Storage
. 1 Batter
- L Battery
energyvault.com/gravity
CAES
(Compressed
AU el airenergy
lwww nedo.go.jp/news/pre Storage)
ss/AA5_100756.html
CSP
(concentrating
A solar power)
Solar
electrek.co/ ooyl
Grid-

-l

‘““ =] ;‘ = forming
Source.ClGRE inverter

Energy in battery provides
synchronization and inertia
Small scale supply, for micro grid

Gravity of recycled Concrete
block 35ton/nos

Provides inertia

Half cost of Li-ion battery

Compressed high pressure air
(Liquid air may be developed)
Provides inertia

With turbine, provides inertia
and synchronization

Cost decrease expected, higher
efficiency than PV, n=50%

Dynamic active/reactive power, FRT,
frequency control, inertia
Applicable to existing PV

( Smart Inv: FRT, VRT, voltage support)

]IEA

- Used as frequency
conversion
- Commercial operation

Pre-commercial, 35 MWh,
4MW per tower

n=85%

52.5GW planned in USA

-demonstration by NEDO

- 900 MW in California
- n=70-80%

- Commercial operation at
lvanpah392MW 22 bil USD
- Heat storage (molten solt, etc)
under development

- Under development

- (Smart inverter by
IEEE1547, Mandatory in
Hawai )

Option For 100% RE: Battery Motor Generator set (MG Set) j'l’t:"

Hateruma Island: Southern most island in Japan
12.73 km2 , Population 527, hh 272 (2016)

- Area
- Peak power: 770 kW (2016)

- Generation: DG (Bunkar-A, total 1,250kW)
- Wind (245kW><2, total 490kW)

- Lead-acid Batt (600kW/1,500kWh)

- MG Set: Rated 300 kW

[z P

MG Set

_# F— Generator| Motor |—{ Battery |

VRE | A

MG set is driven by battery charged from VRE and provides
power with inertia > possible method to achieve 100% RE

with inertia

NIPPON KOEI  [PRDECO

Hateruma Wind generator

Photo: https://www.kankyo-
business.jp/news/011605.php

https://www.okiden.co.jpshared/pdf/newsrelease/2017/180328.pdf
Japan International Cooperation Agency | 26

Option for 100% RE: CSP

Concentrating Solar Thermal Power (CSP) |

Source:Reve,

9 )
JICA

Rapid cost reduction (47% in 2010-2019)
+ Combination with molten-salt heat storage

 Inertial power can be supplied

https://www.evwind.es/

}.
'inh

;P" — : e a

= — e
o [ a e

=
Eﬁ!

L i
Example of Grid Code jlea’
Country UK Ireland Germany Japan
Grid Code The Grid Code EirGrid Grid Code Technical Connection Grid Code
Rules fore MV
Regulator Ofgen (regulator) TSO VDE (Association) OCCTO
Main Items of | - Frequency and time for | - Frequency and time for -Frequency and voltage (under
Grid Code operation continue operation continue that need continuous preparation)

- Active power increase/
decrease at the time of
frequency increase/
decrease

- Active power Droop

decrease

- Active power decrease/
Increase at the time of
frequency increase/

- Governor control rate

operation

-Active power increase/
decrease at the time of
frequency increase/
decrease

2210 3010 BT 2003 2014 3EEN 2014 POV 0NN 200 2030 2001 302 260
= i P b s

Pi i 5 @ Onaboss Wi i Ownoe ed

USD/MWh
]
09 4 — o Bna |
- | e ]
P Y DNI [kWh/m2/yr] |
4 = T |

“\\\__

Source: [EA and NEDO

g Foicai} i nnan o]

nippon KoEr  HRDECD

t’ =
t- Source: Torresol Energy

DNI (Direct normal irradiation )
» Barbados: 1600-2000 kWh/m?2/yr
« St Kitts&Nevis:1600-2300 kWh/m?2/yr
« Jamaica: 1300-2200 kWh/m?2/yr

Japan International Cooperation Agency | 27

according to frequency
change rate

flicker at nodes

- FRT requirement at the
time of voltage drop

- Reactive power supply
- Black start and
Protection of grid and
generators

- Voltage, harmonic wave,

- FRT requirement at the
time of voltage drop

- Reactive power supply

- Speed of power increase/
decrease with load dispatch
order

- Lower limit of load

- Spinning reserve
requirement

- FRT requirement at the
time of voltage drop

- Reactive power supply at
the time of voltage change
- Active power limit at the
time of large voltage
change

- Protection of grid and
generators

OCCTO: Organization for Cross-regional Coordination of Transmission Operators, Japan

FRT: Fault Ride Through

nippon KoEl  [RDECO
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Appendix

NIPPON KOEI  [ADECO
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Resilience for RE

23 Aug 2018 Awaji, Japan
https://www.sankei.com/west/news/180828/
wst1808280043-n1.html

600 kW, Fallen at 25.6m/s wind while 60m/s design
- Additional moment due to Excess of high speed

- Missing control power supply

9 Sep 2019 Kanto, Japan
@kadowaki_kozo
Damage of roof-top
structure by high speed
wind

For enhancement of resilience:
v" Design Standard with higher rank hurricane

v Autonomous Micro-grid

v Fast recovery with GIS and Asset management

NIPPON KOEI  [ADECO

#
26 Jul 2019 Himeji, Japan
https://www.dailyshincho.jp/article/2018/0726

0800/?photo=1
Landslide by a heavy rain

Japan International Cooperation Agency | 31

Microgrid Concept

Concept of Micro-grid

v" Respective Micro-grid is
connected each other, and each
Micro-grid can work
independently

v’ Local energy production for local
consumption

v' Generation: PV, wind,
biomass, DG, GT, battery, etc.

v Demand: industry,
commercial, home, EV, etc.

1 v No transmission = loss saving

| v/ With loT, control system, EMS,
i demand response, smart meters
v" Enhance resiliency

i
Source: Smart City Development and Recent trend in Electric Power Network, Waseda Univ.

Microgrid for Resilient System ®
-- Autonomous Micro Grid

Resi

k ]

;&Ei
Smart Houses

Smart Railway

Charging Station
nippon Koel  [PRDECO

—
e
*’Solar Generation /#7  Transformer

dences

Clustered
Microgrid

Power Exchange between Clusters

Thermal Generation Plant
ﬂ Nuclear Generation Plant
I 's'n’:n

tis

= "**! | Building

~
4, Communication U

Clustered Microgrid

Energy Management of
Electrical Facilities in A Cluster

Power Grid Line Clustered

Microgrid
—

Q

ICT/EMS

Smart Houses with PV and EV

—_HE
Buildings

Japan International Cooperation Agency | 33
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Microgrid Planning

[o] [al [a] [of [o] [=]

Discussion with transmission operator
about affect on outside Microgrid

Plan for system structure of Microgrid
with distribution operator

Estimation of load and demand at
normal and abnormal condition in
Microgrid

New system installation/enhancement
for facility requirement for RE and
supply-load balancing

System requirement and legal
confirmation for inside and outside
Microgrid

Based on above, finalization of system
configuration and specification for
whole Microgrid

NIPPON KOEI  [ADECO

-_—
jiea/
Confirm emergency recovery method and affect on adjacent area.

Consider discuss about switching microgrid to master grid, and
responsibility for the affect on adjacent areas.

Consider protection and control method considering supply and

demand and capacity of generator, and operation at the time of

emergency (load shedding, control method, etc.). Discuss about
schedule, design, selection of equipment.

Plan load equipment, specification, and estimate demand at normal
and abnormal condition, from data as much as accurate by each
feeder. Confirm with drawing and diagram.

Plan RE facility and energy storage based on power demand and
supply, and consider necessary enhancement considering fluctuation
and output instability.

Review relevant regulation and rules including grid code for
connection to transmission line and consider necessary system
modification. Operation method at the time of emergency recovery
and minimizing its time needs to be discussed.

Based on above study and supply-load balance, determine the
system configuration and specification of each equipment
considering operation and communication. EMS development might
be necessary.

Japan International Cooperation Agency | 34
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jica

Grid Stability-1:
for Future Grid
under Penetration of RE
INn Jamaica

JICA Expert Team, Nippon Koei Co., Ltd.

nippoN KoEr  PADECO Japan International Gooperation Agency

h’
AY
B

Why Grid Stability

 Responsibility of IBR(Inverter Based Resources) is
faster than that of synchronous generator.

* The output of IBR can be controlled quickly.

* IBR has less or no inertia than synchronous
generator.

NG

* Increase or add inertia function to IBR
* Grid Forming Inverter

* Increase generator with large inertia.
* Resources provided by Synchronous generators

NipPON KoEl  PADECO Japan International Cooperation Agency

Keywords for Grid Stability jica’

* Virtual Inertia
* Grid Forming Inverter vs Grid Following Inverter
* EV(Electric Vehicle) for V2G(Vehicle to Grid)
* Virtual Power Plant
* DR(Demand Response)

* Evaluation Index of Stability
* SCR(Short Circuit Ratio)
* ATC(Available Transmission Capacity)
* Spinning Reserve
* Pilferage may decrease spinning reserve.

* Grid Code from the Viewpoint of Stability

* Microgrid: One Solution for Stability
* Decrease Power Flow of Utility Transmission Lines

NIPPON KOE!  PRADECO Japan International Cooperation Agency

jien’
IBR(Inverter Based Resources) Types

* Grid Following Inverter
* Current Source Inverter
* Control output current as adjusting voltage to grid’s

* Grid Forming Inverter
* Voltage Source Inverter
* Virtual Synchronous Generator
* Control output voltage and its frequency as adjusting
power to grid’s
* Supply Virtual Inertia to Grid

* Source: PV, WT(Wind Turbine), EV(Electric Vehicle),
Battery

NIPPON KOE!  PRADECO Japan International Cooperation Agency
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8
Concept of Jica’

Virtual Inertia

Synchronlzatlon L

Inverter e |
|
T
I
[

Synchronous
Generator |

Pin : Input power from DG to inverter
Pout : Output power from inverter to grid
& :Virtual phase angle
Pm : Mechanical power
Pe : Electrical power
dm :phase angle of the rotor

Source: M. Kawai, Y. Sakai, H. Sugiyama, H. Taoka “Frequency Improvement of a Power System with a
Distributed Generator using Synchronization Inverter,” 2015 International Symposium on Smart Electric
Distribution Systems and Technologies (EDST), CIGRE SC C6 Colloquium, Sep. 2015.

),
niPPoN Koel  MADECO Japan International Cooperation Agency

Control Algorithm jea)
for Virtual Inertia

The control method of Synchronization Inverter is expressed by the swing equation.
This equation is added damping term and synchronizing power term.

M d’s, D ds,

m y — w4 Ké,=P,-P,
w, dit o, dr

lThis swing equation of the Synchronization Inverter is solved for virtual phase angle 8.

1

: @

The transfer function 5= M L

of voltage value = ?(m gmr)
L e U e
M
PWM
— A 5

M
Source: M. Kawai, Y. Sakai, H. Sugiyama, H. Taoka “Frequency Improvement of a Power System with a
Distributed Generator using Synchronization Inverter,” 2015 International Symposium on Smart Electric

Distribution-Systems and Technologies (EDST), CIGRE SC C6 Colloquium, Sep. 2015.
NipPON KoEl  MADECO Japan International Cooperation Agency

jiea)
SCR(Short Circuit Ratio)

* SCR is the factor to be considered for grid stability.
* SCR=AC System Capacity/Rated IBR Capacity

* SCR>3 -------- High SCR, Stable
* 3>SCR>2 ----- Low SCR
* 2>SCR -------- Very Low SCR

* Discussed in IEEE Std 1204-1997(R2003)

* |[EEE Guide for Planning DC Links Terminating at AC
Locations Having Low Short-Circuit Capacities

* Recognized by ANSI(American National Standards
Institute

NIPPON KOE! C'ﬂD'ECO Japan International Cooperation Agency

9 )
jica

Sources for High SCR Grid

* V2G(Vehicle to Grid) of EV(Electric Vehicle)

BESS(Battery Energy Source System)
* Battery with control circuits

Biofuel Generator
Solar Thermal Generator
and

Renewable Energy Resources (PV, WT) with Grid
Forming Inverter

* These resources can supply inertia to grid.

NIPPON KOE! C'ﬂD'ECO Japan International Cooperation Agency
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ATC(Available Transmission CapacitxyﬁmJ

* Transmission capacity needs to be calculated to see whether

RE can be transmitted from source location to demand place.

* Power Equation
.p= ViV
X

* Synchronizing Force

dapP Viv;
« — = cosd
das X

* Available Transmission Capacity from Heat Capacity Limit
V.

Ploss =R * (;1)2 <

* Available Transmission Capacity from Transient Stability

_ Vv v _

Japan International Cooperation Agency

PLOSSMAX

NipPON KoEl  PADECO

—r‘

A1)

Spinning Reserve

* In order to get electrical power under abnormal
condition of grid, spinning reserve should be kept even if
RE is installed. (under discussion)

* Spinning reserve should be more than mixed fluctuation
of load and renewable energy.
-> RE, EV and Battery with inertia is required for large RE
penetration.
* Best Energy Mix
-> Energy mix of several resources will be helpful for improving
grid stability.
* RE Sources for Spinning Reserve: EV, Battery, Biofuel or
Diesel Generator, etc.

NipPON KoEl  PADECO Japan International Cooperation Agency

S

Available Transmission Capacity jica
& Spinning Reserve

P
Pmax — — — —
Available Transmission Capacity
‘ Spinning Reserve
Pop —— — —_ .

Fluctuation of
Renewable Energy and Load

Total Transission Capacity
A 4

0 /2 n 6

NIPPON KOE!  PRADECO Japan International Cooperation Agency

Applications of Load Flow Analysisf,)

* Load Flow Analysis
* Calculate voltages, voltage angles, real power and reactive power

* State Estimation
* Estimate unknown power flow through load flow analysis
* This unknown power flow can be considered as Pilferage. |_|
node

node 1 node 2 node 3 .
Fluctuation of

@ i line 1 I line 2 I line 3 | » Load
I /"
Limit of node voltage pknown Voltage /
7 or line capacit - Fault{Short Circuit)
pacity v
/ ~ < Stealing Electricity //
State Estimation=" y
// Short Circuit Analysis //
/ Stochastic Load Flow

Optimal Power Flow

NIPPON KOE!  PRADECO Japan International Cooperation Agency
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Example of State Estimation

_
for Multi Point Pilferage jica/
If there are multi point pilferage, we
have to consider multiple conditionsat_ .., ode2 ode 3
the same time. Load flow analysis can | ' -00s e o0 ‘
provide answer for all pilferage at the | S | N
same time using simultaneous P1=1.0 PUA)R’ P2=0.6
equations of load flow. This load flow Pilferage Power
analysis is called state estimation.
For example, in a lower figure, pilferage T ~Pilferage
power Pul and Pu2 cannot be obtained o nodefl node3 Ppower Pul

independently. It requires simultaneous
equations which include conditions of ”,pde >

node 1 node 2
node 1, 2,3 ,4,5, respectively. '\ _Iﬂ ST |
\
\

For example, Power flow of pilferage can be
formulated as P43=P31+Pul, P31=P15+P12-Pu2. AN [
Power Pu\}\\ -

Line flow is described by quadratic equations of Pilfer\age
N
voltage. Then they are set up as simultaneous
quadratic equations. ~ TT=—— -7

9 )
Purpose of State Estimation o

Bad data detection and repairing by Energy Management
System

* USA, EU, Japan, etc.

* Find trouble of metering

* Proposed by Dr. Schweppe(1970)
Finding and possible countermeasures for pilferage by
Distribution Management System

* Middle-East Area Case in 1980’s

* Long transmission line in desert
To check consumption of customers who do not allow meter
reader person (ex. gang) to read proper meter

* Japanese Utility’s Case from 1970’s

* Automatic Meter Reading -> Smart Meter

Control of Renewable Energy
¢ Prediction and control output of RE

NipPoN Koel  PADECO

nipPoN Kol ADECO Japan International Cooperation Agency Japan International Cooperation Agency
Finding and possible ) )
. Frequency and Voltage Control
countermeasures for Pilferage
* Metering System and its Analysis * Frequency Control
* Server of Metering Data is located in Control Center, * Frequency Ride Through
S-ubstajclon * Governor Control in Generation Side(PV, WT)
* Registration of Customers * Load Frequency Control through Control Center/EMS
* Registration office calculate and check total capacity.
* Over Current Re_Iay which works on Maximum « Voltage Control
Capacity of Registered Customers ,
. T * Voltage Ride Through
* Customers may have some problems in the limitation of i _ _
electricity. * DVS(Dynamic Voltage Support) by Reactive Power in
* Warning based on State Estimation Generation Side (PV)
* Evidence of calculated data from state estimation
NIPPON KOE! ":'HDECO Japan International Cooperation Agency NIPPON KOE! ":'HDECO Japan International Cooperation Agency
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Recommendation for Grid Code

* The following items will be required from
Grid Stability:
* Virtual Inertia for IBR(Inverter Based
Resources)
* High SCR of Grid
* Spinning Reserve from EV, Battery, etc.

* RE with these functions is key technology for
grid stability.

NipPON KoEl  PADECO Japan International Cooperation Agency

h’
AY
B

Grid Code in EU and USA

* RfG(Requirements for Generators) : Grid Code in EU

* The relevant TSO (Transmission System Operator) shall
have the right to specify that power park modules [of
type C and D, i.e. more than 10MW] be capable of
providing synthetic inertia during very fast frequency
deviations.

* |IEEE P2800 : Grid Code in USA

* |[EEE Standard for Interconnection and Interoperability of
Inverter-Based Resources Interconnecting with
Associated Transmission Electric Power Systems

Category Boundaries

Type A B00W to 1MW and connected below 110kV
Type B 1MW to 10MW and connected below 110kV
Type C 10MW to S0MW and connected below 110kV
Type D 50MW or connected at 110kV or above.

NipPON KoEl  PADECO Japan International Cooperation Agency

jien’
Grid Code Committee in Japan

Under discussion now

* Short Term Target:2023/4
* Criterion for Generator

* Middle Term Target:2025/4
* Voltage Ride Through

* Long Term Target:2030/4
* Inertia Market
* RoCoF (Rate of Change of Frequency)
* Virtual Inertia
* Stability
* Black Start

NIPPON KOE!  PRADECO Japan International Cooperation Agency

Operating State of Power System ji’c; )

* Operated Generation Power is to be normally 60~70% of
total generation capacity.

* The fluctuation of load is 10~20%, if load prediction is
operated well.

* The magnitude of fluctuation of renewable energy(PV and
WT) will be total capacity of renewable energy.

* The fluctuation of generation power will be up to sum of
the fluctuation of load and renewable energy.

NIPPON KOE!  PRADECO Japan International Cooperation Agency



nkmanager
長方形


Operating State of Power System

9 )
. . JICA
and Spinning Reserve

* If total demand of grid becomes up to 90% over of rated
capacity of grid,
* Spinning reserve will be decreased.

* Synchronizing force will be very small or negative, not to be
returned to stable state.

* Spinning reserve should be more than magnitude of mixed
fluctuation of load and renewable energy.

»RE, EV and Battery which can provide inertia is required
for large RE penetration.

» Energy mix of several resources will be helpful for
improving grid stability.

» Pilferage may decrease spinning reserve.

NipPON KoEl  PADECO Japan International Cooperation Agency
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Grid Stability-2:
Overview of analysis
method and tools

JICA Expert Team, Nippon Koei Co., Ltd.

nippon KoE!  PADECO Japan International Gooperation Agency

A1)
[

Load Flow Analysis

* Gauss-Seidel Method
* Iterative method to get approximate solution

* Newton-Raphson Method
* Using Jacobian matrix to get approximate solution

* Fast Decoupled Method
* Use relationship between active power and angle and
relationship between reactive power and voltage
* DC Flow Method(manual calculation)

* Use relationship between active power and angle in the
way to solve DC circuit equations

~ 2
nippoN Kol MADECO Japan International Cooperation Agency

Load Flow Analysis jiea’

Necessary items to consider Load flow Analysis
Buses are categorized to the following 3 types.
* Slack (Swing) Bus
* The magnitude and phase angle of the voltage are specified.
* This bus makes up the difference between the scheduled
loads and generated power that are caused by the losses in
the network.
* P-V Buses (Generator Buses)
* The real power and voltage magnitude are specified.
* The phase angles of the voltages and the reactive power are
to be determined.
* P-Q Buses (Load Buses)
* The active and reactive powers are specified.

* The magnitude and the phase angle of the bus voltages are
unknown.

A 3
nippon Kol FRDECO Japan International Cooperation Agency

e
S )

Node Admittance Matrix jica

Describe Network Structure

Iy Yu Yi2 - Yin Vi

L | Ya Ya o Yoy [| V2 Y= 1/(R+wl) +jwC
: : ,' . : R:Resistance

In Y Ve ais YNN Vx C:Capacitance

L: Inductance

node 2 * Calculation example of
power flow in 3 nodes
network

V1,,,Vn: Node(Bus) Voltage
11,,,In: Btanch(Line) Current
Yij: Admitance between earch node

Figure is cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
4

NIPPON KoEI  PADECO
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Node Admittance Matrix ji’c:’

Driving Point Admitta
Y11 = 50.05 + j0.06 +

e node 2
= —43.14

j0.8 " 0.5

* Y11,Y22,)Y33:
* Driving Point Admittance
* Y12,Y21,Y13,Y31,Y23,Y32:

* Transfer Admittance

Transfer Admittance

. ' 1 ’
1o = Yo = = j1.25
Yz 21 08 J1.29

Figure is cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.

NippoN KkoE!  MRADECO Japan International Cooperation Agency

Node Admittance Matrix ji’c:’

. 1 1
Y 10.05 0.06 — = —j3.
node 2 11 =7 +J N e _‘}0 05 73.14
1
Va2 = 0.0 oA,
22 = j0.05 + 50.04 + 08+310 —j2.16
1
Y = 4 _— = =2,
33 = j0.04 + 50.06 + — 10 705 72.9
; . 1
Yio=Ya = —m = 41.25
Yis =Ya = —_Ls = j2.0
1
i . Yos = Yag = *31.0 = 41.0
Yll'YZZ'Y33'
* Driving Point Admittance —j3.14 §1.25 §2.0
* Y12,Yo0 Y13, Y31, Y 23, Y30 Y= jl1.25 —j2.16  41.0

* Transfer Admittance . . .
72.0 j1.0 —3529

Figure is cited from

M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.

m 6
nippoN Koel  MADECO Japan International Cooperation Agency

Power Equation jfea’

* Voltage and current of node k are described as
following equations in complex value.
* Vk=ek +j fk' Vm=em +j fm
* L=YimVim
* Power Equation of node k is described using Node
Admittance Matrix.
N
Pi+jQr = i Vi = Z YenVaVa

m=1

N
Py = Re { Z f[;:m(cm + J‘fm)‘{ek +jfk)}

"‘;1 Vi: Node(Bus) Voltage
- ! : li: Branch(Line) Current
s = I Y-m m *(e . .
@or = fim {7§=:1 B ) (0 jfk}} Yij: Admittance between each node
2 Pi: Node(Bus) Active Power

Ve, = e + ff
SRR Qi: Node(Bus) Reactive Power

~ 7
nippon Kol FRDECO Japan International Cooperation Agency

Power Flow Equation ja)
(Example of 3 nodes network)

Make a Power Flow Equations for each nodes
Pos = Re {(51.25)" (e1 + 5 f1)" (e2 + i f2)
node 2 + (—72.16)" (e2 + jf2)" (e2 + i f2)
+(j1.0)" (ea + 7 f3)" (e2 + i f2)}
= 1.25e1 f2 — 1.25ea f1 + eafz — e2fs
Vi =ei+f3

Pys = Re {(j2.0)" (ex + jf1)"(ea + ifs)
+(31.0)* (e2 + jf2)" (ea + i f3)

+ (=52.9)"(es + 3 f3)" (ea + i f3)}
= 2.0e;fs —2.0esf1 +eafs —esfz

Q3s = Im {(42.0)"(ex + /1) (e3 + 5 f3)
+ (71.0)"(ez + 7 f2)" (es + 5 fa)
+(=52.9)"(ea + jfa)" (e3 + jfs)}
= 2.9¢3 + 2.9f] — 2.0e1e3 — 2.0f1 f3 — ezes — fofs

node 1: Slack Bus
node 2: PV Bus
node 3: PQ Bus

Figure is cited from =V, f1=0
M.Kato & H.Taoka, “Fundamental Power System Englneerlng,” Suurikogaku-sha, 2011.
NIPPON KOE! UﬂD'ECO Japan International Cooperation Agency
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Newton Raphson Method jien)

* Here we describe numerical theory of Newton Raphson Method
* Equation to be solved is one dimensional equation y=f(x).

1. First, for i=0, assume x(i) to a certain value (ex. 1.0).

2. Calculate

A — _ S g
ARt = —

F(=)
3. Calculate fie1 - _‘I"[_'_f_":‘i-]:l

at = g\

£(2)

4. Repeat 2 and 3, until Ax(i)<e,

where € is a accuracy (ex. 0.001). ) ///{m) e z

1. Get answer of x —

Figure is cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.

~ 9
niPPoN Koel  MADECO Japan International Cooperation Agency

Newton-Raphson Method

1. Set Node Voltage to 1.0

Calculate Jacobian Matrix ~ ea-(1) $h %—?j sh %—?:

using modified Voltage (1.0 4P, AV AV alviE alvie [l

at first) avik|_ ‘Ja‘ezj‘ "JEEL des  of || &t

2 4P, | |8R 9P P 0P |l&®

3. Calculate AP, AQ and A| V| e 5 s S8 42 ;m
4. Solve voltage difference € of Q. 0@ 09 9
each Voltage by eq.(1) eq.(2) [ 0ez 0 Jes  Ofs

PRESY s gt

5. Calculate new Voltage by .
eq.(Z) fztﬂ-l} L lex} Egm
esfith o et * &

f3“+“ fs(ﬂ E{“J

6. Repeat 2-6 until differences
of Voltage are smaller than a
certain value

NIPPON KoEI  ADECO Japan International Cooperation Agency

9 )
jica

DC Flow Method

 Simplified Load Flow Calculation of Transmission
Line

* Set all node voltage to 1.0
* Set all resistance of transmission line to 0.0

* Solve relationship equation below between power
and voltage angle for each node

o) 6 : Phase Difference of voltages between
Pr — ')? both side of a transmission line
X : Transmission line inductance
Pr : Active power that flows in a transmission line

NIPPON KOE! C‘HDE(O Japan International Cooperation Agency

DC Flow Method jica/

Manual method to calculate power flow.

Easy to calculate in manual. & : Phase Difference of voltages Vs, Vr
between both side of a transmission line
X : Transmission line inductance

Pr, Qr : Active power that flows through

a transmission line

P+ jQr = Vee 31"

= Vie~ (Vs—Vre—”)‘

IX V=V, ix V,=V,e #
Ve -2 | |
ViVs ViVicosé — V2 I

sind + j

X X

Simplified and Similar to DC circuit solution

B = V;:f} il 2 _
X
_-_.-_’..

i %

Figures are cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.

NipPoN Kokl CRDECO
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DC Flow Method jiea’

(Example of 3 nodes network)

0—-82 0-6
1.0 1.0= —
0.8 08 ' 05
node 1 - 8, .
_62—0 3 — 03
0B="or* =1
P
lI dz = 0.104
83 = —0.565
node 3 ~— §4 -
P ST TS e
12 08 0.130
Per Unit Method: Pyq = 00565 _ 113
Rated or base voltage and power in grid are set to 1.0 BET=EE
Py = 0.1041+00.555_ o

- 13
nippoN Kol MADECO Japan International Cooperation Agency

Applications of Load Flow Analysigi’c}

* Load Flow Analysis
* Calculate voltages, voltage angles, real power and reactive power

e State Estimation

* Estimate unknown power flow through load flow analysis

* This unknown power flow can be considered as Pilferage.
node 1 node 2 node 3 node Fluctuation of
O I line 1 I line 2 I line 3 » Load
G * >
| Nl A
Limit of node voltage pknown Voltage /

7 or line capacity P - Fatﬂt{Short Circuit)
/ _ ~.Stealing Electricity /
State Estimation="" 7
// Short Circuit Analysis //
/ Stochastic Load Flow

Optimal Power Flow

NipPON KoEl  PADECO Japan International Cooperation Agency

Example of State Estimation -
for Multi Point Pilferage jica’

If there are multi point pilferage, we
have to consider multiple conditions at_

ode 1 line 1 node 2 line 2 node 3
the same time. Load flow analysis can Plossl 0,05 Pl0ss2-0.05 R
provide answer for all pilferage at the | N
same time using simultaneous P1=1.0 Pu=0.3 P2=0.6

equations of load flow. This load flow

o . . Pilferage Power
analysis is called state estimation.

For example, in a lower figure, pilferage e T ~Pilferage
. ~“node 4 S

power Pul and Pu2 cannot be obtained e P4”3°ge 3 gowecPul
independently. It requires simultaneous G P32 AN

. " . .y e n de 5 \
equations which include conditions of Ip node/ node 2 \
node 1, 2,3,4,5, respectively. I _|eP1s b12> I ]
For example, Power flow of pilferage can be \ > //

formulated as P43=P31+Pul, P31=P15+P12-Pu2. \\ /
Line flow is described by quadratic equations of Pilferage

N
voltage. Then they are set up as simultaneous

quadratic equations.
NiPPON KoE!  PRDECO

Power Pu2 - _ -

Example of State Estimation jica/
for One Point Pilferage

node 1 node 2 node 3
line 1 line 2
I Ploss1 =0.05 I Ploss2=0.05 I R
B N
P1=1.0 Pu=0.3 P2=0.6

1. Input Known Power P1 and P2 (1.0, 0.6)

* Get data by meter Pilferage Power

2. Calculate Loss Ploss1 and Ploss2 (0.05, 0.05)

* Calculate from line impedance and voltage of

P1: Active power from
nodel and node 2

node 1 to node 2
P2: Active power from
node 2 to node 3
Ploss1: Loss power of line 1
Ploss2: Loss power of line 2
Pu: Pilferage power

3. Calculate Pilferage Power Pu
* Pu=P1-P2 —(Ploss1+Ploss2)
=1.0-0.6-(0.05+0.05)=0.3

NiPPON KoEI  PADECO

Japan International Cooperation Agency

Japan International Cooperation Agency
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Example of State Estimation )
for Multi Point Pilferage JiC
1. Input Known Power (active
and reactive power of nodel el ol ez M3
transmission line, injection I Ploss1-005 _| Ploss2=0.05 I >
from generator and load) and |9 R |
Known Voltage and Current P121.0 PU=0.3 Pr=0.6

at Nodes (magnitude and
phase angle)

Pilferage Power

2. Estimate Unknown Voltage
by State Estimation /
(magnitude and phase angle) /

3. Calculate Power Loss and node 1
Flow of Transmission Line '\ _I—
and Nodes \

4. Output Pilferage Power

\
Pilfer\agg
Power Pu\z\\ -

- -

NipPON KoEl  PADECO

9 )
Purpose of State Estimation o

Bad data detection and repairing by Energy Management
System

* USA, EU, Japan, etc.

* Find trouble of metering

* Proposed by Dr. Schweppe(1970)
Finding and possible countermeasures for pilferage by
Distribution Management System

* Middle-East Area Case in 1980’s

* Long transmission line in desert

To check consumption of customers who do not allow meter
reader person (ex. gang) to read proper meter

* Japanese Utility’s Case from 1970’s

* Automatic Meter Reading -> Smart Meter

Control of Renewable Energy
¢ Prediction and control output of RE

NipPON KoEl  PADECO Japan International Cooperation Agency

Stability Analysis

* Equal Area Criterion (Manual calculation)
* Simplified Stability Calculation

* Transient Stability Program (Simulation Software)

* Electro-Mechanical Transient Stability

* Root Mean Square Value Calculation
* PSS/E, ETAP, CYME, DigSILENT,,,

* Electro-Magnetic Transient Stability
* Instantaneous Value Calculation
« EMTP, EMTDC, PSCAD,,,

NIPPON KOE!  PRADECO Japan International Cooperation

Agency

Stability Analysis ja)
-Swing Equation-

M: Inertia capacity
* M d26/dt2=Pm—Pe=AP
* This equation describes relationship between power and
frequency.
* Power will swing according to disturbances caused by
unbalance between generation power and consuming load.
* P.,: Generation Power
* Synchronous Generator: Controllable
* Renewable Energy Generator:
Uncontrollable? -> Control,,,
Uncertainty? -> Predict,,,
* P,: Load
* Customer: Uncertainty-> Predict,,,
* Fault: Uncertainty, Unpredictable (Of course)

NIPPON KOE!  PRADECO Japan International Cooperation Agency
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[ 1N )
. . . . IcA
Simplified Grid Model )
Generator 2.¢ 3 Xt i X V=Ve '
| e N
1 N
[ Grid/Customer
. P+jQ=VI"
P-6 Equation "
. Ee -V }
. =V
P = X S VE' i1 4 VE'cosd —V?
- F— — - - — "II - __’..._____.._ - =
X+ Xet X X+ X+ X

X=X,+Xi+ X

NIPPON KoEI  ADECO Japan International Cooperation Agency

Equal Area Criterion jica’
for Stability Analysis
P = iy sind
Uncertainty of Pm Pmax=>ATC
It will be caused by load 721 —— P

and renewable energy.

B; %

dpP VL'Vj

° _— —

as X COSS ‘Pm B T AN e e

Synchronizing Force
Gradient of Power Curve

If Pm reaches to Pmax, ' A- Accel ion E
synchronizing force will be : A: Acceleration Energy

lost. : B: Deceleration Energy

)

0 5;1 ‘5() d‘l)

~ 22
nippoN Koel  MADECO Japan International Cooperation Agency

p—

Equal Area Criterion for RE and SCO jica’

'I (i) with SOC control

(g) Photovoltaics
Change Pmax P
(h) Wind Power

Change Pmax and
Phase

(i) Battery
Change Pmax
(j) sco
(Synchronous Condenser)
Change P during fault

() (h) (i)

0 /2 s

NIPPON KOE! C"ﬂD'ECO Japan International Cooperation Agency

.’-\)
Power System Model (Example) JicA
o= s s \\ Ppy1=0.05
| I
I |
| , X=1.3
| : =0.55
I |
I [
: Vtzl.o : | > V=1.0
\ 7

Treat as one generator DC Flow Method: P=58/X

0.55-0.55=6/1.3
6=0.65rad=37deg

NIPPON KOE! C"ﬂD'ECO Japan International Cooperation Agency
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P-§ Curve and Stability Evaluationjia’

* Pmax=1*1/1.3=0.77
° Pop=0.5 P
* (a) Currently APg=0.15
-> Stable 0T = = T
* (b) If APge>0.27 '
-> Unstable

* SCR=Pop/AP; should be 05
over 3

=(a) 3.33 -> Stable
=(b) 1.85 -> Unstable
* ATC=0.27

* Spinning Reserve should be
more than APy

=0.15

0 /2 i 6

NipPON KoEl  PADECO Japan International Cooperation Agency
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Appendix 3-3-2 Attendant list, and Q&A, of the 1st RE & Grid Stability Seminar (Jamaica)

Technical Cooperation to Promote Energy Efficiency in Caribbean Countries
1st Seminar on Grid Stability and Large RE in Jamaica
List of Participants

SN Name Organization
1|Brain Richardson MSET
2[Horace Buckley MSET
3|Steve Dixon MSET
4|Todd Johnson MSET
5|Cedric Wilson OUR
6|Craig Rattray OUR
7|Sashana Miler OUR
8|Wiunston Robotham OUR
9[Dwayne Dyer SJPC

10|Chase Lvey JPS
11|David Clarke JPS
12(Dhario Reid JPS
13|Dweight Reid JPS
14|Errington Case JPS
15|Jodie Bowes Morrison JPS
16[Ramon Lewis JPS
17|Sheveena Haye JPS
18|Shogo Otani JPS
19| Takuya Kokawa JPS
20|Keisuke Harada JPS
21[Andre Lindsay

22|Daniel Tomlinson

23|Duane Smith

24(Dweight Richards

25|K Cowan

26|Kirk Gilpin

27|Mark Chambers

28|0Omar Stewart

29|S Davis

30|Terrie Brown

31[Yeno

32|Yuka Nakagawa JET
33|Hisao Taoka JET
34{Kevin Douglas JET
35[Mitsuyoshi Kawasaki JICA
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Appendix 3-3-2  Attendant list, and Q&A, of the 1st RE & Grid Stability Seminar (Jamaica)


Technical Cooperation to Promote Energy Efficiency in Caribbean Countries

1st Seminar on Grid Stability and Large RE in Jamaica

Title and
Organization

Senior Engineer -
JPS

Office of Utilities
Regulation

Senior Power
System Engineer -
JPS

Transmission and
Distribution Expert -
Ministry of Science,
Energy and
Technology

Principal Director,
Energy - Ministry of
Science, Energy &
Technology

Jamaica Public
Service Company
Limited

Chief Technical
Director - Energy

JPS, Government
and Regulatory
Relations

Please provide your opinion what is the
challenges for 49% target renewable energy
penetration in Jamaica.

49% VRE energy penetration will mean
much higher instantaneous (MW) VRE
penetration and this will require new
methods for all areas of grid design and
operation.

Appropriate coordination and cooperation
will be needed by all stakeholders and
consumers.

Clearer policy guidelines needed

With proper planning is achievable by 2030.

N/A

Hike in electricity price for stable power.

Achievable but some significant risks remain
if not planned properly

The short time to achieve the target, the
investment required to be made and most
important, the tariff change to back that
investment

Feedback Form

Please input questions that you would like to
know more details in the next seminar
components.

How to calculate minimum inertia for grid
stability.

None

More advice on mitigating pilferage

BESS is a new technology and therefore
more emphasis is needed

Based on Jamaica's grid and generation
composition, what is the optimal and realistic
renewable penetration that can be achieved
to keep the lights on?

Has the increase in RE penetration begun to
affect the momentary interruption (MAIFI)
index for customers in Japan in any way?
Has the increase in RE+ storage led to more
businesses and households leaving the grid
and self generating?

Is the increase in RE penetration so far
helping or hurting electricity price in Japan?
Is pumped storage considered an
economically viable technology option for
Japan and what are the challenges?

Are waste to Energy projects price
competitive in Japan or do they require
special government subsidy support or
concessions of any kind to be viable?

Date: 12 Oct 2022

Would you like to take
basic course for
power system
engineering (outline of
university course) as
Day-1in the next
seminar?

No.

Yes

No

Yes

Yes

Please input what is

the best finding during
the seminar, and your
other comment if any.

ATC and VRE
integration.

Inverter Based
Resources

Grid Forming Inverter
vs Grid Following
Inverter

Grid stability with
increasing VRE

The outline about
virtual inertia and the
impacts of pilferage
on spinning reserves

Very informative
seminar. It has been
very useful is
addressing some of
the challenges
relating to power
quality and
intermittency from
increasing amounts of
RE on the grid.


nkmanager
長方形


Appendix 3-4-1 Material for the 2nd RE & Grid Stability Seminar (Jamaica)

? ?
[ I ) [ I )i
jica Agenda jica
Technical Cooperation to Promote
Energy Efficiency in Caribbean Countries . 10:00-10:05  Opening Remarks
* 10:05-10:15 S1-1. Project Outline, RE and Microgrid Concept
* 10:15-10:30 S1-2. Review and Feedback of 1st seminar
nd H H HH * 10:30-11:00 S1-3. Why Grid Stability is necessary
2 Semlnar on Grld Stablllty and La rge RE * 11:00-11:30 S2. Grid Modelling for Jamaica
In Jamaica « 11:30-12:00 S3. Basics of Power System Engineering for Grid
Stability Simulation
(Lunch Break)
30 Nov 2022 + 13:00-13:50 S4. Load Flow Analysis and its Evaluation
* 13:50-14:40 S5. Transient Stability Analysis and Evaluation of
Stability
* 14:40-15:00 S6. State Estimation for Multi-point Pilferage
* 15:00-15:30 S7. Discussion for future grid and RE in Jamaica
Nippon Koei Co., Ltd.
PADECO Co., Ltd.
NIPPON KOEI pHDECO Japan International Cooperation Agency | 1 NIPPON KOE]I pHDECO Japan International Cooperation Agency | 2
" "
9 ) _ : 9
JICA Project Outline and Schedule JICA
SeSS|On NO. 1 1.2 3456 7 8 910111213 32 33 3435 3637 38 30 40 41 42 43 44 45 46 47 -
(Bas:?rlaeseS:Ney) Phase 2 (Technical Transfer)
1. Proj ECt Outline Year 2019 Year 2020 Z;;; Year 2022 Year 2023
RE and Grid Stability activity is to: i
- introduce micro-grid concept in one of the

nipPoN KoEl  PADECO

Japan International Cooperation Agency | 3

agreed areas and develop modelling based
information is institution on existing grid data.

Conf'r.”t“e‘g f%.the caﬂacnyg;e " - introduce computer modelling for grid
SEIREIERY [SCTMe s SHIAETEES] el Al analysis and examine issues associated

The basic The human and

Tﬁ{rggiction of RE ?faéfzmtmdua'on with a large penetration of VRE
- propose the way to enhance resiliency
! ‘ ‘ - consider and propose the necessary
technologies for achieving the RE goals,
The basic Thelhumantand including grid stabilization,
information is institution capacity |- - consider and propose additional policy legal
confirmed for the » are enhanced for system for achieving RE goals
capacity building the promotion of - prepare necessary training plan
for the promotion EE - provide recommendations on design of the

UIEE policy/ legal system

nipPon Koel  PADECO

Japan International Cooperation Agency | 4



nkmanager
タイプライターテキスト
Appendix 3-4-1  Material for the 2nd RE & Grid Stability Seminar (Jamaica)

nkmanager
長方形


Overall Schedule and objective jica’
2022 2023
Team Country Oct Nov Dec Jan Feb Mar Apr

Barbados
RE St.Kits&Nevis|

Jamaica *f * *

Barbados
EE St.Kits&Nevis|
Jamaica

Training in Japan

- RE&Grid Team and EE team visit Jamaica on spot alternately.
- 1t Seminar on Grid Stability and RE on 12 Oct 2022

- 2" Seminar on Grid Stability and RE on 30 Nov 2022

Objective:
- To discuss challenges and solutions for future Jamaica Grid with RE penetration
- To share knowledge about grid stability and simulation for future optimum grid planning

- 3 Seminar on Grid Stability and RE in late Jan 2023 (proposed 23-27 Jan 2021)
Final Joint Coordinating Committee (JCC) in March 2023

CApeco

NIPPON KOEI

2. Baseline S R t-S
aseline Survey Repori um.mary . v
Summary: Jamaica A<

| wem | Desipton | ProjectActivities

* Energy Source: Oil (53%), Electricity (37%)

+  Peak Demand: 654.5MW (2018)->622MW (2021)™*
Energy Efficiency + Generated 4356 GWh (2018)>4,303 GWh (2021)™*

* 1833 kWh/customer/yr, 0.34 USc/kWh (2021)*1

¢ Peak Period: 6:30pm — 8:30pm

*1JPS Annual Report 2021 *2 IRP Feb 2020
*3 Interview to JPS *4 Transmission Code

Priority 1: BEMS
Priority 2: Mini split AC
with inverter

Priority 3: LED

* RE target 33% by 2030, 49% by 2037 *2
Renewable Energy * Hydro 28.6 MW, VRE 175 MW (PV utility 53+ Recommendation for 50%
distributed 20-40MW , wind 102MW) *2, RE 15% of grid RE target
Micro-grid concept study

¢ >50.5Hz:0.5sec, <49.5 Hz: 20 sec, <48Hz:0.5 sec *4 .
Introduction of asset

¢ RE Fluctuation affects gird stability*3

. e t
SUSSLRIIZ « JPS 21.5MW/16.6MWh Li BESS +3MW 16.5MWs L
flywheels
* Thermal power plant: total 20 units including IPP
Installed Capacity: Total 1036.5MW including GTCC in
g:‘n“;'r::;:erma' Power 0ld Harbour P/S (190MW) g
* Heatrate 11,330(2017)->9,392 (2022) kj/kWh *1
* Predictive Maintenance: Considering to apply
NIPPON KOEI pHDECO Japan International Cooperation Agency | 6

RE Status in Jamaica

X
“e===g_grho Rios

.‘,’7—" Upper & Lower White River

-

Japan International Cooperation Agency | 5
Bogue i 2
Montego savs‘ _\.ﬁ__l_!_na\auenonoanng River
AT ]

Challenges for RE & Grid:
v Increasing RE capacity >15%. Grid Neg,_’.'ﬂ ;

ey —a ¥

stability and power cut issue Y

v’ Feeder cut at 49.5 Hz _ ok R ' Jes Saf’ a_:t;;:::g \
Y SYStem losses 26‘3%(2018) ] Thurr\‘lellghllln:t {v:‘l'lr:.ldn? / - -.. P g\ . —— =
thyern Wigton (Wind) - Hunts Bay JPPC

./ Maggotty

->28.3%(2021) ; y| Lton
v’ Large number of distributed PV, o o _ Old HarbouRotkfort  20km
available database? ® Major City Source: JPS, 2019
v Wind & PV potential unevenly VRE Projects in Jamica
. . . . . Capacity |Generation Tariff Investment
distributed ->less smoothing e/ ! MW |GWhestimated | O |USc/kwh  |mil UsD
Wigton | Wind 20.7 52] 2004 10.21 26
Wigton II Wind 18 47| 2010 10.723 45
Wigton Il Wind 24 63] 2016 134 165
Munro Wind 3 10.5| 2010 Ps)
BMR Wind Wind 36.3 120 2016 12.9 90
Content Solar (WRB) |PV 20 34| 2016 18.8 65
Independent roof-top [PV 20? -
Eight River (EREC) [PV 33.1 2019 8.5
Cemmr=——=== ~~ Wind Potential Wigton IV Wind 34 ?
® 80m Wind Sosed in Jamaica VRE under operation 142 326.5

Source: Sustaingble Energy Roadmap 2013

Source: Prepared by JET with several data sources
NIPPON KOEI ADECO

Japan International Cooperation Agency | 7

"
IRP-2 is being prepared and values below will be M. )
modified in IRP-2. JICA

Summary of IRP-1

New GenerationSited = 1630

2018 average 2018 Fheed
MW Unit Type Duunwczm i o =
18, 1% _20, 1% 36, 2% :' JkW) Varlable cost Maintenance
T ($/Mwh) ($/kwW)
New Capacity only; existing capacity is modeled at contracted rates
Natural Gas Combined Cycle 1600 92.0
|

Natural Gas Combustion Turbine 200 1340

Medium Speed Reciprocating

Engine burning Natural Gas ALY 2.0

959, 59% Real, Levelized cost including capital, variable and fieed

Wind O&M and excluding profit = $105.8/MWh
alar Real, Levelized cost including capital, variable and ficed
O&M and excluding profit = 578.2/MWh
Hydro Real, Levelized cost including capital, variable and fixed
m Waste toEneray  ® Biomass = Hydro O&M and excluding profit = 5102/MWh
Wind/Solar = Fossil fuel thermal Waste to Energy” 7200 2.3
Blomass® 3837 5.6
Generation 2041 MW Source: Integrated Resource Plan Feb 2020
Wind/solar 959.59
Fossil fuel thermal 597.37 Veqr |GCNeration  RE RE
Hydro 36.2 GWh GWh  Portfolio
Biomass 20.1 2030 5,453 1,913 35.1%
Waste to Energy 18.1 2037 5,939 2,435 41.0%
Total 1631.36)] - Cost for control and grid stabilization is not included in Wind & PV
VRE 58.8%| - Itneeds toidentify yearly VRE introduction to assess grid stability

MADECO

NIPPON KOEJI Japan International Cooperation Agency | 8
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Characteristics of VRE 'ijA’

35| Wind

- Unpredictable generation output change

“ - produce ramps according to weather condition

10 jﬂﬁ: - Depending on geographic areas, fluctuation comes at

ol 11 )--. once if it installed in the same valley
00:00:00 04:00:00 08:00:00 120000 16:0000 20:00:00 PV

ol (TR T ]

Wind Output - No output in night-time and rainy day
- - Large fluctuation in tropical climate (likely to change
nd o .
- B 80% in a minute)
] Both (VRE):

TN 2 - It does not always generate when needed. Load-supply
’5\“;" J_,:f’”m ﬁm matching is an issue
- —"';;/";"W— - Time coincidence of VRE, there can be times when there is

utput . .
: too much supply. Curtailment of VRE is necessary
—>energy storage/control cost need to be considered.

Caribbean Islands:

- Lower cost than tariff >rapid private investment
- Limited area for transmission

- Frequent change of weather condition

Challenges for
- Cost for stability : who covers?
- Technical and regulatory matters

2-2. Baseline Survey Report- Renewable Energy and Grid Stabilization

RE: Grid Stability Issue with VRE in Jamaica  jfa)

| Grid Stability issues due to significant VRE fluctuation |

» Limitation of generating units, unable to ramp fast to counter rapid variations in VRE
» Adverse effect on Heat Rate (Efficiency) and increase of production cost
» Part-load operation of generating units, increasing emissions and reducing operating life of equipment
» Impacts System reliability, security, stability and power quality
RE Production Output Profile Over 24 hours September 28, 2016

Source: DEVELOPMENT OF RENEWABLE ENERGY
MARKET IN JAMAICA, OUR, 2018

MW of RE ProductionOutput

Ramp Rate: ST 1-3MW/min,
GT 5-10 MW/min,

Spinning reserve with 21.5 MW (16.6 MWh)
BESS+3 MW (16.5 MWsec) Flywheel solved

L CC 1-2 MW/min, . . .
- Limited stable RE (hydropower/geotherma|) DG 03-16 |\;|n\/l\r/]/min B “.the situation = for future increase of VRE ?
NIPPON KOEI pHDECO Japan International Cooperation Agency | 9 Hydro 0.4-0.5 MW/min ——WIG12 ——WIG3 —— MR consoL )
Arrangement toward 100% RE i) attery and Energy Storage i)
—_— J Positioning for Energy Storage Technology J
VRE 0% _ | Voltage and frequency Stabilization | Release Energy
. Curtailment - Curtailment of VRE energy in PCS to make grid stables, Time Rate Curtaileg
S —— i S ener
g E’ \/ smart inverter ) ) Home, Building, | Substations, Distributed Power spike Ig\};eling PV output
o9 - Governor Free (GF), Economic Load Dispatch (ELD), T rtati Facilities etc. for System Stabilization/
£ < Energy Storage Load Frequency Control ( LFC) e ILoad Leveling
o Pumped
& & BESS _ Energy Storage: Battery, ﬂyWheel Redox Flow Battery | CAES.CS:;‘:; Hdero For load
T - Synchronous condenser, Statcom Hour Fuel Cell Na$ Battery Air Energy Storage
Demand - EV charging time shift
Response (DR) - Demand side management PP
- Regulatory framework change, review of grid code . - . (MW]
Insufficient Inertia, Synchronizing Force A »Fluctuation
CSP, Biofuel Minutes Power J/ N
eneration - - RIS,
. g B.attery IV!otor g.enerator set Nickel Hydrogen Battery . / \ .....
29 - Biofuel (diesel, jet) forbpe | |\ =711 = Tt [|& Storage I
— = 1 11 11
22 - CSP (Concentrated Solar Thermal Power) E—— ] Primary: RE + Battery
g £ . Gravitational P ywhee - Backup: Th |
b ravitational Power SMES :Super - ackup: Therma R
- Grid forming Inverter Capacitor MagneticIEnergyiStorags i
- H2 generation from RE by electrolysis ;
- Seasonal large scale storage )
VRE 100° kW 10kW  100kW 1MW 10MW  100MW  1GW  System Size
(]

nippon koer  (PADECO

Japan International Cooperation Agency | 11

Source: NEDO Renewable Energy Technology White Paper Chapter 9
Japan International Cooperation Agency | 12

nippon koer  [PADECO
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Inertia and Synchronizing Force with RE j.i’CA}
Inertia Grid Voltage istri

Larg\]leREcale Generator (Diskeight, speed) : (Disk Radﬁjs) b s'i;';;ted

Power

Frequenay
(Rotation  *

Speed) : :

GeneratM
Voltage =,
(Disk Radius)

i Roofto
WL%MT I #» Generator  Transmission line  Load ﬁ PV P
DX M ..!o'.\...' ox PEY D% ! T J

Wind Synchronizing Force
= the power to make rotating
speeds of both disks same

o LA
it W

Prepared by JET with reference
to https://www.tdgc.jp

Inertia: The force to keep the rotation of disk when load is changed
Synchronizing Force: The force to keep rotation speed of disks. It keeps back to the same
rotation when generation power and load is varied, without entangling.

Fluctuation of large scale VRE affects to generator at generation side and load side
= Inertia and Synchronizing Force need to be enhanced for grid with large VRE
nippon koer  [PADECO

Japan International Cooperation Agency | 13

Inertia and Synchronizing Force with RE ji’c:’

Synchronous generator: The power source establishes voltage and frequency with reactive
power, and combines with generators by synchronizing force

VRE/BESS with inverter: DC converted to AC. There is no rotation, no synchronizing force. It
monitors grid AC voltage and wave and adjust accordingly = no contribution for stability

H GF: Governor Free
Frequency ( Z) UFLS: under frequency load shedding
\ RoCoF: Rate of Change of Frequency

Generation Nadir: minimum value of frequency

N\i‘/ disconnection reached during the transient period.

Rate of Change )
of Frequency 15\
(df/dt) (RoCoF) 2t

{Aﬁected by inertia,

Less synchronous generator, larger VRE

Recovery by GF and load shedding

generation loss
i \ Time
If Nadir< UFLS - load shedding

Source: OCCTO Committee on Demand-
supply Balance on 27 Oct 2020

NIPPON KOEI pHDECO Japan International Cooperation Agency | 14

_—

Black-out when
insufficient Sync. Gen.

If synchronous generator is reduced and
inertial is not sufficient, power loss

- Frequency drop, with no recovery

- Chain reaction of loss of VRE

VRE+BESS+Inverter }
. o A
%’ .
Sﬁnc:Gienierator

' Power Grid .@

Sync.Generator

Sync.Generator

Sync.Generator (:@

Power loss
Sync.Generator

- Black out
=4
Frequency (Hz) VRE+Inverter C@
\ Sync.Generator Sync.Generator

Generation
\ A disconnection

Increase of VRE+BESS+Invert

Sufficient Inertia . VRE+Inverter
VRE+BESS;Inverter
- Frequency recovery
Sync.Generator ﬁ’ Sync.Generator
Power loss @
RoCoF>2Hz/s | NS __ ___ Power Grid
~ Chain loss Reduced Inertia VRE*'”Ve”e’ 4 VRE+|nverter
of VRE >RoCoF? Black Out!
RoCoF: Rat
Ofocf?ang:o? VRE+Inverter
Frequency Sync.Generator VRE+Inverter

Blackout!!

Source: Transmission and Grid Council, Japan

NIPPON KOEI pHDECO Japan International Cooperation Agency | 15

———
Consideration for Larger VRE/BESS Penetration ji'CA}
* Increased application of PV and Wind :

 |s Battery sufficient measurement?

» To what extent can utility scale PV and wind be operated without affect
on grid power quality?

* How much can a feeder accommodate distributed PV and BESS?

* Planning with grid simulation is necessary. U |
« Load flow analysis %
» Stability analysis R L gt i i
+ Grid code needs to be checked for condition of —- | ‘_‘
grid connection of VRE and BESS 49.4Hz
Example of frequency fluctuation with VRE

NIPPON KOEI pHDECO Japan International Cooperation Agency | 16
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."""\ Emerging technology for large RE with Grid Stabilization : Generation =N

. 9
SCO and STATCOM for Reactive Power jica’ | with inertia and Synchronous Power jica’
SCO (Synchronous Condenser) : Type of Technology Advantage Develop stage
SCO is DC-excited synchronous machine (large rotating ] 2. g ‘I. Motor - Energy in battery provides - Used as frequency
generators) whose shaft is not attached to any driving L Jug, Jﬁ generator synchronization and inertia conversion
equipment. Though changing field excitation, SCO adjusts it ] (MG) - Small scale supply, for micro grid - Commercial operation
reactive power and provides reactive power at the time of - Source: taiyo-electric
voltage drop. https://enegy-shiﬂ,com/news/af737655-0462- ! ! ! ! Gravity - Gravity of recycled Concrete z$;zlommercial, 35 MWh,
) 4655-81ae-b17d86b5784d | i Stora e bIOCk 35t0n/n05 per tower
STATCOM (STATic synchronous COMpensator) : i R & Batte?y - Provides inertia n=85%
For compensation of reactive power, it generates/absorbs reactive power, and stabilize --“:ﬁ'-tl-ﬁ' Half cost of Li-ion batter 52.5GW planned in USA
voltage continuously at high speed by self-commutated inverter. SN alt cost ot Li-lon battery
1.4} STATCOM bus-bar voltage - With STATCOM 80 Internal Phase Angle Deviation CAES - Compressed high pressure air -demonstration by NEDO
_olep - Without STATCOM & ¢ - With STATCOM g (Compressed - (Liquid air may be developed) - 900 MW in California
é L B RS it © ’8,7 : . ---- Without STATCOM Bl 1 b -l.;__ r':; air energy _ . . . _ =70-80%
) gloop e e funwnw.nedo.go jpinewslpre storage) Provides inertia n o
% TT ? ss/AA5_100756.html
> s : - i i i i i - Commercial operation at
; c B - CSP With turbine, provides inertia (
7 8 \;Tim e](Us ) Open one creut Time (5) e (concentrating and synchronization lv::arzas?o?i):ew(lmwof; t:l(l)ltUeSth)
Source: Enhancement of Steady— State Stability and Suppression Sl o) - Cost decrease EXPECted, hlghEI’ under development
450 i STATCOM Output of Over—Voltage using 450MVA GCT—STATCOM, Mitsubishi Solar efficiency than PV. n=50%
7z i (positive: phase advance) Denki Giho, pp.52-55, Vol.87, No.11, 2013. electrek.co/ thermal y > N o
< 900 P > e
%% Y r,u\/“—‘-\t;mh il . - Grid- - Dynamic active/reactive power, FRT, - Under development
88 of—n— - Without STATCOM o D i —tl D ; . forming frequency control, inertia - (Smart inverter by
: https://www.hitachi.co.jp/p = i} . . e .
L e TS e e roducts/energy/STATCO Source: CIGRE _ inverter - Applicable to existing PV IEEE1§47, Mandatory in
| : Time (&) M’abOW'"dEX]th'an Inter n - (Smart Inv: FRT, VRT, voltage support) Hawai )

Example of Grid Code jiea’ jea’

Country UK Ireland Germany Japan Se SSIon N 0. 1
Grid Code The Grid Code EirGrid Grid Code Technical Connection Grid Code
Rules fore MV
Regulator Ofgen (regulator) TSO VDE (Association) OCCTO
Main Items of | - Frequency and time for | - Frequency and time for -Frequency and voltage (under
Grid Code operation continue operation continue that need continuous preparation)
- Active power increase/ - Active power decrease/ operation
decrease at the time of Increase at the time of -Active power increase/
frequency increase/ frequency increase/ decrease at the time of . .
decreasey decreasey frequency increase/ 2. RE a nd M ICrogrld COnCE pt
- Active power Droop - Governor control rate decrease
according to frequency - FRT requirement at the - FRT requirement at the
change rate time of voltage drop time of voltage drop
- Voltage, harmonic wave, | - Reactive power supply - Reactive power supply at
flicker at nodes - Speed of power increase/ | the time of voltage change
- FRT requirement at the | decrease with load dispatch [ - Active power limit at the
time of voltage drop order time of large voltage
- Reactive power supply - Lower limit of load change
- Black start and - Spinning reserve - Protection of grid and
Protection of grid and requirement generators
generators

OCCTO: Organization for Cross-regional Coordination of Transmission Operators, Japan
FRT: Fault Ride Through

NIPPON KOEI pHDECO Japan International Cooperation Agency | 19 NIPPON KOEI pHDECO Japan International Cooperation Agency | 20
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Microgrid Concept

Concept

of Micro-grid

Distribution v’ Respect

Substation

Distribution

— ————

ive Micro-grid is

connected each other, and each
Micro-grid can work
independently
v' Local energy production for local
consumption
v Generation: PV, wind,
£ biomass, DG, GT, battery, etc.
§ v Demand: industry,
g commercial, home, EV, etc.
v No transmission = loss saving
v With loT, control system, EMS,
demand response, smart meters
v Enhance resiliency

Microgrid for Resilient System N

-- Autonomous Micro Grid
Thermal Generation Plant
Nuclear Generation Plant
éﬂ [ 2

Residences
LN N

—— =

Clustered
Microgrid

—_—
7" Clustered
Microgrid

N~

Clustered
Microgrid

~
4, Communication Lo

‘ﬁ- ICT/EMS

Clustered Microgrid

Energy Management of
Electrical Facilities in A Cluster

| E
\ ’

Car a BU|Id|ngs
Parking
Source: Smart City Development and Recent trend in Electric Power Network, Waseda Univ. Charging Station
NIPPON KOEI pHDECO Smart Houses with PV and EV Japan International Cooperation Agency | 22
. Ll - - -
Resilience for RE Microgrid Planning %A

23 Aug 2018 Awaiji, Japan

https://www.sankei.com/west/news/180828/
wst1808280043-n1.html

600 kW, Fallen at 25.6m/s wind while 60m/s design
- Additional moment due to Excess of high speed
- Missing control power supply

9 Sep 2019 Kanto, Japan
@kadowaki_kozo
Damage of roof-top
structure by high speed
wind

For enhancement of resilience:
v' Design Standard with higher rank hurricane
v Autonomous Micro-grid

NIPPON KOEI

CADeco

26 Jul 2019 Himeji, Japan
https://www.dailyshincho.jp/article/2018/0726

0800/?photo=1
Landslide by a heavy rain

Japan International Cooperation Agency | 23

jica’

- Legal requirement for microgrid by the regulatory authority
- Method for emergency recovery, switching from microgrid to
master grid, Affect on adjacent areas.

Study for legal requirement of
regulators considering affect on
transmission line outside of Microgrid

[=]

Estimate demand of daily curve, total demand of the day/week /
year, at normal and abnormal condition,
data as much as accurate by each feeder.

@ Estimation of load and demand at -
normal and abnormal condition in
Microgrid -

- Capacity of generator, and PV, design, selection of equipment.
- Preparation for emergency (load shedding, control, etc.)

E Plan for system structure of Microgrid
- Protection and control method considering supply and demand

in distribution lines based on demand

- Plan RE facility with energy storage based on power demand
- Consider necessary stabilization equipment considering
fluctuation and output instability.

4 | New system installation/enhancement
for stabilization facility requirement
for RE and supply-load balancing

- Review regulation and rules including grid code for connection to
transmission line

- Operation method at the time of emergency recovery and
minimize outage

5 System requirement and legal
confirmation for inside and outside
Microgrid

- Based on supply-load balance, finalize system configuration
&Spec
- Operation and EMS development, communication system

Finalization of system configuration
and specification for whole Microgrid

nipPon Koel  PADECO

Japan International Cooperation Agency | 24
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- Humboldt County, natural disaster-prone coastal area

- Completed in Mar 2018

- Optimized operation with PV and BESS with back-up DG

- At emergency, independent operation with seamless
switching of disconnection/connection of main grid

- Demand response with load shedding for less important

load at the time of supply difficulty

Microgrid controller (EMS) controls independent operation

25%, $170,000 of electricity saving in 2018

Microgrid Ex.-1: Mutsuzawa, Chiba, Japan ji’c:’ Microgrid Ex.-2: Blue Lake Rancheria, CA, USA

Mutsuzawa Road Side Station

Gas co-generation (80kWx2), PV system (20kW),

Solar heating (37 kW) EV charger,

- Independent power supply for residence zone

- Thermal supply for hot spring by co-gen

- Microgrid area connected with grid

- Continuous supply during Typhoon (large scale
regional power cut approx. 1 week) in Sep 2019 -

- 1000 utilized power supply, shower, toilet for ﬂﬁrﬁmf Grid

Residence
Zone -

emergency e g .
ﬁ 2 - Regional Disaster-prevention facility |
Gas Co-gen PV System - All power lines are underground i N Schedule July 2015 — March 2018
' Utility PG&E
serom Residence o A Generation PV 420 kW and back up DG 1MW
Station — e Inverter SMA TP30-TL-US10
£V Charge W BESS 500kW/950 kWh Tesla Powerpack
@ g:ﬁi&‘mnec‘im Control (EMS)  Siemens Spectrum Power TM MGMS
Project cost USD6.32 million
Nippon KoE1 PRDECO e o e sttt o TSI B o Pt

Microgrid Ex.-3: South Australia Yorke Microgrid ji'c: ) | Microgrid Ex.-4: Jamaica Caribbean Boiler-JPS ji'c: )

https://www.electranet.com.au/new-battery-charged-and- -

ready-to-power-lower-yorke-peninsula/

One circuit 132 kV line is connected to the area, which
once had frequent outage and issue on reliability
Autonomous microgrid, sifted to independent operation
without outage, seamless islanding

91 MW Windfarm provides power

BESS provides virtual inertia, reactive power
compensation, and black start function

System provides ancillary service with frequency
adjustment

Microgrid with Combined heat and power (CHP)
generation plant and supply to community

The exhaust heat converted into energy and improve
efficiency

improve its operational efficiency and reliability.

5 generators + CB boilers

Provides power to Hill Run community

30% CO2 reduction by fuel switch from heavy oil to LNG

JPS Power line  CB Boiler
i o G tors 2MWx5
(W g g SN itms | Description ____| TN e e e |
giMw é o f Nem  Utility Electra Net m T T
Wind Farm @
o Area Dalrymple, Lower Yorke, SA X X % 54 <
]| Substation  Dairymple S/S 132/33 kV IZI &
Generation 91 MW Wind
Dalrymple
BESS E % & D
30MW/8MWh Load/DER BESS 30 MW/8MWh ABB https://www.cvmtv.com/news/major-stories/jps-and-cb- (ﬁj‘ AL
group-collaborates-on-new-power-plant/ ﬁ Facility load

Grid Forming Energy Storage System addresses challenges of

grids with high penetration of renewables (A case study),

CIGRE, 2020
NIPPON KOEI pF]DECO

Project cost 30 mil AUD (of which 12 mil AUD

is financed by ARENA)

Japan International Cooperation Agency | 27

CADeco

NIPPON KOEI

Hill Run Community (800kW)

Japan International Cooperation Agency | 28
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3. Review and Feedback of 1st seminar

NIPPON KOEI pHDECO Japan International Cooperation Agency | 29

1. Feedbacks of the 1st seminarin 12 Oct 2022 j?c:)

|| Question ____|Feedback |

1 Please provide your * Appropriate coordination and cooperation will be
opinion what is the needed by all stakeholders and consumers.
challenges for 49% <+ With proper planning is achievable by 2023.
target renewable * Achievable but some significant risks remain if not
energy penetration planned properly.
in Jamaica *  49% VRE energy penetration will mean much higher
instantaneous(MW) VRE penetration and this will require
new methods for all areas of grid design and operation.
* Hike in electricity price for stable power.
* Clearer policy guidelines needed.
* The short time to achieve the target, the investment
required to be made and most important, the tariff
change to back that investment.

'8 30
nippon iKoel  PADECO Japan International Cooperation Agency

_—
9 )
JICA

2 Please input <+ BESS is a new technology and emphasis is needed.

guestions * Based on Jamaica’s grid and generation

that you composition, what is the optimal and realistic
would like to renewable penetration that can be achieved to
know more keep the lights on?

details in the * How to calculate minimum inertia for grid stability.

More advice on mitigating pilferage

Has the increase in RE penetration begun to affect
the momentary interruption(MAIFI) index for
customers in Japan in any way?

* Has the increase in RE+storage led to more
businesses and households leaving the grid and
self generating?

next seminar °
components ¢

M 31
NIPPON KOEI  PADECO Japan International Cooperation Agency

-_—
8
JICA
|| Question | Feedback
2 Please input * Istheincrease in RE penetration so far helping
questions that or hurting electricity price in Japan?

you would like ¢ Is pumped storage considered an economically
to know more viable technology option for Japan and what are

details in the the challenges?
next seminar ¢ Are waste to Energy projects price competitive
components in Japan or do they require special government

subsidy support or concessions to be viable?

To be explained today:
Optimal and reasonable VRE plan and grid model
System capacity and Inertia requirement
Grid Forming Inverter
Microgrid for mitigating pilferage

M 32
NIPPON KOEI  PADECO Japan International Cooperation Agency
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Outage trend and VRE affect on Outage ji’cA

Has the increase in RE penetration begun to affect the momentary interruption(MAIFI)
index?
https://www.enecho.meti.go.jp/about/special/johoteikyo/teiden_info.html| ,

apan
New York
California

4 Texas
’ Germany
Italy
France
Spain

— UK

\

i

Sweden
Finland
Norway

Outage/min/customer
\
'
.

2015 2016 2017 2018 2019

- At present, no momentary interruption is caused from large RE penetration

- In Japan, RE have not yet affect outage but sever weather like typhoon affected

- 28 Sep 2016 South Australia grid with50% Wind . Wind power is disconnected due to
thunder and transmission damage = Blackout for 850,000 customer

- California (CAISO): 32%RE in 2019. 14-15 Aug 2020 Load Shedding due to large scale
introduction of PV and halt of coal/gas power plant and heat wave in evening

https://ieei.or.jp/2020/09/yamamoto-blog200914/

2 33
nippon iKoel  PADECO Japan International Cooperation Agency

—
. . 9
Power Tariff and RE Revy in Japan jica’
Is the increase in RE penetration so far helping or hurting electricity price in Japan?
e 1PY=0.95IMD - | - VRE Percentage: approx. 10% in 2020
SE R R EEER - RE Revy is approx. 10% in 2020
s - 10% VRE in kWh base is 20-50 % of
10 VRE capacity
5 - RE Revy (additional tariff/kWh for RE
* o o3 20w 2015 2016 207 2018 2019 020 202 202 cost) is likely to be proportional to
e i v VRE percentage
Power Tariff in Japan (JPY/kWh) - Future ??

https://www.de-info.net/

RE % in Japan

» WG entherma s WY agg
e i Power Tarlff in Germany (Usc/kWh)
Prepared by JET from METI and Enetech data

8 34
nippon iKoel  PADECO Japan International Cooperation Agency

Pumped Storage vs Battery

Is pumped storage considered an economically viable

n’-\)
JICA

250 technology option for Japan and what are the challenges?
2 200 * Challenges: Topology and water. Higher head,
£ 150 lower cost: 700USD/kWh@100m,
z 100 350USD/kWh@200m (100,000m3) .
i 50 * Long lead time, Environmental Impact Assessment
g 0

- Advantad0-50 years life, black start possible
0 100 200 300 400 500

Reservoir Volume ( x 10% m3)

- LiB : 350-450USD/MWh @2022 (for 60MW scale),
Cycle: 5000-20,000 @DoD 80-90%

8= 50mhesd —8= 100mhesd —@— 200mhead == 300m head

200 . ;
L Storage Capacity x1043 m3 ‘ DoD: Depth of Discharge
0-MW Unisity-Scale BESS Cost Projections for 575 6O-MW Utility-5eale BESS Cost Prajections for 5F5
= 150 4,000
E e wo ‘ g .
= *-200 e
£ 100 Sl 2 .
= - 8
S +-400 ‘ £ e
5 3 2
% S0 g &
5
0 ; 15 3.,
0 100 200 300 400 £ E )

head (m)

Note: headrace 1500m is assumed for head 200m

Source: Potential Capacity and Cost of Pumped-Storage Power in
Japan Strategy for Technology Development Proposal Paper for Policy
Making and Governmental Action toward Low Carbon Societies, LCS-
FY2018-PP-08, 2019

Source Utility-Scale Battery Storage | Electricity | 2021 | ATB | NREL

Japan International Cooperation Agency

jica
Waste to Energy

Are waste to Energy projects price competitive in Japan or do they require special
government subsidy support or concessions to be viable?

* FIT for Waste-to-Energy: 17 JPY /kWh in Japan

9,000-250,000 JPY/kW additional power generation cost to waste
treatment plant

Cost is Depending on calorific value of feedstock, collection and
separation of feedstock, etc.

Not very stable output = low tariff purchased by power company
Generally, policy initiative is necessary

https://www.maff.go.jp/j/study/other/recycle/pdf/7_11b.pdf

-
NIPPON KOEI  PADECO Japan International Cooperation Agency
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JICA
System Capacity and Inertia Requirement

* Inertia M has the relationship with RoCoF.

* In Japan, it is said that RoCoF should be less than
2[Hz/sec].

* If you have to keep stable for the drop of PV output,
inertia requirement will be calculated using RoCoF.

1) R. Shikuma, D. Orihara, H. Kikusato, H. Taoka, A. Kaneno, Y. Hayashi, “Evaluation of
Practical Inertia of Grid-Forming Inverter in Frequency variation under Load Trip,” IEE
Japan Power & Energy Symposium, No. 114, pp. 1-2-23, Sep., 2022.

2) R. Shigenobu, T. Takano, D. Orihara, T. Goda, “A basic Study on Specification
Requirements for Virtual Synchronous Control in Inverters,” IEE Japan Power & Energy
Symposium, No. 206, pp. 3WEB5-21, Sep., 2021.

. 37
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2nd Seminar on
Grid Stability with Large RE
IN Jamaica

JICA Expert Team, Nippon Koei Co., Ltd.

- 1
nipPoN KoEl  MADECO Japan Internationah Cooperation Agency

9 )
jica

Agenda

* 10:00-10:05 Opening Remarks

* 10:05-10:15 S1-1. Project Outline, RE and Microgrid Concept

* 10:15-10:30 S1-2. Review and Feedback of 1st semin
* 10:30-11:00 S1-3. Why Grid Stability is necessary Stability

* 11:00-11:30 S2. Grid Modelling for Jamaica

* 11:30-12:00 S3. Basics of Power System Engineering for Grid
Stability Simulation

(Lunch Break)
* 13:00-13:50 S4. Load Flow Analysis and its Evaluation

* 13:50-14:40 S5. Transient Stability Analysis and Evaluation of
Stability

* 14:40-15:00 S6. State Estimation for Multi-point Pilferage
* 15:00-15:30 S7. Discussion for future grid and RE in Jamaica

. 2
nippon KKoel  ADECO Japan International Cooperation Agency

9 )
JICA
Session No. 1

4. Why Grid Stability is necessary

NIPPON KOEI  PADECO Japan International Cooperation Agency

9 )
jica

Why Grid Stability is necessary

* VRE connected through inverter. Most of PV and Wind Turbine are
IBR (Inverter based resources)

* Response of IBR is faster than that of synchronous generator.
IBR has less or no inertia compared to synchronous generator.

* The output of IBR changes according to the connected power
resources such as sunshine or wind.

* When IBR is connected to grid, IBR can not add'ust output according to demand
exactly. It requires support from other controllable power for the lack of power.

N

* Increase or add inertia function to IBR for grid stability
* Grid Forming Inverter

* Increase generators with large inertia for grid stability
* Inertia Resources provided by
Synchronous generators:
Thermal Power, Hydro Power, Nuclear Power
Renewable Synchronous generator:
Biomass, Waste-to-Energy, CSP(Concentrated Solar Power)

A 4
NipPON KOEI  FADECO Japan International Cooperation Agency
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Objective of
Grid Stability Seminar

* To recognize possible issues and necessary examination
items for future Jamaica grid with large VRE (variable
renewable energy) penetration

* To share knowledge of basic of power system analysis to
examine future grid challenges

* To discuss about innovation for power system for stable
power supply with large VRE

nippoN KoE  PRDECO Japan International Cooperation Agency

N
JicA

Role of Us: Power System Engineers

* Supply stable electricity to all the

customers without interruption

* With avoiding power cut, outage or damage on
equipment and power appliance

* With no failures or minimize failures
* By Minimize the influence of disturbance after faults

* Keep the quality of electricity with
* Constant voltage
* Constant frequency
* Less distortion or harmonics

6
niepon KKoer  ADECO Japan International Cooperation Agency

Simple Method of Grid Stability Evaluation  jiea’

* For steady state stability

* Can large amount of RE be installed in the
present/planned power system?
* Apply Load flow analysis:

* If we reach at the normal load flow state, actual system is also considered to
be stable.

* From load flow results, adequacy of power flow of transmission line can be
assessed. It is evaluated with the maximum capacity of transmission line.

* For transient state stability

* Is power system with large amount of RE stable or not,
when instantaneous RE fluctuation happens?

* Apply Equal Area Criterion:

* Power system stability under disturbance can be calculated by using
acceleration and deceleration energy.

* Available Transmission Capacity and Spinning Reserve can be calculated
briefly.

7
nippon ikoel  FADECO Japan International Cooperation Agency

. . o] .,ﬁ\
Base for Evaluation of Grid Stability jica’
* Resource of Virtual Inertia

* VRE with Grid Forming Inverter (1)

* EV(Electric Vehicle) with Grid Forming Inverter for V2G

* Virtual Power Plant

* Evaluation Items of Stability
* SCR(Short Circuit Ratio) (2)
* ATC(Available Transmission Capacity) (3)
* Spinning Reserve (4)

* Tools for Analyzing Grid Stability
* Load Flow Analysis to check available condition
* Stability Evaluation by EAC(Equal Area Criterion)

* Microgrid for Grid Stability
* Decrease power supply of utility transmission lines
* Monitor load flow by smart meter accurately
* Pilferage location may be estimated through State Estimation

NIPPON KK0EI  PADECO Japan International Cooperation Agency
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Grid Forming  [Roe
Inverter : :

I
| e e - [ Lo
I
I

Pin : Input power from DG to inverter

Pout : Output power from inverter to grid
& :Virtual phase angle

Pm : Mechanical power

I

i Pe :Electrical power

i &m : phase angle of the rotor
|

!

i

Synchroncus 5m
Generator 1

!
!

Source: M. Kawai, Y. Sakai, H. Sugiyama, H. Taoka “Frequency Improvement of a Power System with a
Distributed Generator using Synchronization Inverter,” 2015 International Symposium on Smart Electric
Distribution Systems and Technologies (EDST), CIGRE SC C6 Colloquium, Sep. 2015.

'8 9
nippon iKoel  PADECO Japan International Cooperation Agency

Control Algorithm i)
for Grid Forming Inverter

The control method of Grid Forming Inverter is expressed by the swing equation.
This equation is added damping term and synchronizing power term.

M d*s, . D dés,
o, di* o d

n "

+Ké8, =F, - F,

This swing equation of the  Grid Forming Inverter " is solved for virtual phase angle 8.

1
The transfer function S M @y (P wip ) M:Inertia
of voltage value e 2y D - K - o D:damping Factor
M~ M K:synchronizing Factor

" ’ "

Source: M. Kawai, Y. Sakai, H. Sugiyama, H. Taoka “Frequency Improvement of a Power System with a
Distributed Generator using Synchronization Inverter,” 2015 International Symposium on Smart Electric

Distribubo stems and Technologies (EDST), CIGRE SC C6 Colloguium, Sep. 2015.
NIPPON KOEI HDEE Japan International Cooperation Agency

—

GFL(Grid Following Inverter) & jiea’

GFM(Grid Forming Inverter)

* GFL(Grid Following Inverter)
* Current Source Inverter
* Control output current as adjusting voltage and frequency to grid
* No supply of synchronizing force.

* GFM(Grid Forming Inverter)
* Voltage Source Inverter
* Virtual Synchronous Generator
» Control output voltage and its frequency as adjusting power to grid’s
* Supply Virtual Inertia to Grid
* Power resource: PV, WT(Wind Turbine), EV(Electric Vehicle), Battery

ref) “GC0137: Grid Code Modification Proposal Form”
* National Grid, UK, 25 Nov., 2021

* This grid code is the first one in the world that includes the
requirement about Grid Forming Inverter.

M 11
NIPPON KOEI  PADECO Japan International Cooperation Agency

(2) SCR(Short Circuit Ratio)

* SCR is the factor to be considered in large RE penetration
for grid stability.

* SCR=AC System Capacity/Rated IBR Capacity
* SCR>3 -------- High SCR, Stable
* 3>SCR>2 ----- Low SCR
Small fluctuation continues.
* 2>SCR -------- Very Low SCR
Sensitivity of IBR to Grid goes high.
Grid is unstable that may bring blackout.

ref) “IEEE Std 1204-1997(R2003)”, IEEE, 2003

* |EEE Guide for Planning DC Links Terminating at AC Locations
Having Low Short-Circuit Capacities

* Recognized by ANSI(American National Standards Institute

M 12
NIPPON KOEI  PADECO Japan International Cooperation Agency
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1 i 1 ) . o SCR=5.0
SCR(Short Circuit Ratio) jiea’ | Difference \/
=
H i o4 SG
Evaluation Model of SCR value .
; PV
[ . .
* PV: Modelled by virtual low inertia synchronous 9 .02 Oscillation caused by PV
. EL’M with low inertia
generator Red: PV : LS R S S S SR S
. . . . (Low Inertia) 1
Inertia=0.1 (right side generator) Blue: Synchronous oo . SCR=2.36
. . . . e 06 —C
* SG: high inertia conventional synchronous Generator (SG) £ o I = —
High Inertia R 02
generator model (Hig ) Hoe Slow Oscillation caused
* Inertia=10.0 (left side generator) 70 msec 3 line ground o PV by conventional
; - o synchronous generator
0.992 1.000 0.999 fault by lightning at 1 of e
1,000 £ 2727 £ -24943 £ 19772 i i y oo 0 1 2 3 4 5 6 7 a8 ] 10
£ 8683 > 50350 X ! 0.350 =] < 0.150 1 0.150 g« £ -18.051 2 circuit transmission
@*“l:.'*@—"‘ e el e o = i line close to SG Sing
e 1.000 »3233‘; gg:g{ ,?g;gg gt‘:vosgsﬂ 1.000 o ' é‘ 06 SCR=2.0 A
561 PV1 £ 04
—l E o2 Il
000 3 o All generators are |
e stepped out. Y
Calculated by CPATFree(CRIEP’s Power System Analysis Tools B e Sfp_n-oufl
NIPPON KOEI OQDECD Japan International Cooperationligency NIPPON KOEI OQDECD Aol btnd by CPAErFrg;-(CURzIFI;’i Pg;}pf%ﬁ;ﬁimﬁzgig.ﬁhm’q 11132 A8 |y
P P
8 8
JICA JIcA

Sources for High SCR Grid

* Following resources can supply inertia to grid.

* V2G(Vehicle to Grid) of EV(Electric Vehicle) with Grid
Forming Inverter

BESS(Battery Energy Source System) with Grid Forming
Inverter and SOC Control.

* SOC Control is required to realize Grid Forming Inverter.
Biofuel Generator
Solar Thermal Generator

Renewable Energy Resources (PV, WT) with Grid
Forming Inverter

& 15
NIPPON KOEI  PADECO Japan International Cooperation Agency

(3) ATC(Available Transmission Capacity)

* Transmission capacity needs to be calculated to see whether
RE can be transmitted from source location to demand place.

* Available Transmission Capacity from Heat Capacity Limit
V.
Ploss = R* ()% < Piogsmax
* Available Transmission Capacity from Transient Stability
viv ViV;
P = — Pop

Vi o -
sind - Py =
R: Transmission line resistance

X X

X Transmission line inductance

V;, 1} : Sending Voltage and Receiving voltage, 2)

P,,ss: Transmission line loss by line Resistance R and line inductance.
P, ossmax : Capacity Limit of transmission line

P ¢ : Available Transmission Capacity

P,p : Operating Power

& 16
NIPPON KOEI  PADECO Japan International Cooperation Agency
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L ®
(4) Spinning Reserve jica’
* In order to get electrical power under abnormal condition
of grid, spinning reserve should be kept even if VRE is

installed.

* Spinning reserve should be more than total fluctuation of
load and VRE.

-> RE, EV and Battery With inertia is required for large RE
penetration.

* Best Energy Mix
-> Energy mix of several resources is highly recommended for
improving grid stability.

* RE Sources for Spinning Reserve
* EV, Battery, Fly Wheel -> Short period, Quick response
* Biofuel or Diesel Generator -> Long period, Slow response

fa 17
NipPON KKOEI  PADECO Japan International Cooperation Agency

Available Transmission Capacity ji’c:’

& Spinning Reserve
P

Pmax — — — — - = u
Available Transmission Capacity
Required Spinning
Reserve for RE
Pop m—m — - - - .
Fluctuation of

Renewable Energy (0~100%)

Total Transission Capacity

0 /2 )

fa) 18
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Where to add storage?

-_—
jica’
How much storage for VRE?
BESS had better to be set to substations where place
BESS at a nearby substation with other PVs.
If the capacity of PV system s large, BESS had better to
be set close to PV system.

PG=0.8 nodel node?2 node 3

Ot

BESS for

node4 node5

I BESS for

@ roof-top PV
’_ 0.8 MW at
—? substation

utility scale
PV 2 MW

.

i
B E

y 1
A=

PV: 0.8MW
3 =a(yl+y2+y3+
Utility scale solar 2 MW y4+...)MW
(ex. > 1MW)
# 0=0.8-1.0

e 19
NipPON KOEI  FADECO Japan International Cooperation Agency

Evaluation of VRE Installation ji’c:*
* To know how much we can install PV or WT in a
particular power line
* Load Flow Analysis

* If you get the answer of load flow such as node voltage
and transmission line power, this case is stable.

* If you cannot get the solution, that case cannot be in
real.

* To know whether RE installed grid is stable
* Search operating point through Equal Area Criterion

* To know how much we can install RE

* Estimate ATC(Available Transmission Capacity) by Equal
Area Criterion

* To know how much spinning reserve is necessary
* Maximum capacity of RE

e 20
NipPON KOEI  FADECO Japan International Cooperation Agency
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9 )
Capacity Guideline for VRE JicA

* The amount of PV output should be under ATC(Available
Transmission Capacity) in transmission line.

* Maximum PV output should be covered by other
generators for the case of its ramping by weather change.
The capacity of generators to cope with the ramping in the
grid is of Spinning Reserve.

* PV fluctuation can be covered by smoothing effect if PV
systems are installed at different locations among wide
area.

* RE with Grid Following Inverter should be less than 30% as
described in the guideline* about SCR(Short Circuit Ratio).

*|EEE Std 1204-1997(R2003)

fa 21
NipPON KKOEI  PADECO Japan International Cooperation Agency

Session No. 2
Grid Modelling for Jamaica

<Current>

* Total Demand in Jamaica: 650MW

« VRE(PV & WT): 175MW

* Distributed PV is 20~40MW

* HESS 24.5MW: BESS 21.5MW(16.6MWh) + FW 3MW(16.5MWs)
-> to avoid the influence of fluctuation

215MW -> 33% of Demand
} It is Stability Limit in terms of SCR

of PV output and demand

» Utility scale PV is located at Content solar and Eight River, wind turbine is 5 places (Wigton
I, 11, 1ll, Munro, and BMR).

Limit is 215MW

VRE over 215MW should be operated by GFM.
BESS IMW*4h / VRE 3MW

= 4MWh*215/3 = 286MWh (Expected Value)

* VRE with GFL:
* VRE with GFM:
¢ Battery:

fa 22
NipPON KOEI  PADECO Japan International Cooperation Agency

-_—
o] . .’
Cost of RE and Stabilization jica’
PV: USS$ 570,000~720,000/MW
SCO(Synchronous Condenser):
USS 140,000~220,000/MVA (20~30% of PV)
Battery : US$ 400,000/MWh (BESS IMW*4h / VRE 3MW)
For PV:1MW, SCO(Synchronous Condenser):1MVar, Battery:1.33MWh
PV: USS 700,000/MW

SCO(Synchronous Condenser): USS 200,000/MVA

Battery: USS 400,000/MWh*1.33
(1.33=BESS 1MW*4h / VRE 3MW : Expected Value)
Total: USS 1,432,000

e 23
NipPON KOEI  FADECO Japan International Cooperation Agency

_
Cost of RE and Stabilization jica’
PV: USS$ 570,000~714,000/MW
SCO(Synchronous Condenser):
USS 140,000~220,000/MVA (20~30% of PV)
Battery : USS 400,000/MWh
For PV:215MW(=650%*0.3),
SCO(Synchronous Condenser):43MVar, Battery: 215MWh

PV: USS$ 700,000/MW*215MW

SCO(Synchronous Condenser): USS 200,000/MVA*215MW
USS 400,000/MWh*1.33*215MW
USS$ 1,432,000%215 = 308,000,000

Battery:
Total:

e 24
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Cost Comparison of Reactive Power

n’-\)
_ _ jica
Generating Equipment and Sources

Reactive Power T Investment Cost
et apita
E G.enel an,ng Cost Operating Opportunity
quipment’s and ) :
Sources (per Cost Cost
] kVAR)
Capacitors/Reactors $10-30 Very Low No
Synchronous Difficult .
L to High Yes
Generators
sepgralg
STATCOM $50-100 Moderate No
Static VAR $40-100 | Moderate No
compensators
Synchronous $10-40 High No
condensers

Famous O. Igbinovia, Ghaeth Fandi, Zdenek Miiller, Jan Svec, Josef Tlusty,

“Cost implication and reactive power generating potential of the synchronous condenser”
2016 2nd International Conference on Intelligent Green Building and Smart Grid (IGBSG)
Prapeco

25
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. . _—
Cost Benefit Comparison between j?CA)
Capacitors and Synchronous Condensers
Costs and Benefits Capacitor Small Generator Retrofitted
Banks (5.0 to Synchronous Condenser
($/year) MVAR) (5.0 MVAR)
Capital Cost | $22.000 | $50,000
Technology Life Time 10 years 20 years
Preventive Maintenance $6.000 $3.500
Cost
Cost of Voltage
Regulator Maintenance $6,600 $3300
Annual Cost in Present
Value $14,800 $9.300

Famous O. Igbinovia, Ghaeth Fandi, Zdenek Miiller, Jan Svec, Josef Tlusty,
“Cost implication and reactive power generating potential of the synchronous condenser”
2016 2nd International Conference on Intelligent Green Building and Smart Grid (IGBSG)

. 26
niPpoN ikoEl  PADECO Japan International Cooperation Agency

Grid of Jamaica jica’

Bogue  Rjs BuenoRoaring River
1
Upper & Lower White River
Neg / Maggotty
\
17 Constant Spring
16398 I‘Ii\(/ \ 6 /WRB (Solar) T
BMR (Wind < 4
O Thermal Munro =
© Hydro Wigton (Wind) % Hunts Bay JPPC
O Wind JEP Rockfort ~ 20km
O 1pp Old Harbour
® Major City
Red number is node number for power system analysis.
Voltages of nodes in red circle became low in the load
flow analysis.
* Map is from the presentation document of JPS(Jamaica
Power Sector) on May 27, 2019.
nippoN koE!  (PADECO Japan International CooperationNAgency

: > )
Load Flow Analysis e

of Jamaica Grid

0,353

nan 03 105 Bl
. Lt 9=,
06 as pO0at g -:nm
0
3010 = | - 0017 i
0621 1.000
a0 0.000

Calculated by CPATFree(CRIEP’s Power System Analysis Tools)

& 28
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8 8
JICA JIcA
Condition of Grid Grid Code for Frequency and Voltage
* Thermal Generator stations are located in the
iddl d t £l . * Frequency
mi € and west area of Jamalca. * Normal condition : 49.5~50.5Hz
e Load is spent mainly in the west and east area of * Contingency condition: 48.0 ~ 52.5Hz
Jamaica. * Voltage:
) ) ) * normal condition -> 5%
* Hydro power stations in the north area contribute « contingency condition -> £10%
to keep Voltage among west area and east area ® Voltage between +5% and +10% shall not be last Ionger than 15
minutes unless abnormal conditions prevail.
* JPS has taken measures against voltage drop by * In the following simulation, value of voltages are described
using DVS(Dynamic Voltage Support) function, in Per Unit value.
which controls voltages changing power factor, *In Fé%rolf(r\llit \;ielscriptiﬁn, I{j-% ofbvalue m%agg ratgdlvgéue such
as 69.0kV. Voltage shou e between 0.95 and 1.05 in
Battery, Fly wheel and compensators. normal conditio%.
NIPPON KOEI OQDECO Japan International Cooperationnggency NIPPON KOEI Oﬂl.')ECO Japan International CooperationiOAgency
; s s
Load Flow Analysis jica’ jica’

by Microgrid Designer

1.04
1.03

1.02

0.99

0.98

Voltage amplitude (p.u)

097
0.96

0495

0594

12

~
NIPPON KKOEI  PADECO

)

The voltage of node 8, 9 and 19 are low.
There are no capacitance at nodes.

If DVS are installed into inverter for VRE,
Voltage drop will be less than this simulation.

?)

34567 8 91011121314151617181920

Calculated by Microgrid Designer

31
Japan International Cooperation Agency

Location of Batteries

* For WT(Wind Turbine Generator)
* The capacity of WT is large comparing with other RE.

* In case utility scale WT is installed in the future, BESS had
better to be set close to WT.

* For PV system
* 1/3~1/2 of total PV capacity are assumed as rooftop PV.

* The BESS for distributer PV systems should be placed at
upstream substation to which those distributed PVs are
connected.

* If the capacity of PV system is large, BESS had better to be set
close to PV system.

& 32
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104
103
102
101

1
0.99
098

0.87

Voltage amplitude (p.u.)

0.96
095

0.94

Load Flow Analysis (Battery) j

)

C

>‘h.-

C

by Microgrid Designer

q

1P
I

1234567 8 91011121314151617181920

L ¥

Voltage amplitude (p.u.)

104
103
102
1031

1

0.94

Batteries are set to
node 2,4,5,6

[

1234567 8 91011121314151617181920%

Node number

Effect of Battery

without Battery in end nodes

with Battery in end nodes

Batteries are located at nodes in which PVs are installed.

The capacity of battery is et as the same as PV at the node.

nippoN Koel  PRADECO

Calculated by Microgrid Designer
Japan International Cooperation Agency

n’-\)
. [
Location of Compensators :

* Compensators include SC(Shunt Capacitor),
SCO(Synchronous Generator), SVC and STATCOM(Static Var
Compensator), and other FACTS(Flexible AC Transmission
System) equipment.

* Resources with GFL(Grid Following) Inverter

* GFL controls node current as current source to follow but does not
control node voltage.

* In order to keeﬁ voltage of load node as normal amplitude, a
compensator should be installed at substation upstream of the VRE
resources connected through GFL in general.

* The capacity of the compensator should be the same as consuming
reactive power of node.

* Resources with GFM(Grid Forming) Inverter

* It does not require compensators, because GFM inverter is a
voltage source inverter and can keep voltage as operation value.

34
nipPoN KoEl  PADECO Japan International Cooperation Agency

Load Flow Analysis (Shunt Capacitor)
by Microgrid Designer

<

.04
.03
~
2 o2
&
o [L01
E
E 1
=%
g 0.93
Y pss
71}
£
S pe7
=
0.96
0.5
Pgéf‘

1

N (

U

2345678 9510111213141516171819202

Nod ber
Effect of Shunt Capacitor

without SC in end nodes

104

—

9 )
jica

SC’s are set to the same
nodes

103

Voltage amplitude (p.u)

10z

101

1
0.99
0.98
0.97
0.96
0.95
0.94

il

12345678 9101112131415161718192021
Node number

with SC in end nodes

Shunt Capacitors are located at nodes in which PVs are installed.
The capacity of Shunt Capacitor is 0.1 pu, that means that 10% reactive power is
provided at node.

NIPPON KOEI  PRDECO

Calculated by Microgrid Designer
Japan International Cooperation Agency

—

Grid Modelling for Jamaica jica’

-Case 1 -
Capacity Base 24% RE 11

1.09

* Total Demand: 650MW :gg
* PV & WT: 158MW E ::gg
(Rated output) f? 104
103
PV: node 4 —- 57MW £ i
(WRB & Eight River) =
WT: node 5 (Wigton) a Ooa
node 6 (BMR & Munro) s

e 0
- 101MW = 0
* Any measures such as 0.93
compensators are not included 0an
in this simulation. 0.9

1234567 8 91011121314151617181920

Calculated by Microgrid Designer
6

3
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Grid Modelling for Jamaica

- Case 2 -
Capacity Base 30% RE

* Total Demand: 650MW 11
109

* PV&WT: 195MW 1.08
~ 107

PV: node 4 -- 57MW g 106

. . 8 105

(WRB & Eight River) z Los

WT: node 5 (Wigton) £ fgi
node 6 (BMR & Munro) g oos

- 101MW b0z

PV: node 9, 19, 20 c e

- 19*3=37MW o

* Any measures such as oor
compensators are not included in 08

this simulation. 12345678 510111215314151617181920:

Calculated by Microgrid Designer

37
nippoN KoEl PADECO Japan International Cooperation Agency

Y
__L#

Grid Modelling for Jamaica
Case 3 -

Capacity Base 40% RE

* Total Demand: 650MW o
* PV & WT: 260MW — ::gg
PV: node 4 -- 57MW E’ e
(WRB & Eight River) r ig;
WT: node 5 (Wigton) £ Loz

2 1
node 6 (BMR & Munro) g Ug;
--101MW L, 098
] 087
PV: node 9, 19, 20 5 0%
=095
-- 34*%3=102MW gg;
* Any measures such as 0.92
compensators are not included Ubg;

in this simulation.
12345678 910111213141516171812 20!
Calculated by Microgrid Designer
8

3
nipPoN KoEl  PADECO Japan International Cooperation Agency

Grid Modelling for Jamaica jlea’

- Case 4 -

Capacity Base 50% RE
¢ Total Demand: 650MW

* PV & WT: 325MW 11
109

(Rated output) 108

PV: node 4 — 57MW o6
(WRB & Eight River) o

WT: node 5 (Wigton) igg

Voltage amplitude (pu.)

node 6 (BMR & Munro) 1.0;

- 101MW 098

PV: node 9, 19, 20 096

- 56%3=168MW 0

093

* Any measures such as 082
compensators are not included 0.91
in this simulation. 0.9

12345678 951011121314151617181520

Calculated by Microgrid Degsgigner

nippoN KkoEl  PADECO Japan International Cooperation Agency

Grid Modelling for Jamaica jlea’

Capacity Base 50% RE - Case 5 -

* Total Demand: 650MW

* PV&WT: 325MW 11
(Rated output) 108

PV: node 4 - 57MW 3 106
. . & 105

(WRB & Eight River) o 14

103

WT: node 5 (Wigton) E 102
10

node 6 (BMR & Munro) E‘ Ugé

- 101MW u 098

PV: node 9, 19, 20 5 0%
= 085

-- 56*3=168MW 0

BESS: node 4,9,19,20 g-gll’
-- the same capacity of PV 08

1234567 8 91011121314151617181920

Calculated by Microgrid DeSIgner

nippoN KoEl  PADECO Japan International Cooperatlon Agency
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Grid Modelling for Jamaica e
Capacity Base 50% RE = Case 6 =
* Total Demand: 650MW
* PV & WT: 325MW .
(Rated output) o
PV: node 4 -- 57MW
(WRB & Eight River)
WT: node 5 (Wigton)

Voltage amplitude (pu.)

node 6 (BMR & Munro)
--101MW 0.93
PV: node 9, 19, 20 gigg
- 56*3=168MW G
BESS: node 4,9,19,20 0os
-- the same capacity of PV o
Shunt Capacitor: node 4,9,19,20 0.9
12345678 091011121314151617181920
-- 0.002S for each node
(s=1/Q) Calculated by Microgrid Designer

- 41
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Session No. 3
Basics of Power System Engineering
for Grid Stability Simulation

1. Per Unit Method
Definition, Example

n’-\)
JICA

2. Modeling of Power System Equipment
Transmission line, Transformer, Generator, Load
3. Active Power & Frequency
Frequency control, Area requirement
4. Reactive Power & Voltage
P-V Curve, Reactive power source

- 42
niPpoN ikoEl  PADECO Japan International Cooperation Agency

: N
1. Per Unit Method g
* Normalize impedances and quantities across

different voltage levels to a common base in a

power system

 Simplify calculations without considering voltage
levels and capacity of equipment

 Rated capacity of equipment to 1.0
* Equipment(ex. Generator): Rated Capacity of each
equipment
* Grid: Grid Capacity or Total Generation
(need not to set to maximum amount of
capacity)
* Rated voltage to 1.0
* Each Transmission Line can be set to 1.0

—~ 43
NIPPON KOEI  PADECO Japan International Cooperation Agency

-_—
jica’
Per Unit Value & Actual Value
* Normalize a value to one that is based on
unit number 1.0 V=2
* For each equipment . - B
. . ‘y . _!' -~ 4_/;
* Rated capacity -> 1.0 Ve = v b= L=y
. Rated Voltage o> 10 base base “base
° For grld . i W».H-- = IiIhau-»l.'Z’haH‘-
* Total capacity of grid -> 1.0
* Rated voltage of transmission line ->1.0 i A

1"1;;1:-5‘; jl:-i!:-il:" Zl}éiH(?

V: Voltage, I: Current, Z: Impedance

Vbase: Base Voltage, Ibase: Base Current

Zbase: Base Impedance, Ybase: Base Admittance i , i
(VA)base: Base Apparent Power (VA )base = Vbase Inase
Vp: Per Unit Voltage, Ip: Per Unit Current ) 1

Zp: Per Unit Impedance Yhase = -

~ 44
NIPPON KOEI  PADECO Japan International Cooperation Agency
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Example of Conversion to Per Unit

(1) Calculate Base Value

Vbase=275kV 210 + 760 MVA

~ 5+ j50 02
(VA)base=100MVA I —1 i
(275 x 10%)* TORY
H ®
Fvbase = —————— = 706 {1}
Yhase 00 % 106
2.1+j0.6
(2) Change A_ctual Value 0.0066+]0.066
to Per Unit Value [ — |
1.0
s Sep = Vipd,
Zy= H.—,}fm 0.0066 + 50 066 - i
756 Vip = Vap — Iy = 1.0 = (2.1 — j0.6)(0.0066 + j0.066) = 0.947 — j0.135
2.1+ 0.6 = 1.0 Sep = Vipdy = (0,947 — j0.135)(2.1 + j0.6) = 2.07 + 0.285

fo=21-406 S = (2,07 + j0.285)100 MVA = 207 + 28.5 MVA

Vi = (0.947 — j0.135)275 kV = 260 — j37.1 kV

X L |Ve| = 263 kV
Figure is cited from

M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.”

nippon iKoel  [PRDECO Japan International Cooperation Agency

Per Unit Base in Jamaica jica’

* Vbase=69kV
* (VA)base=100MVA
* Ibase=100/69=1.45kA

* Zbase=Vbase?/(VA)base=692/100=47.6Q)
* R=0.05Q/km, X=0.1Q/km

Length =10km

Rpu=0.05x10/47.6=0.01

Xpu=0.1x10/47.6=0.021

Zpu=v0.01*0.01+0.021*0.021=0.023 => |Z|=0.023Q
Vbase: Base Voltage
(VA)base: Base Apparent Power
Ibase: Base Current
Zbase: Base Impedance
Rbase: Base Resistance, Xbase: Base Reactance
Rpu: Resistance in Per Unit, Xpu: Reactance in Per Unit

~ 46
NipPON KOEI  PADECO Japan International Cooperation Agency

Meaning of Per Unit i)

* Meaning of Per Unit:

1pu(|Z]=0.023Q) impedance transmission line can send
1pu(100MVA) power by 1pu(69kV) voltage. Its current is
1pu(8.7kA).

This will be maximum or rated capacity of transmission line.

If transmission line has 2 circuits, its total impedance will be
0.5pu(0.0115Q), and the maximum capacity will be
twice(2pu:200MVA).

. . 2 Circuit Transmission Line
Vpu: Voltage in Per Unit

Zpu=1.0
(VA)pu: Base Apparent Power in Per Unit lpu=1.0 pu
Ipu: Current in Per Unit
Zpu: Impedance in Per Unit
Rpu: Resistance in Per Unit Zpu=1.0
Xpu: Reactance in Per Unit Vpu=1.0

e 47
NipPON KOEI  FADECO Japan International Cooperation Agency

9 )
jica

2. Modeling of
Power System Equipment

* Make it easy to analyze feature of power system
equipment

* Modeling of Components of Power System
* Transmission Line
* Synchronous Generator
* PV(Photovoltaic Generator)
* WT(Wind Turbine Generator)
* Load

e 48
NipPON KOEI  FADECO Japan International Cooperation Agency
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9 )
Transmission Line JicA

* In a 3-Phase balanced system, we

may consider only positive phase
circuit same as single phase circuit. TR hesec
i bf' Phase b
i 5 Power
Phase c ! ._,'/'— Line P Phases
';l. Zy
Phase b — la, Ib, Ic: Phase Current
. Zs: Line Impedance
L Z Va’, Va: Phase Voltage
Phase a —{—} . .
1 ) (Sending Terminal Voltage,

1|'-’ Y. Receiving Terminal Voltage)

l
LA A AL A

Figures are cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
p 40

Equivalent Circuit of Transmission Line  jiea’

Two types of Equivalent Circuit

* M (pai) Model
* Divide line admittance into sending
node side and receiving node side
* No need to add another node

* T (tee) Model
* Divide line impedance into sending . _
node side and receiving node side 22 22
* Need to add another middle point node

* T model is easy to handle in analysis,
because it is not necessary to add new node 77777772
at the middle point of transmission line.

ZI: Impedance of Transmission Line
Yl: Admittance of Transmission Line

Z
J—
| 1
1. 1.
QHI Izi’;

S,

Figures are cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.

nippoN ikoEl  PADECO Japan International Cooperation Agency NIPPON KOEI GQDECO Japan International CooperationSOAgency
’.‘\ . . . ’.‘\
. H H L 1N L 1N
Transformer 01: primary ide fux jica/ Equivalent Circuit of Transformer  jiea’
®2: secondary side flux
* Mathematical equations L1 primary side self inductance * Relationship of per unit base values
ft f L2: secondary side self inductance
Ot transtormer M1: primary side mutual inductance vl ol j ol s =Tz Zrbase = 2 Zn
M2: secondary side mutual inductance Iobase  Thbase 7 fhase 7 Tabaser - Fbase T
) din Q: angular velocity 2 i 27 Zoc
V1 = i By + 2¥1 IR rZocz _ Zocz g
1 o d# i rf1base - Iohase N 12”: Z]Ia.qs(‘ N Zﬁ],;l,qc- ZU(‘QP
. 1o ' 12
)9 = iaRg + —2 b e . . .
el Ty ==k * Equivalent Circuit and Equation
] J
i = Lt + Miais - - - s . 2
l - e = ﬂ{]?‘ L'Ll U le — A(Ip/:"'.‘-i(_flp 1 = [llp -+ I‘J.p)z()(.?p
P2 = Mayis + Laiz La

[Vi = iRy + jw(Lady + Miaka) = (Ry + jwLy) iy + jwMiais
| Va = FaRa + jw(Mar iy + Laks) = jwMarh + (Ra + jwLa)s

Magnetic circuit connects two electrical circuits through a transformer.

Figure is cited from

M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha,
NipPoN I0ERO0TBDECO

51
Japan International Cooperation Agency

Vap = (Ip + I2p) Zocap

I11: Primary side Current, 12 secondary side Current, r: Transformer Ratio
I1base: Primary side Base Current, I2base: Secondary side Base Current
Zlbase: Primary side Base Impedance, Z2base: Secondary side Base Impedance
V1p, V2p, I1p, I12p: Per Unit Voltage and Current of Primary, Secondary Circuit
Zsc1, Zsc1p: Short Circuit Impedance from Primary side and its per unit value
Zoc2, Zoc2p: Secondary side Open Circuit Impedance and its per unit value

Figures are cited from

M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.52
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9 )
Synchronous Generator A

(Steady State)
Induced Electromotive Force E, = Ege-j‘j
P+3jQ=V.I;

v Ege-"5 VAN
=T
V2

YEs . o ViE,
e v;:j sina + 7 (L;(: cosd — E)

WVE; .
—= sind
Xg Vt: Terminal Voltage, Eg: Induced Electromotive Force
V.E V'z Xg: Armature Impedance, Ig: Armature Current
) — £ cosd — 1 P: Active Power Output, Q: Reactive Power Output
XE; "\g 6: Internal Electromotive Force Angle

Po: Rated Active Power

fa 53
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9 )
Load (Consumer) g

* Numerical Model
 Constant Impedance (Z=R+jX)

* Constant Power (S=P+jQ)
* Constant Current (I=a+jb)

* Easy to include into network equations of
power system, because these parameters can
be included into Node Admittance Matrix.

~ 54
NipPON KOEI  PADECO Japan International Cooperation Agency

How to make a model of jica’

Renewable Energy Generator

* PV(Photovoltaic) & WT(Wind Turbine)
* Negative load model
* Maximum Power Point Control

* Follow the Voltage of Grid

Model
* Constant Current for GFL
* Constant Voltage for GFM
* ->similar model of
Constant Current or Constant Impedance Load model

* Diesel Generator & Biofuel Generator & SCO(Synchronous
Condenser)
* Synchronous Generator model
* Automatic Voltage Regulator -> Constant Voltage
Power System Stabilizer -> Control Active Power
Governor & Turbine -> Control Frequency
~* ->similar model of synchronous generator
nippoN KkoEl  PADECO

55
Japan International Cooperation Agency

: > )
3. Active Power & Frequency A
* Difference of active power

between generator outFch,g

and load is proportiona
frequency.

* Active power of synchronous
generators decrease
according to frequency.

* Load characteristic is mostly

FO: No-load frequency

FN: Frequency under normal operation
GN: Power of synchronous generators
under normal operation

N Frequency
Broportlon to frequency, 7 Operating Point
ecause load consists of Load
inductance. N l
1 T
* Crossing point of generator }
and load characteristics is an ; el
operating point. :

G Generator output / load
Figure is cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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8 )

Frequency Control Scheme Jica

* Frequency Control Scheme is categorized to 4 stages.

(1) Self-control of load
Quick response of Load according to its characteristics.

(2) Turbine Governor control (Governor Free)
Function of synchronous generator Magnitude of load deviation
Conventional inverter doesn’t have this. 1 2 @) (4)

(3) Load Frequency Control
Feedback frequency and change generator outp
according to PI (Proportional-Integral)
control in EMS as the following equation:

APG = (K1+K2/s)Af

(4) Economic Load Dispatching
Select most cost effective generator
among LFC generators

Governor e
control b ELD
Self-control b &
of load \ a LFC =,
T -
+ = } il }

. I

1sec 1min 10min time
EMS: Energy Management System

-> operated in central control center
APG: Generator Output Change
Af: Frequency Change
K1: Proportional Gain

Figures are cited from K2: Integral Gain

M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.

nippoN ikoEl  PADECO Japan International Cooperation Agency

Power—Frequency Coefficients

* Power-Frequency Coefficients is a constant
depending on the governor and load characteristics.

100 Fo — Fn .
%Kq = 2= %MW /Hz e=—"""N «100%
0— 1IN N
%Ko = 100 x 100 %MW /Hz FO: Rated Frequency

e x 'y FN: Current Frequency

AG: Generator Output Change

AL: Load Change

AP: Chang of Power

AF: Change of Frequency

KG: Gain for Generator Output Change
KL: Gain for Load Change

K: Power-Frequency Coefficient

AP 4 (AG =AL) =10
AP = (K¢ + K1)AF

K = Ka + K1, [MW/Hz]

fa 58
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Power Systems Connected by a Tie-Line jica’

APy

» Two interconnected power systems

APy = AGp — ALA

FO: Rated Frequency
APy = AGg — ALp

F: Frequency of Interconnected Grid
AG: Generator Output Change

AL: Load Change

AP: Chang of Power

AF: Change of Frequency

KG: Gain for Generator Output Change
KL: Gain for Load Change

K: Power-Frequency Coefficient

Area Requirement (supply and demand
balance and tie line flow)
APs = KA AF + APrp
/_‘ifjlg - KBA‘F - Ai""}“
Frequency of Interconnected grids
are collected as the following

equations. AR = APA+ AP
I\’.-\ t f{n
KpAPs — KpaAPg
Figure is cited from APr = K+ Bn

M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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- : 3 )
Relationship between generator,  JIA

load and frequency

* FFC: Flat Frequency Control
* To keep frequency constant in a grid
e TBC: Tie Line Load Frequency Bias Control
* To keep area requirement (supply and demand balance and tie line flow) zero

inagrid
Fy:Grid Frequency
Frequency Frequency
TBC

i FFC
Fyt---======3 ! Fyp- H
| 1
! |

\

i TG .‘ TBC
! |
‘ ‘
! ;

P Tie line flow Py Tie line flow

Figures are cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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LFC and ELD

* Load Frequency Control (LFC)
* LFC control signal, that is output reference of generator, is set
every 1 minutes as follows.

AP: Resulting Change of Power
R: Speed Regulation
Af: Change of Frequency

AP = (-1/R) X Af

* Economic Load Dispatching (ELD)
* Equal A method
* A=incremental fuel cost / capacity of generator

* Comparing each A of generator, select lowest generator every
5 minutes.

- 61
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LFC & ELD Model - jiea/
in Microgrid Designer

¢! Demand [zgﬁin)d
=_EGEI’I.2 sz A Pdermnd —
AP ' ml
g | Inertia > LFC ELD |
+ Mode! | (FFC)
AP, Generator L Pire Pewo |
Gen.
Pav
_:| Gen.Max }—b
to Governor +
|
I

to Gen. Reference

Figure is cited from MicroGrid Designer User and Technical Reference Manual

nipPoN KoEl  PRADECO
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—
L
Generator Output jica’
- Result of LFC -
* | Dizeel
3 | (o)
]
]
fu-l-'nped Gen | =0 Time [Sec]
Output B HLb |'l'."l'n["flFJ.|'I'|."|‘""‘"'1r1|"r’iwrl"m""ul"rwu‘hx i
(W) 130
LFC control signal, that is output reference of generator, is
set every 1 minutes following grid frequency.
E:1:':ime [se;:c:]:

Calculated by Microgrid Designer

- .
NIPPON KOEI  PADECO Japan International Cooperation Agency

Mormal_data_set
Demand

{IWW)

aFiHz)

NIPPON KOEI  FADECO

b

Demand and Frequency
- Result of ELD -

WM\WMM ' I

Time [sec]

e
Mﬁwmmwﬁwww Time [sec]

Calculated by Microgrid Designer
Japan International Cooperation Agency

ELD signal from central control center, that is
output reference of each generator, is
following demand with every 5 minutes delay.
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Result of ELD jica

in Microgrid Designer

Microgrid-1, Case-1

9000

o

£~ BODD

irooo B E B

g oo EEERE |

2 --II I - -

TR A

2 w000 = | I | | |

5 -i.-- e EEERE

E3000 EEE=Rt | B | e e e

g0 B B N N S BE B |

U]DDD - == I I - =
EEE it it REEs

5

mGl mG2 mG3 mG4 mG5 mGE6 mG7 mGE mGY mGl0mGllmGl2mG13 mG14 mG1S
GI6mMGI7HGIEmGI9NG20MG2I mG22 M G23 MG24 M G25 W G26m G27 v G2B mG29 W G30

Calculated by Microgrid Designer

'8 03
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jiea’
4. Reactive Power & Voltage

* Most of load consumes reactive power and the voltage of
load node will be low.

* Reactive power should be provided or controlled to keep
voltage as a set value.

* Providers of reactive power
* Synchronous generator (SG)
* Shunt Capacitor (SC)
* Synchronous Condenser/Capacitor (SCO, RC: Rotary Condenser)
* Static Var Compensator (SVC) Var means reactive power.
* Static Var Compensator (STATCOM, Self-commutated Inverter)
* Voltage Reactive Power Control (VQC)

- 66
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u’-\)
Reactive Power & Voltage e

* Relationship between Reactive Power and Voltage

v, v

I N - i . -
ixr \> Jxr

Phase angle of Vr and | is the same.

(a) Usual load o
(b) Power factor=1
(c) Power factor=0,
Lagging load (only inductance) . i
(d) Power factor=0, p—— - -
Leading load (only capacitance) \ /

Phase angle of | delays from Vr. Phase angle of | leads from Vr.

Vs: Sending Terminal Voltage, Vr: Receiving Terminal Voltage
I: Transmission Line Current
X: Transmission Line Impedance
Figures are cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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P-V Curve & Q(Reactive Power)

* The equations describe a V=V,
relationship of active power P | N
and Voltage V according to the R+iX
change of reactive power Q.

* If Reactive Power Q increases,
voltage V will be up and active o
power P of load will increase. RP+ XQ+V,” = ViVicosd

Voltage V

* In order to keep voltage V as RQ
around set value, we should
increase reactive power Q
of load by adding reactive
power resources such as
Shunt Capacitor,
Synchronous Condenser or
Static Var Compensator
(S\{jC, STATCOM) to the load
node.

* Caution!!: Too much Q decreases
node voltage V and causes
blackout to grid.

—_—
8
jica
V=V

£ JQ

Infinite Bus

XP - VaVisind

Active Power P s
Japan International Cooperation Agency

~
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jica

Lunch Break

fa 69
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Session No. 4
Load Flow Analysis and its Evaluation

1. Overview of Load Flow Analysis
Purpose, Methods, Modeling of grid

2. Newton-Raphson Method
Theory, Characteristics

3. DC Flow Method
Simple method to solve load flow manually

4. Load Flow Analysis and Evaluation

nippon iKoel  PRDECO

9 )
jica
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9 )
Jica
1. Overview of Load Flow Analysis

* Steady state analysis under small disturbance
* System is explained as linear model.

* Voltage, power, angle are constant at a certain time,
and kept as the same value under small disturbance
at a certain time.

-> Load Flow Analysis: Algebraic equations
-> Eigenvalue Analysis: Differential equations

e 71
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Load Flow Analysis

Node Admittance Matrix
* Relationship between voltage and current for multiple nodes in a
power system
Power Equation
* Relationship between active power, reactive power and voltage

Load Flow Analysis
* Conduct Steady state analysis of grid, and get the operating state.
* A set of simultaneous non linear algebraic equations for voltage

* The outgut is the voltage and phase angle, active and reactive
power (both sides in each I|ne§), line losses and slack bus power

DC Flow Method (manual calculation): Simplified analysis
method of power and voltage in grid by setting each
voltages as rated value and using scalar value

Newton Raphson Method (computer calculation): Detailed
analysis method of Bower and voltage using Jacobian
matrix which describe sensitivity of power and voltage
using vector value

NipPPON KoEI  PRDECO

9 )
jica

72
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Load Flow Analysis i)

Necessary items to consider Load flow Analysis
Buses are categorized to the following 3 types.

* Slack (Swing) Node

* Node with largest capacity generator with constant voltage
is generally selected.

* Only the magnitude and phase angle of the voltage are
specified.

* This node supplements the difference between the
scheduled loads and generated power that are caused by the
losses in the network.

* P-V Nodes (Generator Nodes)
* The active power P and voltage magnitude V are specified.
* The phase angles of the voltages and the reactive power are
to be determined.
* P-Q Nodes (Load Nodes or Substation Nodes)
* The active and reactive powers P, Q are specified.
* The magnitude and the phase angle of the bus voltages are
unknown.

fa) 73
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Node Admittance Matrix jica’

Describe Network Structure

I Yu Yz - Yiy Vi

Is Ya1 Yoo .- Y"zN f’g Y= 1/(R+wl) +jwC
Pl : ; .o : R:Resistance

T Yin Pas o Yo i C:Capacitance

L: Inductance

hode 2 * Calculation example of
power flow in 3 nodes
network

V1,,Vn: Node(Bus) Voltage
11,,,In: Branch(Line) Current
Yij: Admittance between each node

Figure is cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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-_—
. . 9 )
Node Admittance Matrix jica
Va1 = §0.05+ j0.06 + —z + e = —j3.14
node 2 11 = JU. Ju. 70.8 T 505 = —=J9.
TR ' WP
Y22 = j0.05 + 50.04 + 708 T 70 = §2.16
I TN
Y33 = j0.04 + 50.06 + 710 + 305 = —j2.9
; ; 1 ,
Yie=Yn = ~708 = j1.25
Vig =Y = Hjﬂi.ﬁ = j2.0
. . 1 3
. ' Yo3 —Ysz—-—m = j1.0
Y11'ngrY33- ) _
* Driving Point Admittance —j3.14  41.25 2.0
* Y1, Y51, Y13, Y31, Y 53, Y350 Y= j1.25 —j2.16  41.0
* Transfer Admittance g . .
j2.0 j1.0 —j2.9

Figure is cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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Power Equation

* Voltage and current of node k are described as
following equations in complex value.
*Vz=e +jf,V =e, +if,
* L=YimVim
* Power Equation of node k is described using Node
Admittance Matrix.

9 )
jica

N
Pe+jQk=IiVi = > YinVmVi

m=]

N
Fis =Re { E Yk‘m(e“i T jfm}.{ek +Jfk)}
mml Vi: Node(Bus) Voltage
li: Branch(Line) Current
Yij: Admittance between each node
Pi: Node(Bus) Active Power
Qi: Node(Bus) Reactive Power

N
ka = Im { Z }"l-'m(em +_§fm]*(ek + .Tfk)

m=1

e 76
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. P
Power Eq uation (Example of 3 nodes network)ji’m;
Power equation describes the way to calculate active power and reactive power using node
voltages and node admittance matrix.

Left side value is specified value of power, and right side is a power equation for each node.

lf:"de ! node 2 p, _ Re{(j1.25) (er + ifi)"(e2 + if2)
- Vim j0.8 Vs +(=32.16)" (e2 + i f2)" (e2 + jf2)
] BTE + (j1.0)" (e3 + 3 f3)" (e2 + if2)}

f = 1.25e1 f2 — 1.25e2 f1 + eafz —e2fs

Vi =ei+f3
70.06 Ps, = Re {(j2.0)"(e1 + jf1)"(es + jfa)
= + (51.0)" (e2 + 3 f2)" (e3 + 5 f3)
V3 +(=32.9)" (s + jfs)"(es +3fs)}

=20e1fas —2.0esf1 +e2fs —eaf2
Qas = Im {(j2.0)"(ex + jf1)" (es + j fa)
+ (41.0)"(e2 + jf2)"(ea + 5 f3)
+(~52.9)"(es + jf3)"(ea + jfa)}
=2.9¢3 + 2.9 —20¢1e3 — 2.0f1 f3 ~ e2es — fofs
Figure is cited from ea=Vis, fi=0
M.I{gto & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.77
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"node 3

In this grid, node 1 is set as slack node,
node 2 is set as P-V node,

and node 3 is set as P-Q node.

2. Newton Raphson Method

9 )
jica

* Newton Raphson Method is appropriate in
computer simulation for large grid.

* This method is applied in Microgrid Designer, which
is used in the analysis in this seminar.

* We can get the answer, even if load flow is heavy
and difficult to get it by another methods.

Figure is cited from

M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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Algorithm of Newton Raphson Method jica’

Suppose y=f(x), we solve the value of x which satisfies equation f(x)=0.
1. First(i=0), assume x(i) to a certain value (ex. 1.0).

2. Calculate

3. Calculate

4. Repeat 2 and 3, until Ax(i)<g,
where € is a accuracy (ex. 0.001).

5. Get answer of x 0///<;+1u JE)

—

Figure is cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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Newton-Raphson Method

Newton Raphson Method is
applied to power equation as
follows:

1. Setnode voltage to 1.0

2. Calculate Jacobian Matrix
using modified voltage (1.0
at first)

3. Calculate AP, AQ and A|V|?

4. Solve voltage difference € of
each voltage by eq.(1)

5. Calculate new Voltage by
eq.(2)
6. Repeat 2-6 until differences

of voltage are smaller than a
certain value

NIPPON KKOEI  PADECO

4F;

AviP|

4P
4Qs

egl'.ﬁ-ll

i+1
filt+n
ey i
fa(H-lI

9 )
jica

de: afh de A6 |
AV Vi avaE alval || ®
afz des aifs

(0P, 9P P a&}

de:
B B oA 9B |e®
de: df2 des dfs )

99  0Q 09y 3G
| dez dfz des afs |

eq.(1
ezul SIHJ q ( )
fzh') sg(I'J
et &
{i) (0
Sl eq.(2)

80
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3. DC Flow Method

* Simplified Load Flow Method of Grid
* Set all node voltage to 1.0
* Set all resistance of transmission line to 0.0

* Solve relationship equation below between power and
voltage angle for each node

) 6 : Phase Difference of voltages between
Pr — both side of a transmission line
X X : Transmission line inductance
Pr : Active power that flows in a transmission line

fa 81
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9 )
jica

DC Flow Method

Manual method to calculate load flow.

Easy to calculate in manual. & : Phase Difference of voltages Vs, Vr
between both side of a transmission line
X : Transmission line inductance

Pr, Qr : Active power that flows through

a transmission line

Pr +3Qr — Ke_jaf*

= Ve~ 18 (Vs—‘lf}e_ﬁ)*

ix V=V, e Ve=Ve#
_ VsVre_j‘s - “’1—2 | ‘vjvv |
V.V, | ViVicosd — V2 I
- sind +j———M———
X X Simplified and Similar to DC circuit solution
VeV :
Ps = ;{r sin g J .
X
Pl _55_ Approximate siné by 6 S
r X —
P

Figures are cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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DC Flow Method

(Example of 3 nodes network)
1.0 08

node 1 “il'i =0

9 )
jica

Power equation of each node

0—462 0-—4ds
1.0= —_—
PlI 08 ' 05
l _62—0  d3—0s
08=5m 1o
node 3
o ' da = 0.104
Power flow of transmission line b5 = —0.565
Bl = tﬁsﬂ — —0.130
s B Solution of voltage angle
Pis = 05 =1.13
; 10;1 : do = 0.104
_ 0.104+0.565
Pry = =125 = 0,669 b3 = —0.565

Figure is cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011. .
NIPPON KOEI  PADECO Japan International Cooperation Agency

r~ J
)

Example of DC Flow method

B g1 — B
1.0 = _[],.._g_ node 1 node 2 node 3 node 4
c : 0 L8 ) 10 B |
0o=5-%  8-d& s =iy
(0.8 L.0 o Py % Py 9 Py o
|:_:| _ ﬁ‘;{ —_ I'li'_g I:Jg_'{ — ﬂ
10 0.5
r;| —- i}d J-_a — 15 {5,1-;1 — 'U:l
Pia =10, Pazg =10, Py =1.0

Figures are cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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4. Load Flow Analysis and Evaluation
- Grid of Jamaica -

Rio BuenoRoaring River

.3
jica’

Neg / Maggotty
27
17 Constant Spring
16398 T(\\// 6 /WRB (Solar) nesson
BMR (Wind)-—0 b

1

O Thermal Munro =

@] . . JPPC

o H;Irdro Wigton (Wind) % |'J|IlEJFr,1tS Ba

o Wind Rockfort ~ 20km
IPP Old Harbour

[ ]

Major City
Red number is node number for power system analysis.
Voltages of nodes in red circle became low in the load
flow analysis.

* Map is from the presentation document of JPS(Jamaica Power Sector)

on May 27, 2019.
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Per Unit Base in Jamaica ji’c )

Vbase: Base Voltage

(VA)base: Base Apparent Power

Ibase: Base Current, Zbase: Base Impedance
Rbase: Base Resistance, Xbase: Base Reactance
Rp: Per Unit Resistance, Xp: Per Unit Reactance

* Vbase=69.0kV
(VA)base=100MVA
Ibase=(VA)base/Vbase=1.45kA

Zbase=Vbase?/(VA)base=47.6Q
* R=0.10Q/km, X=0.15Q/km
* Length =5km
* Rpu=0.10x5/47,6=0.01 - 2line circuit:0.05
* Xpu=0.15x5/47.6=0.015 - 2line circuit:0.0075

Resistance value (Rpu)
* In high voltage transmission line Rpu can be ignored into 0.0.
* In low voltage transmission line value of Rpu is similar to Xpu.
* Rpu of 69.0kV line is set to 70% of Xpu.

86
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.3
jica’

Load Flow Analysis
of Jamaica Grid

e ‘s EULE L]

a|r 0212
10 == | == 1 ¥ oo
00

0353
s s 0.0 0.000 0027

Calculated by CPATFree(CRIEP’s Power System Analysis Tools)
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Load Flow Analysis Jamaica P
. . . jica’

by Microgrid Designer

with/without SC(Shunt capacitor)

o 9

04 104 SC’s are set to the same nodes

1.03 103
~ -

5 ho2 4 102
&

% 1.01 o 101
= =

& 1 £ 1
2 2

5 0939 g 099
o~

% 0.98 % 058

= 7 = 097
;2 097 I ;g

s N 0s6

0.5 / 085

P 94 0.94

4 2 12345678 5101112131415161718192021
12345678 910111213141516171819202

Node number

Effect of Shunt Capacitor
without SC in end nodes

Node number

with SC in end nodes

Calculated by Microgrid Designer
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Load Flow Analysis Jamaica
by Microgrid Designer
with/without Battery

Batteries are set to
node 2,4,5,6

hoa | 104
1.03 103
i 102

1031

o

Voltage amplitude (p.u.)
[=] [=]
5 8
\
Voltage amplitude (p.u.)
o

o

—

8
JICA

; } 1
089
098
98
047
.97
> 096
0.96
‘ 095
i
p-ss 094

094 1234567 8 951011121314151617181920:

12345678 910111213141516171819202 Node number
Node number

Effect of Battery

without Battery in end nodes with Battery in end nodes

Calculated by Microgrid Designer

.
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: _ 3 )
Between Session 4 and Session 5 JI<A

--- For Jamaica Future Grid ----

* Please let us know your idea about future Jamaica Grid
with RE and grid stability with following form:

- 90
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Session No. 5
Transient Stability Analysis and
Evaluation of Stability

1. Overview of Stability

2. Equal Area Criterion
Simple method to solve stability manually

3. Exercise of Equal Area Criterion

~
NIPPON KKOEI  PADECO
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8
JICA
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1. Overview of Stability jica’

* STABILITY (Definition)

* If the oscillatory response of a power
system during the transient period
following a disturbance is damped and the
system settles in a finite time to a new
steady operating condition, we say the
system is stable.

* If the system is not stable, it is considered
unstable.

& 92
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Type of Frequency/Voltage Stability

* Small Disturbance Stability (time p
domain graph)
* Disturbance with minor fluctuation

of load, generator, and other power —
system components

* Linear modelled phenomena

» ->Eigenvalue Analysis, Equal Area
Criterion

* Large Disturbance Stability (time
domain graph) p Large
* Disturbance with non-linear Disturbance
accidents such as Switching, setting
value change, generator trip, sudden |
load trip, fault in power system
components

* ->Transient Stability Analysis, Equal
Area Criterion

9 )
jica

Small
Disturbance

Load fluctuation

<- 3 Line Ground Fault
(Non-linear accident)

t
Figures are cited from

M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011. 93
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9 )
jica

Stability Analysis

* Equal Area Criterion (Manual calculation)
* Active Power Flow Dynamics between one Generator
and one Load
» Simplified Stability Calculation

* Transient Stability Program (Simulation Software)

* Electro-Mechanical Transient Stability
* Root Mean Square Value Calculation

* Dynamics of Power Flow including both Active and Reactive
Power

* PSS/E, ETAP, CYME, DigSILENT,,,
* Electro-Magnetic Transient Stability
* Instantaneous Value Calculation
* Dynamics of Electrical Signal
e EMTP, EMTDC, PSCAD,,,

94
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Swing Equation e
*M d25/dt2=Pm—Pe=AP
* This equation describes relationship between power and
frequency.
f=2nw w=dé/dt
* Power will swing by disturbances caused by unbalance
between generation power and consuming load.
* P_.: Mechanical Generation Power
* Amount of Synchronous Generators,
Renewable Energy and
other Power Resources

M: Inertia capacity

6: Rotor Angle

Pm: Mechanical Power
Pe: Electrical Power
AVR: Automatic Voltage

* P_: Active Power of Load Regulator
- . PSS: Power System
* Customers, Facilities, Industries, etc. Stabilizer

e 95
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jea’
Swing Equation

* Swing equation is a mechanical model of generator
rotor movement.

2 =
. -fﬂ: Ij =Tm—Te J: Inertia Moment
_ dd dt M: Inertia Capacity
W= it w: Angle Speed
a2 a 6: Rotor Angle
wJ—— = Pm — F Tm: Mechanical Torque
dt= Te: Electrical Torque
M = w.J ) Pm: Mechanical Power
’ d%a ) Pe: Electrical Power
M _ﬂ) == -!r'-:lrl — ):: - -!Jrr
L=
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jica’
2. Equal Area Criterion
* The equal area criterion is a simple graphical
method for concluding the transient stability of

two-machine systems or a single machine against
an infinite bus*.

* This principle does not require the swing equation
for the determination of stability conditions.

* The stability conditions are recognized by equating
the areas of segments on the power angle diagram
between the P-curve and the new power transfer
line of the given curve.

* Infinite bus is a constant voltage bus that supplies and consumes any active
and reactive power to grid.
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9 )
jica

Simplified Grid Model

Xy X iX V=Ve
! Transmission
fiine Reactance  Large Grid
Infinite Bus

Generator

E‘.‘" :EJ(:‘.- Jtﬁ

P+ijQ=VI" =

o E'e % vV }
JXL+ X+ Xa)

VE iné 4 VE coss— V72
= —— gin F =7 e
X+ Xi + Xt T X X, + X,

X=X;+Xe+ X

E’: Transient Induced Electromotive Force
V: Grid Voltage
) . VE . Xd’: Transient Reactance
P-5 Equation P=——smo Xt': Transformer Reactance
Xl: Transmission Line Reactance

. . ' 1*
Synchronizing Force §= ‘%’ - % coss  P: Active Power Output

Figure is cited from Q: Reactive Power Output

M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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Equal Area Criterion jica’

for Stability Analysis

A: Acceleration Energy
B: Deceleration Energy
Pm: Power in operation
Pmax: Maximum of Power
0,: Phase in operation > |
O . . . }Ill

6,: Minimum Phase in
disturbance .
6,: Maximum Phase under po
disturbance Po§

Figure is cited from 082 do b

M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
niPPON KK0EI  MADECO Japan International CooperationggAgency

Pmax=>ATC

4

Equal Area Criterion jica’

for Stability Analysis

ViV

e P = ” sind A: Acceleration Energy
LdP _Viv; g P ViV; s B: Deceleration Energy
s~ X X
"""""""""""" Pmax=>ATC

® Synchronizing Force is differential
value of power which is the force"
return previous operating point.

I)ln I
® Gradient of Power Curve

® |f Pm reaches to Pmax, synchroniz
force will be 0.

0, 0g O
Figure is cited from 0 0. 09 Op
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.100
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, o ®
3. Exercise of Equal Area Criterion Jica’

* Operation: 3LG(3 Line Ground Fault)-> 1 line Open from 2 line circuit
* Area A is acceleration energy, area B is deceleration energy.
* By opening 1 line circuit, deceleration energy can be provided.

02 joa 2 1.0e-90

— nd |4
V=10 E =1.05 o §
i 0.4 . e
X=02+01+ 5 = 0.5 E'=1.05e~#

5 -
—sind = 2.10sind — —

_‘_}f
b 0.5 T e e

Steady State

X=024014+04=0.7

—10p2
P=1.50sin &
One line open
From 2 line circuit

P = 0 ?’ gind = 1.50sind ——

(1] -
Figures are cited from » ¢ X
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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_—
oﬂ)

Solution for stability(1) jica

through Equal Area Criterion -,

(a) To increase Voltage (b) High Speed Circuit Breaker

e Increase maximum P Decrease
capacity acceleration energy
— 2line circuit
. = '4/}:’ R b -
Under -1 ircuit
fault ine circui
0 i)

Figures are cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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Solution for stability(2)
through Equal Area Criterion

V:
P= sind

(c) High Speed Recloser (d) High Speed AVR

Minimize voltage

P Recover to 2 line P
circuits drop
2 line circuit — 2 line circuit
2} &— 1 line circuit
Under & 1 line circuit
fault
& §

Figures are cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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Solution for stability(3)
through Equal Area Criterion  r="sins

(e) Middle Point
Switch Gear Station

Increase middle
point voltage of line

(f) Series Capacitor

Decrease

P reactance of line
;J

Figures are cited from
M.Kato & H.Taoka, “Fundamental Power System Engineering,” Suurikogaku-sha, 2011.
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Session No. 6 jica’
State Estimation for Multi-point Pilferage

* Warning based on State Estimation Evidence of
calculated data from state estimation
* Pilferage Power (ex. next page’s Pul) can be used as evidence
for pilferage warning.
* -> Detection by State Estimation

* Metering System and its Analysis -> Detection

* Server of Metering Data is located in Control Center,
Substation

* -> Detection and Control by Metering System

State Estimation is a computer method that computes the state (voltage magnitudes and
angles) of the Grid using the network model and real-time measurements.

Line flows, transformer flows, and injections at nodes are calculated from the known
state variables and the transmission line parameters.

State Estimation has the capability to detect and identify bad measurements or unreliable
data. It will be applied to detect pilferage point and amount from the known data.

fa) 105
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Example of Application of Grid Analysis
to find Multi Point Pilferage Amount

If there are multi point pilferage, we have
to consider multiple conditions at the
same time. Load flow analysis can

provide answer for all pilferage at the
same time using simultaneous equations
of load flow. This load flow analysis is
called state estimation.

For example, in a lower figure, pilferage
power Pul and Pu2 cannot be obtained
independently.

It requires simultaneous equations which
include conditions of node 1, 2, 3 ,4,5,
respectively.

Estimate Power flow of pilferage can be
formulated as P43=P31+Pul, P31=P15+P12-
Pu2. Line flow is described by quadratic
equations of voltage.

Then they are set up as simultaneous
quadratic equations.

nippon iKoel  PRDECO
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8 )
jica

node 1 line 1 node 2 line 2 node 3

Ploss1 =0.05 Ploss2=0.05 _
| > | N
P1=1.0 Pu=0.3 P2=0.6
Pilferage Power
T T T T TS ~Pilferage
_-~"noded node3  Power Pul

\
\ /
\ /
Pilferage Aﬁ -

Power Pu2« _ s
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. . 8
State Estimation jica’
for One Point Pilferage
I Ii:leo:ﬂ =0.05 I “253352:0.05 I >
R N
P1=1.0 Pu=0.3 P2=0.6

1. Input Known Power P1 and P2 (1.0,0.6)

* Get data by meter Pilferage Power

2. Calculate Loss Ploss1 and Ploss2 (0.05, 0.05)

* Calculate from line impedance and voltage of
nodel and node 2

P1: Active power from
node 1 to node 2

P2: Active power from
node 2 to node 3

Ploss1: Loss power of line 1

Ploss2: Loss power of line 2

Pu: Pilferage power

107
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3. Calculate Pilferage Power Pu
* Pu=P1-P2 —(Ploss1+Ploss2)
=1.0-0.6-(0.05+0.05)=0.3
nippoN KkoEl  PADECO

1. Input Known Power (active
and reactive power of
transmission line, injection

from generator and load) and
Known Voltage and Current
at Nodes (magnitude and
phase angle)

2. Estimate Unknown Voltage
by State Estimation
(magnitude and phase angle)

. . —
State Estimation 9
e JicA
for Multi Point Pilferage
node 1 node 2 node 3
line 1 line 2
I Ploss1 =0.05 I Ploss2=0.05 I R
-> -> |
P1=1.0 Pu=0.3 P2=0.6
Pilferage Power
TS ~Pilferage
/// node 4 5de 3 PoTATer\Pul
// G \\\
/ \
npde 5
i

3. Calculate Power Loss and
Flow of Transmission Line
and Nodes

4. Output Pilferage Power

NipPPON KoEI  PRDECO

\
| node/ node 2 \\l
I
\ —I—— |
\ > /
e ’/
\ /
. N /
Pilferage .

Power Pu2« _ -
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Analysis


Purpose of State Estimation

* Bad data detection and repairing by Energy Management
System

* USA, EU, Japan, etc.
* Find trouble of metering
* Proposed by Dr. Schweppe(1970)
* Finding and possible countermeasures for pilferage by
Distribution Management System
* Middle-East Area Case in 1980’s
* Long transmission line in desert

* To check consumption of customers who do not allow meter
reader person (ex. gang) to read proper meter
* Japanese Utility’s Case from 1970’s
* Automatic Meter Reading -> Smart Meter

* Control of Renewable Energy
* Prediction and control the output of RE

fa) 109
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_ 3 )
Session No. 7 JICA

Discussion for future grid and VRE in Jamaica

e Current Grid of Jamaica

* Currently it goes well according to the several measures by
JPS.

* Simulation results shows the well controlled grid.
* Assumption of Future Grid (Large amount of RE) in Grid
Model and Simulation

* PVs at east side and west side nodes with/without BESS and
Compensators

* Measures
* BESS, Compensators(SC, SCO, STATCOM)
* SPS(Special Protection System)

fa 110
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9 )
Special Protection System jica

<Definition>

-> Optional functions installed by utility to improve
grid protection according to each grid code.

* An automatic protection system designed to detect
abnormal or predetermined system conditions, and take
corrective actions other than and/or in addition to the
isolation of faulted components to maintain system
reliability.

* Such action may include changes in demand, generation
(MW and Mvar), or system configuration to maintain
system stability, acceptable voltage, or power flows.

e 111
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Grid of Jamaica jica’
Bogue  Rjs BuenoRoaring River
M e .
11 . Qcho Rios
12 13 Upper & Lower White River

- / Maggotty N 15
- S
17 ing
69 KV \nﬁ\\ e (Solarﬁzo sta.nt Spring
138 KV, . ) 6 5 / 18775 ngston
BMR (Wind}—2 0 3 1
O Thermal Munro '\,-../NL_.._ 4 = @
© Hydro Wigton (Wind) Hunts Bay IPPC
O Wind JEP Rockfort ~ 20km
O 1pp Old Harbour
® Major City

Red number is node number for power system analysis.
Voltages of nodes in red circle became low in the load
flow analysis.

* Map is from the presentation document of JPS(Jamaica
Power Sector) on May 27, 2019.
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jica

Load Flow Analysis
of Jamaica Grid

1.030
646 <1952 2101

0060 2% | <0 00481 g g 0212
ID: -u: E— --‘I}_{IIT

-0.353
007

Calculated by CPATFree(CRIEP’s Power System Analysis Tools

- 113
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. . | jica/
Evaluation of Jamaica Grid

* Well designed

* Large PV installation causes the increase of voltages and
overload of transmission lines

* All PV output is 0 during 1 second.

* In case output of PV drops from Max (36.3MW) to Zero
for 1 second

114
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Transient Stability Analysis in Jamaica jea’
(Case Study)

* In case output of PV drops from Max (36.3MW) to
Zero for 1 second -> Stable

?OBJ\J\VWI
Fo07
=
ros
£
Hos
IR
W[HJ\\_//

2
£ 03

(CIGRIEPT

02
3 4
Effisec]

— 1 amaicaGrid20221130_JamaicaGrid20221130 2
— E1JamaicaGrid20221130_JamaicaGrid20221130 7

Calculated by CPATFree(CRIEP’s Power System Analysis Tools)
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Transient Stability Analysis in Jamaica jfa’
(Case Study)

* In case output of PV at node 4 drops from Max
(36.3MW) to Zero for 1 second -> Stable

(CICRIEF

o
o

o o o
o ~ @

PPG BREHWHHpu)
n

o
-

0 1 2 3 1 5 8 7 8 9 10
B¥M[sec)

— #1JamaicaGid20221016_JamaicaGrid20221016 2
#1:JamaicaGnid20221016_JamaicaGrid20221016 T

Calculated by CPATFree(CRIEP’s Power System Analysis Tools)
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Transient Stability Analysis in Jamaica jiea’

(Case Study)

* In case output of PV at node 4 drops from Max
(36.3MW) to Zero for 4 second -> Stable

(CICRIEPT

sl S—— = S _—
ED.’
B
s
+
Hos
Bl
oy e ) - |
© o g
£o03 o
o
1 2 4 5 7 8 9 1
BM e

— #1.JamaicaGrid20221016_JamalcaGna20221016 2
— f1.JamaicaGrid20221016_JamalcaGria20221016 7

Calculated by CPATFree(CRIEP’s Power System Analysis Tools)
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Transient Stability Analysis in Jamaica jica’

(Case Study)

* In case output of PV at node 4 drops from Max
(36.3MW) to Zero for 5 second -> Unstable

{C)GRIEPT

PPG BEH hEMHIpU]
o o o A
= @ b oo e

=}
X}

o

3 4
Bifiisec)

— #1JamaicaGrid20221130_JamaicaGrid20221130 2
— 1 JamaicaGrid20221130_JamaicaGrid20221130 7

Calculated by CPATFree(CRIEP’s Power System Analysis Tools)
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9 )
jica

Steps of
Stability Analysis and Evaluation

Steps to evaluate stability will be as follows:

Load Flow Analysis

Equal Area Criterion

Short Circuit Ratio

Available Transmission Capacity

e wNhe

Spinning Reserve

e 119
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jea’
Simple Power System Model

* Generator model can be emulated as follows:
* Utility
* Generator Plant
* Substation

* Lines of any voltage can be modelled.
* Transmission Line (69kV)
* Distribution Line (11kV, in case of Jamaica, 12, 13.8 & 24 kV)
* Feeder from distribution line (400V)

e 120
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Grid Model for Transmission JicA

Network and Distribution Network

* Transmission Network
* Base VA
* Base Voltage
* Base Current
* Base Impedance
* Base Admittance

* Distribution Network
* Base VA
* Base Voltage
* Base Current
* Base Impedance
* Base Admittance

100MVA
69kV

1.45kA (=100/69)
47.6Q (=69*69/100)
0.021Q°1 (=1/47.6)

100kVA

400V

250A (=100000/400)
1.6Q (=400*400/100000)
0.625Q°1 (=1/1.6)

121
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Transmission Network Model

V,=1.0
(69kv) 1=0.5

9 )
jica

X=1.3 (SMW)

P,=0.55

O | (725A)
¢ )

(1) DC Flow Method:
Pline=6/x
0.55-0.05=6/1.3
6=0.65rad=37deg

(62Q)
W (55MW)

> V=1.0
Pine=0.5 (69kV)
(5kw)

If 5<90deg, these area is stable.
I=(P,-Ppy,)/V=0.5/1.0=0.5=725A

nippon iKoel  PRDECO
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Distribution Network Model jea’
or Microgrid Model
Ppy,=0.05
V,=1.0 X=1.3 (5kw)
(400v) 1=0-5 (2.1Q)
| (125A) ‘
| i) ™ poss
| > v=1.0 (55kW)
(1) DC Flow Method: Pine=0.5 (400V)
(5kW)

Plinezé/x
0.55-0.05=6/1.3
6=0.65rad=37deg
If 5<90deg, these area is stable.
I=(PL-PPV1)/V=0.5/1.0=0.5=125A

- 123
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P-6 Curve and Stability Evaluation ji’c:’

(2) Pmax=1*1/1.3=0.77

(3) Pop=0.5 p

(a) Currently APg.=0.15
-> Stable 0.77
(b) If APge>0.27
-> Unstable
SCR=Pop/APg; 05
should be over 3
=(a) 3.33 -> Stable
=(b) 1.85 -> Unstable
(4) ATC=0.27 -> If APg>0.27
-> Unstable
(5) Spinning Reserve should be
more than APy,
=0.15
nippoN KoEl  PADECO

Spinning
# Reserve
lk\ / \ﬁ
/2 T )
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jica

Simple Grid Model for RE

PG=0.8 nodel node 2 node 3 node4 node5 p BEsS2=0.8
1=0.05 X2=0.2 X3=0.2 |X4=0.05 BESS for
@ roof-top PV
’_ 0.8 MW at
_? substation
BESS for j_BESSl=O.8
utility scale $ #‘
PV 1MW _@
.| I ﬁ! PV:Y =
Utility scale solar]1 MW _ﬁ # a(yl+y2+y3+
(ex. >1MW) y4+...0.8MW
a=0.8-1.0
P_PV3=1.0 @ P_PV1=0.2*4=0.8 P_PV2=0.2*4=0.8

X=X1+X2+X3+X4=0.05+0.2+0.2+0.05=0.5
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9 )
jica

Simple Grid Model for RE
-Typical PV location-

2 2

105 105 35

1 1 8 8

i 3
0% 09 . 16 &
. . 25
085 08 2 . 4
08 08 15
075 075 12 n
07 07 ' ;
065 | | 065 0s | B | | I I
06 05 0 I 08 o8 123

12345 12345 12345 12345

PV+Battery only PV only Battery PV+Battery+largePV(n2) PV+Battery+largePV(n5)

* If batteries are connected with no advanced control and output of PV goes zero,
node voltage will be high.

* Large PV will cause the increase of node voltages.
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Suggestion from You jica’

* Do you have any subject to be solved?

* JICA team may conduct grid simulation based on your
idea about generation source and other items that will be
necessary for future Jamaica grid.

* Please suggest if any other needs to consider in grid
model and simulation.

* Please let us know your request through the following
google form, if any additional. (same as the one before
session 5)

* We will include your idea or request as a
subject in the next Grid Stability Seminar in
January, 2023.

e 127
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jea’
Request of Feedback

* Please provide your kind feedback with the form below:

Thank You!!

e 128
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Appendix 3-4-2 Attendant list, and Q&A, of the 2nd RE & Grid Stability Seminar (Jamaica)

Technical Cooperation to Promote Energy Efficiency in Caribbean Countries

Participants List of 2nd Workshop on Grid Stability with Large RE Penetration in Jamaica 45
Online
NAME ORGANIZATION |TITLE DEPARTMENT
Paticipation
Alaina Rose JPS Protection Engineer System Protection OK
Andre Lindsay OUR Regulatory Engineer - OK
Antonio Johnson JPS Engineering Intern - OK
Barrington Jackson MSET Technical Officer GPE OK
Bret Bennett JPS Claims Negotiator Easement
Brian Richardson MSET Chief Technical Director Energy
Bryan Johnson JPS Manager, SCADA/EMS/DMS System Operations
Christopher Lewis JPS Reliability Engineer System Reliability OK
Clive Samuels JPS Claims Investigator Claims
Craig Rattray OUR Regulatory Engineer - OK
Darron Reid JPS Technician Engineer System Protection OK
David Clarke JPS DMS Engineer Grid Management Systems OK
David Cook JPS Project Manager, New Generation Generation OK
David Fleming JPS Legal Counsel Legal & Compliance
Denton Williams JPS Claims Investigator Claims oK
Dhario Reid JPS Grid Performance Engineer Grid Performance OK
Dianne Plummer JPS Head of Department, Procurement Logistics & Inventory Management OK
Dionne Nugent JPS Director, Business Development Generation OK
Duane Smith JPS Power System Controller System Control oK
Dwight Reid JPS Resource Planner - T&D Grid Performance OK
Dwight Richards JPS Manager, Grid Operations System Operations
Errington Case JPS Manager, Grid Interconnection Engineering Services OK
Horace Buckley MSET Project Engineer - OK
lan Reid JPS Power System Controller System Control OK
lyishla Campbell JPS Software Engineer - Real Time Systems Grid Management Systems
Jerrord Thomas JPS Technician Engineer System Protection OK
Jodie Bowes-Morrison JPS DMS Engineer Grid Management Systems OK
Joseph Lee JPS Easement Negotiator Easement
Karl Cowan JPS Manager, System Control System Operations OK
Kayonne Webley JPS Power System Engineer - IPP Operations Grid Performance OK
Keisuke Harada JPS Alternate Director Executive Management OK
Kendis Nangle JPS Manager, Claims & Insurance Legal & Compliance
Kim Robinson JPS Legal Counsel Legal & Compliance OK
Kirk Gilpin JPS EMS Application Engineer - Production Applications Grid Management Systems OK
Kolonje McKenzie JPS Buyer Purchasing & Customs
Latania Morrison JPS Power System Engineer — Generation Grid Performance
Leigh Dwyer JPS Production Planning Engineer Planning Operations OK
Lenbern Hopkins JPS Director, Transmission Energy Delivery OK
Leneka Rhoden MSET - - OK
Lincoy Small JPS Director, System Control Innovation & Technology OK
Nackio Fuller JPS SCADA/EMS Application Engineer Grid Management Systems OK
Oneif Young JPS Assistant Control Engineer System Control OK
Osawaki Wickham JPS Manager, Engineering & Construction Engineering Services
Otony Wlliams JPS Claims Investigator Claims
Ricardo Case JPS Director, Engineering Services Energy Delivery OK
Roald Garel JPS Assistant Control Engineer System Control OK
Romar Taylor JPS Assistant Control Engineer System Control OK
Sameer Simms JPS Director — Generation Operations, Planning & Performance Generation
Samuel Davis JPS Director, Government & Regulatory Relations Finance OK
Shane Brown JPS Specialist Engineer System Protection OK
Shawn Watson JPS Power System Engineer - T&D Grid Performance OK
Shawna Farquharson JPS Protection Engineer Standards & Meter Testing Services OK
Sheridane Francis JPS Claims Negotiator Easement
Sherika Gilpin JPS Assistant Control Engineer System Control OK
Shogo Otani JPS Director Executive Management
Steve Dixon MSET T&D Expert IRP
Steve Roberts JPS Claims Investigator Claims OK
Takuya Kokawa JPS Marubeni Representative Executive Management
Tanya Hylton JPS Engineer, Transmission & Distribution Transmission & Distribution
Todd Johnson MSET - - oK
Valentine Scott JPS Claims Investigator Claims OK
Vashawn Burnett JPS Plant Engineer Generation Planning & Performance OK
Wilbert Cain JPS Easement Negotiator Easement
Xaundrae McDonald JPS Intern Recruitment & Employee Services OK
Yenoh Wheatle JPS Senior Power System Engineer — Generation Grid Performance OK



nkmanager
長方形

nkmanager
タイプライターテキスト
Appendix 3-4-2  Attendant list, and Q&A, of the 2nd RE & Grid Stability Seminar (Jamaica)


Technical Cooperation to Promote Energy Efficiency in Caribbean Countries
Q&A on 2nd Workshop on Grid Stability with Large RE Penetration in Jamaica

From Question from Participant Answer from JET
| think grid forming inverters are o ) o
) . Thank you for the comment. The timing of grid forming inverter
commercially available now so the plan ] ) ) ) )
) commercially available in the market is not yet but will be soon
should be in the next IRP to ensure that ] ) )
] ) in a few years. Synvertec was a first company to sell a grid
JPS inverters on future BESS units and some o )
) . ) o forming inverter, but stopped to sell, because a producer with
VRE sites utilize grid forming inverters that )
) ) ) synvertec went bankrupt. Japanese companies are on the way
will come in handy too for black starting . o
to develop grid forming inverter now.
needs
Some mixture of IBR by grid following inverter(GFL) may need
) ) o to be considered. GFL operates with MPPT and power
Is using grid forming inverters (GFM) o
B o ) ) producer who wants to maximize power output of PV would
sufficient to maintain system inertia for ) .
- i ) need GFL. Power factor adjustment with MPPT may be
JPS stability or do you require a mixture of IBRs . . ]
) ] oo necessary. So, some portion of GFL need to be mixed with GFM
with grid forming inverters and synchronous |. . )
in future. Synchronous generator type resource is required for
generators? . -
the case of the lack of enough electricity from RE, but it is not
mandatory if you have enough inertia from GFM.
Based on IEEE1204-1997(R2003)”, IEEE Guide for Planning DC
IPS How did you determine the SCR for the Links Terminating at AC Locations Having Low Short-Circuit
Jamaica model? Capacities, SCR >3 is recommended. We will share the
material.
It is because the simulation was conducted feeder base.
Generally, shunt capacitor is placed at the biggest demand
area. In this simulation case of this presentation, analysis was
CTE GPE Why did you site shunt capacitors at nodes [conducted for each feeder. To keep voltage for the feeder,

' where PVs are installed? Why not centrally? [shunt capacitor is placed at the feeder. The purpose of shunt
capacitor in our simulation was checking the ability to keep
voltage by injecting reactive power to the PV node. The result
was not good.

Thanks for the informative session, but
JPS the accent was definitely a part of the Sorry for the inconvenience. We will try to improve.

barrier.
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Appendix 3-5-1 Material for the 3rd RE & Grid Stability Seminar (Jamaica)

. .
jica’ Agenda jica’
Technical Cooperation to Promote
Energy Efficiency in Caribbean Countries 1. Opening Remark
2. Project outline, Review and Feedback of 2nd Seminar
3. Grid Scenario proposed and stability analysis
H H ili 4. Development Status of Grid Forming Inverter and its Safety
3rd Semlnar on Grld Stablllty and La rge RE - Current Status, Blackout with GFM & Black Start using BESS
In Jamaica 5. Transmission lines and Remedial Action Schemes
- Special Protection System, PV/Wind Turbine Trip
6. Microgrid planning
8 Feb 2023 7. Technology options
8. Policy recommendation
9. Discussion, sharing good practice of Jamaica, and way forward
JICA Expert Team consists of
Nippon Koei Co., Ltd.
PADECO Co., Ltd.
NIPPON KOEI pHDECO Japan International Cooperation Agency | 1 NIPPON KOEI pHDECO Japan International Cooperation Agency | 2
_— Introduction . L. _—
2022 2023 JCC: Joint Coordinating Committee
1234 5 6:7 8:9:1011:12:13 32:33:34 .35 3637383940 41:42 43:44:45 46 47 - Team Country I Oct Nov | Dec Jan Feb Mar Apr
(B.s:::’:g:my) Phase 2 (Technical Transfer) StE:(al]trb;dNos. ﬂ {*| *Ik *JCC * ::3( ;r:
RE&Grid |~ oGNeV!s |
Year 2019 Year 2020 Year Year 2022 Year 2023 (ot Barbados) 17 - jﬂ 3 +
2021 Jamaica pminar ‘k[ sLemindr Eaemiqar * *

The basic
information is

for the

confirmed for the
capacity building

introduction of RE

The human and
institution
capacity are
enhanced for the
mass introduction
of RE

»

The basic
information is

of EE

Output 2

confirmed for the
capacity building
for the promotion

I I
Output 4

The human and
institution capacity
are enhanced for
the promotion of

»

4:5:6 7 8:9[10 1112|123 4 = weeicenivesionrione

1M12/1:2:3:4.5:6:7 8 9:1011:12/1:2

RE and Grid Stability activity is to:

introduce micro-grid concept in one of the
agreed areas and develop modelling based
on existing grid data.

introduce computer modelling for grid
analysis and examine issues associated
with a large penetration of VRE

propose the way to enhance resiliency
consider and propose the necessary
technologies for achieving the RE goals,
including grid stabilization,

consider and propose additional policy legal
system for achieving RE goals

prepare necessary training plan

provide recommendations on design of the
policy/ legal system

3

NIPPON KOEI

Cabeco

Japan International Cooperation Agency |

3

|_Title | _Date | Objective

1st 12 Oct To share basic technical Overview of Power system, per unit method,
Seminar 2022 knowledge for grid analysis modeling, asset management, load flow
with large RE analysis, introduction of method, software and

tools

2nd 30 Nov To conduct and exercise grid  Grid modeling, Microgrid, example, Load flow

Seminar 2022 modeling and analysis analysis and stability analysis, evaluation

3rd 8 Feb Review and exercise of grid Detailed system and countermeasures,

Seminar 2023 analysis with scenario cases  protection, Exercise of tools for grid analysis
with various RE scenarios

Final Mar 2023 To confirm outcome of project Review of TC activity output, policy

JCC and way forward recommendation, Program in Japan

NIPPON KOEI pRDECO Japan International Cooperation Agency | 4
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Appendix 3-5-1  Material for the 3rd RE & Grid Stability Seminar (Jamaica)


Introduction SCO: Synchronous Condenser

—
- BESS: Bafctery Engrgy Storage System .s
Feedback at the 2nd Seminar &vemmens,...  jica’

Introduction

Feedback at the 3" Seminar (2) jica’

Jica

PV70%, Wind 30%

Nuclear 30%, WTE 7%, Solar 33%, Wind 20%, Hydrogen 10%
PV30%; Wind 10%; Gas 9%

30% each, providing battery storage

PV-15%, Wind-15%, WtE-5%, Pumped storage hydro- 14%
30% PV 30% Wind, 15% WTE, 25% Gas

Up to 200MW LNG/Hydrogen, 150MW PV,100MW Wind,
20MW each for Biofuel/WtE (IRP)

150MW&Wind 100MW , or PV 100MW& Wind200MW,etc...

1) Double circuit transmission lines in north coast areas To be answered in no.3
2) RE plants fitted with capability to be slack units +- and no.5 today.

How much MW
or % you propose
to add in future
Jamaica grid?

In no.3 today, some of
cases will be assessed.

Other requests to
consider in grid

model and 10MW to respond to frequency changes 4) Will be in no.1, 6
simulation. 3) RE plants to offer MVAR support

4) current profile of the Wind output and battery
Other than Hydrogen for Storage -Hydrogen storage is

Additional BESS, HESS included in EE seminar
Grid Forming Inverters, Capacitor Banks - nuclear is not target of
STATCOMS, Synchronous Condensers, Bulk Capacitor this seminar

bank, switchable capacitors at large loads

SMR Nuclear.

generation source,
what is necessary
for future Jamaica
grid with 50%RE?

NiPPON KOEI  PADECO

Japan International Cooperation Agency | 5

1) Possible impact of bio-fuels/waste-to-energy on Jamaica's
Electricity Grid

2) Hydrogen Storage and Generation for Renewable
Integration. Transmission Expansion for Large RE

Questions that
you would like
to know more

1) Biofuel/WLE is same as
thermal. Limitation is fuel
cost &feedstock.

details in the int i 2) In EE seminar 9-10 Feb
; Integration. 3) No. 6 today

paaliald 3) Microgrid Planning

What + Grid Modelling Basics, Load Flow Analysis, and Stability

component Analysis

did you find  + Grid forming inverter applications
convenient < Protection
* Power System Analysis, Microgrid Systems

what is the - How to calculate the SCR to determine grid stability
best finding - Grid forming inverter seem to provide some viable options
in 2nd that are worth considering to address grid stability issues

seminar associated with VRE

niPPoN KoEI  PRADECO

Japan International Cooperation Agency | 6

2. Baseline Survey Report- Summary
- *1 JPS Annual Report 2021 *2 IRP Feb 2020 v
S u m m a ry L] J a m a Ica *3 Interview to JPS *4 Transmission Code >
. o N

| fem | escpton | ProjectActivitis

* Energy Source: Oil (53%), Electricity (37%)

« Peak Demand: 654.5MW (2018)->622MW (2021)"*
Energy Efficiency + Generated 4356 GWh (2018)>4,303 GWh (2021)"*

* 1833 kWh/customer/yr, 0.34 USc/kWh (2021)*1

* Peak Period: 6:30pm — 8:30pm

Priority 1: BEMS
Priority 2: Mini split AC
with inverter

Priority 3: LED

* RE target 33% by 2030, 49% by 2037 *2
Renewable Energy * Hydro 28.6 MW, VRE 175 MW (PV utility 53+ Recommendation for 50%
distributed 20-40MW , wind 102MW) *2, RE 15% of grid RE target
Micro-grid concept study

e >50.5Hz:0.5sec, <49.5 Hz: 20 sec, <48Hz:0.5 sec *4 .
Introduction of asset

* RE Fluctuation affects gird stability*3

LSRG «  JPS 21.5MW/16.6MWh Li BESS +3MW 16.5MWs fanagement
flywheels
e Thermal power plant: total 20 units including IPP
Installed Capacity: Total 1036.5MW including GTCC in
g:‘n'zr::il:erma' Power Old Harbour P/S (190MW) i
* Heat rate 11,330(2017)->9,392 (2022) kj/kWh *1
e Predictive Maintenance: Considering to apply
NIPPON KOEI pﬂDECO Japan International Cooperation Agency | 7

RE Status in Jamaica

X

Challenges for RE & Grid:

Bogue 1 .
Montego BEVE._ = l_!i.ign.n_erfoﬂoarmg River
AR f *d._Qcho Rios

. . ' O Upper & Lower White River
v' Increasing RE capacity >20%, Negr# / Magsotty
RE generated energy >14%. i =~
. . ~\ onstant Spring
v" Future increase of RE with = O | WRe [ 7 Bl \
o 138 KVg e (wind Nd / ngston :
Stablllty O Thermal Munl:o ~ / < Y St
v’ System losses 26.3%(2018) ; Hydro Wigton (Winé) | Loy 00C
Wind 20km
—28.3%(2021) © |pp Souree JPS. 2019 Old Harbour Ko™t
N 3 urce: JPS,
v’ Large number of distributed PV @ Major Gity
- need database management VRE Projects in Jamica
. . X . Capacity |Generation Tariff Investment
v' Wind & PV potential unevenly erilon/fAres! MW GWh estimated | |USc/kWh |mil USD
distributed = less Smoothing Wigton | Wind 20.7 52| 2004 10.21 26
Wigton Il Wind 18 47| 2010 10.723 45
Wigton Ill Wind 24 63| 2016 134 46.5
Munro Wind 3 10.5| 2010 (PS)
BMR Wind Wind 36.3 120 2016 12.9 90
Content Solar (WRB) |PV 20 34| 2016 18.8 65
Independent roof-top [PV 20? -
Eight River (EREC) [PV 33.1 2019 8.5
Y ' =* Wind Potential Wigton IV Wind 34 ?
© bom wed ot in Jamaica VRE under operation 142 326.5

Source: Sustaingble Energy Roadmap 2013

Source: Prepared by JET with several data sources
nNIPPON KOEI  [PADECO ational

Japan International Cooperation Agency | 8
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Scenario Cases for 50%RE in 2030 i)

* IRP is preparing the official

Capacity and Energy in 2030/2040 to be used in scenario cases
% of each source

2021 GWh [2030 GWh  [2040 GWh| Target is energy (MWh)
Category  [MW%  [2021 MW*  |GWh%  [2021 GWh* |assumed  |(CAGR (CAGR base, not output (MW) base
uwith loss _|1.43%**) 1.43%**) ’ P
Fossil Fuel 75% 1050 86.5% 4092 2,934.0 46498 53892 ° Demand growth needs to be
Total RE 25% 350  13.5% 640 458.9 727.2 838.2 considered
Hydro 3.0%) 42 2.9% 136 97.5 154.5 178.1 « MW of each generation
Solar 9.0%) 126 2.6% 124 88.9 140.9 162.4 source depends much on
Wind 9.8% 136.5 5.9% 280 200.8 318.2 366.7 capacity factor
Bioenergy 3.3% 455 2.1% 100 717 113.6 1310 ) .
Total 100%) 1,400[  100.0% 4732 3,392.8 5377.0| 6,197.4 W'Eh IRENA CapaCIt){) factor,
* |RENA Energy Profile, Jamaica ** |IRP(2020), most likely case 39 /0 thermal and 61 /0 RE
will achieve 50% RE
Capacit
¢ a;:am Y Capacity Capacity 2040
Category zaoczg' factor factor (2021 GWh |GWhtarget %2030 GWh (2030 MW |2030 MW [2040GWh 2040 MW/ "
IRP2020 IRENA :
Jamaica
Fossil Fuel 44% 54% 41% 4,092 50% 2,689 748.6 39%|  3,099]  862.8 39%
Total RE 640 50% 2,689 1,190 61%| 3,099 1,372 61%
Hydro 37% 61% 52% 136 10% 538 118.0 6% 620  136.1 6%
Solar 11% 21% 15% 124 15% 807 613.8 32% 930|  707.5 32%
Wind 23% 38% 32% 280 15% 807 287.7 15% 930|  331.6 15%
Bioenergy 25% 95% 36% 100 10% 538 170.5 9% 620  196.5 9%
Total 4,732 100% 5,377 1,939 100%|  6,197|  2,234|  100%

nippon koer  PRADECO

Japan International Cooperation Agency | 9

- - I
Characteristics of VRE ji’mJ

35 | - Wind
ol : I - Unpredictable generation output change
“ Al ‘ - produce ramps according to weather condition
10 - Depending on geographic areas, fluctuation comes at
i J~  onceifitinstalled in the same valley
00:00.00 04:00:00 08:0000 120000 16:00:00 20:00:00 PV
Wind Output - No output in night-time and rainy day
-— - Large fluctuation in tropical climate (likely to change
. "i?"‘ = 80% in a minute)
- AWR . S =
o — ! = Both (VRE):
bl B ALY LY - It does not always generate when needed. Load-supply
- il A o7 g :
e e ae o matching is an issue
PV output - Time coincidence of VRE, there can be times when there is

too much supply. Curtailment of VRE is necessary
-energy storage/control cost need to be considered.
Caribbean Islands:
- Lower cost than tariff >rapid private investment
- Limited area for transmission
- Frequent change of weather condition
- Limited stable RE (hydropower/geothermal)
nippon koer  PADECO

Challenges for
- Cost for stability : who covers?
- Technical and regulatory matters

Japan International Cooperation Agency | 10

2-2. Baseline Survey Report- Renewable Energy and Grid Stabilization

RE: Grid Stability Issue with VRE in Jamaica

| Grid Stability issues due to significant VRE fluctuation |

» Limitation of generating units, unable to ramp fast to counter rapid variations in VRE
» Adverse effect on Heat Rate (Efficiency) and increase of production cost
» Part-load operation of generating units, increasing emissions and reducing operating life of equipment
* Impacts System reliability, security, stability and power quality
RE Production Output Profile Over 24 hours September 28, 2016

Source: DEVELOPMENT OF RENEWABLE ENERGY
MARKET IN JAMAICA, OUR, 2018
—

c’ﬂ)
JICA

MW of RE Production Output

Spinning reserve with 21.5 MW (16.6 MWh)
BESS+3 MW (16.5 MWsec) Flywheel solved
the situation - for future increase of VRE ?

Ramp Rate: ST 1-3MW/min,
GT 5-10 MW/min,

CC 1-2 MW/min,

DG 0.3-1.6 MW/min

stamp 2 Second ITETYE
WH3 —— BMR toNsOL L

— WG 12

Hydro 0.4-0.5 MW/min

-
Arrangement toward 100% RE ji’m )
\./ . R
VRE 0% _ | Voltage and frequency Stabilization |
- Curtailment - Curtailment of VRE energy in PCS to make grid stables,
23 ——— smart inverter
g e Energy Storage - Governor Free (GF), Economic Load Dispatch (ELD),
IS 'é 8 BESS Load Frequency Control ( LFC)
@
- Energy storage: Battery, flywheel
[————"] - Ssynchronous condenser, Statcom
Demand - EV charging time shift
Response (DR) - Demand side management
- Regulatory framework change, review of grid code
CSP, Biofuel
generation - Battery-Motor generator set
o8 - Biofuel (diesel, jet) for DG
g”_g - CSP (Concentrated Solar Thermal Power)
g g - Gravitational Power
- Grid forming Inverter
- H2 generation from RE by electrolysis
- Seasonal large scale storage
VRE 100%

nippon Kol PADECO

Japan International Cooperation Agency | 12



nkmanager
長方形


Inertia and Synchronizing Force with RE ji’c:)

Inertia
(Disk weight, speed)
Y

Grid Voltage
(Disk Radius)

Distributed
VRE

Large scale

VRE Generator

Power

Frequenay
(Rotation *
Speed) : N

Generatof_~
Voltage = |
(Disk Radius)

roo Rooftop
I A® Generator Transmission line  Load ﬁ PV
L T J

Synchronizing Force
= the power to make rotating
speeds of both disks same

Prepared by JET with reference
to https://www.tdgc.jp

Inertia: The force to keep the rotation of disk when load is changed
Synchronizing Force: The force to keep rotation speed of disks. It keeps back to the same
rotation when generation power and load is varied, without entangling.

Fluctuation of large scale VRE affects to generator at generation side and load side
= Inertia and Synchronizing Force need to be enhanced for grid with large VRE
nippon koer  [PADECO

Japan International Cooperation Agency | 13

Inertia and Synchronizing Force with RE ji’c:)

Synchronous generator: The power source establishes voltage and frequency with reactive
power, and combines with generators by synchronizing force

VRE/BESS with inverter: DC converted to AC. There is no rotation, no synchronizing force. It
monitors grid AC voltage and wave and adjust accordingly = no contribution for stability

GF: Governor Free

UFLS: under frequency load shedding
RoCoF: Rate of Change of Frequency

Frequency (Hz)

‘ .
A Generation Nadir: minimum value of frequency

d iSCOﬂ nection reached during the transient period.

/\/\_‘,/ ____________________

A Sufficient synchronous generator

Less synchronous generator, larger VRE

Rate of Change v
of Frequency 13\
(df/dt) (RoCoF) S

Affected by inertia,

generation loss
f x Time
If Nadir< UFLS - load Shedding Source: OCCTO Committee on Demand-
supply Balance on 27 Oct 2020

Japan International Cooperation Agency | 14

Recovery by GF and load shedding

nippon Kkoer  PADECO

BIaCk-out When s VRE+BESS+Inverter OE
- - ync.Generator = S 1 )
insufficient Sync. Gen. a % A

Sync.Generator Sync.Generator
If synchronous generator is reduced and (__x@

inertial is not sufficient, power loss
- Frequency drop, with no recovery
-> Chain reaction of loss of VRE
- Black out

-4

Frequency (Hz) VRE+Inverter L0
\ Generation Sync.Generator

disconnection Increase of VRE+BESS+Invert

. VRE+Inverter
VRE+BESS;Inverter

& Sync.Generator

Power loss
Sync.Generator

' Power Grid .@‘

Sync.Generator

Sync.Generator

Sufficient Inertia
- Frequency recovery

Sync.Generator

Power loss

RoCoF>2Hz/s Power Grid

- Chain loss Reduced Inertia VRE+Inverter - VRE+|nverter
of VRE >RoCoF? Black Out!
RoCor: Rate VRE+Inverter
Frequengcy Sync.Generator VRE+Inverter
Blackout!! Source: Transmission and Grid Council, Japan
nippon koer  PADECO ati :

Japan International Cooperation Agency | 15

Battery and Energy Storage N
Positioning for Energy Storage Technology

Release Energy

A1)
-

Time Rate Curtailed
energy >
S Substations, Distributed Power spike levelin PV output
AT, Bwlc!lng, Facilities etc. for System Stabilization/ P 9 P
Transportation Load|Leveling
Pumped
Redox Flow Battery ] Storage Hydro For load
H CAES:Compi d
Ol Fuel Cell Na$S Battery Air Energy Storage
on batte MW]
L luctuation
Minutes
Nickel Hydrogen Batte! A T .
e S - S S S Storage<
1 11 11 .
. ) "
Flywheel ] Primary: RE + Battery
SMES :Superconducting Backup: Thermal -
Capacitor Magnetic. Energy Storage =
1
1kW 10kW 100kW 1MW 10MW 100MW 1GW System Size

Source: NEDO Renewable Energy Technology White Paper Chapter 9
Japan International Cooperation Agency | 16
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Feedback: What is Cost of grid stability based on various RE? ."“‘\}
Cost of comparison of Grid Stability for various REJICA

Cost of stability is depending on plant factor and fluctuation of VRE

- lower plant factor requires large battery storage size (inverse proportion)

- larger and more rapid fluctuation requires larger ramp rate of spinning reserve and
battery discharge speed

- Smaller cost of kW output requires larger cost of grid stability

- Total cost of RE and grid stability needs to be considered in planning

- RE cost is site specific. F/S for respective project is necessary.

Total installed costs Capacity factor Levelised cost of electricity
oz1 uso/ ) aozL usD/cn

2010 Percent 2010 Percent 2021 Percent
change change change

Bioenergy 2714 2i555% -13% 72 68 -6% 0.078 0.067 -14%
Geothermal 2714 3991 47% 87 77 -11% 0.050 0.068 34%
Hydropower 1.315 2135 62% 44 45 2% 0.039 0.048 24%
Solar PV 4808 857 -82% 14 17 25% 0.417 0.048 -88%
ESP 9422 9091 -4% 30 80 167% 0.358 0.114 -68%
Onshore wind 2042 1225 -35% 27 39 44% 0.102 0.033 -68%
Offshore wind 4876 2858 -41% 38 29 3% 0.188 0.075 -60%
Source: RENEWABLE POWER GENERATION COSTS IN 2021 (IRENA)
NIPPON KOEI pHDECO Japan International Cooperation Agency | 17

Cost of comparison of Grid Stability for various RE ¢,

Capacity USc/k | Availa- | Cost for stability
factor Wh bility
PV

13-18% High 4-10 Everywhe Highest. Need spinning Lowest generation

re reserve and battery for rain cost, Highest stability
day/night time cost
CSP 30-80% No 15-40 Limited Zero Emerging technology
Wind 25-50% High 5-15  Limited Need spinning reserve/battery  Cost can be reduced
potential by smoothing in wide
area area installation
Geother -95% No 15-20 QU_ite Zero or negative, as base load. |deal
mal limited Ramp rate : 20%/min of output
Hydro 10-90% No 4-20 Very Negative, as spinning reserve . Seasonal fluctuation of

limited Ramp rate: 10-30%/min

Limited by Zero. Ramp rate: 1-4%/min

water availability

Biomass 20-80% No 8-20 Depends on feedstock

Feedstock availability
Biofuel 0-80% No 20-40 Need Negative. It can be used as Fuel cost is high
import . spinning reserve. Ramp rate:
20%min
Biogas 20-90% No 10-20 Limited Negative. Best as spinning Depends on tank size
reserve. Ramp rate: 50%/min  and feedstock
of output
NIPPON KOEI ~ADECO Japan International Cooperation Agency | 18

3rd Seminar on Grid Stability and Large RE ¢

on line session

3. Grid Scenario proposed in 2nd seminar and stability analysis

- Proposed Scenario Cases Analysis and Recommendation for the
Penetration of RE

4. Development Status of Grid Forming Inverter and its Safety
- Current Status
- Blackout with GFM & Black Start using BESS
5. Transmission lines and Remedial Action Schemes
- Special Protection System including Load Shedding, PV/WT Trip

6. Microgrid planning
- Grid Stability Analysis

8. Policy recommendation

- Recommendation for Jamaica Grid Code

nipPoN KoEl  PADECO

—

Keep grid stable with good quality of electricity ji’cn)
under penetration of Renewable Energy
-> Grid Forming Inverter(GFM)

Normal State
Coecial Protection System

» . Fault .
Security Assessment Security Control
Preventive Control Collective Control
-> Restructuring -> Generator Trip
-> QOperation Planning o B _Bosomtogre e -> Load Shedding
e : - ® o gd':f;: Upper & Lower White River
Negr# : | Maggotty
1639si:’EMFI I\n\«'md'r*"t.' /$7 5 o (so‘”f:‘%:t:::::l
D Tharmal Munr 7 L LJP;E.-,- -t
opre  wemmd G Lisets watn T EMergency State
< rp Old Harbour
® Mooy Blackout

Black Start using BESS

nipPon KoEl  (PADECO

Japaninternational Cooperation Agency | 2
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Feedback from 2nd Seminar on Grid Stability and Large RE

3. Grid Scenario proposed in 2nd semmarJlCA
and stability analysis

In the answer of Q3 of the 2nd Seminar on Grid Stability and
Large RE, the following future 50% renewable energy grid
scenarios of Jamaica were proposed.

Rate is described as --
PV: Wind: WtE: Hydrogen: Nuclear: Battery: Hydro(including Pumped Storage

A)  33: 20: 7: 10:30: 0: 0[%]
B) 70: 30: 0: 0: 0: 0: O[MW]
C) 6: 7: 3: 0: 25:3:15[%]

D) 150:100:20:200: 0: 0: O[MW]
E) 30: 10: 0: 0: 0:0: 0[%]
F) 15:15: 5: 0: 0:0:14[%]
G) 150:100: 0: O: 0:0: 0[MWI
H) 100:200: 0: 0: O0:0: O[MW}

(total 100%)
(total 300MW)
(total 59%)
(total 470MW)
(total 40%)
(total 49%)
(total 250MW)
(total 300MW)

NIPPON KOEI  [PADECO

Japan International Cooperation Agency | 3

Feedback from 2nd Seminar on Gr_id Stability anq Large RE
Proposed Grid Scenario Cases

for stability analysis

Selected future grid scenarios

%value means the capacity in MWh of a year.
No.T -- PV:30%, Wind:10%, Hydro:10%
No.2 -- PV:50%
No.3 -- PV:15%, Wind:15%, Hydro:10%, Biofuel:10%
No.4 -- PV:25%, Wind: 5%, Hydro:10%, Biofuel:10%
No.5 -- PV: 5%, Wind:25%, Hydro:10%, Biofuel:10%

n’-\)
jica

Average of A-H proposed
All PV

PV and Wind are equal
PV is larger Wind

Wind is larger PV

No.3-5 include Hydro and Biofuel
Listed value means the installed rate of MWh in a year.

From the annual total capacity of MWh in Jamaica, each RE’ s capacity in MWh per year is
calculated.

Next, capacity of each RE in MW can be obtained by dividing with capacity factor and total
hours in a year,

Table shows the capacity of RE in MW in the case of proposed grid scenario.

In transient stability analysis, the event of three phase grounding fault at Hunts Bay 69kV bus
is set at 1 seconds after simulation starts, and the fault is successfully cleared after 0.1
seconds for 5 cycles after the fault.

niPPoN KoEI  PRADECO

Japan International Cooperation Agency | 4

. . _—
Grid of Jamaica 8 )
JICA
Grid structure and each impedance of transmission lines are obtained from the
map used in the presentation document of JPS(Jamaica Power Sector) on May

27, 2019.

/ Maggotty
27

17

16398 T(\\// 6 /WRB (Salar)
BMR (Wind
O Thermal Munro 4 .,
® Hydro Wigton (Wind) Hunts Ba
O Wind JEP Rockfort ~ 20km
O 1pp Old Harbour
® Major City
Red number is node number for power system analysis.
5
nippon Koer  [PADECO

Japaninternational Cooperation Agency | 5

Load Flow Analysis of Jamaica Grid .a"‘“)

The steady state load flow is analyzed by using Microgrid Designer and ETA
according to the grid structure and each impedance of transmission lines
obtained from the map used in the presentation document of JPS(Jamaica
Power Sector) on May 27, 2019.

The following figure is the single line diagram of Jamaica grid.
Voltage amplitude which is calculated by the load flow analysis of ETAP is
described in the figure.

P if‘"
‘. L .
- p ™ S| wm* L= e e ey
Branch 15 B‘\‘ L ';:, 0 ARl T
4 1aad
/ T e
o i * &
wa e [
& 8 — et
e _'1? ™ I . ne
. . Wi | e T S Rl

0

Japan international Looperation Agency | b6
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Case Study of Proposed Energy Mix
No.1 -- PV:30%, Wind:10%, Hydro:10% in MWh/year

n’-\)
jica

Case Study of Proposed Energy Mix
. o)
No.2 PV:50% in MWhga//o o1rtotal capacity is prJ!Sé

Capacit [y loanact This is the typical case
factor |/2PACY  [-apacily GWh 2030  [2030 proposed in the 2nd seminar’s
Category [’ factor factor 2021 GWh 2030 GWh
O 2020 |80 IRENA target % MW MW % feedback data
Jamaica
Fossil o o 5 o 150 =
oo 44% 54%  41% 4,092 50% 2,689 7486 33% et
Total RE 640 50% 2689 1537 67% #om Cgy o
Hydro 37% 61%  52% 136 10% 538 1180 5% - 20% drop
Solar 11% 21% 159 124 30% 1,613 1,227.6] 54% PR within 0.5sec
Wind 23% 38%  32% 280 10% 538 1918 8% ]
Bioener 7 . ' § B
25% 95% 100 0%| 0 0.0 0%) v 1 2 8 4 § 6
&y @ﬁga{\ Voltage in Bus 1 Tine tsec)
Total Aol n+#732 100% 5377 2,286 100%
1 1022 =
; ; ec
1 Overvoltage 3 ' 7
. -Qver curren 10121
$ W
R g Line 15(Bus 101007
L § 8 to11)exceedsmﬂ2
g i S the rated value "< ]
B ool § of current much; -
& 088 =l .
i g
035 992 o
094 [ &) 2 )
i 1l L
ot o L L TH o LT 981 T
12345678 951011121314151617181920. 1 3 5 7 9 11131517 19 21 23 25 27 ° v ! 2 8 4 5 i
Node number runch mumber Frequency in Bus 1 Tme el
Voltage of Buses Line Currént
Load Flow Analysis by Microgrid Designer graﬁfﬁt Stability Analysis
nipPon Koer  PRDECO y
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Capacity " q by PV. Much PV causes the large
factor |capacity  |Capacity GWh 2030 [2030 ;
Category factor factor [2021 GWh o, [2030 GWh . fluctuation of frequency but not
2020 [B50o0  |IRENA target % MW MW %
Jamaica VOItage' ec
Fossil 44% 4% 4% 4,002 0% 2,689 7486  27% 1501 i
Fuel 6 54%, o s 50%) y 748. 7%| Busl
Total RE 640 50% 2,689 2,046 73% E o
Hydro 37% 61%  52% 136 0% 0 0.0 0% ;f L+ 10% drop
Solar 11% 21%  15% 124 50% 2,689 2,046.1] 73% = G0 within 0.3sec
Wind 23% 38%  32% 280 0% 0 00 0% )
g"e”e' 25% 95%  36% 100 0% 0 0.0 0% 1 1T 4 BB
- .
Total i dd IE7 100% 5377 2,795 100% Voltage in Bus 1 Time (Sec:)
103.3 =
iii 10238
o Over voltage 1 1023 4
2 —u  Qver
S g 5 1015
3'3 % Su 10134
: q
R Fu s
g 1w B 8 -
5 1 g 100
=g g4 93 -
0% ) I ” I 33
B . II“ ol il s
’ 1234567 891011121314151617181920; 37 131517182125 1517 n 1 5 5 ; g é
Brunch number H
Node number . Frequency in Bus 1
Voltage of Buses Line Current Tine fee)
Load Flow Analysis by Microgrid Designer grag_ls_"f;t Stability Analysis
niepon koer  (PRDECO Y
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Case Study of Proposed Energy Mix
No.3 -- PV:15%, Wind:15%, Hydro:10%, Biofuel:10% in MWh/yeaj|CA)

No. 3-5 shows the cases which

Case Study of Proposed Energy Mix
No.4 -- PV:25%, Wind:5%, Hydro:10%, Biofuel:10% in MWh/yeﬂcA

‘-“\

Capacit . . Capacity| . 8 PP
Capacity  (Capacit hyd d biofuel talled, Capacity  [Capacity PV keeps voltage within the
y factor : GWh 2030 [2030 ydro and biofuel are installe factor GWh 2030 2030
e e R L e VT YR and ratio of PV g Category bogo [factor ) [lacter P02 GWNarget sy [2030 YN luwluw s | rated value.
. Jamaica changed. 0 _ Jamaica
Fossl 44% 54%  41% 4092 50% 2689 7486 39% 5 Fossil 44% 54%  41% 4,092 50% 2,680 7486  35% 18 T
uel Fuel Busl
Total RE 640 50% 2680 1100 61% # o Sy Total RE 640 50% 2,680 1407 65% 2w =y
Hydro 37% 61%  52% 136 10% 538 1180/ 6% : 20% drop Hydro 37% 61%  52% 136 10% 538 1180, 5% Z ~15% drop
Solar 11% 21%|  15% 124 15% 807| 6138  32% = 501 within 0.5sec Solar 11% 21% 159 124 25% 1344) 1,023.0] 47% = 60 within 0.5sec
Wind 23% 38%  32% 280) 15% 807| 2877 15% , Wind 23% 38%  32% 280 5% 269 959 4% :
Bioener o, o 1 1 n 1 5 5 -; ; !; Bioener 9 9 9 9, . 3 ' 8 B
25% 95% 100 10% 538 1705 9% 25% 9% T 100 10% 538 1705 8% 0 : 8 4 b 6
g g m Voltage in Bus 1 Time (Sec.) & >R Voltage in Bus 1 Time (520
Total N o 24f32 100%  5377] 1,939 100% Total X oo 4732 100%  5377] 2,156] 100%
VV...r 102.1 - 4 1021 5
i 1 1015 1
5 9 11 14 10164
i Over voltage 0 - 1% Over voltage
2 11 . Ver curr 7
\; 1,1[]; = 10 101.1 4 \5 }g ‘;12 101.1 4 ==
108 g 1
e 7 1005 £ 15 S H
s 4 = g 18 5 SRR |
T i £ . 49.5-50.6Hz & i R = i 49.5-50.6Hz
g 1o e 6 8 & 1f =
[ 1'0% 5 o e g p D
|1 -
£ I 19 1 3 6 : i
s §§§ g 99.1 - - g4 i
5 o I | ' i g o
). 0.8, 2
83t 0|.| I.|.|||I.I calldld LK — - T — 02 || || I [ I 1w — ! . —
00 12345678 91011121314151617 18 1920 13 5 7 9 11131517 19 21 23 25 17 2 0 ! 2 . 3 4 5 6 1234567 8 91011121314151617181920: 0 1' I o ;'11l1|3|1\ - 19-;1'2-3'25-1: i [1] 1 2 1 4 5 [
Node number runch number Frequency in Bus 1 Time e Node number H ' Frequency in Bus 1 Time (e
Voltage of Buses Line Current Voltage of Buses Line CurrenBrnch sumber
. . . . Transient Stability Analysis . . . . Transient Stability Analysis
Load Flow Analysis by Microgrid Designer by ETAP Load Flow Analysis by Microgrid Designer by ETAP
NIPPON KOEI ADECO nipPoN Koer  PADECO
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Case Study of Proposed Energy Mix
No.5 -- PV:5%, Wind:25%, Hydro:10%, Biofuel:10% in MWh/yepc

Evaluation and Measurement

9
of Case Studies JICA A’/

Capacit ] . Wind power causes the increase of <Load Flow Analysis>
caterory ¥ factor ](Caacﬁgrmty C?;);col: 2021 Gwh 030 G [2030 (2030 voltage because of high capacity. Node voltage except for nogle 6 in Case 5 is within +-10% of rated value. o
201 020 S ?/RENA GWh target % MW MW % But fluctuation of fretency is low. Node 6 in Case 5 is over 10% of rated value, because the capacity of wind turbine is large.
Jamaica ¢ R -> DVS or STATCOM should be installed to node 6 to control node voltage.
Fossil . 3 . N 5 1604 Soin Line 15, transmission line between Bogue and Rio Bueno, exceeds the rated value of line current, because
Fuel 4% el 50%  2,680[F4s  43% - ¥ output of hydro turbine generator in Rio Bueno flows a lot to Bogue. -> The capacity of transmission line
Total RE 640 50%) 2,689 973 57% % 1 i 4 should be increased by upgrading voltage or installing double circuit to transmission line.
Hydro 37% 619 520 136 10% 538 1180 7 2 - 20% drop <Tran5|ent Stability Analysis>
Sol 1% 1% 15% 124 5 26D 1% = within 0.5sec All cases are stable in the case of 3 phase grounding fault for 100 msec.
oar ° g § o : o ) Fluctuation of voltage and frequency are acceptable except for Case 2 and 5. -> BESS should be installed
‘é\{'”d 23% EA 280 25%  13AMEMEE  28% I T T T at nodes which has PV. As for in Case 5, the capacity of transmission line needs to be increased by
loener i i i i i i i i i
25% 95% i moo 10% 538 1705  10% . upgrading voltage or installing double circuit transmission line connected to wind power.
gy N i @F €Cc N N Voltage in Bus 1 Time (5ee) For Case 1 to 5, Voltage at node 1 drops 10-20% from the rated voltage within 0.5 sec. This voltage drop is
Total Pejntid?  100% 5377 1721 100% considered to be acceptable if FRT(Fault Ride Through) function is equipped to an inverter of the wind
i1 ecC 1021 5 turbine. The above voltage fluctuation is within the limit of FRT.
11
11 10 . .
I Over voltage ; 10164 Evaluation and measurement of Case 1to 5
5 e T e Over curr _— N Case | RE Resource Ratio Evaluation of Load Flow Analysis Evaluation of Transient Stability Analysis
v 1D & . No. (% of MWh/year)
106 !
E 16 = = 1006 49.5-50.6Hz PV:30%, Wind:10%, Voltage is within +-10% of rated value. Node 1 has 20% drop of voltage after fault.
g 10 = £ . ) ) Hydro:10% Fluctuation of voltage and frequency are acceptable.
& 10 1+
B oo g, 2 PV:50% Voltage of east end node is high, but Fluctuation of frequency after fault exceeds by +-
3 08 I3 9956 = acceptable within +-10% of rated value. 0.5Hz from the base frequency.
- §§ g 0 - 3 PV:15%, Wind:15%, Voltage of west end node is high , but Node 1 has 20% drop of voltage after fault.
g8 L | I | | | ) Hydro:10%, iofuel:10%  acceptable within +-10% of rated value. Fluctuation of voltage and frequency are acceptable.
% ol ' ! |1 il _I i .1l ! 986 T T T T T T 4 PV:25%, Wind:5%, Voltage is within +-10% of rated value. Fluctuation of frequency after fault is about +-0.5Hz
12345678 01011121314151517181920 135798 N1BL171922352712 F 0 1 2 B3 _I'* 1 B Hydro:10%, iofuel:10% from the base frequency.
Voltage of Buséﬂg‘mm Line Curr%n pomber requency In BuS 1 ine tsec) 5 PV:5%, Wind:25%, Voltage of west end node is more than Node 1 has 20% drop of voltage after fault.
. . . Hydro:10%, iofuel:10% 10% from rated voltage Fluctuation of frequency after fault exceeds +-0.5Hz
B ; B Transient Stabi llty AnaIYSIS B . - from the base frequency. -
Load Flow Analysis by Microgrid Designer by ETAP :
nippon KoEl  (PADECO Japan Internatlonal Cooperation Agency |11 wippon koer  PADECO Japan International Cooperation Agency 112
Feedback from 2nd Seminar on Grid Stability and Large RE ~ National R&D project in 2019-2021 in Japan

This section is a feedback and request of current states of the development of Grid Form )
Inverter (GFM) and safety condition of GFM

4. Development Status of Grid Forming
Inverter and its Safety

Lot of companies are developing grid forming inverter, but products are not
provided into market.

<Current project for the development of GFM>
- GFM Projects in Japan
- STREAM: New Energy and Industrial Technology Development
Organization(NEDO) project with Tokyo Electric Power Co. (TEPCO), National
Institute of Advanced Industrial Science and Technology(AIST)
GFM projects in the world
- Europe Union(EU): OSMOSE, MIGRATE, Smart Net
Grid Code: National Grid GC0137, VDE2020
- USA: SuNLaMP, SETO
Grid Code: IEEE2800-2022, NERC IRPS, UNIFI

OSMOSE : https://www.osmose-h2020.eu
MIGRATE : https://www.h2020-migrate.eu/
SmartNet : https://smartnet-project.eu

Japan International Cooperation Agency 113
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9
Next-Generation Power Network Stabilization JICA)
Technology Development for Large-Scale Integration
of Renewable Energies

Project of NEDO (New Energy and Industrial Technology Development Organization)
2019-2021 (Partially last to 2023)

The development of Grid Forming Inverter is one of the subject of
Item 3 in the following 4 items of this project.

Item1: Development of control units for Japanese connect and manage grid (last to
2023)

Item2: Development of control method to cope with decrease in inertia using phasor
measurement unit

Item3: Development of optimal method to control voltage and power flow in
distribution system with IBR

Item4: Development of optimal islanding detection method in high voltage
distribution system

https://www.nedo.go.jp/english/activities/activities ZZJP_100150.html

nipPon KoEl  (PADECO
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National R&D project in 2019-2021 in Japan
Item 3: Development of basic technology
to cope with decreases in inertia (Scope)

@ R&D for real-time inertial estimation

o,—\)
jica

@ R&D for inverter-based synthetic inertia

A Frequency
Remote 1\\ _i = Nationwide .
-l nwid [Hz) . High
monitoring ﬂ p— mr—_.___a_ % coordination improve RoCoF inertia
< —— > data

-
e
-

Low

-
! inertia

“u improve Nadir

4F

Develop the inertia monitoring system Develop countermeasure for low inertia

B Scope:
> R&D for the inverter-based synthetic inertia.
v' Option 1: Add a new function to the legacy Grid-following Inverter (GFL)
v Option 2: Develop the novel Grid-Forming Inverter (GFM)

Cf. TEPCO report

> Development of simulation model and evaluation of inverter-based
synthetic inertia capability.
https://www.nedo.go.jp/english/activities/activities ZZJP 100150.html

nippon koer  [PADECO Japaninternational Cooperation Agency |15

National R&D project in 2022-2026 in Japan .

o\ )
STREAM Project -
Future-generation power network Stabilization
Technology development for utilization of
Renewable Energy As the Major power source

Project of NEDO (New Energy and Industrial Technology
Development Organization)

+ Development of Inverter Based Resources(IBR) as Measure
against Low Inertia Grid (Group1-3)
- Test Grid Forming Inverters Produced by 4 models and 5 functions
- Show the revised proposal of grid code for Grid Forming Inverter(GFM)
to Organization for Cross-regional Coordination of Transmission
Operators(OCCTO)
+ Development of Grid Forming Inverter(GFM) for Microgrid
with Renewable Energy for major power source

nippon koer  PADECO Japaninternational Cooperation Agency |16

STREAM Project overview of Groupl and Group2 ji’c:’

='7_| Group1l Development of Inverter-based Countermeasures for low system
inertia (TEPCO Holding(HD), TEPCO Power Grid(PG), AIST)
*Requirement and specification study.
*Design & development of Prototype. Lab testing: Smart System
+3 venders for battery storage inverter and 1 institute with vender for PV gesearch Facility, AIS
inverter.
E Group?2 validation and testing (TEPCO HD, TEPCO PG, CRIEPI, AIST, JET
« Study for Key Performance Indicator(KPI), Lab/Field testing, and
certification of grid forming inverter.

Laboratory testing

« Development of test procedure achieving certification.

 Impact assessment of new function with Virtual(HIL)
testing technologies

Demo field testing

* Testing on full-scale distribution systems

* Remaining test that lab testing do not cover

Prototype improvement

« Grid interconnection testing and conformance to
requirements

* Revision of inverter requirements

yf Output _ © ~ TEPCO:Tokyo Electric Power Co.
¢/ -« The standard for equipment specifications CRIEPI:Central Research Institute of Electric Power Industry
« Data/report for revision of Grid Code AIST: Advanced Industrial Science and Technology
JET:Japan Electric Safety & Environment Technology
Laboratory . .
Japan International Cooperation Agency 117

Demo field testing: Akagi
testing Center, CRIEPI

nippon Kol PADECO

The Fukushima Renewable Energy Institute, AIST (FREA)

National Institute of Advanced Industrial Science and Technology(AIST) .iCA)
established the Fukushima Renewable Energy Institute in Koriyama, FukushHima
Prefecture in April 2014, to promote R&D into renewable energy.

The Fukushima Renewable Energy Institute, AIST (FREA) has two basic
missions:

(1) Promotion of R&D into renewable energy, which is open to the world as a
novel research base to develop innovative technologies in collaboration with
domestic and international partners.

(2) To make a contribution to industrial clusters and reconstruction

Ammonia Testing =

Facility | Wind Turbine

300kwW

Pure Hyodrgen Bldg
Methylcyclohexane
(MCH) Bldg

< “ Energy Management Bldg
Smart System

Research Bldg

PV ;
Generator 2 Il

L Bldg

PV
Generator
| D ey |

[ {% Geothermal
1 . .
w Application
e Experiment Field
Japan International Cooperation Agency 118

| FREA Main
Bldg

Site Area 78,000m?
nippon Kol PADECO
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Smart System R&D Test Platform (FREA-G) .8 )
One of the world largest testing facility for Smart Grid '“c
Grid Forming Inverter is tested for development worldwide here.

A. Grid Connection Test Bed

> Compatible with worldwide interconnection test for
DER (Fault-Ride-Through, anti-islanding, etc.) with
grid simulator.
> Grid simulator is a programmable AC source that
emulates grid characteristics to evaluate performance
and reliability of grid-connected equipment.
® Maximum capacity of Grid simulator: 5 MVA
® PV and Battery emulator: 3.3 MW up to 2000V
e Inverter testing capability: up to 3 MW

B. Safety Test Bed
> Emulate realistic temperature and humidity environment

to evaluate safety and long-term reliability of grid-
connected equipment. e.g., thermal cycle and humidity
freeze test, surge voltage test, etc.

> Other safety testing e.g., surge voltage test

C. EMC Test Bed

> Testing for electromagnetic radiation from/to grid-
connected equipment.

Facility for Smart Grid Research

> Evaluate multiple system level DER capabilities e.g.,
microgrid lab-based demonstration, energy
management system (EMS) testing such as DERMS,
VPP, etc.

“Abeco
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Feedback from 2nd Seminar on Grid Stability and Large RE -
Black Start using BESS for Grid jica’

This is a feedback about question of the way to supply
power to the grid when the grid power goes off.

In order to continue to supply [ L —
electricity for large grid, Grid Forming [ |, Bk

Inverter(GFM) can be a kick starter, |"""B-_9‘!U?fff H Resouen |
when black start will be applied after R

blackout, if energy resources, such as (a

charged battery, battery with PV are ! E.:.m 3t
available with GFM. _3 = ¢
If not, hydro turbine generators or gas
turbine generators excited by
permanent magnet is alternative way.
NREL(National Renewable Energy
Laboratory), USA proposes the way for
black start using GFM in 4 ways.

(a). Config. 1: On-site Kick-Starter for a Blackstart

(b). Config. 2: Remote Kick-Starter for a Blackstart

(c). Config. 3: Fully Functional Black-Start Resource

(d). Config. 4: Collective Blackstart ET |
BlackstartH. Jain, G. Seo, E. Lockhart, V. ' H
Gevogian and B. Kroposki, “Blackstart of Power Battery/ || BameryS Batiery, i
Grids with Inverter-Based Resources, [EEE PV = Battery || PV Battery || PV + Battesy e -
20PESGM1199 Blasch Start Resources e TR —
nipPoN KoEr  [PRDECO

Lizad
= Kktlamariiaun poeser

o Blach wlmt power

v T T
Battery/ Black Start
P + Baiterny - Respuree

Nemate Kicktarter

idy

Feedback from 2nd Seminar on Grid Stability and Large RE -
n’ )
. . . JICA
Black Start using BESS for Microgrid

This is a feedback about question of the way to supply
power to the grid when the grid power goes off.

Grid Forming Inverter(GFM) can be a main
electricity resource for black start.

Prime generators are:
GFM + battery (if it is enough to be charged)
GFM + battery + PV

nipPoN KoEl  PADECO

Japan International Cooperation Agency 121

Feedback from 2nd Seminar on Grid Stability and Large RE

—
This section is a feedback and request of example of special protection system ji’CA)
(SPS) with RE and impact of load shedding of feeders with PV penetration

5. Transmission lines and Remedial Action Schemes
- Special Protection System(SPS)
including Load Shedding, PV/WT Trip -

<Before Fault>

Security Assessment, Remedial Action Scheme

About 1000 N-1 case simulation is required to predict future accident and
measurement by load flow analysis and transient stability analysis

If severe accident is predicted, its measurement to avoid is planned and
operated.

<Required Technologies>
State Estimation for covering unknown data
Screening for choosing severe cases from thousands of N-1 cases
Security Assessment for evaluating possible unstable cases

nipPon KoEl  (PADECO
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Remedial Action Schemes
- Special Protection System(SPS)
including Load Shedding, PV/WT Trip -

<After Fault>

Security Control, Contingency Control

Transient stability analysis is using current data collected from grid after
fault accidents

High speed simulation which is faster than real time action is required in
order to predict and avoid more severe accidents caused after faults.

installed in JPS

<Actions for SPS>
- Trip of Synchronous Generator
- Control of Connection and Output of PV and Wind Turbine
- Shedding of Load
- Operation of Circuit Switch or Closer

NIPPON KOEI  [PADECO

Japanminternational Cooperation Agency |23

Special Protection System in Chubu Electric Power

Trunk Transmission Integrated Stability Control Sysim)
(ISC) -Overview-

When a fault occurs in the power system,

the ISC system trips the unstable generators and control switch gear instantly
according to the results of calculated transient stability analysis of the system.
When a grid separation is detected in the power system,

the ISC system trips the surplus generators or sheds the demand

according to the solution of frequency stability analysis.

The ISC system recognizes the power system configuration in real time and
automatically change several operation settings.

5' Load l.oad .i
’ € X
Main / Generator

Network

System Interconnected after fault cleared System Separated after fault cleared
->TSC: Transient Stability Control function| -> FSC: Frequency Stability Control function Isffj)tse /C /h pnon\é’:l;?; r")lg riﬁfﬁe/?sﬁﬁ) .jp/engl

“Abeco

NIPPON KOET Japan International Cooperation Agency 124

Special Protection System in Chubu Electric Power ."'\

Trunk Transmission Integrated Stability Control Sysﬂ!ﬁﬂ)

(ISC) -Allocation of control stations-
Control stations and terminals are located in wide area of the grid.

Hokurlku Electric Power
— 500KV tr ission lines ission & Distribution Company

— 275KV transmission lines 5

. Placement of the

equipment """ - &
# IsC-P i TEPCO Power Grid
10 Isc-s H T 0
| # 18C-C go
| = ISC-T

/~..

Kansai Transmission ,_— N ,,5}(}

and Distribution —
'/ Z TR
' TEPCO Power Grid

AENT

'_'J

— TEPCO Power Grid

https://powergrid.chuden.co.jp/english/technical/operation/isc/

Cabeco
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Special Protection System in Chubu Electric Power —

9
Trunk Transmission Integrated Stability Control Sys;llﬁA)
(ISC) -Function of control stations-
- Master control station b oy LISC—P tral Station

(ISC-P) : for Precalculation

The system will conduct grid
transient stability calculation
every 30 seconds for more than
1000 N-1 fault cases, and inform
operators within a certain minutes
in case significant accident is
likely to occur.

+ Local control station (ISC-
C) : for Postcalculation Neowidh
The system calculates the

Stability
calculation

Generator sclection
H for Pimary control

ESC S
transient stability of present grid [ S 1 Az
i i Faul';‘
condition. In case unstable case is v
occurred, countermeasure is
directed that can minimize affect SOB pestentasi
of fault. ISC-T

Optical .‘-.' Transfer trip
“ Fail safe relay

| Additional control
i (ISC-C calculate)

Local Control Station

https://powergrid.chuden.co.jp/english/technical/operation/isc/

NIPPON KOEI  PADECO
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Agenda

6. Microgrid planning

nippon koer  PRDECO

Japan International Cooperation Agency | 19

Microgrid Concept

Distribution
Substation

Parking

Concept of Micro-grid

v' Respective Micro-grid is
connected each other, and each
Micro-grid can work
independently

v' Local energy production for local
consumption

v Generation: PV, wind,
biomass, DG, GT, battery, etc.

v Demand: industry,
commercial, home, EV, etc.

| v No transmission = loss saving

v’ With IoT, control system, EMS,
demand response, smart meters

v’ Enhance resiliency

Source: Smart City Development and Recent trend in Electric Power Network, Waseda Univ.

] 2

icrogrid Planning

Study for legal requirement of
regulators considering affect on
transmission line outside of Microgrid

Estimation of load and demand at
peak condition in Microgrid

Plan for system structure of Microgrid
in distribution lines based on demand

New system installation/enhancement
for stabilization facility requirement
for RE and supply-load balancing

System requirement and legal
confirmation for inside and outside
Microgrid

Finalization of system configuration
and specification for whole Microgrid

nippon Kol PADECO

_—
jica/
Legal requirement for microgrid by the regulatory authority

Method for emergency recovery, switching from microgrid to
master grid, Affect on adjacent areas.

Estimate demand of daily curve, total demand of the day/week /
year, at peak condition, abnormal condition

Determination of capacity of generation system, design, selection
of equipment.

Preparation for emergency (load shedding, control, etc.)
Protection and control method considering supply and demand

Plan RE facility with energy storage based on demand
Consider necessary stabilization equipment considering
fluctuation and output instability.

Grid plan: Load flow analysis and transient analysis

Review regulation and rules including grid code for connection to
transmission line

Operation method at the time of emergency recovery and
minimize outage

Based on supply-load balance, finalize system configuration
&Spec
Operation and EMS development, communication system

Japan International Cooperation Agency | 21

Microgrid Planning : Analysis for Stability

Grid Investment plan:
(Capacity of grid with
planned RE)

- Power Flow Analysis

Grid Operation plan:
(stable operation
avoiding disturbance,
accident, power cut,
black out)

- Transient Analysis

Optimum operation
—>Economic Load
Dispatch /LFC

nippon Kol PADECO

—_—
9 )
JICA
Additional RE power to grid :
Is current grid capacity enough to accommodate planned RE?
- Power Flow Analysis is necessary to confirm :

- if grid capacity can accommodate RE

- to check if active / reactive power, voltage is acceptable

The steady state with most severe case (maximum power) is
applied - grid modification plan to be prepared

Voltage and frequency will fluctuate according to VRE

- Transient Analysis is necessary :

- Power system stability with VRE fluctuation need to be

calculated by using acceleration and deceleration of energy

- Necessity of Available Transmission Capacity and Spinning
Reserve can be analyzed

- Requirement for Stabilizing equipment to be assessed

Operation of generators based on merit order to minimize fuel

cost for generators (especially with thermal spinning reserve)

- Economic Load Dispatch provides operation mode for
optimized operation

- ex. Cost of Battery vs Cost of biodiesel
Japan International Cooperation Agency | 22
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Microgrid Conceptual Plan : 9
PV and Wind Potential Assessment JI

Source: Global Solar Atlas and Global Wind Atlas, Energydata.info

Consideration for microgrid site selection:

- South area has higher solar potential

- Wind potential is south St. Elizabeth, Valley
of Manchester, and hilly area of Blue
Mountain

- North Clarendon-South St. Ann, border of St.
Andrew and St. Thomas has low voltage at
the time of incident

- Hagley Gap in St. Andrew was selected Transmission line of Jamaica

Source:IRP2020 draft, JET added red circles | -'

nippon koer  PRADECO
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_
Target Area for Microgrid Conceptual Plan: Hagley Gap -i’ )
This is NOT Feasibility Study. The data used in this plan is based on assumption, and it needs site confirmation and review . J
Hagley Gap and Perlyne Castle Wind Speed of the Area
- Target area: around Hagley Gap in St. v -
Total residential consumer 166 hh't
Andrew Max dail ti 7,029 /day”?
. . ax daily energy consumption , kWh/da
- Good wind potential (7-10m/s) L P e —
. . eak loa 2 kw
- Road transportation available (need Haeloy G o need e =
. . . . agley Gap mean wind spee .6 m/s @10mH
confirmation with turbine blade length) _
Wind rated output 500 kW
*1 nos of household is from visual check of Google Earth. It may \ying average output 301 kW
have error and needs to be reviewed by administration data. N o
*2 Assumed from 1.5 kW /hh, 30kWi/facility. It needs to be Hagley Gap solar irradiation 4314 kWh/kWp/day
reviewed by accrual data of the area. Total Solar PV output 105 kWp
*3 Wind speed at available road. Better wind speed may be Diesel Generator 400 kKW

obtained at hilltop, but road construction will be necessary.

nippon Kkoer  PRADECO
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Determination of kW (power) and kWh (energy) jl

| Estimation of load and demand at peak condition in Microgrid |

500.0 B

450.0 (1) Peak load
400.0
3500
300.0

250.0
200.0
150.0
100.0
50.0
0.0

P (kw)

(2) Z Pt : Energy Demand

Pt: Load kW at time t

Dy: Demand kWh after Y year from X
Dx: Demand kWh of the year X
a:compound annual growth rate (CAGR)

0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00

@ Demand kW

Output (kW) is determined from Peak Load. It is minimum output requirement.
- Peak load: Peak load data of highest peak load day among 3-10 years
Energy Demand (kWh) is determined from the day of largest energy demand (kWh)
- Largest energy demand of the year among 3-10 years(kWh)
- Demand increase need to consider growth in project period, including EV
Dy = Dx (1+a)*(y-x)
- Output need to be adjusted so that it can produce necessary amount of energy
demand considering reserve rate. It will be much larger than peak load.
Both need to consider future increase of peak and demand.
nippon koer  PADECO
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Microgrid Planning : Determination of kW and kWh o
I Plan for system structure of Microgrid in distribution lines based on demand I ,'ICA)
2 (7)95 1w PPV, : PV output at the time of t, PPvp : Peak output of PV

Wind output 05 kW Ave. n: total efficiency (design coefficient) of PV
Nos Wind units (63 1 units Etotal: total energy of PV and Wind
Wind capacity 0.5 MW Pwind, t: output of Wind at the time of t
o0 Total PV + Wind 594.7 kW Btotal C-D: total of charged and discharged amount of Battery
Battery capacity 1.05 MWh Bloss: charge-discharge loss of Battery,
Battery output 0.26 MW Bcharge: energy Charged in Battery (negative value)
Dt: Demand at the time of t
. Battery Battery
priw oo WIKWEE b i charge-  cnaree o o” | (1) PV KW at every 5 min: calculated from
rime kw Hagley Gap Discharge |kWh milage . o f /
0:00 (1)0.00 262.3 (2) 194.4 194.4 67.9 67.9) ”Tadlat'on data and speC| IC OUtpUt d
0:05 000 2623 216.8 216.8 455 455 Ppuit=P PVpx n':_0_75
0:10 0.00 262.3 240.9 240.9 21.4 21.4

0:15 000 2623 280.8 280.8 -185 185 185 (2) Determine Wind kW (next S|Ide)

Pwind = Pwind/unit X unit
(3) PV and Wind total E total (kWh )

11:557 5469 308.4 3705 4252 -1167 1167 1167

12:00 54937 308.9 3505 405.5 -96.5 95 965 Etotal = X ( Ppvt + Pwind,t) x 5/60
12057 5516  309.4 398.7 4539 <1445 1445 1445 . .

12107 5508 309.4 3713 4264 <1170 1170 1170 (m case of 5 min data)

(4) Demand kWh/d : X Dt x 5/60
(5) Battery Charge-Discharge (kWh)

23:50 0.00 300.2 407.0 407.0 -106.8 106.8 106.8 B H

23:55 0.00 298.7 343.9 343.9 -45.2 45.2 45.2 z B tOtaIC—D < 0’ (B Charge- Negatlve)

0:00|  9470L 2873 Battery capacity Bc > ZB charge + Bloss
24h total kWh 413.(4)7‘010.8 7,320.0(3)7,733.2 (5)722.4 1,048.7  1,375.0 0
Gen-Demand kWh 722 2504 081 Bloss > 10% X (-1) X Z B total c-D

kWh/kW/d 4.362

(B0 (6) Set unit nos of turbine for wind

(7) Set P pvp so that (5) is satisfied.

Japan International Cooperation Agency | 26
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. . . B . . . —_— o . . . . . _—
Microgrid Planning : Determination of Wind powers N Provisional Cost Estimation for Microgrid in Hagley Gap )
JICA This is NOT Feasibility Study. The data used in this plan is based on assumption, and it needs site confirmation and review . JICA
This is NOT Feasibility Study. The data used in this plan is based on assumption, and it needs site confirmation and review . c Wind 500 kW + Rooft PV 95 kW
ase:-\Win ooftop The estimation is just trial, based on much
A Wind Speed 7.6 m/ ; . . .
e ot ram o cove (1) e (1) Determine average output from assumptions, which need to be reviewed.
Power curve of turbine - Feasibility is much depending on wind speed
Referercs | . Dfeswe Wnd (2) Calculate Pwind,t from wind speed - Both PV and wind has fluctuation. BESS or
n pee: n peed a’ rom Average generation . . . .
Timestamp /s Hagley Gap H-10m Wind Spesd _ output kW data and power curve with wind DG is necessary to absorb fluctuation and
0:00:00 2.34 (2) 6.379 -3.63(2) 194.37 speed levelized output.
0:05:00 261 . -2. 216.80 = . "
o-1z-oo - ;;g: i fg Zio " (3) Total E wind = Z Pwind,t x 5/60 » - Initial cost : DG < BESS
) - . 0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00 - COSt Of DG needs fuel COSt, BESS needs
Pwind,t : Wind output at the time of t ——PVKW e Demand kW Wind kW at Hagley Gap PV+Wind . . .
2350:00 .90 13,358 335 40701  Ewind: Total generated energy of the day by wind consideration of replacement and cycle life.
23:55:00 414 11.286 128 343.88 With Battery, 260 kW-1.05 MWh With Diesel Generator
Average 3.67 10.01 305.00 P Item Amount unit Remark item Amount unit Remark
Total KWh (3) 20 el = Unit cost of PV 1000[USD/KW Unit cost of PV 1000]USD/KW
ol e foid e Rated Output of PV 95|kW Rated Output of PV 95|kW
400 . : ; Cost of PV installation 94,700/USD Cost of PV installation 94,700|USD
18.000 el =ke=tp Unit cost of Wind 2,500|USD/kW Unit cost of Wind 2,500|USD/kW
16.000  ave. 7.6 m/s at 10m hight - ' Rated output of Wind 500[kW Rated output of Wind 500[kW
14.000 @Hagley Gap Cost of Wind 1,250,000/USD Cost of Wind 1,250,000{USD
12.000 200 | Unit cost of 24 kV system 400,000]USD/km Unit cost of 24 KV system 400,000]USD/km
10.000 Length of 24 kV 0.3[km Length of 24 KV 0.3]km
8.000 I - Cost of 24 kV system 120,000/USD Cost of 24 kV system 120,000|USD
6.000 ! Requirement of SCO 149[kVA 25% of PV-+Wind output Requirement of SCO 149]kVA 25% of PV-+Wind output
4.000 Unit cost of SCO 200{USD/KVA Unit cost of SCO 200{USD/KVA
gggg ° g A Cost of SCO_ 29,735|USD Costof SCO_ 29,735]USD
£88888883838833838383888388333833838 Windspeed (mys) gmt cost off[[))uesllegnerator zgg E;D/RW Unit cost of Dies| Generator 300|USD/kW
PR LEeR 8RR LEeRR83R28YaR8%32888e apacity of Diesel Generator Capacity of Diesel Generator 200[kw
CO+-ANMOMHITWOON~© mcbe:‘: NANOTO0 9!:\039998@ SNg Ut ‘ jWhZM] th\ YK(}.WI\ .9 .55 \ Cost of Diesel Generator 120,000(USD Cost of Diesel Generator 120,000{USD
p —— Wind Speed at Hagley Gap H=10m Source: EWT DirectWind Total Cost 1,913,918{USD Total Cost 1euassiuso +|Fuel Cost
NIPPON KOEI H O Japan International Cooperation Agency | 27 NIPForwwosr—11 =~ JAPaIT IMETauoTar COUPETauuT Agency | 28
. . . B . . e
Notes about Microgrid of Hagley Gap ) 6. Microgrid planning - Grid Stability Analysis 8 )
JICA Hagley Gap Microgrid Condition JICA

- Target household and demand is assumed. It needs to revise with actual data.

- Cost of 24 kV system upgrade is not included.

- 100% RE will be possible in case good wind potential site is found. 100% RE with
PV will require quite large battery cost.

- The wind potential much depends on wind velocity at site.

- Wind output is proportional to the cube of wind speed : Pwind o< Vwind*3
- Cost with installation of wind at high wind potential site with road construction
need to be compared. (305kW@7.6 m/s, 500kW@10m/s)

- BESS cost/kWh much affect on total cost.

- Best effort cost is now leached at 140 USD/kWh.

- BESS cycle life and charge-discharge milage is much affected for replacement
cost. Local Wind/PV fluctuation data should be assessed.

- Cost of BESS vs DG: maintenance cost is depending on charge-discharge
amount..

- More frequent small charge-discharge by wind fluctuation may cause battery
deterioration. The affect of frequent small charge-discharge need to be assessed
by totaling fluctuation amount with actual wind speed measurement.

- Installation of wind at different place to achieve smoothing effect is

recom@@&&d to mitigate small fluctuation

NIPPON KOET Japan International Cooperation Agency | 29

and Load Flow Analysis Result

o The following parameter is assumed for
modeling Hagley Gap Microgrid for load flow
analysis and transient stability analysis. All of

i #®" inverters for PV and wind turbine generators
s are GFL(Grid Following Inverter).

m__unm
Load Flow Analysis Result of Case (a)
nippon koer  PADECO

- Place: Mountain area between Hagley Gap

Py and Perlyne Castle
- Voltage: 24kV
- Load(Private and Public) 367kW
- PV Generator 95kwW
- Wind Turbine Generator 500kW
- Diesel Generator 400kW

Load Flow Analysis Cases:

(a) PVO5kW, Wind500kWw, Diesel400kW
(b) PV95KW, Wind500kW

(c) Wind500kwW

(d) Wind500kW, Diesel400kW

(e) Wind500kW, Diesel100kw

Case (a)-(e) reached to normal state in
load flow analysis. Load flow analysis has
no problem about voltage and load.

Japaninternational Cooperation Agency 127
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Transient Stability Analysis Condition .’_\)
jic

Table of Transient stability analysis Condition for each case

Load PV | Wind | Diesel | BESS
(kW) kW (kW) (kW) (kW)

Transient Stability Analysis Result 9
for Evaluation by SCR jICA

The fluctuation of frequency is within +-0.5Hz error of rated frequency in Case (1) & (2).
Case (2) is close to unstable state. Its SCR is between 1 and 3.
Case (3) is unstable. Its SCR is under 1.

Stable (-> Unstable)

)

) - - Overvoltage _ Unstable
Case (1) 0 5.97 ‘%;, K " Stab1[f3050u Hagley z * 1.0pu____ Hagley 2 ™7 Voltage Drop— nesss
Case (2) 367 95 300 200 0 144 T E 1 e Z§ 100 Z§ 100
Case (3) 367 95 500 200 0 0.95 e 4 o 4 w4 3 o N—_‘LQU_
(o] o k] B
Case (4) 367 95 0 400 0 8.07 g N N S B ——— N N
Case (5) 367 95 500 400 0 1.29 £ T L HE R e S roE s
> 25 <
Case (6) 367 0 500 400 0 153 314 ool o
10071 <4
Case (7) 367 95 500 200 260 1.39 oo Jouss | o
§ = 10051 4 100.55 =
2 E 10041 10045 50 o 50 4HZ E 60
In order to evaluate grid stability of Hagley Gap Microgrid, % 10031 4 10035 -
7 conditions listed in the left table are assumed for transient stability analysis. 2 10021 4 10025 4 109
[, 10011 o 100.15 e
Figures in the following slides show the results of frequency and voltage in the g 1001 4 - 10005 - “
transient stability analysis with condition of 100 millisecond 3 phase grounding g MT—T T T T T s —t 71— ! —————
fault at Hagley Node. = AR T g oo 88
) Case (1) Tire (See) Case (2) Time (Sec) Case (3) Time (Sec )
[ P\_/:95kW, Wind:OkW PV:95kW, Wind:300kW PV:95kW, Wind:500kW
Diesel:200kW Diesel:200kW Diesel:200kW
SCR:5.97 SCR:1.44 SCR:0.95
NIPPON KOET pHDECO Japanminternational Cooperation Agency |28 NIPPON KOE1 pHDECO Yapaminternational Cooperation Agency 129
Transient Stability Analysis Result 8 ) Evaluation and Measurement of e ®
in conditions of installed RE JICA Case (1) - (6) JICA

The fluctuation of frequency is within +-0.5Hz error of rated frequency in Case (4), (5) & (6).
Case (5) & (6) are stable but the voltage of Hagley node is about 10% over.
Case (5) & (6) are close to unstable state. SCR of these cases is under 3.

>

[}

) 150 150 1611 -

%’ ; 1 O3pu Hagley ; 1.2[39___ Hagley ? 1.20_[.]____ Hagley

9 £ m4— FEE== £ m £ om

o 2 =2 2

5 & 504 2 w0 ER

v B ] k=]

g~ o — —— 0 —

3 N R T R S I - T [N R T I S

= Tie (Sec.) Tine (Sec.) Time (Sec)

10091 4 Hagley 1003 Hagley 1000 Hagley
1001 -

> 1007 i 1007

o 100614 1005 1 1005 1

L= 100514 1003 i = 10034

hE 49.7-50.4Hz % 49.7-50.4Hz

B 10041 4 100.1 : = 1001 4 =

agLLEIE 009 i 999

O 10021 w0 i s

[ R IR ! ’

S oo 095 = 995

g s ———— 3 ——— —

<4 0 1 2 3 4 5 6 0 1 2 3 4 5 ] 0 1 2 3 4 5 B

= Case (4) Time (Sec) Case (5) Time (Sec) Case (6) Time (Sec)
PV:95kw, Wind:OkW PV:95kW, Wind:500kW PV:0kW, Wind:500kW
Diesel:400kW Diesel:400kW Diesel:400kwW
SCR:8.07 SCR:1.29 SCR:1.53

nippon Koer  [PADECO
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In Hagley Gap Microgrid, power of wind turbine generator flows from Hagley Gap to
Perlyne Castle.

Output of wind turbine generator influences grid stability. Because the output of wind
turbine generator is large, overvoltage is caused at Hagley Gap Node.

In Case (1) to (3), output of diesel generator is 200MW.
In Case (3), out put of wind turbine is 500MW and grid is unstable. This is because wind
turbine generator is too large for this microgrid.

In Case (4) to (6), output of diesel generator is 400MW.

In Case (5) and (5), output of wind turbine is 500MW, but diesel generator controlled
frequency and voltage into stable state.

-> GFM should be installed into the inverter of wind turbine generator to be able to
control frequency and voltage.

Evaluation and Measurement of Transient stability analysis

_ Evaluation Measurement

Case (1) Stable, Voltage and Frequency are normal.

Case (2) Stable, Overvoltage STATCOM, DVS

Case (3) Unstable, Voltage drop GFM for wnd

Case (4) Stable, Voltage and Frequency are within acceptable value

Case (5) Stable, Overvoltage GFM for wind

Case (6) Stable, Overvoltage GFM for wind
nipPoN Koer  PADECO
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Transient Stability and o
SCR(Short Circuit Ratio) jica’

SCR(Short Circuit Ratio) for inverter is defined and proposed in the following reports.
IEEE std 1204-1997(R2003) : 3 definitions of SCR
NERC Reliability Guideline, Dec. 2017 : 4 definitions of SCR
Here we use the following definition in page 5 of IEEE std 1204-1997(R2003)
SCR=AC Grid Capacity (Including Spinning Reserve)/Rated GFL Inverter Capacity

If SCRis larger than 3, grid is stable.

If SCR is smaller than 1, rated GFL inverter capacity exceeds grid capacity and the grid is unstable.

In the case which SCR is between 1 and 3, it can be stable by voltage and frequency control circuit of
generators or inverters.

In Hagley Gap Microgrid, diesel generator with AVR(Automatic Voltage
Regulator) will control to keep grid stable even if SCR is between 1 and 3.
However, in Case (3), SCR is under 1. PV and wind turbine generator covers
all demand of microgrid and grid is going to be unstable.

If control circuit, such as DVS(Dynamic Voltage Support), AVR(Automatic
Voltage Regulator), PSS(Power System Stabilizer) and/or speed governor,
are installed into inverter or generator, grid may be stable in frequency and
voltage, even if SRC is between 1 and 3.

SCR under 1 means that majority of the power of microgrid is supplied by
only GFL. Grid is going to be unstable and reach to blackout.

NIPPON KOEI  [PADECO
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—

Transient Stability Analysis Result j‘l’c )
of Hagley Gap Microgrid with BESS

018 =

In case (7), BESS(260kW,1.05MWh) with

——— BESS
GFM is assumed to be installed at Hagley Cl‘g]\s/t:e9(57k)w EE: i ﬂ
Node in Hagley Gap Microgrid. Wind:500kw g e 7
Figures in the right side are the results of Diesel:200kwW . ‘U V I
transient stability analysis of Case (7). Here 253.5{23%0“’" Cara )

BESS is assumed to be able to charge and

discharge with continuous output value. Time (Sec)

150 =

Hagley
100

BESS with GFM can make grid stable by controlling
charge and discharge of battery.

Voltage of Hagley BESS output

% of Bus Nominal kv

s 1 2 3 & 5 &
SCR(Short Circuit Ratio) should be considered at Time (Sec)
the installation of RE and BESS.
Grid with SCR over 3 is stable.

SCR under 1 makes grid unstable.

Hagley

Frequency of Hagley
fink

niPPoN KoEI  PRADECO

Japaninterna

Time (Sec)

Agenda

7. Technology options
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Asset Management for Resilience: as system platform

jICA
- To Optimize planning ,ﬁ “‘;ﬁ g
- To Minimize time for _ |~ mm A I__ . 1
recovery from failure with | Simulator || SCADA || Field Data ?| Maps ‘ D:av:inus.r

system integration
v' GIS: Spec. for each facility &
equipment on the map /

Asset Management system

v' CAD: analyze each spec. with

comprehensive & panoramic @

view ﬁ
v' SCADA: Real time monitoring (

on the map .
v' ERP: liked immediately with @ DI*]

updated facility data into ERP o o i || B

N database
v Others (Slmulator, etC.) \ Customized System Models

nipPon KoEl  (PADECO
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Asset Management for Power System Resilience .9

Asset data of equipment status in PS and SS, network trace, fault finding .'ICA
Electricity LV lines Substation single line diagram
\ ..J' Y Y
EFSeistt Foww
]
LW Seind
Service wire status and : ; / LV Switch connection status
photo/drawing @° [Flectricity] Switch
Fleld rame [Vale Field rame | Value i
o el [o3m606 & Krown As [LV Switch 2 |
o Known As EH Yoltage Lv
ET Voltage Ly EE Switch State clased
EH Status Inservice A Anmatation v
fu Length 1677 m [ Substation Interrals 265910066
Centreline Vv 4 Primary Conrection +
4 Secordary Conren..

nippon koer  PRADECO

Japan International Cooperation Agency | 32

Asset Management for Resiliency jica’

Linking all asset data on to one data platform
Transmission__§i__ng_l__g___ Line Diagram

Power Network Mapping Data

Substa&on Internal single line diagram

Power distribution.—-.io

network to meter « Visualization of precise location

» Base for fast fault recovery

9
9 9 — » Asset management of small VREs
s EEti » Database for EE verification
o g o G
NIPPO %{: Japan International Cooperation Agency | 33

Asset Management System example: St.Kitts j?c:)

Network infrastructure mapping with database - easy to obtain precise location

- - e e L el e |
Assembly Evangeliais]. ¥ A2y Signayure FlighYSupport Edter | tject Canol |
= NEW ROAD / o Sk - Robert k. ARG EF AP BT
. / o gh - -
LOWER ’_z/ D ST .{Efr]'o::cdﬂlm —
NEW ROA /
iE= : P Overhead /f I[P s m
. A E / Gis Chain ¥4 aixi=l
ZA : MV line ¢ | Attribute / X Rogotowe G . :
E ; = | == Route Ty Urddar Geourd
J data = | LarghIml B2200 m
o Conductor Typs
Transfor ] & Corsductor Se [m
: =3 Opmration Status
mers = | & Croats Cate 24/ /2000
D o : o Lidate Tire 24/00 /2000185111

Undergrou
nd MV line

Warner Park
E@' — rting Complex
'f field C . T
ringfield CemeTery 5
= ""ng'i st e B Teilltlil[y-rlﬂr_-r\( 3
| r Betkeley A=EE
] 7
. . - —=3)
> wry Terminal g a
| H (Basseterre) D Qﬂdoﬂfﬁ Tour & Beach
—A—D_]L_. ~o¥_Ifon® Porte Zanta
dag duta S0 Map data 02020
NIPPON KOEI pﬂDECO Japan International Cooperation Agency | 34

SCO and STATCOM for Reactive Power ji’ )

SCO (Synchronous Condenser) :

SCO is DC-excited synchronous machine (large rotating
generators) whose shaft is not attached to any driving
equipment. Though changing field excitation, SCO adjusts
reactive power and provides reactive power at the time of
voltage drop.

STATCOM (STATic synchronous COMpensator) :
For compensation of reactive power, it generates/absorbs reactive power, and stabilize
voltage continuously at high speed by self-commutated inverter.

https://energy-shift.com/news/af737655-0462-
4655-81ae-b17d86b5784d

14} STATCOM bus-bar voltage -~ With STATCOM 80 Internal Phase Angle Deviation
. le H ---- Without STATCOM % 80 - With STATCOM
S — —— SR : )
=Y — - ISR H ---- Without STATCOM
= @ O 30 3
£ [ :
o i
>
~30
3 a 5 5 7 B 3 0 o 1 2 3 a4 =1 [ 7 B 8 10
Time (s) Open one circuit Time (s)
Source: Enhancement of Steady — State Stability and Suppression
ok i STATCOM Output of Over—Voltage using 450MVA GCT—STATCOM, Mitsubishi
. : (positive: phase advance) Denki Giho, pp.52-55, Vol.87, No.11, 2013.
T 300 : )
< H
o3 i WW
£ s 150 :
S e : / - With STATCOM
§5 ofb—al— - Without STATCOM
https://www.hitachi.co.jp/p
150 - roducts/energy/STATCO
0 ! 2 3 4 8 6 7 8 9 0 M/about/index.html

Time (s) Japan Intel
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Pumped Storage vs Battery

Is pumped storage considered an economically viable
technology option for Japan and what are the challenges?

250

[x+]
(=]
o

el
o wu
o o

Storage Capacity  (MWh)

o 8

0 100 200 300 400 500
Reservoir Volume ( x 10% m?)
—#— SOmhead == 100mhead —@— 200mhead —@=— 300m head

200

Storage Capacity x10*3 m3

= 150 =60
E -2-100
s -#-200
= 100 -8-300
£ +-400
% 50
g

0

0 100 200 300 400

head (m)

Note: headrace 1500m is assumed for head 200m

Source: Potential Capacity and Cost of Pumped-Storage Power in
Japan Strategy for Technology Development Proposal Paper for Policy
Making and Governmental Action toward Low Carbon Societies, LCS-
FY2018-PP-08, 2019

n’-\)
jica

Challenges: Topology and water. Higher head,
lower cost: 700USD/kWh@100m,
350USD/kWh@200m (100,000m3) .

Long lead time, Environmental Impact Assessment
Advanta40-50 years life, black start possible

LiB : 350-450USD/MWh @2022 (for 60MW scale),
Cycle: 5000-20,000 @DoD 80-90%

DoD: Depth of Discharge

G0-MW Utility-Scale BESS Cost Projections for 55

G0-MW Lrility-Scale BESS Cost Projections for SF5
4,000

2-haur
=—tehour

— hour

Instalied Capital Costs (2018 $/kWh)
Installed Capital Costs (2008 $,/kW]

Source Utility-Scale Battery Storage | Electricity | 2021 | ATB | NREL

Japan International Cooperation Agency

Emerging technology for large RE with Grid stabilization : Generatior]“g"“

with Inertia and Synchronous

Power

jica’

Type of Technology Advantage Develop stage

=i § <0 Motor -
Lﬂhli !h generator
Source: téiyo-electric (MG) B
i 1 i Gravity -
| ; Storage
| =~ f= =
energyvault.com/gravity -
CAES -
(Compressed -
i lil_LL Eidnd air energy B
/www.nedo.go.jp/news/pre storagE)
ss/AA5_100756.html
—— csp -
(concentrating
Wﬁ solar power) _
Solar
electrek.co/ thermal
i Grid- -
D 2] e L\ #Z forming
Source: CIGRE  inverter .

Energy in battery provides
synchronization and inertia
Small scale supply, for micro grid

Gravity of recycled Concrete
block 35ton/nos

Provides inertia

Half cost of Li-ion battery

Compressed high pressure air
(Liquid air may be developed)
Provides inertia

With turbine, provides inertia
and synchronization

Cost decrease expected, higher
efficiency than PV, n=50%

Dynamic active/reactive power, FRT,
frequency control, inertia
Applicable to existing PV

- (Smart Inv: FRT, VRT, voltage support)

- Used as frequency
conversion
- Commercial operation

Pre-commercial, 35 MWh,
4MW per tower

n=85%

52.5GW planned in USA

-demonstration by NEDO

- 900 MW in California
- n=70-80%

- Commercial operation at
lvanpah392MW 22 bil USD
- Heat storage (molten solt, etc)
under development

- Under development

- (Smart inverter by
IEEE1547, Mandatory in
Hawai )

Agenda

n"-\)
JICA

Policy recommendation

niPPoN KoEl  PADECO
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Feedback at the 2nd Seminar

Feedback

System interruption ¢
(momentary outage)
may be increased 0
according to RE %.
How do you assume
acceptable when

RE target is

achieved. .

Items

no interruptions

is not penalized

For achieving RE
target with sufficient
grid stability, how to
cover the cost of
grid stability?

capital support

SCO: Synchronous Condenser

BESS: Battery Energy Storage System
GFM: Grid Forming Inverter

T&D: Transmission and Distribution

No customer accepts power interruption
2 days/year/customer
Approx. 50 min/yr  60min per year
Persons working remotely we have to think of less or
. Therefore RE plants has to be
futuristic and designed to meet this new aged demand
Momentary outages are not acceptable,
That is difficult to say. At the moment MAIFI of < 5 mins

18 hrs/customer

- Increase tariff < 5%

- Some tariff increase of medium to large customers
- The price of electricity is already considered high, so we
need to be very careful of tariff impact.

- New T&D system to manage ancillary services from
BESS,STATCOM,SCO. Some tariff support for new T&D -

Government should invite private investors, BOOT
- VRE IPP should be responsible for the Storage or
associated device incl. GFM

- International grants could be a big help and could be
done through climate change funds as the increased RE

penetration reduces GHG emissions.

2 Min/day

n"-\)
JICA

Comment

The smaller
interruption, the more
cost for stability.
Practical level need
to be considered.

- Consumer, utility,
and IPP all need
to work but finally
consumer will
have to pay
International
cooperation with
climate finance
can be fully
utilized. Please
advise what is
needs for JICA.
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Recommendation for Future RE and Grid Plan for 50%RE by 2030 o™

Storage for smoothing - Mandatory installation of BESS, for example, more than 80% of Peak MW

output and peak shift and 4hrs storage for utility scale VRE

Investment to secure - Maintaining sufficient synchronous generator for spinning reserve

inertia and spinning - Introduction of Grid Forming Inverter (GFM) for VRE once available,

reserve for grid application of Weather projection system

Investment for voltage - Mandatory application of Inverter with reactive power compensation for

and reactive power Wind/Solar IPP

Sharing responsibility of - Utility: maintaining transmission and distribution line frequency and

grid stability among utility, voltage stability, ancillary service

IPP, consumers - VRE IPP: installation of inverter with VAR compensation &energy storage
- Consumer: demand response, ToU setting& EV charging, peak shifting

Option for storage - In addition to BESS, consideration of V2G, hydrogen, (pumped storage),

(especially with inertia) Compressed Air Energy Storage (CAES) and Gravity Storage in future

Microgrid - To promote microgrid to strengthen resiliency

Data management - GIS for distributed PV, Database management, Asset management

Recycle/disposal - Consideration for disposal and recycling of battery and PV panel

Finance - Use of climate finance, international finance cooperation for RE&stability

“Best-Mix” Energy - Gas for fluctuation mitigation as intermittent measurement.

- Multiple alternative for RE and storage, not a single source
(Solar/CSP/Wind/Biomass, BESS/Thermal/new storage, etc.)

Japan International Cooperation Agency | 40

NIPPON KOEI MADECO

—

8. Policy recommendation ji’cA"

- Recommendation for Jamaica Grid Code -
Current Grid Code

Frequency

- Normal condition : 49.5 - 50.5Hz

- Contingency condition: 48.0 - 52.5Hz
- Voltage:

- normal condition -> 5%

- contingency condition -> £10%

- Voltage between +5% and +10% shall not be last longer than 15
minutes unless abnormal conditions prevail.

Power Factor:
- 0.9 lagging to 0.95 leading

Recommendation for Grid Code

- Power Factor:
- Power factor should be 0.85 lagging to 0.85 leading

- If DVS(Dynamijc Voltage Support) function is installed into
the inverter, the acceptable range of power factor should
be wider than current code value: ex..

- MPPT is secondary requirement for grid stability.

x: Electric Utility Sector Code Book
Dispatch Code
Distribution Code
Supply Code
Generation Code

niPPoN KoEI  PRADECO
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Recommendation of
Considering Short Circuit Ratio(SCR)

* SCR=AC System Capacity/Rated IBR Capacity
¢ SCR>3 -------- High SCR, Stable
* 3>SCR>2 ----- Low SCR
Small fluctuation continues.
* 2>SCR ----—--—-- Very Low SCR
Sensitivity of IBR to Grid goes high.
Grid is unstable that may bring blackout.

ref) “IEEE Std 1204-1997(R2003)”, IEEE, 2003
* |EEE Guide for Planning DC Links Terminating at AC Locations Having Low Short-Circuit Capacities
* Recognized by ANSI(American National Standards Institute
https://ieeexplore.ieee.org/document/653230

.’-—-\)
jica

Recommendation for Grid Code
* SCR(Short Circuit Ratio) should be added to
grid code, in order to keep grid stable in
large RE penetration for grid stability.

nipPoN KoEl  PADECO
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_—
00)

Resources which supply inertia to grid jea

Considering Short Circuit Ratio(SCR)

* Following resources can supply inertia to grid.

* V2G(Vehicle to Grid) of EV(Electric Vehicle) with Grid Forming
Inverter

* BESS(Battery Energy Source System) with Grid Forming
Inverter and SOC Control.

* SOC Control is required to realize Grid Forming
Inverter.

* Biofuel Generator
e Solar Thermal Generator

* Renewable Energy Resources (PV, WT) with Grid
Forming Inverter

nipPon KoEl  (PADECO

Japan International Cooperation Agency 136
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Agenda

9. Discussion, sharing good practice of Jamaica, and way forward

NIPPON KOEI  [PADECO

Japan International Cooperation Agency | 41

The experience of Jamaica which should be shared with other Caribbean countries-1

Microgrid: Jamaica Caribbean Boiler-JPS

efficiency
- improve its operational efficiency and
- 5 generators + CB boilers

JPS Power line  CB Boiler Gas gen

ﬁ ﬁ 3-7 MW . .
https://www.cvmtv.com/news/major-stories/jps-and-cb- @ LA
group-collaborates-on-new-power-plant/ ﬁ

Hill Run Community (800kW)

niPPoN KoEI  PRADECO

_——
9
jica

- Microgrid with Combined heat and power (CHP)
generation plant and supply to community
- The exhaust heat converted into energy and improve

reliability.

- Provides power to Hill Run community
- 30% CO2 reduction by fuel switch from heavy oil to LNG

erators 2MWx5
X X
X

Facility load

)

Japan International Cooperation Agency | 42

The experience of Jamaica which should be shared with other Caribbean countries -2

JPS Hybrid Energy Storage System (HESS) of JPS in Jamaica jICAJ

* 24.5 MW HESS (Hybrid Energy Storage System) installed at Hunts Bay power station

» HESS stabilizes VRE output fluctuation (approx. 175 MW for 650 MW peak load, VRE is 15.2%
energy base but capacity is 27.3% average peak, 39.6% at off-peak time)

» Flywheel absorbs small instantaneous fluctuation and prevents battery deuteriation

ttem _____| Flywheel

System integrator ABB RE+

Manufacturer Pillar Germany
Capacity 3MW, 16.5 MWs
Z Speed 1800-3600 rpm
) = Bearing life 8yrs
- ; Response speed 100 ms
——— Efficiency >96%
= B =
— BESS LG Chem, 21 MWh
Manufacturer LG Chem (Korea)
Type Li-ion
Module 128Ah, 92.3kWh
Capacity 21.5 MW, 16.6 MWh

Cabeco

NIPPON KOEI Japan International Cooperation Agency | 43

The experience of Jamaica which should be shared with other Caribbean countries -3

Weather prediction system for VRE

Weather prediction system provides forecast PV
- Satellite is used for more than 1hour ahead p

and contribute stability
- Jamaica JPS already applies AWE system
In case of Solcast API
- Analysis on live and forecast data

and weather data globally, with spatial resolu
data updates every 5 to 15 min

% errors of Intraday & Day-Ahead PV Power Forecast

-
9

JICA

output
rediction

- The system enables preparation of optimized spinning reserve

tion of 2km and

)

- The live and forecast data products deliver PV power, irradiance,

Tvoe Data source +1 hours +3 hours +24 hours
yp ahead error(%) | ahead error(%) ahead error(%)
Solcast (2.4% 10 3.8%) | (3.2% t0 5.6%) | (4.5% to 7.0%)
Tropical/Subtro Smart
pical, Humid (7 Persi (3.0% t0 5.3%) (3.7% t0 6.9%) @ (3.8% to 8.6%)
sites) ersistence
GFS (4.6% to 8.5%)
https://solcast.com/forecast-accuracy
NIPPON KOEI pﬂDECO Japan International Cooperation Agency | 44
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Weather prediction system by Sky Camera for VRE jl’c A

For short time advance prediction, whole-sky camera system will do.

- Weather prediction for 5-30 minutes advance by detection of cloud movement with
Whole-Sky Camera

- Al reads image and predict short-term irradiation (ex. SolarMi by Skyperfect JSAT)

T 1 T

' I ! I

: 1 : I

wo N

I I

w0 | v

T3 (. T— [ A

! I ! I

1m0 | 1 1 1

ml 1 L I

' I ! [
1

T

o
Ulw 471 1200 {["Zm 4/2 1200 4/3 0000 4/3 1200 4/4 00:00 474 12:00 UE&II 475 1200 4/8 00:00

Output (kW)

PV output time series variation (1 Apr to 4 Apr9)

290

https://www.data.jma.go.jp/sat_| |nfo/h|mawar|/kondan/ka|3/sh|ryou3 2-2.pdf
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Thank you for Participation!!

Please kindly provide your feedback via:

https://forms.gle/ES8LrKbuvzpzmKUa6

NIPPON KOEI

oQ )
JICA
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Appendix 3-5-2 Attendant list, Q&A, and Feedback, of the 3rd RE & Grid Stability Seminar (Jamaica)

Technical Cooperation to Promote Energy Efficiency in Caribbean Countries

3rd RE and Grid Stability Seminar for Jamaica

List of Participants for Online Attendance (8 Feb 2023)

No Name Agency Title Department
1|Brian Richardson MSET Chief Technical Director, Energy Energy Division
2|Todd Johnson MSET Principal Director, Energy Energy Division
3[Leneka Rhoden MSET Dir., Energy Systems & Conservation |Energy Division
4|Barington Jackson MSET Technical Officer Generation. Procurement Entity
5|Andre Lindsay Office of Utilities
Regulation
. Office of Utilities
6|Craig Rattary Regulation
7|cheryl Lewis Office of Utilities
Regulation
8[Phillip Whittingham JPS Director: Generation Planning Generation
9|Shogo Otani JPS Director Executive Management
10[Keisuke Harada JPS Director Executive Management
11[Takuya Kokawa JPS Marubeni Representative Executive Management
12|Charitha Fernando JPS Internal Audit Director Internal Audit
13[Dervin Hanlan JPS Internal Audit Manager Internal Audit
14 |Karl Cowan JPS Manager System Control
15|Duane Smith JPS Power System Controller System Control
16(Donovan Wint JPS Power System System Control
17[Oneif Young JPS Assistant Control Engineer System Control
18|Aston Shaw JPS Assistant Control Engineer System Control
19|Dhario Reid JPS Grid Performance Grid Performance
20|Kayonne Webley JPS Pwr Systems Engineer-IPP Oprts Grid Performance
21|Leigh Dwyer JPS Production Planning Engineer Operations Planning
22|Polly Vernon JPS Network Planning Engineer Operations Planning
23|Kenneth Batchelor JPS Resource Planner T&D Ops. Operations Planning
24|Charley Parchment JPS Manager: Operations Planning System Operations
25|Winston Blackwood JPS Head, Digital Trans.&Business Innovation & Technology
26|David Fleming JPS Legal Counsel Legal & Compliance
27|Tevin Clarke JPS Student University of Technology
28|Lincoy Small JPS Director Operation Innovation & Technology
29|Krystal Owens JPS Operations Technician GAMG JPS 10MW Hill Run
30[Stephany Thompson-Taylor |JPS
31|Jodie Bowes-Morrison JPS
32|Kirk Gilpin JPS
33|Vashawn Burnett JPS
34|Yannick Johnson JPS
35]|Alejo Lee JPS
36|Carl Goodwin JPS
37|Sameer Simms JPS
38|Rick Case JPS
39|Steve Windross JPS
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Technical Cooperation to Promote Energy Efficiency in Caribbean Countries
Q&A List: 3rd RE and Grid Stability Seminar on 8 Feb

No Day Item Content Name Answer

3rd RE and Grid Stablitiy Seminar on 8 Feb

Will these presentations be shared with

! 8-Feb | Question us at the end of today's seminar

Lincoy Small Yes. We will share it with you later.

In the microgrid simulation, each inventor has a model of harmonics so we
can assume the harmonics rate for each inventor but the result for
harmonics can be disappeared through the drop of voltages because the
harmonics flows through a feeder. Impedance of feeder is constant so
impedance of feeder multiplied by harmonics current will be the drop value
of voltages. Therefore, voltage regulation is the appeared data for utilities.
Usually 3% or 5% are accepted as grid record for voltage regulations and
this will be the harmonic condition for grid.

2 8-Feb | Question |Was a harmonic study done as well? Steve Windross
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SN

Q1: What power
generation source
you think Jamaica
need to add to
achieve 49% RE
penetration target?

Q2: If you check

please specify

1. PV, 2. Wind, 4,
Waste to energy, 7.
Other

1. PV, 2. Wind

1. PV, 2. Wind, 3.
Biofuel, 4, Waste to
energy, 6. Pumped
Storage Hydro, 7.
Other

Hydrogen and
Nuclear

Nuclear

1. PV, 2. Wind, 3.
Biofuel, 4, Waste to
energy, 5. Gas

power, 7. Other Hydrogen

Clean & friendly

5. Gas power source of power

1. PV, 2. Wind, 5.
Gas power

1. PV, 2. Wind, 3.
Biofuel, 4, Waste to
energy, 7. Other

look into increasing
capacity of current
hydros

1. PV, 2. Wind

1. PV, 2. Wind, 4,
Waste to energy, 6.
Pumped Storage
Hydro

1. PV, 2. Wind, 5.
Gas power

1. PV, 2. Wind N/A

6. Pumped Storage
Hydro

1. PV, 2. Wind, 4,
Waste to energy, 5.
Gas power

above "other" in Q1,

Feedback on 3rd Seminar on Large RE and Grid Stability in Jamaica, 8 Feb 2023

Q3: Please suggest how much MW or
percentage in Q1 that you propose to add in
future Jamaica Grid. If you put multiple check in
Q1, please provide MW or percentage for each
generation source.

Nuclear 30% WTE 7% Solar 33% Wind 20%
Hydrogen 10%

300MW (70%PV 30%WIND)

PV-6, W-7, B-3, W to E-3, PSH-15, Nuc-25 in %.

Up to 200MW thermal LNG/Hydrogen power
plant

Up to 150MW PV

Up to 100MW Wind

Up to 20MW each for Bio Fuel & Waste to
Energy

35%

PV - 30%; Wind - 10%; Gas - 9%

approximately 40 % of each

30% each providing there is battery storage

PV-15%, WIND-15%, WASTE TO ENERGY-5%,
Pumped storage hydro- 14%

Q1 would have been to small a time to attain any
additional MW installation.

Jamaica has the potentila to have over 100MW
of wind

Being an island makes having greater PV
installation a challenge with the cloud coverage
we experience. However, we can see another
150MW installation in the near future.

LNG ioffers higher MW values and even more if
coupled with HRSG for combustion turbine
applications.

PV- 100MW. Wind - 200MW

20%

30% PV 30% Wind, 15% WTE, 25% Gas

Q4: If you have any idea other than
generation source that will be necessary
for future Jamaica grid, please describe.

Hydrogen for Storage and Energy
Production. SMR Nuclear. BESS, Grid
Forming Inverters, Capacitor Banks

Battery Storage

Battery and grid forming inverter.

Battery, Flywheels, STATCOMS,

Synchronous Condensers, Bulk Capacitor

banks, Grid forming BESS and VREs.

Batteries

Battery and Synchronous condenser.

battery

Battery storage

Batteries at PV sites, Synchronous

condensers, switchable capacitors at large

loads

Jamaica owns an uninhabited island just
off shore, Goat Island. | think we can use
this to install a nuclear generating plant.

Other than meltdown and disposal of spent

rods, nuclear is cleaner than most other
thermal generating plants. (Not molten
salt)

HESS (improved capacity on the existing
one or install a new system).

Synchronous Condenser

BESS

1/2

Q5: Please explain why you suggest the Q1 and amount Q3
and Q4 is necessary. If there is any concrete plan (such as
policy, Feasibility Study, etc.) , please describe.

We perform our own studies and simulations and based on
industry trends, these are practical solutions.

Jamaica's Integrated Resource Plan

To achieve power stability with surplus, these generating
source will be necessary to help the economy to grow.

This was guided by the most recent IRP studies, long term
Grid Operating Plans & studies and existing experience in
grid management.

Using gas for generation in a micro-grid setting is stable and
more reliable. (Renewable Energy sources are prone to
natural disasters)

Based on Jamaica's geography, we have a lot of potential for
solar and wind energy and currently there are investors who
are seeking to install large amounts of PV in the medium
term. | think batteries are needed to provide quick response
for decline in grid frequency due to a sudden decline in
renewable generation and also VAR support. Synchronous
condensers are needed for VAR support.

the suggestions in question are cheaper than fossil fuel

There is a large amount of wind and sun as Jamaica is in the
Tropics. With less expensive battery storage this would be
ideal. 30% each would provide us grid security in terms of
availability in the presence of volatile fuel market.

Based on government policy/plans and available RE
resources

Any future installation of RE should have energy storage
capability to offset the fluctuation of outputs due to cloud
coverage and sudden wind speed changes, or be fitted with
fast starting generation sets to offset the loss of MW outputs
that would cause instability and frequency fluctuations. This is
due to the lack of inertia on our grid and slow response due to
droop settings. More studies needed to have remote wind
monitors and cloud spotters ( sensors and detectors that are
a few miles out radially and progressively closer to the plant to
detect cloud movements and wind changes that can affect the
plant) to mitigate against unforeseen possibilities of loss of
output.

Based on the weather conditions and load demands

There is a significant voltage issue on the grid and a
Synchronous condenser would provide the much needed
VAR support, especially with the introduction of more VRE.
The Pumped Storage would provide much needed stable
generation plus whenever unwanted VRE is present (Mostly
wind at nights) we can use that power to store energy.

The Government has decided it needs to increase the amount
of RE serving the grid. To get to the target, the most feasible
technologies will be wind and PV but the government has also
had a long-standing interest in WTE as part of an overall solid
waste and energy solution.

It is my view that it makes sense to continue investing in gas
generation solution (in a smaller proportion) to both maximise
the returns on the already sunk investment the country has
made in gas infrastructure as well as to back the intermittency
of the REs with gas and battery storage. This is my view; the
IRP will ultimately determine.
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Q6: JICA team may conduct grid
simulation based on your idea above.
Please suggest if any other requests to
consider in grid model and simulation.

Transmission Capacity Upgrades
(Substation and Lines), Remedial Action
Schemes (RAS)

Location based expansion studies

No other now.

No other studies required right now

NA

na

double circuit transmission lines in north
coast areas

RE plants to be fitted with capability to be
slack units +- say 10MW to respond to
frequency changes due to loss of a unit or
load changes. RE plants to offer MVAR
support

None

Look at the current profile of the Wind
output on the grid. This will show why a
means of storage is necessary.

Feedback on 3rd Seminar on Large RE and Grid Stability in Jamaica, 8 Feb 2023

Q7: System interruption (momentary outage) may
be increased when RE penetration % is increased
without proper measurement. The more
interruption is accepted, the lower cost of grid
stability will be become. Then, how much
sec/min/hrs of interruption per day or per year do
you assume it is acceptable when 49% RE
penetration is established?

2 days/year/customer

2 Mins per day

3 min.

Momentary outages should not be allowed to
increased and solutions should be put in place to
prevent that.

Not Sure

18 hrs/customer

approximately 50 mins per annum

5 minutes for residential customers. Take
industrial customers out of u/f.

No customer accepts power interruption, and |
would not plan it in operations

If we are thinking "reliability" of supply and with
the demand due to access to information,
dependability on the grid, telecommunication
demands of grid, and persons working remotely
we have to think of less or no interruptions.
Therefore RE plants will have to be thinking
futuristic and designed to meet this new aged
demand of grid stability

60min per year

Momentary outages are not acceptable, the VRE
penetration MUST also include a means to
counter generation drops from the VRE

That is difficult to say. At the moment MAIFI of < 5
mins is not penalised through the quality-of-
service indices. This is a question that both the
government and the OUR will need to consider
keeping in mind that the objective of adding REs
is also about lowering the cost of electricity.

Q8: For achieving RE target 49% in Jamaica with
sufficient grid stability, please provide your opinion
how to cover the cost of grid stability, such as tariff

increase, subsidy, international loan/grant, etc. If you

have any idea like "no tariff should be changed but
should be covered by subsidy " or "Tariff may be
increased up to 10%", please provide here.

Site specific placement of the renewable sites to
minimize transmission congestion.

increase tariff not more than 5%

shared.

1. New VRE should be responsible for including grid

forming inverters with some level of BESS support;
2. New T&D market system to manage ancillary
services from BESS,STATCOM, Sync Condenser,
3. Some tariff support for new T&D capital
improvement and maintenance projects

4. Grant funding

Subsidy

Tariff may be increased.

subsidy and international grant

Grants

The tariff is already high so international
loans/grants, increase time to achieve same

| think the government should invite private investors

and operators to install these plants. With a 99%
Jamaican staff offering training and employment,

and a view to sell to country after a number of years.

Tariff should be covered by subsidies

The entity that is coming online with the VRE should

also be responsible for the Storage or associated
device needed for grid stability

The price of electricity is already considered high, so
we need to be very careful of tariff impact. or it could
result in more customers leaving the grid and driving

prices even higher. International grants to reduce
capital cost could be a big help and could be done
through climate change funds as the increased RE
penetration reduces GHG emissions.

2/2

Q9: In Jamaica, do you think who should cover the
cost of grid stability to achieve 49% RE, i.e., by
Government (subsidy and international
grant/loan)? by utility company (tariff)? by VRE IPP
(by PPA tariff)? or other?

Shared cost between VRE IPP and Utility

Shared

If the inclusion of new generating facilities will have
a negative impact on the grid stability then the cost
to correct those stability issues should be either
the responsibility of that new interconnected
generating facility that caused the new grid
instability or the utility should be allowed to recover
the cost of correcting the grid stability through the
tari

Government (Subsidy & International Grant/Loan)

VRE IPP via PPA tariff.

all parties should be involved

International grant and loans.

Government plus utility company plus tariff for
medium to large customers

The utility (Grid owner) has the responsibility for
grid stability. They should simulate and study the
effect of RE on the grid. The RE plant
operator/owner should be responsible for loss or
power delivered due to load sheds (MW) caused
by their facility

Government and IPPs

VRE IPP

The most realistic option is for a combination of
Gouvt. actions through funding mechanisms - such
as international grants/very concessionary loans
for climate change funding with very modest tariff
change to customers.
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Energy Consumption Analysis from Energy Balance Table jICA)

® Current situation :Energy consumption outlook by sector and energy source

» Transportation is the largest energy consuming sector (33%) followed by
Commercial & public service sector (28%) and residential sector (19%).
» Electricity is the largest energy source (52%) followed by oil (43%).

Energy consumption by sector and energy source on primary energy basis (2019, ktoe)

Commercial A A A
Industry & public Residential Other Transportation Total

Oil 20| 15| 8 1 141 185 43%)
Natural gas 1 10] 2| 0] 0l 12 3%]
Bio/waste 7| 0] 0 1 0] 8| 2%
ICharcoal 0.0 0.0 0.2 0.0 0.0 0.2 0%
Electricity . 28 97 72 26 o 223 52%
(Primary energy basis)

55 122| 83| 27 141 428 o
[fotal 13% 28% 19% 6% 337 to0% %%

Note 1: Primary energy conversion factor of electricity is utilized to evaluate the effect of energy saving by reduction of 1kWh of electricity
consumption at demand side.

Note 2: To calculate primary energy consumption of electricity, energy efficiency at end use (36.3%) was used based on the material by
Government of Barbados.

Source: JET with reference to energy balances (2019) by United Nations Statistics Division for overall energy balance and the material
above mentioned (Note 2) for primary energy conversion factor calculation of electricity.
https://lunstats.un.org/unsd/energystats/dataPortal/
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Energy Consumption Analysis from Energy Balance Table jICA)

® Energy consumption should be evaluated on primary energy basis.

® Commercial & residential sectors share about half of the primary
energy consumption.

A Y

Energy consumption by sector
on primary energy basis (2019)

Energy consumption by sector on
final consumption basis (2019)

Industry
13%

Industry
L 13%

Commercial
& public
29%

Transportation
33%

Commercial
& public -
21%
1 kWh consumption
corresponds to 2.75 kWh

as primary energy supply.
+ 1kWh /0.363 =2.75 kWh

Transportation
49%

Other
Residential
13%

Residential
19%
Source: JET with reference to energy balances (2019) by United Nations Statistics Division for overall energy balance.
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Energy Consumption Analysis from Energy Balance Table jICA)

Energy Consumption by Fuel and by Sector on Primary Energy Consumption Basis (2010)

Commercial &

Industry public Residential Other Transportation | A0 e foresty end Total

oil 820| 723 487| 25| 6,045| 47 8,147 42%
Natural gas 25| 240| 80| 0| 0 0 345| 2%|
Bio/waste 1,146| 0 11| 29 0 0 1,186 6%
ICharcoal 0| 0 0 0| 0 q 0 0%
Ele.ctl'ICIty . 623| 5,036 3,077 785| 0 0 9,521 50%
(Primary energy basis)

otal 2,614 5,999 3,655 839 6,045, a7 19,099

149 31% 199 4% 31% 0% 10094

Energy Consumption by Fuel and by Sector on Primary Energy Consumption Basis (2019)

Industry Com:‘zic‘: al & Residential Other Transportation Total
oil 821 616 351 36 5937 7,761 43%
Natural gas 22 402 94 0 q 518 3%
Bio/waste 312 0 0 27 q 339 2%
ICharcoal 0 0) 9 0 q 9 0%
Electricity ! 1,163 4,001 3,019 1,085 o 9358 52%
(Primary energy basis)
2,318 5,109 3,473 1,148 5,937 17,985
[fotal 13% 28% 19% 6% 339 1009 “°™
NIPPON KOEI pﬂDECO Japan International Cooperation Agency | 7
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Energy Consumption Analysis from Energy Balance Table jICA)

® No particular
change has
been
observed in
energy
consumption

sector

and 2019 on

by fuel nor by
between 2010

primary basis.

nippon koer  PADECO

Energy Consumption by Fuel (left) and by Sector (right) on Primary Energy
Consumption Basis (2010)

Natural gas Charcoal
2%
Bio/waste

Agriculture, forestry
and fishing
0%
Other
4%

Industry

Electricity 14%

(Primary energy

basis)
50%

Transportation
32%

oil

42%

Residential
19%

Commercial &
public
31%

Energy Consumption by Fuel (left) and by Sector (right) on Primary Energy
Natural gas Charcoal Consumption Basis (2019)
% 0% Other

6%— Transportation
33%
oil Indus(ry/
43% Electricity ~ 13%
(Primary energy
basis)
52%
Residential
19% Commercial & public
— 29%
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Energy Consumption Analysis from Energy Balance Table jICA)

® Electric power consumption was reduced by 2% between 2010 and
2019, some changes have been observed by sector:

> Industry: Increased by 87%
» Commercial: Decreased by 19%
> Residential: Decreased by 2%

Changes in Electric Power Consumption by Sector from 2010 to 2019

(GWh) 600
500
400
300
200
100 l

. m (] |
Industry Commercial & Residential Other
public
m2010 =2019
nippon Koer  PADECO
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Energy Consumption Analysis from Energy Balance Table jICA)

® Electricity and oil consumption have decreased slightly while natural
gas consumption have been increasing during 2010 — 2019.

® Biofuel & waste consumption has decreased significantly.
® As total, final consumption was reduced by 1.0 % in the past 9 years.

Final Consumption by Fuel Trend of Final Consumption by Fuel (2010 - 2019)
m) (M)

15k
2010 Share 2019 Share AAGR

Electricity 3456 26% 3398 28% -0.2%
Biofuels &
10k 1186 9% 348 3% -12.7%
Waste

Natural Gas 346 3% 518 4% 4.6%
5K Oil 8148 62% 7761 65% -0.5%
Total 13136 100% 12025 100% -1.0%

Note: AAGR = Annual Average Growth Rate

0
1990 1995 2000 2005 2010 2015
® oil @ Natural Gas

Biofuels & Waste

nippon koer  PADECO

Electricity & Heat

Japan International Cooperation Agency | 9
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Energy Consumption Analysis from Energy Balance Table jICA)

® Most of major sectors reduced final energy consumption and the
industry sector is the largest among all (AAGR = -3.9%) during 2010 —
2019.

(M) Final Consumption by Sector Trend of Final Consumption by Sector (2010 — 2019)

K 2010  Share 2019  Share  AAGR

Transport 6045 46% 5937 49% -0.2%

10k Commerce 2791 21% 2503 21% -1.2%
Households 1695 13% 1550 13% -1.0%

sk Industry 2217 17% 1557 13% -3.9%
Agriculture 47 0% 0 0% -100.0%

B Other consumers 340 3% 457 4% 3.3%
1990 199 2000 2005 2010 201 Total 13135 100% 12004 100%  -1.0%

@ Transport
® Households

© Manufacturing
Commerce
Non-energy Use

Agriculture
® Other Consumers

NIPPON KOEI pﬂDECO Japan International Cooperation Agency | 10

’\
N
Energy Efficiency & Conservation (EEC) Roadmap jICA)

Inputs

« Actual f ti _— ’
l ctual record of power consumption l (1) Electricity demand assumptions up to 2036 (by demand type and use)()

device (%)

« Power consumption ratio of each ‘-

> Scenario a: Average efficiency of each device currently in use = natural (no
energy conservation measures) case (i.e. Business As Usual (BAU) case)

v
’ (2) Energy demand assumptions by 2036 (by demand type and use) ‘

« Service life of each device (e.g. 15 | | 3
years) ‘

« Input of MEPS future values step-by- —> Scenario b: Improvement of average efficiency of each product through
step for 3 target devices (Average introduction of S&L program / MEPS = Energy saving measure case
efficiency of currently used
equipment = 1)

’ (3) Calculation of electricity consumption in each scenario (by demand type and use) ‘

(4) Calculation of electricity consumption reduction potential for each scenario (by
demand type and use) [(1)-(3)]

¢ Primary energy conversion ¢ CO, emission factors for
factor electricity electricity

A\ 4 A\ 4
’ (6) CO, Emission Reduction Potential

(5) Primary Energy Reduction Potential ‘

(i) Source:1 Barbados Country Energy Balance Table (UN),
Source 2: Long-Term Peak Power Outlook: Report submitted to Prime Minister's Office, Government of Barbados (Mar 2017),
Note: the report does not present EEC measure scenarios.

NIPPON KOEI pﬂDECO Japan International Cooperation Agency | 12



’\
. ]
Energy Efficiency & Conservation (EEC) Roadmap jICA)

® Electric power consumption of refrigerator has been estimated to be
reduced by 68% with EE Scenario compared with BAU Scenario.

® Energy efficiency of refrigerator in use at households will be 3.1 times more
efficient compared with that of currently used in 2036 in EE Scenario with
Introduction of MEPS.

Electric Power Consumption by Refrigerator up to 2036
(BAU and EE Scenario)

Assumed MEPS (EE Index) introduction
for refrigerator in EE Scenario

(GWh)
200
BETTEE e
. o, Present 1 4= currently used at all
68% households
100 reduction 2023 2
2026 3 Assumed stepwise
50 2029 3.5 introduction of MEPS
2032 4

0

2019 2021 2023 2025 2027 2029 2031 2033 2035

Average EE index will be 3.1 in 2036

used at all households

Japan International Cooperation Agency | 13
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Energy Efficiency & Conservation (EEC) Roadmap jICA)

® Electric power consumption of lighting equipment has been estimated to be
reduced by 78% with EE Scenario compared with BAU Scenario.

® Energy efficiency of lighting equipment in use at households will be 4.7
times more efficient compared with that of currently used in 2036 in EE
Scenario with Introduction of MEPS.

Electric Power Consumption by Lighting Equipment

i Assumed MEPS (EE Index) introduction
up to 2036 (BAU and EE Scenario)

for lighting equipment in EE Scenario

(GWh)
100

Average EE index

i Present 1 4 currently used at all
60 78% ) 2023 3 households
reduction
40 2026 4 Assumed stepwise
" 2029 45 introduction of MEPS
2032 5

0
2019 2021 2023 2025 2027 2029 2031 2033 2035
Average EE index will be 4.65 in 2036
used at all households
Japan International Cooperation Agency | 15
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Energy Efficiency & Conservation (EEC) Roadmap jICA)

® Electric power consumption of air conditioner has been estimated to be
reduced by 61% with EE Scenario compared with BAU Scenario.

® Energy efficiency of air conditioner in use at households will be 2.6 times more
efficient compared with that of currently used in 2036 in EE Scenario with
Introduction of MEPS.

Electric Power Consumption by Air Conditioner up to 2036

(BAU and EE Scenario) Assumed MEPS (EE Index) introduction

for air conditioner in EE Scenario

(GWh)
200
150 m Average EE index
61% Present 1 4= currently used at all
i h hol
100 reduction 2023 2 ouseholds
2026 2.5 Assumed stepwise
50 introduction of MEPS
2029 3

0
2019 2021 2023 2025 2027 2029 2031 2033 2035 Average EE index will be 2.6 in 2036

) used at all households
e==——=BAU ==—EE Scenario

NIPPON KOEI pﬂDECO Japan International Cooperation Agency | 14

’\
N
Energy Efficiency & Conservation(EEC) Roadmap jICA)

® With MEPS introduction targeting refrigerator, lighting equipment and air
conditioner, it has been estimated power consumption will be reduced by
51% in 2036.

Energy Saving Potential in Residential Sector up to 2036 Energy Saving Ratio by Appliance

(BAU and EE Scenario) in 2036 (EE Scenario)
(GW;JZ) m Refrigerator m Lighting m AC
400 8%
300 ft:;/rjction

200

100

0
2019 2021 2023 2025 2027 2029 2031 2033 2035

——BAU (without EE measures) ~— ===With EE measures

NIPPON KOEI pﬂDECO Japan International Cooperation Agency | 16



Energy Efficiency & Conservation(EEC) Roadmap

® Current situation: Electricity consumption by sector and end-use

B Refrigerator M Lighting B AC B Other H Motor

19 6 6

Electricity sales by demand group (last 10 years) and end-use

28 41

& Other

Industrial 6%

45 21

%

9% | Residential
[ 33%
Hotel
15%
Commerecial, public and hotel
Public
16% ——
~__ Commercial
W Refrigerator M Lightng WAC M Other T 21%

13 29

B Refrigerator M Lighting BAC H Other

7 27

Source: JET with reference to Barbados NATIONAL ENEGY POLICY (2019-2030) and material by the Government of Barbados

nippon koer  PADECO

Ref: Trends of EE Improvement of AC, Japan

Energy Efficiency Trends of Heat Pump Technologies
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[CcoP] [APF]
15 9.0
Centrifugal chiller
| (COP) |
70 P — 8.0
R | " |
6.0
60 (e
Room AC 50
(Average COP, H&C) &
55 Hot water heater ———
(COP in shoulder season) 40
- — /_/_
(APF)
| /e — ~ 20
Commercial hot
40 water heater (COP in 1.0
shoulder season)
35 0.0

97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18

Source: Manufactures’ Catalogue, Energy Saving Catalogue (METI)

Note 1: COP stands for Coefficient of Performance, energy efficiency at rated operation (KWh/kWh)
Note 2: APF stands for Annual Performance Factor, energy efficiency throughout a year (kWh/kWh)

Japan International Cooperation Agency | 19
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Trends in Annual Energy Consumption of Refrigerator (401 —450¢, 2003 - 2013)

Ref: Trends of EE Improvement of Refrigerator, Japan

(KWh/year)
1000
= P
2 ==e== Minimum value
B 80
g — === Maximum value
g [le'o]) -
5 1\‘\\
= 400
B M
o
I_IC_I 200;[7
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
(Fiscal year)

Source: Energy Saving Catalogue 2014 Summer (METI)

Trends in Annual Energy Consumption (2016 — 2020)

(kWhiyear) 100, 101~150L 151~200L 201~250L 3011~
600
547 50 546538524
500
D
400 -
235 0530335 37130353 353351
2 324322
00 — L . 111 R 113 1Ll
23218
e s i1l | |
100 — L L L L

o
WeT 18 18 2 Mew 8o D W6V W1 H A6 BN AT B D (Year)

Source: Energy Saving Catalogue 2021 (METI)
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B Ref: Results of Comparison Experiment, INV vs Non-INV AC J|CA)

Power Consumption kWh
2.50

50% reduction

T Y w0 IS g N NN XN RN NNV AN NI MONAANNNNNN MMM m
SNBSS AR eI I8 999338ARNRmmAesn AR ouNNEla223283850]3338388382008
R EE R R R R R R R EE T T R R R R T R EEE R R
BREh IR e A NIRRT R aNE e8RS A - AR FRIRBEENSAONEERTRNNS8TSRoNESAShang
OCNOAUVNIIANSTSOI TN AT OOOMNMIBNONOANNDLNIANSTON AN FORXROMNIBLNOANOANDLNII NSO N O OO MIHN
g4 SRR BRI S EE CEIEEEN] IBELH R

(o g (o sty
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Ref: Trends of EE Improvement of Lighting Equipment, Japan leA) leA)

Trends of Luminous Efficiency Comparison of heat generation

(ImW) 200 — 300 Im/W (Incandescent lamp vs LED lamp)
theoretically possible
150 >
i Incandescent LED lamp

125 Lamp
. 23 010 (810 Im, 54W) | (810 Im, 9W)

. -
N

- . . .
Linear Fluorescent White LED 30 minutes after lighting

2007

Thank you very much for your kind attention !

Compact Fluorescent

O
Mercury Lamp 2005 26°C
25 Incandescent —
e 55°C
........... 1996
0 2
1850 1900 1950 2000 2050
(Year) L 4
Contributes less
Source: Ministry of Economy and Trade and Industry, METI AC demand
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Energy Efficiency & Conservation (EEC) Materiel

Technical Cooperation to Promote
Energy Efficiency in Caribbean Countries

Information and knowledge sharing material 1. Energy Management System (EnMS),
- Energy Management & Energy Audit - ISO 50001, and its Case Study

Barbados, November 2022

Nippon Koei Co., Ltd.
PADECO Co., Ltd.
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Key Points of ISO 50001 (EnMS)
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Key Points
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ISO 50001 specifies the energy management system (EnMS) requirements for an organization.
Successful implementation of an EnMS supports a culture of energy performance improvement
that depends upon commitment from all levels of the organization, especially top
management. In many instances, this involves cultural changes within an organization.

EnMS includes an energy policy, objectives, energy targets and action plans related to its
energy efficiency, energy use, and energy consumption.

Energy performance is a concept which is related to energy efficiency, energy use and energy
consumption. Energy performance indicators (EnPls) and energy baselines (EnBs) are two
interrelated elements to enable organizations to demonstrate energy performance improvement.

» Energy performance indicators (EnPls)
The organization shall determine EnPlIs that:
- are appropriate for measuring and monitoring its energy performance;
- enable the organization to demonstrate energy performance improvement.

> Energy baseline (EnBs)
The organization shall establish (an) EnB(s) using the information from the energy
review(s), taking into account a suitable period of time.

Key Points of 1ISO 50001 (EnMS) jica’

nippon koer  PADECO

Needs and
expectations of
interested parties

Internal and Context of the organization

external issues

INTERNATIONAL 1S0
STANDARD 50001

Support and
operation

Performance
evaluation

e | — — — — /
Intended outcomes of
the energy

management system

Plan-Do-Check-Act (PDCA) cycle

|
|
|
|
|
/
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Plan-Do-Check-Act (PDCA) cycle

nippon koer  PADECO

® The EnMS described is based on the Plan-Do-Check-Act (PDCA) continual improvement
framework and incorporates energy management into existing organizational practices.

In the context of energy management, the PDCA approach can be outlined as table below.

Understand the context of the organization, establish an energy
policy and an energy management team, consider actions to
address risks and opportunities, conduct an energy review, identify
significant energy uses (SEUs) and establish energy
performance indicators (EnPlIs), energy baseline(s) (EnBs), objectives
and energy targets, and action plans necessary to deliver results that
will improve energy performance in accordance with the
organization's energy policy.

Implement the action plans, operational and maintenance controls,
and communication, ensure competence and consider energy
performance in design and procurement.

Plan

Do

Monitor, measure, analyze, evaluate, audit and conduct management
review(s) of energy performance and the EnMS.

Check

Act Take actions to address nonconformities and continually improve

energy performance and the EnMS.

Case Study of EnMS -1SO 50001- jica/

1

nippon koer  PADECO

. Planning for Collection of Energy Data

The organization shall ensure that key characteristics of its operations affecting energy
performance are identified, measured, monitored and analyzed at planned intervals. The
organization shall define and implement an energy data collection plan appropriate to
its size, its complexity, its resources and its measurement and monitoring equipment.

The plan shall specify the data necessary to monitor the key characteristics and state
how and at what frequency the data shall be collected and retained.

Data to be collected (or acquired by measurement as applicable) and retained
documented information shall include:

the relevant variables for SEUSs;

energy consumption related to SEUs and to the organization;
operational criteria related to SEUs;

static factors, if applicable;

data specified in action plans.

The energy data collection plan shall be reviewed at defined intervals
appropriate.

and updated as

Japan International Cooperation Agency | 6



Case Study of EnMS -ISO 50001-
2. Scope of EnNMS

The scope of ISO 50001 certification covers the manufacture of automotive undercarriage parts
at the X Plant.

3. Promotion Structure

The X Plant Manager was appointed as top management to establish an EnMS based on ISO
50001, including an energy manager in accordance with the EE Law, a facility management
section in the administration division, and a person in charge of promotion in each division.

X Plant Manager

’ Energy Management Team

Energy manager
(qualified under the EE Law)

Administration
division (facilities
management section)

EnMS Secretariat
(Quality Assurance Section)

EnMS Manager ]—[

Environmental staff
of each division

o o
e e e e

’
~

[ Various divisions ]

EnMS Promotion Structure at X Plant
nippon kol PADECO
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Case Study of EnMS -1SO 50001-

5. Overall Energy Review

Planning Inputs Energy Review Planning Outputs

b ] Identify SEU based
Past and i| A.-Energy Use |l1— on visualized data
present energy s i| and Usage E
1 .
\ use ) i Analysis i + Energy baseline
i 1 * EnPls
1 1
1 G .| ©> |- Objective
* Relevant e i| B. Identify areas |i « Target
variables 'l of SEU ! * Action plan
|\ /
affecting SEU e :
» Performance @ -

\ J [oomm=mmmsmmmmooo- d | Identify areas where
@ SEU s defined as; i[ C.Identifying  |! energy savings can be
1. large amounts of energy !| opportunities to |} achieved based on SEU
2. energy with potential for || improve energy ! (with reference to past EE

improvement i performance i measures in the company)

1 1
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Case Study of EnMS -ISO 50001- jea)

4. Energy Policy

Energy Philosophy

We aim to be the top environmental runner in the automotive industry, and we will do our
utmost to build a low-carbon and nature-rich future by deepening each employee's correct
understanding of global environmental issues and actively engaging in ongoing environmental
conservation activities in all areas of our corporate activities.

Basic policy

We will continuously implement energy conservation activities in our production activities.
Collect appropriate information to achieve our goals and objectives

We will strive to use appropriate resources to achieve our goals and objectives

We will comply with all laws and regulations related to energy use and other agreed upon
requirements.

Set objectives and review them regularly.

We will strive to install energy-efficient product equipment and utilize energy-efficient
services

» We will develop environmentally conscious people through energy conservation activities.

YV VY

Y VY

NIPPON KOEI pﬂDECO Japan International Cooperation Agency | 8

Case Study of EnMS -ISO 50001- jea)

6. Energy Review Flow

Identification of energy sources and related variables
(energy sources and related variables)
¢, Blue box: EMS Secretariat

O fi : Each devisi
[ Energy FlOW at X Plant ] range frame: £ac evision
I
v
Large Amount of Energy Use Energy Use with High Potential for Improvement
(Energy Use and Usage Analysis Table) (Opportunities for Improvement Checklist)
T

T J ‘ Potential for improvement ‘

City gas : All processes
LPG : All processes
Air : All processes

(List of Significant Energy Uses)

Improvement Opportunity Verification 1 Improvement Opportunities Verification 2
(Facility capacity, Installed years, etc) (Room for efficiency improvement)
| I
v
Identification of Improvement Opportunities Prioritization
(List of Energy Improvement Opportunities)

Electricity: 80% of total usage
|: Identification of Significant Energy Use (SEU) J
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Case Study of EnMS -1SO 50001- jea)

7. Methodology for Setting Energy Baselines and
Energy Performance Indicators

® The energy baseline was based on FY 2010, when operations were relatively normal.

® The energy performance indicators (EnPls) are basic units obtained by dividing the
respective energy consumption (total amount) by a more closely related variable.

® The intensity is set more precisely than that used for reporting under the EE Law, so that
energy usage can be more clearly understood.

Energy Baselines and Energy Performance Indicators (EnPls)

|| Electricity | Citygas | __LPG__ | __ Ar |

Baseline FY2010 FY2010 FY2010 FY2012
EnPls » Total amount  + Total amount e« Total amount < Total amount
* Intensity * Intensity * Intensity * Intensity
(Value added) (Production) (Average (Value added)
temperature)

Note: Parameter of intensity in parentheses

nippon koer  PADECO
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Case Study of EnMS -1SO 50001- jea)

9. Preparation of Energy Management System Documents

® The following management system documents were prepared as applicable to the X plant.
» Energy Management System Manual
» Energy Review Implementation Procedures
» Environmental Meeting Procedures
® |n addition, several forms mainly related to energy reviews were newly prepared, including an
"Efficiency Improvement Feasibility Check Sheet" and an "Energy Review Survey Sheet" that lists;
« Energy use classification of each process facility
» Determination of equipment capacity suitability
* Determination of renewal timing
« EE improvement items
* Implementation status of measures.

10. Management Review Outputs

The management review included detailed reports on the improvement of energy performance
through the efforts of each division. Specific instructions were given to include total energy
consumption in an energy performance indicators / targets, and "improving the energy management
team's data analysis” and “improvements in implementation capabilities” were suggested.

nippon koer  PADECO
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Case Study of EnMS -ISO 50001- jica’
8. Energy Objectives and Targets

® Targets were set for a single year (FY2012) and for the medium term (through FY2015).

® In setting the targets, target values were set for each energy source without CO2
conversion or crude oil conversion in order to clarify the effect of energy improvement.

Energy Objectives and Targets (Mid term and FY2012)

|| |Electricity |Citygas _|LPG___JAr |

FY2015 5% 5% Less than 3%
T improvement improvement FY2012 improvement
ntensi
T vots 3% 3% Lessthan 1%
improvement improvement FY2012 improvement
30% 5% 15% 3%
Total e reduction reduction reduction reduction
amount Eyoo1a 10% Less than 15% 1%
reduction FY2010 reduction reduction

NIPPON KOEI pﬂDECO Japan International Cooperation Agency | 12

Case Study of EnMS -ISO 50001- jea)

11. Schedule for ISO 50001 - from System Establishment to Certification

3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10
A Kick-off

< > System establishment

> Energy review

A

< > Implementation of EE measures

A Capacity development of auditor,
internal audits

A Management review

Examination

Certification A

NIPPON KOEI pﬂDECO Japan International Cooperation Agency | 14



Case Study of EnMS -1SO 50001-

~

9 )
jica

12. Results of Activities

Identified specific outcomes of the ISO 50001 are as follows;

>

\4

YV V VY

nippon koer  PADECO

Regrading data collected by the energy management system, the steps formulation (e.g.
data analysis, EE measures planning, implementation and effectiveness verification) has
been standardized. This will enable permanent and systematic EE&C implementation.

Persons in charge of implementation in each division improved skills in analyzing energy
management data.

Know-how on EE&C measures has been accumulated.
Morale / passion for EE&C increased at the plant.
Improved energy performance.

Improved Energy Performance Results

CO2 reductions (total) 81.2t-CO2
Reduction cost (total) JPY 2,844,000
CO2 reductions (total) 130.3 t-CO2
Reduction cost (total) JPY 4,801,000

Total effect by measures
conducted in FY2012

Total effect by measures
conducted in FY2013 (estimates)

Japan International Cooperation Agency | 15

2. Energy Management Best Practice at
District Heating & Cooling (DHC) plant in
Japan

nippon koer  PADECO

nippon koer  PADECO

Case Study of EnMS -ISO 50001- i)

13. Potential for Future Improvement
Future issues for the development of ENMS improvements include the
following.

» Further strengthen data analytical capabilities of energy management
system as well as implementation capabilities.

» Accumulation of improvement know-how through energy use visualization.

» Support for ISO 50001 certification for overseas subsidiaries as a global
mother.

Japan International Cooperation Agency | 16

Outline of District Heating & Cooling System j|’cA’

¢ - .
Commercial — ]
establishments g N - —
By Foiiliim
Harumi Island District Heating & Cooling, DHC
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Outline of District Heating & Cooling System j?cA’

Total floor area;
approx. 670,000 ni

Compound trench

‘Tank storing chilled water ~ Chilled and hot water
tank ink

) -
Hot water
tank

e
9,400 m3. 9,400 m3. 260 m3.
5 =

4

Ener
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Key Points 1 for Achieving EEC

flow diagram of chilled and hot water supply

Japan International Cooperation Agency | 19

Adoption of the most efficient chiller

Space cooling demand exceeds space heating demand in the

offices, etc.

In order to increase the overall system efficiency, it is crucial to

adopt the equipment that
produces chilled water

efficiently.

The most efficient
centrifugal chillers at
the time of design and
construction were
adopted.

nippon koer  PADECO

2B
jiea’
As for heat demand for air-conditioning in offices, etc.,
demand for chilled water largely exceeds that for hot
water.
A |
B |
C [}
D 1
E |
F " Chilled
ﬁ ! water
| . =
|
I\i Hot
L water
M
N
o |
P L
0% 20% 40% 60% 80% 100%
Demand for chilled water and hot water in offices, etc.
(actual data)
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Outline of District Heating & Cooling System ji’cA)

» Energy / Environment Management Structure

west area X & hall

@ngmt society for ] [Mgmt society for tower ] [

Mgmt society
for tower Y

Mgmt society for\
east area

\ ‘ Close coordination t ’

Integrated management entity

(Management entity for common area)

o

)

Record in FY’10

HPeriodical meeting
(Every other month)

v Comprehensive data examination

v Each operational improvement
v Feedback of the outcome

CO2 emissions
= 32,355 t-CO2
(A10.5% !)

»

Base line= Annual average emissions
from FY’04 through FY’06
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Key Points 2 for Achieving EEC

Adoption of Thermal Storage Systems

Heat pumps (chillers) can operate at high load factor where its

efficiency is high with thermal storage system. Thus, large-scale
thermal storage tank was adopted (19,060 m?3).
Note: Thermal storage system has similar effects with inverter
in terms of improving operational efficiency.

Thermal storage air-conditioning system

"

Thermal
storage
operation

equipment capacity

Reduction of

Follow-up
operation of
heat pumps

Loads of air-conditioning

equipment  §
capacity

Necessary i

800 1800 2200
—p

Air-conditioning hours

Operation of thermal storage air-conditioning system

n
n
=)
=]
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cop
7.0

6.0 [

5.0

4.0 |-+

3.0 -

Os"\ )
jica

Partial load —\

y

""" T Actual operational data.m
""" -1 High efficiency .
,,,,, i |throughout a year.

0% 20%  40%  60%  80%
Load factor

100%

120%

Operational records of chiller
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Key Points 3 for Achieving EEC jica’
Adoption of large temperature difference water

To reduce the power consumption by pumps, the temperature
difference of supply and return water was designed at 10 degrees,
while the standard is typically 7 degrees.

Frequency of chilled water flow (per hour)

Difference in temperature of
supply and return water at
chilled water header AT[°C]

Weighted average AT
Daytime :9.9°C
Nighttime : 7.5°C

1000 1250 1500 1750 2000 2250 2500
Chilled water flow (m3/h)

Annual Results of difference in temperature of coming and going water
NIPPON KOEI pHDECO Japan International Cooperation Agency | 23

Key Points 5 for Achieving EEC jica’

Implementation of continuous commissioning

Creation of “performance evaluation and review committee” including people of
academic standing, designer and constructor. It lasted 3 years after completion of
construction.
» Understanding situation of operation through close and careful measurements
and analyses.
» Evaluation of performance and identification of issues.
> Implementation of measures toward better performance and review of the
effects thereof.
. e cdoiil;ig Waligr,teMP - .(‘)hpﬁmuhi operation of
in shoulder seasons il]edv,wate;,supply pum|

‘Achieving Large difference in.
‘temp of supply and return of
chilled water supplied

Key Points 4 for Achieving EEC

Adoption of heat recovery heat pumps

Heat recovery heat pumps save
energy drastically by recycling waste
heat from cooling operation. Most of
the waste heat is recovered and

utilized as heat for space heating. Image of heat recovery heat pump (COP=8
30000
25,000
Amount of cold  2q0m0
energy produced "
[GJ per month] 15,000 Cooling
10000 Chilled water and hot
5,000 water produced by
heat recovery HP
15,08
Amount of heat
P(l;oduced ) 10,000 | Heating
J t 5,000
[GJ per month] Recovered heat accounts for
o = 30% of annual heating loads

Data of waste he

>
55 § g B

<= A n O

nippon koer  PADECO

Achieved Top Energy Efficiency Rating

o
2
at recovery through a year
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v" Among high-efficiency DHC systems, Harumi DHC
achieved a top energy efficiency rating in Japan.

COP on primary energy base

" Cooling water temperature

. ofchillerand COP

Flow an& electric powéi- of
chilled water supply pump

=
s
;
=
=

° 4
ol___[®@Before improvement|__|
; \@After improvement -

700
600

500

(PR e SR
_Cooling water temperature [°C] S

ing for increase or

—

|®Before improvement |
|@After improvement
2000 2500

500 ¥ . 1500
" Flow tmi/h1

. Devising for inlet temperature of
- cooling water of centrifugal chiller
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- units in operation for chilled water supply pump

e points of # of

Amount of cold energy supplied
and difference in temperature
o [ Fid 3

C1

O e At 80 100 120
Amount of cold energy supplied [G]]
‘Devising for difference in temp of
-supply & return of chilled water -
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1.40

Actual value in_| °
1.20 H.aruml \.
1.00 -
0.80 ' .r e -
. ...'3.. '..o ® * o Py

q. 42237000 s e

060 2% it O LN

° o °
0.40 °
0.20
0.00 S

10 100 1,000 10,000

Amount of heat sold (TJ)
COP on the primary energy basis for DHC in Japan
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Key Points of ISO 50002 (Energy audits)

3. Energy Audits, ISO 50002, and
its Case Study

INTERNATIONAL 150
STANDARD 50002

Bo

o‘\
jica’

Data Collection

Where available, the energy auditor shall collect, collate and record the appropriate energy data
that support the audit objectives. This includes the following information:

A

B)

C)

E)
F)
G)

nippon koer  PADECO

a list of energy consuming systems, processes and equipment;

detailed characteristics of the energy uses within the defined energy audit scope, including
relevant variables and how the organization believes they influence energy performance;

historical and current energy performance data, including:

i. energy consumption, relevant variables, relevant related measurements (e.g. power factor
measurements; results from a thermographic or compressed air survey);

i. operational history and past events that could have affected energy consumption in the
period covered by the data collected;

monitoring equipment, configuration and analysis information (e.g. local gauges, distributed
control systems, instrumentation types);

future plans, design, operation and maintenance documents;
energy audits or previous studies related to energy performance;

current energy rate schedule(s) (or tariffs) or a reference rate (or tariff) to be used for
financial analysis;

Japan International Cooperation Agency | 29
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Key Points of 1SO 50002 (Energy audits) jica’
Energy Audit Process Flow

® |SO 50002 stipulates the energy audit process consists of the following stages.

S Open_ing
meeting
2
Energy audit Measurement Conducting the :
aut || N tuiing
planning plan site visit
[ | X
Energy audit
reporting
Data | | Vv
collection Closing
meeting

Energy Audit Process Flow Diagram

Key Points of ISO 50002 (Energy audits) jica’

Analysis of Current Energy Performance

The current energy performance provides the basis for evaluating
improvements and shall include:

A) a breakdown of the energy consumption by use and source;
B) energy uses accounting for substantial energy consumption;

C) where available and comparable, comparison with reference values of similar
processes;

D) a historical pattern of energy performance;
E) expected improvements for energy performance.

F) where appropriate, relationships between energy performance and relevant
variables;

G) an evaluation of the existing energy performance indicator(s) and, if necessary,
proposals for (a) new energy performance indicator(s).
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Key Points of 1ISO 50002 (Energy audits) j?c:’

nippon koer  PADECO

Identification of Improvement Opportunities

The energy auditor shall identify energy performance improvement opportunities
based on analysis and the following:

A) their own competency and expertise;
B) evaluation of the design and configuration options to address the system needs;

C) the operating lifetime, condition, operation and level of maintenance of the audited
objects;

D) the technology of existing energy uses in comparison to the most efficient on the
market;

E) best practices, including operational controls and behaviours;
F) future energy use and changes in operation.

Japan International Cooperation Agency | 31

Key Points of 1SO 50002 (Energy audits) jica’
Energy Audit Report Contents

The energy audit report shall include the following topics:

A)

B)

nippon koer  PADECO

Executive summary:

i. summary of energy use and consumption;

ii. ranking of opportunities for improving energy performance;
iii. suggested implementation programme;

Background:

i. general information on the organization, energy auditor and energy audit methods;
ii. relevant legal and other requirements applicable to the energy audit;

iii. statement of confidentiality;

iv.context of the energy audit;

v. energy audit description, defined scope and boundaries, audited objective(s) and
timeframe;

Japan International Cooperation Agency | 33

Key Points of 15O 50002 (Energy audit)  jiea’
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Evaluation of Improvement Opportunities

The energy auditor shall evaluate the impact of each opportunity on the
current energy performance based on the following:

A) energy savings over an agreed time period or expected operating lifetime;

(e.g. Energy savings, improvements in specific energy consumption).
B) financial savings anticipated from each improvement opportunity;
C)
D)
E) other non-energy gains (such as productivity or maintenance);

necessary investments;
agreed economic and other criteria identified in the energy audit planning;

F) the ranking of energy performance opportunities;

G) potential interactions between various opportunities.
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Key Points of ISO 50002 (Energy audits) ji’c:’

C)

D)

E)

nippon koer  PADECO

Energy audit details

i. information on data collection:

ii. analysis of energy performance and any energy performance indicator(s);

iii. basis for calculations, estimates and assumptions and the resulting accuracy;
iv. criteria for ranking opportunities for improving energy performance.

Opportunities for improving energy performance

i. recommendations and the suggested implementation programme;

ii. assumptions and methods used in calculating energy savings, and the resulting
accuracy of calculated energy savings and benefits;

iii. assumptions used in calculating costs of implementation, and the resulting accuracy;

iv. appropriate economic analysis, including known financial incentives and any non-
energy gains;

v. potential interactions with other proposed recommendations;

vi. measurement and verification methods recommended for use in post-implementation
assessment of the recommended opportunities;

Conclusions and recommendations.
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Key Points of 1ISO 50002 (Energy audits) jlea)

< Reference> Energy Audit Principles

The energy audit shall be conducted according to the following principles:
A the audit is consistent with the agreed energy audit scope, boundary and audit objective(s);
B) the measurements and observations are appropriate to the energy uses and consumption;

o) the collected energy performance data are representative of the activities, processes, equipment and
systems;

p) the used data for quantifying energy performance and identifying improvement opportunities are
consistent and unique;

E) the process of collecting, validating and analysing data is traceable;

F) the energy audit report provides energy performance improvement opportunities based on appropriate
technical and economic analysis.
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Case Study of Energy Audits (1) jea)

Energy Dynamic Simulation

Part of Building Design Data (Project Data) Screen of General Information

of Dynamic Energy Calculation

Areas Lighting (installed) |People \ihihs T®

GL FF

iow’ ow
Warehouse 1 13176| 96336 70| 3 14
Warehouse 2 13608 100224] 70 3 14)
[Warehouse 3 17496 | 123552 20| 3 14
Office 1 1 15W/m2 B 2 18
Office 1 2 15/W/m2 pE] 2 18|
Office 2 1 15|wW/m2 hE] 2 18|
Office 2 2 15|w/m2 B 2 18
Office 3 1 15|W/m2 24| 2 18
office 3.2 15|w/m2 7] 2 1%
Toilets 1 15|w/m2 24 2 18|
Toilets 2 15\W/m2
Toilets 3 15\W/m2
Toilets 4 15/W/m32
Toilets 5 15/W/m2
Toilets 6 15|W/m2
Plantrooms 8|W/m2 16

e o Corstnctan:

o e
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Case Study of Energy Audits (1) flea)

Logistics Center Project (2 large warehouses + offices)
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Case Study of Energy Audits (1) flea)

Sun Trajectory
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Case Study of Energy Audits (1) jea)

Summary of Dynamic Energy Calculation of the Building
for BREEAM Assessment

; The
Baseline | project
215 95

Overall final energy consumption (electricity + fuel) (MWh/year) 7,856 3,474

Overall final energy performance (electricity + fuel) (kWh/m?/year)

Energy savings of electricity (kWh/m?/year) - 31
Energy savings of electricity (MWh/year) - 1,132
Energy savings of heat and fuel (kWh/m?/year) - 89
Energy savings of heat and fuel (MWh/year) - 3,250
Primary energy savings (KJ/m?/year) - 2,754

Primary energy savings (MJ/year)

100,697

nippon koer  PADECO
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Case Study of Energy Audits (1) jica’
Evaluation of Building Thermal Properties
m?2°C/W«
12
8 + ~  The Project
4 7
%&é‘ q\&%ob g.zpéé‘ ¢ @9&0& (,é& 3 <<<b°& S
%Q'
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Case Study of Energy Audits (1)

s"\
jica’

Examined EE&C Technologies (additional study)

Examined technologies Exammat_lon / Financial Analysis
Evaluation

Combined Heat & Power
(co-generation)

Variable speed control
units (inverters)

Efficient transformer
Renewable energy

Peak shaving

Building envelope
performance
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Case Study of Energy Audits (2)

Proposed

Proposed

Proposed
Already included

Not necessary
(high load factor)

Good
(see next slide)

Mining Plant Project

Investment cost
Cash-flow

Pay back period
IRR

NPV

Japan International Cooperation Agency | 40

s"\
jica’

e

nippon koer  PADECO

Complete view of the existing crushing plant
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