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1) BMEHEBE (F1RBMAEICETIHE #)
2014 F 1 A 14 H~1/31 22T T L7255 1 REIHIFI A THEM L 7o, BIEEME OB
R WEMEEHE L TFRIORT,

<HESRM>
Unit No. R ) (kW] | ) BB [kW]
Majuro Power Plant No.1 1 51% 3,275 1,500
2 Gk 3,275 1,500
5 Tk 3,485 2,200
Majuro Power Plant No.2 6 1% 6,400 6,000
7 5 6,400 5,000




EHE 2 2R ((/kWh)

H 38k

(kW) 750 1,000 | 1,500 | 1,700 | 2,000 | 2,500 | 3,000 | 3,700 | 4,200 | 4,400 | 5,500 | 5,900
Unit No.

==} [4
Power 15

Plant | 2 5#% | 0.335 | 0.284 | 0.29 | 0.245

No.1 5 ik 0.607 | 0.234 0.212

Power | 6 F4% 0.435 0.309 0.247
Plant | 7 &.p 0.319 | 0.363 | 0.208 | 0.287 0.272

No.2
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1.000

0.900

0.800
] 0.700
é 155
i';‘ 0.600 ).0000006180 x? - 0.0022236424 x + 2.2066176673
- ).0000000153 x* - 0.0001986534 x + 0.8876700056
§ ).0000000003 x? - 0.0000338332 x + 0.4229154483
£ 0.500
E
Z
g 0.400
g \
*  0.300 _

&4\ '
0.200
0.100
0 1000 2000 3000 4000 5000 6000 7000
Output range [kw]
<#HHK>
Unit No. #H R

Majuro 2 51 y = 0.0000000188x2 - 0.000118x + 0.4032
Power Plant No.1 5 Sk y = 0.0000006180x2 - 0.002224x + 2.2061
Majuro 6 S y = 0.0000000153x2 - 0.000199x + 0.8876
Power Plant No.2 7 S y = 0.0000000003x2- 0.000034x + 0.4229
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%31 HESHROF=v 27— M—EEHER)

Daily inspection check sheet (General inspection)

Date 2011, June 11st
POWER STATION DG No.01 (Arun  Ostop)

. L inspection hour
inspection item parameter LAST DATA
1 |Power house temperature 40°C
2 [Output =< 250kW
3 Diesel Engine (sound, vibration, odour, oil leak, cooling water visual check
leak, etc.)

4 |Turbocharger air filter visual check
5 |Lubricating oil cleaner visual check
6 |Generator (sound-odour-vibration) visual check
7 |Meter set board visual check
8 |Continuos current power device visual check
9 |Primary cooling water expansion tank level visual check
10 |A class heavy oil service tank level visual check
11 |A class heavy oil circulation tank visual check
12 |Radiator body or clean tower visual check
13 |Exhaust gas facilities(chimney/ silencer) visual check
14 |Oil pipe line visual check
15 |Cooling water pipe line visual check
16 [Lubricating oil pipe line visual check
17 |Mist pipe line visual check
18 |Generator control board visual check
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
REMARKS  -abnormality  -reparation :

inspector name

responsible
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# 32 HESBOF = v 7 — NERBHRAMEH)

Daily inspection check sheet (Fuel oil / Lubricant oil)

Date 2011, June 11st
POWER STATION DG No.0O1 (Hrun [Ostop)

inspection hour
inspection item parameter
last data
1 |Power house temperature 40°C
2 |Output =<250kW
3
4
5
Fuel Oil
1 |Fuel oil pressure 0.2~03
Mpa
. 0.06~0.12
2 |Injection valve pressure
MPa
3
4
5
Lubricant Oil
1 |Lubricating oil system pressure >0.27MPa
2 |Lubricant oil system DG outlet temperature =115°C
3 [CJC filter diferencial pressure =<0.15MPa
4 |Lubricant oil intercooler oil inlet temperature <75°C
5 [Lubricant oil intercooler oil outlet temperature <65°C
6
REMARKS =abnormality *reparation inspector
name
responsible
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*3-3 HERBMOT = v 27— FIREIKRR)

Daily inspection check sheet (cooling system)

Date 2011, June 11st
POWER STATION DG No.01 (Mrun [Ostop)

inspection hour

inspection item arameter —.
P P BIE 75—

1 |Power house temperature 40°C

2 |Output =250kW

Cooling water

1 |Primary cooling water pressure >0.1MPa
2 |Primary cooling water inlet temperature =90°C
3 |Primary cooling water outlet temperature =90°C
4 |Radiator inlet cooling water temperature =80°C
5 |Radiator outlet cooling water temperature =75.5°C
. . . 0.15~0.25
6 |Primary cooling water jacket pressure Mpa
7 |Cylinder outlet cooling water temperature—1 <90°C
8 [Cylinder outlet cooling water temperature—2 <90°C
9 |Cylinder outlet cooling water temperature—3 <90°C
10 [Cylinder outlet cooling water temperature—4 <90°C
11 [Cylinder outlet cooling water temperature—5 <90°C
12 [Cylinder outlet cooling water temperature—6 <90°C
- Fresh water intercooler /primary cooling water <90°C
inlet temperature
14 Fresh water intercooler /primary cooling water <90°%C
outlet temperature
15 Fresh Yvater intercooler / secondary cooling <50°C
water inlet temperature
16 Fresh water intercooler / secondary cooling <50°C
water outlet temperature
17 [Secondary cooling water cooler pressure 1M::
- Air intercooler / secondary cooling water inlet <45°%C
temperature
19 Air intercooler / outlet secondary cooling water <50°C
temperature
20 Lubrlcgnt oil intercooler / secondary cooling <50°C
water inlet temperature
91 Lubricant oil intercooler / secondary cooling <50°C
water outlet temperature
99 Air intercooler / outlet secondary cooling water <50°C
temperature
23
REMARKS =abnormality -reparation inspector
name

responsible
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#34 HEEBROF =7 — FEERIARRIPER T )

Daily inspection check sheet (air/steam/exhaust gas)
Date 2011, June 11st
POWER STATION DG No.01 (Mrun Ostop)

inspection hour

inspection item parameter
last data

Air system

. 002~0.14
1 |Air pressure MPa
2 |Turbocharger inlet temperature <55°C
3 |Turbocharger revolutions 39000rpm

Steam / Exhaust gas system

1 |Exhaust gas temperature <520°C
2 |Exhaust gas temperature —1 <500°C
3 |Exhaust gas temperature —2 <500°C
4 |Exhaust gas temperature —3 <500°C
5 |Exhaust gas temperature —4 <500°C
6 |Exhaust gas temperature —5 <500°C
7 |Exhaust gas temperature —6 <500°C
8 |Turbocharger exhaust gas temperature No.1-2-3 440°C

9 |Turbochargerexhaust gas temperature No.1-2-4 440°C

10 |Steam pressure 0.3Mpa

REMARKS =abnormality *reparation inspector

name

responsible
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# 35 HESKROFzv 27— NESERK)

Date 2011, June 11st

Daily inspection check sheet (Generator)

POWER STATION DG No.01 (Mrun Ostop)
. . . inspection hour
inspection item parameter last data
1 |Power house temperature 40°C
2 |[Output =<250kW
Generator
3 |Generator shaft bearing temperature <95°C
4 |Generator stator winding temperature (U) =140°C
5 |Generator stator winding temperature (V) =<140°C
6 |Generator stator winding temperature (W) =<140°C
7 |Continuos current voltage 25.5~28v
8
30
31
REMARKS -abnormality -reparation inspector
name
responsible
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#3536 HESHBROFT =7 — NEEEKE )

Generator / Power internal consume Diary

POWER STATION DG No.XX (HMrun [stop)
Generator
Op:;ia::on measure| Load Current ( A) Voltage (V) cos®d Excitator |Remarks
hour kW R S T R-S [ ST | T-R % A v
DATE — — —
year 2011 1shift
month 06 2shift
day 11 3shift
vear 1shift
month 2shift
day 3shift
year 1shift
month 2shift
day 3shift
vear 1shift
month 2shift
day 3shift
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#£ 37 HESBROFzv 27— NEEER)

POWER STATION

Transmission Line Diary

g Voltags (V) (F 1) Line (F 2) Line (F 3) Line
r oM E Active Power Current ( A) Active Power Current ( A) Active Power Current (A)
oA R-S S-T TR kW R S T kW R S T kW R S T
Parameter | — — e;gg; s:gg; sggg; <320 <32 | =32 | =32 <320 <32 | <32 | <32 <320 <32 | =32 | <32
year 1shift| 08:00
month 2shift| 14:00
day 3shift| 20:00
year 1shift| 08:00
month 2shift| 14:00
day 3shift| 20:00
year 1shift| 08:00
month 26hift| 14:00
day 3shift| 20:00
year 1shift| 08:00
month 2shift| 14:00
day 3shift| 20:00
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Main utilities in diesel engines

STEAM SYSTEM | | AIR SYSTEM |

| COOLING SYSTEM | | LUBRICANT OIL SYSTEM | | FUEL OIL SYSTEM

EXHAUST GAS BOILER

CHIMNEY

T =
DDEI“ L] =
Hamm

DIESEL ENGINE GENERATOR

POWER STATION DIESEL GENERATOR SYSTEM

DRWG No
OKINAWA ENETECH Co Inc

scale DATE

3-1

Diesel generator system

C CLASS FUEL OIL CHARGE FACILITY

C CLASS HEAVY FUEL OIL
TANK 1000 KL

TANK_LORRY.

CIVENT Tank C CLASS 0IL PUMP
@

FLOW METER
AIR SEPARATOR

RETURN FUEL OIL WETER

O-®

DRATN

A CLASS FUEL OIL
FLOW METER

Fer@DHED o

R

]  CLEAN TANK

®

C CLASS FUEL OIL
FLOW METER

FUEL OTL PUNP

DIESEL GENERATOR No. 01

8.t

SETTLING TANK
50KL

FUEL OIL_BUSTER PUNP

50KL "

— e

DRAIN TANK
DRAIN PUMP

© CLASS HEAVY OIL
HOMOGEN I ZER

WASTES 1L
< TANK

[SLUDGE TANK]

o= T0 OIL-WATER SEPARATOR

RETURN FUEL OIL METER

DRAIN

A CLASS FUEL 0IL
FLOW METER

FoHDHED Ho<

L

A CLASS FUEL OIL CHARGE FACILITY

@+

G CLASS FUEL OIL
FLOW METER

DIESEL GENERATOR No. 02

A CLASS 0IL PUNP

S

A CLASS HEAVY FUEL OIL
NK 250 Kl

STRAINER

FLOW METER
AIR SEPARATOR

POWER STATION FUEL OIL SYSTEM

TR T O ST

DRNG No

OKINAWA ENETECH Co Inc

DATE

32
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PUNP

CJC FILTER

—i [evel
CHARGE PUNP
LUBRI CANT 0L
TANK
TKL
H b

DRUN TANK

l—wmjDNM%lN

LUBRICANT OIL FLOW METER

L—cHPgl] DIESEL GENERATOR No.02

Bea

OIL FILTER | |

E 'D OIL FILTER | |
% T OIL COOLER
t
WASTES OIL TANK
e FILTER

OIL COOLER

WASTES O IL° TANK

POWER STATION

LUBRICANT OIL SYSTEM

CII NI T L) P

scale TE

OKINAWA ENETECH Co Inc

Lubricant oil system

COOLING TOWER

T
=

COOLING TOWER

FRESH WATER

]

’—<D<H
EXPANTION TANK [—

2

!—wq
i

{

COOLING WATER TANK

TI
XX

ID<IH|
><IH|

SECONDARY COOLING WATER PUNP

MH%HNHMFS—‘

AIR VENT

H><I=>

2. H

PRIMARY COOLING WATER PUMP

A

FRESH WATER INTERCOOLER

OIL INTERCOOLER

MH%HNHM}{J

SECONDARY COOLING WATER PUNP

DIHCHMNIHD

MH%HNHM

hm:

EXPANTION TANK —

>IH

500

T

DRAIN

;
}

AIR SEPARATOR
T

>
PRIMARY COOLING WATER PUMP

FRESH WATER INTERCOOLER

OIL INTERCOOLER

POWER STATION

COOLING SYSTEM

2T I T

1 oRiG o

OKINAWA ENETECH Co Inc

DATE

3-4

Cooling system
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COMPRESSOR X

PRESSURE REGULATOR VALVE (0. 6MPa)

J/41&HD<I UMJIHD%}%

WORKS USE AIR
DRAIN PIT

DIESEL GENERATOR No. 02

TN I O ST
Name TSUPERVISORT oG Mo

POWER STATION AIR SYSTEM ; Py OKINAWA ENETECH Co Inc
scale
W _ :
%] 3-5  Air system
F’% SPARK ARRESTER
CHINNEY —‘[:]j
t
BY-PASS VAKVE
— s he
| Il
C | s
EXHAUST GAS BOILER SILENCER
DIESEL GENERATOR No. 01
F’% SPARK ARRESTER
[——————==MAINTENANCE WORKS USE
————=—FUEL PIPE LINE TRACING
CHINNEY > FUEL OIL HOMOGENIZER [::]
(XXX i
FJ STEAM HEAD
IX
TRAP N
N
: oL DRALN
; i <Ry
I
|
!
| R
i B
SILENCER
DIESEL GENERATOR No. 01
o T T L pr—
POWER STATION STEAM SYSTEM OKINAWA ENETECH Co Inc

scale DATE

%] 3-6  Steam system
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DIESEL GENERATORS FACILITIES
e General

1000kw Class DG

4000kw Class DG 300kw class DG

e Fuel o1l system

Fuel receiving facilities Fuel storage tank (C class heavy oil)
(air separator, filter, and flow meter)

13741



Fuel dispatching pump Settling (left) & Clean tank (right)

C Class heavy o1l homogenizer Fuel oil buster pump
Fuel oil equipment A Class and C class fuel o1l meter, mixer and
heater

14741



C Class heavy oil flow meter C Class heavy oil heater

C Class heavy oil filter A Class heavy oil daily tank

Diesel engine governor Wastes oil drain tank

15/41



e Lubricant oil system

Lubricant oil storage tank Lubricant oil CJC filter

Lubricant oil cooler Lubricant oil filter (left side)

¢ Cooling system

Cooling tower (2000KW Class) Cooling tower (1000KW Class)
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Cooling tower (2500KW Class) Secondary cooling water pump

Fresh water intercooler / Primary cooling water Expansion tank
pump

Lubricant oil intercooler Cylinders head cooling water line

17741



e Air system

Air tank Air compressor

e Steam / Exhaust gas

Exhaust gas boiler Exhaust gas boiler collector

Exhaust gas boiler Steam head

18741



Turbocharger Generator

Silencer DG Control board
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4 BomE. PRRARRUF—/N—FR—ILR#&
4.1 FBANE

7 — BV B AR S O @ B 25 00 1 D A4 3R R & U TRl & & A BRI E

TR K> THT 9, ZOHE, RHILHELS OB T b R R IET (R,

R) s L L &id, BEIBEZZIT ),

T o = BB IR L O R AR O BT B 2 LU TR IR

CNE =

INSPECTION ITEMS

PARTIAL

MIDTERM

OVERHAUL

General items

Verification before dismantling

Inspection of auxiliary components

Record operation status before disassembly

Curing before disassembly

0|0|0|0

G|~ ON|—=

Structure

O|0|0|0 0

O|0|0|0 0

Cylinder head parts

Cylinder cover

Air intake valves

Exhaust valves

Fuel injection valve

Start—up valve

DAl OIN|—=

Intake / exhaust pipes

0|0|0|0|0|0

0|0|0|0 0|0

0|0|0|0 0|0

Cylinder body

Cylinder safety valve

@)

Cylinder liner

Piston rings

IO IN=

Piston head skirt and piston pins

00|00

Crankshaft

Crankshaft

Crank room internal inspection

0|0

Crank pin metal and connecting rods

Crank pin metal connecting rods

Main metals

oGl IN|I—

Cam and cam metals

O|0|0|0|0|0

O|0|0|0|0|0

Control system

Controlling device

Governor

O|0

Governor assembly unit

Start—up device

Main air starting valve

Lubrication oil temp control valve

NoOo|a|bhWINI=

Fuel oil temp control valve

000

O|0|0| |0 |O

O|0|0|0|0|0|0
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INSPECTION ITEMS

PARTIAL

MIDTERM

OVERHAUL

Auxiliary devices

Turbocharger

Lubricant oil priming pump

®)
©)

OO0

OO

Fuel oil system

Fuel oil related pumps

Fuel oil temp control valve

Fuel oil filters

O|0|0

Fuel oil heater

0|0|0|0

Daily tank

S| |[WIN—=

Fuel oil piping

O|0|0|0|0|0

Lubricant oil system

Lubrication related pumps

Filters

Lubrication oil tank

AIWOIN|—=

Lubricant oil piping

O|0|0|0

Cooling system

Primary cooling pump

Secondary cooling pumps

Seawater pumps

Seawater filter

Secondary water intercooler

Check valve (non—return valve)

Pure water intercooler

Lubricant oil intercooler

O 0N | |WIN|—

Supercharger lubrication oil intercooler

Air intercooler

Cooling water expansion tank

Oo| |0|0|0] 0|0

Ol |0|0|0|00|0| |00

—_ | -t | -
N | —= | O

Cooling system piping

O|0|0|0|0|0|0|0|0|0|0|0

Air=Steam*Exhaust gas system

Compressor

Air tank

©)

Air piping

Exhaust gas boiler(safety valve)

©)

G| |W|N|—=

Exhaust gas duct

O|0/ 0|00

O|0/ 0|00
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4.2 A== LR OB
H—N= R RTINS BRI T O 7 v —IR T,

1. Parts replacement according manufacturer manual
(cylinder liner, metals, valves, etc.)

2. Non destructive test
(crankshaft, valve seat, piping pressure test, etc.

4

3. Instruments verifications (calibrations)
(Governor, flow meters(3 years period), electrical

parameter meters.

4. Runningtest
Running parameters, fuel oil consumption, sound
level, vibration, NOx, SOx and dust.

1. Parts inspections and replacement (cylinder liner, metals, pumps, etc.)

Cylinder liner Lubricant oil pump

Turbocharger Cooling water pump
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5 RBRTHUL L SHT
5.1 FEmkfA
(1) B maE®RT)
F BRI R X T o~ E A EZET 2 &V FEEFIH T 2B G EThH
0. B ERAET 2OICFIHINLD,

N ——r S h ]
- RO
. L N i -
___Et%%_h_ -
rﬁ. / —\
wmg” 74 N L

% 51 HOHRIRE M A RT)
@) BESKTRE (MT)

REH QAT S b SN 5 &, RIECER S 5 HEFRCTET 5 2 L bRk
RIFHICOF A% T U, R RS G DR 2 S IR T 5. BN R T
& RBST QI ORTNCBATT 5 & | BRIRN AR Z LIRS 2o bh sz, % A
RSB = LR TE B,

<5

Flaw detectc

Black light lamp
(UV light)

Apply fine magnetic particles

2

# 5-2 WERChI A (MT)

REERL 7 GBS IXEER 7 OKIEIR) TR EBm S, RicEsasns &, 5
DIFFET DT ORI N BTN BT Z LI Xk > T BERBNRNH D EATICa 2 > b b,
L2y L, B E MR & AT L CO DA IR OBELA D 702 EORE T L
BN D, TOTD, WHRERDEITH LT 90IIZET D HFlanbhiziTH) 2 L 2H#
"I s,
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(3) B HEHEHER(PT, DPD

REIZHA A LTV A RIBITIRIENZZET H2BEE2FH L, RE XLt 288 Th 5,
PTHREHDLVNIHT—F =7 09,

YR DR IENZIRE T OB NZEIR A2 B A L, R 0Kl rig A E87-%, BmoO
RER A RE L, BUEHNC Ko TRIENEBICIR A TDIREIR 2RV L, REEOFEE L B
BLEZORESEZMDZENTED,

=B REAER D FIE

Pretreatment : Application of penetrant Removalof Application of developer Inspection (observation)
: excess penetrant — —)
Procedure Image figure Contents
éﬁ%§> Vel Z M REICA T L— L, B2y =R
i AL 2? HTRERY . REOMIE, HhEsRET L, 20

k. oIS E D,

/Z%<> e SN EM R m IR BRE AT L—L, &

{2 LB M % LI RMEIIRET D, BRRBESEDLT
B 3~15 S iET 5,

BAR A Y 2 1] O a o DRI & F2\ N T2 = R CRR
ET 5, WHEERO T 2 AEZA T L — L TREI

REIEES e

BRI 25 20~30em i L THE< B0k

e LR > % i?g%%ﬂi*ﬁﬁ%ﬁ 5 20~30cm Hff L CTHi< B—I1c

Zf 015 ORI R ED 2 BT B, 7T v 7 (R e

iz P 2 R TR S B, WH . BHEIRTIE 10~
30 HEETH 5.

RBFGARBROH
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5.2 Running test inspection

Running parameters, fuel oil consumption, sound, level, vibration, NOx, SOx and dust.

Sound level measurement

Engine vibration measurement
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Achieving A Clean and Self-Sufficient Energy Future for the
Marshall Islands - Lessons from the Hawaii Experience

> ridSTAR

wtitiape | Unieessty of Bawai'|

@t Grid System Technologies Advanced Research Team

Leon R. Roose, Esq.

Principal & Chief Technologist
GridSTART

Hawaii Natural Energy Institute
School of Ocean & Earth Science & Technology
University of Hawaii at Manoa
1680 East-West Road, POST 109
Honolulu, Hawaii 96822

Office: (808) 956-2331
Mobile: (808) 554-9891
E-mail: Iroose@hawaii.edu
Website: www.hnei.hawaii.edu
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Hawali is Paradise Found
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Clean Energy Opportunities
In Hawalil are Abundant




HNEI Advancing Innovation in Renewable Energy
and Grid Technology

| . v Systems Integration of Renewables

* Grid modeling and analysis
* Smart grid and micro-grid development
* Storage application on the grid

Techno :
Resear{:h 8 S UHHML",?; v' Renewable Power Generation
‘ State '  Ocean Energy
_ E"E“F” * Photovoltaics
Pnlmy v’ Electrochemical Power Systems
Education  Support Analysis  Batteries
* Fuels Cell

v’ Alternative Fuels:

* Biomass, Biofuels, Hydrogen, Methane
Hydrates

v Energy Efficiency
* Building Technology
* Sea Water Air Conditioning




Progressive Leadership in Clean
Energy Policy

[Hawaii Clean Energy Initiative (HCEI)}

The State of Hawaii, US DOE, and local utility launched
HCEI in January 2008 to transform Hawaii to a 70%
clean energy economy by 2030:

* Increasing Hawaii’s economic and energy security
* Fostering and demonstrating Hawaii’s innovation
* Developing Hawaii’s \workforce of the future

* Becoming a clean energy model for the U.S. and the

world
Strong Hawaii Policies DSIRE . = EAEROY
Database of State Incentives for Ranawua.!os & f;ﬁzl;n& = S AN
Highest RPS Target * RPS Policies

www.dsireusa.org / December 2

In the United States
40% by 2030

(2015 - 15%; 2020 - 25%)

Other key policies:

 Tax incentives
. Renewable poTHowe

* Net metering
. 0 - Renewable portfolio goal 3K Fxtra credit for solar or customer-sited renewables
O Fe e d | n tar | ffS () Sotar water heating eligible *  Indudes non-renewable alternative resources

Minimum solar or customer-sited requirement




Hawaiian Electric’s Renewable Energy Success

“Clean Energy, Lower Bills”

Lowering customers’ bills is a top priority for the Hawaiian Electric Companies. By far the biggest impact on
electric bills is fuel and fuel-related costs that make up more than 70 percent of the typical bill. The companies
take no markup on fuel or power purchased from independent providers of renewable and conventional power.

Renewable Energy Projects as of December 2013

« H-POWER
= m

« Kapolei Sustainable Enangy Park 1MW e by -

« Kakssloa Renawsable Energy Park SMW.
+ Kalaeloa Solar Two 5MW

» Lang'i Solar with battary 1.2MW

- Kaheawa I With Datlsry ZTMW
All Islands
Customer
PV
201 MW B oter B wed
Solar [l Hydr
B BioFud B Geothermal

Source: Hawaiian Electric Companies 2013 Clean Energy Update Report

-
[On Oahu, 250 MW of large-scale PV projects in PPA negotiation}




Exceeding Hawaill RPS Goals

Renewable Generation for Hawaiian Electiric Companies -
Current Generation Achieved and Generation Required

40 —
- Hawaiian Electric Companies @
18.2% RPS at year-end 2013

30 —
25 — .
55 N :
15 — £\
10—

5 _

2012 . 2013 2015 2020 2030
Renewable Generation Achieved Renewable Generation Required

Renewable Portfolio Standard (Act 155)
Source: Hawaiian Electric Companies 2013 Clean Energy Update Report



2013 Renewable Portfolio Standard
Status Report

For the Year Ended December 31, 2013
{In Net Magawalt Hours)

2013 2012
Hawai'i
Hawaiian Elactric Maui
Electric Light Electric TOTAL TOTAL
Electrical Energy Generated Using Re newable Energy Sources
Biomass (including municipal sofid wasta) 374 569 41,122 415,691 341,790
Geothermal 281,417 281,417 266,234
Photovoltaic and Solar Thermal' 27,305 1,528 5,097 33,924 9,643
Hydra’ 35410 4,745 40,155 65,066
Wind' 121,691 151,552 230,305 503,548 388,256
Biofuels 28,508 1,281 29,788 22,607
Subtotal 552,071 450,904 282,550 1,304,525 1,093,596
Electrical Energy Savings Using Renewable Displacement Techneologies
Customer-Sited, Grid-Connected” 248 038 47 471 47 517 343,928 182,638
Solar Water H&atimg“
LHility 100,897 16678 2,774 144 449 150,801
FEFA® 21,045 4628 3,161 29,733 24,910
Subtotal 371,880 BB,77T6 77 452 518,108 367,349

Electrical Energy Savings Using Energy Efficiency TEBhnDhEiEBs
Pre-2013 Parlicipamts

Lhility G30,696 47 065 B4 556 762,617 777,640

PEFA 315,955 48,765 42,427 407,147 231,670
2013 Participants (PEFA) 92516 18,286 16,998 127,799 175,850
Subtotal 1,039,167 114,116 144,281 1,297,564 1,185,260
TOTAL 1,983,118 652,796 504 282 3,120,196 2,646,205
TOTAL SALES 5,858 536 1,078,104 1,134 873 9,060,512 9,205,998
RPS PERCENTAGE 28.6% B0.7% 44.4% 34.4% 28.7%

REMEWAELE GENERATION RPS PERCENTAGE

(Mot Counting Energy Efficiancy and Solar Water Heating)®
Energy 801,009 517,374 330,067 1,648,451 1,276,234
Percantage 11.7% 48.1% 29.1% 18.2% 13.9%




Hawaii’s Electric Systems

4 electric utilities; 6 isolated island grids

[Large solar and wind resources exist, but resource intermittency challenges grid operations}

Kauai Island Utility
Cooperative
27 MW PV (24 MW in

Maui Electric
Maui: 60+ MW PV / 72MW Wind

development) System Peak: Maui 200 MW
System Peak: 78 MW Lana’i: 2.4+ MW PV
Customers 32,700 System Peak: Lana’i: 5 MW

Moloka’i: 1.5+ MW PV
System Peak: Moloka’i: 5.5 MW
Customers: 68,000

Kaua‘i

,.

Hawaiian Electric

80% of state population

O‘ahu

Moloka‘i

221+ MW PV / 99 MW Wind /
73 MW WTE / 110 MW Biofuel CT ‘ .
System Peak: 1,100 MW Lana‘i e Hawai'i

Customers: 300,000

Hawaii Electric Light

40+ MW PV / 30 MW Wind /

38 MW Geothermal / 16 MW
Hydro

System Peak: 190 MW
Customers: 81,000

10



K

Wind Resource Intermittency
and Variability

MEC O Frequency & BWP k' Output - Feb. 23, 2002
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Solar Resource Intermittency

and Variability
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HNEI Renewable Energy Grid Integration Studies

» Develop rigorous

>

analytic models of
electricity grids

Analyze impact of new

energy systems

including renewable
generation, end-use
energy efficiency, and
transportation systems

Analyze solutions to

address system
integration issues

« Advanced
controls

» Forecasting

« Demand control

« Storage
 Smart grids

Positive Sequence
Load Flow (GEPSLF™)

L

il
il

.......................

Long-term Dynamic
Smulations (AGC)™

—

Statistical Wind Power
Variability Assessments

*—

1sec 1min 10 min lhr 1lday 1wk
Support
PP Inertia b
Governor *
Response * AGC
Regulation i [Economic
Dispatch ] T ( -
A
IH | | \\HI | I LTI anning [ 1 | | \\Hh

Interhour Renewables
Variability Analysis™

Multi-Area Production
Smulation (GE MAPS™)

MW 200 |
180
160
140

Tools are used together to assess the challenges and
provide information needed for advanced energy solutions

13



Interconnection of Distributed
Generation on Island Power Systems

* Present utility issues dealing with
Interconnection of distributed generation

« Current Hawaii initiatives aimed to address
iInterconnection of distributed generation

14



CurreibigtriiigrogysSystesn with
(BefDretDmitdrlaeh€mtisration)

 Reduces load on transformer and line when
generation is available

« Changes power flow on the line and transformer

Residential Commercial

—>

2060 kVA L
6 kV:l n,_ﬁ[ 250 kKVA

SUB 1 -
.
LINE2 2000 kVA ‘I 500 kVA \‘

Commercial

500 kVA 750 kVA
15

3260 kVA




Forecasting Load is Challenged Due
to Distributed Generation (DG)

* In the past, no DG on circuits. Measured load =
actual load

« Now, high penetration of DG on circuits is affecting
load forecasting

* As aresult, measured load # actual load during the
time period when DG is online

 Measured load = actual load less the generation
from DGs

e As a result, for circuits with PV, the measured peak
load for day peaking circuits is going down l

16



DG Project Interconnection
Objectives

Maintain Safety — the interconnection design and protection should avoid
any undue safety hazard for utility personnel, customers and the public

Maintain Power Quality - DG will not cause objectionable power quality,
voltage regulation or voltage flicker problems on the utility system and for
any customers

Maintain System Reliability - DG equipment should not materially degrade
the reliability of the power system to which it connects

Maintain Service Restoration to Customer - The DG unit will not interfere
with restoration of power on the utility system

Avoid Significant interference with System Protection — DG should not
interfere with the operation of the utility system overcurrent protection
equipment

Avoid Damaging Customer and Utility Equipment - DG units should not
cause damage to utility and customer equipment during steady state and
faulted system operating conditions

17



Localized Issues when Interconnecting
DG to a Distribution Feeder

« Voltage Regulation and Power Flow
(steady state conditions, tap changer cycling issues, reverse power flow issues, thermal limits,
power factor)

« Power Quality
(fluctuating conditions, flicker)

« Fault Currents and Protection Coordination
(impact on fault levels, device coordination, interrupting ratings, ground fault current
detection desensitization)

« Ground Fault Overvoltage
(this is important especially for non-effectively grounded DG, of which PV devices are often
configured that way)

« Islanding
(important especially in complex situations with multiple DG present or with fast reclosing
present and no live-line reclose blocking)

* Ride Through Requirements
(important especially when renewable generation becomes a significant portion of the system
generation)

18



Voltage Regulation:
Location of DG Impacts Circuit Voltage

Large DG exports

LTC
_3 ?I_H: SUBSTATION large amounts of

Feeder (with R and X) power up feeder
IDG
o P IEEE 1547 trip Limit (132 Volts)_
ANSI C84.1 Upper Light Load
| _Limit(126volts) ______ (DGatHighOutput)y UL
N \ ........
Voltage TNV — e
...... - — ] “‘I““ —
------- \.......----.-:...h-.--;" s e —
~ \
~ ~ ~ Heavy Load
— —— _(DG at High Output)
[ TANSIC84.1lower "\ T~~~ T——777
Limit (114 volts) Heavy Load No DG
S End >
Distance

19



Voltage Regulation:
Location of DG Impacts Circuit Voltage

Exporting DG “shields” the
substation LTC controller
from the feeder current.
The LTC sees less current
than there is and does not
boost voltage adequately.

SUBSTATION
LTC
%_ DG Supports most of
5 i |  feederload
i !
: = >
! u..n| -
Line drop
compensator LTC
Controller Large DG
(many MW)
ANSIC84.1 4
Upper Limit Heavy Load No DG
(126 volts)
Q N N Heavy Load with DG
oo | Light Load No DG
= \
e
O
> — — — — —
ANSIC84.1Lower TTteeenoo
Limit (114 Volts) llllllllllllllllllllllllllllll

Distance



Voltage Control: Excessive voltage
regulator tap operations with variable DG

Active and Reactive Power

! ! & L
= | || ]l Ii | I 1

= 700 T | |1
Feeder Voltage and Regulator Tap Changes
1 I

Source: EPRI e = r

21



Voltage Regulator Reverse Mode
Confused by DG Reverse Power

Circuit 2
Closed Regulator with Bi- Open ’
—3 Recloser 1 Directional controls Recloser 2
R 3
> XL
I
Circuit 1 |
Supplementary regulator senses reverse power and Power Flow
erroneously assumes that auto-loop has operated — it Due to DG
attempts to regulate voltage on the substation side of DG

the supplementary regulator

What happens? Since the feeder is still connected to the substation, the line regulator once it is
forced into the reverse mode will be attempting to regulate the front section of the feeder. To do this
it will fight a losing battle against the substation transformer. This may cause the supplementary
regulator to “runaway” to either its maximum or minimum tap setting to attempt to achieve the

desired set voltage. This in turn could cause dangerously high or low voltage on the DG side of the
regulator unless limits engage.

22




Voltage

Power Quality A i

e | [ \Y R
Interconnecting a large amount of TR * | IR
fluctuating generation suchas PV~ ™ . Tl | M O
(for example) on a circuit ™ T }bﬂ ------------- N f\ ,’ \1 H

P o

-20000

9/11 9/12 9/13 9/14 9/15 9/16 9/17 9/18 9/19 9/20
Fluctuating Voltage Level

L
T

May result in power quality
Issues such as flicker at the
circuit level

September 11 through September 20, 1998

The GE Flicker Curve
(IEEE Standard 141-1993 and 519-1992)

3"




Fault Current
and Protection
Coordination

Adjacent «

Fault Contribution
from DG Might
Trip The Feeder

Feeder

Unnecessary Breaker
and Recloser Trips
Caused by DG fault

current backfeed

1
lutiiy} | 1 ——™]
IDG Recloser A L] :

<\

S
Fe

------ I Breaker and
* * * i{/ Recloser

Recloser B

24




Ground Fault
current
Desensitization

* Too many DG ground
sources can significantly
bypass ground current at
the substation feeder
ground current measuring
devices

« Result: Substation relays
are less sensitive to
ground faults on the
circuit

Utility
Source

CT Measuring
Ground fault
Current

~

Zero
Sequence




Ground Fault Overvoltage

<«

Neutral and earth return path

Before the Fault

During the Fault
Van

~ Voltage
. Increases
on Van' Vbn

Voltage swell during
ground fault

c LY

Ground Fault overvoltage can result
in damaging overvoltages on
unfaulted phases of up to roughly
170% of the normal maximum
system voltage!

Effective grounding limits the voltage
rise on the unfaulted phases to about
125% of nominal during L-G fault on 4-
wire multigrounded neutral systems

26



Interconnection of Distributed
Generation on Island Power Systems

* Present utility issues dealing with
Interconnection of distributed generation

« Current Hawaii initiatives aimed to address
Interconnection of distributed generation

27



Screening
Criteria

Radial or network

IEEE 1547 and UL listed
device

Generating facility < 10
KW (expedited review)
Single phase or three
phase

Line configuration

28



Interconnection Requirements Study

* Rule 14H - interconnection of distributed
generating facilities operating in parallel with
the company’s electric system

 Interconnection Requirement Study (IRS)
may be required for grid tied single phase
Inverters when aggregate generating
capacity exceeds 100% of the distribution
circuit’'s daytime minimum load (DML).

29



Daytime Minimum Load Calculation

* Lowest circuit load readings (SCADA or other
measurements) between 9am and 5pm from

the past calendar year

* Add back 75% of the aggregated PV
nameplate capacity rating

 |If load data is not available for the 12 month
neriod then add back 50% of the aggregated
PV nameplate capacity rating

30



Hawail PV Modeling Efforts

« Enhancing the distribution system circuit models
— Integrating generic PV inverter model

— Abllity to conduct scenario-based analysis at the
customer level with generic PV inverter models

— Disaggregate modeling of PV and load at each
customer site

« Gathering field data for model validation
— Monitor and trend data from larger, central facilities
— Capture geographic distribution across the islands
— Monitor at customer side, circuit to substation

31



Equivalent PV Generator

bl.l-\.i-I-LI.I..Ll-I-LLI.LI-LI-I-L\.LL

Typlcal load flow model

==

" Unit Station smmended load flow model

&~ Transformer

) Transmission l
© system
i " |

. Unit Station I
e Transformer I

High Penetration PV on distribution system ] 4
b
» 1
e ; _ Transmission »
 Transmission # " system .
system 4 = .
4 1
: / ? -
s
-

Load

Distrihutiﬂ-n_w 'll.--nuunnlnnulutuuun
N —(Q)—%

@ % Utility-scale PV
@ % Fad;;;le

Transformer

o

_ Equivalent
"~ impedance

Residential

Commercial

®_
“—

- W W W W W W

Source: WECC Guide for Representing PV Systems PV Load
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Maul Meadows Distribution Circuit IRS Results

and Conclusions

) Google Earth Viewer

[E=EE =

Ji8 DEW hneitempiasa V02 Planned /w*

SRR X

File Edit Data Analysis

Options Tools View System Help

O CE ¥ BEEE & B B &=

B Ti‘

CCCCC

uuuuuuu

uuuuuu

Circuit

uuuuuuuuuu

aaaaaa

«
1721896 132185

Zoom finished

Potential high voltage at daytime light load conditions with PV operating at full rated output
Potential transient overvoltage where aggregated PV is higher than the minimum load

— Service transformers; fused laterals

Verification of proper service transformer tap settings

Feeder / bus voltage regulation
— Proper LTC setting for the feeder / bus voltage
— Appropriate voltage range for the entire 24 hour period (with and without PV

production)
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Avoiding Transient Overvoltage Conditions
Information Technology Industry Curve (ITIC)
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Present Hawaiian Electric Companies
Ride Through a

nd Trip Settings

Operating Region

Range ( Hz)

Operating Mode

Duration (s)

Return To Service - Trip

Ride Through Trip Criteria (f) Tim(e(gelay
OFR f>60.5 Cease to Energize - 0.1667 60.0 >f> 59.5 300
NORH 60.5>=f> 60 Normal Operation - Indefinite - -
NORL 57<=f<=60 Normal Operation - Indefinite - -
UFR f<=57 Cease to Energize - 0.1667 60.0 >f> 59.5 300
Duration (s) Return To Service - Trip
Operating Region Range (%/PU) Operating Mode . . o Time Delay
Ride Through Trip Criteria (%/PU) (s)
OVR2 VvV >120 Cease to Energize - 0.1667 110>V >88 300
OVR1 120>=V>110 Cease to Energize - 1 110>V >88 300
NORH 110>=V > 100 Normal Operation - Indefinite - -
NORL 100>=V >= 88 Normal Operation - Indefinite - -
UVR1 88>V >=50 Cease to Energize - 2 110>V >88 300
UVR2 V< 50 Cease to Energize - 0.1667 110>V >88 300

35



Proposed Hawaiian Electric Companies
Ride Through and Trip Settings

Duration (s) Return To Service - Trip
Operating Region Range ( Hz) Operating Mode .
Ride Through Trip Criteria (f) Tlme(gelay

OFR2 f>65 Cease to Energize - 0.1667 60.0 >f> 59.5 600*
OFR1 F>63 Ride Through 20 21 60.0 >f> 59.5 600*
NORH 63>=f>60 Normal Operation Indefinite Indefinite - -
NORL 57<=f<=60 Normal Operation Indefinite Indefinite - -
UFR1 f<57 Ride Through 20 21 60.0 >f> 59.5 600*
UFR2 f<=50 Cease to Energize - 0.1667 60.0 >f> 59.5 600*

*Maybe adjusted up to 600s at manufacturer election

Operating Region

Range (%/PU)

Operating Mode

Duration (s)

Return To Service - Trip

Ride Through Trip Criteria (%/PU) Tlme(Selay

OVR2 VvV >120 Cease to Energize - 0.01667 110>V >88 300
OVR1 120>=V>110 Cease to Energize - 1 110>V >88 300
NORH 110>=V > 100 Normal Operation Indefinite Indefinite - -

NORL 100 >=V >=88 Normal Operation Indefinite Indefinite - -

UVR1 88>V >=70 Ride Through 20 21 110>V >88 300
UVR2 70>V >=50 Ride Through 10-20* 11-21% 110>V >88 300
UVR3 V< 50 Permissive Operation - 0.5 110>V >88 300

*Maybe adjusted within these ranges at manufacturers election

36



Frequency Ride Through and Trip Settings

Frequency [HZz]

A

N

65.0

63.0

60.5

Nominal
Frequency

No. of Cycles

10 1,200 cycle (20sec x 60Hz)
Remain Connected

57.0

50.0

0.0

Event Duration
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Voltage Ride Through and Trip Settings

Voltage
(% nominal )

120 5
(1.2pu)|

110

N orrfiln';LIPU) (Base voltage 240V) i Time (cycles)

Voltage 1 10 30 60 120 11200

88
(0.88pu)

70
(0.7pu)

50 O
(0.5pu)

Event Duration
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Advanced Inverter Functions

[Control Mode 1: Watt-PF]
10 Lagging (capacitive)

0.85
1.0 >
100 Active power(%)
-0.85

\,O Leading (inductive)

[Control Mode 2: Frequency-Watt]

Max Watt Output ( % ) nominal

A 1 1

0= = =— =—
disconnect

disconnect

A'Q

00 602 60.35 60.5 System
Frequency

I
:
I
I
I
I
I
I
I
30 :
I
I
!
6

57.0



Advanced Inverter Functions
[Control Mode 3:Voltage-Watt]

Max Watt Output ( % ) Nominal
T (240V)
100 |= = = ==
disconnect
40
disconnect
20 [ e — — — — — —
| i )
88 104 107 110 System Voltage (%)
[Control Mode 4:Voltage-Var]
\ar Lagging (capacitive) Nominal
T <> 240V
ol — = (240V)
disconnect :
|
. ; 108 110
O ! 1 1 )
88 92 08 | ' System Voltage(%)
|
: disconnect
-50 —— sl
<>

¥ Leading (inductive)
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FIT Eligibility

Under the guidelines issued by the Hawaii Public Utilities Commission, renewable
technologies eligible for the FIT include photovoltaic (PV), concentrated solar
power (CSP), in-line hydro (Tier 1 and Tier 2 only), and on-shore wind. See below:

Tier Project Size

1 0 - 20 kW on all islands

2 Greater than 20 kW and up to and including:

PV: 500 kW on Oahu, 250 kW on Maui and Hawaii, and
100 kW on Lanai and Molokai;

CSP: 500 kW on Oahu, Maui and Hawaii, and
100 kW on Lanai and Molokai;

In-line hydro: 100 kW on all islands;

Onshore wind: 100 kW on all islands

3 Greater than Tier 2 maximums and up to and including the lesser of 5 MW on Oahu and
2.72 MW on Maui and Hawaii or 1% of the system peak load from the previous year,
Except that wind generation is precluded on Maui and Hawaii



FIT Rates

The energy payment rates are determined by the
technology type and the size of the project.

FIT Energy FIT Energy
: Payment : Payment
Renewable Generator Type and Size Izate Renewable Generator Type and Size F{ate
(¢/kWh) (¢/kWh)
Tier 1 PV < =20 kW 21.8 :
-|er Tier 3 PV > 500 kW and < = the lesser of 5 19.7
Tier 1 CSP < =20 kW 26.9 MW or 1% of the system peak load '
Tier | On-Shore Wind < = 20 kW 16.1
) ) Tier 3 CSP > 500 kW and < = the lesser of
Tier 1 In-line Hydropower < = 20 kW 21.3 5 MW or 19 of the system peak load 31.5
DU ) WSS UL S 18.9 Tier 3 On-Shore Wind > 100 KW and < =
Tier 2 CSP > 20 kW and < =500 kW 25.4 the lesser of 5 MW or 1% of the system 12.0
Tier 2 In-line Hydropower > 20 kW and < 18.9 gl ol (QRlr )
=100 kW ' Baseline FIT Rate 12.0
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Hawaiian Electric’s “Renewable Watch”
Renewable Energy Operational Visibility

Renewable Watch - Oahu Avgust 17,2014 | Information

11 .54 PM Renewable Watch shows at a glance the levels of solar and wind power generated
B son-Oahu and how that energy varies throughout the day.

West Oahu Solar iradiance | Below Are Descriptions of Whatls Currently Displayed:

South Oahu Solar Iivadiance
i Central Oshu Sofar Irrsdiance ' Net System Load: 8ystem Load Sejved By Hawaiian Electric Company

A i A : Gross System Load: NetSystem Load + Load Served By Behind the Meter PV
Oahu Wind Praoduction

= Gross System Losd : £ ) -~ West Oahu Sotar liradiance: Selarlradiance Wim*2] Measured in West Oahu

Net System Load | & > L
~|,$omh Dahw Solar Imadiance: Sofar madiance [Wim*2] Measured in South Oahu

« Central Oahu Solar Ivadiance:: Solar iradiance (Wim#2] Measured in Central
"]-Oahu

East Oahu Sofar liradiance: Solar madiance (Wim"2] Measured in East Dahu

| Danu Wind Production: Wind Power Produetion on Cahiu
Renewable Watch - Previous Day

Chsdin PV Proiduction
Dt Wind Penduction

w Grogs Sysrem §onad
et Systan Losd

Current Renewable Power Production (by regions)
West Solar MW: 0 w Central Solar MW: D Wind MW: 7.88
East Sotar MW: © South SolarW: 0

North Solar information to be included gt a later time

—p——— v

Today . Tomorrow Wednesday

83176 °F 83/76 °F % 83176 °F | B
h Mostiy sunny % Mostly sunhy. - Pastly clotidy with ' Vo e Hawaiian

scatierad (8in showers A A Electric

Find “Renewable Watch” at www.hawaiianelectric.com,
www.mauielectric.com and www.hawaiielectriclight.com



http://www.hawaiianelectric.com/
http://www.mauielectric.com/
http://www.hawaiielectriclight.com/

Hawai’i has a long tradition of pioneering
advances in energy ....

Kalakaua Visit — Sept 26, 1881
Pearl Street Station - 1882

n Novembe '
lolani Pﬂﬁcefpe‘cwmﬁwm
resid(-}nce to—be lit b)é electricity.

1891

7 R T I
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Innovation & Collaboration
Opportunities Abound

| Hawail is an ideal ‘test bed’ to prove concepts and learn lessons about
advanced energy technologies
i Hawali continues to grow our successful collaboration with national
and international partners and create a leading international showcase
of smart energy solutions in action that will ...
v Increase energy independence
v Limit greenhouse gases
V' Grow clean energy business opportunities

A Key to Secure Paradise in Hawaii and
Establish a Clean Energy Economy
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Mahalo! ..
(Thank you) “?mf)

For more information, contact:

o bow y
dan (SridSTART
d . ‘,’ Hawai't Natural Energy institute | University of Hawai's
" A
Ny
5

Grid System Technologies Advanced Research Team

Leon R. Roose, Esq.
Principal & Chief Technologist
GridSTART

Hawaii Natural Energy Institute

School of Ocean & Earth Science & Technology
University of Hawaii at Manoa

1680 East-West Road, POST 109

Honolulu, Hawaii 96822

Office: (808) 956-2331

Mobile: (808) 554-9891
E-mail: lroose@hawaii.edu
Website: www.hnei.hawaii.edu
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Maul Island Case

Large Amounts of Wind and Solar Power
IS Being Integrated Today

Maui Island

KaheaW;I‘

(30 MW)

Exponential Growth in PV Market -.ﬁa

72 MW Wind
+ 60 MW PV
132 MW Total

Kaheawa Il
(21 MW)

33,000 Customers

Daily Load Shape\
ad 4 200

V)
e/ \

Auwahi
(21 MW)
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Maul Island Test Bed

A Model of Smart Grid Innovation & Collaboration

Maui Smart Grid Project (2009) ~$12 M

— US DOE funded, HNEI led project to integrate smart grid technology to
achieve reduced peak load on a distribution circuit and better
management of intermittent renewable energy

Maui Advanced Solar Initiative (2012) ~$11 M

— US DOE funded, HNEI led project to develop and demonstrate
advanced PV inverter functionality in a smart grid environment

JUMPSmart Maui (2011) ~$30 M

— NEDO funded, Hitachi led project to integrate high levels of PV, wind
energy, and EV into an island wide smart grid environment

Great Maui Project (2013) ~$20 M

— NEDO funded, Hitachi led phase 2 of JUMP Smart Maui project, to
demonstrate EV vehicle-grid and Virtual Power Plant integration

All projects have partners in common and share

hardware, results, and lessons learned
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MAU[ s saeo

VAVAVAVAVAVAVAVAVY.

US DOE Renewable Distributed
Systems Integration (RDSI)

Hawaii Natural Energy Institute
.' University of Hawaii at Manoa

v v Maui
A A Electric

b Hawaiian

PO Electric @ medb

SILVER'S‘P&/w maut esoromic pmant 23340, nc.

% Sentech, Inc.

) MAUI COLLEGE

http://www.mauismartgrid.com/maui-smart-grid-project-description/project-team
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MAUI

SMART GRID
P R O E L 1

WAVAVAVAVAVAVAVAV‘

Advanced Metering
Infrastructure

Project will Manage Distributed Energy
Resources (DER) to Support Grid Operations

Home Area Network

Demand response
Monitor PV
Customer feedback

Two-way comms In-home
2 o Solar PV monitorin Smart displa
Voltage monitoring g Thermostat pay
Outage detection \ X -
— | | D

g
[SSN Data Center\ —~— MECC;(r?t(IeDrata V\{SaJEa fr-n s VL 3 ﬂ aag
Stationc; e
Internet MECO . .
‘C ~— Backhaul Maui Mea_do{wég A\/
et === == 7\ SSNWesh -
Ilw : " - — A~ /
T T e/ y RS X v
/ ' Load
Control
~— T i
Distribution T - —
Management Aggregate DER Battery Distribution Monitoring
System Decision support Energy Current measurements
Volt / VAr Control St
Improve visibility orage

System

o1



Development and Demonstration of
Smart Grid Enabled PV Inverters

Research Project lead
* Project oversight, management and direction
« Smart Inverter application design; performance and data analytics

Communications and Customer Engagement technology lead
* Mesh com system; Inverter management & control system software
« Customer engagement via PV customer portal

HITACHI
Inspire the Next @ Inverter technology leads
I » Develop advanced control functions in inverter; Lead the

integration of communications with advanced inverter

Silver Spring

v ’ Maui
—a&_a Flootric Host utility in Hawaii
F%, Hawaiian * Inverter operations for field pilot; performance evaluation
i Electric
& RISINGSUN ELECTRIC Co-Services lead — established PV provider in Maui
» Sales, marketing, installation, project management, customer service
m Pepco Holdings Inc Host utility in Washington DC, Maryland, New Jersey
* Inverter operations for field pilot; performance evaluation
STANDARD _ _ _ _ _ _
SOLAR Co-Services lead — established PV provider in PHI service territory
» Sales, marketing, installation, project management, customer service
-
OGE Inverter Testing Laboratory Facility

« Site of functional requirements and inverter testing 52
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z
=

LA

AT

E

A O

%

m

Utility Back Office Systems

Inverter Management &
Control Software

Provision inverter on network
Manage PV Production Data
Send control signals to inverter
Monitor status of inverter

Customer 1Q
« Utility web portal

Silver Spring
Networks Access
Point

900
MHz

» Customer can see household
consumption & solar production

Smart Grid Network

Silver Spring Networks
Network Interface Cards

900 MHz utility smart grid network
to back office systems

SEP 2.0 over 2.4 GHz ZigBee to
inverter

Send inverter control signals
through network

Retrieve home net energy use data

900
MHz
*
/ \
Data
Archive

Solution Architecture of Smart Grid
Enabled PV Inverters

Home

Smart Meter

+ Utility owned

* Home’s primary
meter

* Reads net energy
use and voltage
(15 min. interval)

Web
Dortal

« ZigBee to
ModBus
Communications
Module

« SEP 2.0 DER

2.4
GHz

Obvius Power Monitor

+ HNEI owned

* Inverter AC output

* Volts, Watts, VArs,
etc. (1 sec interval)

Fronius
or
Hitachi
Inverter
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JUMPSmart Maul

A Japan — United States Smart Grid Demonstration Project

Greno

HITACHI

Inspire the Next

— v
Maui
N & Electric

5 T 5
Hawaiian
& 4 Electric

Mauieconomic
DEVELOPMENTBOARD
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JUMPSmart Maui Project '@’ JuMpsmartmaul

In Maui, large scale renewable energy (72MW of wind and 60+ MW of distributed PV)
has been introduced. In addition, many electric vehicles (EV) are expected soon.

Issues

»Excess Energy

»System Frequency Impact

»Distribution Line Voltage
Impact

Solutions
»Integrated DMS
»MDMS &Smart PCS
»EV charger control
»Battery system
»Direct Load Control
»|CT Platform

Basic Policy for Demonstration

( )
Maximize Utilization of Renewable Energy (RE
/('N\EDO ' Y RE) HITACHI
( . AL ire the N
(_ \ Stable Supply of Electric Power ) nepire the THex
: Solution for Impact of EV & PV High Penetration j

©Hitachi, Ltd., 2013. All rights reserved. 55



Overall View of System Configuration '@’ JuMpsmartmavi

Direct Logad
Control

3

ndo el

Smart Gity Platform (Informiation Control Hub) AMI

~

M2ZM Network

.

A

¢ uoneziw

"

uoneziwndo [enpiAIpu]

oy il R
SVC Bulk Battery Swntch
l1set 3sets 12 sets

n-DMS

15 Locatlons
surlng \
umcahon

- b DC Fast
b Charger . ﬂ; K

Vv
EVECC: EV Energy Control Center &A)
DMS: Distributed Management System

DLC: Direct Load Control

DR: Demand Response

AMI: Advanced Metering Infrastructure

SVC: Static Var Compensator

DMD: Data Measuring & Communication Device
DP: Distribution Panel

SmartPCs  Water EV level-2

PV: Photovoltaic Heater Charger
PCS: Power Conditioning System 10 sets
EV: Electric Vehice 40 gggjdenggs
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9 JUMPSMartmaui

SMART ENERGY. SMART CARS. SMART GRID.

EV Fast Charging Stations on Mauli

S

©Hitachi, Ltd., 2013. All rights reserved.



Great Maul Project

Development of VPP solutions in Maui

oooooooooooooooo
......................
.........
°°°°°°°
o®
.
°

- L— i:;
o .., ~™ s L
......... . i
R T O AR )
L]
Charger Charger WH

Virtual Power Plant

Home Gateway
Smart PCS PV -

Thermal Power
Generation

Wind power
Generation

_— PV: Photovoltaic
— WH: Water Heater
ICT: Information Communication Technology
DMS: Distribution Management System
DR: Demand Response
Smart PCS: Power Control System
ADMS: Advanced Distribution Management System
GCS: Grid Control System
VCC: Electric Vehicle Control Center
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