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Hawali can substitute renewable sources
of energy to substitute, in total, for the
use of fossil fuels in the generation of
electricity.



Three areas of challenge

= Schedule/Timing
= Technical (Grid) challenges
= Financial issues



Schedule/Timing

= Available now:
Solar
Wind
Biomass/waste
Geothermal — Maui and Hawalii only
= Available near term (10 yrs. or less):
Geothermal — large volume
Biofuels
= Available longer term (10 yrs. or more):
Wave energy
OTEC



Grid challenges

* Frequency management

» System frequency

* Dynamic response (inertia, droop, etc.)
= Voltage management

* Voltage regulation — maintaining service

within tariff requirements

* Flicker

» Ground fault overvoltage
= Circuit protection schemes — fault

current



And the impact (and challenges)
vary by generator technologies

= Wind
» Generation potential 24/7 — excess
energy
« Ramping
= Solar
» Generation potential during daylight only
but tends to match load curve
* Ramping considerably faster than wind



Impacts on System Freguency
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System Load (MWY)
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Distributed PV impacts on
system load
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comparison: evening
peak has not
significantly changed
between 2008 and
2011 but daytime
demand has.

 Weekend comparison

(light load day):
difference between
daytime peak and
evening peak has
Increased.



Developing & Operationalizing “Heads-up” Wind &

Solar Forecasting Capabllities
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remote sensors (SODAR, radiometer) ahead
of wind facility to provide operators 30 min to
1 hr “heads-up” on potential ramp events.

f
‘:-



Wind Ramp Event Forecasting
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Hi-Pen PV Impact on the Grid - Substation Circuit

Monitoring & Analysis (Operations)
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Installed Circuit PV (Sensor Profile)
== Circuitload (SLACA)
= Circuit+ Displace Load (PV)

Oahu
Circuit
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Low-cost capability to account for PV load and

actual load for forecasting, operations &

planning

Correlate grid conditions with solar variability

to assess impacts (operations, protection,

contingencies, reserve plans)

TJD-1 mobile solar
irradiance sensors

LM-1 solar availability
sensors



12

: HENEEEN:
w [enuspisay
SN
@m N3N
2s [ ]| [
)
22 EIENEEEN
== g [2s
= =
o~ |£3
INEEEN:
= - |53
£g INNEEEN - -
ol =
% .% A T
£ |
=2
u IHNEEN : -
Qo
=
—_ ®
3 HEEN -
G & &
= 3
> 5 HEEN : -
g9 -
3 L E
o< ==
s
O | | E
T
~ | o
| | EE
= | e
| | | E
=
HEEN::
a =
| | | E
2 a
% g :
@ HERN: :
O a
(ap]
o8 T F
nnv s a
—_— (a9}
= ) < ssewoig
m f kel N
o3 s (1NN ::
o SE (I i
(ORI o8 -0)-91SBM
3 < iz8 -.... o oA
c 3 2538 003H
SRR
O3
1 |

UMY Jed sjueo



13

Oahu Energy Cost

Fuel oil at $132/BBL

(lenuspisay) NIN

(lerorwiwod) NIN

dso el 1id

dSO L=l 14

olpAH Z 1211 114

oIpAH | 1211 114

Ndci=ll 114

Nd L=l 114

PUIM 1211 114

PUIAA L 481 114

6 vdd
5
8 vdd
=
(<]
L¥dd o
(@) (@)
< £
9 vdd =
a 8
svdd S E=
S 8D
= = =
- £ 2
23
¥ vdd 33
o u =z
€ ¥Ydd
1 . M
< vdd m ~
QO uw =z
| ¥dd
uonelaush

J11}09|3 UellemeH

0.35

0.30

0.25

0.20 -
0.15
0.10 -
0.05 -

(Um/$) ¥3soD ABIsuz

0.00 -



Hawaiian Electric Company
Maui Electric Company
Hawaii Electric Light Company

S

Renewable Energy Projects

(Projects in service, under construction or in active negotiation as of 1/7/2012)

Mountain View
Kahuku Wind

Kawailoa Wind

Oceanlinx
°

Kapolei
Sustainable

Energy Park Actus SunPower PV
Mililani South PV

Hawi Renewable

OTEC —©

International
Kalaeloa Solar One
Kalaeloa Solar Two

H-Power
Campbell Kalaeloa Home Lands
Industrial Park Kalaeloa RE Park
Honua Power (HCDA Projects) Wailuku River
IC Sunshine Loisil Solar Sempra Auwahi Hydroelectric
Waiau
Kaheawa | Hydro
Lanai Wind Kaheawa Il biuco
Hydro
Keahole
Solar
Renewable Energy Projects - Oahu Megawatts (MW)
Hawaiian Electric Cont'd
o Campbell Industrial Park  Biofuels 110 Existing, Approved PPAs Megawatts (MW)
Existing, Approved PPAs * PGV Geothermal 30
* H-Power Waste-to-energy 46 * Tawhiri Wind 20
e Kahuku Wind Wind 30 * Hawi Renewable Wind 10.5
* Kapolei Sustainable Energy Park PV 1 * Keahole Solar Concentrated solar 0.5
* Kawailoa Wind Wind; Under construction 69 * PGV expansion Geothermal 8
* Honua Power Biomass; Construction to come 6
e IC Sunshine PV; Construction to come 5 Under Negotiation®
o Kalaeloa Solar Two PV; Construction to come 5 * HuHonua Biomass 22
* Tradewinds Biomass 3.6
Pending PUC Approval | ble Energy Projects Total: 854.60 MW
* Kalaeloa RE Park PV 5
Under Negotiation® Feed-In Tariff Status (PV) (s of 12/312011)
e QOTEC International Ocean thermal energy conversion 100
* Mountain View 5 Installed Capacity Active Development Queue
* H-Power Expansion Waste-to-energy 27 Hawaiian Electric Company 1.79 55.82
o Kalaeloa Solar One Concentrated solar 5 Maui Electric Company 0.33 8.99
¢ Kalaeloa Home Lands PV AES Solar 5 Hawaii Electric Light Company 0.25 9.18
* Mililani South PV (4 projects) 20 FIT Total: 2.37 MW 73.99 MW |
® Actus SunPower PV 5
* (HEDA Projects) B > Net Energy Metering (NEM) (s of 12/31/2011) Installed
Renewable Energy Projects - Maui County aa""f"E'la" E'.ecé"c Someany ?;;g
Existing, Approved PPAs Ui ElecHitsompaly '
o HC&S ermrce 16 Hawaii Electric Light Company 10.24
G P Wind 30 NEM Total: 53.91 MW |
® Lanai Solar PV 1.2
o Makila Hydro Hydro 05 Standard Interconnection Agreements (SIA] Installed
* Kaheawa Il Wind; Under construction 21 SIA Total: 14.51 MW
* Sempra Auwahi Wind; Construction to come 21
. Other (all islands) Installed
Under Negotiation
< Lanai Wind Wind 200  [OtherTotal:™ 5.95 MW
* Oceanlinx Wave 0.5
Renewable Energy Projects - Hawaii Island Renewable Energy Projects Tota 1005.33 MW
Hawaii Electric Light Company Renewable Energy Projects, FIT, NEM, ¢ h
¢ Wailuku River Hydroelectric Hydro 123 = 4 2 —
* Waiau Hydro Hydro 435
¢ Puueo Hydro 4.35
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Hawaiian Electric Company

Mahalo!
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