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Most Isolated Population Center on Earth
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Hawaii Electric Systems
4 electric utilities; 6 separate grids

Kauai Island Utility

Cooperative

27 MW PV (24 MW in development)
System Peak: 78 MW

Customers: 32,700

Kaua'i

Maui Electric

Maui: 60MW PV / 72MW Wind
System Peak: Maui 200 MW
Lana’i: 1MW PV

System Peak: Lana’i: 5 MW

Moloka’i: 1.2 MW PV
System Peak: Moloka’i: 5.5 MW

( . O‘ahu

Customers: 68,000

Moloka‘i

»
Lana’l A

Hawaiian Electric
221 MW PV / 100 MW Wind /
69 MW WTE

System Peak: 1,100 MW
Customers: 300,000

Hawai‘i

Hawaii Electric Light
39 MW PV / 30 MW Wind /

38 MW Geothermal /7 16 MW Hydro
UNIVERSI]:;:;;V HAWAI'T Sysiizar Bl LD iy

MANOA Customers: 81,000
Source: Hawaii Natural Energy Institute




Hawaii’s State of Clean Energy

* Most oil dependent state in the U.S.

— imported 92% of our energy in 2011

e Highest electricity rates in the U.S.
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Fuel Oil and Diesel Remain Primary Fuels for
Electricity

Hawaii
Electricity Production by Source, 2012
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High Energy Costs have Significant Economic Impact

12%

10%

8%

6%

4%

2%

Energy Cost Share of Gross State Product (%GSP)

0%

6.5%

2000

10.4%

6.9%
6.5%

6.0%

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Source: Research & Economic Analysis Division, DBEDT

Equates to = $5+ billion per year spent on imported oil

o,
10.9% 10.6%

2011 2012



Hawaii is Blessed with Indigenous Renewable

Kauai Demand

RE Potential
Oahu Demand

RE Potential
Molokai Demand

RE Potential
Lanai Demand

RE Potential
Maui Demand
RE Potential

Demand

Hawaii

RE Potential

Source: Analysis based by Booz Allen Hamilton

Resources

M Biomass

H Wind

M Geothermal

W Hydro
m Solar
m MSW

m Ocean

# Annual Use, GWh

2000

4000
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Renewable Energy Potential (GWh)
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Hawaii Clean Energy Initiative

Enacted in 2008, the Hawaii Clean Energy Initiative (HCEI) is leading the way in relieving our
dependence on oil by setting goals and a roadmap to achieve 70% clean energy by 2030

Total Gigawatt-hours per year

15,000

10,000

5000

30% reduction
Energy Efficiency

Portfolio Standard

Public Benefits Fee

40% clean

generation®

Renewable
Portfolio Standard
* Net metering

e FiT

e Comp. bidding

2008 2020 2030 (@)

* 40% calculated on remaining demand



Hawaii is a US Leader in Clean Energy Policy

RrRenewable Portfolio Standard Policies

www.dsireusa.org / March 2013

ME: 30% x 2000

WA: 15% x 2020*
c MT: 15% x 2015

OR: 25% x 2025 (large utilities)*
5% - 10% x 2025 (smaller utilities

»“.‘.- .
£ WI: Varies by utility;
~10% x 2015 statewide

NV: 259% x 2025* e %
3,_%:-
IL: 25% x 2025

MI: 10% & 1,100 MW
X 2015*

NY: 29% x 2015
'

Beliar
T il )
W dman. ¢

ND: 10% x 2015

VT: (1) RE meets any increase
MN: 25% x 2025 in retail sales x 2012; New RE: 10% x 2017
_ Xcel: 30% x 2020 (2) 20% RE & CHP x 2017 NH: 24.8% x 2025 | :

WV: 25% x 2025%T

) ;"“: i, 1y 7 2V
CA: 33% x 2020 "g‘ KS: 20% x 2020 3,%" IN: 10% x 20257 | | VA: 15% x 2025*
1 MO: 15% x 2021 5 (

MA: 22.1% x 2020
New RE: 15%b x 2020
(+1% annually thereafter)

| RI: 16% x 2020 |
| CT: 27% x 2020 |
PA: ~18% x 2021
| 1]

NJ: 20.38% RE x 2021 |
+ 4.1% solar x 2028 ’

| MD: 20% x 2022 |&- :
| DE: 25% x 2026* |

<
&34

AZ: 15% x 2025 i“.fz-_ OK: 15% x 2015

NC: 12.5% x 2021 (10us)
10% x 2018 (co-ops & munis)

[DC: 20% x 2020](§)

NM: 20% x 2020 (IOUs) '
10%o x 2020 (co-ops)

TX: 5,880 MW x 2015*
4 :

U.S. Territories

6 NMI: 80% by 2015 Guam: 25% x 2035
PR: 20% x 2035 USVI: 30% x 2025

e
HIL: 40% x 2030 | i)

ﬂ’

Minimum solar or customer-sited requirement

. Renewable portfolio standard

Renewable portfolio goal

3K Extra credit for solar or customer-sited renewables

29 states +

Washington DC and 2
territories have
Renewable Portfolio

Standards
(8 states and 2 territories have
renewable portfolio goals)

a Solar water heating eligible + Includes non-renewable alternative resources
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State Sustains Progress in Meeting Clean Energy Goals

40% -
34.4%
" Renewable Generation Increase

wv  30% o
o I Energy Efficient Improvement
9
(7g)
o
L
Ll
S 20%
©
(Tp)
(a
o

10%

0%

2007 2008 2009 2010 2011 2012 2013

Source: Renewable Portfolio Standards Status Reports, 2007-2013 (Hawaii Public Utilities Commission)
* KIUC RPS and EEPS not included for 2013. These figures to be included upon KIUC’s Annual RPS Status Report to the Public Utilities Commission.



2013 Clean Energy Achievements

Hawaii is a leader in forging Thie Binaian Elecist

new ground in integrating clean Companies sl
energy Eﬁ“g%

» Hawaiian Electric achieved 18%
renewables -- exceeded 2015 RPS target

~ 10% of Oahu customers have solar PV;
exceeding other utilities by far

~ Avoided-oil equivalent of 2.9 million

barrels, or $350 million of imported oil
saved in 2013

T
T,

Hawaiian Electric Hawaii Electric Light Maui Electric

[] Fossil Generation?

B renewable Generation?

1 Represents preliminary RPS for 2013 percentage of total sales



Big Island and Maui Have Led Renewables Development
Kauai and Oahu are not Far Behind

60%

B HECO HELCO = MECO mKIUC

50%

40%

30%

RPS Levels (%)

20% . 18.18%

13.74%

10%

0%
2007 2008 2009 2010 2011 2012 2013*

Source: Renewable Portfolio Standards Status Reports, 2007-2013 (Hawaii Public Utilities Commission)
* KIUC RPS and EEPS not included for 2013. These figures to be included upon KIUC’s Annual RPS Status Report to the Public Utilities Commission.



Renewable Generation (GWhs)

Wind and Solar Leading Renewables Growth

Geothermal and Biomass Projects Significant Contributions

1,800
1,600
1,400
1,200
1,000
800
600
400

200

Biomass B Geothermal B Commercial Solar
B Hydro Wind m Biofuels 1,648.5
M Distributed PV —
1,324.0
1,186.0 -
945.5 978.0 964.6 950.7 -

—

New Solar
and
Wind

S—

__ Existing
Projects

2007 2008 2009 2010 2011 2012 2013"

Source: Renewable Portfolio Standards Status Reports, 2007-2013 (Hawaii Public Utilities Commission)
* KIUC RPS and EEPS not included for 2013. These figures to be included upon KIUC’s Annual RPS Status Report to the Public Utilities Commission.



Hawaii Distributed Solar Market Has Doubled Since 2005
Until Recently...

Distributed Renewable Energy Systems Installed

20,000 -
m HECO HELCO MECO m KIUC
18,000 -
16,000 - 40,717 Distributed Renewable Energy Systems Total
253.5 MWS Installed Statewide
14,000 -
Approx. 10% of residential customers have installed PV
12,000 -
Aggregate capacity of DG equals largest unit on each island
10,000 -
8,000 -
33,230 kW
6,000 - 5,516
4,000 -
11,984 kW
2,190
4,663 kW 7,213 kw
2,000 | 1196 kW 1,168
207 565
0

2007 2008 2009 2010

Source: Net Energy Metering and Feed-in Tariff Reports, 2013 (Public Utilities Commission)
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Solar Development Sustained Hawaii Construction Market

Value of solar projects as % of total

building permit value
[ IR
(03]

5 --$93,231,026
4.7%

2009

Through Recession

$753;730,382
____________________________________________________ 285%
$418,773,498
---------------------------- 22.5% - $549;632;109
20.2%

$176,7972,7266 |

8.9%

2010 2011 2012 2013

Source: Research & Economic Analysis Division, DBEDT



Scorecard — Hawaii’s
National Leadership in Clean Energy

Solar Water Heaters per Capita

Energy Savings Performance Contracting per Capita
Solar Installed per Capita (5" for total solar capacity)
Best potential for PEV (Plug-in EV) Sales

Renewable Energy Attractiveness

Power Purchase Agreements per Capita

Clean Energy Economy Job Growth
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Net Energy Metering in Hawaii

Overview and Policy Development

Established by state legislature in 2001

Intended to create incentive for early adoption of renewable energy technologies for residential and
small business customers

Initial program details:
— Limited to 10 kW system size, aggregate capacity limited to 0.5% of peak demand
— Generation credited at retail rate, monthly “rollover of credits” for 12 months
— Standard contract, interconnection terms

System and capacity limits have increased over time:
— 2004 - system size limit increased to 50 kW
— 2005 - Bill passed to allow PUC to set system size limits and increase program cap
— 2008 - PUC increased system size limit to 100 kW and raised program cap to (1% of system peak)
— 2011 - Moved to caps based on distribution circuit capacity (15% of peak load initial screen)
— Present — moved to % of daytime minimum load (DML), circuits > 120% DML effectively on hold

KIUC NEM program filled by 2009, new DG customers compensated based on avoided cost



Growth of Distributed PV has Pushed Interconnection

Boundaries
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Current Grid Limits have Slowed Interconnection
Significantly

% DG of Circuit
Daytime Min Load
[ | Lessthan 25%
[ ] 25upto 50%
[ 50upto 75%

I 75upto 100%
I 100% and greater

% DG of Circuit
Peak Load

Less than 10%
10 up to 15%
[ 15upto 50%

I S0upto75%
B 5% and greater

1}_ *published as of 1/11/2014 *published as of 1/11/2014

Source: Hawaiian Electric Co.

e Over last 2 years utility has increased distribution circuit cap to current level of 120% of daytime minimum load (DML)

About 20-25% of state-wide distribution circuits have exceeded the current circuit capacity limits

PUBLIC UTILITIES COMMISSION 23



Market for New PV Projects has Stalled Since Changes to
Interconnection Process

2012-2014 O'ahu PV Permits Issued

2 500 2,433

1,925

2,000 -
1,554 3
1,466 12&21' 55
1500 4 1,208 ' 1,246 1,140
1,057 1,055 1,178 1,163 ’

1,000 939 1,013 g g3 980 1,040

1.000 - 200
580 623 567 022 577 .4
500 I

Jan Feh Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

September 2013 - HECO instituted new interconnection rules for “high penetration circuits”
Market down considerably leading to public criticism of utility practices

April 2014 — PUC ordered HECO Companies to file Distributed Generation Interconnection Plan (DGIP) in 120 days




Future Outlook for NEM

Long-term challenges: compensation rates, system- and circuit-level integration

Growing Concerns with current compensation rates:

« NEM payment rates (equal to the retail rate, $0.35 - S0.50/kWh, depending on island)
exceed both the cost of the technology and value of the energy to the system

e By law, PUC cannot establish a different rate structure for NEM customers, so any changes
must apply equally to NEM and non-participating customers

e NEM system size limit of 100 kW precludes most larger customers from participating

Integration challenges likely limiting factor to future growth:

e Utility currently studying high penetration circuits to evaluate possible capacity growth
based on distribution system power quality and reliability

 System-level integration challenges emerging for daily operations and contingency events



Increasing Levels of Solar Present New Challenges for
Grid Operations

MW 1400 - “Low” Renewable Penetration
1200 - Imports
Solar
1000 - e Wind
mmm Peaking
800 - i
mmm Cycling
s \Waigu 7 & 8
600
mmm Kahe

mmm Kalaeloa CC
mm AES
mmm Firm RE

400 -

200 -
—Load

1400 -

MW
1200 -

High Renewable Penetration

1000 -

Curtailment occurs
when all dispatched
thermal units are at
minimum power

800 -

600 -

400 -

200 -

0 -

A week of operation



Average Day in March: Oahu, Scenario 8
- High Renewable Penetration

1,200 -
Load
1,100 - Net Load
Available Wind
1,000 - .
! Available Solar
900 - Curtailment
= = == Thermal Minimums 440 MW ramp
800 1 in 3-hours
290 MW ramp
700 - / \ in 3-hours
% 600
210 MW ramp
500 . in 3-hours

400 T e e e —-\-——/———-- —————————————————————

300 - $

200 - 1
Leads to curtailment

100 - A

0 | | | | | | | | | I I I I I I I | | | | | | |
O OO O O O O O O D Q O O O O N N O N L OO LD L LS
SRS (&S (a8 0 Q7. Q0. Q0 97,07, Q07,97 QO Q9,90 Q.9
Need for improved flexibility: e e e e e e e e

Lower turn-down capability
Ability to cycle during the day
Flexible load/time shifting
New tools for ancillary services

AN



Future Outlook for NEM

Next steps for Hawaii PUC: integrate and harmonize distributed generation programs

Develop updated interconnection standards

* Incorporate advanced inverter functionality into interconnection standards

— Avoid German experience with expensive retrofits of inverters
*  Encourage use of new technology (energy storage, demand response) to expedite interconnection
. Develop transparent interconnection queue
e Consider cost allocation for system upgrades

Develop new rate structures

*  Fixed costs vs. variable charges
e  Bi-directional pricing (exporting energy to the grid vs. consuming energy from the grid)

Develop fair compensation rates

e Fairto NEM/FIT customers

— Compensate NEM/FIT customers for all benefits provided to system, especially advanced grid
support services (for system stability) over and above those required for interconnection

. Fair to non-participating customers
— Ensure all customers receiving electric service pay fair share of fixed grid infrastructure costs



Key Takeaways

Despite claims to contrary, world will not end with successful NEM program and DG market

Grids fairly resilient to initial additions of variable renewables

However,...

Small, island grids sensitive to operating characteristics of DG

— Frequency, voltage ride through settings important
— DG characteristics need to progress towards conventional generators as levels increase

NEM program interactions with existing rate design and other programs important over time



Mahalo!

For any questions, please contact:

James.P.Griffin@Hawaii.gov
(808) 586-2020

5(\&;@ PUBLIC UTILITIES
& COMMISSION 30
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Energy Savings Have Grown for Each Utility

18.0%
16.2%
16.0%
m HECO HELCO m MECO mKIUC 14.5%
14.0%
12.1%
12.0%
10.9%
N o
%’ 10.0% 9.3%
> 8.3%
)
-
(7)) 0,
¥ 3.0%
L
L
6.0%
4.0%
2.0%
0.0%
2008 2009 2010 2011 2012 2013*

Source: Renewable Portfolio Standards Status Reports, 2008-2013 (Hawaii Public Utilities Commission)
* KIUC RPS and EEPS not included for 2013. These figures to be included upon KIUC’s Annual RPS Status Report to the Public Utilities Commission.



Significant Untapped Efficiency Potential Remains

8,000
. .
7,000 mmm Technical Potential
e Economic Potential
6,000 . Existing Codes & Standards
o 2009-2012 Program Achievements
5,000 == EEPS Goal
4,000
3,000
2,000
1,000

Source: PUC EEPS Report, 2013 PUBLIC UTILITIES COMMISSION 33



State On Track to Meet Near-Term RPS Targets

1. Renewable energy projects saved ratepayers over $60

million in 2012
e Current savings vary between roughly 1% to 16% of each
utility’s total system cost

2. KIUC and HECO Companies can achieve 2015

requirement (15%)
PUBLIC UTILITIES COMMISSION

SrATE OF Fawn e Assumes existing renewable generation and projects under
construction

REPORT TO THE 2014 LEGISLATURE

3. KIUC and HECO Companies are likely to achieve 2020

PUBLIC UTILITIES COMMISSION
REVIEW OF
HAWAIF'S RENEWABLE PORTFOLIO STANDARDS

requirement (25%)

ISSUED PURSUANT TO e Assumes “reasonably expected” amounts of currently-
SECTION 269-85(5), HAWAIl REVISED STATUTES . .
proposed projects come online

December 2013

4. KIUC and HECO Companies may achieve 2030

requirement (40%)

* Achievement depends on overcoming several challenges and

PUC RPS Report can be found: uncertainties
http://puc.hawaii.gov/wp-content/uploads/2013/04/2013-PUC-RPS-Report_FINAL-w-Appnds.pdf



Key Challenges and Uncertainties

Siting and permitting new renewable energy projects

Limited by site availability, environmental and cultural impacts, and community acceptance

Grid integration of variable renewables and distributed resources

— Most cost-effective renewables require improved power system flexibility and ancillary
services support

— Large amounts of variable generation on neighborhood power circuits require special
attention to ensure safety and reliability

Diverse portfolio/Optimal resource mix

Value trade-offs between centralized vs. distributed resources, as well as among technology
types (wind, solar, geothermal, biofuels, etc.)

— Regulatory and tax policy can have large influence on whether the most cost-effective resources are
deployed, and whether benefits accrue to individual customers, the utility, third-parties, or are shared
among all ratepayers

Technological change for renewables and key enablers

Cost declines, technological innovation can quickly change relative attractiveness of different
resources

Future Energy Demand

Higher than forecasted energy consumption will require additional renewable development




Storage Helping Integrate Wind and Solar Power Today
Maui Island Case

72 MW Wind
_60 MW PV
132 MW Total

Kaheawa |
(30 MW)

Kaheawa Il
(21 MW) o

63,000 Customers
/ Daily Load Shape\
Load 4 200 \T
(MW) \
&5/—\/\ Auwabhi
(21 MW)
\_ 24hr /

UNIVERSITY of HAWAI'T
MANOA

Source: Hawaii Natural Energy Institute




Storage Installed at Wind Plants to Reduce Variability and

Operate as “Virtual” Generation Unit

Svstem Load Curtailed Wind
y m Curtailed Solar

Qi Excess Energy ~ \ Central SOLAR
m Distributed SOLAR

mKWP2

= AUWAHI
HKWP1

m Peaking
|| | OCycling
EM10-M13
EM171819
OM141516
O K1K2

W K3K4

| HC&S
BActual Load

150

MW

100

1 2 3 4 5 & 7 B 9 10 11 12 13 14 15 16 17 18 12 20 21 22 23 24

Time Of d ay Source: Hawaii Solar Integration Study, 2012.

UNIVERSITY of HAWAL'TL

MANOA 37



Implementing & Sustaining Hawaii’s Energy Policy

DBEDT

(Chapters 196 &201N, HRS)
eDirector the Energy Coordinator HRS 196-3
ePolicy & Economic Analysis
ePermit Coordination & Facilitation HRS 201N

Hawaii Natural Energy Institute

(Act 253, SLH 2007)

eResearch & Development
eTechnology Validation

olicy

Public Utilities Commission
(Chapter 269, HRS)

eRegulation of Electric Utilities

eRenewable Portfolio Standards, HRS 269-92
— Net Energy Metering, HRS 269-102
— Feed-in Tariff
— Competitive Bidding

eEnergy Efficiency Portfolio Standards, HRS 269-96
— Public Benefit Fee, HRS 269-121
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