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Where are we Today?Where are we Today?
RPS – 40% renewables from 
electricity, 70% total 
(includes transportation) by 

Kauai

O h

Molokai

Population 
905,601 * Maui (includes transportation) by 

2030

Energy efficiency standard 
of 30% by 2030 (3,400 

Oahu
Tri-island
population
141,783 *

GWh)

HECO – 17%,  HELCO –
42%,  MECO – 26%

Lanai

Hawaii Population
173,057 * Solar

Wind Geothermal

Biomass/
Biofuel

MSW

OTEC/
Wave

DSM/Energy 
Efficiency

Hydro/ 
Pumped

* U.S. Census estimates as of July 2007
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Island Loads & Wind SitesIsland Loads & Wind Sites

First Wind 
Kahuku Wind Fi t Wi d

First Wind 
KWP II – 22 MW (planned)

Kahuku Wind –
30 MW (2011)

First Wind 
KWP I – 30 MW (2006)

Hawi Renewable 
Development 10 5 MWDevelopment – 10.5 MW 
(2006)

First Wind
K il Wi d

Oahu Load
~1200 MW

Maui Load
~200 MWMolokai  Load 

~5 MW

Sempra Generation
Lalamilo Wind Farm
Decommissioned (1985)

Kawailoa Wind –
70 MW (planned)

Hawaii Load
~200 MW

Lanai Load
~5 MW

Sempra Generation
Auwahi Wind – 21 MW (EIS)

Tawhiri Power

Decommissioned (1985)

Pakini Nui Wind Farm – 20.5 MW (2007)
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DG Growth in HawaiiDG Growth in Hawaii

RPS – 40% renewables 
from electricity, 70% total 
(includes transportation) (includes transportation) 
by 2030
Energy efficiency 
standard of 30% by 2030 
(3,400 GWh)
HECO – 17%,  HELCO –

Summary of Distribution Level Penetration on Major Islands
* DG Penetration = Installed DG MW / Max Feeder Load 2010 data
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42%,  MECO – 26%



System Issues Being EncounteredSystem Issues Being Encountered
Supply exceeds 
Demand at

Supply does not 
meet demand at

DG (PV) changing 
system daytime

y gy g

SCADA, feeder caps or 
new monitoring to account 
for DG contributions

Demand at 
minimum loads 

meet demand at 
maximum load 

system daytime 
load shape

W

Excess Energy –
curtailed

Energy Shortfall 
must be met by 
fast start units

for DG contributions

M
W

Mi M t t f

Typical Hawaii 
load profile –
Evening Peaking

Output of 
intermittent units

Mid i ht Mid i ht12

Min-Max output of 
dispatchable and 
base generating 
units

Midnight Midnight12 noon

Curtailment ReliabilityMasked Loads

6



Comparison of 2008 and 2011 Comparison of 2008 and 2011 
Weekend (light system load) Weekend (light system load) ( g y )( g y )

2008 
difference

2011 
difference

• Weekday• Weekday 
comparison: evening 
peak has not 
significantly changedsignificantly changed 
between 2008 and 
2011 but daytime 
demand has.

• Weekend comparison 
(light load day): 
difference between 
daytime peak and 
evening peak has 
increased. 7

Source: HELCO 



Local Circuit Impact Local Circuit Impact –– light load light load 

Concerns:
1. The above graphs illustrate the need to assess the feeder loading not only at peak periods but also on the days where the 

loads are not as high (light load Sundays) – Rule 14H 
2. Circuit peaks often not coincident with System peaks 8



SENSE &SENSE & 
MEASURE

ASSESS, 
MODEL &MODEL &

INFORMED 
TO ACT
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Visualization & Data Supporting Portfolio of Visualization & Data Supporting Portfolio of 
Renewable Integration ActivitiesRenewable Integration ActivitiesRenewable Integration ActivitiesRenewable Integration Activities

Develop Integration Tools & Capabilities
◦ Resource characterization, sensor deployments & field monitoring
◦ Data management and analysis tools
◦ Model enhancements & field validation◦ Model enhancements & field validation
◦ New visualization & decision aids
◦ Operationalize “look-ahead” wind & solar forecasting with ramp 

event capabilityevent capability

Integrate  & Enhance Processes/Procedures
Workforce Development and Pipelinep p
Outreach & Collaborations 
Support Transformative Efforts
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Solar & Feeder Monitoring 
Instrumentation

Reference 
Met station 
at Kaneolani
Elementary

Feeder 
Monitoring 

LM 2 ithLM-1 at 
substationReference Solar Irradiance 

at Waipio Substation

LM-2 with 
temperature 
sensor 11



New Data Requirements for Solar 
Facilities (included in PPA language)Facilities (included in PPA language)

Ex. Collecting PV facility data at site to better track, 
tili d l f l l “ il bl ”utilize and plan for large-scale “as-available” 

renewable generation facilities  (Oahu).
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GISGIS--based Tools based Tools –– Track Monitoring & Emerging Track Monitoring & Emerging 
TechnologiesTechnologiesgg
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Using LVM to Track Growth in Using LVM to Track Growth in 
Distributed PVDistributed PVDistributed PVDistributed PV

Red areas indicate circuits with > 15% PV penetration
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Instituted LVM to Help Everyone See Areas 
of High Circuit Penetration

LVM links  
circuit 

penetration 
information 
to Street to Street 
names

Recent article in Hawaii local news 
on Sun Screening by Alan Yonanon Sun Screening by Alan Yonan
of Star Advertiser 7/24/2011 
captured current levels of 
penetration and ongoing needs to 
manage increasing penetrationmanage increasing penetration 
levels.

15Enhancements: address search & nightly updates



Field Validation DataField Validation Data

Cloud variability 

Ramp

during day peak

Ramp 
tracking 
through 
afternoon 

Morning 
load rise
tracked

Source:  HELCO
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Visibility to DG Visibility to DG 
(Data to Output Probability)(Data to Output Probability)(Data to Output Probability)(Data to Output Probability)

Capturing statistical variation of PV with respect to time 
and by geographic locationand by geographic location.
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Piloting Control Room Situational Piloting Control Room Situational 
Awareness Tools to "See" Variability Awareness Tools to "See" Variability Awareness Tools to See  Variability Awareness Tools to See  Variability 

LM-1 solar 
availability sensors

Monitoring solar 
availability and 
variability at 2

Hawaii

variability at 2 
sec SCADA rate.  
Potential to 
improve UFLSp
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Visualizing Solar Variability Across SMUDVisualizing Solar Variability Across SMUD

Cloudy DayCloudy Day

Clear Day
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Nodal Estimation Approach to Nodal Estimation Approach to 
Expedite PV Integration StudiesExpedite PV Integration StudiesExpedite PV Integration StudiesExpedite PV Integration Studies

• Characterize discrete and 
t d i it l d fil  t aggregated circuit load profiles at 

12 kV substation (residential, 
industrial, commercial)

• Expedite circuit evaluations and 
aggregate DG impacts for planning

• Use reference LM-1 sensors to 
estimate solar resource output at 
location

• Extend solar forecasting to • Extend solar forecasting to 
account for aggregated impact of 
behind-the-meter generation
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Coupling DG Modeling & Real-time Data to 
Inform Variability Management for System

Color-coded Simulated results at Color coded 
impacts at 
distribution 
substations

30% PV penetration 
across the islands 
and impacted areas 21



Jump Starting Solar Forecasting – Priorities 
Based on Lessons Learned from Wind

Strategically sited 
remote sensors 

Industry Partners:  US DOE ARRA funding; 
AWS TruePower, Atmospheric Research 
Technologies 22

Using state-of-the-art tools (SODAR, LIDAR)
Provide operators a 30 min to 1 hr “look-ahead” 
forecasts and ramp alerts. NWP forecast for 
next 6 hours, 24 and 48 hours



Situational Awareness & Decision 
Support for Operations

S����SENSE

• Improve operational awareness 
of ramp (0-2hr) conditions and 
iimpacts

• Animated images of global 
horizontal irradiance
• Visual to measured data
• NWP forecast for next 6 

hours

A i d i ibl  lli  i• Animated visible satellite image
• Actual satellite image for last 

6 hours
Si l t d f t f i ibl  • Simulated forecast of visible 
image for next 6 hours
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Forecasting Industry Partners: EPRI, AWS 
TruePower, US DOE WFIP, SCE, SMUD, CaISO, 
UH Manoa, UCSD



Next Steps Next Steps -- Integration of Data & Integration of Data & 
Visuals into Operational ToolsVisuals into Operational Tools

Meetings with T&D Planners & Operators Meetings with T&D Planners & Operators 
to define new process and procedures to 
account for new dataaccount for new data
Alstom and Siemens developing new 
DMAS bili    f  DG l  DMAS capability to account for DG solar 
& information into EMS-based tools

24



Benefits:  Multi-use of Visuals & 
Resource Dataesou ce ata

Steady state Long-term planning

an
si

en
ts

/
na

m
ic

s

Planning

Short 
term

Near term Long term OPS

Tr
a

D
yn

Ramp event 
20-30 min U it 

Unit 
maintenance; 

Fuel purchase 
planning20 30 min 

“look-ahead”
Unit 
commitment 

maintenance; 
overhauls

Annual Load 
planning

planning

Long term 
resource 
planning

O&M crew schedulingReal-time grid 
mgt

Other 
Utility 
Functions

planning planning

Rate case cost 
recovery planning

mgt
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Benefits:  Enable Ability to Evaluate Impacts from Benefits:  Enable Ability to Evaluate Impacts from 
DG to System back to DG LevelDG to System back to DG Level

5MW

100 
MW

Feeder level DG details

10‐50MW
Central PV

Distributed PV

10‐20MW
C t l PV

Integrated model of 
distribution system Central PV

Identify DG and Central PV 
Scenarios for HSIS Study

Aggregate individual DG 
generators for 
transmission modeling 

distribution system

Develop complete 
distribution model 

transmission modeling 

System-level 
DG impact 
model view

Circuit 
level DG 
impact 
model 
view with   
monitoring 
locations

with DG generation

I f  & di  f d  

26Model & field verification

Inform & expedite feeder 
level studies (nodal & 
clusters)
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Q&AQ&A

For more information please contact:

Elaine Sison-Lebrilla

Thank YouThank You
Elaine Sison Lebrilla
esison@smud.org
Renewable Energy Program Manager
Energy Research & Development Dept.
S t  M i i l Utilit  Di t i t 

Dora Nakafuji
dora.nakafuji@heco.com

Sacramento Municipal Utility District 

MahaloMahalo
dora.nakafuji@heco.com
Director of Renewable Energy Planning
Operation Support Department
Hawaiian Electric Company 
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