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Photo by Bill Roth, Anchorage Daily News.  “Nine of the eleven wind turbines are visible as they generate power from the Fire Island Wind Farm on Monday, Nov. 4, 2013”



Energy Transitions Initiative Partnership
Project

The U.S. Department of Energy (DOE)
Energy Transitions Initiative Partnership Project (ETIPP)
helps remote and island U.S. communities

increase their energy resilience.
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Presentation Notes
ETIPP is a collaborative effort undertaken by the U.S. Department of Energy (DOE), four national laboratories, and six regional partner organizations. The ETIPP team provides direct technical assistance to remote and island communities to increase their energy resilience. We define “energy resilience”: the ability to anticipate, prepare for, and adapt to changing conditions and withstand, respond to, and recover rapidly from energy disruptions. Though many communities want to improve their energy resilience, they are challenged by their limited resources and capacity. 


Energy Transitions Initiative Partnership
Project Communities and Partners
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ETIPP connects remote and island communities with regional and national energy experts who can provide
strategic energy analysis and planning for local energy resilience projects.
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Presentation Notes
ETIPP connects communities with energy experts who can provide the missing resources and insights needed for local energy resilience projects. These energy experts provide strategic energy analysis and planning to help communities move their projects forward.

Remote and island communities: Propose projects that focus on their unique energy resilience goals
Regional and national partners: Support community projects through strategic analysis and planning
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ETIPP Community: Sitka, Alaska

Project goals: Support a growing community with changing needs by providing:
* Long-term planning to address anticipated energy needs
« Astrategy to minimize rate impacts on customers

» Solutions to bolster energy resilience and minimize climate impacts (e.g., avoid future reliance on
diesel)

« Data to secure financing for energy investments

Scope: Assess available renewable resources in and
around the community while planning for a more
modern grid control system

1. Generation planning: Renewable energy
assessment

2. Microgrid planning: Grid model development and
training

3. Optimization of resources for economic benefit.
Evaluation of green energy export options

Photo by Grant Turner, City and Borough of Sitka
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2021 - Sitka, Alaska – To build up their renewable energy generation to support a growing community with changing needs, Sitka would like to assess the available renewable resources in and around their community while planning for a more modern grid control system.



Daily Generation vs. Load
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« Clean renewable energy provides nearly

100% of Sitka’s electricity .
« Electric Department operates interruptible
boilers and diesel generators to optimize .

hydropower generation
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Sitka Electricity Generation vs. Current
and Future Loads

Annual Hydro Generation vs. Load Scenarios

Hydro Generation:
]

High Water Year

Avg Water Year
Low Water Year

Current (2021) electric Anticipated load in 5-10  Estimated load with
load years electrification of heating
and vehicles

Future load growth requires more reliance
on diesel and interruptible generation

This results in inefficient system operations
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Sitka can meet current loads with existing hydro+diesel generation
Expected load growth in next 5-10 years will require more diesel use at certain times of the year and in low-water years
Electrification of heating and vehicles will further increase loads beyond hydro generation capacity



Renewable Energy Resource Comparison

Hydropower Long transmission line required

(Takatz)

Wind Vista alterations, access roads,
wildlife impacts

Solar Low, Intermittent Structural integrity of roofs

Geothermal $$ $$ ~2 + initial Unknown, Baseload | Permeability of rocks and flow rate

exploration need investigation

Tidal $$% $3 ~10 Low, Baseload More likely to have federal funding,
requires underwater transmission

Wave $$5% TBD ~10 Low, Intermittent More likely to have federal funding,
potentially riskier technology
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Near-term Renewable Energy Options

1. Wind resource is strong in the region

o Several locations are promising for
development — up to 24 MW

o Approximately 4 years to implement project
2. Solar PV could be installed on

rooftops for targeted generation

o Primarily summer output; approx. 130 kW

o Approx. 1 year to implement project

System Capacity: 106.0 RWdc (707 m2)

Beaver Lake

© Google Earth 2022

Estimated Net Wind Energy Generation: Beaver Lake
Siemens Gamesa SWT-6.0-154 6 MW Turbine

Low Wind Resource Year l
Average Wind Resource Year l

Map Satellite

I —————m, 0 5,000,000 10,000,000 15,000,000 20,000,000

© Google Earth 2022 via PVWatts® Net Generation (kWh)
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Electricity to fill these
gaps is available from
diesel, interruptible
boilers, and hydro
resource management

- Potential Future Generation vs. Load
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 Wind generation could support hydro in supplying potential future load

« Additional (non-diesel) generation options are also needed for surety of
power supply
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Long-term Renewable Energy Options
(5+ years)

 Geothermal at Goddard Hot Springs

o Resource appears to have good potential but has not been investigated since the 1980s

o Need more detailed assessment to characterize the potential capacity and feasibility
— Ensure industry interest

— Determine whether investment in drilling test well is worthwhile 1
Flash and Dry Steam
x Geothermal Power Plant 400°F, 204°C
‘ 350°F, 177°C

Binary Geothermal B LR C

Power Plant
250°F, 121°C

200°F, 95°C

Legend Direct Use 150°F, 66°C
@ Cities

B USGS Identified Hydrothermal Sites % 100°F, 38°C

0 40 80 160 Miles GHP
| -1 - I T T T |

Data from Williams et al 2008
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Long-term Renewable Energy Options
(5+ years)

« Wave Resource (approx. 100 - Tidal Resource (approx. 500 kW, 5+
kW/unit, 10+ years) years)
o Wave resource is highest in winter, so may be o Tidal velocities in No Thorofare Bay are
a good match for lower hydropower in winter appropriate and near existing transmission,
o Next steps: |dentify type of wave energy but may not be wide or deep enough for >500
converter to use and most promising site; take kW jewce
measurements | By T

2.C

Average Monthly Wave Power at
6 Sites Near Sitka
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Steady-State Grid Model

- Circuit Summary -

| lak Year =0
. Blue lake Hour =0
Marine-Street our

Substation Max pu. voltage = 1.0494

Min pu. voltage = 0.90387
Total Active Power: 10,9258 MW
Total Reactive Power: 10,6411 Mvar

- Steady-state model of electric grid

o Leveraged existing data from City and Borough s
of Sitka (CBS)

o Built model in an open-source tool for planning
and designing distribution systems

Total Active Losses: 104146 MW, (9,532 %)
Total Reactive Losses: 7.87681 Mvar
Frequency = 60 Hz

Mode = Snap

Control Mode = STATIC

Load Model = PowerFlow

Green lake
Substation

= GridAPPS-D remote:develop Demand, Line flow and bus

* Planning tool for CBS
o Simulate distribution system power flows

o Test various scenarios (operational, added
generation resources, changing loads)

o Evaluate value of new controls before
investment l

o Sync with other commercial tools
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- Dynamic Grid Model

* Built dynamic grid model based on steady-state model

o Evaluates grid stability and control impacts with addition of renewable energy
generation

« Existing hydro and load control can support up to 9 MW of intermittent
renewable energy (i.e., wind) integration

* For higher levels of wind/solar integration, microgrid controls,
upgrades to existing hydro/load control, and/or battery storage is

n e e d e d / Load Variations ; "N
achi \
f sitkaModel RO SRR R Lt : \ .
\ achine Interactions L | ._ Wind Turbine-1

)
M '_.
—\\J) Wind Turbine-2
Vousld | EMT-Domain | <] 0

Utility 738-Bus 243

Model : . Simulink Model .
Multi-Domain : :
> Pload|t Pgenlt) —> -@ Wind Turbine-3
»| Interface | B
linj(t) linift) - | Synchronous Machine-1
Network Data [ . Machines
—

Utility 738-Bus \ Ephasorsim  Ypigmub i e Dowain |
Model “'-.\ Sitka urrent Injections y
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- Electric Grid Infrastructure Assessment

+ Assessed existing infrastructure for ability to operate microgrid

- Advanced sensors, measurement system, and microgrid controls are needed to support
integration of variable renewable energy output

- Existing infrastructure can be leveraged, with some adjustments, for
enhanced monitoring and control

« Opportunities for further improvements in the future (more data storage,
better visualization capabilities, etc.)

PM1
Power Manager

measuremen t)

- g P ‘,-‘f. Ww_? :“-"
e on o o N\ ‘ a ’\;' usE? -“+'-
xisting rela [ [ ' | e
asor [ N T . = et 4
d ‘ ._ I e
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- Green Fuels Production Potential

Dams currently have 25-50 GWh/year of
unutilized potential during periods of low
load

60-80 GWhl/year could be available in
future (with development of Lucky Chance
wind and assuming 5-10-year load growth) .. .. crcaive commons

If used to produce green _

fuel (hydrogen or Diesel generators 100%+ 100%+

ammonia), could replace | Fishing fleets 50% 73%
diesel used by All diesel use (incl. fishing vessels, 21% 31%
cars, heavy machinery, etc.)

Note: Production would likely start out as less and ramp up to these numbers over time
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| nvest (0 Avoid sudden

rate increases

® Prepare to meet
expected growth

Photo by Kord Christianson, e Plan for future ° Diversify with e Provide

City and Borough of Sitka scenarios with clean energy resilience in a
reduced sources changing climate
precipitation e Leverage excess

clean power for

economic Beneﬁt

\ benefit Y

Photo by Scott Elder, City and Borough of Sitka
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This work was authored by the Pacific Northwest National Laboratory and National Renewable Energy Laboratory for the U.S. Department of Energy
(DOE) under Contract No. DE-AC36-08G028308. Funding provided by the U.S. Department of Energy Office of Energy Efficiency and Renewable Energy
Energy Transitions Initiative, Geothermal Technologies Office, Solar Energy Technologies Office, Water Power Technologies Office, and Wind Energy
Technologies Office. The views expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S.
Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-
up, irrevocable, worldwide license to publish or reproduce the published form of this work, or allow others to do so, for U.S. Government purposes.
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