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Energy in Alaska



Yukon River in Eagle, Alaska, Source: Alaska Center for Energy and Power (ACEP) 

Riverine Hydrokinetic (HK) Energy



Pontoon structure (front view) Source: EPRICompletely submersible pontoon structure Source: EPRI

Riverine Hydrokinetic (HK) Device

Ar = frontal or swept area

of the device (12.5 m2)

ÅDesigned by both Verdant 

Power and Electric Power 

Research Institute (EPRI)

ÅCost and performance 

data available
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ɟ= water density (1000 kg/m3) 

PD = Power Density

(Watts/m2)

‐= device efficiency, 30%

V = velocity (m/s) 



HK demonstration projects in Alaska

Kvichak River, Alaska, Source: 

ORPC

2016 

First successfully 

installed HK device

in Iguigig, Alaska. 

Displaced the diesel 

fuel use by one-third.  

Eagle, Alaska, Source: ACEP

2010

Successful 

deployment 

of 25kW 

Encurrent

turbine in Eagle
Ruby, Alaska, Source: ACEP

2008 

First demonstration 

project in United States

5 kW Encurrent turbine 

designed by New Energy



Why riverine HK energy in Alaska?

Á Rural Alaska communities have highest energy costs in the 

nation

Á Abundant renewable energy source

Á Offset carbon footprint from diesel

Á Energy independence 
Electricity Cost Comparison 

(kWh):

U.S. Average:  $ 0.09

Alaska Average: $ 0.17

Alaska Railbelt: $ 0.15

Nikolai, Kuskokwim $ 0.90

Source: Alaska Energy Authority, 2011



Kuskokwim River, Alaska

Lower Kalskag

Aniak Chuathbaluk

Crooked

Creek

Red Devil

Sleetmute

Stony River

Kuskokwim River, Alaska



Current terminology:

ÅTHEORETICAL:

ÅTotal energy available

ÅTECHNICALLY RECOVERABLE:

ÅEnergy extracted by existing technology

ÅPRACTICAL:

ÅActual energy available after overcoming 

logistical barriers:

Åeconomic constraints

Åaccess to load or transmission lines 

Åenvironmental sensitive areas

Åexisting uses

Åpermitting



Theoretical Resource 

Technically 

Recoverable 

Resource  

Site 

Suitability

Economic Analysis Environmental 

Considerations 

Levelized Cost

of Electricity 

Multidisciplinary Analysis



ü Calculate Theoretical Resource

Calculate Technically Recoverable Resource

Economic Analysis 

Site Suitability Analysis

Resource Analysis



Theoretical Resource 

Pth =   Theoretical Power (Watts)

Q =    Discharge (during open water season)

ɔ =     Specific weight of water (9800 N/m3) 

ȹH =  Change in hydraulic head between     

the beginning and end of the river 

segment  (1000 meters)

Pth= Q ɔ ȹH



Kuskokwim River discharge 

(open water period)



Theoretical Resource 

River segment

Discharge Change in hydraulic head (ȹH)

Lower Kalskag

Aniak
Chuathbaluk

Crooked 

Creek

Red Devil

Sleetmute

Stony River

USGS Reference Stream Gauge 

at Crooked Creek

Transect 2

Transect 4

(ȹH)

Crooked Creek

T4

T2

Source: Digital Globe



Theoretical Resource

Power to energy conversion

Å24 hours x 160 days = 3840  

ÅAccounts for open water season (160 days)

ÅRiver runs constantly (24 hours)

1000 Watts = 1 kW

1000 kW = 1 MW

1000 Wh = 1 kWh

1000 kWh = 1 MWh 

Community Theoretical Power (kW)
Theoretical Resource 

(MWh)

Stony River 1431 5495

Power (Watts) Energy (MWh)
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Theoretical Resource

Results

Community

Average Flow 

Rate

(m3/s)

Longitudinal 

Slope 

Specific Weight 

of Water 

(9800 N/m3)

Theoretical 

Power 

(kW)

Theoretical 

Resource 

(MWh)

Stony River 1460 0.0001 9800 1431 5495

Sleetmute 1600 0.00008 9800 1254 4815

Red Devil 1590 0.00012 9800 1870 7181

Crooked Creek 1625 0.00023 9800 3663 14066

Chuathbaluk 2700 0.00042 9800 11113 42674

Aniak 2000 0.00028 9800 5488 21074

Lower Kalskag 1560 0.00027 9800 4128 15852



Theoretical Resource

Results



Calculate Theoretical Resource

ü Calculate Technically Recoverable Resource

Economic Analysis 

Site Suitability Analysis

Resource Analysis



Technically Recoverable Resource

Input: 

Geometric 

and Flow 

Data

Output: 

Technically 

Recoverable 

Power

Hydrologic Engineer 

Center River Analysis 

System (HEC-RAS) 

Flow Model



Technically Recoverable Resource

Ptech= ɝ 
ɟ/2 V

3 (NAr)

Ptech Technically Recoverable Power (W)

ɝ device efficiency 

ɟ fluid density (kg/m3) 

V cross-sectional averaged velocity (m/s) 

N number of devices 

Ar swept area of an individual HK device (m2) 



Technically Recoverable Resource

Manning Equation:  V = (1/ n) Rh
2/3 S1/2 

V cross-section averaged velocity 

n Manning roughness coefficient  

R hydraulic radius

(cross-sectional area/wetted perimeter)

(approximated by water depth: Rh ~ h)

S bottom slope 

Manningôs equation is the most commonly used flow 

resistance equation, linking mean velocity (V) and flow 

resistance (n) in open channel S

1000 m



Technically Recoverable Resource

Accounting for 

presence of HK devices:

nt = enhanced manning 

roughness coefficient

Represents ñback effectsò or 

turbulence from devices

1. Decreased velocity

2. Increased water 

surface elevation

Left bank

Right bank
Upstream

Downstream


