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Energy consumption for domestic water
treatment and distribution in remote Alaskan
communities

Ensrngy consumiptian fo st water (e =t 2 - s lenn comimanibes

-IH R '|'.I-I-|I

Iitroach it Eruagy Wty Mt i Ressiilts: Resghonial and Monthily Rzl 1 okl By’ COmeaamipition Ressuis: Tital Evsrgy' Coresinmiti o by
Avral Akeka et oo okl By’ COmeaLamipition Bl o Py ol o ansd Wil Wity Tt Plant i &
Ciat Bt Shsbam

nhewar fmcikian ||:.ul:u| | -
U T ooy Wi e rin
[Figare 1)

'l

_— - o e e
Figare T: Manihly vensiion of aer capts Ll L
ot gy CormEn ol i m:

koo oo, recowey ey, sole] a2
i e CATLERN D AW '-m.l'm-lfl Faane 51 Axssl pev capia ol eTREY
s comamadon dmed on pracoleian
s o eckon & Achoruoeel et
Dbjectives: L
Lindaryand the snsgy uss for - — Conchzsions:
B TRARTHHE MEl I - :
e rbardzn Ermuphau e H 14 e #n "lﬂll"li'll‘l — ‘!1 Lol )
dhtfwrari ragicns The [ — s
Alankm t br
; valurs the spaiiorsTzom 1" o v Flicon. e e highai
varistion of 8 reTgy uee n = el 1= - = ::.:Ir-.-nl-!::In-iﬂlnzj.tz}:-?lww
e ek el Ll - :
vy il of aor capst
dirbrizn :}Lw“ 5 parn o ity fwasng i “_"::::I':"I”‘: N—
2k *

- = LN Emi
Compara tha srangy uange of ¥ dimirbuiion in the mesi snegy

Muradur Rashedint'2, Subhabrata Dev?, Erin W Whitney?, Dustin Madden3, Srijan
Aggarwall'2

1nstitute of Northern Engineering, University of Alaska Fairbanks, Fairbanks, AK 99775, United States
2Department of Civil, Geological and Environmental Engineering, AK 99775, United States
3Alaska Native Tribal Health Consortium, Anchorage, AK 99508, United States

PRESENTED AT:

A #~1 | FALL

MM\IND MEETING

Online Everywhere | 1-17 December 2020

https://agu2020fallmeeting-agu.ipostersessions.com/Default.aspx ?s=F4-2B-E6-DC-94-EA-48-CC-98-4B-64-EA-36-9D-08-A8 & pdfprint=true&guestview=true 1/13



23/01/2021 AGU - iPosterSessions.com

INTRODUCTION: ENERGY-WATER NEXUS IN RURAL
ALASKA

. Most of the houses in rural Alaskan communities do not have in-
house laundry and shower facilities, instead, they use "community
washeteria"(Figure 1).
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Figure 1: Water treatment scenario in rural Alaskan communities.

. The main energy source in rural Alaska is oil. A significant amount of it is used to operate the
water treatment plant units (ventilation, pipe heating, light, and pump) as well as in heating to
prevent water freezing and hauling water (Figure 2).
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Figure 2: Energy usage for the water treatment plant and distribution system.

. The water distribution system is categorized into three types (Figure 3).
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Figure 3: Water distribution system in rural Alaska.

. The present study focuses on understanding the water-energy nexus
in rural Alaska using the water and energy data from Alaska Native
Tribal Health Consortium (ANTHC).
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OBJECTIVES AND METHODOLOGY

Objectives:

. Understand the energy use for water treatment and distribution throughout
the different regions in rural Alaska.

. Evaluate the spatiotemporal variation of energy use in water treatment and

distribution.

. Compare the energy usage of the different water distribution systems.
. Evaluate energy utilization by different components of water treatment

plants.

Study Area:

. A total of 78 communities distributed in 5 regions have been

considered in this study (Figure 4).
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Figure 4: Arc-GIS map showing the distribution of 78 communities in the five different

regions of rural Alaska.

. Distribution of water utilization based on the drinking water source (Figure

5).
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Source : Water source classified from Alaska Department of Environmental Conservation (ADEC)

Figure 5: Drinking water source in rural Alaskan communities.

Methodology:

Figure 6: Flow-chart showing the methodology of this study.
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RESULTS: REGIONAL AND MONTHLY VARIATION OF
TOTAL ENERGY CONSUMPTION
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Figure 7: Monthly variation of per capita total energy consumption (oil, electric, wood, heat
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Source : Data from Alaska Native Tribal Health Consortium (ANTHC) annual energy audit portal
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Figure 8: Monthly variation of per capita oil used in 78 communities for heating & hauling.
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n indicates number of communities
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Figure 9: Regional variation of per capita total energy consumption for water treatment and
distribution for 78 communities represented as (4) box-plot, (B) Arc-GIS map.
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POPULATION AND WATER DISTRIBUTION SYSTEM
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Figure 10: Annual per capita total energy consumption based on population variation.
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Figure 11: Annual per capita total energy consumption based on water distribution systems.
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RESULTS: TOTAL ENERGY CONSUMPTION BY WATER
TREATMENT PLANT UNITS
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Figure 12: Variation of annual per capita total energy consumption by different units of water
treatment plants based on the water distribution system type.
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CONCLUSION & ACKNOWLEDGEMENT
Conclusions:

- Annual per capita total energy consumption is lower in summer
months than in winter.

. Interior Alaska has the highest annual per capita total energy
consumption than other regions.

. The piped circulating water distribution is the most energy-intensive
system.

. Space heating, lighting, and other electricals like pumps and plug
loads consume most of the energy in a water treatment plant.
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ABSTRACT

Rural Alaska, home to 229 Alaska Native tribes, is one of the coldest and most isolated regions in the U.S. As a result, it uses
more energy than any other state and residents pay some of the highest energy costs per kWh. Water utilities rely heavily on
electricity and heating oil to provide reliable service through the cold winter months. Stored water must also be continually
heated and circulated with electric pumps to prevent system freeze-up. Individual homeowners with water and sewer services
must shoulder costs for heat tracing lines, pump operation, and in-home water heaters to receive the crucial health benefits of
water systems. The treated water is available at centralized community washeterias or distributed for in-home use through
pipes, closed-haul, or self-haul. Using data from energy audits conducted by Alaska Native Tribal Health Consortium
(ANTHC), we investigate the patterns of annual electrical energy consumption in 78 rural Alaska villages (average
population <500 people) along with seasonal and regional variability, impacts of population, and water treatment/distribution
system types. Preliminary analyses indicate that high energy costs and economic conditions in rural communities challenge
the sustainability of water systems. A considerable percentage of a community’s household income often pays for water and
sewer and the largest portion of these costs usually goes to energy. Energy needs vary notably between communities and
systems. Not unexpectedly, the per capita electrical energy consumption is highest during winter and lowest during summer
months. Regional trends of per capita electrical energy consumption for water systems in the rural villages are as follows:
interior>northern>southwest>gulfcoast>southeast. Generally, the per capita energy consumption decreased with an increasing
population. The variation of per capita energy consumption based on water distribution shows that piped circulating systems
consume the highest amount of energy, followed by washeteria, piped pressure, and closed haul. At the water treatment plant,
the space heating and electricals consisting of pumps and plug loads show the highest per capita electrical energy use,
followed by lighting, water circulation heat, domestic hot water, ventilation fans, raw water heating, and tank heat.

https://agu2020fallmeeting-agu.ipostersessions.com/Default.aspx ?s=F4-2B-E6-DC-94-EA-48-CC-98-4B-64-EA-36-9D-08-A8 & pdfprint=true&guestview=true 13/13



