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Introduction
Over the past decade, the City of Ruby has been proactive in working to reduce cost and energy use in 
the community. Ruby (Tl’aa’ologhe) is a remote city in Alaska located on the south bank of the Yukon 
River near the Kilbuck-Kuskokwim Mountains, about 50 air miles east of Galena and 230 air miles 
west of Fairbanks. As of 2019, the community has a population of over 150 people and most of Ruby’s 
residents are Koyukon Athabascan. Ruby has a long history of promoting local efficiency and clean 
energy in an effort to become more sustainable. Between 2007-2010, the community hosted Alaska’s 
first demonstration of an in-river hydrokinetic test project, sponsored by the Yukon River Inter-Tribal 
Watershed Council. In 2011, a 5kW solar PV array was installed by the Interior Regional Housing 
Authority (IRHA). In 2012, the community had a new power plant constructed by the Alaska Energy 
Authority (AEA) that supplies waste heat to the washeteria, clinic and public safety garage, saving the 
community more than 4,000 gallons of heating fuel per year. The clinic, constructed by the Tanana 
Chiefs Conference (TCC), is one of the most energy efficient buildings in the interior and utilizes new 
building efficiency standards that were passed by the tribes. It has a 5kW solar PV array that provides 
energy into the local electric grid and offsets approximately 20% of the annual energy use. 

Building on this legacy, the City of Ruby entered into the Remote Alaska Communities Energy Efficiency 
Competition (RACEE) in 2016, pledging to reduce per-capita energy use 15% by 2020. During the 
second phase of the competition, 13 communities including Ruby were provided funding for tailored 
technical assistance to measure energy use and create energy efficiency plans.

Objectives
After considering the various opportunities for energy efficiency in the community during phase 2 of the 
RACEE project, the technical assistance providers and contractors identified several ways that Ruby 
could achieve the 15% per capita energy use reduction and formulated specific objectives: 

(1) reduce energy use in the community by 15% per capita by the year 2020 from 2010 baseline levels;

(2) showcase energy efficient technologies in a manner that can be effectively monitored and
shared with other communities; 

(3) reduce the cost of electricity for residents of Ruby Alaska; and 

(4) improve the balance of the distribution system. 

Phase 3 of the competition provided the funding to achieve these goals. The TCC Rural Energy Program 
has been working with the City of Ruby for the several years on energy efficiency reduction strategies, 
and offered in-kind project management services to help the city navigate the RACEE phase 3 work.

https://www.tananachiefs.org/
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Description of Activities Performed
Through the RACEE project, and using complementary funding, the City of Ruby pursued the following 
activities. The first four were part of the original scope; the fifth was approved by DOE after it was 
determined that the originally planned solar array was too large for the electric grid.

	 a. Reduced the line loss of their system (summer 2017);
	 b. Exchanged high-pressure sodium streetlights for LED streetlights (fall 2017);
	 c. Completed a community-wide LED lighting retrofit and fridge/freezer swap (summer 2018);
	 d. Installed a solar PV array on the Tribal Office building (summer 2019); and
	 e. Installed a ground source heat pump (GSHP) at the Tribal Office building (summer 2020).

Line loss reduction
Line loss is a challenge that plagues many rural Alaska utilities that are not part of a larger electrical 
cooperative. It is wasted energy, generally from a combination of inaccurately metered loads, 
inaccurately sized or outdated transformers and poor connections. In Ruby, a line-loss assessment 
during phase 2 of the RACEE project led to a line loss mitigation report completed by Attention To Detail 
(ATD) Power Solutions. ATD, TCC and Ruby Electric staff tested all of the meters in the community 
and used an infrared camera to photograph the entire distribution system to identify areas of line loss. 
In addition, they completed a review of phase imbalances. The Ruby Line Loss Mitigation Report, 
produced in phase 2 of the RACEE competition, details a strategy to reduce line loss from these areas. 
The mitigation report predicted measures that would reduce the line loss in Ruby from its current high 
of 23% to a normal rate for a rural electric utility of 5%. Consequently, reducing line loss also reduces 
electric rates the utility must charge to stay in business. 

The environmental reduction represented by this mitigation measure could total more than 6,000 gal of 
diesel fuel that does not have to be burned for energy production (using a rate of 13 kwh/gal for the fuel 
efficiency of the diesel generators). This helps complete the City of Ruby’s goal of reducing reliance on 
imported diesel fuel. 

Streetlight conversion from high-pressure sodium lamps to LED lamps
The streetlights in Ruby are not metered except for two by the school. LED replacements for the 
high-pressure sodium streetlights were ordered in summer 2017. The LED lamps were Cree brand, 
5700K spectrum, 42 Watt bulbs. An Intermatic LC4536c photosensor was installed on each one to 
automatically turn the streetlights on when conditions warranted. The city’s lineman installed the LED 
lamps once they arrived in Ruby in the fall of 2017. 

https://www.tananachiefs.org/
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Community-wide LED lighting and appliance retrofit
Throughout the country, LED lighting has been taking hold due to improved light output and reduced 
energy costs. Nowhere is this more true than rural Alaska where energy costs are the highest in the 
nation and lighting is extremely important during the long dark winters. Across Alaska, community-wide 
LED lighting retrofits are regarded as a quick and cost-effective method of reducing electric bills and 
reducing diesel use. Ruby opted for a community-wide LED lighting retrofit because it could reduce the 
energy consumption in a community by an estimated 5%. To accomplish this, the City solicited bids 
from qualified contractors for the conversion of homes and buildings in Ruby from existing fluorescent 
and incandescent lighting to LED, as well as the replacement of refrigerators and freezers. Alaska 
Native Renewables LLC was appointed as the contractor for the work and they completed the initial 
assessment in the community to get a count of bulbs, freezers, and refrigerators. They were also 
responsible for the purchase and installation of the appliances and LED lights.

The community-wide LED and appliance switch out required coordination with the community in order 
to first do an inventory of the types of lightbulbs installed for both residences and community buildings 
as well as an inventory of residential refrigerator and freezer makes and models. The compiled data 
allowed the contractor and project team to decide which appliances should be replaced. At most one 
appliance was exchanged per household. The final spreadsheets served as data for contractors to 
purchase the items, ship them to Ruby, and exchange them in all appropriate houses, a significant 
undertaking.

Figure 1: The streetlights in Ruby were converted from high-pressure sodium 
to LED lamps in Fall 2017.

https://www.tananachiefs.org/
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The inventory of LEDs in the community occurred in spring 2018. LEDs were subsequently ordered in 
early summer 2018, and a complete change out was finished by fall of the same year. Table 1 below 
shows the number of light fixtures and light bulbs exchanged. For bulk ordering, the number ordered 
was often rounded up so that there were spares in case some new bulbs didn’t work or were broken in 
transit or during installation. The ordered bulbs were simple replacement bulbs, and no fixture needed 
to be re-wired specifically for LEDs. This gave the option to the homeowner of reverting to the old style 
lightbulbs if any issues developed. Of 99 housing units in Ruby, 11 already had LED lighting installed, 3 
declined to participate, and 18 were not in Ruby (for example, an elder who moved to an elder home).

Description # of Light 
Fixtures

# of Light 
Bulbs

Order 
Amount

Standard 60W/75W Incandescent (or CFL equivalent) 
with E26 Medium (Standard) Base

269 593 650

T8 Flourescent - 32W - 48” (Med. Bi-Pin Twist & Lock 
base)

236 712 750

T12 Flourescent - 40W - 48” (Med. Bi-Pin Twist & Lock 
base)

25 54 60

13W CFL Spiral-Shaped (Sylvania CF13DS/827/ECO) 
- 2 Pin GX23 Base

13 47 60

Outdoor Halogen or Motion Lights (PAR or similar) 47 77 80

T8 or T12 - 30W - 24” (Med. Bi-Pin Twist & Lock base) 4 10 15

T12 - 8 Feet 16 32 32

Other - Special Orders 19 47 50

TOTALS 629 1,572 1,697

Table 1: An inventory of the lighting ordered for the community-wide lighting retrofit.

The changeouts of old refrigerators and freezers occurred on a similar timeline to that of lighting. 
An inventory of the makes, models, and approximate age of all refrigerators and freezers in the city, 
followed by identification of the oldest ones that were to be replaced, was completed by early 2018. 
After reviewing EnergyStar calculator data, the project team decided to include refrigerators and 
freezers manufactured through 2010 for replacement, since significant gains in efficiency occurred for 
the appliances since that year. 

https://www.tananachiefs.org/
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Thirty refrigerators and seventeen freezers were identified for replacement. Of the refrigerators that 
were being replaced, 6 were of unknown age, 1 was from 1980, 10 were manufactured in 1990’s, and 
13 were manufactured after 2000. For the freezers, 4 were of unknown age, 1 was from 1980, 3 were 
from 1990’s, and 9 were manufactured after the year 2000. The replacements were ordered, shipped, 
received in Ruby, and exchanged in late July 2018. Working eight houses per day, scheduled at one 
per hour, the changeout took six working days to complete. The old refrigerators and freezers had the 
refrigerant evacuated with the help of the Tanana Chiefs Conference Environmental Health Program 
and the Ruby Tribal Council. 

Tribal Office Solar PV 
The fourth component of the Ruby RACEE project was adding solar photovoltaic panels to the newly 
constructed Tribal building. This PV installation was the third on community buildings in Ruby. In 2011 
a 5kW solar PV was installed on the washeteria and in 2012 solar PV panels were also installed on 
the clinic. In 2019, after calculations and considerations of the capacity of the grid, it was determined 
that only a smaller photovoltaic project could be installed on the Tribal Office and that the grid could 
not deal with the larger one originally planned, due to the existence of the other two solar projects that 
were already in the community. 

Figure 2: New solar panels grace the top of the roof of the Ruby Tribal Office.

https://www.tananachiefs.org/
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The Ruby RACEE team requested a change of scope from DOE to install a smaller PV array together 
with a ground source heat pump to heat the tribal building.  This request was approved, and the RACEE 
project changed the scope from a 10 kW photovoltaic system to a 5 kW system. The system included 
a battery which stores unused energy during daytime for later use.  

The project was sent out for bid, and a bid was accepted in summer 2019.  The photovoltaic system 
installation was completed and commissioned by May 2020 by Renewable Energy Systems of 
Fairbanks. Later, an issue was identified with the online display for solar production. It is expected that 
solar production is not impacted, only the data for the online reporting. 

Figure 3: The inverter and two 
batteries for the Tribal Office solar 
PV system. The batteries store 
electricity produced during the day 
to be used at times when their is no 
sunshine, increasing the amount of 
solar electricity used by the building.

https://www.tananachiefs.org/
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Tribal Office Ground Source Heat Pump
As noted in the section above, it was determined that the Ruby grid could only accept a smaller 
photovoltaic array than originally planned, and the additional funds were instead used to install a ground 
source heat pump. A ground source heat pump uses a refrigeration cycle to move heat from the earth, 
step it up to a temperature useful for space heating, and distribute it to heat a building and/or domestic 
hot water. This is similar to a refrigerator, which takes heat from a cold place (the inside of a fridge), steps 
it to a higher temperature, and sends it as warm air into the kitchen where it is installed. Ground source 
heat pump systems are more efficient than electric heaters or combustion appliances because they 
are gathering a portion of their heat from the earth. Whereas burning diesel for heat only can produce 
as much energy as is inside that fuel (at most 100% efficient), heat pumps can have efficiencies in the 
300% range because they gather and move heat instead of creating it from combustion.

The ground source heat pump system in Ruby was designed to provide the Tribal Office with both heat 
and domestic hot water, with the existing combustion heating system acting as a backup for the coldest 
days in winter. By using the solar power produced by the photovoltaic system on the roof of the building 
to offset the electricity use of the heat pump, the building moves towards a net-zero use of electricity.

The bid for the geothermal system went out in late summer 2019, and was awarded to Alaska Geothermal 
LLC of Fairbanks. The contractor sent the drilling rig to Ruby on the last barge of the season, and 
completed the drilling in October 2019 as the first snow came. The drill rig went out in the spring on 
the first barge of the next season. The extensive mechanical work required for the project occurred in 
winter 2019-2020, though due to the COVID-19 pandemic, was not finalized until summer 2020.

Figure 4: The drill rig used to install 
the ground loop coils for the ground 
source heat pump for the Tribal 
Office in Ruby, Alaska.

https://www.tananachiefs.org/
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Figure 5, left: The header ditch for the ground 
source heat pump ground loop near the Tribal 
Office.

Figure 6, below: Contractors completing the 
dirt work for the installation of the ground loop 
for the new heating system for the Ruby Tribal 
Office.

https://www.tananachiefs.org/
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Figure 7, right: The zone valves directing the 
heat from the ground source heat pump are 
located in the mechancal room.

Figure 8, below: The ground source heat 
pump, grey box in the foreground, sits next 
to the now-back up combustion heating 
appliances in the mechanical room of the 
Tribal Office.

https://www.tananachiefs.org/
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Figure 9: The ground loop for the heat pump sits buried underground next to the Tribal Office after the installation is 
complete.

https://www.tananachiefs.org/
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Overview of Data
From 2010 to 2018 and 2019, the City of Ruby, encompassing residential, commercial, community 
facilities, as well as state facilities, decreased the energy usage from ~660,000 kWh to just over 600,000 
kWh for the latest data available.

By sector, this data is not as clear. First, no data is available by residential, commercial, or state sector 
for the base year 2010. Second, some buildings, including the Tribal Office building, were initially 
classified as one type - commercial (perhaps because it was under construction), then changed to a 
different type - community facilities. And specifically that building did not exist in 2010. It is not clear 
how many such changes there are in total. Another consideration is that the fuel use for these sectors 
is not shown. With the installation of the ground source heat pump, the Tribal Office will see increased 
electricity use which should more than offset the decrease in heating oil used for heating the building. 

Figure 10: The annual electrical consumption of buildings in Ruby decreased over the past decade, despite and increase in 
the number of buildings and the population. 

https://www.tananachiefs.org/
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Figure 11: The annual electrical consumption of buildings in Ruby decreased over the past decade, despite and increase in 
the number of buildings and the population. 

Conclusion
During the course of the RACEE project, the population of Ruby grew by 2%, and the overall electricity 
consumption during that same timeframe decreased by 4%. Fuel savings were not calculated because 
only incomplete data was available.This total is also not a complete representation of the energy savings 
due to the RACEE project tasks, because the electrical consumption decrease does not include the 
energy savings due to the line loss reduction activities.

Jennie Hopson, the City Administrator at Ruby said, “I could not believe how much our bill went down, 
more than $100/month, now it is less than $100. It has been a good learning experience for all of us 
here. We’re all saving quite a bit, I know I have seen it in my own home.”

The Tribal Office is also seeing an improvement in its heating costs. Ryan Madros, the technician for 
the building, said that when he dipped the fuel tank at the end of the 2020-2021 winter to check how 
much fuel was left, he was surprised to see that it was still half full, when in previous winter it would 
have been refilled during the winter.

https://www.tananachiefs.org/
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Lessons Learned
In Alaska, the construction season is short. Because it is impractical to carry on with construction 
projects during the winter months, projects require more time to complete. In rural Alaska, flexibility and 
patience are key when adapting plans to the weather, barge schedules, and flights that are more likely to 
be delayed. During this project, there were also obstacles imposed by the COVID-19 pandemic. David 
Pelunis-Messier, Rural Energy Coordinator at Tanana Chiefs Conference said, ”The biggest challenge 
was scheduling the drilling rig for the ground source heat pump. We had to time it right with the barge 
going downriver; dropping it off, completing the installment, then making sure the barge picked up the 
drill rig on the way upriver. The difficulties associated with travel during the pandemic made the entire 
process more challenging.” 

Accurate data is also important to ensure the success of energy projects. In this project, it was difficult 
to gather electrical data to verify the energy savings of the retrofits in some components of the project: 
the streetlights are not metered so exact savings from conversion to LED bulbs is unknown, and the 
solar PV web dashboard was not accurately recording how much energy the system produced. In future 
projects, it is beneficial to collect baseline data ahead of time, and put data collection mechanisms in 
place alongside the energy project.

The City of Ruby is also contracting with the Cold Climate Housing Research Center (CCHRC) to 
monitor the ground source heat pump for the course of one year, to get a more accurate picture of its 
performance. Additionally, CCHRC will check the connections on the solar system in order to correct 
the online display.

https://www.tananachiefs.org/
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Appendix: RACEE Energy and Cost Reducations

RACEE Energy and Cost Reductions Template
RACEE Grantee:

RACEE Award Number:
Period of Performance:

Post-RACEE Data Start/End:

Project Goal(s):

Total Energy Reduction, %:

Total Energy Cost Changes:
Total RACEE Budget:

Population Electricity (kWh) Heat (DGE) Total (MMBtu)
 Baseline 2010 166 663,226 2,263.0

Post-RACEE (for dates above) 170 601,747 2,053.2
Total Change 4 -61,479 -209.8

Percent Change 2% -9% -9%

Population Electricity (kWh) Heat (DGE) Total (MMBtu)
 Baseline 2010 166 3,995                        13.6 

Post-RACEE (for dates above) 170 3,540                        12.1 
Total Change 4 -456 -1.6

Percent Change 2% -11% -11%

Baseline 07/2017 - 06/2018
Activated 12/2018 Total Change Percent Change 1 Year After RACEE 1 Year Baseline

Annual Heating Fuel, gallons
Fuel Cost, per gallon

Annual Fuel Cost, $
Residential - Ann. Electr, kWh -21,320 -9% 225,469 246,789

Residential - ElectrCost, per kWh -$0.09 -11% $0.75 $0.84
Community - Ann. Electr, kWh -2,061 -2% 85,905 87,966

Community- ElectrCost, per kWh $0.19 54% $0.54 $0.35
Commercial - Annual Electr, kWh -18,448 -6% 269,736 288,184

Commercial - ElectrCost, per kWh -$0.09 -11% $0.75 $0.84
Annual Electricity Cost, $ -$62,373 -13% $417,792 $480,165

Annual Energy Used, MMBtu -142.7 -7% 1,982.8 2,125.6

Ruby
EE007855

3/1/2017 3/31/2021
7/1/2019 6/30/2020

1. Reduce energy use in the community by 15% per capita 
2. Showcase energy efficient technologies in a manner that can be effectively monitored 
and shared with other communities 
3. Reduce the cost of electricity for residents.

-9.3%

-$84,683.88
$438,048.00

Overall Energy Consumption
Overall Consumption

Per Capita Energy Consumption
Per Capita Consumption

Task 2.0: Community-wide LED lighting upgrades (residences, community, and commercial buildings)

Task 3.0: Streetlights conversion to LEDs								

https://www.tananachiefs.org/
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RACEE Energy and Cost Reductions Template
RACEE Grantee:

RACEE Award Number:
Period of Performance:

Post-RACEE Data Start/End:

Project Goal(s):

Total Energy Reduction, %:

Total Energy Cost Changes:
Total RACEE Budget:

Population Electricity (kWh) Heat (DGE) Total (MMBtu)
 Baseline 2010 166 663,226 2,263.0

Post-RACEE (for dates above) 170 601,747 2,053.2
Total Change 4 -61,479 -209.8

Percent Change 2% -9% -9%

Population Electricity (kWh) Heat (DGE) Total (MMBtu)
 Baseline 2010 166 3,995                        13.6 

Post-RACEE (for dates above) 170 3,540                        12.1 
Total Change 4 -456 -1.6

Percent Change 2% -11% -11%

Baseline 07/2017 - 06/2018
Activated 12/2018 Total Change Percent Change 1 Year After RACEE 1 Year Baseline

Annual Heating Fuel, gallons
Fuel Cost, per gallon

Annual Fuel Cost, $
Residential - Ann. Electr, kWh -21,320 -9% 225,469 246,789

Residential - ElectrCost, per kWh -$0.09 -11% $0.75 $0.84
Community - Ann. Electr, kWh -2,061 -2% 85,905 87,966

Community- ElectrCost, per kWh $0.19 54% $0.54 $0.35
Commercial - Annual Electr, kWh -18,448 -6% 269,736 288,184

Commercial - ElectrCost, per kWh -$0.09 -11% $0.75 $0.84
Annual Electricity Cost, $ -$62,373 -13% $417,792 $480,165

Annual Energy Used, MMBtu -142.7 -7% 1,982.8 2,125.6

Ruby
EE007855

3/1/2017 3/31/2021
7/1/2019 6/30/2020

1. Reduce energy use in the community by 15% per capita 
2. Showcase energy efficient technologies in a manner that can be effectively monitored 
and shared with other communities 
3. Reduce the cost of electricity for residents.

-9.3%

-$84,683.88
$438,048.00

Overall Energy Consumption
Overall Consumption

Per Capita Energy Consumption
Per Capita Consumption

Task 2.0: Community-wide LED lighting upgrades (residences, community, and commercial buildings)

Task 3.0: Streetlights conversion to LEDs								
Baseline: none-- streetlights are not metered. Estimate in table is based on high pressure sodium and LEDs.
Activated 4/2018 Total Change Percent Change 1 Year After RACEE 1 Year Baseline

Annual Heating Fuel, gallons
Fuel Cost, per gallon

Annual Fuel Cost, $
Annual Electricity, kWh -30,941 -80% 7,603 38,544

Electricity Cost, per kWh $0.19 54% $0.54 $0.35
Annual Electricity Cost, $ $9,385 -70% $4,106 $13,490

Annual Energy Used, MMBtu -105.6 -80% 25.9 131.5

Baseline 07/2017 - 06/2018
Activated 01/2019 Total Change Percent Change 1 Year After RACEE 1 Year Baseline

Annual Heating Fuel, gallons
Fuel Cost, per gallon

Annual Fuel Cost, $
Annual Electricity, kWh -6,907 -3% 225,469 232,376

Electricity Cost, per kWh -$0.09 -11% $0.75 $0.84
Annual Electricity Cost, $ -$26,094.09 -13% $169,101.75 $195,195.84

Annual Energy Used, MMBtu -23.6 -3% 769.3 792.9

Baseline 11/2017 - 10/2018 because the building was only occupied in fall 2017. Baseline may not be representative   
Activated fall 2019 Total Saved Percent Change 1 Year After RACEE 1 Year Baseline

Annual Heating Fuel, gallons -162 -15% 908 1,070
Fuel Cost, per gallon -$0.25 -5% $5.25 $5.50

Annual Fuel Cost, $ -$1,118.26 -19% $4,766.74 $5,885.00
Annual Electricity, kWh 1,518 10% 16,403 14,885

Electricity Cost, per kWh -$0.21 -28% $0.54 $0.75
Annual Electricity Cost, $ -$2,306.13 -21% $8,857.62 $11,163.75

Annual Energy Used, MMBtu -17.1 -9% 180.7 197.8

Baseline 11/2018 - 10/2019. Note: fuel numbers indicate all fuel known to be delivered to tribal buildings.
Activated Spring 2020 Total Change Percent Change 1 Year After RACEE 1 Year Baseline

Annual Heating Fuel, gallons -648 -72% 252 900
Fuel Cost, per gallon -$0.25 -5% $5.25 $5.50

Annual Fuel Cost, $ -$3,627.00 -73% $1,323.00 $4,950.00
Annual Electricity, kWh 2,685 20% 16,403 13,718

Electricity Cost, per kWh $0.00 0% $0.54 $0.54
Annual Electricity Cost, $ $1,449.90 20% $8,857.62 $7,407.72

Annual Energy Used, MMBtu -79.9 -47% 90.6 170.5

Task 4.0: Refrigerator/freezer appliance exchange program, residential only

^^^^^^^^^^^^^^^^^^^^^^^^
The above tables, columns B throgh F, can be copied to a report

Task 5.0: Solar Photovoltaic Installation on Kendra B McCarty Tribal Building

Task: 6.0: Engineer and install heat pump system in tribal building.
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Baseline: none-- streetlights are not metered. Estimate in table is based on high pressure sodium and LEDs.
Activated 4/2018 Total Change Percent Change 1 Year After RACEE 1 Year Baseline

Annual Heating Fuel, gallons
Fuel Cost, per gallon

Annual Fuel Cost, $
Annual Electricity, kWh -30,941 -80% 7,603 38,544

Electricity Cost, per kWh $0.19 54% $0.54 $0.35
Annual Electricity Cost, $ $9,385 -70% $4,106 $13,490

Annual Energy Used, MMBtu -105.6 -80% 25.9 131.5

Baseline 07/2017 - 06/2018
Activated 01/2019 Total Change Percent Change 1 Year After RACEE 1 Year Baseline

Annual Heating Fuel, gallons
Fuel Cost, per gallon

Annual Fuel Cost, $
Annual Electricity, kWh -6,907 -3% 225,469 232,376

Electricity Cost, per kWh -$0.09 -11% $0.75 $0.84
Annual Electricity Cost, $ -$26,094.09 -13% $169,101.75 $195,195.84

Annual Energy Used, MMBtu -23.6 -3% 769.3 792.9

Baseline 11/2017 - 10/2018 because the building was only occupied in fall 2017. Baseline may not be representative   
Activated fall 2019 Total Saved Percent Change 1 Year After RACEE 1 Year Baseline

Annual Heating Fuel, gallons -162 -15% 908 1,070
Fuel Cost, per gallon -$0.25 -5% $5.25 $5.50

Annual Fuel Cost, $ -$1,118.26 -19% $4,766.74 $5,885.00
Annual Electricity, kWh 1,518 10% 16,403 14,885

Electricity Cost, per kWh -$0.21 -28% $0.54 $0.75
Annual Electricity Cost, $ -$2,306.13 -21% $8,857.62 $11,163.75

Annual Energy Used, MMBtu -17.1 -9% 180.7 197.8

Baseline 11/2018 - 10/2019. Note: fuel numbers indicate all fuel known to be delivered to tribal buildings.
Activated Spring 2020 Total Change Percent Change 1 Year After RACEE 1 Year Baseline

Annual Heating Fuel, gallons -648 -72% 252 900
Fuel Cost, per gallon -$0.25 -5% $5.25 $5.50

Annual Fuel Cost, $ -$3,627.00 -73% $1,323.00 $4,950.00
Annual Electricity, kWh 2,685 20% 16,403 13,718

Electricity Cost, per kWh $0.00 0% $0.54 $0.54
Annual Electricity Cost, $ $1,449.90 20% $8,857.62 $7,407.72

Annual Energy Used, MMBtu -79.9 -47% 90.6 170.5

Task 4.0: Refrigerator/freezer appliance exchange program, residential only

^^^^^^^^^^^^^^^^^^^^^^^^
The above tables, columns B throgh F, can be copied to a report

Task 5.0: Solar Photovoltaic Installation on Kendra B McCarty Tribal Building

Task: 6.0: Engineer and install heat pump system in tribal building.
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Assumptions etc:

The 2010 electricity use is 
assumed to include all entities 
-- residential, commercial, 
community facilities, and 
state facilities. The 2020 
number includes all of these.
The LED upgrade is assumed 
not to change the fuel 
consumption in the 
community.
The streetlights are not 
metered. 22 high density 
sodium street lights were 
replaced by LEDs.
Assume that high density 
sodium lamps used 250W, 12 
hrs a day, 30 days a month, 
12 months a year, and use 
250 W of electricity, 
compared to an LED lamp at 
1/10th that : 25 watts.
Since all electricity (except for 
streetlights) is captured in 
table under task 2.0, the total 
energy decrease is calculated 
from the overall table on lines 
12-16.
Alternate would be to add the 
electricity from task 2.0, 
streetlight savings from task 
3.0, and heating fuel decrease 
due to ground source heat 
pump in task 5.0.
This spreadsheet does not 
include the line loss 
reduction, which further 
decreased the fossil fuel used 
in the community.

https://www.tananachiefs.org/
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Electrical Characteristics 

Total Energy Capacity 1)   9.8 kWh @25°C (77°F), Beginning of Life 

Usable Energy Capacity 1)   9.3 kWh @25°C (77°F) 

Battery Capacity 63 Ah 

Voltage Range 
Charge 400 to 450 V DC 

Discharge 350 to 430 V DC 

Absolute Max. Voltage   520 V DC 

Max. Charge/Discharge Current 11.9A@420V / 14.3A@350V 

Max. Charge/Discharge Power 2) 5kW 

Peak Power (only discharging) 3) 7kW for 10 sec. 

Peak Current (only discharging) 18.9A@370V for 10 sec. 

Communication Interface   RS485 

DC Disconnect   Circuit Breaker, 25A, 600V rating 

Connection Method   Spring Type Connector 

User interface   LEDs for Normal and Fault operation 
      

Operating Conditions 

Installation Location   Indoor / Outdoor (Wall-Mounted) 

Operating Temperature   14 to 113°F (-10 to 45°C) 

Operating Temperature (Recommended) 59 to 86°F (15 to 30°C) 

Storage Temperature   -22 to 131°F (-30 to 55°C) 

Humidity   5% to 95% 

Altitude   Max. 6,562ft (2,000m) 

Cooling Strategy   Natural Convection 

Noise Emission < 40 dBA 
      

Certification 

Safety 
Cell UL1642 

Battery Pack UL1973 / CE / RCM / TUV (IEC 62619) 

Emissions   FCC 

Hazardous Materials Classification Class 9 

Transportation   UN38.3 (UNDOT) 

Ingress Rating   IP55 

RESU10H type-R 

※ Test Conditions - Temperature 25°C, at the beginning of  life 
※ Total Energy is measured under specific condition from LGC(0.3CCCV/0.3CC)  

1) Value for Battery Cell Only (Depth of Discharge 95%). Actual usable energy at the AC output may vary 
    by condition, such as the battery converter, inverter efficiency and temperature.  
2) LG Chem recommends 3.3kW for maximum battery lifetime 
3) Peak Current excludes repeated short duration (less than 10 sec. of current pattern). 

Product Specification (1/2) 
2019.April 



Mechanical Characteristics 

Dimensions 

Width 744 mm (29.3’’) 

Height 907 mm (35.7’’) 

Depth 206 mm ( 8.1’’) 

Weight   97 kg (214lbs) 

569 

569 660 

53 

Product Specification (2/2) 
2019.April 

RESU10H type-R 

Features 

Emergency Power Back-up  

Compact size and space saving   

Wide range of inverters available for matching 

Wall mounting installation 

Proven Safety and 10 year warranty  



Ⓒ 2018 LG Chem ESS Battery Division 
LG Guanghwamun Building, 58, Saemunan-ro, Jongro-gu, Seoul, 03184, Korea 
http://www.lgesspartner.com http://www.lgchem.com 

2019.April 



Utility Grid
Split-Phase
120/240Vac

(Existing) 225A AC 
Main Panel

w/ 225A Main Breaker

#6 AWG CU min.

AC Grid Output
#4 AWG CU 

Installer-determined AC wire in conduit
w/ #8 AWG CU ground.

32.0A max output x 1.25 = 40.0A
ampacity required.

@ 1.5% vd, #4 AWG CU ok up to 146 ft.,
or #6 AWG CU ok up to 92 ft.

1.25" PVC-80 conduit recommended.

225A
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Photovoltaic System
Drawings Provided By:

This line diagram is provided as a 
service and is based on our 

understanding of the information 
supplied and current 

requirements. Subject to revision 
based on actual conditions, 

applicable edition of the National 
Electrical Code, and local 
governmental authorities.
Installing dealer has sole 

responsibility for the correct 
selection and use of all equipment 

and materials.

DRAWING NAME:
16)LS340 1)SE7600A-USS2 240v Grid-Tie 

w/Backup LgFmt
SYSTEM TYPE:

Grid-Tied Solar Electric System w/ 
Battery Backup

PV Source Circuit
#10 AWG CU 

PV WIRE in free air, or XHHW-2 in conduit,
w/ #8 AWG CU Ground.

Isc of 9.49 x 1.25 x 1.25 x 2 = 29.65A
ampacity required.

At Optimized Vpm (400V), 
Max Optimizer Amps (15.0A)

& 1.5% volt drop or less,
#10 AWG CU ok up to 161 feet.
0.75" EMT conduit recommended.

Inverter Specs:
Solar Edge SE7600A-USS2
AC Volts   240Vac 
Max Output AC Amps  32.0A
Max Backup AC Amps  25.0A
MPPT Window  400Vdc
Max DC Volts  500Vdc
Min PV String  8 modules
Max PV String  25 modules
CEC Rating  97.5%

solarschematics.com
doug@solarschematics.com

707-380-4314

Solar
Schematics

☼  Conductor size provided includes ambient temperature 
adjustment only. Additional derating may be needed based 
on actual conditions of use; conduit fill, conduit location, etc.
☼  Wire ampacity is based on NEC 2017 75°C copper 
conductor tables at average highest temperature (due to 
typical device terminal max. temperature ratings).

Utility AC Disconnect
60A, 2-pole, unfused, 

lockable, visible.
Square D D222RB

(or equivalent).
Not an NEC requirement.

May be required by
local utility or AHJ.

+

–

Solar Edge
SE7600A-USS2

“StorEdge”

AC

DC
PV 

Battery

N.O. N.C.
Manual 
Bypass

AC 
Disconnect

AC 
Grid

Auto 
Trans

AC 
Backup

N.O.N.C.Automatic 
Switchover

Circuit 
Breaker

25A

25A

Battery Cabling
Installer-determined 600V DC-rated 

wire in conduit (PV Wire recommended) 
w/ #8 AWG CU ground.

At nominal voltage (400V), max current (25A),
and 1.5% volt drop:

#10 AWG CU ok up to 96 ft.
0.5" EMT conduit recommended.

Batt.
Control RS485

(to optional) AC Backup Panel
#8 AWG CU 

Installer-determined AC wire in conduit
w/ #8 AWG CU ground.

25.0A max output x 1.25 = 31.25A
ampacity required.

@ 1.5% vd, #8 AWG CU ok up to 74 ft.
0.75" EMT conduit recommended.

StorEdge
Auto-Transformer

L1, L2, N - #8 CU
Grd - #10 CU

Solaredge Meter

MTR240-2-400-S1
208-240V – 60Hz 4W

G 

N

L1

L2

L3

o L1 CT

o L2 CT

o L3 CT

Status 1

Status 2

Status 3

RS485

CT arrows must 
point toward grid.

15A

SolarEdge Electric Meter
Can be setup to automatically 

control any export of AC power 
to the local utility grid.

Load-Side AC Landing
40A/2P Breaker

At opposite end of busbars 
from main breaker.

DC PV 
Optimizer

+- - - ---+ + + +

DC PV 
Optimizer

DC PV 
Optimizer

DC PV 
Optimizer

DC PV 
Optimizer

DC PV 
Optimiz

- + - + - + - + - +-

PV String #1
(16) Longi Solar LR6-72HV-340M, 340-watt modules 

wired as a single series string, 
with Solar Edge P370 Power Box PV optimizers.

Locally-supplied 
NEMA 3R J-box for 

combining & conversion 
from PV WIRE on 

roof racks, to XHHW-2 
(or equivalent) in conduit.

NEC 690.53 Labeling 
(Any PV strings w/ SolarEdge Power Boxes)
Operating Current:                    up to 15A
Operating Voltage:                           400V
Maximum System Voltage:              500V
Short Circuit Current:                         15A
Open Circuit Voltage:   1V per Power Box

RS485 (Ethernet) from 
StorEdge inverter to 

SolarEdge Meter

40A

PV String Source Circuit
#12 AWG CU PV WIRE in free air,

w/ #8 AWG CU Ground.
Isc of 9.49 x 1.25 x 1.25 = 14.8A

ampacity required.
At Optimized Vpm (400V), 

Max Optimizer Amps (15.0A)
& 1.5% volt drop or less,

#12 AWG CU ok up to 101 feet,
or #10 AWG CU ok up to 162 feet.

LG Chem

LG Chem
Advanced Lithium-Ion Battery Pack

RESU 10H
350-450VDC, 63Ah

Nominal 9.8kWh capacity

LG Chem

LG Chem
Advanced Lithium-Ion Battery Pack

RESU 10H
350-450VDC, 63Ah

Nominal 9.8kWh capacity

Bi-Directional
Utility Meter

(as supplied 
by local utility.)

1.0 08/12/2019 As Released

Solar Module Specs:

Longi Solar
LR6-72HV-340M
Cells  =  72
Pm     =  340W
Voc    =  46.5Vdc
Vpm   =  37.9Vdc
Isc      =  9.49A
Ipm     =  8.97A
Tolerance: 0~/+5w
Max Volts: 1000Vdc
Series Fuse: 15A

Power Box Specs:

Solar Edge P370 (60- or 72-cell modules)
Rated DC Input:       370W 
Max Input Volts:       60Vdc
MPPT Range:          8-60Vdc
Max Output Amps:   15Adc
Standby Volts per Box (Inverter off)  1.0Vdc

Batt.
Control

Please see instructions packed 
w/ batteries for inverter to 

battery control wiring.
Note: Inverter & battery control 
terminals may not be in same 

order!

Batt.
Control

1.1 08/14/2019 Remove AC Backup Panel

08/14/2019
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