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MakingithejShiftifromiEueROilitofCleanjElectricity

BY JONATHAN HELLER, PE., MEMBER ASHRAE

A SMALL ISLAND VILLAGE in Alaska wanted to reduce its reliance on
expensive imported fuel oil, but simply switching to all oil use electricity
would tax the electrical grid. The energy-efficiency approach taken at
three major renovations in Sitka, Alaska, completely eliminated the use
of fuel oil and demonstrates how current building stock can continue to
move toward a carbon-neutral, energy-efficient future.
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SITKA, ALASKA BUILDING RENOVATION
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Sitka is located in Southeast Alaska
with no road access to the mainland.

Towns in this part of the state must

istock.com/JPrescott

The city of Sitka planned to renovate
two high profile public buildings:

the library and convention center.
Both were uncomfortable, declining
and expensive to operate, and both
relied on oil boilers. The city wanted
to improve and expand the buildings
while using the clean electric power
already owned by the city rather than
send municipal money out of the
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carefully manage their energy supplies.
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community to pay for “imported” oil
(See “Sitka's Energy Challenges,”
Page 22).

At about the same time, the U.S.
Forest Service wanted to convert
an older facility into new offices in
Sitka. They also wanted to eliminate
their use of fuel oil and to convert to
carbon-neutral biomass to align their
energy use with their core mission.

The three retrofits discussed in this
article focus on key design features
that must accompany renovations of
this sort: reduce the load, decouple
the ventilation using heat recovery
ventilators, right-size zonal heating
and cooling equipment, and use high-
efficiency heat pumps or biomass
(See “Five Key Design Concepts for
the Sitka Renovations” on Page 24).
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Sitka’s Energy
Challenges

Sitka, Alaska, population
roughly 9,000, has
historically relied on oil for
heating, like much of the
state. In recent years oil
burned in Sitka has been
mined in Alaska, shipped
to Washington for refining,
and barged back up

to Sitka.

Sitka’s electricity comes
from a municipally owned
hydroelectric dam and
backup diesel generators.
Several years ago, the
city found that they were
beginning to run out of
electrical capacity.

They were using their
backup diesel generators
frequently, and municipal
electric utility was
beginning to discourage
growth. Fish processors
wanted to expand
refrigerated processing
facilities, and the utility did
not have adequate capacity
to fully serve them.

With oil prices rising,
people began shifting from
oil to electric heat, which
further taxed the system.
Furthermore, air quality
was suffering as more
people began relying on
wood stoves.

In reaction to the energy
and air quality challenges
and with an eye to making
space for future growth, the
city spent $145 million to
raise the level of the Blue
Lake Dam to expand their
hydropower resources.
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Sitka Public Library
From Oil Boiler to
Heat Pump System

The Sitka Public Library underwent a
4,800 ft? expansion in 2016, increas-
ing the total heated floor area by
63%. Early on in design, the team
set an ambitious energy target for the
project: completely eliminate depen-
dence on oil and maintain the same
electrical use. Several energy saving
measures were selected to accom-
plish this goal, with a focus on reduc-
ing the heating load while managing
the existing electric load.

After the first year of full occupancy
the energy use and savings were
evaluated. Energy bills were collected
from before construction (2011-
2013) and after construction (2016 to
2017). Annualized results for overall
energy use is shown in Figure 1.

Main takeaways include:

* 0il, 60% of the preliminary energy
use, has been eliminated.

* Despite the team’s goal to maintain
the same electrical use, it increased
by 32%, because of adding space
heat to the electric load and increas-
ing the heated floor area by 63%.

* Utility costs nearly cut in half, with
money staying in the community
rather than paying for imported fuel.

* Carbon emissions eliminated from a
previous 72,377 Ib/yr of CO,.

* Annual energy use normalized by
total square footage (EUI) cut by fac-
tor of three, from 99 to 32 kBtu/ft2-yr.
This puts it at one-third the national
average for libraries.

Figure 2 illustrates the building’s
energy use at varying outdoor tem-
peratures. This type of analysis is
useful when examining the heat-
ing requirements of a building and

SITKA PUBLIC LIBRARY ENERGY-EFFICIENCY MEASURES

Measure | As-Designed

Envelope | Super Insulation:

R-30 walls, R-50 roof, R-20 slab, triple-glazed windows

Space Heating

smaller rooms

Variable refrigerant flow (VRF) heat pumps with radiant
floor distribution in large open space and wall cassettes in

Ventilation | Dedicated outdoor air system (DOAS) with 80+% sensible energy
recovery from the exhausted indoor air
Lighting | 100% LED fixtures with dimming

Water Heating

Heat pump water heater for domestic hot water production

Water Fixtures

Low-flow plumbing fixtures

SITKA PUBLIC LIBRARY ENERGY USE

Area Qil Use Electrical Use Actual EUI

(ft2) (Gallon/yr) (KWh/yr) (kBtu/ft2-yr)

Pre-Retrofit 7,567 3,234 87,689 99.1
Post-Retrofit 12,366 0 115,909 32.0
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Added envelope insulation
at the Sitka Public Library

greatly reduces the library's
heating energy requirement.

Dan Evans

analyzing how buildings react to
colder (and warmer) temperatures. In
Sitka’s heating-dominated climate,
all efforts must be made to reduce
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Before the retrofit, all heating was
done with an oil boiler at 80% effi-
ciency (blue line). Electricity covered
the remaining end-uses (green line).
In looking at Figure 2, the heating
signature is quite pronounced (blue
line steeply increases as the average
outdoor temperature drops). This is
related to a poor envelope and inef-
ficient heating system.

Joe McCabe

Post-retrofit, added envelope insu-
lation and heat recovery ventilation
greatly reduces the heating energy
requirement, while the high-efficiency
variable refrigerant flow (VRF) heat
pump system provides hydronic-radi-
ant and airside space heat and cooling
as needed (sloped red line). Efficient
fans, which are turned off when there
is no call for heat/cool, and LED lights
further reduce the daily electrical use.

ABOVE The renovation of Sitka’s public
library added 60% to the floor area to bet-
ter serve the community.

LEFT The sitting area in the library looks
out over the harbor. The building seen
through the window is neighboring Harrigan
Centennial Hall.

Five Key Design Concepts for the Sitka Renovations

Heating Load Reduction. Through
investing in the building envelope
and heat recovery ventilation, the
heating load was reduced by
approximately 50% for these three
buildings. This was done with high
performance glazing, extra insula-
tion in the walls and roof and heat
recovery ventilation for tempering
all the ventilation air. This shifts
money from the mechanical system
to the building envelope since the
mechanical system can be signifi-
cantly smaller. These envelope
investments last 30 to 50 years
or more and can be most cost-
effectively implemented during
major renovations.
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in areas where and when it is not
needed instead of large central fan
systems, which must run during all
occupied hours.

Dedicated Outdoor Air System
(DOAS). The heat recovery ventila-
tors were configured as DOAS with
the ventilation ducted separately

from the heating and cooling Right-Sized Equipment. Careful
systems. This design approach sizing calculations instead of
significantly reduces duct sizing and “rules of thumb” allow for smaller
fan energy since only the ventilation systems with cost and energy
fans need to run for most hours of savings and better comfort

the day. Typical designs coupling and acoustics.

ventilation with heating and cooling
equipment must rely on the much
larger HVAC fans to run continuously
to deliver the ventilation air.

Decarbonization. Elimination of
fossil fuels through use of biomass
or heat pump technology for space
heating and domestic water heat-
ing dramatically reduces carbon
emissions without adding electric
resistance, which could over-tax the
electrical grid.

Zonal Heating Systems. With venti-
lation separated from the heating
and cooling delivery, systems were
designed to allow for maximum
zoning control to turn off equipment

Summer 2018
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U.S. Forest Service Office
From Oil Boiler to
Wood Pellet Boiler

The U.S. Forest Service project
converted an old run-down facility
on the edge of town that used an oil
boiler and radiators for heating into
a beautiful new super-efficient office
facility. The envelope was upgraded
with high levels of envelope insula-
tion and triple-paned windows, and
ventilation is accomplished with a

The wood pellet boiler,
manufactured in Europe, uses
untreated wood pellets made
from compressed waste

sawdust. The automatic feed
mechanism delivers only a
few pellets at a time into the
burn chamber.

high-efficiency heat recovery ventila-
tor to dramatically reduce heating
energy demand to about 50% of a
typical code-compliant design.

Then, heating was provided with
radiant floors supplied from a wood
pellet boiler. There was a strong desire
among some within the Forest Service
to use forest biomass for heating, but
there has been mixed experience
in Alaska with biomass boilers as
the market for these products is still
relatively immature. The distribution
infrastructure for pellets is weak and
maintenance know-how is lacking.

To alleviate these concerns, the pel-
let boiler was backed up with an air-
to-water heat pump system so in the
event of a fuel shortage or boiler fail-
ure the building can be heated with
highly efficient use of hydropower. To
date the pellet boiler has functioned
as expected and they have not needed
to rely on the backup heat pumps.

Pellets for the pellet boiler are manually
loaded into the storage hopper (shown here)
and transported by an auger mechanism
into the pellet boiler’'s burn chamber.

Sitka has mild maritime weather,
with long cool winters (about 7,400
heating degree-days) and average daily
highs in the low 60s in the summer
(zero cooling degree-days). Therefore,
ceiling fans and operable windows are
provided for comfort cooling.

U.S. FOREST SERVICE OFFICE ENERGY-EFFICIENCY MEASURES

Measure | As-Designed

Envelope | Super insulation:

glazed windows

R-15+2 in. rigid insulation walls, R-50 roof, R-20 slab, triple-

Space Heating
heat pump backup

Hydronic distribution from wood pellet boiler with air-to-water
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Ventilation | Dedicated outdoor air system with 80% sensible energy recovery
from the exhausted indoor air
Lighting | 100% LED fixtures with dimming

Water Heating

Heat pump water heater for domestic hot water production

Water Fixtures

Low-flow plumbing fixtures

U.S. FOREST SERVICE ENERGY USE

Pellet EUI from | Electrical EUI from Actual

U.S. Forest Area Use Pellets Use Electricity Total EUI
Service Office (ft2) | (tons/yr) | (kBtu/ft2-yr) | (kKWh/yr)| (kBtu/ft2-yr) | (kBtu/ft2-yr)
Post-Retrofit | 11,115 8 11.5| 87,760 26.9 38.5

Note: The Forest Service building was partially empty and a lot of it was used as a warehouse prior to the
retrofit, so pre-retrofit numbers are not relevant.
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Don Kluting Harrigan Centennial Hall
with its new museum addition
Harrigan Centennial Hall chiller. Since the fan coils provided is the welcoming point for
ventilation air as well as heating and summer tourists and a
From Cou pled cooling, the large central fans would gathering place for community
To Decou P led have to run during all occupied hours events throughout the year.
to provide ventilation even when no

Ventilation heating or cooling was required. The

Next door to the Sitka Public Library
is Harrigan Centennial Hall. Tt pro- HARRIGAN CENTENNIAL HALL ENERGY-EFFICIENCY MEASURES
vides public gathering space and is
the first public building to welcome

the thousands of cruise ship tourists Envelope | R-21+1.5 in. rigid insulation walls, R-38 roof, high perfor-
mance double-glazed windows

Measure | As-Designed

who visit Sitka every summer. Like

the library project, the convention Space Heating | Variable refrigerant flow (VRF) heat pump system. Mostly
: ductless ceiling cassettes with some ducted units for

center was worn down and expensive larger spaces.

to operate.

The city wanted to increase the size Ventilation | Dedicated outdoor air system with 70% to 80% sensible
energy recovery from the exhausted indoor air

of the building to allow for expanded
space for a heritage museum as well Lighting | 100% LED fixtures with dimming

as increase their offerings to the . : .
R . Water Heating | Heat pump water heater for domestic hot water production
public. They wanted to accomplish
this while eliminating their use of Water Fixtures | Low-flow plumbing fixtures
imported oil and cutting their energy
use. As with the library project, the
design approach was to first focus HARRIGAN CENTENNIAL HALL ENERGY USE

investment on the building envelope

with new windows and insulation. ; )
.. R Area Oil Use Electrical Use Actual EUI

The original building was based on (ft2) (Gallon/yr) (kWh/yr)|  (KBtu/ft2-yr)
large 4-pipe faf_l coil air hand_lers with Pre-Retrofit 20,124 7,405 197,920 84.2
fixed outdoor air supply provided -

. . . Post-Retrofit 32,500 0 384,600 40.4
with hot water from an oil boiler
and chilled water from an air-cooled
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Lessons Learned

At the Sitka Public Library, the original
intent was to have a robust and detailed
M&V system with submetering of individual
electrical loads, with real-time feedback and
continuous datalogging of energy used for
lighting, fans, heating, cooling, hot water,
and miscellaneous plug loads. This would
allow detailed energy management and
tracking of performance of individual build-
ing systems. However, this level of sub-
metering and tracking requires somewhat
complex submetering and programming of
datalogging functions and a data manage-
ment plan—and city staff interested in
managing and analyzing the data flow.

The controls contractor and city settled on
a simpler submetering plan that only allows
for tracking total energy use and submeter-
ing of the heat pump system. The lesson
learned is more communication with all
parties early in the project is always better
and local conditions and politics are often
difficult to negotiate from outside Alaska.

Furthermore, it is important to know
when to step back, as the client ultimately
must make the decisions regarding final
design and contracting issues.

The biomass boiler for the U.S. Forest
Service building was new to us, the HVAC
contractors and the local forest service
management and maintenance person-
nel. There was some trepidation to use a

new system decoupled the ventilation
from the heating and cooling using
high-efficiency heat recovery ventila-
tors with 70% to 80% thermal effec-
tiveness so no additional tempering
of the ventilation air is required.

These much smaller ventilation
fans are all that needs to run for
much of the year. The heating and
cooling is provided with a zonal air-
to-air VRF heat pump with ductless
ceiling cassettes in most zones. The
ductless cassettes have extremely
low fan energy requirements and can
cycle off when there is no call for
heating or cooling.

Low velocity high volume (LVHV)
ceiling fans aid air distribution.
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biomass boiler due to a recent injury from
a wood boiler explosion in another part of
Alaska. Furthermore, a well-established
distribution network for the pellets does
not exist, so loading the hopper is done a
bag at a time by hand from a pickup truck.
This resulted in push and pull between
local forest service workers and the
regional officials regarding selection of the
heating system.

To overcome the local office’s reluctance,
we designed the air-to-water backup heat
pump system to provide system redundancy
so the building can switch back and forth
from pellets to highly efficient electricity
depending on pellet availability and price.
After the first year of operation, the pellet
boiler has performed without incident.

One primary lesson learned at Harrigan
Centennial Hall is that VRF equipment
vibrations must be adequately isolated
from the building structure to eliminate
noise complaints. Originally, the heat
pumps were not mounted with the manu-
facturer’s recommended clamping system,
and it took months to get correct products
and sizes shipped to Sitka. And, the refrig-
erant piping was rigidly attached to the
building’s wall, so equipment vibration was
being transferred to the wall diaphragm
and creating interior noise complaints.
Eventually these items were corrected.

Along with a lighting retrofit this
approach led to an EUI reduction of
more than a factor of two compared to
the original building systems. Fossil
fuel use was eliminated, and electri-
cal energy use also dropped even for
the enlarged building.

Future Work

Sitka continues to promote a shift
away from fuel oil to clean electric-
ity. The city utility has been provid-
ing incentives to shift homes from
electric resistance heat to ductless
heat pumps. The Alaska Housing
Finance Corporation also has a gener-
ous rebate program for insulation and
transitioning from electric resistance,

Summer 2018

Harrigan Centennial Hall's heating and
cooling is provided with a zonal air-to-air
VRF heat pump with ductless ceiling
cassettes in most zones.

oil and propane to ductless heat
pumps. The city has seen a surge of
demand for ductless heat pumps and
has seen an improvement in local air
quality from using less oil and wood
heat. ®
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