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General Approach

Air Handling
Air handling is central to delivering comfort to the building occupants. Air handlers normally consume half or
more of the HVAC system energy. As such, air handlers are critical to energy efficiency of a building. In addi-
tion, air handlers are the delivery method of outside air and as such, play a central role in delivering excellent
indoor air quality.

The air-handling strategy is based on two different types of air
handlers. One is air handlers that circulate air in the office and in-
terior spaces. These interior air handlers mix the outside air with
return air, filter this mixture, heat or cool the stream and then de-
liver the mixture to the under-floor plenum. The second type of air
handler is dedicated to treating and delivering outside air into the
space. In the spaces that are not delivering conditioned air through
an under-floor plenum, the exact same process of mixing fresh and
return air takes place. The only change for these spaces is that the
conditioned air will be delivered by overhead, exposed ducting.

Interior Air Handlers
The interior air handlers serve the under-floor plenum as well as
non under-floor spaces such as the atrium and first floor west
wing. The plenum supply fans are controlled to maintain the differ-
ential pressure measured from the plenum to the occupant space.
Thus, for most any combination of occupant adjusted floor regis-
ters, the plenum remains at the correct pressure for adequate flow

The first and foremost priority of the design team was to provide a HVAC system that met or
exceeded all of the requirements of the building users. Within this framework the designers
worked to deliver a system that used significantly less energy than standard buildings, at
least 40 percent less, and have indoor air quality that exceeded ASHRAE standards. The de-
sign will strive to set new standards in performance, energy efficiency and indoor air quality
while keeping the construction costs comparable to more traditional designs. Several innova-
tive HVAC approaches were used in this building. The key to these approaches was to use
standard equipment applied in more intelligent configurations.

The overall approach was to use smaller recirculation air handlers in the office areas with
two dedicated 100 percent outside air handlers supplying conditioned, dry air from the roof.
A high-efficiency (centrifugal) chiller, thermal storage system and a small cooling tower pro-
vides the cooling to the air handlers and chilled water to the two outside air-handling units.
When additional dehumidification is required beyond what the medium temperature chilled
water can deliver, DX coils in the outside air-handling units provide this cooling.

Recirculation air handler



throughout the space. In addition to this varied flow based on pressure,
the air handler supply temperature resets based on a thermostatic control
to the space. This reset allows the plenum temperature during cooling
mode to vary from approximately 62 F-68 F. In heating mode, the sup-
ply air temperature set point is capable of varying from 74F to 85 F.

Air Handling Units
In order to adequately control the large space served by the under-floor
interior air handlers, placement of the plenum control thermostats had to
be carefully considered. Modeling of the air flow and temperature distri-
bution patterns suggested that the location of the thermostats be on the
northern half of the building at a distance of approximately 8 feet from
the perimeter.

Key Interior Air-Handler Specs:
• Low velocity through air handler: 250 fpm target; eliminate need

for sound attenuation.
• Low total static pressure: 1.5” target.
• Space-cooling air handlers – target efficiency of at least 4,000

cfm per kw.
• Variable frequency drives – controlled to the under-floor-to-space pressure

differential or to thermostat in overhead zones.
• 24+ floor-mounted air handlers – 4000 to 6000 cfm, 4-pipe (heating and cooling).
• Supplier – McQuay

Outside Air Handlers
The two outside air handlers serve four main purposes. They provide the ASHRAE minimum outside air quanti-
ties plus some based on CO2 sensors in the space. Secondly, the two units use integral DX cooling coils to ef-
fectively dehumidify the outside air.

Controlling the amount of outside air to the building is fairly easy. The out-
side air unit’s supply fans are fitted with a variable frequency drive (VFD).
The VFD controls the outside air supply to a constant pressure set-point
measured upstream of the unit. Individual motorized dampers located at
each fan coil are appropriately opened or
closed to control the space humidity and
oxygen requirements based on readings from
one of the eight CO2 and RH sensors. The
humidity and CO2 monitoring equipment are
located in the return grill of the air shaft on
each wing of each floor, allowing easy in-
stallation and maintenance. For example, in
an unoccupied wing with reasonably low hu-
midity levels, the amount of outside air is
minimized. But, if this zone becomes too
humid or depleted of oxygen, the motorized
outside air dampers on each fan coil unit
will open to allow more dry, clean air to
enter the space.

Variable frequency drives

DX cooling coils Motorized damper



Cooling Mode
The outside air units condition the often wet, hot air in an efficient manner that provides neutral and dry air to
the duct @ 65 F. This is achieved by a series of coils that make use of the thermal storage and medium tempera-
ture chilled water. In the cooling mode, the incoming warm air is pre-cooled by the run-around coil. After leav-
ing this coil, the air is then pre-cooled further by the heating/pre-cooling coil.

When adequate pre-cooling is not effective, the 55 F
chilled water coil is used to bring down the air tempera-
ture to near or below the dew point. Having pre-cooled
the air to a low temperature, the energy-intensive DX
coil finishes the cooling/dehumidification process by
dropping the air to a low dew point of approximately 45
F. Finally, the now dry, cold air is reheated by the loop
in order to avoid low duct-surface temperatures that can
cause condensation in the space.

Heating Mode
In heating mode, the air enters the double-acting heating
coil that serves as an additional pre-cooler in the sum-
mer months. At this coil, the air receives the majority of
its heat. For some conditions, this heated air is very dry
and requires humidification before the variable speed
fan pushes conditioned air to the space.

Important Outside Air Unit Notes:
• Use 4” 30 percent pre-filter on make-up air handler and 12” mini-pleated 85 percent filter on all air

handlers; 0.3-0.4” pressure drop across filters.
• Air-side economizer operation for use when outdoor conditions and

building load.
• Run-around coil, pre-cooling/heating coil, medium temp CHW coil,

DX coil and humidifier.
• Outside air handlers – 3000 cfm per kW.
• CO2 and RH sensors for demand-controlled ventilation.
• VSD on supply fans controlled to the supply duct pressure.
• Supplier – Engineered Air

CO2 sensor
Temperature and
relative humidity sensor

Outside air unit



Chilled Water System
The chilled water system is set-up for efficient operation as well as flexibility. The chiller is sized to handle the
full building load on its own, but supplemental, efficient systems are in place to relieve the chiller and drasti-
cally save cooling energy. The variable speed, centrifugal chiller is placed in line with a chilled water storage
tank that can be “charged” with cool water at night.

Furthermore, the cooling tower is connected directly to the
chilled water system so that effective water-side economizing can
be implemented. There are periods of the year where no cooling
can be passively stored at night making water-side economizing
impractical. In these situations, the highly efficient centrifugal
chiller provides the cooling. Its operating efficiency is high since
the cooling tower was set to deliver the coldest water practical to
the condenser. In addition, the chiller delivers 55 F chilled water
as opposed to the normal 45 F chilled water, adds to the system’s
low energy consumption.

Chiller and Chilled Water Pumping
For years, constant volume primary chilled water pumps were
standard. The new direction for energy savings is to use variable
speed, primary only pumping to deliver the chilled water to the
load at a set pressure. To solve the issue of the chiller’s required
minimum flow, a by-pass line similar to a standard primary-sec-
ondary system was implemented. The flow through the bypass
varies, depending on how much flow is measured exiting the
chiller evaporator. Therefore, if virtually no cooling is required,
the primary pump will run at its minimum rpm, maintaining pres-
sure at the cooling coils while the bypass valve opens accordingly
to maintain the chiller’s recommended minimum evaporator flow.

Important Chiller and Chilled Water Notes:
• Oversized pipes and chiller barrel; target pressure drop of 7’ through chiller and 40’ on total pumping

system for both chilled water and condenser water sides.
• Primary-only chilled water pumping.
• Two-way valves for variable flow control; no circuit-setters or flow controllers; monitor and alarm dis

charge temperature on variable flow air handler to detect valve failure.
• Minimize piping accessories and excessive pressure loss configurations; no end suction diffusers.
• Use check valves, no triple duty valves for balancing.
• Chiller full-load efficiency – 0.40 kW/ton.
• Supplier – McQuay

Cooling Tower and Water-Side Economizing
The cooling tower is oversized such that lower condenser water supply temperatures can be obtained. The lower
approach temperatures from this design allows the chiller to operate at a much higher efficiency. Also, this over-
sizing will account for any additional cooling loads from future computer room installations or other additions
to the load.

The low-approach temperatures also aid in water-side economizing. On cooler days where the internal load of
the building requires cooling, the tower is able to provide 55 F chilled water. This action relieves the chiller and

(above) High-efficiency centrifugal chiller
(below) Chilled water storage tank -- center --

buried in floor



saves energy. The weather data from Jefferson Memorial Air-
port shows over 200 hours where effective water-side econo-
mizing is available from the system.

Important Cooling Tower Notes:
• The tower fan will operate on a VSD.
• Optimize chiller efficiency – control for a floating condenser water supply temperature 3 F above outside

wet-bulb temperature with a minimum temperature based on chiller requirements.
• Condenser water piped through a low-pressure drop plate and frame heat exchanger for water-side

economizing.
• Possible Suppliers – BAC

Heating
Since the building requires heat for at least half of the year, the efficiency of the boilers and domestic hot water
system are just as important as the chilled water system. In fact, as gas prices continue to rise, efficient natural
gas boiler design is critical to building performance and annual operating costs. To achieve this, a series of boil-
ers that are staged efficiently will be used to provide the building with hot water. For the domestic hot water
system, solar panels have been designed to contribute over 50 percent of the needed load on an annual basis.

Solar and Domestic Hot Water System
The original plan of using solar hot water panels to supplement the building’s domestic and space heating hot
water systems was impractical, considering the scale of the solar area needed in the winter for heating. During
the winter season, when the building has the largest heating
load, is also when solar collectors have the lowest output.
Therefore a reasonable, cost-effective alternative was to im-
plement solar hot water panels for domestic hot water heat-
ing only.

A calculation of the domestic hot water system requirements
showed that 96 square feet of panels would provide over 42
percent of the building’s domestic hot water requirements.
Three 8’x 4’ panels were tied into a closed glycol loop for
freeze protection. This loop cycles on and off to maintain a
high temperature in the solar hot water storage tank. As hot

Cooling tower

Drop plate and frame heat exchanger

Solar hot water panels



water is used, cold make-up water is pushed into the hot solar tank and ei-
ther preheated or fully heated before entering the conventional gas hot water
heater. Although the gas savings of 185 therms does not equate to a large
annual savings, the concept of using solar heat is one that can be demon-
strated to visitors and occupants for educational purposes.

Domestic Hot Water (HW) Notes:
• Three (3) 8’ x 4’ solar panels to supply over 42 percent of the domes
tic hot water heating requirements.
• Adequate storage tank and 90 percent-efficient conventional HW
heater in series with the solar tank.
• Recirculating HW to provide immediately hot water to the outlets.
• Supplier – Heliodyne Solar Systems

Space Hot Water Heating
The hot water system supplies hot water to the heating coils at approxi-

mately 180 F with a design delta temperature of approximately 30 F. Four fire-tube boilers make up the heating
system with each being 35 percent of the peak load design. The calculations for the boiler sizing are based on a
winter set-back thermostat of 15 F and a morning warm-up period of one hour.
The use of four boilers not only provide critical standby
capacity for maintenance and possible failure, but enable
the control system to cycle and stage the additional boilers
at appropriate times to maximize efficiency. The staging of
the boilers is important, since a majority of the building’s
base heating load is equal to the size of only one of the
boilers.

Hot Water System Metrics:
• Four (4) high-efficiency, fire tube boilers.
• 88 percent full-load efficiency.
• 180 F hot water supplied to 24+ fan coils

and both outside air-handling units.
• Supplier – Locinvar

Indoor Air Quality
Indoor air quality meets or exceeds ASHRAE Standard 62-1999. This is achieved by using high-efficiency,
high-quality heppa filters on both the outside air and return air paths. The outside air volume control consists of
CO2 sensors, RH sensors, motorized dampers and space conditioning shut-off limitations.

The outside air, delivered to the fan coil units at 65 F and at a relatively low-percent RH, is filtered by a 30 per-
cent and 85 percent pleated filter. This air is controlled to provide adequate CO2 levels in the zone, as well as
provide dehumidification in the space. At times of high humidity in the space, the RH sensor calls on more, dry,
conditioned outside air.

Solar hot water storage tank

Fire tube boilers



Key Air Quality Points:
• Meet or exceed ASHRAE Standard 62-1999.
• 30 percent in line with 85 percent filters on all out

side air entering the building.
• 30 percent filters on all air being delivered by the

fan coil units.
• RH sensor (for outside air control) control the out

side air volume by RH first, followed by
CO2 sensor.

• CO2 sensors for outside air volumetric flow
variations.

Plumbing
There are many ways to reduce the amount of water consumed in an office building. With a rainwater collection
system already in place, gathering rainwater in an overflow situation for use in toilets is an exceptional water-
saving concept. In addition to collecting water for use in waste disposal, the toilets will be low-flow, pressure-
assisted, and all urinals will be waterless. These combined concepts will dramatically reduce city water use.
Water Conserving Concepts:

• Waterless Urinals.
• Low-flow, pressure-assisted toilets.
• Rainwater collection and filtration for use in toilets.
• Low-flow, efficient showerheads.
• Proper, environmentally conscious, landscape architecture will ensure that all specified vegetation is in

the proper habitat. The design of these indigenous species will help avoid unnecessary water use.

Notable Efficiency Items
In order to meet the target of exceeding a typical building built to ASHRAE Standard 90.1-1999 by a target of
40-50 percent, measures to implement efficient equipment were addressed. Since the majority of the HVAC en-
ergy is used in the ventilation, all fan coil units have a target efficiency of 4000 cfm/kW. Also, each fan coil is
VSD-controlled to the DP in the under-floor plenum. Therefore any variation in occupant controlled diffuser
output alters the fan coils energy consumption accordingly. Also, smaller area-specific conference rooms are
equipped with variable-volume under-floor diffusers. These diffusers open when needed to satisfy cooling or
heating needs, and when motion is detected.
Supplier -- York

Other efficiency items that contribute to the building’s overall energy reduction in-
clude:

• Thermally superior envelope materials:
• Walls >R-19
• Roof =R-30
• Windows: U = 0.22 BTU/hr-ft2
• External doors: U < 0.60 BTU/hr-ft2
• Skylights: U < 0.48 BTU/hr-ft2

• Multiple coil, heat-recovering outside air units.
• Solar hot water panels for 50 percent+ of domestic HW heating requirements.

All urinals in the Lewis and Clark State Office Building are waterless.

High-efficiency heppa air filter



• Water-side economizing through cooling tower and heat exchanger.
• High-efficiency chiller:

• Centrifugal type operated with a VSD on compressor
• Operating at low CWS temperatures
• Oversized condenser and evaporator barrels
• Supply of 55 F chilled water over the normal 42 F-46 F

• Under-floor system:
• Lower pressure drop through air handlers
• Ability to supply medium temperature chilled water

• Interior air handlers:
• Low static pressure of 1.75” max
• Low coil face velocity <300 fpm
• VFD operation to minimize fan energy
• 4000 CFM/kw efficiency

• Outside air flow control to insure lower energy use of the outside air units.
• Efficient boilers capable of 88 percent efficiency at full load.
• Minimum of perimeter reheat in the building:

• Stub ends provided for future retrofit
• Keep occupants in non-reheat areas 4’+ from exterior walls

• Variable air volume under-floor diffusers in conference/meeting rooms:
• Controlled to motion sensor and load requirements
• Automatic operation

• Potential Wind Power and/or photovoltaic energy sources.

Benchmark Metrics
The following list of metric set targets are for the efficiencies required to design the building to meet and exceed
ASHRAE standards. In order to insure that the design criteria for energy end use was met, this table outlines
key efficiency targets.

Occupant-controlled diffuserVariable volume underfloor diffuser
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Metric Units DNR Target Typical Building w/ASHRAE 90.1

Targeted Typical
Chiller Efficiency (KW/ton) 0.40 0.64
Chilled Water Pumping Efficiency (KW/ton) 0.026 0.100
Chilled Water Pump Efficiency 85% 65%
Condenser Water Pumping Efficiency (KW/ton) 0.026 0.100
Condenser Water Pump Efficiency 85% 65%
Cooling Tower Efficiency (KW/ton) 0.03 0.05
Office Space Air Handlers (CFM/kW) 4,000 1,120
Office Space Fan Efficiency 80% 60%
Outside Air Handler Fans (CFM/kW) 3,000 790
Outside Air Fan Efficiency 80% 60%
Office Space Air Handlers (KW/ton) 0.18 0.68
Outside Air Units (KW/ton) 1.09 1.41
Cooling Density (SqFt/ton) >550 400
Outside Air Design Flow (CFM/person) 30 (max) 15 CFM/person

w/ CO2 sensor w/o CO2 sensor
Total Air Movement Flow (CFM/sqft) 1.2 1
Boiler Efficiency 85% 77%
Water-Side Economizing (hours) 200+ Non-Required


