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Description

Incorporating ice storage into HVAC system design can reduce the energy costs associated with building cooling
by shifting the time of equipment operation from high-cost to low-cost periods. This practice is typically only
economically feasible where proper incentives — either in the form of rate structures or rebates — are available
from the utility company.

Many utility companies are faced with a shortage of capacity for a relatively short period of time each day —
typically during normal working hours. To encourage users to reduce their energy consumption during these
times, the utility often imposes time-of-day rates that are highest during peak demand periods. One method for
reducing the energy costs incurred with these higher rates is to operate the cooling equipment when utility rates
are low (usually during the evening) and store the thermal energy potential until it is required.

Ice banks, like those represented in the schematic above, are often used as means of thermal storage because
of their compact size and pre-engineered design. During off-peak (low utility rate) periods, the chiller cools a
glycol/water mixture to a leaving temperature of approximately 23 degrees Fahrenheit. This mixture is then
circulated through tubes within the ice bank, where it freezes the surrounding water.

When a cooling demand develops during an on peak (high utility rate) period, the glycol/water mixture — heated
by the building load — is circulated through the storage tanks to melt the ice.

In summary, the basic concept of the ice (thermal) storage is simply this: ice is generated at night when utility
rates are low, and is then used for cooling during the day when utility rates are high.

Application Considerations
. Because of the storage tanks required, there is an additional installed cost associated with ice storage
systems. However, since the type of system often permits selection of a smaller capacity chiller, the

savings that result may partially offset the added installation costs.

. Many utilities offer rebates for thermal storage that can be negotiated for individual buildings. Contact
your local utility representative to maximize the economic potential of a thermal storage system.
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Description

Low temperature primary air systems provide 42 degrees Fahrenheit to 48 degrees Fahrenheit supply air for
comfort cooling. As discussed below, the principal advantages this air delivery option offers over conventional
systems include lower HVAC equipment costs, lower electrical demand and reduced operating costs.

The smaller fans and ductwork diameters required for low temperature air systems not only reduce equipment
costs, but also offer architectural savings since less floor-to-floor height is needed. And — because the fans and
pumps used are lower in horsepower — the system consumes less energy than many traditional types of air
delivery.

Application Considerations

. Proper care must be taken to ensure that condensate does not develop on the ductwork of thermal units.
. Selection of air diffusers is of particular importance to ensure adequate distribution at low airflow rates.
o Particular care must be taken to assure that air change requirements are met for adequate ventilation

(i.e., outside air at modulated conditions), as well as for smoke pressurization strategies.
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FIGURE 1
DIRECT EVAPORATIVE COOLING
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STAGED EVAPORATIVE COOLING

Description

Evaporative cooling of supply air can be used to reduce the amount of energy consumed by mechanical cooling
equipment. Two general types of evaporative cooling — direct and indirect — are available. The effectiveness of
either of these methods is directly dependent on the extent that dry bulb temperature exceeds wet bulb

temperature in the supply airstream.

Direct evaporative cooling (Figure 1) introduces water directly into the supply airstream — usually with a spray or
wetted media. As the water absorbs heat from the air, it evaporates. While this process lowers the dry bulb
temperature of the supply airstream, it also increases its wet bulb temperature by raising the air moisture

content.

By contrast, indirect evaporative cooling (Figure 2) uses an additional waterside coil to lower supply air
temperature. The added coil is placed ahead of the conventional cooling coil in the supply air stream, and is
piped to a cooling tower where the evaporative process occurs. Because evaporation occurs else where, this
method of “precooling” does not add moisture to the supply air, but is somewhat less effective than direct

evaporative cooling.

A third option blends both the direct and indirect evaporative processes. Combined or staged evaporative
cooling (Figure 3) systems are arranged so that the indirect coil is activated first, partially reducing the supply air
dry bulb temperature without increasing its moisture content. The supply air then passes through the direct coil
where the dry bulb temperature is further reduced with only a slight increase in moisture content.

Any additional cooling required is provided by the conventional cooling coil (if used).

Application Considerations

. Although the evaporative cooling system can effectively reduce the required capacity of the mechanical
cooling equipment, it usually does not eliminate the need for a conventional cooling coil.

. Additional static pressure — typically 0.2 to 0.4 inches water column — is required by the air handling
system whenever evaporative coils are used in conjunction with a conventional cooling coil.
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Description

Hot gas bypass is one method for enabling cooling equipment to function properly over a wide range of low load
conditions while avoiding coil “freeze-up” and compressor cycling problems.

A typical hot gas bypass application is shown above. At a predefined condition, the hot gas bypass valve
initiates a modulated flow of hot refrigerant gas from the high-pressure (compressor discharge) side of the
refrigeration system to the low-pressure (compressor suction) side.

While this stabilizes compressor operation and avoids freeze-up, it also reduces system cooling capacity
because the gas diverted back to the compressor bypasses the evaporator.

Application Considerations
. Proper adjustment of the hot gas bypass valve is critical; under “no load” conditions, suction temperature

must be stabilized 1 or 2 degrees Fahrenheit above the freeze protection setting. Further, suction
pressure should be as low as possible when the valve is energized to minimize power consumption.

. Indiscriminate use of hot gas bypass wastes considerable amounts of compressor energy.
. If improperly applied, hot gas bypass can cause system instability.
. Newer, microprocessor-controlled compressor systems can eliminate the need for hot gas bypass

through intelligent compressor cycling. (An example of such a system is the FROSTAT option available
on large Trane rooftop units and split system air conditioners.)
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Description

The chilled water reset option provides a means for reducing energy consumption by increasing water chiller
efficiency. In operation, chilled water reset raises the temperature of the chilled water supply during periods
when water load is not at, or near, the designed conditions. This lessens the work required of the chiller’s
compressor, reducing the energy consumed.

For example, consider a chiller with design leaving and entering water temperatures of 44 degrees Fahrenheit
and 54 degrees Fahrenheit, respectively, and a maximum reset value of 4 degrees Fahrenheit. If building load is
approximately 80 percent of design, the leaving-evaporator chilled water set point is reset upward by 2 degrees
Fahrenheit to 46 degrees Fahrenheit. If building load continues to drop, this set point is adjusted upward until the
maximum reset set point of 48 degrees Fahrenheit (i.e., 44 + 4) is attained.

As a “rule of thumb,” each degree of chilled water reset reduces chiller energy costs by approximately one to
one-and-one-half percent, which can result in major operating cost savings.

Application Considerations

. Chilled water reset operation reduces the pump savings associated with variable-flow chilled water
pumping systems.

. If supply air temperature is critical, care should be taken to ensure that chilled water reset operation
does not result in loss of space temperature or humidity control (i.e., due to warmer supply air
temperatures and/or increased relative humidities).

. To assure adequate refrigerant flow and maintain proper oil movement within a chiller, a maximum
pressure differential must be maintained between the condenser and evaporator.
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Description

In terms of energy consumption, constant volume systems are costly: the fans operate continuously, delivering
design air flow at part-load, as well as full-load, conditions. Comfort is maintained by modulating air temperature
rather than the amount of air delivered.

As an alternative for some constant volume systems (i.e., those with many small fans rather than those with a
few large ones), fan cycling can provide one of the economic benefits of a VAV system — that of reducing energy
consumption/costs by moving less air.

It may be particularly desirable to reduce fan energy consumption in existing constant volume systems that
move more air than is necessary. By monitoring space conditions and controlling the cooling system and fans, it
may be possible to cycle some fans off and then on again without affecting occupant comfort. (Fan “off” times
typically last 5 to 15 minutes; “on” times are usually 15 to 45 minutes long.)

Where energy consumption and demand peaks are critical, limiting fan operation in this manner may be one of
the energy saving alternatives to consider.

Application Considerations
. A building automation system is required to monitor and control the fan cycling option. To assure
occupant comfort, the control system used should also automatically override the fan cycling function if

the temperature in the occupied space exceeds a predetermined limit.

. Because the fans are started and stopped more often, fan cycling accelerates the wear of belts, motors
and bearings.

. Turning fans on and off at regular intervals may create a disturbing noise for occupants.

. Fan cycling is not recommended for fans larger than 20 horsepower.

. Fan cycling is an option for constant volume systems only; VAV systems already incorporate this control
strategy.
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Description

The purpose of duty cycling is to avoid setting unnecessary electrical demand peaks causes by synchronized
equipment “on” times. This control strategy is particularly appropriate for HYAC systems with greater heating or
cooling capacity than is needed to meet load conditions.

For example, duty cycling can be used to stagger start-up of electric heating coils in thermal units of VAV
systems — particularly during morning warm-up. By preventing the coils from energizing simultaneously, the
electrical demand peak can be reduced. And, depending on the local utility rate structure, the demand charge
can be a relatively large percentage of the monthly utility bill.

This control strategy can also be used successfully in applications with a number of small packaged air
conditioning units; in this instance, either compressor operation — or compressor and fan operation — can be
staggered to reduce the demand peak.

Application Considerations
. A building automatic system is required to monitor and control the duty cycling option. To assure

occupant comfort, the control system used should also automatically override the duty cycling function if
the temperature in the occupied space exceeds a predetermined limit.

. Because equipment is started and stopped more often, wear is accelerated and maintenance costs are
increased.
. Turning equipment on and off at regular intervals may create a disturbing noise for occupants.
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Description

The night purge cycle offers a means of reducing utility costs by exploiting the thermal capacity of the building.
That is, the building’s thermal capacity makes it possible to use cool outside air brought into the building during
unoccupied hours to offset the cooling load that develops at the beginning of each occupied period.

In many climates, ambient temperature during nighttime hours is low enough to precool the building. When this
temperature reaches the predefined value during unoccupied hours, the control system activates the supply fans
to introduce outdoor air directly into the building: the fans remain on until space temperature falls to a specified
level.

Using the night purge cycle in this manner can provide energy savings by reducing or eliminating the morning
“pull down” load that often develops in buildings during the cooling season.

Nighttime purge operation can also serve as an effective tool for improving indoor air quality in buildings that
regularly suffer from a build-up of indoor pollutants. By introducing large quantities of fresh outside air into the
building without adding to the air conditioning load.

Application Considerations

. The control system used must be capable of monitoring ambient and interior temperatures, as well as
controlling the air supply system.

. In humid climates, care must be taken to avoid introducing a large latent load by bringing moisture-laden
air directly into the building.
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Description

The optimum start/stop strategy can lower utility costs by reducing the operating time of HVYAC equipment. As

shown in the illustration above. This is accomplished by delaying the equipment’s “start” time while advancing
its “shutdown” time.

Often, a building’s HVAC equipment is scheduled to start one or two hours before the normal occupied period
begins and stop approximately one hour after the occupied period ends. Though this simple equipment
schedule does assure occupant comfort, it also consumes more energy than is necessary.

The optimum start/stop strategy takes advantage of a building’s thermal capacity to minimize equipment run
time. Since “light” buildings cool down quickly at start-up, the equipment “start” time can be very close to the
beginning of scheduled occupancy on a mild day, and somewhat earlier on a hot day. “Heavy “ buildings, on the
other hand, take longer to cool down, so the equipment “start” time must be early enough to achieve the desired
space temperature by the time scheduled occupancy begins.

Based on occupancy schedules ambient conditions and building thermal characteristics, the equipment is
started as late as possible — and stopped as early as possible — without sacrificing occupant comfort. By
minimizing equipment-operating time in this manner, it is possible to realize significant energy savings.

Application Considerations

. The control system specified must be capable of monitoring and controlling the entire HVAC system.

. To take full advantage of the optimum start/stop strategy, the control system should be capable of
“learning” from previous building operation experience to optimize equipment operation time on a daily
basis.
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Description

The loading-shedding economizer reduces the energy required to heat and cool a building by combining two
energy-conserving concepts: outside air economizing and heat recovery.

Traditionally, outside air economizing has been used on cool days to satisfy internal cooling loads, minimizing
operation of refrigeration equipment. By the same token, chiller heat recovery has been used to supplement
auxiliary heat in satisfying building perimeter losses.

However, combining these two processes can minimize both chiller operation and auxiliary heating, saving
additional energy. The chiller is used to satisfy the heating load — virtually eliminating the need for auxiliary heat
during occupied hours — while outside air from the optimized economizer is used to satisfy only that portion of
the cooling load not already handled by the chiller. In this way, economizer operation balances chiller operation
with perimeter heating loads, and only trims the excess cooling load not needed for heating purposes.

To provide coordinated control, the same controller is used to govern both heat recovery and economizer
operation. As heating demand declines, the controller first responds by turning off the auxiliary heat, using only
recovered heat to satisfy perimeter loads. If heating demand continues to drop, less recovered heat is needed,
so the controller modulates the economizer dampers open. As a result, the chiller unloads to reduce the amount
of recovered heat available.

Once the economizer opens to its full extent - shedding as much chiller capacity as ambient conditions will
permit — any additional reduction and heating demand will direct the remaining unneeded heat to the cooling
tower.

The same control strategy operates in reverse when building-heating demand increases.

An example of the energy-saving effect that can be realized with a load-shedding economizer system is
illustrated in the typical building load profile shown above.

Application Considerations

o As an airside-based economizer, the load-shedding economizer can only work when outside air
temperature and humidity are low enough to provide effective cooling.

o The specified chiller must be equipped with a heat recovery option, and include a control system that is
capable of balancing heating and cooling demands by optimizing economizer operation.
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| APPENDIX G — MAINTENANCE AND REPLACEMENT COST

A. Annual Recurring Maintenance Costs:

1.

Annual recurring maintenance costs can be divided into two general classifications: preventative
maintenance and “routine” maintenance repairs.

All Wake County facilities, as owner-occupied facilities, are expected to receive preventative
maintenance and routine maintenance repairs.

To evaluate the cost of preventative maintenance for a building component or system, the best
approach is to itemize all of the elements of the component or system and develop a list of work
items necessary to inspect, maintain, and repair it on a routine basis (daily, weekly, bi-weekly,
monthly, quarterly, and annually). From this list, an estimate of man-hours and parts can be
developed and then costed. For example, a centrifugal fan may require a 10-minute inspection
every working day, a 30-minute inspection and adjusted monthly, and a yearly cleaning and
inspection that takes 4 hours. Thus, on an annual basis, this fan’s preventative maintenance
requires approximately 43 man-hours per your.

Some building components, such as roofs, fenestration, cladding, etc. have relatively small
preventative maintenance requirements, while others, such as elevators and escalators, doors,
etc. have higher preventative maintenance needs.

Maintenance repair is the amount that must be spent each year for replacement parts that,
individually, fail during the economic life of the building component or system. While the cost of
maintenance repairs in the early years will normally be lower than in later years, for purposes of
analysis these costs are “averaged” on an annual basis over the economic life.

B. Mechanical Systems: The following table has been developed from information published by the Trane
Company and other sources:

Annual Recurring
Maintenance Cost

Mechanical Component or System (Percent of Initial

Cost)
DX Packaged Units 7.0
Water Chillers: DX 7.0
Rotary Compressor 3.5
Absorption 3.5
Cooling Towers, Galvanized Steel 5.5
Air-Handling Systems 3.0
Fan Coil Units 3.0
Pumps 3.3
Piping: Black Steel 5.0
Galvanized Steel 3.0
Copper 2.0
Fans 3.0
Coils 3.3
Control Systems 10.0
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C. Electrical Systems: General electrical system and component maintenance costs can be estimated as
follows:

Annual Recurring
Maintenance Cost

Electrical Component or System (Percent of Initial

Cost)
Power Wiring 4.0
Low Voltage Wiring 2.0
Motor Starters 2.5
Switches 25
D. Light Fixtures: Light fixture cleaning costs can be difficult to determine and the following data can be
used in absence of more specific information:
Type of Fixture MH to Clean
Incandescent, pendant 0.05
Incandescent, recessed 0.07
Fluorescent, pendant, open 0.10
Fluorescent, surface, enclosed 0.15
Fluorescent, recessed, enclosed 0.10
HID, 10’ mounting 0.10
HID, 15 mounting 0.15
HID, 20’ mounting 0.25
HID, 30’ mounting 0.60
HID, 40’ mounting 1.00
1. Multiplying these man-hours by the average cost for maintenance personnel yields cleaning cost

per fixture. Multiplying by the total number of fixtures, times the number of times per year the
fixtures are cleaned, yields the total cleaning cost for the facility.

2. Repair and Replacement Costs:

a. Repair and replacement costs are costs that occur at multi-year intervals during the
economic life of a building component or system. Typical repair costs, for example, may
include a cladding system that requires re-caulking every 7-10 years, a chiller that
requires eddy current testing every 5 years, or a revolving door that requires new
bearings every 3 years. Replacement costs occur, however, simply because the
component or system has reached the end of its economic life. Appendix C summarizes
the estimated economic life for a large number of building components and systems and
can be used as a guide to estimate anticipated replacement costs.

b. For lighting systems, group relamping is generally recommended at 60% of the average
lamp life, as summarized in the following table:

Relamping Period

Average Life (years, based on

Lamp Type

(hours) 3000 hrs/year use)
Low pressure sodium 18,000 4
High pressure sodium 12-15,000 3
Metal halide 10-15,000 3
Mercury Vapor 24,000 5
Fluorescent 20,000 4
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APPENDIX H — POTENTIAL ENERGY CONSERVATION MEASURES FOR EXISTING
BUILDINGS

This listing is primarily designed for retrofitting of existing County facilities and should be used as a guide for
conserving energy. Most common Energy Conservation Measures (ECM) are found in the following thirteen (13)
categories. Within each category typical ECM's are presented, but are by no means complete.

Once potential ECM's are determined, the technical and economic analyses should be conducted for each
project and priorities can be established for implementation.

1. Building Envelope

Install double/triple glazing.

Permanently installed storm windows.
Reduce glass area (wall up/close oft).
Install solar shading.

Replace clear glass with reflective glass.
Install insulated doors.

Install airlocks, vestibules.

Wall up/close off unneeded openings.
Install insulation (roof, ceiling, wall, floor).

T T@ M0 0T

2. Heating
a. Replace inefficient boilers.
b. Use modular units.
C. Decentralize system.
d. Downsize system.
e. Replace inefficient burners.
f. Install automatic flue dampers.
g. Replace pilot lights with electronic ignition.
h. Preheat combustion air/make up water with waste heat.
i.

Recover waste heat from exhaust air, flue gas, laundry, kitchen, engine exhaust, condenser,
cooling tower.

3. Cooling
a. Replace inefficient chillers.
b. Install window air conditioners for local load requirements.
C. Install economizer cycles.
d. Utilize evaporative/dehumidification cooling.
e. Manifold chillers in parallel and sequence.
f. Isolate off-line chillers and cooling towers.
g. Replace air-cooled condensers with cooling towers.
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4, Ventilation/Distribution
a. Reduce air volume.
b. Reduce air Stratification.
C. Convert to variable air volume.
d. Insulate pipes and duct work.
e. Install automatic dampers.
f. Consider zoning modifications.
g. Reduce outside air percentage.
h. Shutoff/reduce heat to lobbies, stairwells, hallways.
i. Reduce/eliminate air to unoccupied areas.
j. Utilize outside air for free cooling.
k. Eliminate simultaneous heating and cooling.
5. Lighting
a. Convert incandescent to fluorescent or high-intensity discharge.
b. Convert mercury vapor to metal halide or sodium vapor.
C. Modify fixtures (add reflectors, lower height).
d. Employ task lighting.
e. Install occupancy sensors (infrared, ultrasonic).
f. Install local switches.
g. Install skylights.
6. Domestic Hot Water
a. Install flow restrictions.
b. Install self-shutoff faucets.
C. Decentralize hot water heating.
d. Add piping and tank insulation.
e. Install booster heaters for hot water in lieu of central system use.
f. Add preheat from waste heat source.
7. Laundry
a. Install heat reclamation system on laundry wash water.
b. Install heat reclamation system on dryers.
C. Install makeup air supply for exhaust.
d. Install local booster heater.
e. Add/improve insulation.

8. Kitchen

a Install high-efficiency steam control valves.

b Install makeup air supply for exhaust.

C. Install heat reclamation system for exhaust heat.
d Install nighttime automatic steam cut off.

e Utilize chemical dishwashing system.

f. Add/improve insulation.

9. Utility Plant Systems

a. Reduce steam distribution pressure.
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Increase boiler efficiency.

Insulate boiler and boiler piping
Install economizers.

Install air preheaters.

Install blow down controls.
Modernize boiler and chiller controls.

10. Electrical Equipment

@mooooTw

De-energize equipment when not in use.
Reduce loads when not required.

Install capacitors or synchronous motors to increase power factor.

Reduce transformer losses by proper loading and balancing.
Convert to energy efficient motors.

Install variable-speed motors.

Replace oversized motors.

11. Controls

S@ "0 0T

Install automated energy management system.
Install temperature/pressure reset devices.
Install stop/start devices.

Install night setback devices.

Install load-shedding devices.

Install system optimizing capability.

Install enthalpy controls.

Replace hand valves with automatic valves.

12. Renewables

TTSa@Tmoao0oTe

Install active or passive solar hot water system.
Install active or passive solar space conditioning.
Utilize photovoltaics.

Convert to wood.

Convert to biomass.

Convert to refuse.

Utilize wind energy.

Utilize water power.

Utilize geothermal.

Utilize tidal energy.

13. Miscellaneous

b.

Install cogeneration system.
Install thermal storage system.

There are a number of provisions to be considered in recommending various ECM’s. These considerations can
deal with specifying state-of-the-art equipment, health and safety, occupant comfort, compatibility with existing
equipment, and hazardous waste disposal among others.

The following is a list of considerations to be addressed in finalizing a recommended ECM.
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LIGHTING
1. Converting Incandescent to Fluorescent
a. Use energy-efficient ballast and lamps.
b. Consider using electronic ballasts and compatible lamps (T -8 Octron).
C. Verify that new light levels will meet state codes.
2. Replacing Standard Magnetic Ballast and Lamps with Energy-Efficient Ones
a. Lamp must be compatible with the ballast.
b. Verify that new light levels meet state codes.
C. Consider using electronic ballasts and lamps.
d. Address disposal costs if the old ballasts contain polychorinated biphenyls (PCSs).

BUILDING ENVELOPE

1. Wall Up Windows
a Be aware of any historical building preservation requirements.
b. Verify that the new light level meets the state codes.
c Conduct an in-house check by blocking the light from the windows with dark plastic sheeting.
d Check for proper outside air ventilation requirements.
2. Install Storm Windows
a. They must be permanently attached.
b. Check for proper outside air ventilation requirements.
3. Install Roof Installation
a. Existing roof must be leak proof.
b. If the roof is to be replaced, obtain assurance that it will be competed prior to installing
insulation.

AIR CONDITIONING

1. Recommend chiller replacement ECM's be charged with non-CFC refrigerants. A viable option would be
that the replacement chiller, supplied with a CFC refrigerant, is also compatible with HCFC or HFC
refrigerants. This changeover should be accomplished without chiller hardware modifications or
lubrication changeout.

2. In replacing a water condensing chiller, ensure that the existing condenser water loop is clean .
Consider replacing the cooling tower.

3. Ensure that existing components such as pumps, motors, fans, etc., are properly sized for the new
chiller.
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HEATING
1. In replacing an old boiler, check out the composition of the old insulation for asbestos.
2. If asbestos is present, allow adequate funds for removal and disposal cost, which could be
substantial.
VENTILATION
1. In recommending reduction of outside air, do not go below:
a. 15 cfm/person outside air for classrooms
b. 20 cfm/person outside air for office areas
C. 25 cfm/person outside air for patient rooms.

ELECTRIC MOTORS

1. Base motor efficiency rating on IEEE 112 Method B.

2. Specify energy efficient motors when replacing existing motors.

3. When replacing pumps, fans, or compressors, change out their standard motors with energy-efficient
units.

4. Check out the possibility of using a smaller drive motor when changing to an energy-efficient pumps,

fan, or compressor.

6. Check the power factor of the new motor.
CONTROLS
1. In the installation of an energy management control system (EMCS), ensure that the controlled

equipment is in good operating condition.

2. Be comfortable that the responsible institution person(s) is capable or can be trained in the operation
and maintenance of the proposed EMCS.

WATER FOUNTAINS

1. In all ECM's dealing with refrigerated water fountains, check for an unsafe lead level (greater than 5 ppb)
in the drinking water.

Source: Energy Auditor/Technical Assistance Analyst Training Manual, State Energy Office, State of Florida.
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APPENDIX | - INDOOR AIR QUALITY CONCERNS

Whatever is done to the building structure, occupant health, safety, and comfort must be maintained. Problems
due to indoor air quality (IAQ) contaminants have caused occupant health problems and have acquainted us to
the term "Sick Building Syndrome." Saving energy is important, but it cannot be at the expense of the
productivity and health of occupants.

Indoor Air Quality Contaminants Fall Into Two Categories:

1. Respirable Particulates

Tobacco smoke (solid and liquid droplets)
Allergens (mold, pollen, fungi, spores)
Pathogens (bacteria and viruses)
Asbestos and manufactured fibers
Others
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2. Gases and Vapors

Carbon monoxide (CO)

Radon

Volatile organic compounds (VOCs)
Oxides of nitrogen (NOx)
Formaldehyde (HCHO)

Trivalent oxygen (ozone or O3)
Polychlorinated biphenyls (PCBs)
Odors

Chordane

Others
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Poor Indoor Air Quality Symptoms Include:

Headache

Fatigue

Burning eyes

Runny nose

Sore throat

Itching skin

Recurring sinus infection
Bronchitis

Pneumonia
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Typical Causes of Sick Buildings Are:

Improper design including insufficient outside air quantity

Changes in building occupancy or use
Restricted ventilation due to added walls, partitions, bookshelves, etc.
Inadequate filtration and/or dehumidification
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Poor outside air quality

Indoor pollutants including off-gassing of materials and furnishings
Buildup of mold and mildew, especially in air handling units and ducting
Poor maintenance including test, adjust and balance neglect

Various combinations of the above.
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In a retrofit program for existing buildings, one needs to keep an eye open for asbestos, especially for buildings
constructed from the 1940s through the late 1970s. Prime building components that may contain asbestos are:

Boiler rooms and boiler equipment

Pipe and duct coverings

Piping used in water systems

Cooling tower components

Rooftop equipment including roofing materials (felt) and penetrations (flashing) through the roof
deck

Cement, blackboard, wallboard (or sheetrock)
Acoustical ceiling tiles and inside roof decking, etc.
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If asbestos is found, disposal costs (hazardous wastes) will be substantially higher.

Radon gas is a naturally occurring radioactive gas that causes lung cancer. According to EPA second leading
cause of lung cancer in the United States after cigarette smoking. Whenever uranium is found in rocks and in
soil, radium is found. Where there is radium, radon gas and its daughters are found. Some types of rock and soll
contain considerably more radon that others. Among these types are granite, phosphate, shale, and uranium.

The North Carolina Department of Environmental Health Services standard limits radon to 0.02 working level
(WL), which is 4 picocuries per liter (pCi/l). At 4 pCi/l, about two people in a community of 100 may die from
radon. This risk of dying from lung cancer compares to smoking 1/2-pack of cigarettes each day.

Possible sources of radon entry into a building with slab-on-grade foundations and into basements are sump-
pump openings, floor cracks and joints, basement floor/wall joints, basement floors of uncracked concrete, and
basement floor drains.

Source: Enerqy Auditor | Technical Assistance Analyst Training Manual, State Energy Office, State of Florida
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