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ABSTRACT

This submittal comprises final draft of design
manual entitled "Technical Guidelines for Energy
Conservation in Existing Buildings". The manual
contains description, illustration and design criteria
to be applied for energy conservation in buildings.
Also included in the manual is the description and
our recommendation of commercially available computer
programs together with the sample printouts of
computer analysis on an example building.
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INTRODUCTION TO ENERGY MANAGEMENT

MANAGEMENT FOR CONSERVATION. The management of
energy conservation for a given facility, like the
management of any other function, requires planning,
organizing, implementing and controlling the energy
expenditure. For a facility not yet built, the plan-
ning involves the specification of certain guidelines,
such as, the building envelope and ventilation criteria
given in Chapter 1. It requires definition and eval-
uation of alternatives as outlined in the computer an-
alysis discussion in Chapters 1 and 5 and the economic
decisions discussed in Chapter 6. For every building
project an energy bhalance diagram (Figure 2-2) should
be prepared to graphically display the amount of in-
ternal energy available for recycling and to show the
minimum amount of new energy required to maintain en-
vironmental conditions. This chart will guide the
selection of alternative energy conservative systems.
Once the alternative systems have been analyzed and
one system selected, the computer model printout for
that system should be preserved for later use by the
responsible building operating personnel. 1In organ-
izing or specifying, the building systems, the per-
formance characteristics desired (especially coef-
ficients of performance) must be clearly spelled out,
and in implementing the design sufficient tests should
be made of systems and their components to assure that,
as installed, they meet the design requirements. On
every project the building operator should be furnish-
ed with a complete set of as-built drawings and speci-
fications and, also, with systems diagrams, operating
and maintenance instructions, instructions for record-
ing usage and demand of all energy sources. Actual
usage of energy versus that estimated by the designer
should be reported on a regular basis to assure that
necessary corrections are made to controls for energy
efficient operation. For each installation the officer-
in-charge should designate an enexrgy conservation off-
icer to coordinate conservation efforts.
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CHAPTER 1. UPDATING OF DESIGN PARAMETERS--
VENTILATION, INFILTRATION, BUILDING ENVELOPE

1.1 PARAMETERS. 1In an existing building, the site
(geographic location), orientation, occupancy schedule,
controls, equipment sizes and selections are essentially
fixed. However, the values of other basic parameters
such as ventilation, infiltration, building envelope,
"u" factor (walls, floor, glass, roof), and shading can
be improved and should be evaluated as accurately as
possible for energy and cost effective improvement.

The evaluation shall consider bringing the "U" factor,
ventilation and infiltration rates and other parameters
to the levels specified for new construction.

1.2 VENTILATION AND INFILTRATION. Ventilation and in-
filtration rates in existing buildings are frequently
higher than present standards require. Corrections can
be accomplished by checking the outside air dampers, ex-
haust air from the building and air leakage into the
building through damper blades, windows and door cracks,
by minimizing the frequency of door and other openings,
and controlling the stack or chimney effect. Block the
present outside air damper or replace it with a smaller
outside air damper adequately sized to furnish the desir-
able quantity of ventilation air. If 100 percent air
usage is contemplated for economy/enthalpy control, in-
stall a separate damper for minimum outside air. This
is essential to avoid losing control if one damper han-
dles both minimum and maximum amount of air. The out-
side air damper shall function only when the building

is occupied. A tight shut-off is required to minimize
air leakage.

1.2.1 Reduction of Outdoor Air. Outside air require-
ments can be reduced considerably by installing an
individual switch for toilet exhaust instead of tying

it with lights., If a common fan is exhausting several
areas, it should not operate at full capacity. This can
be made variable volume by installing motorized dampers
at each air inlet. The energy consumption required to
meet heating and cooling loads due to ventilation can

be further reduced by incorporating exhaust air heat
recovery techniques as discussed in Chapter 3.

R e s T sy
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1.3 ENVELOPE. Thermal improvement goals for walls,
ceiling, crawl spaces, etc. shall be those shown in
Table 1-1. The heat transfer can be improved by added
insulation, spraying with vermiculite, filling between
studs with insulation, etc. For improvement of glass
transmission and radiation, consider putting storm
windows, storm doors, subsfituting single glass with
glass blocks, insulating, double or triple glass, add-
ing internal as well as external shading devices.

1.3.1 Economic Evaluations. Economic evaluations should
be based on realistic estimates of energy usage. Records
of oil, gas, electricity usage should be used for the
existing situation. Estimates of energy savings due to
added insulation, etc. may be based on a "degree-days"
approach for air conditioned buildings of 10,000 square
feet or less and for "heated only" buildings of 40,000
square feet or less. For larger buildings, energy esti-
mates should be made by computer programs which simulate
outdoor and indoor conditions.

1.3.2 Equipment Replacement. Another important energy
conserving point is consideration of replacing or sub-
stituting components such as boilers, chillers, package
air conditioning units, etc. When replacement is nec-
essary, calculate heating and cooling loads based on
present design parameters. Select equipment to meet
this load instead of replacing it with the same size
unit as before. Equipment selected shall be energy ef-
ficient as defined in Chapter 3.

1.4 TIGHTENING THE STRUCTURE. Leakage of dampers must
be prevented by sealing the blades with a neoprene gas-
ket seal on the leaf of the damper. The damper shall
also remain closed during the warm up or pick up cycle.
Some types of units, such as fan coil, or unit ventil-
ators which have outside air openings without dampers,
take in outside air when the unit is operating. This
is an unnecessary ventilation load in the building at
night when units operate to offset building heat losses.
Install normally closed dampers in these openings and
all other systems which operate in a similar fashion.
Seal all air leaks in the building envelope. Caulk and
seal all duct joints to ensure that ventilation air is
carried to where it is needed. Minimize chimney effect




by blocking all unnecessary openings. The effect is
more predominant in winter than in summer because of
higher temperature and density differences. 1In winter
air enters at a lower level and escapes at high level
or at the roof. Tightening the building at the top
moves the neutral point further down towards the lower
level. Infiltration also can be reduced by weather-
stripping, caulking, installing vestibules, revolving
doors, etc. A vapor barrier prevents moisture migration
and reduces infiltration. The barrier may be rigid
sheets of reinforced plastics, aluminum or stainless
steel or membranes of metal foil or coatings of resin
or asphalt. Storm doors and windows are very effective
in reducing infiltration.
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25 VENTILATION AIR. Ventilation air may be out-
side air provided by forced ventilation or by in- |
filtration or recirculated air purified by charcoal i
filters. During the heating season and during the

cooling season if mechanical cooling is used, the

ventilation air shall be limited to the design values

contained in this section. Where power ventilation

is provided, the total ventilation air quantity (in-

cluding pressurization and infiltration) used for

calculating heating and cooling loads shall be es-

tablished as the greater of the total exhaust re-

guirement or 0.125 CFM per suuare foot of net floor

area, provided that ventilation air exclusive of

infiltration is furnished at 5 CFM per person. Ex-

haust requirement values for toilets, kitchens, etc.

shall be set at the minimum values recommended by

ASHRAE Standard 62-73. Ventilation air quantity of

0.125 CFM per square foot will be adequate to meet

general exhaust requirements and to pressurize the

building to minimize infiltration. Five CFM/person

will take care of heavily populated areas such as

auditoriums, churches, theaters, arenas, convention

halls, classrooms, cafeterias, conference rooms,

meeting places, etc. Smoking should be prohibited

in all assembly type areas.

LaS X Family Housing. Normally an outside air
supply is not required in air conditioning family
housing. Any exception is quarters for officers of
flag rank for which an outside air supply shall be
provided to meet the above requirements. The above
ventilation rates are applicable for general use.
ASHRAE's recommendation for ventilation shall be
considered for special areas such as hospitals, lab-
oratories, bakeries, restaurants, laundries, swimming
pools, explosive manufacturing, contaminated areas
csuck as smoking, toxic gases, etc., but in no case
shall less than 5 CFM per person be allowed. For
kitchen and dishwashing areas, the ventilation re-
quirement for cooling shall be based on the internal _
load and air temperature rise of 15°F.

-

1.5.2 variable Ventilation. For energy conserva-
tion provision for variable ventilation rates corres-
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ponding to occupancy should be incorporated in the
design of assembly type areas. All mechanical venti-
lation systems shall be equipped with readily access-
ible means for volume reduction and/or shut-off when
ventilation is not required. Outside ventilation air
intake in unoccupied buildings should be closed during
early morning pick up cycle to achieve rapid accelera-
tion to proper temperature (air cooling or heating),
e.g., to bring an air-conditioned building down to
temperature in the morning (0600 to 0730) before work-
ers arrive.

1.5.3 INFILTRATION. Specifications should require
that building windows and doors ke designed and in-
stalled so that infiltration will be limited to 0.5
and 0.75 CFM per foot of crack for windows and doors
respectively when tested at 1.567 pounds/square foot.
Tests to confirm these rates of infiltration shall
meet ASTM Standard E283-73 requirements. Infiltra-
tion must be considered as a room heat load and not
as a system load, since it bypasses the air handling
units and comes directly into the room. Caulking

and weatherstripping reduces infiltration. Knowledge
of prevailing wind will aid judgment in considering
the crack length to be assumed in computing infiltra-
tion air quantity, but in no case will less than one-
half the total crack be used.

1.5.4 VENTILATION FOR SPECIAL AREAS. Ventilation is
required to provide adequate oxygen per person and to
avoid build up of concentration of carbon dioxide in
the space. The other purpose of ventilation is to re-
move body odors and where there is large volume per
occupant less outside air is needed. Ventilation air
requirements should be minimized to a value that will
not unduly penalize the heating/cooling system energy
requirements while providing a healthful environment.

1.5.5 THERMAL LOADS. The thermal load of ventilation
air is directly proportional to the total quantity of
the outside air and its magnitude is different for
summer and winter conditions. The summer ventilation
alr contributes to sensible and latent heat loads,
whereas winter ventilation load has a sensible com-
ponent only. Any induced humidification provides the
latent load in winter.

1-5
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Summer ventilation load:

Hv (summex) = 4.5 x Qv X (ho - hi)
Winter ventilation load:

Hv (winter) = 1.08 x QV X (ti - to)
Winter humidification load:

W #/HR = Q, (CFM) x 60 Min./Hr. x (G, = GO) (grains)
13.33 cu.ft./1b, x 7000 grains/1b.
= 0.00064 x Qy x (G; - G,) #/HR (Moisture)
Where H,, = Ventilation air thermal load at outdoor de-

sign conditions (summer and winter) in BTUH

= Qutside ventilation air, CFM at standard
conditions (70°F, 0% R.H. and 29.92" Hg pressure)

Note: All air quantities mentioned in this manual
correspond to Standard air conditions, and correspond-
ing corrections must be applied for other conditions.

h Enthalpy of outside air in BTU/lb. of air

o

h; = Enthalpy of inside or room air in BTU/1lb. of
air -

t; = Room dry bulb temperature, °F

t, = Outside winter design temperature, °F

W = Pounds per hour of moisture or steam
required for humidification

G; = Grains per pound of air at inside winter
design conditions (at 70°F and 25% R.H. =
27 grains/1b.)

Gy = Grains per pound of air at outdoor winter
design conditions (from "Engineering Weather
Data")

awar



1.5.6 EXAMPLE. Proper selection of ventilation air
quantity reduces the first and the operating cost during
both the heating and the cooling seasons. A 1000 CFM
reduction in outdoor air (in the Philadelphia area)

will represent a saving of about 2.7 tons in refrigera-
tion equipment, 58,320 BTUH in heating equipment, and
14.1 pounds per hour of steam for humidification. ]

Summer tons = 4.5 x 1000 x (39.57 - 32.4) = 2.70
12,000

Outside - 91 DB, 76 WB
Inside - 78 DB, 60% RH

Winter BTUE = 1.08 x 1000 x (70-16) = 58,320

Winter Humidification = 0.00064 x 1000 x (27-5) = 14.1
Reduction in air requirements for kitchen and industrial
applications to achieve these savings may be obtained

by the following considerations:

(1) Use of vented hoods directly over the heat
producing equipment.

(2) Directly bringing the outside air into the
area of hot spots or equipment to pick up the heat with-
out causing draft conditions.

IO TR

(3) Heat the outside air by recovering heat from
hot waste gases through heat exchangers.

(4) Tighten up all unnecessary openings by install-
ing well-fitted dampers for fireplaces. Fireplaces
increase the heating requirements in a space so their
use should be minimized.

(5) Use of double glazing and weatherstripping.




1.6 EXTERIOR ENVELOPE REQUIREMENTS - HEATING AND
COOLING. The exterior envelope requirement shall
apply to all buildings including special applications
such as hospitals and laboratories. The intent of
this requirement is to thermally optimize the exterior
shell of a building, thus minimizing winter heat loss
and summer heat gain. The selection of Heat Trans-
mission Factor "U" (Btu/Hour/Square Foot/°F) is made
by comparing heating and cooling criteria require-
ments and selectinrg the most restrictive value, i.e.,
the lower value of the two.

1.6.1 Heating Design Criteria. The heat trans-
mission factors for walls, roof and floors shall not
exceed the values shown in Table 1-1. (No interpo-
lation for intermediate Degree Days values is per-
mitted.) Glass selection for all buildings shall be
based on economics, but in no case shall the overall

heat transfer coefficient value (Uy) shown in Table 1-1

be exceeded when used in conjunction with the follow-
ing equation:

Equation: UgPg = Uy X Ay + Ug x Ag + Up x Ap

Where Ug = the average thermal transmittance of
the gross wall area and Ay = a unit
area of gross wall.

U, = thermal transmittance of opaque (net) wall
area.

Ay, = ratio of opaque (net) wall area to gross
wall area.

Ug = thermal transmittance of window or glass.
A; = ratio of window area to gross wall area.
Up = thermal transmittance of door.

Ap = ratio of door area to gross wall area.

1 8




TABLE 1-1

MaximumlWalls, Roof, Floor and Overall
Transmission Factor (U and UO)

r

Family All Other
Degree-Days| Walls | Roof | Floor | Quarters | Buildings
Uy U Up Gross U Gross U

& For Wal? For Wal?
0-2200 0.14 0.05} 0.15 0.32 0.38
2201-4400 0.10 0.05| 0.13 0.27 0.36
4401-6600 0.08 0.05( 0.11 0.23 0.31

6601 and

above 0.07 0.05] 0.10 0.19 0.28

Degree-Days values from NAVFAC P-89 shall be used
when available. Until the revised P-89 is available,
use 1973 ASHRAE Systems Handbook or its latest issue.
Value of U for wall, roof and floor shown in Table
1-1 shall not be greater than the followvinc values
corresponding to 97-1/2% winter ambient design tem-
peratures: i.e., use the lowest of the two values
obtained, one based on Degree-Day criteria and the
other on winter ambient design criteria.

Temperature Walls Floor
-40°F to -10°F .07 .05
- 9°F to +10°F .10 .07
+11°F to +50°F 15 .10

lMaximum U, value will put a limitation on the allow-
qble percentage of glass to gross wall area in a build-
ing. Insulation glass on the building will allow high-
er percentage of glass in comparison with single glass.




1.6.2 Perimeter Insulation. When heated spaces are
adjacent to exterior walls in slab-on-grade construc-
tion, perimeter insulation shall be installed on the
interior of foundation walls as follows: 1l-inch thick
when annual heating degree days of aggregate from 3,500
to 4,500, and 2 inches thick when the annual heating
degree days are 4,500 and over. Installation of the
insulation shall be in accordance with the ASHRAE
Guide.

.63 Condensation Control - Heating. The design
of the building envelope shall provide protection
against cold weather water-vapor condensation on or

in roofs, attics, walls, windows, doors, and floors.
For opaque areas of ceilings, roofs, floors, and

walls containing dry thermal insulation, a continuous
vapor barrier having a water vapor permeance not ex-
ceeding 0.5 perm (grains/hr £t2 (in.-Hg) is required
on the winter-time warm side of the insulation. Slab-
on-grade floors shall have a vapor barrier with lapped
joints under the slab not exceeding 0.1 perm. A vapor
barrier not exceeding 0.1 perm shall be required to
cover the ground area of a crawl space beneath floors.
Ceiling,roof, floor, and wall constructions shall con-
tain thermal breaks to prevent excessive heat transmis-
sion through framing members.

1.6. 4 Cooling Design Criteria. Materials shall be
specified so that wall (net area) and roof heat gain
shall not exceed 2.0 Btuh per square foot at design
conditions. All glass, except north glass, shall

have a shading device (e.g., shades, venetian blinds,
draperies, awnings, eyebrow reveals, or vertical/hori-
zontal fins), and maximum instantaneous transmission
and solar gain through glass shall not exceed 70 Btuh
per square foot as an average for the entire building
(i.e., block load figure). This average of maximum
instantaneous solar and transmission factors includes
shading factor. Thermal storage effect due to mass

of building must be accounted for to produce properly
sized system, capable of balancing the actual loads.
For buildings that are cooled only the overall thermal
transmittance Uy for the gross wall shall not exceed
0.32 for family quarters and 0.38 for all other build-
ings.




1.7 HEATING AND COOLING LOADS. These loads shall
be calculated in accordance with one of the procedures
cpecified in the 1972 or latest issue of the American
Society of Heating, Refrigerating and Air Condition-
ing Engineers (ASHRAE) Handbook of Fundamentals.

1s7e1 Simplified Method for Small Buildings. For
family quarters and other buildings with a gross
floor area less than or equal to 10,000 square feet,
if both heated and cooled or 40,000 square feet if
heated only, the simplified and manual method as dis-
cussed in Part 1, General Cooling Load Calculations,
Chapter 22, in the 1972 ASHRAE Handbook of Fundamen-
tals, shall be used. Show design calculations, method,
results, and heat balance chart (see Chapter 2). An-
nual energy requirements for residential type build-
ings,such as single family dwellings and family quar-
ters, using Degree Day method for heating and Equi-
valent Full-load Hour method for cooling as discussed
in Chapter 43 of 1973 ASHRAE Systems Handbook or its
latest edition. For other smaller buildings annual
energy requirements should be obtained by the "bin"
or temperature frequency occurence method as dis-
cussed in Chapter 43, Page 43.13 of 1973 ASHRAE Sys-
tems Handbook or its latest edition. Bin system data
at 5° interval must be obtained from NAVFAC P-89
"Engineering Weather Data" manual. Adequate credit
must be taken for the heat reclaiming systems. Addi-
tional data on system incorporating heat pumps is
given in Chapter 11 of 1973 ASHRAE Systems Handbook.

1.7.2 COMPUTER ANALYSIS. For buildings larger than
10,000 square feet, an extensive hourly dynamic an-
alysis for load as well as energy calculating pro-
cedure shall be made using advanced computer tech-
niques and hourly weather data prepared from the
sources of NAVFAC P-89 or as obtained from The
National Climatic Center of National Oceanic and
Atmospheric Administration, U.S. Department of Com-
merce, Environmental Data Service, Federal Building,
Ashville, North Carolina 28801. Load and encrgy
calculations shall be made using the design par:-
meters as discussed in the earlier section on site,
outdoor design conditions, indoor design conditions,
ventilation, infiltration, solar screening; and ex-

d=ql




WW A e——s

terior envelope-walls, floor, glass and roof. The
annual hourly energy analysis (8,760 hours) shall in-
corporate the effectiveness of energy conservation
features and systems as discussed in Chapter 3. A
computer program for dynamic analysis to simulate

the operation of all the buildings through a full-
year operating period shall be of sufficient detail
to permit the evaluation of the effect of system de-
sign and operational characteristics (such as space
temperature and humidity control, supply air flow
and temperature, nature of fuel or energy source,
outside air quantities, lighting and occupancy sched-
ules) and mechanical plant characteristics (such as
part-load profiles, sequencing and accessories) on
annual energy usage. See Chapter 5 for more details.
Manufacturer's data or comparable field test data
shall be used, when available, in the simulation of
all systems and equipment. The calculation procedure
shall utilize simulation techniques similar to the
current recommendations in accordance with ASHRAE
Task Group publication entitled "Proposed Procedure
for Simulating the Performance of Components and
Systems for Energy Calculations." The energy con-
sumption for heating and cooling are directly re-
lated to the actual weather conditions and also the
systems selected. The purpose of this calculation
procedure is to get overall savings in owniag and
operating costs due to more precise sizing of the
equipment selected and careful control of heating
and cooling system operation. The computer programs
need minimum repetition and maximum utilization of
the input data. Alternate designs for the same
building can be obtained with very little effort by
changing few design constants or type of systems and
submitting to the program for a rerun. To allow the
equipment selected to operate close to design capa-
city, no additional safety factors, above what are
inherent in the ASHRAE method, shall be allowed.

PN 5T RAT S

|

L o A Y T e T




CHAPTER 2. ENERGY CONSERVATION CHECK LIST

2.1 HEATING.

2.1.1 Check heating load against calculated load using
degree days and heat loss. Use computer analysis for
larger buildings greater than 10,000 sq.ft. for air
conditioned building, and greater than 40,000 sq.ft. for
heated only building.

2.1.2 Reduce or turn off heat in less critical and un-
occupied areas. (warehouse, docks, etc.)

2.1.3 Control outdoor air to meet design requirements.
Close ventilation dampers during unoccupied periods
such as nights, weekends and holidays. Design for var-
iable outdoor air.

2.1.4 Doors and windows should be in good repair and
closed in winter. Fix all air leaks.

2.1.5 Check to find if any of the areas are overheated.
Reduce heat in these areas. Do not open windows in win-
ter to cool an area. Fix broken windows, etc.

2.1.6 Minimize building exhaust - third shift - week-
ends.

2.1.7 Distribution lines shall be insulated. Replace
deteriorated insulation.

2.1.8 Check and fix any leaking distribution lines.
2.1.9 Close all unnecessary roof openings.
2,1.10 Steam System Supplement
2.1.10.1 Boilers.
(1) Keep record of boiler thermal efficiency.

(2) Consider use of flue gases for possible waste
leat recovery.
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(3) Keep accurate records of the cost of generat-
ing steam.

(4) Check the possibility to coal conversion or
using plant waste or motor oil as fuel.

(5) Accurate check on delivered oil quantities.

(6) Determine if the boiler plant is really needed
in summer. Could small boilers and water heaters be
used and the power house shut down for the summer.

2.1.10.2 Condensate systems.

(1) Return all good condensate. Check condition
of pumps.

(2) Insulate condensate lines.

(3) Maintain all equipment in good order - temper-
ature controllers, leaky valves, float valves, steam
traps, piping, etc. Establish a periodic maintenance
program for the above equipment.
2.1.10.3 Perform flue gas analysis of boilers and other
fuel burning equipment to optimize the efficiency of
combustion, excess air required and heat loss to stack.

2.1.10.4 Make sure summer ventilation is off in heating
season.

2.1.10.5 Check for any visible building openings which
should be closed - such as stuck dampers or louvers on
exhaust systems.

2.1.10.6 Shut off any heating mains accidentally left on.
2.2 COMPRESSED AIR.

2.2.1 Measure and repair leaks.

2.2.2 Turn off air at the stations when not in use.

2.2.3 Turn off air after cleaning operations.

2.2.4 Use conservation nozzles on air ejection appli-
cations.




2.2.5 Analyze all air using equipment to determine the
lowest pressure at which the air compressors may be
operated.

2.2.6 Study to determine if pressure blowers could re~

place some use of compressed air. Do not allow compress-
ed air to be used to cool personnel.

2.3 WATER.

2.3.1 Control all welders, degreasers either automatic-
ally or manually to conserve water.

2.3.2 Repair leaks promptly.

2.3.3 Heat exchanger should be water controlled for econ-
omical use.

2.3.4 Recirculating systems should be used where possible.
2.4 ELECTRIC POWER.

2.4.1 Shut off lights where not needed at lunch and end
of shift. Clean dirty fixtures to insure greater effi-
ciency of lighting. Light off program should be intensi-
fied and expanded.

2.4.2 Remove lights in areas not needed - some stock
rooms, aisles, etc.

2.4.3 Reduce parking lot lighting to minimum, yet main-
tain security and safety. Provide selective control for
parking lot.

2.4.4 Reduce all decorative and advertising lighting.

2.4.5 Demand and power factor should be controlled.

2.4.6 Substitute smaller size motors where they are
grossly oversized.

2.4.7 Maintain electric control properly to prevent
overheating. Consider staging of controls.




2.4.8 Check motor actuating control operation to pre-
vent any unnecessary motor operations.

2.4.9 Check what lights are left overnight. Justify
this as well as weekend electric power usage.

2.4.10 Check to confirm that only the best power rate
is being used.

2.4.11 Consider the possibility of deenergizing any

transformers to save losses. Transformer heat exchange
surfaces should be clean to reduce heating.

2.4.12 Shut off all equipment when not in use - at re-
lief periods, lunch, end of shift, weekends, nights,
holidays.

2.4.13 Consider installing fluorescent lamps in areas
now lighted by incandescent lamps.

2.5 NATURAL GASES AND OTHER FOSSIL FUELS.
2.5.1 Use proper burner tiﬁs.

2.5.2 Maintain furnace controls and burners for best
efficiency.

2.5.3 Provide adequate insulation to minimize losses.

2.5.4 Automatic controls must be installed and main-
tained to minimize waste.

2.5.5 Check accuracy of delivered gases for billing.
2.5.6 Make routine checks for leaks.

2.5.7 Maintain accurate usage record.

2.6 AIR CONDITIONING.

2.6.1 Control outside doors. Readjust outside air
dampers to minimize outside air usage.

2.6.2 Consider using timers on package units at night
or weekends to save utility cost.




2.6.3 Check thermostat setting during occupied and un-
occupied hours.

2.6.4 Check the preventive maintenance program on all
air filters and heat exchangers to assure maximum ef-
ficiency.

2.6.5 Study the plant heating and air conditioning
systems to determine if they are of correct design.

2.6.6 Eliminate stratification of air in plant in win-
ter. This will cool the ceiling and warm the floor.

2.6.7 Reduce the quantity of air exhausted from the
building. Use local exhaust not general.

2.6.8 Where possible, use exhaust air to warm incoming
air by mixing the air streams.

2.6.9 If exhaust air is contaminated, evaluate air
cleaning devices to determine if the air could be
cleaned and recirculated.

2.6.10 Study the possibility of utilizing the energy
in contaminated air in production operations before it
is exhausted.

2.6.11 1If all other procedures are not applicable,
determine which is the most suitable heat transfer de-
vice (heat recovery wheels, heat pipes, run a-round
coils, etc.) to incorporate into the exhaust system.

2.6.12 Use some automatic device to control the volume
of water and air used.

2.6.13 Do not operate cooling tower in winter - use
heat in water to temper building or incoming air.

2.6.14 Consider using waste water in summer as roof
sprays. This will cool the roof and reduce heat enter-
ing the plan t.

2.6.15 Use insulated storage for chilled water. This
will reduce the size of refrigeration machine. At
least one office building operates its compressors at



night only - computer areas. This could also be done
for hot liquids.

2.6.16 Use spot heating or cooling of people when they
are located far apart. Each should have control of the
air direction and velocity over them.

2.6.17 Consider use of evaporative coolers in place of
refrigeration cooling.

2.6.18 Check HVAC system balance for maximum efficien-
cy - air, water.

2.6.19 Consider providing interlocks on heating and
cooling equipment to prevent simultaneous operation of
heating and cooling systems in adjacent or nearby zones.

2.7 BUILDING ENVELOPE

2.7.1 Check type and percentage of glass. Measure all
infiltration leakage. Caulk or weatherstrip to mini-
mize infiltration. Consider the economics of replacing
building glass with doukle-glazed insulating glass.

2.7.2 Check wall, floor and roof construction and cal-
culate heat transfer coefficient and thermal loads.
Consider practicability and limitation of addition of
insulation if these components are not adequately in-
sulated.

2.7.3 Type of doors and infiltration quantity. Mini-
mize this by storm doors, caulking and weatherstripping.
Consider using insulating glass.

2.7.4 Block off any visible openings and cracks.
2.8 PROCESS AND MISCELLANEOUS ITEMS.

2.8.1 Shut off paint booth supply and exhaust fans
when not in use.

2.8.2 Shut off parts washer when not in use, i.e.,
pumps, steam to tanks and exhaust fans. Keep covers
on the tanks closed.




2.8.3 Shut off drying and curing ovens when not in use.
Do not start too early before shift time.

2.8.4 Shut off inter-plant outside truck engines when
not in use.

2.8.5 Analyze inter-plant truck runs, consolidate loads
and eliminate trips.

2.8.6 Shut off fork truck engines when not in use.
2.8.7 Reduce water temperature in rest rooms.

2.8.8 Check all process exhaust systems to see that
they are exhausting only the proper amount of air and
at desired time only.

2.8.9 Shroud openings of furnaces, ovens, paint booths
and washers so that the minimum amount of exhuast air
will be required.

2.8.10 Use cold water detergent in washers whenever
possible.

2.8.11 Where possible, combine operations and reduce
the number of washers.

2.8.12 Plan weekend work so that the whole plant can
be shut down on given weekends.

2.8.13 Reschedule operations wherever possible to
second and third shift to get them off the 10:00 A.M.
to 2:00 P.M. peak electrical demand period.

2,8.14 Study all solid waste to determine if it can be
recycled, burned or composted.

2.8.15 Salvage all oil used in plant. It can either
be reused by refining it or it can be burned in the
boiler.

2.8.16 Use "low-volume - high velocity" exhaust sys-
tems where possible. These include ventilated welding
guns, hoods for portable grinding equipment, local




traveling hoods for molten metal pouring, as well as
a unique method of controlling mist from oil mist lu-
bricators.

2.9 PROGRAM SCHEDULE. A successful program to imple-
ment the previously discussed items requires backing of
top management and their regular weekly, bi-weekly or
monthly auditing the results of conservation. Goals
should be determined and records developed to show
status of the program. Compare energy usage by each
department. The sooner definite results can be shown
the more enthusiasm will be generated and the faster
the program will move forward.
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CHAPTER 3. SYSTEMS AND RECOVERY TECHNIQUES
Section 1. CONVERSION, ADDITIONS OR MODIFICATIONS

TO EXISTING HAVAC SYSTEMS TO IMPROVE ENERGY EFFICIENCY

3.1.1 CONSIDERATION FOR ENERGY CONSERVATION. Most of
the effort expended to date on improving the energy
efficiency or reducing the consumption of energy in
existing buildings has been directed toward reducing
existing loads. Reductions in air circulated, light-
ing loads, ventilation air quantities, and easing
design conditions all can make some contribution.
Other efforts have been to diminish outright waste
from steam and water piping, overheating and over-
cooling, shortening operating hours, etc. The ac-
tual conversion or additions to an operating HVAC
system to improve the efficiency of energy use will
involve the expenditure of possibly large sums of
money. Economic analysis of possible modifications
should be run to justify expenditures. In some cases,
particularly in the exchange of heat between large
volumes of outside and exhaust air by means of wheels
or coils, the economic gain in lowered fuel consump-
tion immediately justifies the expense. 1In others
the return on investment would extend over many years
or possibly never prove profitable. From knowledge of 4
past practices in design and our new understanding i
of how some of the energy consumed in buildings is

wasted, we can consider some possibilities for change.

The basic error now apparent which has led to the

struggle to devise heat recovery methods is that in

practically all HVAC designs we have been heating and

cooling the building space at the same time. The in-

ternal cooling load whether being rejected by conden-

sers, or by relief or "dump" fans is lost to outdoors.

At the same time new energy is consumed to heat the

exterior zones. If radiation at the walls is not

properly controlled, surplus heat may be transferring

to the interior air to further increase the refrigera-

tion load. At the same time areas on reheat control

are adding heat to the system at some locations to

hold the temperature up.




(1) Radiation. The first possibility would be to
see if the radiation system is properly controlled and
zoned. Some systems are single circuit, fixed temper-
ature, constant flow occasionally having convector
cabinets with air dampers or radiators with shut-off
valves. These are under random control and most likely
to be overheating in some spaces. Each building face
is exposed to a different heating condition. There-
fore, ideally each should have its own circuit. This
is not always done and the number of zones is reduced
to two or three. Common combinations are east, south,
and north and west together or if two zones, south
wvith either west or east, and north with either west
or east. Local prevailing winds, and particular win-
ter characteristics leave the combinations for the
engineer's judgment. An extensive south exposure
should be separately zoned because of the intensity
of winter solar incidence here. The water tempera-
ture can be scheduled with proper controls from am-
bient outdoor readings and include a reset device to
adjust for solar effect. Other zones or combinations
should also be on a preset water temperature reflect-
ing outdoor conditions. How expensive modification
of the zoning is will depend upon existing pipe cir-
cuits. Recirculating type piping arrangements with
three-way valve control at each zone are required for
separately controlled zone circuits. Much more ef-
ficient use of heating energy will be realized.

(2) Elimination of Reheat. Among the systems
using terminal reheat, the dual air duct design offers
the best possibility for conversion. This is tradi-
tionally a medium to high pressure delivery system
and as such could be converted to a variable air
volume system. Cold air is diffused at 55° to 58°
in both systems. 1In design the cold air duct carries
the full air quantity needed for cooling. Hot air
connections must be removed from each control box and
capped. Interlocking mixing damper rods removed and
the cold air damper operated alone from the room stat.
Air terminals used in newly designed variable air
volume systems differ from the standard circular or
square ceiling diffusers. Linear, modular slots and
light troffer distribution are common. Early thoughts
were that standard ceiling diffusers would "dump" at




reduced flow velocities. Opinion now is that the
Cowanda effect is retained through a wide range of
flow reduction and this will prevent "dumping” unless
the diffuser was grossly oversized in the beginning.
Before making the decision to replace all the dif-
fusers it will be profitable to have one smoke tested
under variable air volume flow. At the air apparatus,
the fan must be provided with inlet vane dampers con-
trolled by static pressure in the supply duct. As
total flow reduces, vanes close, thus reducing fan
horsepower.

(3) Reheat by Secondary Energy. Where terminal
reheat is furnished by hot water booster coils, it
appears at first glance all that is required is to
switch the circulating pump from a prime interchanger
to a hot condenser water source. This is only partly
true. All of the coil surfaces were probably select-
ed for 190° average water temperature. The output at
115° average temperature will be reduced. Each of the
coils must be re-examined for its heating capability
under the new average water temperature. This is not
as bad as it sounds. Many booster heater systems are
reset in summer to operate between 120° and 140° leav-
ing the interchanger. With present recommendations to
reduce the range of reheat and let the space drop two
or three degrees on light load most of the installed
coils will prove adequate. The places to look for
trouble are top floors and ceilings below roof off-
sets where roof loads were added to the reheaters.
Here, if the insulation is in the roof construction
and space is available above the ceiling, a few pipe
coils or light finned tube radiation will remove the
need of high water temperatures on the booster coil
altogether.

(4) Conversion of Low Pressure Ductwork. If
consideration is being given to modify a low pressure,
terminal reheat system to variable air volume use, the
critical point is how well the ducts were originally
constructed. Air leakage is the major concern and
this varies with each installation. A little caulking
and taping will make a well-made job perfectly ade-
quate to withstand the 3 to 5 inch pressure of a
variable volume system without undue leakage. It may




be impossible to tighten up a poorly constructed
system. The self-contained air control devices need
from 3/4" to 1-1/2" static pressure for proper oper-
ation and this will be in addition to the previous
operating static pressure of the discharge duct.
Much more extensive cutting and patching will be
necessary above that for modifying a dual air duct
system. Joints must be removed to insert air con-
trol valves, heaters removed, etc. Comments pre-
viously made regarding diffusers must be observed.
An alternate method is to discontinue the use of all
present outlets and use one of the several manufac-
tured lines which combine air valve and diffuser.

To increase total system pressure to this extent,

a new fan with vane control is probably required.

In any conversion to variable air volume using 55°
to 58° diffusion air temperature, do not disregard
the need for a minimum of 1" insulation on all sup-
ply air ductwork from fan to the most distant outlet.
Temperature rise of the supply air may otherwise re-
sult in inability to maintain space conditions, par-
ticularly over the longest runs.

(5) Conversion of Refrigeration Equipment. There
are a number of changes possible to operating plants
to make use of condenser heat. The amount of heat now
thrown away through cooling towers is tremendous. The
first problem with standard existing machinery is in
the low condensing temperatures used for efficient
operation, 100° to 105° is a relatively low tempera-
ture for heating purposes. Centrifugal compressors
designed for double bundle or high temperature con-
densing are high 1lift, industrial type discharging
condenser water in the 120° to 130° range. Unless
the plant is nearly obsolete or replacement for other
reasons is due, it is not likely all present equipment
will be discarded.

(a) Discontinue cooling tower, substitute a
closed circuit cooler and connect to the building
radiation system. Condenser water pump heads must be
checked. Provide supplementary heat in circuit to
raise water temperature out to radiation. Safety
control is required on return to limit maximum return
water temperature.




(b) If space is available, install a high lift
heating machine in cascade with one existing centri-
fugal. Use resulting 130° to 140° water directly to
radiation or reheaters.

(c) The use of condenser water at 105° directly
to perimeter radiation is being designed in new con-
struction. It requires approximately 2.9 times the air
side surface in the radiation as it does for a standard
190° average water temperature selection. It is ob-
vious that in existing systems with radiation sized
for the higher temperatures, 105° water would be ef-
fective only in mild spring and fall weather. In add-
ing supplementary heat to this water, the critical
point is to avoid return water temperatures above 95°.
It is important not to make the assumption that you
can use 20°, 25°, or 30° drop in the water circuit to
increase the heating effect of 105° water. The var-
iables in the selection of the original radiation such
as fin spacing, tube size and stack head all limit the
extent of heat transfer. If part of the condenser
water is diverted to reheat, this will further reduce
the average return water. 1In any case, closed circuit
coolers must be used to control the temperature of
condenser water in excess of that effectively used.
The use of 105° water becomes more effective in boost-
er coils, fan coil units and induction units where
forced flow of the air stream is present, Heat trans-
fer is then a function of air and water velocities
and air side surface.
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Section 2. HEAT BALANCE

3. 2.1 HEAT BALANCE ANALYSIS. 1In order to establish the

maximum potential benefit of energy conservation, a
heat balance analysis should be made of all major heat
load contributors at the beginning of design. The
analysis involves first, a calculation of building en-
velope heat gain or loss and the probable indoor heat
contributors for all conditions of outside temperature.
Secondlv, the net heating/cooling requirement for the
building as a whole is plotted graphically to permit
visual evaluation of the heat balance components. The
analysis should always include the six following in-
ternal heat contributing parameters:

(1) FExterior envelope conduction load of walls,
glass, floor, and roof, 1.e., heat loss 1in winter and
heat gain in summer. This is a sensible 1load due to
different ambient and space temperatures.

(2) Ventilation load is the outside air load
brought through air handling systems and infiltration
air. The infiltration air is air leakage in the build-
ing through walls, doors, glass, and roof due to wind
pressure differential and due to the chimney or stack
effect created by temperature differences. The venti-
lation load consists of both sensible and latent load
components, the former being predominant in winter.
The intent of using this load is to get the breakeven
temperature which most of the time is in the vicinity
of winter design temperature. For this reason,and
for simplicity,only sensible load figures will be used
for heat balance.

(3) Light and power load is due to luminaires and
electrical machinery (typewriters, copying machines,
calculators, etc.). For heat balance, light load (H,)
may be taken as 90 percent of installed capacity. Tkis
is because all lichts mav not be on at the same time
and some fixtures may be in need of repair or rcplace-
neit.  For power load (H ) use no less than 50 poercent
diversity on the instal1bfa capacity.




(4) Occupancy or people load is obtained by
multiplying the number of people (occupancy for which
the building is designed, less visitors) times sensible
load/person. Only sensible load is to be used for the
same reason mentioned earlier. Typical value of this
depends upon the degree of activity and is, for stand-
ing, light work or walking slowly = 250 BTU/hour. Val-
ues for other activities may be obtained from the 1972
ASHRAE Handbook of Fundamentals, Table 29, page 416.
For constructing a heat balance chart use 80 percent
of the calculated occupancy load assuming all persons
will not be present in the building at the same time.

(5) Equipment load includes energy of fans, pumps,
computers, heat of compression and any other heat pro-
ducing equipment. Heat of compression to be used
only in the system incorporating double bundle or heat
pumps. See Section 3.

(6) Solar load can be obtained from heat gain
data (cooling load).

All the above values can be easily obtained from com-
puter printouts where they are used for load calcula-
tions and energy analysis.

For small projects on which computer analysis is not
used the values may be simply derived as follows:

A. Hp = £ yadt
B. HVS=1.08xQVxAt

C. Total light and power load: Hpp = 0.90 x
Hy + 0.50 x Hp BTUH, where HL and Hp =
kilowatts x 3413.

D. Hg = No. of people x sensible load/person x
0.80

E. Il = Brakehorsepower (BHP) x 8§ load x 2545
Efficiency (at corresponding load)




Notaticns:

H - Conduction load at various ambient
temperatures, BTUH

Hppy — Peak winter conduction load, BTUH

Ty - Ambient winter design dry bulb temperature,
degrees F.

Ty - Inside or room design dry bulb temperature,
degrees F.

Hyg - Sensible ventilation load, BTUH

Qy - Qutside or ventilation air, CFM

Hyp - Diversified light and power load, BTUH

Hg - People sensible load, BTUH
Hg - Equipment load, BTUH
Hg - Solar heat gain, BTUH

The heat balance chart as well as monthly energy usage
chart must be prepared for all buildings.

3.2,2 HEAT BALANCE DIAGRAM. A.graphic representation

of the calculated heat loads is plotted to give a sim-
plified graphic overview of the heat contribution

from all energy components and to establish the rela-
tive merits of balanced heat recovery at various outdoor
temperatures. Figures 3=-1A and 1B show individual major
load components which are summarized in the composite
heat balance illustrated in Figure 3-2. Breakeven tem-
perature (Tpg) the temperature corresponding to the
outdoor temperature at which the heat from the internal
energy components balances with the heat losses in a
building, with and without the sun, can be obtained from
the graph. Breakeven temperature for most buildings
falls in the vicinity of winter design temperatures.
There is surplus heat in the interior spaces and heat

is required along the exterior envelope to offset win-
ter heat losses. It is possible to eliminate any ex-
ternal heat source for energy demands during occupied
hours for a system designed to take full benefit of
transfer of heat from surplus zones to where it is
needed. Consideration of heat recovery techniques can
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eliminate the undesirable wastage which was inherent

in the past conventional air conditioning systems,
where the boiler was supplying the heat in the build-
ing and simultaneously heat was dissipated to the out-
side through cooling towers. Recognizing that the heat
balance diagram is drawn for a building during occupied
hours, supplementary heat is required for the follow-
ing reasons:

(1) At winter design temperature when the outdoor
temperature is so low that internal heat is not adequate
to meet the project requirement.

(2) To furnish the heating requirements during
nights, weekends and holidays when the building systems
may be shut down.

(3) As a standby equipment for special buildings
and in case of repairs to the heat recovery component.

A heat balance analysis displays the penalties that re-
sult if heat recovery techniques are omitted. The
graphic portrayal of energy requirements aids in the
analysis of system operation and in the selection of the
fuel source, optimum equipment, and system.

2.3 BREAKEVEN TEMPERATURE (TBE) BY CALCULATION. Break-
even temperature can be obtained either graphically as
illustrated in Figure 3-2,or can be calculated if peak
values of various energy components are known at winter
design temperature. We suggest doing it both ways for
checking purposes.

Derivation Heat loss = Heat gain
Hppy x (Ty - Tgg) + Hyg x (Tp - Tgg)
(T - Ty) (Tp = Ty)
= Hpp + Hy + Hp + Hg
Simplified Equation:

Tpe = T - (HLP + HO + HS + HE) (TI - Tw)




Above Tp. is with sun; Tgp without sun is obtained by
substituging Hg = 0 in tRe above equation.

Example: The purpose of the example to calculate. the
breakeven temperature is to get the idea of its gener-
al value as applicable to an office building.
Location: Philadelphia, Pa.
Dimensions: 222' x 60' approx.
Storys: Two (2)
Areas: Gross total 26,230 d) , Net 23,J.36£h
Occupancy: 231 (100 ¢/person of net area)

Lighting Levels: 70 foot candles (3 watts/gy ),
misc. power (additional 1/2 wﬂb )

Most of the values for this example are taken from Run
1 of computer analysis. Only exception being that val-
ue of 100 @) /person is used instead of 50 @#/person and
no electronic equipment load is considered since this
applies to the laboratory area of the building. The
following values were used for breakeven temperature
calculations:

“TPW - Peak winter conduction load = 207150 BTUH

Ty — Winter design dfy—bulb 16°F (97-1/2%
frequency)
Ty - Inside winter design 70°F
Hyg - Sensible ventilation load 168487 BTUH
HLP - Light and power load 276371 BTUH
Hy - People sensible load 57750 BTUH
Hp - Equipment load 101314 BTUH
Hg - Solar heat gain 96074 BTUH
3-13




Calculation for Tpp:
(1) Tgg with sun
= 70 - (276371 + 57750 + 101314 + 96074) (70-16)

207150 + 168487

70 - 531509 x 54

-6.4°F,
375637
(2) TgE without sun (HS = 0)
= +7.4°F.

Summary : From Graph By Calculations
Breakeven temperature

Tgg With sun =39Fs -6.4°F.
Breakeven temperature

Tpg without sun +8°F. +7.4°F.




Section 3. ENERGY RECLAMATION COMPONENTS

3.3.1 COMPONENTS. Heat recovery components reclaim
energy that might otherwise be wasted. For optimum
energy use in HVAC systems the techniques to be con-
sidered should include:

(1) Exhaust Air Heat Recovery - Rotary air wheels,
static heat exchanger, heat pipe, run-around system.

(2) Heat of Light Recovery.

(3) Refrigeration-Type leat Recovery - Refrigera-
tion coil, heat pumps, single and double condenser
circuits.

3.3.1.1 Techniques. Heat recovery techniques should
be considered for all systems greater than 25 tons.
Economic evaluations should include run-around system,
heat pipe, thermal wheel, cooling coils in exhaust
ducts (chilled water/direct expansion type with double
bundle or heat pump application), double bundle refri-
geration machines, heat pumps, solid waste recovery
boilers (Chapter 4), and heat of light.

3.3.2 EXHAUST AIR HEAT RECOVERY.

3.3.2.1 Rotary Air Wheels. These are rotary wheels
that transfer heat between exhuast and makeup air
streams, i.e., air-to-air heat recovery. They are
available in two types, one transfers sensible heat
and the other transfers both sensible and latent heat
simultaneously. The latter is also known as a total
transfer or enthalpy wheel. Economic justification
for installing either of the two must be made in re-
lation to the systems. 1In a system that has double
bundle heat recovery machines, application of the
wheel is only beneficial below the breakeven tempera-
ture (Tgpp - see Section 2). The number of occupied
hours beEow this temperature should be obtained for
the location from NAVFAC P-89, "Engineering Weather
Data." For further information on wheel design, ef-
ficiency construction and economics, see 1972 ASHRAE
Guide and Data Book, Chapter 34. The application of
wheels also must consider the relative duct location

£ WNER



of two air strecams, effect on fan static pressure,
space required by the wheel, and limitation on the
centamination criteria for the building design. Heat
rccovery wheels are available in single units ranging
from 300 to 50,000 CFM. Multiple units may be in-
stalled for larger capacities. Typical value of ef-
ficiency at equal flow ranges from 60 to 80 percent
for both types of wheel. Air flow should be designed § |
for counterflow for maximum cfficiency and to keep
the wheels clean, see Figure 3-3,.

(1) Sensible Wheel: This transfers sensible l!
heat only, in summer as well as winter. This is done

L'y using heat absorbing corrugated metal mesh such as
stainless steel or aluminum. !

3.3.2.1.1 Temperature Calculations. Supply air tem-
perature Tg °F. at the wheel outlet for equal supply
and exhaust CFM is given by:

Tg = Tg + (Tg - Tg) x‘TL (wheel sensible efficiency)

Tg = Tg + Qg x (Tg - Ty) le (wheel sensible ef-

e et

e ficiency)
Qg |
\
See Figure 3-7 for unequal CFM.
3.3.2.1.2 Enthalpy Wheel. This transfers both sen- ;

sible and latent heat in summer as well as winter.

It employs a desiccant impreganted material. A desi-
ccant is defined as a material that has affinity to
absorb moisture. A commonly used desiccant is lithium
chloride (LiCl).

3.3.2.1.3 Temperature and Moisture Calculations. |
Temperature is given by the same formula as for the

sensible wheel. Moisture in grains per pound is given

by:

Wg = W + (Wg - Wo) x ), (wheel latent efficiency) ﬁ

Note: Sensible and latent heat transfer efficiency J
will vary for a given wheel operating under different
conditions. Use corresponding efficiency fiqure in

calculations.

3-16 g
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3.3.2.2 static Heat Exchanger. This device has no
moving parts and sensible heat exchange takes place in
alternate passages that carry exhaust and outside air
through 1t in a counterflow fashion. This eliminates
contamination and the mode of heat transfer is conduc-
tion. See Figure 3-4.

3.3.2.3 Heat Pipe. The heat pipe is a self-contained
closed system capakle of transporting large quantities
of heat between exhaust and outside air streams. It
consists of a bundle or finned array of 5/8" copper
tubes similar to a dehumidifying or a cooling coil.
Each tube is sealed at both ends and it is filled with
a2 wick and a charge of workinag fluid. Common working
fluid used for comfort air conditioning system includes
refrigerant, water, and methanol; but for high tem-
perature application liquid metals are the preferred
working fluid. This device transfers only sensible
heat and there is no contamination since the heat pipes
are installed with opposite ends projecting into each
air stream. See Figure 3-5 which shows a typical tube
cross-section. The working fluid in liquid state is
transferred towards “he warm air stream by capillary
action through the wick, where it evaporates absorb-
ing heat from the hot exhaust air. The evaporated
fluid then flows towards the cold end where it conden-
ses with the release of heat to the outside air. This
happens in winter; the function of each side reverses
in summer. Counterflow air stream design gives op-
timum efficiency.

3.3.2.4 Run-Around System (Closed Loop). The exhaust
air heat recovery components discussed so far necessi-
tate that the exhaust and outside air intake ducts
must be close to one another. The run-around system
does not require this since it consists of two coil
banks with a pump and closed pipe loop. A run-around
system is a hydronic system that transfers sensible
heat and in some cases latent heat also from air to
fluid medium (glycol, water, lithium chloride, etc.)
and back from medium to air. The coils when employed
are finned and may be sprayed to acquire better re-
covery for summer operation. The pump may be located
at any convenient location in the loop but an expansion
tank must be installed on the suction side to allow
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for volumetric variation in the water and also to in-
sure a net positive suction head. The run-around sys-
tem may be used for the following applications:

(1) Coils in Separate Ducts. Exhaust to outside
air exchange as shown in Figure 3-6, where the two
coils are located in separate ducts, i.e., one coil
is in the exhaust duct and the second coil is in the
outside air intake duct.

(2) Coils in Air Handling Unit. Recovery within
a single unit in summer operation by transferring heat
from a precooling to a reheat coil as shown in Figure
3-7. In this case the two coils are in a single air
handling system. The precooling coil reduces the
load on the cooling coil. This device avoid using
prime energy for reheat.

3.3.2.4.1 Run-Around System (Open Loop). This is a
proprietary system developed by Midland-Ross Corpora-
tion and is referred to as a "Kathabar Twin-cel" sys~
tem. This is an open system since the hygroscopic
solution consisting of lithium chloride and sodium
chromate (Kathene) comes in contact with both the
outside and the exhaust air. It transfers both sen-
sible and latent heat, (enthalpy exchanger). The
fluid flows in each cell with the aid of a pump as
shown in Figure 3-8 in a similar fashion to cooling
tower flow, and has eliminators, packing materials and
a basin to collect the solution. Kathene solution is
a bacteriostatic liquid; this together with a thor-
ough air scrubbing within the systems, makes it an ef-
ficient decontaminator of both intake and exhaust air
streams.

3.3.2.5 Exhaust Reclaim Coil. Heat in the exhaust

air may be recovered, if economical, by installing a
cooling coil (chilled water) in the exhaust duct.

Heat from the warm exhaust is transferred to water

and could be utilized for heating purposes if double
bundle heat recovery machine is incorporated in the
central plant. Also see page 2-25, exhaust heat recov-
ery by utilizing DX (refrigerant) coil in exhaust duct.

3~-21
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3.3.3 HEAT-OF-LIGHT (HOL) RECOVERY. The light load
constitutes a large portion of the total cooling load
and every endeavor to recover this portion is bene-
ficial for energy optimization. The several ways em-
ployed in capturing this heat are:

(1) Light Troffer. Return all air through light
troffer. See Figure 3-9. This method reduces the
temperature of the luminaire surface and increases the
life of ballast and the lamp. There is a reduction
in the room load but the total cooling tonnage does
not change. Air requirements in the space are re-
duced which in turn lowers the supply duct CFM, size,
fan horsepower, noise level and air bhandling unit
capacity. The heat dissipated above the ceiling plen-
um raises the plenum temperature, thus re-radiating a
portion of heat back to the room. The remaining heat
is lost to return air, to cold ducts within the plenum
and to the floor above (assuming interior room without
roof). To allow for this and also the wide variation
in the value given by manufacturers as regards the
percentage of heat dissipated above the ceiling from
light, apply a factor of 0.75 to room load from lights
when return air troffers are used.

(2) Direct Exhaust or Bleed Type System. In this
system only the portion of air that is vented directly
to exhaust is drawn through the lights. This system
reduces the summer cooling load and is desirable for
areas where the ventilation rate is high. The major
portion of the supply air to the space is returned
through wall or floor mounted registers.

(3) Ducted Air System. The ceiling Plenum air can
be used in connection with reheat induction system,
see Figure 3-10,

3.3.4 REFRIGERATION TYPE HEAT RECOVERY.

3.3.4.1 Refrigeration Coil (DX). lieat is reclaimed

by expending energy to raise the temperature level.
This system is applicable where use of a reciprocating
compressor 1s contemnplated and where the heat output of
compressor is about 1500 to 2000 KBH. Outside air can
be used as the heat source during uncccupied period by

—p
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reversing the cycle. Applicaticon of a reciprocating
rachine eliminates the surge problems that are as-
sociated with centrifugal type machines. Figure 3-1
shows cooling coil (DX) located in the all year-around
interior system and the heating coil (condenser coil)
located in the perimeter supply air system.

3.3.4.2 Heat Pumps. These are constructed of the bacsic
refrigeration cycle components to utilize as much as
possible both heating and coocling effects. Unitary
heat pumps are available in sizes ranging from 1-1/2

to 20 tons. A heat pump is used where year-round

air conditioning for commercial and large residential
applications 1s required. Cocfficient of Performance

is a very important term videly used not only for heat
purmps but also for all refrigeration tvpe heat recovery
systems. Its definition and purpose is explained by

the Basic Refrigeration Cycle, Figqure 3-12. Heat

pumps may be classified as external source heat pumps
ancd internal source heat pumps. Coefficient of per-
formance (C.0.P.) is defined as the ratio of desired
effect to energy input in consistent units. The C.0.D.
value based on heating cycle is about 2 to 3, depend-
ing upon the heat source, unit selected and the oper-
ating conditions. An air to air heat pump has a slight-
ly lower value and is about 1.4 to 2.2

Cooling (C.O.P.C)

& He (aTUR)
Horsepower (HP) x 2545

Heating (C.O0.P.y)

o He (Brum)
Horsepower (HP) x 2545

3.3.4.3 External Source Heat Pumps. Heating is the
desired effect at the condenser (Hn) and the heat

source at the evaporator (Hg) is obtained from outside
the building from air, well water, solar or earth
(ground). 1In Figure 3-13, the flow sequence in winter
18 1,2,3,48,5,6,7,8,L and in summer is 1,6,7,8,5:;2,3;4,1.
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Supplementary heating may be required for severe winter
conditions. A provision must be made for the defrost
cycle below 32°F and for drainage of water resulting
from the defrost.

3.3.4.4 Internal Source Heat Pumps. With this type
heat pump system separate arcas of a building can be
heated and cooled simultaneously. Heat removed from
the space requirinag cooling is transferred to the space
requiring heating through a closed loop water circuit.
This is used in a building that needs vear-round cool-
ing which could resulc due to nign percentage of in-
terior areas and high internal loads from lights,
people, equipment and processes. The heat is extracted
from and rejected to a common closed water loop system.
Changing from heating to a cooling cycle reverses the
function of condenser and evaporator as shown in
Figures 3-14 and 3-15. Use heat pump principle in
winter to transfer excess heat from windowless inter-
ior svace or high heat gain areas such as EDP space to
perimeter space. Figure 3-16 shows a tvpical heat pump
system utilizing boiler and evaporative cooler. Boiler
wil) furnish heat to maintain approximately 60°F in

the main loop, and the evaporative cooler will dissi-
pate heat to maintain approximately 90°F in the main
loop.

3.3.4.5 Recovery with Single Condenser Circuit. A
single condenser conventional machine with closed loop
water cooled/evaporative cooling tower system: appli-
cation of this limits the water temperature to a maxi-
mum of 110°F. This may be used with any type of com-
pressor-reciprocating, centrifugal or screw type. See
Figqure 3-17. A modification to this system sometimes
used is the substitution of a water to water heat ex-
changer and open cooling tower system for the closed
loop evaporative cooling system. See Figure 3-18,

3345, 1 Conventional Machine with Water or Air
Condensing. An air cooled system eliminates the prob-
lems associated with water evaporation such as make-up,
leed~off, and chemical treatment. Because of larage
snace requirements this system is usually for lower
tonnage. In this range mostly reciprocating compros-
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sors are used although centrifugal compressors may be
used 1f their use is justified economically. The hot
water system heat exchanger is connected in parallel
with the air cooled condenser as shown in Figure 3-19.
A series connection also is feasible. This system is
suitable where the condensing unit and the heating
system are remotely located from each other. 1In some
designs a condensing refrigerant coil may be substi-
tuted for the interchanger and water pump for direct
air heating, see Figure 3- 20.

3.3.4.6 Heat Recovery with Double Condenser or Cir-
cuits. Double-bundle or split condenser heat recovery
with an open cecoling tower system: This requires a
medified refrigeration machine with the condenser and
the evaporator isolated from one another. The conden-
ser shell incorporates two water circuits, one for the
building heating system, and the other for the open
cooling tower system. See Figure 3-21. This is done
to isolate the contamination and corrosion problems
inherent with the open cocling tower system. This
construction also gives efficient heat transfer and
lower heating system maintenance cost. Water temper-
ature in the range of 125° is obtained by using higher
compressor speed, larger impeller, or 2 or more stage
compressors. Storage tanks may be incorporated at the
location shown in the figure. Coefficient of perfor-
mance for heating (C.0.P.y) for this system at peak
heating load is about 4 to 4.5 depending upon the
machine selection. Economic evaluation shall be made
for use of heat recovery machines in all central plants.
If economically justified such a central plant may be
designed for multiple machine installation (using con-~
ventional or regular machines in conjunction with heat
recovery machines, also known as double~bundle or split
condenser machines), with as much tonnage as possible
sized for efficient summer operation. The coefficient
of performance (C.0.P..)of a heat recovery machine in
a heating mode shall not be below 4.2,

3.3.4.6.1 Satellite Condenser System. This involves
addition of an external or auxiliary condenser to a
conventional, universal type of machine, where the
cooler and the condensers are housed in a common shell.
This may be designed to provide 100°F. or 105°F. water
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temperature. The double bundle recovery system should
be considered for all projects that have a year-round
cooling load and where the recovered heat can be used
beneTticially. The recovered heat may be used to fur-
nish heat to system utilizing one or more of the follow-
1ng: perimeter radiation, unit heaters, domestic hot
water, snow melting, heating coils in air handling,
fan coil and induction units, reheat system (where re-
quired) or storage tanks. When the total recovered
heat is less than the heating demand, the deficit is
made up by the supplementary heating source. This
additional heat is rarely used and is required only
below the building breakeven temperature. When the
recovered heat exceeds the heating demand, the surplus
heat is dissipated to the outside by means of a cool-
ing tower or evaporative cooler.

3.3.5 STORAGE TANKS. The objective of any heat reco-
very system is to salvage heat which would otherwise
be wasted. It can be used immediately or stored for
use at another time. The heat salvaged usually comes
from the large lighting, equipment, and people loads
generated during daytime building usage. The stored
heat can then be used during the night to supply the
building heating demand which consists mainly of the
transmission loss through the walls, glass, etc. Heat
storage is accomplished by circulating water from stor-
age tanks to heat reclaim or double-bundle heat re-
covery machines. The storage tanks may be utilized

in several different ways, such as: (1) to store
chilled water to minimize peak demand, (2) installing
an electric resistance heater to provide supplemen-
tary heat after the tanks are depleted or, (3) charg-
ing the tanks at night with low cost electrical ener-
gy, and (4) with sufficiently high storage tempera-
tures, the tanks can supply building heat directly,
thereby reducing the operating time of the booster
heater. To optimize tank size for capacity and size,
the tank should be located so that it receives the
hottest water from the heating circuit and the coldest
water from the chilled water circuit. This same lo-
cation will also be desirable from the hydraulic stand-
point, since it will minimize pressure in the storage
system. In multiple tank installations, series piping
of the tanks will decrease balance problems.
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Section 4. OTHER TECHNICAL GUIDELINES AND MANDATORY

REQUIREMENTS FOR ENERGY CONSERVATIONM

3.4.1 ECONOMY/ENTHALPY CYCLE. Figure 3-22 shows the
regions for enthalpy control. Each HVAC system with
cooling capacity greater than 120,000 Btu/hour in
buildings not equipped with internal/external zone
heat recovery equipment shall be designed to use maxi-
rum outdoor air for cooling whenever cooling is needed
at an outdoor condition such that:

(1) The enthalpy of the cutdoor air is lower
than that cf the indoor air, and/or

(2) The outdoor dry bulb temperature is lower
than that of the indoor air, and

(3) The humidification regquirements shall not
exceed 2.5 times that required when sized for minimum
outside air.

3.4.2 MECHANICAL DRIVE SYSTEMS. The use of a mechani-
cal drive, such as steam turbine, diesel engine, or
combustion turbine should also be considered as the
drive for refrigeration compressors, especially for S
larger cold storage warehouses or where there is a

year-round reaquirement for air conditioning. For very

large installations, full consideration shall be given i
to a "piggy-back" configuration of a steam turbine
driving a centrifugal or helical rotary-screw com-
pressor and exhausting into an absorption refrigeration
machine. DMechanical drive of air conditioning equipment
may prove econcmical, even without heat reclamation, in
areas of high electric power cost.

3.4.3 CONTROL VALVES. Use two-way control valves for
chilled water and hot water coils in lieu of three-way
valves to acquire variable flow and reduction in ener-
gy requirements. Vdlve selected shall be equal per-
centage contcured tyvpe to maintain minimum 25 percent
of the flow rate. Also consider variable speed pumping
if economical.
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3.4.4 PUMPING. Use primary-secondary pumping if it
can justify energy savings in lieu of main or primary
pumping only. The aim of primary-secondary distri-
bution is:

(1) To isolate secondary circuit from the primary
circuit and hence minimize the flow balance problem.

(2) Reduction in overall pump power since each
secondary pump circuit is pumped in isolation and only
to its own need.

(3) Reduced and diversified flow rate in the
primary distribution.

(4) Use of two-way valves in secondary distri-
bution terminal control.

3.4.5 PREHEATING DOMESTIC HOT WATER. Consider pre-
heating domestic hot water with the recovered heat in
system that incorporate heat recovery techniques.

3.4.6 CASCADE REFRIGERATION SYSTEM. Consider the use
of cascade refrigeration system in lieu of the double-
bundle machines if economically justified. It will be
possible to get higher water temperature with this

system. ’

s
iz

3.4.7 SERIES FLOW THROUGH CHILLERS. Consider series
flow in lieu of parallel flow in chillers if the over-
all kilowatt/ton is less. Also, for "piggy-back" con-
figuration series flow may be beneficial to give low
energy requirements, with the water to be cooled and
coming from the building first entering the absorption
unit and then into the turbine driven unit.

3.4.8 HEAT RECOVERY BOILERS. Consider the use of
waste heat recovery boilers in conjunction with in-
cinerators.

3.4.9 SPLIT SYSTEM. Split system unitary air condi-
tioning assemblies of the RCU-A-C and RCU-A-CB types
having capacities of 60,000 Btuh and less shall have
a Btuh/watt ratic of not less than 7.5 based on the
condensing unit and coil only. This ratio shall be
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established for both types of assemblies from the
capacity and power ratings listed for RCU-A~-C assem-
blies in the ARI publication "Directory of Certified
Unitary Air conditioners" (latest edition). In de-
termining the ratio for a RCU-A-CB assembly, when the
condensing unit is listed under RCU-A-C assemblies
with different coils, the condenser coil assembly
with the highest Btuh/watt ratio shall be used to
determine the acceptability of the RCU-A-CB assembly.
In cases where the condensing unit used with a RCU-A-
CB assembly is not listed as part of RCU-A-C assembly,
the Btuh/watt ratio, based on the information listed
for the RCU-A-CB assembly shall not be less than 6.5.

3.4,10 WINDOW UNITS. When room (win<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>