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UFC 3-410-02N
8 June 2005
FOREWORD

The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides
planning, design, construction, sustainment, restoration, and modernization criteria, and applies
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance
with USD(AT&L) Memorandum dated 29 May 2002. UFC will be used for all DoD projects and
work for other customers where appropriate. All construction outside of the United States is
also governed by Status of forces Agreements (SOFA), Host Nation Funded Construction
Agreements (HNFA), and in some instances, Bilateral Infrastructure Agreements (BIA.)
Therefore, the acquisition team must ensure compliance with the more stringent of the UFC, the
SOFA, the HNFA, and the BIA, as applicable.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Services’ responsibility for providing technical criteria for military
construction. Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities
Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are
responsible for administration of the UFC system. Defense agencies should contact the
preparing service for document interpretation and improvements. Technical content of UFC is
the responsibility of the cognizant DoD working group. Recommended changes with supporting
rationale should be sent to the respective service proponent office by the following electronic
form: Criteria Change Request (CCR). The form is also accessible from the Internet sites listed
below.

UFC are effective upon issuance and are distributed only in electronic media from the following
source:

e Whole Building Design Guide web site http://dod.wbdg.org/.

Hard copies of UFC printed from electronic media should be checked against the current
electronic version prior to use to ensure that they are current.

AUTHORIZED BY:

DONALD L. BASHAM, P.E. -

Chief, Engineering and Construction ChiefEngineer

U.S. Army Corps of Engineers Naval Facilities Engineering Command
KATHLEEN T. FERGUSON; P.H. . Dr.ﬁfw. , P.E.

The Deputy Civil Engineer DireCjor, | llations Requirements and
DCS/Installations & Logistics Management

Department of the Air Force Office of the Deputy Under Secretary of Defense

(Installations and Environment)


http://dod.wbdg.org/
http://www.wbdg.org/ccb/browse_cat.php?o=29&c=4
http://www.wbdg.org/pdfs/ufc_implementation.pdf
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APPENDI X A
ENERGY CONSERVATI ON METHODS

A-1.00 Energy Conservation by Optim zation of Controls

A-1.01 Intermttent Occupancy Controls. C assroons,
conference roons, cafeterias, and other areas with intermttent
occupancy shall have occupi ed/ unoccupi ed swtches. These
switches shall function to elimnate conditioning of spaces when
the roomis not being used.

A-1.02 Space Tenperature Requirenments for Interior Zones.
Refer to M L-HDBK-1190.

A-1.03 Perimeter Radiation Heating Systenms Control. Perineter
heati ng system controls shall have daytine, and a | ower
nighttime, reset schedule. During occupied periods, excessive

I nternal heat gains are produced by internal |oads (for exanple
peopl e, lighting, and equipnent). Perineter radiation systens
shal |l be designed for the absence of these | oads while

mai nt ai ni ng ni ght setback tenperature. Wen used with VAV
systens wi thout reheat coils, provide radiation capacity to heat
ventilation air to room setpoint during occupied cycle. Do not
oversi ze but do add a 10 percent allowance for norning warmup
after night setback.

A-1.04 Enerqy Efficient Control System

A-1.04.1 N ght Setback. A night setback allows the heating
systemto cycle automatically at the m ninmum al | owabl e space
tenperature. These systens are generally provided with tinme

cl ocks. Use electronic programmable tinme cl ocks or DDC prograns
for night, weekend, and holiday tenperature setback (or cutoff)
in the winter and set up (or cutoff) in the sunmer to reduce
heating and cooling | oads respectively. Normally, when
unoccupi ed, air conditioning for personnel confort wll be cut
off and heating will be reduced by approxi mately 15 degrees F.

A. 1.04.2 Occupi ed/ Unoccupi ed Hot Water Reset Schedule. An
occupi ed/ unoccupi ed hot water reset schedule is a dual setting
system whi ch allows for use of internal heat from equipnent,

| ights, and people as part of the heat supply during occupied
hours. See Figure A-1. During occupied hours, the setting is
| ower than during unoccupi ed hours, when there is not as nuch
I nternal heat gain.

A-1.04.3 Direct Digital Control (DDC). DDC control systens
provide the functions of a typical building automatic control
system Systens can also provide an effective operator interface
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to allow diagnostics of HVAC system operation from a renote
| ocati on. Use care to provide and |ocate accurate sensors
required by NFGS-15972.

There are nany advantages of wusing DDC systens that
nmake them preferred over conventional pneumatic, electric, or

el ectronic systens. These include lower first cost, systems wth
f ewer conponents, lower failure rate, greater accuracy of
control, higher reliability, and |ower maintenance cost. DDC

systens may also incorporate remote nmonitoring and self-tuning to
sinplify operation and nmaintenance.
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NFGS- 15972 was prepared to take advantage of the many
desirable features of a DDC systemwhile mnimzing anticipated
probl ens by specifying appropriate hardware and software and by
requi ring adequate training for activity personnel. DDC systens
shoul d be specified for new projects and maj or renovati ons where
operators and mai ntenance personnel are DDC qualified or are
wlling to accept DDC and receive proper training. Were these
conditions are not nmet, use NFGS-15971 and provi de pneunati c,
anal og el ectronic, or electric control systens.

DDC systens nay be selected for repair or renovation of
exi sting control systens to save energy and take advantage of the
ot her features of DDC systens. \Were existing pneumatic or
el ectric valves and other actuators are proper and functional,
they may work with the replacenent DDC systemwi th the
appropriate interface.

EMCS i s an out noded concept and shoul d be di scouraged
and avoi ded. EMCS added a conputer based systemto nonitor
exi sting pneurmatic and anal og el ectronic control systens and
provi ded sone energy saving strategies. Success of the EMCS
depended on proper operation of the existing control system
When the existing control systemfailed, EMCS failed. |If energy
nonitoring features are desired, a DDC system shoul d be
specified. |If an operating EMCS is to be expanded and a DDC
systemw Il not be installed, refer to the Arny Corps of
Engi neers, Architectural and Engineering Instructions, Design
Criteria, Chapter 11, "Energy Conservation Criteria," and guide
specification CEGS-15950, Heating, Ventilating, and Ar
Condi tioning (HVAC) Control Systens for selection and
application.

A-1.04.4 Thernostat Setpoints. Selective thernostat setpoints
provide a tenperature range in which no nechanical heating or air
conditioning takes place. See Figure A-2. Deadband thernostats
shoul d not be used. Rather thernostats with separate control and
setpoint for heating and cooling or DDC with separate control

| oops shoul d be used. Strategies should control heating and
cooling within one degree F of the respective setpoints.

A-2.00 Energy Conservation with Systens
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NFGS-15972 was prepared to take advantage of the many desirable
features of a DDC system while minimizing anticipated problems by specifying
appropriate hardware and software and by requiring adequate training for
activity personnel. DDC systems should be specified for new projects and
major renovations where operators and maintenance personnel are DDC qualified
or are willing to accept DDC and receive proper training. Where these
conditions are not met, use NFGS-15971 and provide pneumatic, analog
electronic, or electric control systems.

DDC systems may be selected for repair or renovation of existing
control systems to save energy and take advantage of the other features of DDC
systems. Where existing pneumatic or electric valves and other actuators are
proper and functional, they may work with the replacement DDC system with the
appropriate interface.

EMCS is an outmoded concept and should be discouraged and avoided.
EMCS added a computer based system to monitor existing pneumatic and analog
electronic control systems and provided some energy saving strategies.
Success of the EMCS depended on proper operation of the existing control
system. When the existing control system failed, EMCS failed. If energy
monitoring features are desired, a DDC system should be specified. If an
operating EMCS is to be expanded and a DDC system will not be installed, refer
to the Army Corps of Engineers, Architectural and Engineering Instructions,
Design Criteria, Chapter 11, "Energy Conservation Criteria," and guide
specification CEGS-15950, Heating, Ventilating, and Air Conditioning (HVAC)
Control Systems for selection and application.

A-1.04.4 Thermostat Setpoints. Selective thermostat setpoints provide a
temperature range in which no mechanical heating or air conditioning takes
place. See Figure A-2. Deadband thermostats should not be used. Rather
thermostats with separate control and setpoint for heating and cooling or DDC
with separate control loops should be used. Strategies should control
heating and cooling within one degree F of the respective setpoints.

A-2.00 Energy Conservation with Systems
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N0 HEATIHG

Figure A-2
Thermostat Setpoints Diagram

A-2.01 Energy Efficient Systems. Design factors such as reliability can
have priority over energy efficiency. An energy saving feature that is
unstable or not maintained may fail and actually consume more energy than a
simpler stable HVAC system. Select the least complicated energy efficient
system for the application. Energy efficient devices shall be specified when
possible if they are life cycle cost effective.

A-2.02 Economizer Cycle Systems. Contact the individual NAVFACENGCOM EFD
or EFA for exact guidance on the use of economizer cycles. In the absence of
immediate guidance, systems larger than 10 tons shall be designed to use
maximum outside air for cooling whenever the outdoor dry bulb temperature is
lower than 60 degrees F more than 3000 hours per year. Operation shall be
limited by an outdoor air dry bulb sensor. Do not use economizer cycle
systems in humid climates.

A-2.03 Multiple Parallel Equipment Systems. Multiple parallel equipment
systems, such as boilers, chillers, cooling towers, heat exchangers, air
handlers, etc., provide superior operating efficiency, added reliability, and
the operating capacity required at design conditions. Use multiple equipment
systems when energy savings will offset higher first costs.
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A-2.04 Direct Exhaust Systens. Direct exhaust systens nmay
reduce the cooling load in a space requiring high ventilation
rates to renove high heat | oads of a source. Evaluate the energy
required for the extra nmakeup air.

A-2.05 Heat Recovery Systens (Cascading Energies). Consider
the foll owi ng econom c factors when eval uati ng heat recovery
syst ens:

a) Higher first costs,

b) Hi gher mai ntenance costs,

c) Additional building space requirenents, and
d) Added conplication to HVAC equi pnent.

A-3.00 Exhaust Air Heat Recovery. Wth the air exhaust heat
recovery systemin the heating node, heat from exhaust air is
recovered and used to preheat the outdoor air supply, donestic
hot water, boiler conbustion air, and boiler nakeup water. 1In
the cooling node, exhaust air is used to pre-cool outdoor air.
In addition to the economc factors cited above, system pressure
Is increased. The five nethods avail able for exhaust air heat
recovery air are as follows:

a) Rotary air wheel nethod,

b) Static heat exchanger nethod,

c) Heat pipe nethod,

d) Runaround systenicl osed | oop nethod, and
e) Runaround systeni open | oop nethod.

The rotary air wheel, static heat exchanger, and heat
pi pe net hods require supply and exhaust ducts to be adjacent
ducts. Therefore, duct design should ensure that the outside air
and exhaust air |ouvers are adequately separated to prevent cross
contam nation. Do not use rotary air wheel for industrial
ventilating systens because of contam nation carryover. For nore
information, refer to ASHRAE Equi pnent Handbook, the chapter
entitled "Air-to-Air Energy Recovery Equi pnent."
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A-3.01 Rotary Air Weel. Wth the rotary air wheel, heat
transfer takes place as the finned wheel rotates between the
exhaust and supply duct. See Figure A-3. There are two types of
rotary air wheels - one transfers only sensible heat, the other
transfers both sensible and | atent heat. The wheel is 70 percent
effective for an equal supply and exhaust mass flow rates, but a
certain anount of unavoi dable | eakage will reduce this
effectiveness. Closely investigate cross contam nation effects
on the application, especially when the exhaust air is froma
process source. Gve this systemfull consideration in air
conditioning and ventilating systens where exhaust air is 4,000
cfmor greater.

A- 3. 02 Pl ate Heat Exchanger. Wth the plate heat exchanger
net hod heat transfers across alternate passages carryi ng exhaust
and supply air in a counterflow or crossflow pattern. See Figure
A-4 and Figure A-5.

Pl at e heat exchangers are 40 to 80 percent efficient in
recovering heat, depending on the specific system design,
tenperature differences, and flow rates. Crossflow nethods are
usual |y nore conveni ent, but counterfl ow nethods are nore
efficient. Wth the plate exchanger nethod, only sensi bl e heat
Is transferred. Plate heat exchanger is a static device having
no noving parts, allowng for only a mninmal chance of cross
contamnation. It is arelatively sinple nethod of heat
recovery.

A-3.03 Heat Pipe Method. The heat pipe nethod involves a
sel f-cont ai ned, closed system which transfers sensible heat.
This nethod consists of bundles of finned copper tubes, simlar
to cooling coils, sealed at each and filled with a wi ck and
working fluid. The working fluid may be water, refrigerant, or
nmet hanol .

For the nost efficient system the exhaust and supply
air shall be counterflow Performance also is inproved by
sl oping the heat pipe so the warmside is |ower than the cool
side. See Figure A-6. For nore information refer to ASHRAE
Equi prent Handbook, the chapter entitled "Air-to-Air Energy
Recovery Equi pnent. "

A- 3. 04 Runar ound System (O osed Loop) Method. Wth the cl osed
| oop systens nethod, a hydronic systemtransfers sensi bl e heat
fromthe exhaust air to the outdoor air using water, glycol, or
sone other sensible heat fluid. See Figure A-7.
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Figure A-5
Exhaust Air Heat Recovery With Crossflow Pattern
Static Heat Exchanger
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Figure A-6 _ _
Exhaust Air Heat Recovery Method With Heat Pipe
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Figure A-7
Exhaust Air Heat Recovery Method
With Runaround (Closed Loop) System
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The cl osed | oop nethod consists of two coils (one in
the supply system and one in the exhaust system, a punp, and a
cl osed pipe loop. This nethod can be expected to increase the
outdoor air tenperature by 60 to 65 percent of the outdoor air
and exhaust air tenperature difference. |If the wnter design
tenperature is 32 degrees F or below, this systemrequires an
antifreeze sol ution.

A-3.05 Runar ound System (Open Loop) Method. The open | oop

met hod transfers sensible and |atent heat. This is an
air-to-liquid, liquid-to-air enthal py recovery system where
working fluid flows into each cell with the aid of a punp, in a
manner simlar to cooling tower flow See Figure A-8. Sorbent
liquid used with this systemcan be bacteriostatic, if necessary.
The open | oop nethod shall not be used for high tenperature
applications.

A- 3. 06 Ancillary Conponents. Ancillary conponents for exhaust
air heat recovery nethods incl ude:

a) Energy recovery devices for supply/exhaust filters,

b) Preheat coils,

c) Backdraft danpers,

d) Exhaust danpers,

e) Recircul ation danpers,

f) Face and bypass danpers, and

g) Drainage provisions.

Controls and ancillaries shall be shown on draw ngs and
suppl enented by specifications, as necessary. Select the m ni num
accept abl e energy transfer effectiveness and the nmaxi num
accept abl e cross-cont am nati on.

A- 3. 07 Condensate Cool er/Hot Water Heat Recovery Method. The
condensat e cool er/ hot water heat recovery nmethod uses a heat
exchanger, which renoves heat from condensate not returned to the
boiler. This recovered heat can be used to preheat donestic hot

wat er, boiler nakeup water, or |ow tenperature water return to
boi | er or heat exchanger.
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Figure A-8
Exhaust Air Heat Recovery Method
With Runaround (Open Loop) System
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A-3.08 Heat -of - Li ght Heat Recovery Method. The sensi bl e heat
given off by the lighting fixtures is a large portion of the
total cooling |oad. Recovery of this heat reduces energy usage
both by reducing the roomcooling |oad and by recovering usabl e
heat. In sone instances, the efficient renpoval of heat-of-Iight
that does not enter the roomnmay reduce the air supply to the
room bel ow that which is desirable. Verify that effective air
circulation is maintained. Recomended nethods of heat-of-1ight
recovery are the light troffer and i nduced air nethods. Were
life cycle cost effective, use heat-of-light recovery nethod in
air conditioned spaces. Do not use for clean roons, anina

| aboratories, and | aboratories with toxic, explosive, or

bact eri ol ogi cal exhaust requirenents.

A-3.09 Light Troffer Method. The light troffer method renoves
space air by pulling it through a light troffer or through a
light fixture, and transfers it into the ceiling plenumwhere it
Is routed into the return air system See Figure A-9. Wth this
system the roomcooling load is reduced. Also, less air is
required to cool the room neking it possible to use snaller duct
and fan systens. Do not use for VAV systens.

Wth this nmethod, the total cooling load is
substantially reduced for outdoor air supply systens, but not as
significantly for systens not capable of providing 100 percent
outdoor air. This technique also reduces the |um naire surface
tenperature and, therefore, increases ballast and lanmp life.

A-3.10 | nduced Air Method. The induced air nethod renoves air
fromthe space by pulling it through the light troffer or through
a lighting fixture, and transfers it into the ceiling plenum to
be recircul ated or discharged outdoors. See Figure A-10.

A-3.11 Refrigeration Heat Recovery Method. The refrigeration
heat recovery nethod uses heat rejected fromthe refrigeration
machi ne. This nethod uses four different techniques:

a) Conventional refrigeration machi ne net hod,
b) Heat punp nethod,
c) Single condenser water circuit nethod, and

d) Doubl e condenser water circuit nethod,
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Figure A-9
Heat-of-Light Recovery Method With Light Troffer
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IMOUCED AN

Figure A-10
Heat-of-Light Recovery Method With Induced Air
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The refrigeration heat recovery nethod is suitable when
a refrigeration-type conpressor is used, and when sinultaneous
heating and cooling of one or nore spaces is required.

A-3.12 Conventional Refrigeration Machine Method. The
conventional refrigeration machi ne nethod uses a direct expansion
cooling coil in conjunction with either a hot water or
refrigerant coil. See Figure A-11 and Figure A-12.

A hot water heating systemextracts heat fromthe
refrigerant through a heat exchanger. For direct air heating, a
condensing refrigerant coil is used instead of a heat exchanger
and water punp. This nethod is used for |ower capacity systens
Wi th reciprocating conpressors. An air-cooled condenser is used
to reject heat when space heating is not required.

A-3.13 Internal Source Heat Punp Method. See Figure A-13.

A-3.14 Singl e Bundl e Condenser Water Grcuit Method. The

si ngl e bundl e condenser water circuit method uses a cooling coi
in conjunction with a hot water systemfor heat recovery. Wen
space heating is not required, heat is rejected through an
evaporative cooler, a heat exchanger, and an open cooling tower.

Application of this systemis limted to a maxi num
wat er tenperature of 110 degrees F. This system can be used with
any conpressor type. See Figure A-14.

A-3.15 Doubl e Bundl e Condenser Water Crcuit Method. The
doubl e bundl e condenser water circuit nethod incorporates two
separate condenser water circuits - one for the heating system
and one for the cooling tower system \Ater tenperatures up to
125 degrees F can be obtained by using higher conpressor speeds,
| arger inpellers, or nore than one stage. See Figure A-15.

Sel ection of a heat recovery machine is critical
because rel atively high condensing tenperatures are required. To
prevent surging of the conpressor under operating |oad and
requi red condenser water conditions, |ower the condensing
tenperatures under partial load conditions. Units shall be
sel ected to operate above 50 percent of full load at all tines.
Storage tanks may be incorporated into a double bundl e condenser
water circuit system
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Figure A-11
Refrigeration Method Heat Recovery Wth Conventional
Refrigeration Machine Using Hot Water Coil
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Figure A-12
Refrigeration Method Heat Recovery With Conventional
Refrigeration Machine Using Refrigerant Coil
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Figure A-13
Refrigeration Method Heat Recovery With
Internal Source Heat Pump
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Figure A-14
Refrigeration Method Heat Recovery
With Single Bundle Condenser Water Circuit Method
and Open Cooling Tower
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Refrigeration Method Heat Recovery
With Double Bundle Condenser Water Circuit Method
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Conpl ete an econom ¢ eval uation for use of heat
recovery machines in large systens. |If economcally justified,
the | arge system can be designed for multiple machine
installations by using conventional machines in conjunction with
heat recovery machi nes. The selection of a double tube bundle
machine is a design function where standby | ow grade demand
exists. Wiere this cannot be justified, use a single tube bundle
machi ne.

A-4.00 HVAC System Managenent. Cycling the boiler and
refrigeration chiller in a pattern responsive to the tine of day
and prevailing weather conditions reduces energy consunption by
reduci ng excess heating and cooling capacity during operating
hours. For |arge buildings, a conputerized energy nanagenent
systemnmay be justified. These systens can anal yze weat her
conditions, building and system characteristics, and HVAC
operating conditions. Energy nmanagenent systens then adjust
various controls to provide optinum energy use.
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