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areas that are difficult to ventilate, such as hangars. Consider nighttime air flushing of
spaces, multi-speed fans, increased insulation, improved shading, and building site to
improve the effectiveness of comfort ventilation.

B-6 FAN COIL UNITS.

The limitations of fan-coil units with regards to latent loads associated with simply
providing adequate ventilation for occupancies such as living quarters make them
unsuitable as the only means of cooling and dehumidification in most locations and for
most occupancies, unless the fan coil unit is equipped with a split coil to allow for the
continuous conditioning of outside air.

B-7 \1\ DEDICATED OUTSIDE AIR SYSTEM (DOAS). /1/

Consider using a separate system for outdoor air where necessary to maintain a
sensible heat ratio of the mixed air entering the primary air-conditioning unit within the
required limits of commercially available equipment and/or to reduce corrosive, salt-
laden air from entering the primary air distribution system.

B-8 INFRARED HEATING.

Consider infrared radiant heating for high-bay areas or where spot heating is required.
Gas, oil, and electricity may be considered as fuel sources.

B-9 RELIABILITY.

For Data Processing and Electronic Office areas use two or more smaller units to satisfy
the required cooling capacity. This will generally reduce energy consumption at partial
cooling loads and will also increase overall system reliability.

B-10 PHOTOCOPIERS & LASER PRINTERS.

If possible, locate photocopiers and laser printers in a separate room or group them
together and provide local exhaust. Maintain the separate room at a negative pressure
relative to adjacent areas by transferring air from these adjacent areas to the separate
room. Do not add the air exhausted from the separate room or local exhaust to the
return air or transfer it to any other areas. Coordinate with the architect to place areas
requiring negative pressure relative to other spaces in the interior of the building to
minimize the chances for negative pressure induced infiltration.

\4\
B-11 VRF SYSTEMS
A variable refrigerant flow (VRF) system is defined as any system containing two or

more interconnected DX refrigerant coils that are designed for installation within a
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facility’s occupied space. They are ‘ductless’ A/C or heat pump systems in which
refrigerant is moved from fan-coil unit to fan-coil unit within the occupied facility spaces.

DoD has placed special requirements on these systems due to their inherent risks.
Three primary risk areas have been identified: 1) VRF systems currently contain
proprietary hardware and software in conflict with 10 USC 2867, 2) VRF systems
increase the risk of adverse mission impacts due to new EPA leak-rate rules on HFC
refrigerant systems (if 50 Ibs or greater of refrigerant) and the challenge of locating and
repairing a leak in often hard to access areas , and 3) VRF systems have uncertain life-
cycle costs (LCC) making comparisons with traditional HVAC systems difficult.

1. Proprietary Systems: Public law (10 USC 2867) states: “The Secretary of
Defense shall adopt an open protocol energy monitoring and utility control
system specification for use throughout the Department of Defense in connection
with a military construction project, ...” It continues: “The energy monitoring and
utility control system specification ... shall cover: (A) ... (B) Indoor environments,
including temperature and humidity levels. (C) Heating, ventilation, and cooling
components. ...” To meet these requirements, the DoD delivered revised Utility
Monitoring and Control System specification UFGS 25 10 10 and related HVAC
control specifications UFGS 23 09 00, UFGS 23 09 23.01 and UFGS 23 09
23.02, all of which specify the use of Open protocols, specifically requiring HVAC
control systems to use either LonWorks or BACnet. To our knowledge, all VRF
systems currently in production use a proprietary control network and thus fail to
meet the requirements of these specifications The adoption and use of systems
with proprietary control networks is in conflict with the legal requirement of
adopting systems with an ‘open protocol’. While many VRF systems can
connect to a LonWorks or BACnet DDC system through a Gateway device, this
does not meet the requirements of an Open system and installation of proprietary
networks communicating through a gateway is not permitted by the
specifications. Further, the facility owner remains dependent upon the original
vendor for maintenance and support which also violates the Open system
requirements of the specifications.

2. New EPA HFC-Refrigerant Regulations: Beginning 1-Jan-2019, the EPA will
implement new rules to regulate HFC refrigerant systems including those used
for comfort cooling. This regulation includes R-410A, a common HFC refrigerant
used in VRF and DX systems. The new rules will lower the threshold leak rate to
10% loss annually. Systems exceeding this rate must be repaired within 30-days
or else face mandatory system shutdown, costly retrofits, or replacement. (The
Services estimate a current annual refrigerant leak rate of 25%.) While all HFC
refrigerant systems are affected, VRF systems have attributes that significantly
increase DoD exposure to adverse impacts. For instance, VRF systems have
refrigerant line lengths much greater than traditional DX systems. These lines
extend through the occupied space and are mounted above ceilings and through
walls. Tracing and repairing a leak on a VRF system is many times more difficult
with an additional access requirement of maintenance crews to the workspace
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environment. In classified workspaces, shut down of the mission may be
necessary to affect repairs.

3. Uncertain Life-Cycle Costs: Currently, VRF systems have an above-average
initial capital cost. However, the out-year maintenance costs and labor man-
hours are uncertain as VRF systems are relatively new within the U.S. For
instance, there is a lack of information on the rate of component wear to predict
replacement intervals. ASHRAE Handbooks show a service life of 15-yrs for DX
systems yet some life-cycle cost studies indicate a VRF expected life of 30-yrs.
In addition, the proprietary nature of VRF systems implies a disproportionate
reliance on contract repair and proprietary parts vice in-house maintenance.

The DoD will continue to monitor and/or investigate these risk elements and update the
UFC as appropriate.

14/

64



	CHAPTER 1 INTRODUCTION
	1-1 PURPOSE AND SCOPE.
	1-2 APPLICABILITY.
	1-3 GENERAL BUILDING REQUIREMENTS.
	1-4 REFERENCES.
	1-5 BEST PRACTICES
	1-6 GLOSSARY.
	CHAPTER 2 MECHANICAL CONSENSUS STANDARDS
	2-1 PRIMARY VOLUNTARY CONSENSUS STANDARD REFERENCE
	2-1.1 International Mechanical Code© Copyright.
	2-1.2 IMC Additions, Deletions, and Revisions
	CHAPTER 3 GENERAL DESIGN REQUIREMENTS
	3-1 \1\ HVAC /1/ SYSTEM SELECTION \1\ AND LIFE CYCLE COST ANALYSIS CONSIDERATIONS
	3-2 [FOR NAVY AND AIR FORCE PROJECTS ONLY] VENTILATION AIR 
	3-2.1 DOAS Associated with Light-Duty Equipment
	3-2.2 DOAS Associated with Medium-Duty Equipment
	3-2.3 DOAS Associated with Light-Duty or Medium-Duty Equipment
	3-2.4 Additional Requirements
	3-3 \4\ \2\ [FOR ARMY PROJECTS ONLY] VENTILATION AIR AND USE OF DOAS
	3-4 HEATING AND COOLING LOAD CALCULATIONS
	3-4.1 Load Calculations
	3-4.2 Outdoor Design Conditions  
	3-4.3 Indoor Design Conditions
	3-5 SPECIFIC FACILITY-TYPE HVAC REQUIREMENTS.
	3-5.1 Facility Air Conditioning Eligibility.  
	3-5.2 Natural or Mechanical Ventilation Requirements 
	3-5.3 Nonpermanent Construction.
	3-5.4 Intermittent Occupancy Facilities 
	3-5.5 Vestibules.
	3-5.6 Closets and Storage in Air Conditioned Facilities
	3-5.7 Aircraft Maintenance Shops.
	3-5.8 Data Processing Centers and \1\ Server Rooms. /1/
	3-5.9 Health Care Facilities.
	3-5.10 Laboratories.
	3-5.11  Fitness Centers.
	3-5.12 General Purpose Aircraft Hangars.
	3-5.13 Aircraft Fire and Rescue and Fire Station.
	3-5.14  Laundries and Dry Cleaners.
	3-5.15 Dining Facilities.
	3-5.16 Variable Refrigerant Flow (VRF) Systems.
	3-6 OTHER HVAC DESIGN CONSIDERATIONS
	3-6.1 Latent Load Considerations
	3-6.2 Reheat
	3-6.3 Economizer
	3-6.4 Redundant Systems
	3-6.5 Humidification
	3-6.6 Electric Resistance Heating
	3-6.7 Steam Systems
	3-6.8 Fan Coil Applications for Ventilation Air
	3-6.9 Ground Coupled Heat Pumps
	3-6.10 Variable Air Volume (VAV) Cooling  
	3-6.11 \1\ Corrosion.
	3-6.12 Sound and Vibration Control.
	3-6.13 Radon.  
	3-6.14 HVAC System Testing & Balancing  
	3-6.15 Commissioning Requirements
	CHAPTER 4 SUPPLEMENTAL IMC TECHNICAL CRITERIA
	4-1 GENERAL SUBSTITIONS
	4-2 IMC SUPPLEMENTARY PARAGRAPHS
	4-2.1 IMC CHAPTER 1 “SCOPE AND ADMINISTRATION” SUPPLEMENTS
	4-2.2 IMC CHAPTER 2 “DEFINITIONS” SUPPLEMENTS
	4-2.3 IMC CHAPTER 3 “GENERAL REGULATIONS” SUPPLEMENTS
	4-2.4 IMC CHAPTER 4 “VENTILATION” SUPPLEMENTS
	4-2.5 IMC CHAPTER 5 “EXHAUST SYSTEMS” SUPPLEMENTS
	4-2.6 IMC CHAPTER 6 “DUCT SYSTEMS” SUPPLEMENTS
	4-2.7 IMC CHAPTER 7 “COMBUSTION AIR” SUPPLEMENTS
	4-2.8 IMC CHAPTER 8 “CHIMNEYS & VENTS” SUPPLEMENTS
	4-2.9 IMC CHAPTER 9 “SPECIFIC APPLIANCES, FIREPLACES AND SOLID FUEL-BURNING EQUIPMENT” SUPPLEMENTS
	4-2.10 IMC CHAPTER 10 “BOILERS, WATER HEATERS AND PRESSURE VESSELS” SUPPLEMENTS
	4-2.11 IMC CHAPTER 11 “REFRIGERATION” SUPPLEMENTS
	4-2.12 IMC CHAPTER 12 “HYDRONIC PIPING” SUPPLEMENTS
	4-2.13 IMC CHAPTER 13 “FUEL OIL PIPING AND STORAGE” SUPPLEMENTS
	4-2.14 IMC CHAPTER 14 “SOLAR SYSTEMS” SUPPLEMENTS
	CHAPTER 5 DESIGN ANALYSIS AND DRAWING REQUIREMENTS
	5-1 DESIGN ANALYSIS
	5-1.1 Basis of Design Narrative Requirements.
	5-1.2 Calculations and Analysis Requirements.
	5-2 FINAL DRAWING REQUIREMENTS.
	5-2.1 Site Work.
	5-2.2 Floor Plans.
	5-2.3 Enlarged Plans.
	5-2.4 Mechanical Room Plans.
	5-2.5 Schematic Diagrams.
	5-2.6 Design Conditions.
	5-2.7 Equipment Schedules.
	5-2.8 Control Valves Schedule.
	5-2.9 Metric Valve Coefficient.
	5-2.10 Outdoor Air Schedule.
	5-2.11 Vibration Isolator Schedule.
	5-2.12 Fouling Factors.
	5-2.13 Details.
	5-2.14 Access Panels.
	5-2.15 Sequence of Operations.
	5-2.16 Control Diagrams.
	5-2.17 Roof Fans.
	5-2.18 Equipment Supports.
	5-2.19 Drain Lines.
	5-2.20 Balance Dampers.
	5-2.21 Ductwork Testing.
	5-2.22 Duct Construction Classifications.
	5-2.23 \1\ Make-up Water. /1/
	5-2.25 Guides for Piping.
	5-2.26 Pipe Anchors.
	5-2.27 Pressure Gauges.
	5-2.28 Air Vents.
	5-2.29 Balance Valves.
	5-2.30 Kitchen Hood Diagram.
	APPENDIX A REFERENCES
	APPENDIX B BEST PRACTICES
	APPENDIX C GLOSSARY
	APPENDIX D MINIMUM CONTROL POINTS LIST
	APPENDIX E – HVAC SYSTEM SELECTION FLOW CHART
	APPENDIX F  – 90% ENERGY-EFFICIENT HVAC SOLUTIONS (FOR ARMY PROJECTS ONLY)
	APPENDIX G - EVALUATION OF DISTRICT AND ISLANDED/DECENTRALIZED UTILITY OPTIONS WITH LIFE-CYCLE COST ANALYSIS GUIDANCE  (FOR ARMY PROJECTS ONLY)

