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Background

MTG Rationale

ASHRAE has goals of creating technologies and design approaches that enable the construction of net zero energy buildings at low incremental cost, and also of ensuring that the efficiency gains resulting from related R&D will result in substantial reduction in energy use for both new and existing buildings.

HVAC systems are the largest energy consumer in U.S. non-residential buildings, consuming about 40% of the non-residential sector source energy in Year 2003 or about $44 billion. Moving air to provide ventilation and space-conditioning may consume about a third to a half of this energy. Clearly, efficient air-handling systems that use as little energy as possible are needed for ASHRAE to achieve its goals.

Although the energy efficiency of many HVAC components in non-residential buildings has improved substantially over the past 20 years (e.g., chillers, air-handler drives), there is still a need to make other equally critical components more efficient (e.g., the air distribution system, which links heating and cooling equipment to occupied spaces). For example, field tests in hundreds of small non-residential buildings and a few large non-residential buildings suggest that system air leakage is widespread and large. It is often 25 to 35% of system airflow in smaller buildings, and can be as large as 10 to 25% in larger buildings. Based on field measurements and simulations by Lawrence Berkeley National Laboratory, it is estimated that system leakage alone can increase HVAC energy consumption by 20 to 30% in small buildings and 10 to 40% in large buildings. Ducts located in unconditioned spaces, excessive flow resistance at duct fittings, poorly configured and improperly sized air-handler fans, unnecessarily high duct-static-pressure set-points, leaky terminal boxes, and inefficient terminal unit fans further reduce system efficiency, and in turn increase HVAC energy consumption even more.

There is no single cause for system deficiencies. One cause is that the HVAC industry is generally unaware of the large performance degradations caused by deficiencies, and consequently the problems historically have received little attention. For example, a common myth is that supply air leaking from a variable-air-volume (VAV) duct system in a ceiling return plenum of a large non-residential building does not matter because the ducts are inside the building. In fact, however, the supply ducts are outside the conditioned space, the leakage short-circuits the air distribution system, supply fan airflow increases to compensate for the undelivered thermal energy, and power to operate the fan increases considerably (power scales with the flow raised to an exponent between two and three depending on system type).

Other causes of the deficiencies include a lack of suitable analytical tools for designers (e.g., VAV systems are common in large non-residential buildings, but most mainstream simulation tools cannot model air leakage from these systems), poor architectural and mechanical design decisions (e.g., ducts with numerous bends are used to serve many zones with incompatible occupancy types), poor installation quality (e.g., duct joints are poorly sealed downstream of terminal boxes and in exhaust systems), and the lack of reliable diagnostic tools and procedures for commissioning (e.g., industry-standard duct leakage test procedures cannot easily be used for ducts downstream of terminal boxes). The highly fragmented nature of the building industry means that progress toward solving these problems is unlikely without leadership from and collaboration within ASHRAE.

MTG Purpose, Scope, and Membership

MTG.EAS coordinates activities of related ASHRAE technical and standards committees to facilitate the development of packages of tools, technology, and guidelines related to the design, operation, and retrofit of energy-efficient air-handling systems in new and existing non-residential buildings. The intent is that these products can be integrated with industry processes and can be used to ensure that ASHRAE energy saving targets are met, to carry out high-profile demonstrations of improved air-handling systems, and to identify further energy saving opportunities.

Within ASHRAE, the MTG also coordinates activities to update related parts of ASHRAE Handbooks and Standards (particularly 62.1, 90.1, and 189.1) and to develop related education programs for technology implementers. Outside of ASHRAE, the MTG monitors related activities and represents ASHRAE interests where permitted to provide a conduit for related information transfer to ASHRAE members.

The MTG is concerned with the interactions between non-residential air-handling system components, the building, and related activities, which include at least the activities of:

· TCs 1.4 (Control Theory and Application), 1.8 (Mechanical System Insulation), 1.11 (Electric Motors and Motor Control), 2.6 (Sound and Vibration Control), 4.3 (Ventilation Requirements and Infiltration), 4.7 (Energy Calculations), 5.1 (Fans), 5.2 (Duct Design), 5.3 (Room Air Distribution), 5.5 (Air-to-Air Energy Recovery), 6.3 (Central Forced Air Heating and Cooling Systems), 7.1 (Integrated Building Design), 7.2 (HVAC&R Contractors and Design Build Firms), 7.7 (Testing and Balancing), 7.9 (Building Commissioning), 8.10 (Mechanical Dehumidification Equipment and Heat Pipes), and 9.1 (Large Building Air-Conditioning Systems);

· SPCs 111 (Measurement, Testing, Adjusting and Balancing of Building HVAC Systems), SPC 200 (Methods of Testing Chilled Beams); and

· SSPCs 62.1 (Ventilation for Acceptable Indoor Air Quality), 90.1 (Energy Standard for Buildings except Low-Rise Residential Buildings), and 189.1 (Standard for the Design of High-Performance Green Buildings except Low-Rise Residential Buildings).

MTG membership currently includes representatives from all of the committees listed above (except TC 1.8), plus representatives of several external organizations, which include: AMCA International, the California Energy Commission (CEC), the U.S. Department of Energy (DOE), i4Energy, the Sheet Metal and Air Conditioning Contractors’ National Association (SMACNA), and the Spiral Duct Manufacturers Association (SPIDA).

001 Determine Optimum Fan Selection for Variable Fan Duty Based Operating Profile

Originating Group (Person): TC 1.11 (Armin Hauer)

Originating Date: 18 July 2013
State-of-the Art (Background): Fans are selected based on a single or maybe a few operating points, but can operate over a wide range.
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Advancement to State-of-the-Art: Take into account the entire projected fan operating range and weigh the individual power consumption values with the projected duration. Objectives include:
· Optimize fan selection for variable fan duty applications to minimize energy consumption

· Energy to include fan, motor, VSD, and associate fan drive components

· Define design specification for variable fan duty applications

· Determine fan selection algorithms for variable fan duty applications

Type of Project: [Work Statement (Study) and/or Guideline]

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 1.11 (Electric Motors and Motor Controls)

· TC 5.1 (Fans)

· AMCA

MTG.EAS Action:

· Assigned to Armin Hauer (need an associate or a mentor on the action team)
Remarks:

On applications that require a variable fan duty, the design specification should include a load profile. In other words, how many hours will the fan operate at which duty point?

The fan duty might change over the years when the projected building use changes from an initial condition due to expansions or change of occupancy.

A selection for duty at the highest occurring fan output yields likely not the most efficient product for the majority of the hours of operation.

002 VSD Optimization

Originating Group (Person): TC 1.11 (Armin Hauer)

Originating Date: 24 August 2013
State-of-the Art (Background): Variable speed drives (VSD) are used to set the air performance of fans. The VSD output frequency is monitored on occasional projects. VSDs are commonly operated through BMS.

Advancement to State-of-the-Art: Modern fan motors and variable speed drives employ sophisticated electronics for their primary function. Many parameter measurements from these drive system are available as inputs to the BMS. Objectives include:
· Determine if VSD can provide data to the BMS for energy optimization.
· Determine what parameters should be considered to optimize the VSD, motor, fan, and other drive components for energy efficiency.
Type of Project: [Work Statement (Study)]

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 1.11 (Electric Motors and Motor Controls)

· TC 1.4 (Control Theory and Application)

MTG.EAS Action:

· Assigned to Armin Hauer (need an associate or a mentor on the action team)
Remarks:

1. Get metering information from the VSD back to the system controller: supply voltage level, motor load, motor control reserve, motor temperature, and motor run time. Then let the system controller decide what is more efficient: Running higher airflows during free cooling or running lower set points during DX operation?

2. VSDs can be set for optimum sound or for optimum energy consumption. Which VSD types have the ability to learn the characteristic of the load and self-optimize the output voltage-frequency ratio?

3. Energy implication from running induction motors at super-synchronous speed?

4. In applications that run multiple motors in parallel, how should one decide to switch off individual motors instead of speed-controlling all motors in parallel? Application example: Fan Arrays.

5. Which applications run long enough at strict line frequency so that installation and use of a bypass makes sense?

6. Which VSDs should be equipped with a control relay to disconnect the VSD and eliminate standby power?
7. Many fan motors are not regulated by EISA (Energy Independence and Security Act). What is the energy savings potential from using best available motor technology?

8. Produce technical white paper about AHRI 1210 as a follow-up to Rupal Choski’s ASHRAE seminar presentation in June 2012.

003 Balancing ASHRAE 62.1 and ASHRAE 90.1 Requirements for Energy, IAQ, Health, and Productivity
Originating Group (Person): ASHRAE TC 1.4 / SSPC 62.1 (Len Damiano)

Originating Date: 12 December 2012
State-of-the Art (Background):
Advancement to State-of-the-Art: Eliminate variations in requirements between ASHRAE Standards 62.1 and 90.1. Objectives include:
· Develop CO2 based Demand-Controlled Ventilation (DCV)* requirements and field verify

· Reconcile the requirements of ASHRAE 62.1 with ASHRAE 90.1

· Investigate ASHRAE 62.1 field compliance and control strategies

*Demand-Controlled Ventilation (DCV): any means by which the breathing zone outdoor airflow (Vbz) can be varied to the occupied space or spaces based on the actual or estimated number of occupants and/or ventilation requirements of the occupied space.

Type of Project: Work Statement (Study) and propose changes to both Standards 90.1 and 62.1.

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 1.4 (Control Theory and Application)

· SSPCs 62.1, 90.1, 189.1
MTG.EAS Action:

· Assigned to Len Damiano

· Other Possibilities: Jeff Boldt

Remarks:

1. System operating performance verification needed due to requirement perspective, contradictions, or weaknesses in standards.

a.
Standard 90.1 emphasis is on energy without much regard to other objectives that require more than minimal energy (e.g. IEQ, health and productivity)

b.
Standard 62.1 is openly discussed and referred to in publications as a ”design only” standard in contradiction to the published Scope [2.2 (see below)] and requirements for operational compliance [8.1.2 (see below)].

2.2 This standard defines requirements for ventilation and air cleaning system design, installation, commissioning, and operation and maintenance.

8.1.2 Building Alterations or Change-of-Use. Ventilation system design, operation, and maintenance shall be reevaluated when changes in building use or occupancy category, significant building alterations, significant changes in occupant density, or other changes inconsistent with system design assumptions are made.

c.
Standard 62.1 emphasizes minimum rates with “not less than” language, but no consideration to limit excess ventilation or any type of control performance requirements that directly impact energy. There is no language in the TPS to motivate the consideration of operational performance requirements and no requirement to verify compliance during operation. Excess ventilation has been shown to be the norm in buildings surveyed by NIST under BASE study.

d. Standards 62.1, 90.1 and 189.1 requirements involving CO2-based DCV are weakly supported by field research and dominated by theoretical modeling that is heavily dependent upon assumptions. To counteract this tendency is particularly difficult since 62.1 is positioned best to identify potential control deficiencies, but has no mandate to require verifiable operational performance, better methods or alternatives.

2. Measurement and verification for controls operation and control function verification were recurring comments (Gaylon Richardson, Barry Bridges), but never addressed.

004 Constant Volume Terminal Reheat
Originating Group (Person): ASHRAE TC 4.7 (Jeff Haberl)

Originating Date: 5 December 2012
State-of-the Art (Background):
Advancement to State-of-the-Art: Develop a standard method of test for air-side system simulation tools
Type of Project [Work Statement (Study, Lab Tests), Standard (MOT), Other]:

Primary ASHRAE TCs/PCs/Organizations Involved:

· SSPC 140
· SPC 130

· TC 4.7 (Energy Calculations)
· TC 5.1 (Fans)
· TC 5.2 (Duct Design)
· TC 5.3 (Room Air Distribution)
MTG.EAS Action:

· Assigned to Jeff Haberl
Remarks:
Standard 140 has developed a working group to develop a SMOT for air-side systems. I suggest that MTG.EAS coordinate their efforts with this ongoing effort with Standard 140. Ron Judkoff or Joel Neymark would be the contacts for this effort.

[Note to SSPC 140: Sections 5.5.3 and 5.5.4 are all new material; tracked changes indicate revisions since the May 2012 simulation trial version. Tracked changes are not applied for items that have been re-ordered for editorial clarity; tracked changes are only applied to highlight revised language. Related Sec 3 definitions (and edits to them) are included at the end.]

5.5.3 Constant Volume (CV) Terminal Reheat System Cases (AET300 series)

The ability to model a CV terminal reheat air system serving multiple zones shall be tested as described in this section. If the software being tested is capable of applying a variety of system models to address a CV reheat system, the system model that is most similar to the system specified below shall be applied.
Informative Note: The user may test other possible modeling approaches (available system models) in this context, as appropriate to the software being tested.
Informative Note: The progression of these test cases follows the AET200 series (SZ system) tests. The CV reheat system serves two zones.

5.5.3.1 Case AET301: Base Case, High Heating 1
Case AET301 shall be modeled as described in this section and its subsections. The system configuration shall be modeled as presented in the schematic diagram in Figure 5.5-301.1. System input parameters shall be as described in the following sections.
Informative Note, Objective: Test model treatment of a constant volume terminal-reheat system with high sensible heating load and cold outdoor air.
Informative Note, Method: A constant volume terminal reheat air system conditions two zones that have constant sensible and latent internal loads. The system consists of a constant volume air system with supply and return fans, pre-heat and cooling coils, and terminal reheat coils. The cooling coil provides cooling as needed to maintain the supply air temperature set point, and the reheat coils provide heating to maintain room temperature at its set point. The pre-heat coils will operate as needed to maintain a minimum supply air temperature. The model is run at specified constant outdoor and indoor conditions. Resulting coil loads are compared to verified external spreadsheet solutions and other example results.
Informative Note: In this base case, no economizer function is modeled; economizer function is tested in later cases.
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005 Evaluate Heating & Cooling Delivery Systems

Originating Group (Person): ASHRAE TC 5.2 (Larry Smith)

Originating Date: 25 June 2013
State-of-the Art (Background):
Advancement to State-of-the-Art: Design tool for engineers. Objectives include:
· Evaluate alternate methods of delivering BTU’s to a space and associated energy use.
· Space, energy, maintenance, as well as different building envelopes and geographic locations, are to be considered.
· Include emerging technologies as well as current practices.
· Compare systems using simulation tools, such as DOE’s Energy Plus.

Type of Project: Work Statement (Study)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.2 (Duct Design)

· TC 5.3 (Room Air Diffusion)

· TC 6.1 (Hydronic and Steam Equipment and Systems)

· TC 6.5 (Radiant Heating and Cooling)

· TC 8.7 (Variable Refrigerant Flow)
· TC 8.11 (Unitary and Room Air Conditioners and Heat Pumps)

· TC 9.1 (Large Building Air-Conditioning Systems)

MTG.EAS Action:

· Assigned to Larry Smith (or he will find someone from appropriate TC to coordinate)
Remarks: Impact the reduction of the total energy consumption of HVAC systems by improving the overall efficiency in BTU delivery. Focus should:

1. evaluate delivery systems,

2. how comparison between systems,
3. include the impact of the building envelope and geographic location

Study not to be limited to current practices, technologies, and products

006 Fan System Effects (Similar to 017)
Originating Group (Person): ASHRAE TC 7.2 (Peyton Collie)

Originating Date: 18 June 2013
Disposition: Withdrawn. (Email dated 3/20/2014 from Peyton Collie: As far as ALL of the “system effects” “ideas” are concerned, TC 5.2 should deal with that extensively in the Duct Design Manual currently being developed and those items should be removed from the MTG Ideas Lists.  After the TC 5.2 Duct Design Manual is published, the subject as an MTG item can be revisited.)
Commentary: Fan-System Effects: AMCA Publication 201 (1990)] by AMCA have been converted to loss coefficients, and are in the ASHARAE Duct Fitting Database (DFDB). I am investigating recent or active research by TC 5.1 as indicated by Joe Brooks and, as appropriate, will update the DFDB.
State-of-the Art (Background): System effect pressure losses are in addition to the calculated or measured HVAC system pressure losses. In some installed HVAC system designs, system effect totally offsets energy saving methods and equipment such as air leakage reduction or the use of high-efficiency fan motors. Design methods to mitigate system effects are well documented, but are not addressed in any building code. While the designer is responsible for analyzing the potential interactions of the fittings and fans for the potential consequences, system effect is often unanticipated by the designer and is only detected after the HVAC system is installed. Rather than incorporate complex calculations, a more effective approach is to establish minimum requirements that are easily enforceable by code officials to mitigate undesirable system effects.
Advancement to State-of-the-Art: Request that ASHRAE submit code proposals that establish minimum requirements for connecting the fan to the associated HVAC system to reduce the primary known, easily addressed cause of system effect. Objectives include:
· Determine the minimum requirements for connecting the fan to the associated system to ensure energy efficient fan performance
Type of Project [Work Statement (Study, Lab Tests), Standard (MOT), Other]:

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 7.2 (HVAC&R Construction & Design Build Technologies)
· TC 5.1 (Fans)

· TC 5.2 (Duct Design)

· AMCA

· SMACNA

MTG.EAS Action:

· Assigned to Peyton Collie, Michael Ivanovich
Remarks:
Code Proposal Draft Text: A minimum length of straight duct equivalent to six diameters for round duct or six minor widths for rectangular duct must be provided from the outlet and inlet for any fan connected to an HVAC duct system in advance of any turns, bends, offsets, or duct-inserted accessories.

Peyton Collie: Fan efficiency is very important. But equally if not more important from and energy consumption standpoint is how the fan interacts with the system it serves. In HVAC duct systems "system effect" can totally negate all efficiency improvements designed into the fan. In roof mounted fan applications, the connection between the fan and the system it serves can create huge building air leaks -- some that will not be detected by building pressurization test.
Michael Ivanovich: Mr. Collie, you are absolutely correct that system design and installation defects can easily overrun efficiency gains from fans alone. AMCA has been educating the market on system effects for a long time, and we recently have been communicating more about issues such as system leakage and monitoring and control. But there really has been insufficient attention on fan sizing and selection and use of more efficient fan types, which codes, standards, and DOE regulations are only beginning to address.
007 Improve Energy Efficiency of AHU Systems
Originating Group (Person): ASHRAE TC 7.7 / SPC 111 (Gaylon Richardson)

Originating Date: 5 December 2012
State-of-the Art (Background):
Advancement to State-of-the-Art:
Objectives:

· Reduced outside air requirements
· Tighter ductwork

· Control verification

· Impact of using dampers
Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 7.7 (Testing and Balancing)
· SPC 111

Type of Project [Work Statement (Study, Lab Tests), Standard (MOT), Other]:

MTG.EAS Action:

· Insufficient information to act

Remarks: Suggestions to improve AHU systems: Reduced OA, tighter ductwork, sustainability of system, control verification, system design; discussed damper problems in installation and testing; building envelope; identification of components; ECM and direct drive fans (less than 2 HP)
008 Determine Diversity Factors for Hydronic Systems
Originating Group (Person): ASHRAE TC 7.7 / SPC 111 (Gaylon Richardson)

Originating Date: 5 December 2012
State-of-the Art (Background):
Advancement to State-of-the-Art:
Objectives:

· Identify potential energy savings
Type of Project [Work Statement (Study, Lab Tests), Standard (MOT), Other]:

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 6.1 (Hydronic and Steam Equipment and Systems)

· TC 7.7 (Testing and Balancing)

· SPC 111

MTG.EAS Action:

· Insufficient information to act

Remarks: Hydronic systems designed with diversity need to identify the energy savings.

009 Method of Test (MOT) for Determining Air Handling Unit Capacity
Originating Group (Person): ASHRAE TC 7.7 / SPC 111 (Gaylon Richardson)

Originating Date: 5 December 2012
State-of-the Art (Background):
Advancement to State-of-the-Art:
Objectives:

· Identify impacts of measurement location on readings
· Identify impacts of instrument accuracy
· Identify required instrument accuracy

Type of Project [Work Statement (Study, Lab Tests), Standard (MOT), Other]:

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 7.7 (Testing and Balancing)

· TC 1.2 (Instruments and Measurements)
· SPC 111

MTG.EAS Action:

· Insufficient information to act

Remarks: Capacity testing requires airflow, water flow, and temperature measurement with an accuracy of 5%; issues: instrument accuracy, measurement locations.

010 Optimizing the Static Efficiency of Air Handling Systems
Originating Group (Person): ASHRAE TC 7.7 / SPC 111 (Gaylon Richardson)

Originating Date: 5 December 2012
State-of-the Art (Background):
Advancement to State-of-the-Art:
Objectives:

· How to minimize system effects
· Evaluate the impact of negative pressure in system analysis
Type of Project [Work Statement (Study, Lab Tests), Standard (MOT), Other]:

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 7.7 (Testing and Balancing)

· SPC 111

MTG.EAS Action:

· Insufficient information to act

Remarks: AHU efficiency is directly related to static efficiency of the system. Identify duct systems with minimum system effect; systems under negative pressure do not have the same losses across components as systems under a positive pressure.
011 Optimize Air Handlers
Originating Group (Person): TC 7.9 (J.R. Anderson)

Originating Date: August 2013

State-of-the Art (Background):
Advancement to State-of-the-Art:
Objectives:

Type of Project [Work Statement (Study, Lab Tests), Standard (MOT), Other]:

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 7.9 (Building Commissioning)
MTG.EAS Action:

· Insufficient information to act
Remarks: Article from Energy Management, Buildings 12:12
012 Terminal Unit Published Noise Ratings

Originating Group (Person): SSPC 90.1 (Jeff Boldt)

Originating Date: 5 December 2012
Status: Discussed with Jeff Bolt. I will calculate using an AHRI EXCEL spreadsheet the octave band sound levels that can expected from various arrangements of downstream ductwork without duct lining and put the results into the Acoustics chapter of the ASHRAE Duct Design Guide. This will be done in consultation with Jeff Boldt.
State-of-the Art (Background):

The noise rating adjustments that are required by AHRI 885 cause room noise levels to be far above the published airborne noise levels for most VAV boxes (Exhibit 1: Item 2). This is because few systems today use lined ducts.
Advancement to State-of-the-Art:

Rating standards and published data will be more in line with HVAC system encountered by consulting engineers. Objectives include:
· Replace lined duct in Table D18 of AHRI Standard 885 by unlined duct, provide dual ratings, or include a reasonably simple method for designers to convert without extensive acoustical training.
Type of Project: Standard (Revision)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 2.6 (Sound and Vibration Control)

· TC 5.3 (Room Air Distribution)

· SSPC 90.1

· AHRI

MTG.EAS Action:

· Assigned to Jeff Boldt/Herman Behls. The MTG.EAS Chair to contact the chair of TC 5.3 [Ken Loudermilk (replaced by Jerry Sipes)] and request an opportunity for Jeff Boldt to present his concern to the members of TC 5.3 at their NYC meeting. Hopefully, a TC 5.3/AHRI member will take-up the task to revise AHRI Standard 885.

Remarks: I believe that the rating adjustments that are required by AHRI 885 cause room noise levels to be far above the published airborne noise levels from all VAV boxes. This is because few systems today use lined ducts. I recommend asking to have the table (below) either modified, or that lined and unlined duct conversions be published.

Dan Int-Hout (12/26/13): As chair of AHRI 885, I would take issue with the basic assumption of section 012-10, Terminal Unit Published Noise Ratings. I'm sure we will have a chance to discuss, but I just wanted to put my two cents in early.
ASHRAE Journal, May 2014, page 98, “The Deal about Duct Lining” by Dan Int-Hout. The article discusses the acoustics issue.

Exhibit 1
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The main problem is the noise of the air passing through the damper, and especially for the TABs that are near the fan and have higher inlet pressures. The Phoenix style air valves are somewhat quieter than the butterfly dampers, but also more expensive. It is even worse because AHRI 885 allows (actually requires) manufacturers to publish NC ratings based on the assumption that there is a lot of lined duct between the TAB and the diffuser (and flexible duct also). A TAB rated at NC25 will probably perform in unlined ductwork at NC40 or higher.
013 VAV Reset

Originating Group (Person): SSPC 90.1 (Jeff Boldt)

Originating Date: 29 April 2013

State-of-the Art (Background): Both temperature and pressure reset are required by Standard 90.1 for VAV systems (Section 6.5.3.4 and 6.5.3.2.2). Consulting Engineers are typically resetting temperature up to 5°F upward if no boxes are fully open, and once that threshold is reached doing pressure reset.

Advancement to State-of-the-Art: Determine the most efficient method to control both temperature and terminal unit pressure in VAV systems. This research may result in improved VAV system operation, including energy savings, without any significant economic impact. Objectives include:
· Simulate VAV system control sequences and resultant energy cost using EnergyPlus with selected ASHRAE 90.1 model building models and climate zones.

Type of Project: Work Statement (Study)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 1.4 (Control Theory and Application)

· TC 5.2 (Duct Design)

· TC 5.3 (Room Air Distribution)

· TC 9.1 (Large Building Air-Conditioning Systems)

· SSPC 90.1

MTG.EAS Action:

· Assigned to Jeff Boldt

· Others: Herman Behls, Craig Wray

Remarks: none
014 Harmonizing Standards 62.1 and 90.1 with Standard 189
Originating Group (Person): SSPC 189.1 (Dennis Stanke)

Originating Date: 5 December 13

State-of-the Art (Background): No researcher or designer has attempted to determine a default value for Vpz-expected for VAV system ventilation-design purposes. However, at least one major energy performance simulation program can find Vpz for each of 8760 hours and determine which zone or zones will be critical and the Vpz value associated with each zone for each hour. At least one program could be used to help a researcher determine a table of default values for Vpz-expected.
Advancement to State-of-the-Art: A design tool for designers to implement Standard 62.1 and Standard 90.1 requirements to comply with Standard 189.1. At the present time, the requirements of Standard 189.1 cannot be met. Objectives include:
· Submit a Continuous Maintenance Proposal (CMP) to SSPC 62.1 to add a default value or table of values for minimum expected zone primary airflow at the ventilation design condition, taking the judgment and inconsistencies out of the VRP design procedure for VAV systems.
· A research project could analyze the 16 PNNL buildings in 16 or more climate zones, as analyzed for Std 90.1 determination, finding the critical zone Vpz-expected for each building in each zone. Analysis of the simulation results should lead to the publication of a Vpz-expected value, or a set of values as a function of building type, climate, or both (or perhaps some other parameter).
Type of Project: Research Project and Standards CMP

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 4.3

· SSPCs 62.1, 90.1, 189.1
MTG.EAS Action:

· Assigned to Dennis Stanke [Note: Dennis is not able to spend time on this project until February 2014].

Remarks: Designers need to be able to implement Std 62.1 and Std 90.1 requirements to comply with Std 189.1, one IECC compliance path, and LEED prerequisites. It must be possible to include the airside requirements found in all three standards, without conflict. It must be possible to design systems that can be modeled, constructed and operated to implement coordinated required airside controls, including fan pressure optimization, economizer control, building pressure control, energy recovery control, reheat restrictions on VAV box minimum settings, zone-level DCV and system-level ventilation optimization control and DCV. Research is currently underway to combine zone DCV with system ventilation optimization control (Lau). But in my view, very little software is available to model these controls and very little design and implementation information is available for designers.
Jeff Boldt mentioned doing away with the Std 62.1 VRP approach to multiple-zone systems; I don’t think that’s the right direction, because it’s more accurate and saves energy compared with Title 24, and besides it’s the basis for the model ventilation (and therefore model energy) codes, for energy labels, and for high performance building codes and rating systems. I think a better approach would be to coordinate a change to Std 62.1 which would allow designers to use a default value for design primary airflow; that would remove a lot of guesswork from VAV system OA intake flow at design. I also think that research needs to be done to identify energy performance analysis programs that can incorporate all Std 62.1, Std 90.1 and Std 189.1 airside requirements, and then to conduct a comparative analysis of the programs (if they can be found) to determine which of them does a reasonable job of modeling airside requirements. And that’s probably just the start – systems must also be available to implement these airside requirements, and many disciplines need training.

The most important aspect of my suggestion is the CMP for SSPC 62.1 to add a default value or table of values for minimum expected zone primary airflow at the ventilation design condition. This value is used to calculate system outdoor air intake flow for the design of multiple-zone recirculating (VAV) systems. It is not an easy value for designers to determine, so they usually rely on judgment, repeated manual calculations, or in some cases, computer simulation programs that can check hourly zone primary airflow values to find those values that occur when required intake airflow is highest. To write this CMP, a research project is probably indicated to determine an appropriate default Vpz value(s), which probably differs for zones according to occupant density and climate zone.

015 Improve Design of Multi-Nozzle Chamber Flow Settling Means for Fan Performance Tests
Originating Group (Person): AMCA (Joe Brooks)

Originating Date: 30 October 2012
Disposition: Withdrawn by Joe Brooks March 21, 2014.
State-of-the Art (Background): AMCA 210 may not provide sufficient information to design and build a test chamber.
Advancement to State-of-the-Art: Improve accuracy of AMCA Standard 210/ASHRAE Standard 51 tests. Objectives include:
· Work Statement.

· Develop criteria for improving the design of flow settling means utilized in multi-nozzle chamber performance testing of fans defined in AMCA Standard 210/ASHRAE Standard 51.
Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.2 (Fans)

· AMCA

· TC 1.2 (Instruments and Measurements)

MTG.EAS Action:

· Assigned to Joe 
· Others: John Murphy and John Cermak

Remarks: See what happens in the next revision of AMCA 210. Then, decide what research might be needed.
016 Establish Accuracy of AMCA Standard 300 Tests

Originating Group (Person): AMCA (Joe Brooks)

Originating Date: 30 October 2012
Status: Unknown as of 1 June 2014.
State-of-the Art (Background):
Advancement to State-of-the-Art: Objectives include:
· Round robin test program to establish the accuracy of AMCA Standard 300 tests (Reverberant Room Method for Sound Testing of Fans).
· Establish a rationale for changing the tolerance.
Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.1 (Fans)

· AMCA

· TC 2.6 (Sound and Vibration Control)

MTG.EAS Action:

· Assigned to Joe Brooks
· Others: John Murphy and John Cermak

Remarks:
· AMCA has a round robin underway. Expect testing to be done in 2013. John Murphy will review the results.
· Might remove from MTG.EAS list of ideas pending test conclusions from AMCA.
017 Fan Outlet Discharge Effects (Similar to 006)
Originating Group (Person): AMCA (Joe Brooks)

Originating Date: 30 October 2012
Disposition: Completed. 

Commentary: Fan-System Effects [AMCA Publication 201 (1990)] by AMCA have been converted to loss coefficients ane are in the ASHARAE Duct Fitting Database).

State-of-the Art (Background):
Advancement to State-of-the-Art: Increase population of the ASHRAE Duct Fitting Database. Objectives include:
· Work Statement

· Fan outlet system effects

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.1 (Fans)

· TC 5.2 (Duct Design)

· AMCA

MTG.EAS Action:

· Assigned to Joe Brooks
· Other: Rad Ganesh

Remarks:
Fan outlet discharge effects would be a logical step for research projects
· System effect is the outlet connection, not the fan itself.
· Depends on fan outlet velocity profile.
· Research focus could be on the outlet velocity profile of different design fans. Once that is known, it should be possible to calculate or model (CFD) discharge effects.
· Goal would be to help system designers and improve fan applications.
018 Study of Air Curtains

Originating Group (Person): AMCA (Joe Brooks)

Originating Date: 30 October 2012
Status: Unknown as of 1 June 2014.
State-of-the Art (Background): Air curtains are local ventilation devices that supply a high-velocity stream of air to reduce airflow through apertures in building shells. They are also used to localize gaseous and particulate emissions near their sources and to convey them toward local exhausts. AMCA has a MOT standard (ANSI/AMCA 220) for rating the performance of Air Curtain Units (it measures airflow, outlet air velocity uniformity, power consumption, and air velocity projection). However, AMCA 220 does not measure air curtain effectiveness. Effectiveness describes the ability of the air curtain to reduce or eliminate undesired transfer of air, energy, moisture, and contaminants from one space (or outside) to another space (or indoors).
Advancement to State-of-the-Art: A new MOT standard that would provide a cost-effective, standardized procedure to measure air curtain effectiveness, or a revision of AMCA 220 to correlate current test result metrics to an effectiveness metric. Data obtained using the new or revised standard procedures would improve the ability of engineers to specify and select effective air curtains.
Type of Project: A MOT standard supported by ASHRAE research.
Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.1 (Fans)

· TC 5.3 (Room Air Distribution)

· AMCA

MTG.EAS Action:

· Assigned to Joe Brooks

Remarks:
· An effectiveness test could be added to AMCA 220, but it might be too costly to run the test for both rating and effectiveness comparison purposes.

· Joe Brooks will consult with the cognizant TC (TC 5.3 “Room Air Distribution” is updating the ASHRAE Handbook to address air curtains. TC 5.8 “Ventilation of the Industrial Environment” had related information in the Applications Handbook until 1999.).
Bibliography:
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019 Develop Method of Test (MOT) for Large Circulating Fans

Originating Group (Person): AMCA (Joe Brooks)

Originating Date: 30 October 2012
Status: Unknown as of 1 June 2014. 
State-of-the Art (Background): No rating standard exists for large circulating fans greater than 6 ft in diameter.

Advancement to State-of-the-Art: Provide a rating system for large circulating fans. Objectives include:
· Prepare a MOT standard for large circulating fans.

Type of Project: Standard (MOT)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.1 (Fans)

· AMCA

MTG.EAS Action:

· Assigned to Joe Brooks

· Others: Mike Brendel
Remarks:
Develop method for testing/rating/comparing large circulating fans (e.g., Big Ass Fans)

· What is important to measure? Airflow or velocity? What is the purpose of the fan?

· AMCA 230 may be addressing the thrust & conversion to airflow. This metric was not well accepted.
020 Investigate Fan Stall

Originating Group (Person): AMCA (Joe Brooks)

Originating Date: 30 October 2012
Status: Unknown as of 1 June 2014.
State-of-the Art (Background):
Advancement to State-of-the-Art:

· Provide users better information about the effect of fan operation in stall, and how to make selections to avoid stall.

· Provide HVAC industry with a design tool.

Type of Project: Handbook update.
Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.1 (Fans)

· TC 5.2 (Duct Design)

· AMCA

MTG.EAS Action:

· Assigned to Joe Brooks

· Others: Chuck Coward

Remarks: None
021 Fan Efficiency at Low Flow and Low Speed Operation

Originating Group (Person): AMCA (Joe Brooks)

Originating Date: 30 October 2012
Status: Unknown as of 1 June 2014.
State-of-the Art (Background):
Advancement to State-of-the-Art: Objectives include:
· Improve fan laws over entire speed range

Type of Project: Study and/or Guideline

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.1 (Fans)

· AMCA

MTG.EAS Action:

· Assigned to Joe Brooks

· Others: Chuck Coward, Bill Cory

Remarks:
· System oversizing causes fans to often run at low efficiency.

· Problem: Fan tests at low speed don’t agree with predictions based on higher speed data & fan laws.

· Question: Is the problem blade aerodynamics at low Re number?
022 Standardizing Leakage Tests of Operating Air-Handling Systems

Originating Group (Person): TC 5.2 (Erik Emblem)

Originating Date: 23 May 2013

Disposition: Proposal SPC 215P to Standards Committee, Technology Council, and ASHRAE’s BOD was approved at NYC meeting. The TPS is as follows:
TITLE: Method of Test to Determine Leakage Airflows and Fractional Leakage of Operating Air-Handling Systems
PURPOSE: This standard specifies a method of test to determine leakage airflows and fractional leakage of operating air-handling systems for comparison with related acceptance criteria.

SCOPE:

2.1 This standard is intended for field application in both new and existing non-residential buildings.

2.2 This standard can be applied to determining whole system or sectional leakage airflows and fractional leakage.

2.3 This standard provides a uniform set of test procedures and minimum instrumentation requirements for measuring air-handling system inlet and outlet airflows during operation; a uniform method for calculating leakage airflows to or from system surroundings, fractional leakage, and their uncertainties based on the measured data; and a uniform method for reporting the results. It also provides procedures for identifying sections with significant leaks.

2.4 This standard is not intended for determining internal leakage airflow within the air-handling system, or for determining leakage airflow across the building envelope or between adjoining building spaces.

2.5 This standard does not specify leakage airflow, fractional leakage, or airtightness acceptance criteria.

State-of-the Art (Background): Leakage tests on ten HVAC operating systems showed that the system leakage ranged from 10 to 20% of design fan airflow (2012 ASHRAE Handbook, page 19.2).
The Duct Design chapter in the 2013 ASHRAE Handbook recommends that supply air (both upstream and downstream of the VAV box primary air inlet damper when used), return air, and exhaust air systems be tested for air leakage after construction at operating conditions to verify (1) good workmanship, and (2) the use of low-leakage components as required to achieve the design allowable system air leakage. To enable proper accounting of leakage related impacts on fan energy and space conditioning loads, the allowable system air leakage for each fan system should be established by the design engineer as a percentage of fan airflow at the maximum system operating conditions.
Advancement to State-of-the-Art: Reduce energy wasted by leaky HVAC air systems. Objectives include:
· Prepare a field Method of Test (MOT) leakage standard for operating HVAC systems.

Type of Project: Standard (MOT)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.2 (Duct Design)

· TC 5.3 (Room Air Distribution)

· TC 7.2 (HVAC&R Construction & Design Build)

· TC 7.7 (Testing and Balancing)

· CEC (California Energy Commission)

· SMACNA

· SSPC 90.1

MTG.EAS Recommended Action:

· Assigned to Craig Wray; Others: Julie Ferguson, Erik Emblem, Herman Behls
Remarks:

Emblem: I suggest the MTG.EAS consider developing "key knowledge areas" necessary for installers and verifiers of HVAC systems. It is very apparent that, as system design and emerging equipment/controls are implemented, trainers and certifiers are going to need to have access to this information.

I serve on the Mechanical Technical Committee at IAPMO and two years ago when this MTG was being discussed IAPMO Technical Committee members were informed that ASHRAE was developing a "whole system" testing protocol that would take into account all HVAC duct system components including the duct. Codes are moving towards requiring system testing prior to certificate of occupancy. Currently the Green Uniform Mechanical Code Supplement requires all ducts to be tested. The 2015 UMC update has begun and the Green UMC Supplement undergoes continuous maintenance. IAPMO's Technical Committees are patiently waiting for ASHRAE to develop a "whole system” testing protocol that can be referenced in the Mechanical Codes.
023 Overall Fan System Efficiency with VFD
Originating Group (Person): ListServ (Brian Reynolds)
Originating Date: 23 May 2013

State-of-the Art (Background): There are currently no tools available for determining the overall fan/motor/VFD system efficiency.
Advancement to State-of-the-Art: Improve the energy efficiency of fan applications.

Type of Project [Work Statement (Study, Lab Tests), Standard (MOT), Other]:

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.1 (Fans)
· TC 1.11 (Electric Motors and Motor Controls)
MTG.EAS Action:

· Assigned to Brian Reynolds
Remarks: none
024 Fan Belt Drive Efficiency

Originating Group (Person): ListServ (Brian Reynolds)

Originating Date: 23 May 2013
State-of-the Art (Background): Accurate information on fan belt drive efficiency is lacking.

Advancement to State-of-the-Art: Improve the energy efficiency of fan applications. Objectives include:
· Conduct research, including review of available information, to develop an ASHRAE special publication and possibly a MOT standard.

Type of Project: Work Statement (Study, Lab Tests) and MOT Standard

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.1 (Fans)

· AMCA

· RMA (Rubber Manufacturers Association)

MTG.EAS Action:

· Assigned to Brian Reynolds (Brian would like to consult with the TC 5.1 Research Subcommittee in New York during Jan 2014 before deciding whether he or someone else from the committee would be willing to organize and coordinate a work statement effort on the proposed topic.)

Remarks: None
025 Motor and Variable Speed Drive (VSD) Efficiency

Originating Group (Person): ListServ (Brian Reynolds)

Originating Date: 23 May 2013
State-of-the Art (Background): Fans in air-handling systems typically include a VSD.

Advancement to State-of-the-Art: Industry tests standards for air-handling products currently do not include the motor and VSD efficiency. Objectives include:
· Develop a method of test for determining the combined efficiency of motor and VSD systems for use in AMCA, ASHRAE, and AHRI standards.

Type of Project: Standard (MOT)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.1 (Fans)

· TC 1.11 (Electric Motors and Motor Control)

· AHRI

· AMCA

MTG.EAS Action:

· Assigned to Brian Reynolds (Brian would like to consult with the research sub-committee in New York during Jan 2014 before deciding whether he or someone else from the committee would be willing to organize and coordinate a work statement effort on the proposed topic.)

Remarks: none
026 Energy Impacts from Air Handler Casing Leakage

Originating Group (Person): Self (Julie Ferguson)

Originating Date: 30 October 2012

State-of-the Art (Background): Commercial packaged air-handling units are leaky and as a result waste energy. Custom-built AHU are of airtight construction.

Advancement to State-of-the-Art: Limiting the leakage of packaged AHU to reasonable values (say 1% of fan flow) will result in significant energy savings because AHU leakage typically exceeds 10% of fan flow. Objectives include:
· Prepare an ASHRAE MOT (Method of Test) standard to determine leakage of air handling units at the factory and in the field after installation.
Type of Project: Work Statement (Study)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.2 (Duct Design)

MTG.EAS Action:

· PMS Chair: Julie Ferguson

· PMS Members: Herman Behls, Gaylon Richardson, and others.

Remarks:

I was doing a Google search on commercial air handler air leakage and ran across a study Iain Walker in 2010. http://buildings.lbl.gov/sites/all/files/Walker%20LBNL-5553E_1.pdf
Are there any studies done for commercial air handling units? The reason I’m looking for this information is because I am representing a product manufacturer who builds to a tolerance of 1% air leakage at 15” and their calculations for some projects show significant energy savings. As an example: If you have a cabinet that has less than 1% air leakage at 15” at 30,000 cfm, the estimated annual energy savings over a standard air-handler or even a typical custom air handler can be between $11,000 and $22,000 a year and can have paybacks of 2 to 5 years. This is almost as much savings as adding good energy recovery, with 1 to 2 year paybacks common. Combine the two and we’re really making a dent in energy consumption, peak demand use, and energy waste. So yes, cabinet air leakage has got my attention. I’m looking for outside data to support their calculations and claims so I can approach customers such as power companies and possibly hand this over to people in the code arena.
027 Determine Air Leakage of Duct Transverse Joints and Associated Energy Costs

Originating Group (Person): SPIDA (Bob Reid)

Originating Date: 14 June 2012

State-of-the Art (Background): Approximately 85 to 95% of duct leakage occurs at transverse connection joints --- both duct-to-duct and duct-to-equipment. Contractors use a variety of both proprietary products and generic methods when assembling and sealing duct joints. AMCA 511-10 (Rev. 8/12), Section 22 (Transverse Duct Connectors / Air Leakage Rating Requirements) offers a method for certifying leakage performance of proprietary transverse duct connectors. In Northern Europe, the Swedish Institute for Technical Approval in Construction (SITAC) offers leakage class certification for duct systems using tested and rated proprietary transverse duct connector systems.

Advancement to State-of-the-Art: Expand the data for transverse joint leakage beyond proprietary products to include all common generic methods. By associating duct leakage with energy costs, we can identify cost effective methods for reducing transverse joint duct leakage and identify products and methods that are most effective. Data will allow owners/designers/contractors to select duct construction types on a true cost-benefit basis. Objectives include:
· Identify common methods for assembling duct/equipment and typical methods used to seal joints.

· Quantify typical leakage for each type of transverse connection. Test duct assemblies in accordance with ASHRAE Standard 126. Associate measured leakage and energy cost with common pressure classes and seam length/size of transverse connection.

Type of Project: Work Statement (Study, Lab Tests)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.2 (Duct Design)

· SPIDA

· AMCA

· SMACNA

MTG.EAS Action:

· Assigned to Bob Reid

· Other: Bill Stout

Remarks: Some studies identify duct leakage as the single greatest energy waste in commercial construction. Current specifications, codes, and standards --- like ASHRAE Standard 90.1 or the 2008 California Green Building Standards Code --- mandate duct leakage testing or an overall allowable system leakage as a way to reduce it. None of them identify specific methods or practices that may be effective. Current duct leakage classifications and test standards associate leakage volume with total duct surface area. That incorrectly implies that the path to reducing leakage is to reduce total duct surface area. In reality, we would expect true duct leakage reduction to come from changes in the amount and types of duct joints.

Duct system leakage performance usually comes down to a choice of assembly methods and “workmanship”. Total duct system leakage is then a combination of assembly performance and the duct system layout/size/amount of transverse connections. Mandating a specific type of transverse connection, generic or proprietary, may result in leakage reduction but you wouldn’t know if it was truly cost effective. The results of this project would produce three tools for achieving measurable cost effective leakage reduction. First, the designer would be able to see predicted changes to duct system leakage from various projected system layouts. Second, the owner, designer and contractor could balance transverse connection cost versus anticipated leakage reduction to determine the most cost effective method for reaching leakage reduction targets. Third, the data will establish a baseline for each transverse connection type against which “workmanship” can be measured. When taken together, these three tools could produce alternatives to traditional duct leakage tests that could produce the desired goals without the penalties of cost and time. Also, any truly inappropriate transverse connections could be identified from their measured performance and their use eliminated from accepted practice.
028 Cost Effectiveness of HVAC System Air Leakage Tests During Operation
Originating Group (Person): SSPC 90.1 (Herman Behls/Jeff Boldt)

Originating Date: June 2013

State-of-the Art (Background): Leakage tests on ten HVAC operating systems showed that the system leakage ranged from 10 to 20% of design fan airflow (2012 ASHRAE Handbook, page 19.2).
The Duct Design chapter in the 2013 ASHRAE Handbook recommends that supply air (both upstream and downstream of the VAV box primary air inlet damper when used), return air, and exhaust air systems be tested for air leakage after construction at operating conditions to verify (1) good workmanship, and (2) the use of low-leakage components as required to achieve the design allowable system air leakage.

The recommended initial maximum system leakage is 5% of design airflow (2013 Handbook, page 21.16).

Advancement to State-of-the-Art: Reduce energy wasted by leaky HVAC air systems. Objectives include:
· Conduct study to determine the costs and benefits associated with conducting system leakage tests during operation. Study to be supported by ASHRAE research.

Type of Project: Work Statement (Study)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.2 (Duct Design)

· TC 5.3 (Room Air Distribution)

· TC 7.2 (HVAC&R Construction & Design Build)

· TC 7.7 (Testing and Balancing)

· CEC

· SMACNA

· SSPC 90.1

MTG.EAS Action:

· Assigned to TC 5.2

Recommended (Suggested) Action:

· PMS Chair: Jeff Boldt

· Proposed PMS: Herman Behls, Craig Wray

Remarks: none
029 Air Leakage of Duct-Mounted Equipment
Originating Group (Person): MTG.EAS Chair (Herman Behls)

Originating Date: June 2013

Status: Discussed with Jeff Boldt. Herman Behls will prepare a Work Statement with Jeff for leakage testing of VAV terminal units and other duct mounted equipment where leakage data is not available. Herman Behls will take the lead.

State-of-the Art (Background):
Advancement to State-of-the-Art: Leakage of duct-mounted equipment (terminal unit with electric or hot water coils, access doors, dampers) is needed to support leakage rates proposed for Standard 90.1, codes, and master specifications. Objectives include:
· Determine in the laboratory the air leakage of single duct VAV terminal units without an access door, hot water coil, or electric coil.

· Determine in the laboratory the leakage of the following equipment associated with terminal units: hot water coils and electric coils.

· Determine in the laboratory the air leakage of fan powered parallel flow terminal units without appurtenances.

Type of Project: Work Statement (Lab Tests)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.2 (Duct Design)

· TC 5.3 (Room Air Distribution)

· SSPC 90.1

· AMCA

· AHRI

MTG.EAS Action:

· Assigned to TC 5.2

Recommended (Suggested) Action:

· PMS Chair: Herman Behls

· Proposed PMS: Steve Idem, Craig Wray

Remarks: none
030 Air-Handling System Airflow and Pressure Diagnostics

Originating Group (Person): MTG.EAS Vice-Chair (Craig Wray)

Originating Date: December 2011
State-of-the Art (Background): Recent diagnostic tool developments have begun to address the reliability, usability, and cost problems associated with testing air-handling systems (Palmiter and Francisco 2000, Xu et al. 2000, ASTM 2003, NBI 2003, Walker and Wray 2003, Walker et al. 2004, EMI 2004, Wang 2005). However, their direct applicability and reliability for testing systems in small and large commercial buildings needs to be assessed.
Advancement to State-of-the-Art: Reliable, cost-effective, standardized system airflow and pressure diagnostics will enhance commissioning, test and balance, and M&V activities. Efforts should include:
· Evaluate the applicability and reliability of air-handling system leakage diagnostics for use in new and existing buildings for common system configurations and for those that are gaining in popularity (e.g., under floor supply air distribution in larger buildings).

· Evaluate and develop where needed reliable, cost-effective ways to measure other air-handling system airflows and pressures (e.g., through and across fans, respectively).
· Assess the applicability and acceptance of tools and tests as training and quality control aids.

· Initiate standardization and commercialization of these tools and tests.

Type of Project: Research (Field Tests, Analysis), Standards (MOT), Deployment
Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.2 (Duct Design)
· TC 5.1 (Fans)

· TC 1.2 (Instruments and Measurements)

· TC 7.7 (Testing and Balancing)

· TC 7.9 (Building Commissioning)

· SPC 111

· AMCA

· CEC (California Energy Commission)
· DOE

· SMACNA

MTG.EAS Action:

· Assigned to Craig Wray
Remarks: This effort will evaluate the applicability and reliability of current and new airflow and pressure diagnostics for commercial HVAC systems, with a focus on field testing. The tests should be carried out in multiple buildings to account for different system characteristics and different air leakage and thermal characteristics of unconditioned spaces where ducts are typically located.
Data collected should include air-handler airflow and pressure rise, supply and return pressure and leakage distributions, building envelope leakage, and ceiling space leakage. Sufficient data should be collected to characterize the thermal conditions surrounding ducts (e.g., insulation levels). If, during the tests, it becomes obvious that modifications can be made to the tests to enhance their usability and accuracy, modifications should also be tested while in the test buildings.

Air-handler airflows should be measured using industry standard practices such as cross-sectional traverses of coils, and, when appropriate in smaller buildings using the Energy Conservatory TrueFlowTM orifice-plate device (Palmiter and Francisco 2000), using the “temperature split” method described by Conant et al. (2004), and using duct pressure matching described in California’s Title 24 energy code and in ASHRAE Standard 152. Duct airflows should be measured using an accurate flow capture hood (i.e., measure the flow through the supply and return grilles using a powered flow hood). The CO2 pulse-injection tracer gas method developed by LBNL can be used as a reference for these tests (Wang 2005).

In each building, tests should include determining leakage airflows using industry standard duct pressurization tests (AABC 2002, SMACNA 2012), blower-door-based zone pressurization methods that have been developed for residential applications (when appropriate), and the inlet versus outlet flow subtraction method that LBNL has developed for large commercial HVAC whole-system applications. Also where appropriate, duct and damper leakage tests should include ones, such as those described in a recent paper submitted to ASHRAE HVAC&R by Modera, Wray, and Dickerhoff. “Low Pressure Air-Handling System Leakage in Large Commercial Buildings: Diagnosis, Prevalence, and Energy Impacts”.
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031 Air-Handling System Performance Analysis Tools
Originating Group (Person): MTG.EAS Vice-Chair (Craig Wray)

Originating Date: December 2011
State-of-the Art (Background): Separate, proven air-handling system technologies already exist that each can save 10 to 50% of HVAC system energy in new and existing commercial buildings while maintaining or improving indoor environmental quality (IEQ). The savings in each case depend on the issues addressed (e.g., remote sealing of system air leakage, optimizing duct layout and sizing, wireless conversion of constant-air-volume systems to variable-air-volume, adding duct static pressure reset and demand-controlled ventilation). When implemented together, these technologies interact so that the resulting savings are likely larger than those achieved by any single technology, but less than the sum of the individual savings.

Stakeholders such as DOE’s Commercial Building Energy Alliance partners and energy service companies (ESCOs) need analysis tools to determine how these and other building technologies should be integrated to assure optimum energy performance and IEQ, and how to best commission these systems. Stakeholders also need these tools to develop and show compliance with new codes and standards (e.g., DOE’s planned fan efficiency regulations, ASHRAE Standard 90.1) and to support building rating and labeling programs and various levels of incentive programs.

EnergyPlus and other simulation tools like it already contain rudimentary models to predict energy consumed by air-handling systems. However, embedded simplifying assumptions can lead to inaccuracies, especially when the programs are used to simulate the impacts of integrated component retrofits or new innovations. Furthermore, there is currently no intrinsic capability in such tools to optimize system type, layout, and component sizing to reduce system pressure losses and related fan energy and to predict related impacts on indoor air quality. The fragmented and simplistic nature of current analytical processes impedes exploiting the full potential of energy and IEQ performance improvements obtainable through integrated and regulated approaches.
ASHRAE Standard 152 provides a simplified analysis technique to perform energy loss calculations for residential thermal distribution systems. More recent work by LBNL and others has shown that small commercial buildings have thermal distribution systems that are similar to residential systems and share similar energy loss problems. However, the systems differ from those in houses in a few key areas, for example, they are often located in suspended ceilings that are neither inside or outside the conditioned space and ducts in such locations require modifications to the Standard 152 calculation procedure. More complex analysis tools (supported by field data) are needed to determine the necessary Standard 152 adaptations.

Advancement to State-of-the-Art: Identifying and then eventually providing new analytical capabilities so that existing and new technologies can be optimally combined represents a significant opportunity to enable improved energy performance in the existing and future building stock. Efforts should include:
· Establish the purpose and scope of modeling commercial building air-handling systems and the intended outcomes. Here, the air-handling system includes all mechanical components (e.g., fans, motors, drives, filters, coils, ducts, terminal boxes, dampers, grilles/diffusers) involved in moving and conditioning space heating, cooling, and ventilation air into, out of, and throughout the building. The preliminary purpose is to support technology integration as well as codes and standards development and compliance. Sample use cases to consider include:

· Support development of DOE fan efficiency regulations, as well as other codes and standards such as ASHRAE Standard 90.1 and California Title 24.

· Support CBEA partner and ESCO air-handling design/retrofit analyses (e.g., low-flow and low-pressure drop system design; intersystem comparisons to select optimal system type; component right-sizing and staging optimization; characterize savings from combined system sealing, duct static pressure reduction, demand controlled ventilation, wireless conversion of CAV systems to VAV).

· Support component manufacturer data transfer and energy savings claims (e.g., provide database of fan, belt, motor, and VFD performance characteristics, based on a simulation standard methodology for calculating savings).

· Determine optimal system configurations that maximize energy savings while still maintaining acceptable indoor air quality and thermal comfort (e.g., developing control strategies for hybrid low-energy mechanical and natural ventilation systems).

· Summarize what is known now and what gaps still exist in terms of modeling air-handling systems. Where possible, leverage review efforts already underway regarding ASHRAE Standards 90.1, 55, 62.1, and California Title 24, which seek to identify modeling needs and gaps in general. Include a review of multizone airflow and pollutant transport simulation tool (e.g., NIST’s CONTAM) capabilities in terms of modeling air-handling system pressure and airflow networks, and a discussion of how current energy and IEQ programs could be combined to provide a state-of-the-art performance analysis capability.

· Identify appropriate performance metrics for rating air-handling system “efficiency” (e.g., wire to zone energy efficiency, efficacy in maintaining thermal comfort and IAQ). Address necessary input data, user interface issues, program validation, and standardization needs.

· Extend ASHRAE Standard 152 calculation methods to include commercial buildings and address air-handling system efficacy (i.e., thermal comfort) issues.

· Establish integrated energy and indoor environmental quality (IEQ) baselines for standards and technical targets that are technologically feasible and economically justified,

· Develop standardized procedures for verifying whether energy-efficiency and IEQ program targets are met.

Type of Project: Research (Analysis, Lab and Field Tests), Standard (MOT)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 4.7 (Energy Calculations)

· TC 5.1 (Fans)

· TC 5.2 (Duct Design)

· TC 6.3 (Central Forced Air Heating and Cooling Systems)

· TC 9.1 (Large Building Air-Conditioning Systems)

· SSPCs 62.1, 90.1, 189.1

· CEC (California Energy Commission)
· DOE

MTG.EAS Action:

· Assigned to Craig Wray
Remarks: Some key issues can lead to prediction inaccuracies in existing analysis tools and need to be resolved, such as:

· Fan power use (e.g., brake horsepower) is in part a product of fan airflow and pressure rise. System curves represent the part-load fan pressure rise (system pressure drop) versus airflow relationship. VAV systems (often used in new construction) rarely operate at full-load (design airflow) and instead may often operate at part-load ratios of about 30 to 70%. Commonly used overly-simplistic system curves that ignore effects of fan shut-off pressure and linear-like effects of filters and coils can lead to substantial pressure rise (and thus power) errors at part-load. For example, the actual pressure rise at 50% of full flow can be two times greater than commonly used estimates. The ability of commercially-available tools such as Elite Software’s “Ductsize” program to provide system curve inputs for tools such as EnergyPlus needs to be examined, along with the potential to restart ASHRAE’s abandoned efforts to develop a T-Method-based duct system life-cycle-cost optimization tool. Connecting tools such as EnergyPlus to existing duct design software would help to bring them into mainstream practitioner use.

· Air-handling system power is also a function of system efficiency, which is the product of component (i.e., fan, belt, motor, VFD if used) efficiencies. Component efficiencies are not constant and peaks are not necessarily coincident. Assuming constant, coincident peak efficiencies can lead to system efficiency overestimates on the order of a factor of 1.5 (e.g., 41% versus correct 30% at 50% flow), which also means similar errors in power estimates. Some of this error might be offset by embedded, unknown assumptions about efficiency variations in current polynomial fan power curves, but the offset has not been defined. Oversizing equipment (a common design approach to provide future flexibility and to account for analytical uncertainties) makes these errors worse, especially if the fan ends up operating in stall, where efficiency falls off much more rapidly than in the non-stall region.

· Most design analyses today assume that systems do not leak. However, field tests in hundreds of small non-residential buildings and a few large non-residential buildings suggest that system air leakage is widespread and large. It is often 25 to 35% of system airflow in small buildings, and can be as large as 10 to 25% in larger buildings. Based on field measurements and simulations by LBNL, system leakage alone is estimated to increase HVAC energy consumption by 20 to 30% in small buildings and 10 to 40% in large buildings. EnergyPlus already contains simple models for supply leakage from simple VAV systems (without fan powered boxes), but still cannot address leakage from systems with fan powered boxes or from constant-air-volume (CAV) systems (the predominant system type in existing buildings).

· The lack of distribution system multi-mode heat gain/loss thermal models in tools such as EnergyPlus means that all space conditioning energy from coils is assumed to reach zones (less the impacts of leakage when modeled). Gains/losses for systems passing through unconditioned attics (50% of buildings may have the primary thermal barrier at the ceiling rather than at the roof) or outdoors are not constant and can be substantial (including due to thermosiphoning of hot air through ducts into zones during off-cycles).
More work is needed to develop models that can be used to address airflows entering VAV boxes from ceiling return plenums (e.g., to model parallel fan-powered VAV boxes where the plenum air can mix with the supply air), to address leakage from CAV systems, and to deal with duct surface heat transfer effects. The new model for fan-powered VAV boxes will require an expansion of existing models for VAV boxes and for the ceiling return air plenum. Changes to the latter model are needed, because the induction effect of the fan-powered VAV boxes will affect the amount of zone return air that passes directly from the zones through the open ceiling plenum and then to the return air ducts (if used) and fan. Currently, energy balance calculations account for the effects of supply-duct air leakage, plenum “floor” (zone ceiling) and “ceiling” (zone floor) conduction, plenum exterior wall conduction, heat gain from ceiling-mounted lights, and zone return airflow. Also, a fan model for the VAV boxes is needed to account for the fan power used by the VAV box fans.

Heat transfer across duct surfaces is another mechanism for energy transfer to or from the air inside a duct, and in some cases can be as important as duct leakage in terms of affecting fan power. The surface heat transfer involves conduction through the duct wall and insulation, convection at the inner and outer surfaces, and depending on the environment surrounding the duct (e.g. the underside of a hot roof or direct solar gains outdoors), radiation between the duct and its surroundings. A model is needed for heat transfer across the duct wall (e.g., one that uses heat exchanger effectiveness methods). The model could assume that the heat exchanger effectiveness is an exponential relation that depends only on the overall heat transfer coefficient and heat capacity rate for air inside the duct (product of the air mass flow rate inside the duct and the air’s specific heat). It could also assume that the heat capacity rate of the air surrounding the duct exterior is infinite (i.e., the temperature of the air surrounding the duct remains approximately constant along the length of the duct). In calculating the duct surface heat transfer, an iterative solution will need to be used to account for the interdependencies between the average temperature of the duct exterior surface, the heat transfer rate across the duct wall, and the overall heat transfer coefficient.

The overall heat transfer coefficient for the duct can be determined from the sum of the reciprocals of the resistances associated with the conduction and the convection layers. An empirical expression will be needed for the convection resistance of the internal flow, perhaps assuming that turbulent forced convection occurs inside the duct. The conduction resistance of the duct wall could be calculated as the sum of the duct wall resistance and the insulation resistance. The duct wall resistance itself depends on the duct construction material and the wall thickness. The insulation resistance could simply be specified.

Outside the duct, combined natural and forced convection can occur. Determining a generally applicable combined convection coefficient is difficult because of the wide variation in duct characteristics and environmental conditions that can be found in the commercial building stock. One possible approach is to use empirical correlations like the ones used for residential attics, which are somewhat like ceiling return air plenums. The forced convection coefficient could be expressed by an empirical correlation that has been linearized over the expected range of temperatures. The natural convection coefficient could be expressed by another empirical correlation, which uses the same length scale as the forced convection coefficient. A third empirical correlation could be used that makes the larger of the two coefficients most dominant and maintains a smooth transition from one to the other.

For simplicity in large commercial buildings, the duct surface model could ignore heat transfer effects due to radiation. Those effects are less important there than in smaller buildings with hot attics and large temperature differences between the building envelope and duct surfaces. The model could also ignore startup transients, because unlike HVAC systems in small buildings, the systems in large commercial buildings usually do not cycle on and off during their daily operating periods.

A new metric could be used to characterize distribution system performance: transport efficiency. This metric is the total energy used to transport the working fluid (air or water) per unit of thermal energy delivered (kWtransport / kWthermal-delivery) and per unit of supply air delivered (kWtransport / cfmair-delivered). Transport efficiency depends on fan and pump characteristics and on the resistance, leakage, and heat transfer characteristics of the distribution system network.

The new metric and ones like it could be used to synthesize performance data into a manageable number of descriptors that allow systems to be compared on a level playing field, and could help identify potential areas for improvement. For example, the metric could be used to compare impacts on fan and pump power use of technology options such as air versus hydronic systems, distributed heating and cooling equipment versus central systems, variable-air-volume (VAV) versus constant-air-volume (CAV) systems, and perfect versus improper installation. Using the results of simulations, one could calculate the thermal and ventilation transport energy metrics in each case. The metrics would in turn help establish baselines for standards and technical targets that are technologically feasible and economically justified over the life of the system, and that can be used in the future to verify that energy saving program targets are being achieved.

032 Characterize Air-Handling Systems and Assess System Retrofit Performance
Originating Group (Person): MTG.EAS Vice-Chair (Craig Wray)

Originating Date: December 2011
State-of-the Art (Background): Measurements over the past 15 years by Lawrence Berkeley National Laboratory (LBNL), Florida Solar Energy Center (FSEC), and others have begun to characterize air-handling systems in the U.S. commercial building stock (e.g., Withers et al. 1996; Delp 1997, 1998a, 1998b; Withers and Cummings 1998; Modera et al. 1999; Xu et al. 1999; Modera and Proctor 2002; NBI 2003; Jacobs 2004). Although the sample size of buildings and systems assessed is still small and is limited to the U.S., data collected indicate that system design is problematic and installation quality is often poor. Retrofit technologies to address deficiencies and achieve efficient air-handling systems already exist (e.g., remote sealing of system components, ad hoc duct static pressure reset schemes for systems with pneumatic control), but are not widely implemented in part because of the lack of knowledge about deficiencies and related performance improvement opportunities.
Advancement to State-of-the-Art:
More field data need to be collected about the physical characteristics of air-handling systems in existing buildings (especially for complex ones in larger buildings), both in the U.S. and elsewhere, and there is a need to demonstrate performance gains that are actually obtained by system improvements (both from an energy and an indoor environmental quality standpoint). Efforts should include:
· Collect field data about the physical characteristics of installed air-handling systems.

· Determine if performance gains resulting from system retrofits are achieved.

· Document findings in case studies, and disseminate to industry.

Type of Project: Research (Field Tests), Standards (Guidelines)
Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 1.4 (Control Theory and Application)

· TC 5.1 (Fans)

· TC 5.2 (Duct Design)
· TC 5.3 (Room Air Distribution)

· TC 6.3 (Central Forced Air Heating and Cooling Systems)

· TC 7.7 (Testing and Balancing)

· TC 7.9 (Building Commissioning)

· TC 9.1 (Large Building Air-Conditioning Systems)

· SPC 111

· CEC (California Energy Commission)
· DOE

MTG.EAS Action:

· Assigned to Craig Wray
Remarks: none
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033 Determine Most Efficient HVAC System based on Geographic and System Loads
Originating Group (Person): MTG Section Head (Dan Int-Hout)

Originating Date: 28 December 2012

State-of-the Art (Background): The key to efficient air systems starts at the DOAS unit. Any system, no matter if it is VRV (VRF), WSHP, fan coil or chilled beam, needs a DOAS unit. In addition, the DOAS system needs to be pressure independent at the zone, as ventilation requirements at the zone level are seldom, if ever, constant. It sure starts to look like a typical VAV system. As interior loads continue to drop, one can question the need for any of the other expensive systems in addition to the mandatory, system independent, ventilation system. The default ventilation rate, 17 cfm per person, provides 350 Btu of cooling at 55°F, and coincidentally, a person generates 350 Btu/h of cooling demand. That airflow rate also handles the latent load if persons are the only source of latent load. At the low interior loads being seen, the only source of additional cooling demand is the perimeter load. Putting a return opening above all window allows the local heat to be drawn into the plenum, which in cooling mode, is almost all exhausted to counter the ventilation supply. The chiller never sees the perimeter heat gain.

Advancement to State-of-the-Art: A design tool for consulting engineers where the results would be a Special Publication and the results included in the Handbook - HVAC Systems and Equipment. Objectives include:
· Study to determine where geographically and under what building load conditions DOAS systems are applicable.

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 9.1 (Large Building Air-Conditioning Systems)

· TC 9.4 (Justice Facilities)

· TC 9.6 (Healthcare Facilities)

· TC 9.7 (Educational Facilities)

· SSPC 62.1

Type of Project: Work Statement (Study)

MTG.EAS Action: Assigned to TC 9.1
Recommended (Suggested) Action:

· PMS Chair:

· PMS Members: Herman Behls; Dan Int-Hout, and others solicited from the TCs/PCs listed above.

Remarks: Int-Hout: The key to efficient air systems starts at the rooftop DOAS unit. Any system, no matter if it is VRV (VRF), WSHP, Fan Coil, or Chilled Beam, needs an efficient DOAS unit.
Boldt: As long as 62.1 clings to the multiple spaces equation, only DOAS and 100% OA VAV can be shown with no doubt to comply; and DOAS is by far the more efficient solution. Unless we see a closed solution from 62.1 for multiple zone systems, my opinion is that the multiple spaces equation should be abandoned as impractical to solve on an 8760 basis (or even for one hour).

Int-Hout: In addition, I suspect we will discover that it needs to be pressure independent at the zone, as ventilation requirements at the zone level are seldom, if ever, constant. It sure starts to look like a typical VAV system doesn’t it?

Boldt: We see this more and more. Our DOAS standard now is to discharge to the room with separate diffusers. We see too much variation in OA supplied if we go to the return side of heat pumps (or whatever), even more if we connect to the outlets (as Mumma recommends), and both fail the 15°F above space temperature 62.1 rule. Pressure independence, however, changes cheap balancing dampers to VAV boxes. Clients aren’t accepting that cost today.

Int-Hout: As interior loads continue to drop, I question the need for any of the other expensive systems IN ADDITION to the mandatory, system independent, ventilation system. The default ventilation rate, 17 cfm per person, provides 350 Btu of cooling at 55°F, and coincidentally, a person generates 350 Bthu/h of cooling demand. That airflow rate also handles the latent load, if persons are the only source of latent load. I wonder what the carbon footprints of live plants in the office are, since they must constantly be watered, and then evaporation adds to the chiller’s latent load.

Boldt: True, if you are in cooling mode. In Wisconsin at 0°F, what temperature should the DOAS deliver? It is a quandary for us. Perimeter zones could get “free” reheat via a second wheel or other heat recovery device if air were delivered at space neutral; but interior zones would then need more cooling.

Int-Hout: At the low interior loads we are seeing, (We don’t see them dropping much. Lighting is down a lot, but computers bring it back up. In buildings where employees use laptops, I agree entirely.) the only source of additional cooling demand is the perimeter load. Putting a return opening above all window allows the local heat to be drawn into the plenum, which in cooling mode, is almost all exhausted to counter the ventilation supply. The chiller never sees the perimeter heat gain!

Boldt: I disagree. Solar gain is mostly received at the floor or other surface where the sunlight strikes. Only the convective load is truly “at the glass” and that is very small.
034 Guidelines for Air-Handling System Retrofit and Commissioning
Originating Group (Person): MTG.EAS Vice-Chair (Craig Wray)

Originating Date: December 2011
State-of-the Art (Background): Design guidelines for new air-handling systems are available now (e.g., SMACNA 1990, ASHRAE 2004, Jacobs 2004) or are in preparation (ASHRAE 2013). Numerous publications about HVAC system testing and balancing are also available (SMACNA 1993, 2012; Gladstone and Bevirt 1997; AABC 2002a, 2002b; Conant et al. 2004; ASHRAE 2008). However, few of these documents comprehensively address practices (appropriate metrics, diagnostic tools, and procedural guidelines) that have been confirmed to be reliable for retrofitting and commissioning air-handling systems.
To avoid problems that occur in the current building stock, guidelines about retrofit design and installation practices need to be developed for use by building designers, owners, and HVAC contractors. Guidelines describing how to commission air-handling systems also need to be developed.

Advancement to State-of-the-Art: After appropriate field diagnostics are developed (Idea 031), data are collected about the physical characteristics of air-handling systems in existing buildings, and performance gains that are actually obtained by system retrofits are demonstrated (Idea 033), new information about diagnostics and performance needs to be integrated into guides for air-handling system retrofit and commissioning.
Type of Project: Standards (Guidelines)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 1.4 (Control Theory and Application)
· TC 1.8 (Mechanical System Insulation)
· TC 1.11 (Electric Motors and Motor Control)
· TC 2.6 (Sound and Vibration Control)
· TC 4.3 (Ventilation Requirements and Infiltration)
· TC 5.1 (Fans)

· TC 5.2 (Duct Design)

· TC 5.3 (Room Air Distribution)

· TC 5.5 (Air-to-Air Energy Recovery)
· TC 6.3 (Central Forced Air Heating and Cooling Systems)

· TC 7.1 (Integrated Building Design)

· TC 7.2 (HVAC&R Contractors and Design Build Firms)
· TC 7.7 (Testing and Balancing)

· TC 7.9 (Building Commissioning)

· TC 9.1 (Large Building Air-Conditioning Systems)

· SPC 111

· SSPCs 62.1, 90.1, 189.1

· CEC (California Energy Commission)
· DOE

· SMACNA

MTG.EAS Action:

· Assigned to Craig Wray
Remarks: This effort should focus on developing a series of guides containing prescriptive air-handling system retrofit recommendations that can be used by designers and contractors to substantially reduce the energy consumption and improve the indoor environmental quality (IEQ) for specific existing commercial building sectors. These guides would also provide a basis to develop training materials for workers who will retrofit these buildings.

More specifically, the guides should integrate and synthesize existing relevant guidance for retrofitting commercial buildings (e.g., from ASHRAE, DOE, FEMP) with new information from other MTG.EAS projects to develop a series of retrofit guides that each target a specific type of existing commercial building. The initial series of guides would target 30% savings relative to existing code requirements or existing performance (whichever is greater for the building being retrofitted). Subsequent guides would address more ambitious 50% savings and net-zero energy goals.

This effort should also consider providing technical support for nationwide demonstration projects with energy and IEQ measurement and verification (M&V) to provide case studies that show the impact and value of using these guides and to establish a retrofit impact/value and performance benchmark database.
References:

· AABC. 2002a. “National Standards for Total System Balance”. Washington, DC: Associated Air Balance Council. Sixth Edition.

· AABC. 2002b. “AABC Commissioning Guideline for Building Owners, Design Professionals, and Commissioning Service Providers”. Washington, DC: Associated Air Balance Council.

· ASHRAE. 2004. “Advanced Energy Design Guide for Small Office Buildings”. Atlanta, GA: American Society of Heating Refrigerating and Air-Conditioning Engineers, Inc.

· ASHRAE. 2008. “Standard 111-1988 -- Practices for Measurement, Testing, Adjusting, and Balancing of Building Heating, Ventilation, Air-Conditioning, and Refrigeration Systems”. Atlanta, GA: American Society of Heating Refrigerating and Air-Conditioning Engineers, Inc.

· ASHRAE. 2013. “Duct Design Guide”. Atlanta, GA: American Society of Heating Refrigerating and Air-Conditioning Engineers, Inc. 1180-RP. Draft.

· Conant, A., M. Modera, J. Pira, J. Proctor, and M. Gebbie. 2004. “Comprehensive Diagnostic and Improvement Tools for HVAC-System Installations in Light Commercial Buildings”. Report of Proctor Engineering Group, Ltd. to United States Department of Energy, National Energy Technology Laboratory, DOE Award No. DE-FC26-01NT41256. October 31.

· Gladstone, J. and W.D. Bevirt. 1997. “HVAC Testing, Adjusting, and Balancing Manual”. Boston, MA: McGraw-Hill.

· Jacobs, P. 2004. “Small HVAC System Design Guide: Design Guidelines”. Report of Architectural Energy Corporation to California Energy Commission. CEC Report 500-03-082-A12.

· SMACNA. 1990. “HVAC Systems: Duct Design”. Chantilly, VA: Sheet Metal and Air Conditioning Contractors National Association, Inc.

· SMACNA. 1993. “HVAC Systems: Testing, Adjusting & Balancing”. Chantilly, VA: Sheet Metal and Air Conditioning Contractors National Association, Inc.

· SMACNA. 2012. “HVAC Air Duct Leakage Test Manual”. Chantilly, VA: Sheet Metal and Air Conditioning Contractors National Association, Inc.

035 Advanced Technology Applications
Originating Group (Person): MTG.EAS Vice-Chair (Craig Wray)

Originating Date: December 2011
State-of-the Art (Background): Fan electric power depends on fan air power (product of the airflow through and pressure rise across the fan), mechanical efficiencies (fan and belt), and electrical efficiencies (motor and drive). For air-handling systems with variable flows, none of these parameters is constant and all are interrelated. For example, as shown below, fan efficiency can vary significantly, depending on the “system curve” representing the system pressure drop versus flow relationship (solid red lines). Stall-related sharp drops in efficiency can occur if the fan operates to the left of the “do not select line” (pink dashed line). If the fan could be improved aerodynamically (e.g., so that air speed over the blades and/or angle of attack are maintained relatively constant), then fan efficiency variations could be minimized over the operating range, and the fan itself could be used for a broader range of systems while still maintaining near peak efficiency (e.g., within say 5 points or less of maximum efficiency). This capability is especially important in retrofit cases where one might change out the fan, but it is impractical to replace the duct network.
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Separate, proven air-handling system technologies already exist that each can save 10 to 50% of HVAC system energy in new and existing commercial buildings while maintaining or improving indoor environmental quality (IEQ). The savings in each case depend on the issue addressed (e.g., remote sealing of system air leakage, optimizing duct layout and sizing, wireless conversion of constant-air-volume systems to variable-air-volume, adding duct static pressure reset and demand-controlled ventilation). When implemented together, these technologies interact so that the resulting savings are likely larger than those achieved by any single technology, but less than the sum of the individual savings. Little is known, however, to what extent these air-handling system technologies interact, let alone how they can be integrated with other HVAC system types (i.e., hydronic and radiant), envelope components, and advanced technologies (e.g., chilled beams). Optimal, cost effective system configurations that maximize energy savings while still maintaining acceptable indoor air quality and thermal comfort (e.g., developing control strategies for hybrid low-energy mechanical and natural ventilation systems) need to be developed and tested.

Advancement to State-of-the-Art:
· Develop aerodynamic improvements to make fans and other system components less susceptible to loss of efficiency during part load operation.

· Develop new air-handling system technologies that allow life-cycle cost effective reduction in energy use while meeting indoor environmental quality and sustainability requirements for non-residential buildings.

· Examine the integration of air-handling, hydronic, and building systems. As a result of this examination, build proof of concept prototypes in collaboration with equipment manufacturers, and then test in the laboratory and field to demonstrate performance improvements.

· Support the development of related new standards.
Type of Project: Research (Lab and Field Tests), Standards (MOT)

Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 7.1 (Integrated Building Design)

· TC 5.1 (Fans)
· TC 5.2 (Duct Design)

· TC 4.3 (Ventilation Requirements and Infiltration)

MTG.EAS Action:

· Assigned to Craig Wray
Remarks: none
036 Air-Handling System Design Specifications
Originating Group (Person): SMACNA (Allison Fee)

Originating Date: May 2013

Disposition: Withdrawn because Allison Fee resigned August 16, 2013.
State-of-the Art (Background):
Advancement to State-of-the-Art: Develop design specifications to:

· Provide robust seals that are integral to all HVAC cabinet/enclosures that will provide an air tight seal. Seals on service panels need to be durable for a lifetime of repeated service removal and reinstall.

· When filter racks are provided by the manufacturer, provide air tight seals and sturdy racks that will not allow air bypass around the seals. Constructed filter racks should be specifically engineered by the designer to provide airtight seals and service panel seals that will durable.

· Include specifications for insulating duct to increase thermal resistance and decrease thermal conductivity between the different mediums.

· Provide sufficiently large equipment rooms so that duct connection transitions from the air moving equipment to the duct is straight or at modest angles to avoid system effect issues. HVAC air equipment has been increasing in size as efficiency minimums have increased so additional space should be added for future equipment upgrades.

Type of Project [Work Statement (Study, Lab Tests), Standard (MOT), Other]: not yet defined

Primary ASHRAE TCs/PCs/Organizations Involved:

· SMACNA

· TC 7.2 (HVAC&R Contractors and Design Build Firms)
· TC 5.2 (Duct Design)

· TC 5.1 (Fans)

· TC 1.8 (Mechanical System Insulation)

MTG.EAS Action:

· Assigned to: Allison Fee (left SMACNA in July 2013) – no new champion identified
Remarks: none
037 Cost Effectiveness of HVAC System Air Leakage Tests During Construction
Originating Group (Person): SSPC 90.1 (Jeff Boldt)

Originating Date: June 2013

Status: Discussed with Jeff Boldt. Herman Behls will prepare a Work Statement in consultation with Jeff for developing the economics (feasibility) of air leakage testing of entire HVAC systems with emphasis on systems 3 in. water and below. Jeff Bold will develop the scope.

State-of-the Art (Background): Leakage tests on ten HVAC operating systems showed that the system leakage ranged from 10 to 20% of design fan airflow (2012 ASHRAE Handbook, page 19.2).
The Duct Design chapter in the 2013 ASHRAE Handbook recommends that supply air (both upstream and downstream of the VAV box primary air inlet damper when used), return air, and exhaust air systems be tested for air leakage after construction at operating conditions to verify (1) good workmanship, and (2) the use of low-leakage components as required to achieve the design allowable system air leakage. This chapter also recommends that, to ensure that a system passes its air leakage test at operating conditions, sufficient ductwork sections should be leak tested during construction. An equation is provided to translate system fractional air leakage to test section leakage class for such tests.
Advancement to State-of-the-Art: Reduce energy wasted by leaky HVAC air systems. Objectives include:
· Conduct study to determine the costs and benefits associated with conducting ductwork leakage tests during construction.

Type of Project: Work Statement (Study). Study to be supported by ASHRAE research.
Primary ASHRAE TCs/PCs/Organizations Involved:

· TC 5.2 (Duct Design)

· TC 5.3 (Room Air Distribution)

· TC 7.2 (HVAC&R Construction & Design Build)

· TC 7.7 (Testing and Balancing)

· CEC (California Energy Commission)
· SMACNA

· SSPC 90.1

MTG.EAS Action:

· Assigned to TC 5.2

Recommended (Suggested) Action:

· PMS Chair: Jeff Boldt

· Proposed PMS: Herman Behls, Craig Wray

Remarks: none
038 Economics of Airtight Non-Fan-Powered Single-Duct Terminal Units
Originating Group/Person: SSPC 90.1 (Jeff Boldt)

Submittal Date: 2 February 2013
State-of-the Art (Background): Normally, standard terminal units are specified and installed. Some manufacturers’ market low-leakage boxes and some users (e.g., the University of Texas and University of Chicago) require the installation of low-leakage boxes. Terminal unit manufacturers resist requiring that low-leakage boxes be installed in HVAC systems, in part because they are unsure whether the incremental cost increase between standard and low-leakage boxes is justified.
Advancement to State-of-the-Art: Limiting the leakage of ductwork and equipment will result in significant energy savings. Objectives include:
· Conduct an economics study to determine if the payback will justify the cost to manufacture low-leakage terminal boxes (basic unit only). Study to be based on laboratory leakage tests of standard and low-leakage boxes.

Type of Project: Work Statement (Study)

ASHRAE TCs/PCs/Organizations Involved:

· TC 5.2 (Duct Design)

· TC 5.3 (Room Air Distribution)

MTG.EAS Action:

· Assigned to TC 5.2
Recommended (Suggested) Action:

· PMS Chair: Herman Behls

· Proposed PMS: Jeff Boldt and others.

Remarks: none
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