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            Michael MacDonald


Mechanical System Configuration Issues

NOTE:  for small buildings, much of the following writeup may be inappropriate, especially if there is no concern about complying directly with ASHRAE Standard 62, but instead occupants are allowed to control outdoor air or fixed outdoor air is provided when systems operate.  This is especially the case if the building has operable windows.  For small buildings without operable windows, much of the following writeup is still applicable.  In smaller buildings, the use of small, local units, such as packaged heating/cooling units, for each room may address most of the issues presented here.  For small buildings, central systems, including central VAV, are both overkill and quality killing.

To provide improved quality of the indoor space, including improved indoor air quality and space comfort systems, there should be two separate systems handling the two major services of:

· Heating and cooling (System 1, outdoor air NOT REQUIRED with this system), and 

· Ventilation, IAQ, exhaust, pressurization, relief air (System 2)

With this approach, “HVAC” is NO LONGER a building service!  Instead the requirement is to provide Heating and Cooling as one service and IAQ/Exhaust/Pressurization as a second service.

The prevalence of “HVAC” innovations occurring internationally at this time are related to splitting the HVAC system into separate systems, with many large corporate owners and developers trying different approaches to accomplishing this split in their buildings to increase the quality of the space, the IAQ, and the thermal control.  Although a 5-10% cost premium on the mechanical may be needed, savvy owners have indicated that the energy and operational/maintenance savings should far outweigh this premium (reconfiguration / churn costs are lower, in addition to IAQ maintenance).  Unfortunately, the United States lags behind activities internationally in this area, with innovation levels much less than seen in Europe.

Some international examples of innovative configurations:

· In Germany, Nixdorf has used underfloor displacement ventilation (ONLY) combined with underfloor heat pumps for systems 2 and 1 in a series of office buildings.  

· The Ministry of Finance in France uses a constant-volume ceiling ventilation system combined with perimeter fan-coil systems for thermal conditioning, with the fan-coil systems operation linked to use of operable windows.  

· The Umeda Center in Osaka, Japan, has 10 foot by 10 foot terminal conditioning system zoning, each with a dedicated supply air diffuser, constant volume outdoor air supply, return air diffuser, and negotiated thermal control via distributed fan-coil units.  

· IBM Paris has one fan-coil unit per workstation.  Ceiling air supply and thermal conditioning systems are turned on only by occupant command, and occupants can reset supply air temperature +/-2C.  

· The Gartner Company Headquarters building in Germany uses constant volume floor-based displacement ventilation combined with a variety of water-based, in-space thermal conditioning systems, many of them radiant.

System 2 above can use underfloor distribution if desired, while system 1 can be placed in a variety of locations.  System 1 can also use underfloor air distribution, but minimizing (or eliminating) ductwork and the air distribution system can be important for energy efficiency.  Many options are being tried for System 1, with no clear direction set yet.

My preference is use of small, local units on a water loop(s) for system 1.  This approach allows increased adaptability and capability for heating and cooling (or booster cooling) of spaces, simplification of control systems, and increased quality and value through dedicated systems serving small areas and true occupant control of the space within acceptable ranges.  These small, local units should be heat pumps on one loop if there are not major heat recovery sources present at a site, such as with on-site electric generation.  With large heat recovery possible, two separate loops and small fan-coil units may be best.

Bill Coad, President-Elect of ASHRAE and Chairman of the Board, McClure Engineering Associates in St Louis, writes in the September 1999 issue of Heating/Piping/Air Conditioning (pp 49-50), 

“The concept of the mixing chamber upstream of the space-conditioning apparatus as the point of introduction of the ventilation makeup air from the outdoors to dilute the Class I contaminants, properly designed and operated, may have been a perfectly valid concept with the simpler systems of 50 years ago.  However, in light of the complexity of today’s systems, the concept is not technically sound . . . .  If one analyzes the psychrometric control requirements under all of these varying conditions, it can be concluded that the very concept of the mixing chamber under these requirements is flawed.  Furthermore, our continued reliance on this technology is a major cause of … contamination . . . in air conditioned buildings.  In many cases, lack of thermal comfort has simply been accepted as a limitation of air conditioning technology.  . . .  The cost of the complexity introduced for the purpose of trying to make the mixing chamber concept work is overwhelming, particularly when compared to the lack of success of those efforts.”

Stan Mumma of Penn State writes in the May 2001 ASHRAE Journal, p 28, that many engineers have dismissed the general idea [of the two-system scheme] based on cost and space limitations. He does go on to say that “industry leaders,” including the above-cited article by Coad, indicate that the [split-system] approach is important.  However, the cost and space limitations can be offset and even overcome by changes in building height requirements for the split-system approach if the total airflow (IAQ and thermal conditioning) does not have to be handled in ceiling or floor interstitial spaces.  If potential improvements in space quality, significantly enhanced IAQ and thermal capabilities, potential reduced operational and modification costs, and improved operational ability are factored in, the split-system approach appears to be the only sensible way to go.

We have evidence continuing to mount on the detriment to energy efficiency caused by large fan systems and by many VAV designs, but we do not have enough evidence to produce solid statistics on the impact.  So, again unfortunately, we must rely on suggesting to building owners and designers that small fan systems (and probably no VAV) are critical to achieving higher efficiency.  We do have results from a preliminary analysis which indicates that, on average for the whole country, the EUI of a building will be 20-30 kBtu/sq-ft higher (on a source energy basis) if a building has a VAV system, but this number could change as the analysis is verified and refined.

The “industry experts” again keep telling us that the likelihood of VAV systems actually providing required IAQ is not very good.  The range of major malfunctions and inefficiencies present in many, if not most, VAV systems in the real world is astounding, and continued use of these systems is driven quite a bit by the belief that VAV systems are efficient.  If VAV can cause IAQ problems, and if VAV systems use more energy than other systems, this is not what is needed for energy efficiency.

One consequence of not using outdoor air with system 1 is that the use of air economizers is not possible, which is good if maintenance tends to be a challenge, because these systems fail regularly, with commonly occurring major increases in energy consumption.  System 2 above can provide an air economizer function to some degree if one wants to make the control system somewhat more complicated again.  The malfunction of air economizers and the resulting energy penalties are often not considered (Coad also argues this case in the HPAC article).  The standards and regulations force use of economizers in many cases, although Std 90.1 has provided important exclusions based on climate.  Use of air economizers is unwise in many cases, and if the design separates the V from HVAC, the function of an economizer should be replaced to some degree by energy recovery equipment, which is a more technologically sure approach.

Download this document from:  http://eber.ed.ornl.gov/commercialproducts/Design.htm 

This document is not necessarily definitive, and comments are appreciated.

Email:  macdonaldjm@ornl.gov 
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