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Hiall,

I thought T would take a minute (actually longer than that, but you get the idea) to send some notes that follow up on some of the observations I had from the week we spent on site in case they might be useful for moving forward with projects. T
had meant to get this out sooner, but it took a while to put it all fogether: I was so sick that week that I didn't get much done in the evenings. Since then, T was off a couple of days up in Canada with my grandson and his dad for their birthday. And, T
have needed to juggle it in with other stuff. So it's just taken a while.

Your site is very "rich" (to borrow Ryan's term) in the context of diverse systems with interesting operating challenges. I am revising my upcoming economizer class to include two of the things I observed there (your wet economizer cycle - if you
could send a screen shot of the Sin Lab piping, that would be really helpful since I never got that graphic to work - and the Music Building AHUs)

Ryan, I think there could be a mutually beneficial sort of thing in here; specifically, maybe some sort of applied EBCx class called Saving Energy and Improving Performance at UC Santa Cruz; Case Studies in Applied Existing Building Techniques and
Implementations. Or maybe it's a string of classes that starts out with how the targets were scoped and quantified and then follows up with a second class about the implementations and verifications. Point being that if some sort of arrangement
were developed were I worked with the PEC and UCSC fo move these things forward but at the same time, captured the content we would need for a pretty nitty-gritty class, everyone could win.

But even without that, I think there is a lot of potential for *wins" for the UCSC team, both in their current projects and for future projects, which T am hoping there might be seeds for in what follows.

In any case, I think we touched on all of this stuff during the course of the week, but it's a lot. So I thought it might be helpful if T wrote down the key points. These links will take you to particular topics so you don't have to read the whole thing if
you don't want to or don't have the time. The "Back o Confents” link at the end of each sections will bring you back here.

T've also attached some of the stuff I developed as we worked through things over the course of the week: mostly first draft system diagrams.
Condensing Boilers
This is something that I think might apply o any building on your site that is not served from the cogen plant: i.e. any building with boilers. Patrick mentioned his insight regarding condensing boilers; specifically, that for them to deliver the extra

efficiency they are capable of, they need to be operating in condensing mode, which means that the return water temperatures need to be lower than 130-140°F or lower for a gas fired unit. That is an important insight o have and since the campus
HHW standard is 160°F return and 180°F supply, it may not seem like condensing boilers are an option

But T think they may actually be something to consider, at least for the buildings that are not on the cogeneration system. I say that because for one thing, what you need on the design day (less than 0.4% of the hours in a year) is a lot different
from what you need the rest of the time. Plus, I am not sure what drove that design standard in the first place, especially for systems that are not on the cogen plant HHW system other than it is a common rating point for systems vs. the numbers
you might need to deliver heat, reheat, and preheat in the Santa Cruz environment

Radic Te

Finned tube radiation usually needs 140°F or so supply water to start delivering meaningful amounts of heat. But, in Santa Cruz, you may not need much more than the FTR would deliver with water at that temperature, at least most of the time. And,
if you have (or targeted) using radiant slabs, you actually don't want the temperature of the supply water to be much more than 85°F for a bunch of reasons. So, moving towards designs that did space heating with radiant slabs could be desirable.
LEED really likes this approach too, so if you did it, you would be “all the rage” with the LEED folks I think

Preheat and Hot Water Supply Temperature

A significant number of your buildings 100% outdoor air, meaning those buildings probably have a significant preheat load. If you look at preheat coil selections, you will discover that even a 2 row coil can do a lot of preheat with relatively cool water,
mostly because you are not looking for a leaving air temperature that is that high

For example, if you look at what a 2 row coil could do on the extreme day for the area (33°F outside), you can get 60°F leaving air with water supplied a t 110°F, which will come back at 86.4°F, both of which put you at a pretty good efficiency in a
condensing boiler.
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Automatic Humidity Control
for Your Piano

Home About the System Testimonials How to Purchase Locate System Installer

‘The Grand Piano Humidity Control System

“The Piano Lie Saver System i slent and instalied out-ofsightinside your piano. Each Piano Life Saver System canes a 5-Year Guaraniee which can only be.
activated by having the System installed by a piano technician.

Grand Piano Installation

‘SYSTEM COMPONENTS:

Dehumidifier: when humidity levels rise, it distributes
‘moisture away from your piano using wamm ai currens.

Humidifier: moisturzes the dry wood of your piano when
the humidity crops; a low water waming ight ndicates when
the Humidier necds additional water,refling the Humidiier
s simple and easy.

Watering Tube: allows you to provide water o the
Humidifer when the yelow light on the 3-Light LED Panel
indicates a need for waler.

Humicista: i s hebran ofthe System which senes
whlher he wooden pars o your iano ar o0 mos or o0
dry and automatically switches the System to function as a
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@ Dehumidifier
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hmhwmmwﬁlmm ® Easy-Fil Watering Tube
marked WATER which blnks when th Hosifr necds
‘water. If the System includes the optional Smart Bracket on i
e Humiderank, e red lght marked PADS vil ik UghPanel
when the pads are no longer wicking water, indicating they
shodbe relaced.
9 The Pano L Saver System as seen rom ercath  Grand P 9
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ve Humiaification:

Seven Processes to Consider

hough not found in all HVAC systems,

I humidification processes are critical to the

design intent of the systems they serve. For
instance:*

« Research has established that a relative-humid-
ity (RH) level between 30 and 60
percent is optimum for comfort
and disease prevention.

e The influenza virus has its
highest mortality rate at 50-percent
RH. The mortality rate decreases both above and
below this level.

« Maintaining higher RH levels can control
disease-carrying bacteria.

« Computer rooms may require RH control to
keep drives, printers, and other devices functioning
smoothly.”

« Process industries often make RH a critical
quality-control parameter to ensure proper product
moisture content, ensure biological and chemical
reaction rates, maintain product accuracy or unifor-
mity, control corrosion, and minimize the potential
for problems associated with static electricity.

« RH affects air’s ability to absorb sound. The
maximum reduction in sound strength will occur
at 15- to 20-percent RH, with the effect more
prominent for higher frequencies. A significant
reduction in this phenomenon occurs around
40-percent RH; above 50 percent, the impact of
RH is negligible.

By DAVID A. SELLERS, PE
Portland Energy Conservation Inc.  require active dehumidification
Portland, Ore.

The equipment and resource requirements
associated with maintaining a specific humidity
can vary greatly with location and the nature of the
load served by the HVAC process. For example, ina
hot and humid environment, serving a building
with a year-round 50-percent RH
requirement probably would

most of the time because of the
moisture content of the ambient
air, while in a more moderate climate, it might
require active humidification during the winter and
active dehumidification during the summer. So, an
important question to ask early in the design
process is whether active humidification really is
needed to meet the load requirements, given the
environment in which the project is located. The
answer to that question can have significant first-
and operating-cost implications (see the sidebar
“To Humidify or Not to Humidify”).

This article will focus on humidification
processes you might consider if your answer to the
active-humidification question is, “Yes, | need it.”

HUMIDIFICATION PSYCHROMETRICS
When discussing humidification, it is important
to have an understanding of some of the psychro-
metric properties associated with it. These include:®
« Dry-bulb temperature, which is the sensible
temperature of the air in a sample. It is important

A member of HPAC Engineering’s Editorial Advisory Board, David A. Sellers, PE, is a senior engineer
specializing in commissioning and energy efficiency. Over the course of his career, he has worked in the design,
mechanical- and controls-contracting, and facilities-engineering fields in the commercial-, institutional-, and
industrial-buildings sectors. He can be contacted at dsellers@peci.org.
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To Humidifty

or Not to Humidify

o we really need to be adding water to the air here during the winter? That was the
unestion | asked myself as | shook the rain off my coat before walking into a design-
review meeting in Seattle, where for most of the spring, fall, and winter, the forecast
calls for rain and temperatures between 40 and 50 F. A building owner was requesting
active humidification to maintain a minimum 30-percent relative humidity (RH) in his
facility, which contained a lot of high-quality wood and finishes. After discussing the
matter, the engineering team concluded that while on paper, the answer to the
question was yes, in reality, it was no—if the owner could live with an occasional dip
below 30-percent RH. Statistically, that was likely to occur for fewer than 100 hr per
year, with about two-thirds of those hours occurring when the building would be
unoccupied. Eliminating active humidification saved more than $100,000 in first cost, in
addition to an estimated $6,000 per year in operating cost.

because controlling this temperature is a
primary goal of most HVAC processes.
 Wet-bulb temperature, which is the
temperature read by a thermometer with
its bulb encased in a wetted wick. The
cooling associated with evaporation low-
ers wet-bulb temperature relative to dry-
bulb temperature, with dryer environ-

Direct steam injection

ments producing lower wet-bulb temper-
atures, all other things being equal.
Wet-bulb temperature is important
because, next to dry-bulb temperature, it
is one of the easiest parameters to accu-
rately and repeatedly measure in the field.

« Dew-point temperature, which is the
temperature at which water will begin to

condense out of a cooled air sample. It is
important to know because any surface
at or below this temperature will begin to
condense moisture out of the air, even if
the RH is well below saturation. This is
highly undesirable because it can lead to
water damage and indoor-air-quality
(1AQ) problems. Thermal breaks and
vapor barriers need to be provided to
ensure that the surfaces in contact with
the humidified environment always are
above the dew point of the air. Providing
pathways and a mechanism to safely
dissipate condensation also can be
important.

If the air in a sample is cooled to its
dew-point temperature, then the dry-
bulb temperature, wet-bulb temperature,
and dew point are numerically equal.

« Relative humidity, which is a meas-
ure of the amount of moisture held in
an air sample relative to the amount of

This approach injects steam from a boiler, usually a central plant, directly into an air stream. Because the boiler combustion process supplies the energy
necessary to vaporize water, the humidification process in the air-handling unit is adiabatic.

Advantages

« This approach is one of the older, more-proven technologies.

» Assuming a central plant that is large relative to the humidification load, the humidifier will respond fairly quickly to changes in

humidification requirements.

Disadvantages

* The jacket heaters typically used to prevent the condensation of steam prior to its injection into the air stream add sensible heat to

the air-handling system. This is unavoidable when the humidifier operates and represents a parasitic burden on the steam system.
« If cooling is provided by mechanical means, the jacket heat gain also represents a parasitic load on the cooling plant. In
100-percent-outdoor-air systems, the parasitic load simply offsets some of the preheat requirements for most of the operating
cycle. In economizer systems, it is offset by the free cooling provided by the economizer process and, thus, does not represent a
significant additional cooling cost below a certain outdoor-air temperature.
 Chemicals used to control boiler- and condensate-return-system water quality and chemistry end up being injected into the air
stream. This can impact indoor-air quality in a variety of ways. Proper selection can avert any human-health problems, but there
still can be issues with residues associated with treatment products.

Operating cost
systems.

« The energy costs associated with this approach are a direct function of the efficiency of the central boiler plant and its support

« The water costs are a function of the actual humidification load. Also, they are a direct function of the costs of placing makeup
water in the central boilers because the water that is injected into the air stream does not return to the central plant as warm,

treated condensate.

Installation cost

« Installation costs are high because of the control-interlock, steam-piping, and specialties requirements.

« If a central boiler plant does not exist, providing steam-generating equipment for the sole purpose of serving the humidifiers can
represent significant first- and operating-cost penalties.

Special
considerations
jacket heaters.

» When the humidifier is shut down, the parasitic loads associated with the jacket heaters can be eliminated from both the steam
system and the cooling system by providing an additional valve and control interlocks to shut down the supply of steam to the

* The interlock scheme described above generates an additional interlock requirement. Specifically, it requires an interlock system
designed to ensure that the jackets are fully warmed up before the humidifier injects steam into the air stream. Without this,
high condensate loads at start-up can flood the duct system, leading to indoor-air-quality problems and the potential for “rain”
out of the duct. The “rain” issue can be particularly serious for trim humidifiers located near the point of use. All of these
interlocks add cost and complexity, but are well worth it in terms of energy savings and the operational problems they avert.

TABLE 1. Considerations for direct steam injection.
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Indirect steam injection

This approach uses steam, high-temperature hot water (above 250 F), gas, or electricity to boil water in a small secondary boiler at the air-handling-unit
location. The steam from this process is used in the actual humidification cycle. The injection manifold system used for duct applications is nearly
identical to that used by the direct-steam-injection approach.

Advantages

Disadvantages

Operating cost

Installation cost

Special
considerations

« The secondary boiler ensures that the steam injected into the HVAC process is free of any treatment chemicals used in the boiler
plant. The quality of the makeup water controls the potential for contamination in the air-handling process.

* The injection strategy is one of the older and more proven technologies.

« The jacket heaters typically used to prevent the condensation of steam prior to its injection into the air stream add sensible heat to
the air-handling system. This is unavoidable when the humidifier operates and represents a parasitic burden on the steam system.

« If cooling is provided by mechanical means, the jacket heat gain also represents a parasitic load on the cooling plant. In
100-percent-outdoor-air systems, the parasitic load simply offsets some of the preheat requirements for most of the operating
cycle. In economizer systems, it is offset by the free cooling provided by the economizer process and, thus, does not represent a
significant additional cooling cost below a certain outdoor-air temperature.

« There can be a significant lag between the time the control system calls for humidification and the time steam is injected into the
HVAC process. This is a result of the thermal lag introduced into the process by the small local boiler, especially when the water
in the boiler is cold, as it is upon start-up or when the demand for humidity is intermittent. This problem can be compounded by
the stepped-capacity nature of some of the energy sources used:

a) Steam and hot-water sources can achieve nearly infinite modulation when properly adjusted. Usually, the problem in an
application driven by these supplies is a lack of stability that causes the steam or hot water to cycle off for a period of time,
thus allowing the secondary-boiler water to cool, resulting in a lag between the time the control valve opens and the water
in the boiler reaches steaming temperature.

b) Gas-fired units typically have a minimum firing rate below which the burner will cycle. When this is the case, problems similar
to those described above will occur.

c) Electric units frequently are controlled incrementally. Thus, the available capacity will match demand only under very specific
load conditions, introducing the potential for instability into the control response. Using a silicon controlled rectifier to control
an electric heating element allows near-infinite modulation of capacity, providing performance similar to steam or
hot-water-fired approaches.

An optional control feature available from some manufacturers can help alleviate this problem by operating the heating
element as necessary to maintain the boiler near the steaming temperature, in addition to operating it to generate steam.

The secondary boiler adds complexity, including the need for a makeup and blowdown system, to the process.

« Energy costs vary significantly, depending on the energy source. As a general rule, for most locations, energy costs for electrically
fired systems are two to three times those for other approaches. Regardless of the rate structure, using fossil fuel to generate
electricity and the electricity to create steam results in an emissions burden significantly greater than that with an approach using
fossil fuel directly to create steam.

Because only the water injected into the air stream needs to be treated, this approach has the potential for lower water costs than
an approach by which steam from a central plant is used directly, and, thus, all of the water entering the boilers at the central plant
is required to be treated. However, the drain-down, flushing, and cleaning requirements associated with preventing unacceptable
accumulations of scale and microbes in secondary boilers can eliminate this advantage because of distributed maintenance
requirements and potentially higher water-use rates. In addition, many applications require treatment of makeup water at the
humidifier location. In less-demanding applications with low consumption rates, replaceable deionized-water bottles can provide
the necessary level of performance. In demanding applications such as cleanrooms, water from a central
reverse-osmosis-deionized (RODI) water system may be required, which can have a very significant generation cost associated
with it, often in the range of tens of cents per gallon. RODI water can be corrosive and may require special construction
considerations for the makeup piping, related equipment, and secondary boiler.

« Jacket- and manifold-installation costs are similar to those of the direct-injection approach.

The complexity and hardware associated with the secondary boiler add significant cost. Much of this cost is related to the need to
provide makeup, blowdown, and level-control systems and treat the makeup water.

Electrically fired systems can have somewhat hidden installation costs because of greater electrical-service requirements. If these
costs are not recognized, they can generate a false economy.

.

.

Considerations similar to those for direct steam injection (Table 1) apply.

« The quality of the moisture injected into the HVAC process is highly dependent on the quality of the makeup water supplied to the
secondary boiler and the cleanliness of that boiler. If either degrade, all of the advantages gained by isolating the HVAC process
from the central-plant steam will be lost, and the resulting problems could be far worse than the chemical carryover from the
central-plant boilers. Low-quality water can lead to scaling and other mineral deposits, which can make their way into the
air-handling system. Lack of attention and failure to drain the secondary boiler when there is no humidification requirement can
result in algae, bacteria, and other forms of microbiological growth in the stagnant, unheated water.

TABLE 2. Considerations for indirect steam injection.

moisture that could be held if the air
sample were saturated. The RH of an air
sample can be increased by lowering the
sensible temperature and decreased by
raising the sensible temperature, all
without adding or removing moisture
(i.e., you do not necessarily have to

humidify or dehumidify to change RH).

» Humidity ratio* is the ratio of the
mass of water vapor to the mass of dry
air contained in an air sample. You have
to add or remove moisture from an air
sample to change its humidity ratio (i.e.,
you have to invoke a humidification or

dehumidification process to change it).

Figure 1 illustrates a HVAC process
for a 100-percent-outdoor-air system
serving a hospital operating room with a
setpoint of 70 F on a rainy fall day. The
system includes two humidification
Processes.
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Note that RH and wet-bulb tempera-
ture are changed with or without the
addition of water, whereas dew point and
humidity ratio are changed only with the
addition of moisture via humidification.
Note also that after the humidification
processes, the dew point of the air
supplied to the space is above the ambient
outdoor-air temperature. Thus, if the
air comes in contact with a surface that
is at or near the outdoor ambient temper-
ature, condensation will occur. In fact,
there probably will be a vapor plume at
the discharge of the fan system handling
exhaust air from the space, created when
warm, moist air from the process mixes
with ambient air at the exhaust-discharge
point. Let’s look at the process in Figure 1
in more detail:

* The process starts with the preheat-
ing of saturated outdoor air (A to B).
Notice how most of the parameters
previously discussed increase. Humidity

Relative humidity, percent
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FIGURE 1. AHVAC process serving an operating room on a rainy fall day.
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Evaporative pan

Most implementations of this approach involve the placement of a pan of water in the air stream or environment requiring humidification and the use of
steam, high-temperature hot water, or electricity to evaporate the water as necessary to provide the required level of humidification.

Advantages « Installation is somewhat less complex than it is with some of the direct- and indirect-injection approaches because there is no
associated manifold system. This can be a limitation for duct-mounted applications with relatively high humidification
requirements because of problems related to distributing vapor to the air stream.

* Operation also is somewhat less complex, making this approach less prone to operating problems related to warm-up and
injection.

Disadvantages « Time-lag problems similar to those of the indirect-injection approach (Table 2) apply.

« The lack of a distribution manifold makes distributing a large humidification load across a large duct cross-section difficult. Thus,
this approach may be a poor selection for large systems with a heavy humidification burden.

Operating cost » Considerations similar to those associated with indirect steam injection (Table 2) apply.

« Because the level of complexity associated with this approach is somewhat lower than that of other injection technologies, there
is potential for modest savings in maintenance man-hours related to troubleshooting and maintaining a less-complicated piece of
equipment.

Installation cost =« The less-complex nature of this approach tends to make installation costs lower than those of other approaches.
« In most cases, localized water-treatment technology will be required.

Special « Considerations similar to those in the second bulleted item for the indirect-injection approach (Table 2) apply.
considerations

TABLE 3. Considerations for the evaporative-pan approach.

ratio and dew point remain constant « Next, the unit’s primary humidifier to a level that satisfies the upper limit of
because no moisture is added. adds moisture to raise the humidity ratio  the coldest surgery design-temperature/

Circle 160
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Self-contained electric electrode humidifiers

This approach uses an electrode that passes current directly through ordinary tap water to generate the steam necessary to humidify an air stream or
space. The steam is generated at atmospheric pressure and distributed via tubing to a duct system for duct applications.

Advantages

requirements associated with providing humidification.

« Typically, the container in which water is boiled is fabricated from plastic and designed to be disposable to allow the cleaning and
maintenance issues associated with using tap water to be addressed with a minimum amount of labor.

Disadvantages
systems.

« Electricity is the only energy source available for this approach.

* The quality of the moisture injected into the air stream tends to be lower than the moisture quality achieved with other approaches
because scale is allowed to accumulate in the vaporization container until being disposed of.

* The throwaway nature of the container that holds the heating elements used to vaporize water may make this approach less
environmentally sound than others.

Operating cost

* This is one of the least complex approaches available and has been aimed at minimizing the installation and operating

* The modular nature of this technology makes it unsuitable for applications with heavy humidification burdens or large air-handling

* Because this technology is electrically powered, the operating cost tends to be high on a per-pound-of-water-vaporized basis for

the reasons listed in the first bulleted item for the indirect-steam-injection approach (Table 2).
* Because the design uses ordinary tap water, water-treatment requirements associated with other processes are non-existent.

* Most of the products available in this class incorporate a periodic drain-down cycle in an effort to control scale and other
contaminants in the vaporization canister. However, this generally is less rigorous than what is used for other approaches, and,
thus, the water consumption on a per-pound-of-humidification-produced basis may be lower.

Installation cost

per-pound-of-humidification-produced basis.
« Considerations regarding hidden electrical costs similar to those for indirect steam injection (Table 2) apply.

Special
considerations

* Because of the simple nature of the design, this approach has the potential to provide a low installed cost when viewed on a

* The lack of complexity and low first cost associated with this approach lend it to applications with small, relatively minor
humidification requirements. Unfortunately, this advantage can be a disadvantage in that the approach often is applied on small

projects with a less sophisticated maintenance staff, meaning the maintenance and persistence of the process may be poor. As a
result, the intent of the design may not be achieved in the long term, and indoor-air quality could be impacted adversely. This can
be mitigated by ensuring that the end user is aware of the need to maintain the system.

TABLE 4. Considerations for self-contained electric electrode humidifiers.

RH requirement (in this case, 62 F/45
percent,” points B to C).° The humidifier
is a steam-to-steam unit. As a result,
the humidification process is adiabatic.
However, there is a 1.5-F sensible-heat
rise associated with the jacket heat on the
humidifier manifolds (C to D).

« Fan heat” and distribution-system
thermal gains add another 2 F of sensible-
temperature rise, which establishes the
supply-air condition at the terminal-
equipment location (D to E). This condi-
tion becomes the starting point for the
HVAC processes serving the multiple
operating rooms associated with the
air-handling system. These processes will
vary primarily because of different zone-
temperature setpoints and surgical-team
preferences.

« A zone reheat coil adds sensible heat
to make up for the cooling that is
provided by the supply-temperature
condition, but not required by the load
condition (E to F).

* The zone trim humidifier adds mois-
ture as necessary to bring the zone up to

the minimum RH requirement (45 per-
cent) at the current setpoint (70 F). But
because an ultrasonic humidifier has
been applied, a cooling effect associated
with vaporizing the moisture droplets
produced by the ultrasonic process
occurs. This shows up as added cooling
capacity, which is compensated for by
the previous reheat process. The net effect
shows up as the line from F to G.

« Finally, the sensible and latent loads
in the space bring the supply condition
up to the space condition (G to H).

HUMIDIFICATION APPROACHES

The preceding discussion presumes
specific humidification approaches for
the two humidification processes in the
example, which are representative of the
two fundamental techniques used to add
moisture to an HVAC process:

« The use of an energy source external
to the air stream to vaporize water, which
then is injected into the air stream in a
process that is adiabatic or isothermal.

« The use of energy from the air stream

to evaporate water droplets, which are
atomized by another process. Typically,
the extraction of energy to vaporize water
will result in a reduction in air-stream
temperature.

The process selected depends on a
variety of factors, including other
requirements of the HVAC process, first
cost, available energy sources, energy
and water costs, and maintenance
requirements. Tables 1-7 contrast some
of the more common humidification
approaches.

Regardless of the approach, the
control and interlock systems are critical
to successful operation (see the sidebar
“Control and Interlock Systems”). Instal-
lation and configuration factors also
are critical, with absorption distance
being especially important. Injected
water needs to be completely vaporized
prior to encountering an obstacle such as
a filter or coil, which can knock small,
non-vaporized moisture droplets out of
the air stream or cause condensation. The
unabsorbed moisture then can cascade
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Compressed-air-driven atomization

This approach uses compressed air to create a mist of water via an atomization nozzle. The fine moisture droplets that are produced evaporate in the air
stream or space served by the device.

Advantages « Because the energy required to evaporate the water is provided by the air stream, not the humidifier, the potential for significantly
lower energy consumption and parasitic losses exists.

« The contingency outlined above also minimizes the complexity of the installation.

« For HVAC processes with simultaneous needs for humidification and cooling, the cooling effect associated with the air stream
providing the energy to evaporate the moisture droplets can reduce demand on the refrigeration processes associated with the
HVAC load.

« Because the water’s injection rate is not a function of a heating and evaporation process, this approach has the potential to be
much more responsive to sudden variations in humidification demand than approaches such as indirect steam injection and
evaporative pans.

Disadvantages The energy used by the air compressors represents a parasitic energy burden that may be hidden if not recognized at the outset.

The need to provide a compressed-air system can represent significant first and maintenance costs, in addition to energy costs.

« If there is not demand for simultaneous cooling and humidification, the cooling effect of the water evaporating in the air stream
will represent a demand on the HVAC system’s heating process.

« If the entering-air temperatures are low, and/or the humidification load is high, the air may not have sufficient energy content to
evaporate the atomized water prior to becoming saturated. Thus, for some applications, the location of the injection system
relative to heating elements and other devices that add heat to the air stream may be important.

Operating cost Because this approach does not require direct heating equipment, there is potential for a significant reduction in operating cost, if
the HVAC process can benefit from the cooling effect associated with evaporating the water in the air stream. If there is not a need
for cooling, then the process places a demand on the heating system that may match or exceed what the demand would be with
an approach that uses heating energy to evaporate water and then inject it into an air stream adiabatically. Economizer-equipped
systems may be able to compensate for this by simply recirculating more air, assuming their minimum outdoor-air fraction is not
too high. Essentially, this allows energy recovered from the building to provide vaporization energy because the internal loads

served by the system create the heat in the return air.1

The compressed-air burden associated with atomizing air runs in the range of 0.1 to 0.2 cfm of compressed air per pound of water
to be atomized per hour. The electrical energy and related cost associated with this is a function of the compressor technology,
the overall efficiency of the compressed-air system,2 and electrical rates.

Water-treatment costs may be lower for this technology because there are no drain and fill cycles, and it is more tolerant of poor
water quality in terms of what the humidification equipment requires to be able to operate and not degrade. However, the quality
of the air stream fed by the process still may require that the water be treated to prevent problems with mineral dust and other
contaminants. The standing water in the piping can create an indoor-air-quality concern during long off cycles.

Installation cost  * Assuming a central compressed-air system exists and is of adequate capacity, the first costs associated with this technology are
lower than those of some of the other approaches. Duct-mounted applications still require a manifold system, but there are no
condensate loads or large electrical loads to deal with, and the interlocks associated with a warm-up cycle and jacket heating are
not necessary. Compressed-air piping is required, but the specialty requirements tend to be less than what is associated with
steam, hot water, or gas, and there is no need for insulation in most instances.

« If there is no compressed-air system or if additional compressed-air capacity must be added at the central plant, there can be a
significant first-cost burden associated with the compressor installation.

Makeup-water piping requirements tend to be lower than with other approaches because the technology is not as sensitive to

water guality, and drain and level-control systems usually are not necessary to the extent that they are with other systems. Some

systems may employ a valve arrangement that flushes the supply-water system to prevent the long-term stagnation of flow during
periods when humidification is not required. Air-side HVAC-process requirements still may dictate the need for water treatment
and/or a reverse-osmosis-deionized water source, in which case the costs of the makeup piping escalate for reasons discussed
previously.

Special
considerations

The quality of the compressed-air source can have a significant impact on the quality of the HVAC-process air stream. Compressed
air that is dirty and/or contaminated with oil may cause significant indoor-air-quality problems, as well as problems with the
humidification equipment itself.

Notes:

1) However, it is important to remember that this energy may not always be present, especially when the humidification demand peaks, which often is concurrent with the
coldest outdoor-air conditions. Thus, it may be necessary to install the capacity necessary to handle the vaporization of the humidification water, even if it will not be required
for much of the operating cycle.

2) Leakage can be a significant and difficult-to-predict-and-assess hidden cost, especially concerning large compressed-air systems. The author has observed plants in which a
compressor ran 50-percent loaded with no useful load on the system (i.e., the processes it served were idle, and it was running to keep up with the leaks).

TABLE 5. Considerations for compressed-air-driven humidifiers.

into a multitude of problems.

All of the approaches that involve a
tank or reservoir with standing water
need to be designed and maintained in a
manner that addresses the potential for
biological and bacterial contamination.
Typically, this involves making provisions

for proper water treatment and drain-
down cycles, as well as regular monitor-
ing, inspection, and cleaning. Failure to
do this can lead to serious IAQ problems.

Most of the approaches are available in
a variety of configurations, including
duct-mounted systems, free-standing

systems, and specialized arrangements
allowing direct interface with manufac-
turing and production processes.

FOOTNOTES
1) The statistics in the following
bulleted items are from Chapter 20 of
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Ultrasonic atomization

An emerging technology in the United States, this has seen application in Europe for a longer period of time. Humidification is achieved by using an
ultrasonic transducer to generate high-frequency oscillations in the waves in the water reservoir. This results in the generation of fine mist, which
humidifies the area served. The energy to evaporate water droplets comes from the air that is being humidified; thus, this approach also cools the air

stream or area it serves.

Advantages

« All of the advantages listed for the compressed-air technology (Table 5) apply.

* This technology requires very little energy to atomize water.

Disadvantages

will represent a demand on the HVAC system’s heating process.

« If the entering-air temperatures are low, and/or the humidification load is high, the air may not have sufficient energy content to
evaporate the atomized water prior to becoming saturated. Thus, for some applications, the location of the injection system
relative to heating elements and other devices that add heat to the air stream may be important.

* This technology requires high-quality reverse-osmosis deionized water to function properly.

Operating cost

« If there is not demand for simultaneous cooling and humidification, the cooling effect of the water evaporating in the air stream

* Because this approach does not require direct heating equipment, there is potential for a significant reduction in operating cost, if

the HVAC process can benefit from the cooling effect associated with evaporating the water in the air stream. If there is not a need
for cooling, then the process places a demand on the heating system that may match or exceed what the demand would be with
an approach that uses heating energy to evaporate water and then inject it into an air stream adiabatically. Economizer-equipped
systems may be able to compensate for this by simply recirculating more air, assuming their minimum outdoor-air fraction is not
too high. Essentially, this allows energy recovered from the building to provide vaporization energy because the internal loads
served by the system create the heat in the return air.1

* The very low energy requirement associated with atomizing air via ultrasonic energy, coupled with relative simplicity and low
maintenance requirements, gives this technology the potential to have one of the lowest overall operating costs of any of the
approaches available. Energy-consumption reductions in the range of 90 to 93 percent are possible, assuming the HVAC process
served can benefit or is not penalized by the cooling effect in the air stream.2

* This technology requires a high-quality water supply; thus, the need to treat and maintain the water supply will offset some of the
energy- and maintenance-savings potential of the approach.

* This approach uses a water reservoir; thus, the cleaning, blowdown, and level-control issues discussed previously apply. It should
be noted that not all manufacturers require a flush cycle, which minimizes the costs associated with supplying water.

Installation cost

* As with the compressed-air approach, the first costs associated with this technology are lower than those of some of the other

approaches, but not as low as the self-contained electrode-type equipment. The Department of Energy Technology Alert referenced
in the article provides some case-study information, including comparative first costs. Duct-mounted applications utilize a rack
system, but there are no condensate loads or large electrical loads to deal with, and the interlocks associated with a warm-up
cycle and jacket heating are not necessary.

* Given that the system requires a high-quality water supply, the makeup, blowdown, drainage, and level-control installation costs
are similar to those for indirect-steam-injection systems. It should be noted that not all manufacturers require a flush cycle, which
minimizes the costs associated with that aspect of installation.

Special
considerations

Notes:

* The potential energy savings associated with this technology make it a viable candidate for a rebate as an energy-conservation
measure in some service areas.

1) However, it is important to remember that this energy may not always be present, especially when the humidification demand peaks, which often is concurrent with the coldes
outdoor-air conditions. Thus, it may be necessary to install the capacity necessary to handle the vaporization of the humidification water, even if it will not be required for mucl

of the operating cycle.

2) Approximately 1,000 Btu per pound of water is required to supply the energy needed to convert the water droplets produced by the ultrasonic and compressed-air process to

vapor.

TABLE 6. Considerations for ultrasonic humidifiers.

the 2000 ASHRAE Systems and Equip-
ment Handbook and a 1998 U.S.
Department of Energy (DOE) Federal
Technology Alert on ultrasonic humidi-
fiers. The DOE report can be viewed
at www.pnl.gov/fta/14_ultrahumid/14_
ultrahumid.htm.

2) Generally, this is becoming less
important with newer technology. Manu-
facturer’s data should be consulted before
committing to humidification.

3) For more thorough, technical defi-
nitions of the following terms, see the
chapter on psychrometrics in the

ASHRAE Handbook of Fundamentals.

4) Some refer to this as mixing ratio. It
is similar, but not identical, to specific
humidity, which is the ratio of the mass of
water vapor to the total mass of the
moist-air sample.

5) Most hospital licensing codes
require that a range of conditions—typi-
cally, 62 to 80 F and 45- to 55-percent
RH—be maintained in operating rooms.
For winter conditions, one tends to
design for the coldest room at the lowest
humidification requirement, which tends
to minimize preheat and humidification

energy. Trim humidifiers are used to
bring the rooms set for warmer tempera-
tures up to the minimum humidity re-
quirement. For summer conditions, one
tends to design for the coldest room at its
upper humidity limit to minimize the
dehumidification requirement in humid
environments. In arid environments, one
might be more inclined to design for the
coldest room at the lower humidity limit
to minimize humidification energy while
ensuring that the coldest design-temper-
ature requirement is met.

6) This point probably was established
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Evaporative coolers and air washers

By the nature of the processes they employ, evaporative coolers and air washers also humidify. The exposure of the air stream to a fine water spray
and/or a wetted media results in the air stream approaching saturation as it leaves the process. Capacity control can be achieved by varying the water
temperature that is sprayed into the air stream or bypassing air around the process or both.

Advantages

« Although they seldom are employed for the sole purpose of humidification, in some applications, these technologies can provide

the added benefit of humidification for little first cost beyond what is required to control the humidity parameter.

« The control strategies employed, coupled with the psychrometrics of the process, make these technologies capable of fairly
precise humidity control. If properly sized and implemented, control by bypassing air around the process also can provide a
quick response to a sudden load change.

Disadvantages

« Both of these technologies are large and maintenance-intensive and can be highly customized. They usually are not practical

unless they are being employed for evaporative cooling or air cleaning and the humidification capability is desirable.

Operating cost

« Energy costs for the humidification aspects of these processes usually are similar to or less than those associated with the

compressed-air approach in that water is atomized, not evaporated, by the process, but there are pumps or other drivers to

accomplish this atomization.

« Because the evaporization energy for the water injected into the air comes from the HVAC air stream, the costs and benefits
associated with the cooling effect this provides are as discussed previously.

« Approaches that use a wetted media have a media-replacement cost associated with them that is significant and not present for

other approaches.

« Because these systems, by nature, use relatively large volumes of water, the water and water-treatment costs are higher than with
many of the other approaches. The processes themselves are not as sensitive to water quality as some of the other approaches;
however, HVAC-process-quality requirements may impact the requirements for makeup-water quality. In air-washing applications
in which the process is used to dehumidify, spray water often is cooled via mechanical processes. Thus, the water evaporated by
the process represents an energy and resource burden beyond that directly associated with the makeup stream it represents.

Installation cost

of any of the technologies discussed.

» Water-supply, drain, blowdown, level-control, and treatment costs are driven by the cooling or air-washing functions, rather than
the humidification function, and may be higher than what would be associated with some of the other approaches.

« Control strategies that vary spray-water temperature or bypass air can have significant first costs associated with them because of
the dampers, heat exchangers, and auxiliary control loops they may require.

» When air is bypassed for control purposes, there can be a significant real-estate cost associated with the technology in terms of
the space required for the bypass duct and its associated duct division and connection back to the main system.

Special
considerations

TABLE 7. Considerations for evaporative coolers and air washers.

based on the cooling-coil discharge
condition necessary to dehumidify the
coldest space; thus, it is at the top end of
the humidity envelope. This minimizes
cooling energy by minimizing the dehu-
midification performed. Humidification
energy could be saved by humidifying
only with the primary humidifier to the
point necessary to satisfy the lower end of
the humidity envelope for the coldest
room. In fact, little, if any, additional
humidity would be required to bring the
outdoor air to this state point. However,
this places an even larger load on the trim
humidifiers, which already must be
capable of handling a significant load and
turndown range to accommodate the
large design envelope associated with the
operating-room requirements. Allowing
the primary humidifier to pick up some
of this load unloads the trim humidifiers a
bit and narrows the range over which they

must operate, which aids in their control.
While this added moisture (i.e., energy) is
in excess of what would be required to
meet the minimum RH for a room at
62 F, the contingency goes away around a
room setpoint of 68 F, where the humid-
ity ratio created by the primary humidi-
fiers results in a RH at the bottom end of
the design envelope.

« Given the size of the equipment associated with these processes, first costs are among the highest—if not the highest—of those

« These processes usually make sense as a humidification strategy only when they are applied for other purposes and the
humidification byproduct of the cooling or air-washing function also is desirable.

7) If you are unfamiliar with fan heat,
see “Fan Heat: Its Source and Signifi-
cance” by Gerald J. Williams, PE, in the
January 1989 issue of Heating/Piping/Air
Conditioning.

For HPAC Engineering feature articles
dating back to January 1992, visit
www.hpac.com.

Control and Interlock Systems
he dynamic requirements of loads relative to the response characteristics of
humidification sources need to be considered for control systems. Not all

approaches are capable of instantly responding to a load change, which can be a

problem regarding variable air volume and applications demanding precise control

over a wide range of operating conditions. Limit controls may be desirable, considering
the significant water damage and subsequent indoor-air-quality problems that can
occur if a humidifier runs out of control. Positive airflow interlocking always is a good
idea. An airflow switch is much better than a starter auxiliary contact. Some
technologies require warm-up interlocks to prevent problems at start-up and
operational interlocks to shut down jacket heaters when humidification is not required.
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high efficiency point.
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Meaning if the existing coil performed anywhere in the ballpark of this, it would be pretty good conditions for condensing boilers if you look at the return water temperatures.

Reheat and Hot Water Supply Temperature

I think T have mentioned this in class, but wanted to re-iterate it here. It is important fo realize that a reheat process is just using up unnecessary cooling that is being supplied fo the zone in question in the form of colder air than necessary as a
result of the cooling or dehumidification requirements of other zones served by the air handling system. Meaning, that the air is still coming out of the diffuser for the zone in question at a temperature below the zone set point (providing cooling
capacity to the zone) but it is not as cold as the supply air temperature.

For a building that heats (supplies air above the zone temperature to offset envelope losses) using an air system with reheat coils, you will discover that frequently, once the ambient outdoor temperatures get into the range of the balance point for the
building, the air temperature supplied o the zone will need o be at some temperature below the required set point ( providing cooling) vs above the zone set point (providing heating). And, you will discover that a reheat coil that has been selected to
deliver air above the zone temperature on a design heating day (when the zone has a net loss of energy due to the envelope losses) can deliver air that is below the zone temperature but above the supply air temperature if it is supplied with water in
the 85-95°F range (prefty near perfect condensing boiler temperatures).

So, while the system may need to run in the 140-160°F range (or higher) on a design heating day (less than 0.4% of the hours in a year), it can often run with supply temperatures that are near perfect supply and return temperatures for high
efficiency condensing boiler operation when the ambient temperatures are near the building balance point (a lot of the time in Santa Cruz I supect). Tom Stewart and I wrote a paper about this for ACEEE, which is available via a link from my blog.

My point in bringing it up here is that you have a lot of constant volume reheat zones in a climate that is fairly mild most of the time. As a result, it would not be a huge surprise to discover that you could run your HHW systems at supply temperatures
in the 90-100°F range (or lower) for a significant number of hours. Meaning that if the systems were served by condensing boiler, they would be running at pretty high efficiency levels and that the parasitic losses would be minimized. So condensing
boilers really may be a viable option for the campus if you allow yourselves o deviate from the HHW supply temperature design standards on non-design days.
Having said that, it is important to realize there are a couple of constraints.

1. The HHW piping needs to be able to folerate the lower temperatures with out leaking. This can be an issue for system with mechanical couplings, as we have discussed in class.

2. The existing, non-condensing boilers will be ruined if you operate them with EWTs below about 140°F. That means that if you go this route, you need to fotally replace them with condensing boilers or you need o make a decoupled system that

lets you run the boiler loop in a safe range for the non-condensing boilers while the distribution loop (and any added condensing boilers) are operated in the condensing range.

Back to Contents
Sinsheimer Labs Chiller Plant

« Treally think your "wet economizer” cycle is clever; I e-mailed Liz Fischer (executive director for BCA and the person who basically runs the National Conference on Building Commissioning) fo see if she was looking for a case study to fill a spot
in the agenda at NCBC this year and suggested it as a candidate if she is. Even though the call for papers is closed, a lot of times, they end up needing something like that as they put the agenda together, so you never know.

« I never was able o get the graphics for the Sin Lab piping to work. Could one of you just send me a screen shot? I would like to mention what you have done (with acknowledgement of course) as another option for doing a wet economizer and T
would like to have a system diagram fo contrast with the other options I falk about and I think I could come up with a generic one if T had the piping graphic. The class is coming up in a little over a week so if you could send it sooner rather
than later, that would be great.

There were a number of throttled valves on evaporator and condenser pumps for the chillers. Based on a rough estimate of the actual head required vs. the nameplate data for one of the pumps, T suspect the energy savings potential is in the 3-
4 KW range for the larger pumps; less for the smaller ones. So how much you can afford o do may be limited by the fact that you probably don't have to run the pumps that much. Meaning that throttling could be the best option if the pumps
remain in place.

With regard to the closing line in the preceding bullet, I think it may be possible to eliminate the condenser water pumps entirely. I did a quick sketch of a system diagram for the connection and added it to the central condenser water plant
system diagram that I made the last time I was on site (copy attached and screen shot below).
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It seems to me that if you know you can get design flow to the chillers, then on a design day, that flow is being delivered by the central plant pumps. If they have enough capacity to pick up the head through the condenser barrels, then I think
it might be possible to eliminate the condenser pumps and modulate the control valve based on head pressure or a target leaving water temperature. This would total eliminate the condenser pump energy in the building. If the central plant CW
pumps were delivering this flow anyway and delivering it at or above the head required (meaning that on a design day, the control valves were not wide open), then there would be no additional pump energy required and you could further reduce
the central plant pump energy by optimizing the pump speed(s) so that the delivered pressure caused the critical valve in the system to be almost fully open

Back to Contents

Thimmann Labs

« This is a screen shot of a very elementary system diagram I made of the air side system in the building. Tt needs a lot of work to get it fully developed, but it helped me think things through while I was there.
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T am pretty sure that the diagram is typical for two systems, each of which serve about half of the building.

I think the primary opportunity that I saw was the zone level scheduling idea that we discussed during the tour. But you need to be sure of a couple of things if you do it. One is that at the zone level, you don't violate and Environmental Health
and Safety rules, which typically go back to OSHA and code requirements, but also can be set by policies in the organization or by policies in associations that support research at the site. My experience is that you can do it for labs like the
physics lab we were in

But if you do it at labs like that, it can still create an issue at the other end of the system, which we alluded to but did not discuss much due to time constraints. Specifically, from what I can tell from fairly limited exposure to the project
drawings you provided and from your own knowledge of the building, the exhaust fans are likely dedicated to floors (one fan per floor per make up AHU or two exhaust fans per floor total) and that they serve all exhaust loads (hoods, general
exhaust, foilet exhaust, etc.).

That means that the effluent from the fans could contain materials that are considered hazardous (in the state of CA and otherwise). Frequently, when that is the case, it means that the discharge velocity from the fan must be maintained
above a minimum velocity in order to ensure that the plume is ejected far enough into the atmosphere that any hazardous fumes are dissipated

In my experience, most of the time, the velocity is either dictated prescriptively by some governing standard, or it is derived from modeling. So, the point is that you would need to determine what, if any standard applies in this regard and then
make sure that when you drop the flow, you don't violate it. There are a number of ways to engineer your way out of that problem, but the first step is to understand what the requirements are. Typically, the fan energy, reheat, and preheat
savings associated with a change like this are significant enough that you can justify some pretty significant modifications to allow them to happen. Of course, the more complex your strategy, the harder it may be to ensure persistence. But you
guys seem to be pretty on top of stuff so that is probably not as much of an issue on your campus as it might be other places.

It occurred to me affer I was on site that on the 3™ floor, there could be a couple of other opportunities. From our discussions and based on comparing drawings that you provided, I think the vivarium area was built after the original
construction project. That means that for much of the floor, there originally was a roof load that is no longer there. From a cooling standpoint, the zone flows would have been set up for sufficient cooling to offset that load in addition to the



other loads. So, if that load went away, then, in a constant volume reheat system, the unneeded cooling would be absorbed as a reheat load unless the system was rebalanced af the time. This is a phenomenon similar to the issue that comes up
when you reduce the lighting load in a constant volume reheat system without rebalancing; the electrical consumption goes down as a function of the reduced electrical energy used by the lights, but the thermal load goes up due to the added
reheat burden in the cooling season and the need to offset losses through the envelope during the heating season that were originally offset by the internal gains from the lighting

I alluded to another item but didn't really discuss it in the context of your building. Specifically, on the third floor, the convectors/Finned Tube Radiation (FTR) elements around the perimeter are there to offset the envelope loses (which have
been reduced by the elimination of the roofing load incidentally). That means af some point, that means that the cool (relative fo the space) air being provided by the reheat air handling system is working against you since it is trying to cool and,
if it is not needed, the system reheats the air to be neutral, and, if the FTR is not on or has its valve closed (meaning the FTR is not picking up the perimeter heating load), then it is heated above the space temperature to offset the envelope
losses. A more efficient approach at that point would be to reduce the follow from the reheat system to what is required for ventilation and simply allow the FTR to offset the perimeter loads.

So, T think the opportunity is to understand where that balance point is and then install some two position dampers for the office spaces that reduce the air flow to the ventilation requirement when you are below that point and operate the FTR
system to offset perimeter loads. The two position dampers may provide for another savings opportunity in that you could use them to do zone level scheduling for the office areas by closing them total when the offices were empty.

Mike, one thing that you might want to follow up on more is the chilled water connection we were looking at on the roof. Something about it just didn't seem right but to really understand that, you would need to take the connection back to the
central plant and look at it in the context of the rest of the system (i.e. make a system diagram). But it seemed like the connection, as it was configured and controlled, could be a contributing factor to the shortage of chilled water that you
mentioned. Meaning you might not be getting the capacity you need because of issues with the configuration and control of the secondary connection, not parasitic losses (temperature rise) in the piping to the point of connection. In my
experience, a degree or two of temperature rise in the distribution system is not unusual. But 4, 5, or 6 degrees - which I think is the number you mentioned in terms of temperature rise between the plant and the building - is a lot and could
mean you are measuring a temperature that is a blend of supply water and return water, which is something that could happen with the type of connection we observed

Back to Confents

Music Building

One of the striking things about the music building is the air handling system design. It's an inferesting system and I have not seen this arrangement before.
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Systems that use a central 100% outdoor air MAU to provide the ventilation air and smaller AHUS to pick up the actual loads using a wet economizer cycle look similar to this, but each set of coils would have a fan that recirculated the total
required air flow while the main fan only provided the ventilation air.

The Music Building system configuration seems simple, but when I start thinking about how it would work and how to optimize it, it's actually a lot more complicated than you would think, mostly because the AHU is delivering all of the air
required, not just the ventilation air and it has an economizer.

From an energy perspective, I suspect it has the potential o be very efficient since it provides economizer cooling for all zones and will only use heat or cooling if a zone needs it and then only use it on a zone by zone basis. But if the zones are
diverse in terms of their load profile, I think that efficiency potential might fall away or become difficult to optimize.

For instance, if all of the zones needed about the same amount of cooling, then they would all need about the same supply temperature and you could pretty easily optimize the economizer to deliver it and, since it would be the temperature
needed by all of the zones, none of them would be using their heating coil, nor would they be using their cooling coil, assuming you could provide the desired temperature with outdoor air. And, if you could not, you could still optimize the
change-over set point for the integrated economizer pretfty easily given the similarity between the requirements in the zones.

But, if you consider an extreme condition I think that things become more challenging. For instance, for the sake of discussion, if you had a core zone with a lot of heat generating equipment that made heat all of the time combined with some
perimeter zones that had significant envelope losses during cold weather due to a lot of glass, and then a number of zones that were lightly loaded but did not have much of an envelope loss, then in cold weather, you would have to decide:

0 Should you use the economizer to make the air cold enough to satisfy the heavily loaded core zone, which would mean all of the other zones would be using their heating coil. The perimeter zones would not need any cooling, meaning that
they would need air coming out of the diffusers at a condition that was above the space temperature to add energy to the space and make up for the losses through the envelope. So not only would they need to heat the air to offset the
envelope losses, they would have to heat the air from the supply femperature fo the space temperature too (a reheat process)

Meanwhile the lightly loaded zones might need cool air (air below their space temperature) but not as cold as the heavily loaded zone,, so they would be using their heating coil to offset the unneeded cooling provided by the economizer,
which was set based on the requirements of the heavily loaded zone; i.e. they would be doing reheat.

Or

0 Should you satisfy the lightly loaded zones with the economizer, which would minimize the reheat they would use, and would also minimize, but not eliminate the reheat at the perimeter zones, but would also require that you run a chiller or
increase the air flow to the heavily loaded zone to satisfy it.

Or

o Should you go fo minimize outdoor air fo minimize the amount of reheat the perimeter zones need, which would mean you needed to run the chiller to satisfy all of the other zones, but would not be doing any reheat (all though if it was cold
enough, you would be doing preheat at the zone level if the mixed air femperature on MOA was less than the space temperature at the perimeter or less than the supply temperature you needed for the lightly loaded zones).
Incidentally, this particular option would likely minimize your humidification problem since you would be keeping the moisture in the building by recirculating most of the air. (More on this in a minute.)

The correct decision is very much a number of the ratio of the different zone types and the economics of the cost to provide heating and cooling. For instance, if the system was served by electricity and heat from the cogen plant (I know it
isn't, at least on the hot water side, but I guess it could be part of the electrical load - not sure about that, but am saying this just for the sake of discussion) then:

0 If the plant was being operated to meet an electrical load and, as a result, was making more heat than could be used by the connected hot water loads, then using the economizer to satisfy the heavily loaded core zone and the lightly loaded
zones (meaning you would generate no additional electrical demand by running a chiller) might be a good plan since the heat you needed would essentially be free since, if you didn't use it in the building, it would have to be rejected at the
plant's heat dump cooling tower, which would actually cost energy.

But

0 If the plant was meeting the electrical demand and you had to fire boilers to supplement the waste heat it was generating to satisfy the heating load, then minimizing the need for heat in the music building by going into a recirculation mode
and running a chiller, which would increase electrical demand on the cogen plant and thus, increase the waste heat that was created. In a perfect world, you might bring the plant back info balance, meaning the waste heat generated by
meeting the electrical requirements would exactly meet the heating load. While perfection is unlikely, operating the added electrical load would minimize the need for boilers.

But

o If the building is served totally from the public utility, the decision has more to do with the cost of gas, the cost of electricity, and the conversion efficiencies of the chillers and boilers. Meaning the answer would be different for a
building that made its heat with condensing boilers and used hot gas bypass when it ran a chiller at low load vs. a building that had an old atmospheric burner type boiler but a modular chiller that could turn down to a very low load
condition very efficiently.

So, while optimizing the supply temperature set point from the AHUs is a good target, figuring out exactly what to do is complicated. But the good news is that the building knows the answer and you can probably use data logging and trend
analysis techniques to figure it out.

Another striking thing to me about the Music Building was that, in terms of the whole purpose of HVAC being to provide a safe, clean, productive environment, (where in this case, a prime consideration is the “health” of the instruments), we are
failing. I did some research to understand the temperature associated with the RH levels that were discussed during our meeting with the staff and the psych chart below has an ideal envelope and state point on it, based on information from
what T believe would be reputable organizations with regard to the topic.
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If one were fo target the ideal envelope vs. the ideal state point, and assume that:
0 The air (and moisture) in the building comes from the outdoor air and thus, the outdoor air dew point sets the minimum dew point you will see in the facility, and
0 The loads in the facility are not significant contributors or removers of moisture on the average (the exception is a full auditorium for a performance),
then much of the time, the air from the outside would provide the required indoor environment if you use the area inside the ideal envelope as a farget.
The problem then becomes what to do about the exceptions to those conditions, and there are two cases to consider.
0 Conditions when the outdoor air would drive the humidity above the envelope
0 Conditions where the outdoor air would drive the humidity below the envelope

Given the underlying goals behind HVAC systems, specifically, in this case, to protect and preserve valuable instruments, it would seem like saying *just let things drift* is not the right answer, despite the fact that it is probably the least energy
intensive alternative. So, I think our goals should be to understand how we can profect the instruments and preserve their funing as efficiently as possible.

T pulled back a couple of years of hourly weather data from Watsonville (it was the closest station I could get hourly data from' there is a Citizen's Weather Observer site in Santa Cruz, but no long term records available from it that I could
find) and generated the hourly dew point pattern, which is illustrated below along with the target window illustrated in the psych chart. First, the pattern for the entire two years that I pulled back.

Temperature and Dewpoint for Watsonville, CA; WBAN 23277
January 2012 - January 2014
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What struck me about this is that it says the real issue is more a lack of humidity than excessive humidity. That sort of matches the conclusion you would reach from the bin plot on the psych chart, which is nominal/average weather dafa vs.
specific weather data. Meaning that on the average, there are more blue areas (hours) when the outdoor moisture conditions are below the lower limit on the ideal envelope than there are blue areas (hours) when the outdoor moisture content is
above the upper limit.

If you look at one of the low dew point weeks, you see something like this.

Temperature and Dewpoint for Watsonville, CA; WBAN 23277
February 14 - 21, 2012
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A week with high dew point events looks something like this.
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which is interesting because the same week has a low dew point event. There are other instances that look more like this.

Temperature and Dewpoint for Watsonville, CA; WBAN 23277
August 25 - September 09, 2013
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In all of the instances, if there is a deviation, it tends to last a while vs. being a one or two hour event. That makes sense because from what I have observed watching weather data, dew point is something that is associated with an air mass;
meaning that it will tend to persist af a fairly steady level until a new air mass (weather system/front) comes through.

The reason that mattered to me was that initially, when I looked at the pattern, I thought a mitigation strategy might be to go to minimum outdoor air for the duration of the event. If you watch building moisture levels, you come to realize that
there is actually moisture inertia, just like thermal inertia. (I did that some on some archival storage projects where we were frying fo dry out a space o a fairly low specific humidity level. T've also seen it as buildings come on line and there is
alot of drywall compound drying out and stuff like that.) Basically, even though you might fill a space with moist or dry air (relative to what had been there) it takes some time for the moisture levels in the air to equalize with the moisture
levels in the materials that make up the space.

So my thought was that maybe going to a recirculation mode bringing in only the amount of OA needed for ventilation would ride you through a couple of hour event, and T think it might. But the events we would need to deal with are days long,
not hours long, so a control strategy alone will probably would not solve the problem

That gets us back o needing fo humidify a lot and dehumidify occasionally. Sadly, the system you have, at least as I understand it currently, is not set up to do either.

One way to look at this is o say "you know what, there are a lot of piano’s sitting around the Bay Area (and the world) that see environmental swings that are as bad or worse than what we are talking about here and they are doing just fine,
thank you very much” and not worry about it. But, given a number of things:

0 The goal of HVAC systems alluded to previously:

0 The University setting;

0 The quality of the instruments that are likely in the building:

0 The value of the instruments that are likely in the building and the cost fo repair or replace them when soundboards crack, glue joints fail, felt dries out, pins and strings rust; efc.:

I think we need to at least consider some options.



If the pianos are really the primary focus of concern, then I suspect the least expensive alfernative in ferms of first cost and energy might be too install one of the piano environmental control systems that are on the market.
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‘The Grand Piano Humidity Control System
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These systems install totally inside the piano and target maintaining that local environment rather than maintaining the ment of the room that contains the piano. So energy and water consumption would be minimized relative to the room

because the air in the room is always being changed by the action of the AHU whereas the air inside the piano is somewhat isolated, especially if the lid is kept closed when the piano is not in use.

The next level of effort might involve trying to control the local environment for the rooms with piano's and other instruments in them. I think this is what you would have to do i the concern was broader than just the health of the piano, which
it might be, especially if there is an instrument storage room. Probably the lowest first cost alternative would be to flip the coil modules to put the heating coil in the reheat vs. preheat condition for the zones where this is a concern. This
step, along with a control sequence change, would allow you to dehumidify. Supplementing this with a zone level humidifier would allow you to add moisture when needed.

One of the down sides to this approach would be that the humidity you added would not be retained in the zone due to the air changes provided by the air handling system. In other words, probably 4-6 times an hour, the air in the room is
replaced with air that comes from the central system. Since the central system will likely be running an economizer process that is driven by the need to cool other zones, not the need to maintain humidity, then it will be dryer than you need
and you will constantly have o add moisture relative to what would happen if the zone with the piano was self-contained and the only air you added or removed was what was needed for ventilation purposes. So bottom line is the constant air
changes would fend to drive the resource costs up. Exactly what they would be would be a function of the humidification technology you used. (I have attached an article I did that looked at the common technologies out there).

You could mitigate the resource consumption a bit by taking some added first cost steps. Specifically, if you converted the piano zones fo little self-contained AHUs, either by replacing the coil module with a fan powered terminal unit with
heating and cooling coils and a humidifier, or by adding a fan, return connection, filter, humidifier, and volume damper on the incoming air to the existing zone coil modules along with flipping the module (probably more cost effective).

This would let you retain a lot of the moisture you added, especially if you used demand controlled ventilation to manage the primary air from the main system. It would add a bit of complexity and potentially some fan energy, but the latter may
not be that much of an addition since you would reduce the fan energy requirement from the central system since the flow it would be required to deliver o the zone would simply be the ventilation air vs. the fotal flow. That would be a bigger
deal in an environment where the economizer process was on MOA a lot of the time (meaning you would have to up the flow to the zone as a function of the OA % when you were not on 100% OA). But in your environment, you are likely at or near
100% OA (i.e. looking like a make-up AHU) a lot of the fime.

This is also the approach you would use for the auditorium, where the only zone is the area with the piano; i.e. you would modify this system to include the ability to humidify and dehumidify. An interesting option in this regard would be to look
and see if this system has the capacity and physical location that would let it, once modified, also serve the other areas with piano’s and/or instrument storage. It just may be that it does, especially i you made it variable volume given the fact
that the auditorium is mostly unoccupied. Meaning, most of the time, its capacity could be diverted fo the other zones while also holding the auditorium where it needed to be. When the auditorium was in use, it would become the favored
zone. But since you would likely only be talking about under-serving the other zones for a couple of hours at most, then the thermal/moisture inertia would probably carry you through, especially since the air that was circulated would be air from
the humidified/dehumidified areas only, thus tending to preserve the targeted dew points. As I type this, it seems fo me that this could be the most viable option as long s the other zones are not totally spread out from the auditorium area
which they might be). Of course, you maybe could address that by shifting things around so the areas with piano's and instrument storage were in the same vicinity as the auditorium

If you were starting from scratch, you probably would sef up a separate AHU to handle the zones where you were storing instruments and had pianos, which is what that last option is basically looking at doing in a refrofit manner.
No matter what, if you choose to manage the environment for the critical instruments more closely, then there will be some added maintenance cost, mostly associated with the humidifiers. Of course, there would technically be less time

required to maintain the instruments, so it could be a net win, especially if the piano technician were willing to undertake the maintenance of the humidifiers. I think that would be a good plan since he would have a vested interest in their
operation and thus, be likely o make it a priority.
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Clearly, there were some O&M opportunities in the Social Sciences building in terms of the condition of the relief dampers in the one AHU. T'm not sure how significant the actual energy savings associated with fixing it might be since the
system is seldom on MOA I suspect and if the relief damper had been fully closed and the system needed the OA, it would have just pulled it through the OA intake. That said at some point, if you are going o have a building, you probably
need to do the basic maintenance required fo provide the infended level of performance, which is why you elected to put in an HVAC system in the first place. If the over-arching goal of the HVAC system was to save energy, then you would not
have put one in because having one will use more energy than not having one.

The negative relief plenum may or may not have been a clue regarding the performance of the fan tracking strategy. In other words, depending on a number of factors, the discharge of the return fan could actually be negative relative to the
outside under certain operating conditions depending on the pressure drop through the return dampers, the OA requirement and the pressure drop at those dampers, etc. So the EBCx target may be to functionally test the fan tracking strategy
to see if it is working as infended. If you want fo understand the nuances of the various strategies, there is a link fo a guideline on the topic that were are involved with developing.

https://docs google com/folder/d/QB_dloliwnTt: hHcmNTUzd1bOk/edit =

The chiller short cycling issue was an interesting intellectual exercise for the class and exposed them to hot gas bypass and unloaders. But it sounds like you have a *plan B in the works that will deal with it. If you didn't then I think festing fo
see how much of a flywheel existed and maybe doing a flywheel cycle like the one I have discussed for Le Conte Hall at UCB would be an option. And it may be an option in other buildings on the campus if you have that issue. I discuss the test
strategy and an overview of the results in my NCBC paper from last year, which you can link to from the blog.

We may have talked about it and I just don't remember, or you may already be doing it, but if not, zone level scheduling may be a viable opportunity in this building. Meaning that you would totally shut down the flow with the VAV terminal
damper when a zone was not in use vs. leting it drive ifself fo minimum flow. If you did it, you would need a set-back/sef-up strategy fo pop the damper back open if the zone got out of specs. And, if a lot of zones were unoccupied, you would
be pushing the central system and the utility systems serving it to a place they may not have been before, which could uncover some other things that need attention.
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Central Plant

T was surprised when Mark's lab group only had 4 gpm of flow on the central CW system side of the heat exchanger with the control valve wide open. That could actually be a good thing, meaning that the control system is managing the main
pump(s) at the central plant so the head generated is just what is needed fo satisfy a load with its valve wide open. But I think someone said that the valve was manually locked wide open, so that could be an indication of an issue with the main
plant pumping capacity or contral algorithm.

My notes on the original system diagram I did (nearly 10 years ago now; T'm feeling a bit old) say that the design intent was to deliver 2,500 gpm at 100 feet of head with one pump. The second pump was 100% standby. But, if my notes are
correct, the mains are 14" diameter, which means they could support about 6,000 gpm of flow as illustrated by this screen shot from my iPhone pipe sizing application.


https://docs.google.com/folder/d/0B_dloliwnT1ySmhHcmNTUzd1b0k/edit?usp=sharing

Pipe Sizer -... Size By Diameter

Calculated  Nominal
Nominal Pipe Dia: | N/A || 14"
Fluid Flow (GPM):| 5995.0 | 5,995.0 |

Velocity (fis;:| 1423 1421
Head Loss (ft/100fty| 4000 | 3.991 |
Total Head Loss (f: 400 | 3.99 |

User Inputs

Internal Pipe Dia (in)

So, I think that means you have significantly more capacity available than 2,500 gpm. You may already have realized that and be running both pumps some of the fime; I forgot to look while I was there.

Granted, that is not redundant capacity, meaning if you had 6,000 gpm of critical loads and lost a pump, you would be in trouble. But T suspect that since the head required by the system varies with the flow, you have significantly more than
2,500 gpm of redundant capacity available if one pump were to fail since the other pump would run out its curve and deliver more than the design flow, just at less head. But then, at less than design flow, you need less than design head.

All of that could be established by pump test. The bottom line in the context of my original point is that there is probably an opportunity of some sort that is being revealed by the lack of flow with a wide open valve that Mark saw in his lab.

Patrick showed me the humidity sensor that you are sing as the input fo your optimization algorithm. I believe it was one of the nicer Vasalia devices. But I just wanted to be sure you realized that you still need to do pretty regular
mainfenance on that device fo ensure its accuracy. And, if it is of the level of quality I think it might be doing a field calibration may be difficult. So, it may make sense fo actually have two devices that you swap in and out so you can send one
back for factory calibration. You may already be doing this or something like that, but I just thought I should mention it since if the sensor is not accurate, you could end up “shooting yourself in the foot" in terms of energy savings.
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Hope this is useful information vs. oo much information.
Thanks again for sharing your site with the class,

David
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