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144(l)

Variable air volume control for single zone systems. 

(Effective 01/01/2012). All unitary AC equipment and air 

handling units with cooling capacity >= 110,000 Btu/hr, 

serving single zones shall be designed for variable air 

supply air volume with supply fans controlled by 2 speed 

motors, VSDs or  other equipment demonstrated to use no 

more energy.



144( c)2.A.



CV:  fan power at design conditions for total system 

horsepower over 25 hp shall not exceed 0.8 W/cfm of 

supply air.



Best Practice

Thermostatic expansion valves (TXVs) are specified, rather 

than fixed-orifice types, in roof top DX units. TXVs make 

units more tolerant to refrigerant charge variations by 

maintaining unit efficiency over a wide range of under-or 

over-charged conditions.



Best 

Practices 

(Fan Sizing)

Fans appear to be correctly sized for application, 

accounting for a factor of safety, diversity and redundancy 

issues. The results of a quick cfm per square foot calculation 

appear reasonable. Calculations greater than 0.9 cfm/sf in 
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Best Practice

To facilitate partial occupancy energy savings the 

specifications require or drawings show that the VAV boxes 

are divided up into “isolation” areas, if the owner’s 

requirements or narrative describe any possibility of partial 

occupancy.  “Isolation areas are a floor or group of floors, 

or parts of a floor, etc. in which time of day occupancy or 

special environmental factors are common among all the 

boxes. Specifications state that these isolation areas will 

have their own time of day schedules, setbacks, set points, 

etc. All boxes can be commanded or scheduled totally shut 

together.



Best Practice

Except for very noise sensitive locations, all VAV boxes are 

sized for a pressure drop very near 0.5” WC (including 

reheat coil). (From an energy perspective this balances 

pressure drop energy and minimum flow set point 

limitations: oversized boxes can’t turn down as much and 

undersized boxes waste fan energy).



144( c)2.B.iii.

For VAV fans 10 hp or greater: Variable speed drive, and 

motor demand must be controlled to be no more than 

30% of the total design wattage at 50% of design cfm 

when static pressure set point equals 1/3 of the total 

design static pressure, based on certified mfr data.
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Best Practice

Coil face velocity is less than 500 fpm (ideally 300 fpm for 

~3100 h/yr operation and 400 fpm for 8760 h/yr 

operation) and the coils are the largest that can reasonably 

fit within the allocated space.



144( c)4

Fan motors of series fan-powered terminal units 1 hp or 

less shall be ECM or shall have a minimum motor 

efficiency of 70 percent when rated in accordance with 

NEMA Standard MG 1-2006 at full load rating conditions



Best Practice

The VAV box utilizes a “dual maximum” control logic which 

uses a cooling minimum cfm setpoint equal to the larger of 

the following: the minimum where the box can still provide 

stable control, and the minimum required to maintain the 

minimum ventilation rate. This will usually be lower than 

the typical non-dual max heating set point. The heating 

has two set points—min and max, with the maximum 

being near the typical non-dual max heating set point. 

(Advanced VAV System Design Guide, CEC 2003, p. 59. free 

download).



Fans appear to be correctly sized for application, 

accounting for a factor of safety, diversity and redundancy 

issues. The results of a quick cfm per square foot calculation 

appear reasonable. Calculations greater than 0.9 cfm/sf in 



Best 

Practices 

(VAV Box 

Sizing)

Except for very noise sensitive locations, all VAV boxes are 

sized for a pressure drop very near 0.5” WC (including 

reheat coil). (From an energy perspective this balances 

pressure drop energy and minimum flow set point 

limitations: oversized boxes can’t turn down as much and 

undersized boxes waste fan energy).



144( c)2.D.

Systems with DDC of individual zone boxes reporting to 

the central control panel, static pressure set point shall 

be reset based on the zone requiring the most pressure; 

i.e., the set point is reset lower until one zone damper is 

nearly wide open.



144( c)2.C.



SP sensors for VAV fans shall be placed such that the 

controller set point is no greater than 1/3 the total design 

fan static pressure, except for systems with zone reset 

control complying with Section144(c)2D. If this results in 

the sensor being located downstream of major duct 

splits, multiple sensors shall be installed in each major 

branch with fan capacity controlled to satisfy the sensor 

furthest below its setpoint nearly wide open.



144( c)2.B.



VAV:  fan power at design conditions for total system 

horsepower over 25 hp shall be less than 1.25 W/cfm of 

supply air.

Best 

Practices 

(Fan Sizing)
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Duct branches with significantly differing static pressure 

requirements have volume control strategically placed to 

aid in TAB work.



Best Practice

Ducts utilize low static pressure design. Identify the most 

restrictive branch from the fan to the last air terminal unit. 

Identify possible means of significantly reducing the 

pressure drop. Branch duct systems are designed for equal 

pressure drop, when possible.



Best Practice

No-fan powered boxes are used, unless necessary.  If fan 

powered boxes are needed, parallel boxes rather than 

series are generally preferred.



Best Practice

The SAT setpoint is reset on appropriate parameters, such 

as the combination of outside air temperature and terminal 

box cooling demand. SAT is reset to minimize reheat during 

cool weather (reset upward) and reduce chiller operation 

during warm weather (reset downward). 



SUPPLY AIR TEMPERATURE (SAT) RESET

144(f)

Mechanical space-conditioning systems supplying 

heated or cooled air to multiple zones shall include 

controls that automatically reset SAT in response to 

representative building loads or to outdoor air 

temperature and by at least 25% of the difference between 

the design SAT and the design room air temperature. Air 

distribution systems serving zones that are likely to have 

constant loads, such as interior zones, shall be designed 

for the air flows resulting from the fully reset SAT.



Best Practice

In variable air volume systems where duct static pressure is 

not reset, the fixed set point is specified to be set at the 

lowest possible value that will satisfy about an 85% 

diversity of the air terminal boxes fully open. The 

controlling pressure sensor is located ¾ the way from the 

fan to the last terminal unit on the hydraulically longest 

duct run.  If 3/4 down the duct is past a branch provide 

sensors in each branch with control to the signal most 

below set point. The balancing and control procedure for 

determining the appropriate setpoint is clearly specified.



Best Practice

In VAV systems, duct static pressure is reset to meet the 

requirements of only the zone requiring the most pressure 

(air terminal box nearest its design max cfm).  This has 

been required for systems with DDC in ASHRAE 90.1 since 

1999 (6.5.3.2.3), and thus by any project going for LEED 

certification, since ASHRAE 90.1 is a minimum prerequisite. 

It is also required in the prescriptive path of CA Title 24 144 

(c)2D.


[image: image5.emf]Best Practice

Oversized cooling tower or low approach tower capacity is 

incorporated.



A higher condenser water delta-T design is used (12F ato 

18F rather than the conventional 10F) or was considered. 

The cooling tower is oversized, accordingly.



Best Practice

Cooling tower capacity is optimized by using the following 

stages:  1) running condenser water over all towers with 

fans off, 2) starting all fans on low speed, and 3) ramping 

all fans up together.  (Multiple fans running on low speed 

use less energy than a single fan at high speed, due to the 

cube law of power to flow). 



Best Practice

Cooling tower staging and fan speed are controlled either: 

1) directly from a chiller condenser head pressure reference 

set point, or

2) from a tower leaving water temperature that is reset 

based on a head pressure reference, the outdoor air wet 

bulb and tower approach, or a surrogate for wet bulb from 

a regression of local mean coincident wet bulb vs. such as 

dry bulb.



Best Practice

HEAT REJECTION EQUIPMENT

Table 112-G

Performance requirements for heat rejection equipment 

(cooling towers and custom air cooled condensers)



144(h)

Heat rejection systems  powered by a motor of 7.5 hp or 

larger shall have the capability to operate that fan at 2/3 

of full speed or less, and shall have controls that 

automatically change the fan speed to control the leaving 

fluid temperature or condensing temperature/pressure of 

the heat rejection device.



Best Practice

Interior zone air flows are sized so the likely peak loads can 

be met at air temperatures higher than the minimum 

design temperature. (This allows supply air temperature to 

be reset higher and reduces the reheat that is necessary in 

perimeter zones when satisfying cooling needs of interior 

zones).



Best Practice

SAT reset is coordinated with duct static pressure reset, with 

priority given to the reset that will save more energy 



Best Practice

SAT resets off terminal box or valve demand should not rely 

on a lone worst device, but average a few worst devices, 

lest one bad device drive the entire system. The current 

worst devices are identified on the operator’s workstation. 



Best Practice

A requirement is provided for the parameters used in the 

SAT reset algorithm to be user adjustable from the 

workstation. 
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For the cooling tower bypass, a 2-way valve should be used 

in the bypass line rather than a 3-way valve, in order to 

reduce the pressure drop. The 2-way valve is sized so that 

no water will go over the tower when in full bypass.



Best Practice

Total kW/ton efficiency calcualtion is preformed for each 

operating conditions. Condenser water temperature, chilled 

water temperature, and which chillers are ON is optimized 

at each condition or was considered.



Best Practice

Chillers are sequenced optimally, taking into consideration 

the current load and part load efficiencies of chillers. This 

sequence is clear in the sequences of operation.



Chiller size selections were made understanding that often 

a larger chiller at part load is more efficient than a smaller 

chiller at full load, not accounting for pumping power, and 

thus having a small chiller to "start the day" may not be 

most efficient.



Best Practice

When cool weather cooling loads cannot be met by 100% 

outside air economizing, a plate and frame heat exchanger 

is used in parallel with the chiller to chill the water directly 

from the cooling tower water.



Best Practice

Best Practice

Sequences clearly describe how boiler and chiller short 

cycling will  be avoided at low loads. Minimum flow rates 

are clearly described in the sequences. Installation of 

equipment and piping are consistent with the sequence.



144(j)2

When a chilled water plant includes more than one 

chiller, provisions shall be made so that flow through 

any chiller is automatically shut off when that chiller is 

shut off while still maintaining flow through other 

operating chiller(s). Chillers that are piped in series for 

the purpose of increased temperature differential shall 

be considered as one chiller.



Best Practice

For DX air handlers with water-cooled condensers, the 

entering condenser water temperature is reset based on 

outdoor wet bulb or surrogate conditions. 



HYDRONIC SYSTEMS - CHILLERS AND BOILERS

144(j)1

HVAC chilled and hot water pumping shall be designed 

for variable fluid flow and shall be capable of reducing 

pump flow rates to no more than the larger of: a) 50 

percent or less of the design flow rate; or b) the minimum 

flow required by the equipment manufacturer for the 

proper operation of equipment served by the system.
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Best Practice

Chiller with a variable-speed compressor is used or was 

considered.



Best Practice

Variable primary chilled water evaporator flow is used or 

was considered. In variable flow primary have the following 

guidelines been addressed: 1- Select for a minimum 

evaporator flow limit that is ≤ 60 % of chiller’s design flow 

rate.  2- Make sure the valves and controllers are matched 

to the chillers limitations on flow-rate change during 

staging. 3- All chiller's evaporators have the same 

evaporator pressure drop. 4- Select a high quality bypass 

valve for high pressures, fast acting with linear position vs. 

flow curve and wire directly to controller, not over network 

(a butterfly valve will not do). 5- Utilize accurate and 

reliable flow measuring devices. 6- Use dP across 

evaporator for proof of flow hard wired to chiller, not 

paddle flow switches to avoid nuiance trips. 7- Let the 

operating chiller(s) load almost fully before starting 

another one. 8- Temporarily unload operating chiller before 

staring the next one. 9- Open isolation valves slowly for 

stable operation (~30%/min, if chiller can handle it).



Best Practice

Boiler staging control is incorporated to take advantage of 

boiler part load efficiencies and to optimize total plant 

efficiency.



Best Practice

Heating water system utilizes low return water 

temperatures to increase boiler efficiency (and heating 

water coils are correspondingly “oversized”). Normally 

HWRT should be less than 135F, which makes the HWST be 

about 160F and 35F dT coils.



144(j)3

When a hot water plant includes more than one boiler, 

provisions shall be made so that flow through any boiler 

is automatically shut off when that boiler is shut off 

while still maintaining flow through other operating 

boiler(s).



Best Practice

Variable flow Condenser loop control, if used, is based on 

chiller condenser head pressure reference. (This is more 

effective in systems with a moderate delta-T (10F to 12F) 

than in high delta-T systems).
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Best Practice

The continuous turn-down ratio or size of the smallest 

chiller or boiler is in line with the lowest expected heating 

and cooling load that will occur frequently or be 

experienced for any significant length of time (assessed by 

asking the designer for the results of their calculations, and 

taking into account off-season and off-hours operation 

and the less than fully occupied condition that may exist 

for years). Some cycling is expected at the lowest loads, but 

cycling should be limited to manufacturer 

recommendations.



Best Practice

In variable flow systems, there are no 3-way valves.  The 

only exception should be for a valve with an opening limit 

or a balanced bypass line that is sized for the lowest 

flowrate at which the pump can operate without 

overheating. Sequences of operations show that this valve 

is to be opened only after all coil valves are closed.



144(j)6.A

Individual pumps serving variable flow systems and 

having a motor horsepower exceeding 5 hp shall have 

controls and/or devices (such as variable speed control) 

that will result in pump motor demand of no more than 

30% of design wattage at 50% of design water flow. The 

pumps shall be controlled as a function of required 

differential pressure.



Best Practice

Chilled water temperature is reset based on return water 

temperature or zone demand. Special attention is paid to 

dehumidification requirements and making sure chiller 

savings aren’t offset by pump energy.



144(j)4

Chilled and hot water systems with a design capacity 

exceeding 500,000 Btu/hr supplying chilled or heated 

water (or both) shall include controls that automatically 

reset supply water temperatures as a function of 

representative building loads or outside air temperature.



144(j)6.B

Systems without DDC of individual coils reporting to the 

central control panel, differential pressure shall be 

measured at or near the most remote heat exchanger or 

the heat exchanger requiring the greatest differential 

pressure. Systems with DDC  of individual coils with 

central control panel, the static pressure set point shall 

be reset based on the valve requiring the most pressure, 

and the setpoint shall be no less than 80 percent open. 

The pressure sensor(s) may be mounted anywhere.



Best Practice

For each hydronic flow sensor, the location is shown on the 

drawings with detail notes indication length of straight 

pipe required up and down stream of that sensor.
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Best Practice

Hydronic loop pressure is reset based on heating or cooling 

valve position in most demand. A typical sequence could 

be: reset the differential set point until at least two heating 

(cooling) coil valves are at least 90% open.  Using two 

valves, rather than one, reduces the change that a rogue 

zone (such as Tstat above a copy machine) will drive the set 

point inappropriately.



144(j)7

Hydronic heat pumps connected to a common heat pump 

water loop with central devices for heat rejection and 

heat addition shall have controls that are capable of 

providing a heat pump water supply temperature dead 

band of at least 20°F between initiation of heat rejection 

and heat addition by the central devices.



Best Practice

There are pump impeller trim requirements for non-VFD 

controlled motors over 5 hp, if throttling more than 20 

percent is required to meet design. For pumps greater than 

20 hp controlled by VFD’s, if more than 30% throttling is 

required at design loads, the pump impellers shall be 

trimmed (VFD’s have inefficiencies at lower speeds (11% 

loss at 70% speed)). Specifications, indicate this will be a 

requirement to evaluate, but costs for required changes will 

be covered by a change order.



Best 

Practices 

(Pump 

Sizing)

A check of the pump sizing indicates it doesn’t appear to be 

oversized.  The pump pressure drop from the equipment 

schedules can be compared to the system  pressure drop 

(PD), which can be estimated from equipment schedules 

and pipe lengths as follows:  

• Coils: Control valve PD assumed to be about equal to coil 

PD

• Main piping:  Assume a pressure drop of about 1 to 2 ft 

w.c. for each effective foot of pipe length.  Assume that the 

effective pipe length is about 1.25-2 lineal feet for each 

actual foot of length, to account for fittings.

• Runouts to AHU’s: Assume a pressure drop of about 2 ft 

w.c. for each effective foot of pipe length.  Assume that the 

effective pipe length is about 4 lineal feet for each actual 

foot of length, to account for fittings.



Best 

Practices 

(Pump 

Sizing)

Pumps are not oversized. The capacity of each pump does 

not exceed the sum of the coil capacities served. (No 

additional safety factor is needed, since the normal coil 

load diversity provides the pump safety factor).
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In constant flow hydronic loops, hydronic balancing valves 

are shown at:  each non-VFD controlled pump, major zone 

or floor branch takeoffs, parallel cooling towers and chillers 

that are not symmetrically piped or are different sizes and 

at all coils. Specifications require marking or setting set 

screws at final valve positions. Requirements should also be 

found in the specifications.



Best Practice

Balancing valves (like triple duty valves) should not be 

installed on the discharge on variable speed pumps as they 

are a constant unnecessary pressure drop. The variable 

speed adjusts for design flow, so the valve is not needed.



Best Practice

Single line flow diagrams are shown in the drawings for 

major systems including the chilled water, heating water 

and the typical air side (supply, return, outside air and 

exhaust air). These diagrams include the complete path of 

air or water through the system with fans, coils, dampers, 

pumps, valves, flow rates, and sensors shown. 



HYDRONIC SYSTEMS - BALANCING

Best Practice

The sequences of operation will work with the piping and 

valve layout (e.g., bypass leg in primary / secondary 

systems, proper isolation in common header systems and 

overflow of primary chiller loops). This can be verified from 

review of the flow schematic and flow rates.


