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Agenda

• Overview

• ECMs

• Controls

• Equipment Efficiencies

• Central Plants

• Process
o Overview

o Computer Rooms

o Laboratories

o Kitchens

o Garage Exhaust

o Refrigeration

o Compressed Air

o Boilers
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Handouts

� You can download the latest Title 24 slides from our 
website at: 
http://www.taylor-engineering.com

� Click on Publication in the top bar

� Click on Title 24 Resources on the right
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Handouts
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Overview
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New Building Regulations and Incentives Overview

PIER Research

LEED NC: Platinum          Gold            Silver       Rated

Utility Incentives Product Rebates

AEDG Guides Green Building Code 

& 189

90.1 & T24

• Incentives pull the innovators

• Regulations and codes push the laggards

• Today’s incentives will become future regulations

Whoohoo, 

I’m code 

certified!
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History of T-24 Energy Standards

� Section 25402 of the Public Resources Code 
(aka Warren Alquist Act)

• Created the Energy Commission in 1974 and gave it 
authority to develop and maintain Building Energy 
Efficiency Standards

o First Standards were issued in 1978, largely based on 
ASHRAE Standard 90-75

• Requires the Standards and new requirements to be 
cost effective over the economic life of the structure

• Requires the Energy Commission to update the 
Standards periodically (about every 3 years)
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Historical Impact

� Achieved over $65 billion 
in savings to ratepayers 
since mid-70s

� Avoided building 15000 
MW of power plants

� CA has lowest per capita 
energy use in US 
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2013 Nonresidential Energy Savings

� Overall, 30% 
“better” than 2008 
Standards

� 2013 
Nonresidential 
Standards will 
save 

• 372 GWH/yr

• 6.7 Mtherms/yr
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Comparison to 90.1 2010

� See: http://www.energy.ca.gov/2013publications/CEC-
400-2013-007/CEC-400-2013-007.pdf or

� http://tinyurl.com/qyona7v
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Title 24-2013 Updated Schedule

� Implementation Date 

• Delayed to July 1, 2014

• Any projects that submit for permit on or after July 1, 2014 
will be subject to the 2013 Standards.
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� Computer Rooms – 140.9(a)
� Kitchen Ventilation – 140.9(b)
� Garage Ventilation – 120.6(c)
� ECM Fan Motors – 140.4(c)
� SZ VAV Fan Control – 140.4(m)
� Economizers

• Scope – 140.4(e)
• Trade-Off  – Table 140.4-A
• High Limit Switches – Table 140.4-B
• DX Compressor Unloading – Table 140.4-C
• Components – 140.4(e)4 
• Fault Detection – 120.2(i)

� Occupant Sensors Ventilation Control – 120.1(c)5 
� Hotel Room Setback – 120.2(e)4
� EMCS Demand Shed Controls – 120.2(h)
� Unitary Thermostats and Demand Shed – 110.2(c), 120.2(b)4 and NA7.5
� Reduce Reheat – Exception to 140.4(d)
� Chiller Efficiency: – 120.2(a), Table 110.2-D and 140.4(i)
� Cooling Towers – Table 110.2-G and 110.2(e)
� Large Boilers – 120.6(d) and 120.9
� Pipe Insulation – Table 120.3-A

New or Expanded HVAC Measures

110.X and 120.X are Mandatory Measures

140.X are Prescriptive Measures

120.6 and 140.9 are for “Covered Processes”
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Other New Requirements (partial list)

� Process Boilers

� Air Compressors

� Acceptance Testing

� Supermarket Refrigeration

� Refrigerated Warehouses

� Insulation (e.g. ¾” HW pipe insulation goes from ½” to 1.5” insulation)

� Solar ready buildings 

• Requires designated solar area, clear path for conduit routing

• Does not apply to non-residential > 3 stories or hotel/residential > 10 stories

� Lighting and lighting controls

� Separate Electrical Power Distribution Systems for Lighting, HVAC, DHW, Plug 
loads – uncontrolled, Plug loads – controlled (e.g. timeclock), Elevators, Large 
appliances

� Max voltage drop of feeders, branch circuits

� Building Commissioning (OPR, BOD, 3rd party design review, Cx specs, Cx
Plan, FPT, Systems Manual, Cx Report)
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Title 24 2013 Resources

� CEC Title 24 2013 Website: 
http://www.energy.ca.gov/title24/2013standards/Start Here!

Standards

Included in 

standards

NA, RA & JA
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Title 24 2013 Resources

� http://www.energy.ca.gov/title24/2013standards/

Compliance

Forms

Compliance

Calcs

Modelling 

Rules
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Title 24 2013 Resources

� CEC Title 24 2013 Website: 
http://www.energy.ca.gov/title24/2013standards/

Performance 

Method Rules

Performance 

Method 

Programs

Start Here!
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Title 24 2013 Resources

� CEC Title 24 2013 Website: 
http://www.energy.ca.gov/title24/2013standards/

Compliance

Manuals

Approved 

Programs

Start Here!

On-Line 

Training
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New Foundations

� Weather Files

� Time Dependent 
Valuations (TDV)

� ACM

� Covered Processes

� Water
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Revised Numbering

2008 2013

Mandatory HVAC 11x

12x

110.x

120.x

Equipment Efficiencies 112 110.2

Thermostats 112(c) 110.2(c) 

Ventilation 121 120.1

Acceptance Tests 125 120.5

Prescriptive HVAC 144 140.4

Fan Power 144(c) 140.4(c) 

Economizers 144(e) 140.4(e) 
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Brushless DC and EC Motors (140.4(c)4)
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Scope (140.4(c)4)

� Covered >=1/12 hp to <1 hp

• Exhaust fans

• Supply fans

• Fan-powered VAV boxes

• Fan-coil units (FCU)

� Exception for heating only fans

• Parallel style VAV boxes

• Heating only FCUs

� No requirement for pumps

� Separate requirement for refrigeration systems (covered 
this afternoon)
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Advantages

� Higher efficiency than PSCs 70% vs 30%

� Provides means for motor speed adjustment 

• Automatic speed control, or 

• Manual balancing in the field
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ECM Motors (140.4(c)4) (Modifed)
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Controls
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Control Requirements

� Demand Shed
• Automatic Demand Shed Controls (120.2(h))

• Unitary Thermostats (110.2(c))

� Economizers
• Economizer Trade-Off (Table 140.4-A)

• Economizer Scope (140.4(e))

• Economizer High Limit Switches (Table 140.4-B)

• Economizer Components (140.4(e)4)

• DX Unloading (140.4(e)5 and Table 140.4-C)

• Economizer FDD (120.2(i))

� Fan Control (140.4(m))

� Occupant Sensors for DCV (120.1(c)5)

� Reheat Controls (Exception 1 to 140.4(d))
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Automatic Demand Shed Controls (120.2(h)) Modified
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Demand Limit of Central AC

� This does not meet the requirement

� Limiting chillers (demand limit) and/or central fans 
(max speed) serving multiple zones

• Near zones (boxes or coils) will receive more air or water

• Far zones will be starved

• Limiting chiller on a variable flow system will increase pump 
energy (as coils will open up)

� The requirement is to limit zone demand and leave 
central systems in control

• This functionality requires either DDC to the zone level or 
“communicating thermostats”
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Zone Based Demand Shed

� Reset cooling setpoints upwards

• One time or stepped to predetermined level, or

• Slowly at ~2° per hour (preferred)

� Both use the building’s mass

� Either of these will share the burden equally throughout 
the building
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ASHRAE Standard 55-2004

Time Period 
1/4 
h 

1/2 
h 1 h 2 h 4 h 

Maximum Operative 
Temperature Change Allowed 

2.0°
F 

3.0°
F 

4.0°
F 

5.0°
F 

6.0°
F 

Table 5.2.5.2
Limits on Temperature Drifts and Ramps

The most restrictive change rate rules
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Automatic Demand Shed Controls (110.2(c) & 120.2(b)4)
Unitary HVAC (NEW)

JA5 Defines Technical Specifications for 

“Occupant Controlled Smart Thermostats”
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Occupant Controlled Smart Thermostats (JA5)
Unitary HVAC (NEW)
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Air Economizer Control

OUTDOOR  

AIR

RETURN 

AIR

SUPPLY AIR 

TEMP SENSOR

SUPPLY AIR TEMP 

CONTROLLER

CHW VALVE

SUPPLY FAN

MINIMUM OA  

DAMPER
ECONOMIZER OA  

DAMPER

RA  

DAMPER

SUPPLY AIR TEMP CONTROL  LOOP

100% OPEN

0% OPEN

CHW VALVE

HIGH LIMIT 

SWITCH
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Air Economizers

� Economizer Scope (140.4(e))

� Economizer Trade-Off (Table 140.4-A) 

� Economizer High Limit Switches (Table 140.4-B)

� Economizer Components (140.4(e)4)

� DX Unloading (140.4(e)5 and Table 140.4-C)

� Economizer FDD (120.2(i))

Economizers
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Economizer Scope (140.4(e))

Economizers

≥4.5 tons
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Economizer Trade-Off Table (140.4-A)

Economizers
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Economizer High Limit Devices (Table 140.4-B)

� Fixed Drybulb Temperature 

• Compares outdoor air drybulb to a fixed setpoint

� Differential Drybulb Temperature 

• Compares outdoor air drybulb to return air drybulb

� Fixed Enthalpy

• Compares outdoor air enthalpy to a fixed setpoint

� Differential Enthalpy

• Compares outdoor air enthalpy to return air enthalpy

� Electronic Enthalpy

• Compares outdoor air temperature and humidity to a setpoint 
that is a curve on the psychrometric chart

Economizers
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Weather Hours
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Weather Hours
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Measured Accuracy of New Sensors
Iowa Energy Center
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Aging / Drift Testing Results

Model C Model E

� One year of data collected at 15 minute intervals

� Reference:  Precision Grade ±1% RH in-situ reference sensor
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Results

Economizers
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Results

Economizers
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High Limit Switch (140.4(e)3 &Table 140.4-B)

Economizers
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Reference

� Economizer High-Limit Controls and Why Enthalpy 
Economizers Don’t Work

• By Steve Taylor and Hwakong Cheng

• ASHRAE Journal November 2010

• Available at http://tinyurl.com/23xegku. 

Economizers
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Economizer Components – 140.4(e)4
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DX Compressor Unloading – 140.4(e)5 & Table 140.4-C
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Economizer DX System Unloading (140.4(e)5)

Economizers
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Economizer Fault Detection – 120.2(i)
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Economizer Fault Detection – 120.2(i) continued 

� The following products comply:

• Honeywell JADE,

• Belimo ZIP, and

• Transformative Wave Catalyst EEC

• Presentations on the JADE and ZIP are posted here: 
http://tinyurl.com/kan2g5o

Click on “Save” 

or “Save As”
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Break
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Fan Control – 140.4(m)

Single-

Zone VAV

Multi-

Zone VAV
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Occupant Sensor Ventilation Control 120.2(e)3

� Required for:

• Multipurpose rooms <1,000 ft2

• Classrooms >750 ft2, and 

• Conference rooms and auditoria >750 ft2

• Any space <1,500 ft2 using this as an alternate to DCV 
(Exception 5 to 120.1(c)3, DCV)

• Exception for rooms with processes (dust, fumes...)

• Exception if DCV is implemented as required by 120.1(4)

� NOT CLEAR if allowed or not allowed where not required 
(e.g. can a private office use an occupancy sensor to 
reduce ventilation below 0.15 cfm/ft2?)
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Occupant Sensor Ventilation Control 120.2(e)3
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Occupant Sensor Ventilation Control 120.1(c)5

� Requirements

• Integrated with pre-occupancy purge (120.1(c)5B)

• Setup/setback 2oF when unoccupied (120.2(e)3)

• Reduce zone airflow to 0 within 30 min if unoccupied and 
not calling for heating/cooling (120.1(c)5C and D)

• Able to reduce or cycle to meet 25% of the area based 
minimum zone airflow requirements over a 2 hour period 
(120.1(c)5E)

o 25% = 0.04 cfm/ft2 for most spaces
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Occupant Sensor Ventilation Control 120.1(c)5
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25% of these rates with Occupancy Sensor Control
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Hotel Room Setbacks   120.2(e)4
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Demand Control Ventilation (120.1(c)3)

� Basically required for high density spaces like conference 
rooms and auditoria

• Exceptions: 

o Classrooms, 

o Call centers, 

o Healthcare, 

o rooms < 150ft2, 

o Rooms <1500 ft2 where occupant sensor ventilation controls 
used

� Allowed anywhere

� Requirements

• Minimum ventilation reset from 15 cfm/person down to 0.15 
cfm/ft2 if CO2 < 1000 ppm.
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Demand Control Ventilation (120.1(c)3)
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Reheat Controls (Exception 1 to 140.4(d))
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Reheat Controls – 30% Single Max – Only Allowed for 
Non-DDC (pneumatics)

Reheat Valve Position

Maximum 

Airflow Setpoint

30%, or vent.

Heating Loop Cooling Loop

Airflow Setpoint

Dead

Band

(shaded area = reheat)
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Reheat Controls – Dual Max / Temperature First (Most 
Efficient)

� [Summarize what we believe typical practice is.  
Ask for feedback on whether this is correct.]Supply Air Temperature Setpoint

50% or vent.

Max Cooling 

Airflow Setpoint

20%, or vent. 

Heating Loop Cooling Loop

Maximum 

Supply Air 

Temperature

Airflow Setpoint

Dead

Band

(shaded area = reheat)
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Reheat Controls – Dual Max/Constant Volume Heat – NOT 
ALLOWED!

 

Reheat Valve Position 

Maximum 

Airflow 

Setpoint 

50% 

Heating Loop Cooling Loop 

Airflow 

Setpoint 

Dead 

Band 

20% 

(shaded area = reheat)

Once in heating mode, the cooling load 

must exceed 50% of design cooling load to 

“unstick” the zone from heating mode
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Reheat Controls – Dual Max / Simultaneous  - To be 
prohibited in T24-2013

� [Summarize what we believe typical practice is.  
Ask for feedback on whether this is correct.]

Reheat Valve

50% or vent.

Max Cooling 

Airflow Setpoint

20%, or vent. 

Heating Loop Cooling Loop

Airflow Setpoint

Dead

Band

(shaded area = reheat)

100%
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Equipment Efficiencies 110.2(a)

� Summary of Changes:

• Increased efficiencies adopted from 90.1-2010

• Tables 110.2A and B, added IEER for DX units with 
capacity control

• Table 110.2E PTAC/PTHP, increased stringency for 
manufacturing date >10/08/2012

• Addition of AHRI 400 rating for heat-exchangers (table 
110.2-F)

• Changes to chillers and towers follow
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Equipment Efficiencies 110.2(a)
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Central Plants
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Central Plants

� Chillers

• Wider application range (Exception 1 to 110.2(a))

• New efficiency table (Table 110.2-D)

• Prescriptive requirements for Path B chillers (140.4(i)) 

• Tighter restriction on air-cooled chillers (140.4(j)) 

� Towers

• New minimum requirements for closed-circuit fluid coolers 
(110.2(G))

• Measures to reduce water usage (110.2(e))
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Chillers
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Chillers Range (Exception 1 to 110.2(a))
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Chillers Range (Exception 1 to 110.2(a))

� From the forward of Addendum BT to 90.1-2007
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Chillers Efficiency Table (110.2-D)
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Chillers Efficiency Table (110.2-D)
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Prescriptive Requirement for Path B (140.4(i))

Simulation results: 15-year life-cycle cost of chillers per ton
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Prescriptive Requirement for Path B (140.4(i))

Simulation results: 15-year life-cycle cost of chillers per ton
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� Chiller efficiencies in Table 110.2-D have two efficiencies

• Path A for fixed speed chillers, and 

• Path B for variable speed chillers.

� 140.4(i) Prescriptively requires Path B

Chiller Efficiency – 120.2(a), Table 110.2-D and 140.4(i)
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Air Cooled Chiller Limitation – 140.4(j)

The 2008 language was changed to limit 

air-cooled to 300 tons in any plant.
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Cooling Towers
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New requirements for heat exchangers (Table 110.2-F) 
and closed-circuit fluid coolers (Table 110.2-G)
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New requirements for closed-circuit fluid coolers
(Table 110.2-G)
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Measures to reduce tower water usage
(110.2(e))
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Measures to reduce tower water usage
(110.1)
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Lunch
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Process Heating and Cooling

Computer Rooms Labs
Kitchens

Garages Refrigeration
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Process Agenda

� Overview

� Computer Rooms

� Laboratories

� Kitchens

� Garage Exhaust

� Refrigeration

� Compressed Air

� Boilers
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Process Overview

� Title 24 2008 and ASHRAE Standard 90.1 2007 
exempted most process spaces.

� ASHRAE changed it’s Title Purpose and Scope in 2010 
to include processes and added requirement for Labs 
and Computer Rooms.

� Labs and Computer Rooms have energy utilization 
indices (EUI) 10X to >200X that of office buildings and 
run ~4 times more hours.

� Title 24 2013 includes requirements for “Covered 
Processes”
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Process Definitions (100.1)
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Process Overview Application (Table 100.0-A)
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New Sections for Covered Processes
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Computer Room
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Computer Room Definition (100.1)
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Computer Room Reheat Exception (140.4(d))

Labs and museums can use reheat or recool for process loads but Computer 

Rooms can’t
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Non-Computer Room Economizers (140.4(e)1)
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Computer Room Economizers (140.9(a))
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Computer Room Economizers
Air-side economizer
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Computer Room Economizers 
Heat Wheel Economizer
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Computer Room Economizers
Indirect Evaporative Cooler Economizer
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Computer Room Economizers
Integrated water-side economizer
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Computer Room Economizers 
Integrated WSE with air-cooled chillers



WHAT’S REQUIRED FOR HVAC AND PROCESSES IN TITLE 24 2013?             SLIDE 100

Computer Room Economizers (140.9(a))
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Two Computer Rooms Served by VAV Boxes and Fan Coils

9/16/2010Title 24 2013 Computer Room Stakeholder Meeting #2
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Computer Room Economizers – Comparison to Other 
Codes

New Construction Existing Computer Room New Computer Room in 

Existing Bldg

Title 24-2013 <5 tons/room in building w/o

economizer

<50 tons <20 tons

ASHRAE 90.1-2010 1. <250t w/o CHW plant

2. <50t w/CHW plant

3. Mission critical (<5% of 

Computer Rooms)

<50 tons <50 tons

Oregon 2010 <4.5 tons up to 20t/bldg <50 tons <20 tons

Washington 2009* <20 ton/bldg or <10% of bldg air 

economizer capacity and not 

using ASHRAE-127 units and 

efficiency is 15% better than 

minimum and 2-speed or 

modulating compressors

<3 tons/unit up to 6t/bldg if not 

using ASHRAE-127 units and 

efficiency is 15% better than 

minimum

<3 tons/unit up to 6t/bldg if not 

using ASHRAE-127 units and 

efficiency is 15% better than 

minimum

*This is a simplification of a fairly complex code.  Washington essentially prescriptively requires 

air economizers in almost all computer rooms.  There are a couple small scenarios where  

water economizer December be used instead of air economizers and even fewer scenarios 

where no economizer is required.

Exceptions to Prescriptive Computer Room Economizer Requirement
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Computer Room Humidity Control (140.9(a)2&3)
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Computer Room Humidity Controls
Rationale 

� There is no published research supporting the need for 
humidity control in Computer Rooms

� NEBS (for telecom central offices) has no lower humidity 
limit

� IT Equipment is already protected for ESD under 
IEC61000-4-2.

� ANSI/ESDA 20.20-2007 does not allow humidification as a 
primary control for ESD

� See March 2010 ASHRAE Journal Article, “Humidity 
Controls for Computer Rooms, Are They Necessary?” by 
Mark Hydeman and Dave Swenson: 
http://tinyurl.com/22otv8g
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ASHRAE RP 1499
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Other Computer Room Requirements (140.9(a)4-6)
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Computer Room – Modeling Baseline

� Current Title 24 baseline
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Computer Room – Modeling Baseline – Proposal

� Two new system types:

• System 6 – CHW CRAH units – if total computer room 
design load is over 250 tons or if the rest of the baseline 
building is CHW (System 4 or 5).

• System 7 – DX CRAC units – if the computer room is not 
system 6 then it is system 7
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System 6 (CHW) Baseline

� Design airside ∆T: 20ºF

� Design return air setpoint: 80ºF

� One fan system per room

� CFM sized 110% of the calculated load

� Supply fan effic: 60%

� Supply fan total static: 2.5”

� Relief fans are not modeled per ACM

� Airside economizer - differential drybulb control

� No humidification

� No reheat

� CHW plant shall follow System 4 rules
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System 6 (CHW) Baseline

� Equipment power density: input by user

� Equipment schedules: cycle monthly between 25%, 50%, 75%, 100% (same 
as 90.1 addendum cj)

� Lighting schedules and occupant density and schedules shall follow 
“General Commercial and Industrial Work, Precision” category

� Lighting power density per new computer room prescriptive limit

� Ventilation: per T24 (0.15 cfm/ft2) only during occupied hours

� Supply Air Temperature and Fan Control

• Minimum fan volume setpoint shall be 50%.

• Fan volume shall be linearly reset from 100% air flow at 100% cooling load to 
minimum air flow at 50% cooling load and below.

• Fan power shall follow ACM VSD curve (e.g. 20% power at 50% speed)

• Supply air temperature setpoint shall be linearly reset from 60oF at 50% cooling 
load and above to space temperature at 0% cooling load.
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System 7 (DX) Baseline

� Design airside ∆T: 20ºF

� Design return air setpoint: 80ºF

� One fan system per room

� CFM and cooling capacity sized at 120% of calculated load

� DX cooling efficiency: Minimum Title 24 efficiency based on the calculated 
capacity of each room.  

• If capacity > 20 tons then use 10t min efficiency

• If capacity <20 tons then use capacity/2 min efficiency

� Fan effic: 60%

� Fan total static: 2.5” with economizer, 2.0” without economizer

� Airside economizer, when required prescriptively - differential drybulb control

� No humidification

� No reheat
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System 7 (DX) Baseline

� Equipment power density: input by user

� Equipment schedules: cycle monthly between 25%, 50%, 75%, 100% (same as 
90.1 addendum cj)

� Lighting schedules and occupant density and schedules shall follow “General 
Commercial and Industrial Work, Precision” category

� Lighting power density per new computer room prescriptive limit

� Ventilation: per T24 (0.15 cfm/ft2) only during occupied hours

� Fan control

• Constant volume if total cooling capacity for the room < = 5 tons

• Variable volume otherwise

� Supply Air Temperature and Fan Control for Variable Volume

• Minimum fan volume setpoint shall be 50%.

• Fan volume shall be linearly reset from 100% air flow at 100% cooling load to minimum 
air flow at 50% cooling load and below.

• Fan power shall follow ACM VSD curve (e.g. 20% power at 50% speed)

• Supply air temperature setpoint shall be linearly reset from 60oF at 50% cooling load and 
above to space temperature at 0% cooling load.
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Break
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Laboratory Exhaust

Labs
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Laboratory Exhaust (140.9(c)

Labs
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Typical Practice

• 6-12 ACH ventilation

• 100% OSA constant volume reheat systems

• 3,000 fpm exhaust at the stack

• 4”-6” pressure on the supply and exhaust fans

• Supply air temperature reset?

• Constant volume fume hoods

Labs
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VAV Fume Exhaust

• Standard off the shelf technologies

• Saves fan energy (supply and exhaust)

• Reduces reheat, heating and cooling

• Improves comfort

• Safer during remodels and retrofits

• Not possible on all hoods

Labs
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Cost Effectiveness - VAV

� Preliminary simulation results, 15-year LCC (CZ03)
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Prescriptive Requirements for Commercial Kitchens
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120

Kitchen Ventilation

Current Code Requirements

● No Current Kitchen Ventilation Requirements in T24

● ASHRAE 90.1-2007:

● Kitchen Hoods. Individual kitchen exhaust hoods larger 

than 5000 cfm shall be provided with makeup air sized 

for at least 50% of exhaust air volume that is

● unheated or heated to no more than 60°F and

● uncooled or cooled without the use of mechanical 

cooling.

● ASHRAE 90.1-2010:

● Major changes from 90.1-2007

● The proposed requirements on the following slides are 

the same as 90.1-2010 with minor changes
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121

Prescriptive Requirements for Commercial Kitchens-
Scope and Definitions

Scope

• Make it clear that kitchen ventilation cannot use the process exception

Nonresidential Standard Section 3.2 Definitions

Add new terms:

• Makeup Air = direct OA into kitchen

• Transfer Air = air from nearby zone (e.g. dining)

• Replacement Air = makeup + transfer + infiltration

• Other necessary terms listed in ASHRAE Standard 154
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Kitchen Ventilation

Short Circuit Hood Limitation (140.9(b)1A)
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Kitchen Ventilation

Rationale for Short Circuit Hood Limitation (140.9(b)1A)

� AGA and CEC have shown direct supply 
greater than 10% of hood exhaust in 
Short-circuit Hoods significantly reduces 
Capture and Containment (C&C)

� Poor C&C does not remove cooking heat 
and smoke from kitchen

� Exhaust rates generally higher to offset 
poor C&C

• Higher exhaust fan energy

� Higher Exhaust rates increase Room 
Makeup Air rates

• Higher MUA fan and conditioning 
energy
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Kitchen Ventilation

Rationale for Short Circuit Hood Limitation (140.9(b)1A)

● Short-circuit Hoods represent 

approximately:

● 20% of U.S. Market

● 1% of California Market
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Kitchen Ventilation

Conditioned Makeup Air Limitations (140.9(b)2A) 
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Kitchen Ventilation 

Conditioned Makeup Air Limitations: Rationale (140.9(b)2A) 

� Supplying conditioned makeup air when transfer air is available is a 
wasteful design practice and should be prohibited. 

� Using available transfer air saves energy and reduces the first cost of 
the kitchen makeup unit and the exhaust system in the adjacent 
spaces.

� Note that the dining room is exempt from the DCV requirement per: 

� EXCEPTION 2 to Section 121(c)3: Where space exhaust is greater than 
the design ventilation rate specified in  Section 121(b)2B minus 0.2 cfm 
per ft2 of conditioned area.

� We will clarify in the users manual that "space exhaust" includes 
kitchen hood exhaust in adjacent spaces. 
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Conditioned Makeup Air Limitations: Example  
(140.9(b)2A) 

GREASE 

EXHAUST:

5,000 CFM

KITCHEN DINING

SUPPLY AIR:

10,000 CFM

TOILET

EXHAUST:

500 CFM

SUPPLY AIR TO COOL KITCHEN AT 

55F: 2,000 CFM

MIN OA:

5,500 CFM

AVAILABLE 

TRANSFER AIR:

5,000 CFM

(KITCHEN MIN OA: 500 CFM)
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GREASE 

EXHAUST:

5,000 CFM

KITCHEN DINING

SUPPLY AIR:

10,000 CFM

OUTSIDE AIR:

2,000 CFM

TOTAL

EXHAUST:

2,500 CFM

SUPPLY AIR:

2,000 CFM

MIN OA:

5,500 CFM

RECIRCULATED AIR:

0 CFM

TRANSFER AIR:

3,000 CFM

(KITCHEN MIN OA: 500 CFM)

OPTION 1: MAU = COOLING CFM

Conditioned Makeup Air Limitations: Example 
(140.9(b)2A) 



WHAT’S REQUIRED FOR HVAC AND PROCESSES IN TITLE 24 2013?             SLIDE 129

GREASE 

EXHAUST:

5,000 CFM

KITCHEN DINING

SUPPLY AIR:

10,000 CFM

OUTSIDE AIR:

0 CFM

TOTAL

EXHAUST:

1,000 CFM

SUPPLY AIR:

2,000 CFM

MIN OA:

6,000 CFM

RECIRCULATED AIR:

2,000 CFM

TRANSFER AIR:

5,000 CFM

(KITCHEN MIN OA: 500 CFM)

OPTION 2: RECIRC ONLY

Conditioned Makeup Air Limitations: Example 
(140.9(b)2A) 



WHAT’S REQUIRED FOR HVAC AND PROCESSES IN TITLE 24 2013?             SLIDE 130

GREASE 

EXHAUST:

5,000 CFM

KITCHEN DINING

SUPPLY AIR:

10,000 CFM

OUTSIDE AIR:

5,000 CFM

TOTAL

EXHAUST:

5,500 CFM

SUPPLY AIR:

5,000 CFM

MIN OA:

5,500 CFM

RECIRCULATED AIR:

0 CFM

TRANSFER AIR:

0 CFM

(KITCHEN MIN OA: 500 CFM)

NOT ALLOWED: MAU = HOOD CFM

Conditioned Makeup Air Limitations: Example 
(140.9(b)2A) 
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Kitchen Ventilation

Exhaust Hood Airflow Limitations (140.9(b)1B) 
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Kitchen Ventilation

Exhaust Hood Airflow Limitations: Rationale (140.9(b)1B) 

� Exhaust airflow rates in Table 140.9-A are 30% below the minimum 
airflow rates in ASHRAE Standard 154-2003, which are for unlisted 
hoods

� Values in Table 140.9-A are supported by ASHRAE RP-1202 for listed
hoods

� Intended to eliminate wasteful common practice of specifying 
excessive exhaust airflow by selecting hoods that are not listed or have 
not been subjected to a recognized performance test 

� Should not increase first cost and in many cases will reduce first cost 
through downsizing of exhaust, supply and cooling equipment
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ASHRAE-154
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Kitchen Ventilation

Large Kitchen Efficiency Menu (140.9(b)2B) 
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Kitchen Ventilation

Efficiency Menu: Demand Control Ventilation Systems (DCV) (140.9(b)2B) 
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Kitchen Ventilation

Demand Control Ventilation Systems (DCV) (140.9(b)1B) 

�Common Kitchen Exhaust Systems

�Typical control strategy: ON/OFF, Exhaust and Makeup Air fans full speed or 
off 

�Reality:

• Food not being cooked at all times

• Peak exhaust requirements not necessary at all times

• Fans often run 24/7 to avoid fire alarms when operators forget to turn on the hood

�DCV Exhaust Systems (e.g. – Melink or Halton MARVEL)

�Reduce exhaust and make up air fan speeds

�Use sensors to determine min. exhaust required for C&C

�In the event the operator forgets to turn the fan switch on in the morning, the 
system will automatically turn on as the duct temperature rises above 90F 
degrees. Similarly, the system will automatically turn off as the temperature 
drops below 75F.
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DCV Example (140.9(b)1B) 

● Exhaust Fan and Makeup Air Unit Electrical Demand Before and After the 

DCV Retrofit. No Heating/Cooling Savings.
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DCV: Installation Costs and Fan Energy Savings Summary
(does not include heating/cooling savings) (140.9(b)1B) 

Installation Costs Annual Fan Energy Saved Annual Fan Energy Cost Savings Simple Payback (Years)

Site ($) kWh/year (Avg. $0.15/kWh) (Excl Maintenance/Heating/Cooling)

El Pollo Loco $15,500 9,871 $1,481 10.47

Panda Express (New Construction) $8,000 15061 $2,259 3.54

Farmer Boys $9,000 7884 $1,183 7.61

Desert Springs Marriot 28,000 150189 $22,528 1.24

Westin Mission Hills $22,000 60,439 $9,066 2.43
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Kitchen Ventilation

Acceptance Tests (NA7.11)

…
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Kitchen Ventilation – Baseline Modeling Rules

� Baseline Building total kitchen exhaust shall be either:

• If the total exhaust is less than 5,000 cfm, the user entered total exhaust rate.

• If the total exhaust rate is greater than or equal to 5,000 cfm, a total exhaust rate that is the sum of the 
Type I hoods based on the user input data and less than or equal to the maximum net exhaust flow rate 
in Table 144-C.

� Hood exhaust total static pressure shall be 2.5” and the fan efficiency shall be 50%.

� If the baseline total exhaust airflow rate is greater than 5,000 cfm then the kitchen exhaust shall 
be modeled as VAV with DCV (assumes one fan per hood)

� If the proposed case has more then one hood served by an exhaust fan (and does not have 
DCV control dampers at each hood) then add 0.1 to the fractional schedule for each additional 
hood beyond the first one up to a max fraction of 1.0

• (e.g. if there is one hood then the fraction is 0.5 at 15:00, but if there are two DCV hoods served by the 
same fan then the fraction is 0.6.  If there are 5 hoods then the fraction is 0.9 and 10 hoods the fraction is 
1.0.)
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Kitchen Ventilation – Baseline Modeling Rules

� Conditioning Systems

• Each kitchen shall have a dedicated makeup air unit (MAU).

• If the building has a chilled water plant then the MAU shall be chilled water.  
Otherwise the MAU shall be air-cooled DX.

• MAU shall have an airside  economizer capable of 100% OA and capable of 
using available transfer air.

o available transfer shall be calculated from the building minimum outside airflow less any 
exhaust airflows (not including the kitchen exhausts) and 0.05 cfm/sf for exfiltration
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Break
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Garage Ventilation
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Garage Exh.

Garage Ventilation (120.6(c))
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Garage Exh.

Garage Ventilation (NA7.12)

…
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Typical Practice

� Most new garages have DCV with CO

• Generally sold with a maintenance program

• Some sensors turn themselves off after 2 years if not 
calibrated

� Many existing garages are constant volume

• Many of these have arbitrary fan schedules

o e.g. fans operate from 7am to 9am and from 4pm to 6pm

• Note that when garage fans are turned off stack effect 
sucks garage air into the building above

Garage Exh.
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Estimated Energy Savings

o Energy savings based on trend reviews of actual garages with CO 
monitoring systems

Garage Exh.
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Estimated Energy Savings

o Trend reviews done on two garages with systems installed. 

o Result: 80 – 90% fan energy savings

Garage Exh.
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Mandatory Requirements for Process Boilers (120.6(d))



WHAT’S REQUIRED FOR HVAC AND PROCESSES IN TITLE 24 2013?             SLIDE 150

Mandatory Requirements for Process Boilers (120.6(d))
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Mandatory Requirements for Commercial Boilers (120.9)
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Major Changes in the Modeling Rules (ACM)

� New philosophy: Exceedance, not Compliance

� Baseline is “Standard of Care”, not prescriptive requirements applied to proposed model

� System Map similar to 90.1 Appendix G

� Almost nothing tracks anymore, e.g:

• Ventilation rate

• Fan power

• Wall type

• Gas heat

� Realistic schedules

� Window switches in large commercial

• Bonus if proposed has operable windows with switches

• Penalty if proposed has operable windows without switches

� New rules to prevent cheating – e.g.:

• If proposed fan or pump BHP is much less than MHP then software will increase the BHP in proposed model.

• No custom curves for fans, pumps, towers, chillers?, DX?

• Lab exhaust (e.g. 15 ACH) and minimum ventilation (e.g. 6 ACH) are stipulated

� New rules for labs, data centers, kitchens, garages
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System Mapping (ACM)
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Baseline Fan Power (ACM)

� Supply Fan

• SZ

o < 2,000 CFM: 2.5”, 50%

o 2k-10k CFM: 3.0”, 60%

o >10,000 CFM: 3.5”, 62%

• MZ

o Add 0.5” to SZ

o Add 0.5” if > 6 stories (e.g. 4”, 62% for high rise MZ)

• Lab AHU: see above

� Relief Fan (only if economizer)

• <10,000 CFM: 0.75”, 40%

• >10,000 CFM: 1.0”, 50%

� Toilet exhaust

• <1,000 CFM: 0.75”, 45%

• >1,000 CFM: 1.25”, 55%

• Add 0.25” if > 6 stories

� Lab Exhaust: 4”, 62%

• Add 0.5” if > 6 stories

� Kitchen exhaust: 2.5”, 50%

• Add 0.5” if > 6 stories
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Questions


