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Welcome

Welcome

 1.1 Heat Transfer, Comfort & Energy Units

 1.2 Reducing Energy Use 

 1.3 Envelope Design

 1.4 Mechanical and Water Heating Design

 1.5 Lighting Design

 1.6 Building Energy Performance Metrics

 Wrap Up

 

 

Code Triggers  
Correct application of the 2013 Standards 

based on the project’s permitted
scope of work

Project Assessment
Gathering and organizing all necessary input data

for energy modeling

Troubleshooting Results
Creating an accurate energy model, and 

trouble-shooting when results do not make sense

Energy Consulting
Interpreting energy performance results and 

making design recommendations

CEA	Competencies

529/3/2014CABEC CEA #2

Energy Basics
Basic 

understanding 
of heat flow, energy 
units, and building 

energy design
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Code Triggers  
Correct application of the 2013 Standards 

based on the project’s permitted
scope of work

Project Assessment
Gathering and organizing all necessary input data

for energy modeling

Troubleshooting Results
Creating an accurate energy model, and 

trouble-shooting when results do not make sense

Energy Consulting
Interpreting energy performance results and 

making design recommendations

CEA	Competencies

49/3/2014CABEC CEA #2

Demonstrate knowledge of basic heat transfer, 
residential energy design measures, and how 
they relate to building energy performance 

metrics and code compliance

Comprehend Key Residential Energy 
Efficiency Design Concepts and Issues

Energy Basics
Basic 

understanding 
of heat flow, energy 
units, and building 

energy design

 Pop-Up Resource!

CEA	Competency	One

 

 

1.1 Heat Transfer, Comfort 
& Energy Units 

 Welcome

1.1 Heat Transfer, Comfort & Energy Units

 1.2 Reducing Energy Use 

 1.3 Envelope Design

 1.4 Mechanical and Water Heating Design

 1.5 Lighting Design

 1.6 Building Energy Performance Metrics

 Wrap Up

Energy 
Basics
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Understand basic methods of heat transfer in and 
out of buildings, maintaining comfort conditions, 
and energy units. 

Competency	1.1

1.1

CABEC CEA #2 69/3/2014

 Conductive, convective and radiant heat flow

 Maintaining comfort conditions

 Relevant energy units and metrics

 

 

Conduction

1.1	Basic	heat	transfer

7

Convection Radiation

The transfer of heat 
between substances which 
are in direct contact with 
each other. Conduction 
occurs when heat flows 
through a solid. 

The movement of gases 
and liquids caused by heat 
transfer. As a gas or liquid 
is heated, it warms, 
expands and rises because 
it is less dense resulting in 
natural convection.

When electromagnetic 
waves travel through 
space, it is called radiation. 
When these waves (from 
the sun, for example) hit an 
object, they transfer their 
heat to that object. 

 CABEC Summer 2014 Newsletter:  Article by Melinda Keller

 http://sustainabilityworkshop.autodesk.com/buildings/heat-energy-flows-buildings
9/3/2014CABEC CEA #2  
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Air Temperature

1.1	Comfort

8

Mean radiant temperature 
(MRT) 

Temperature of the air 
surrounding the occupant

The weighted average of all the 
temperatures from surfaces 
surrounding an occupant

9/3/2014CABEC CEA #2

 According to the ANSI/ASHRAE Standard 55-2010, thermal comfort is defined as “that condition 
of mind which expresses satisfaction with the thermal environment and is assessed by subjective 
evaluation.”  

 

Air Speed

continued 1.1	Comfort

9

Relative humidity

Rate of air movement given 
distance over time

Percentage of water vapor in the 
air

 http://sustainabilityworkshop.autodesk.com/buildings/human-thermal-comfort
 http://repositories.lib.utexas.edu/bitstream/handle/2152/13980/1-Boduch_Fincher-

Standards_of_Human_Comfort.pdf
 ASHRAE Standard 55;  ASHRAE Handbook of Fundamentals

9/3/2014CABEC CEA #2  
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Understand and be able to convert between these units

1.1	Energy	units

10

 British Thermal Unit (Btu)

 Btu/hr (Btuh)

 Watt and kilowatt (KW)

 Kilowatt-hour (kWh)

 Therm

 http://en.wikipedia.org/wiki/Category:Units_of_energy
 I really like any of the many websites that convert these units for you.  You will not be able to use 

these during the CEA exam though, but to study.
9/3/2014CABEC CEA #2  

 

Check	Your	Understanding

CABEC CEA #2 119/3/2014

Which of the following factors is considered when defining “thermal 
comfort”?

a. Air temperature

b. Mean radiant temperature 

c. Relative humidity

d. All of the above
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Value and Benefits1.2 Reducing Energy Use
 Welcome

 1.1 Heat Transfer, Comfort & Energy Units

1.2 Reducing Energy Use 

 1.3 Envelope Design

 1.4 Mechanical and Water Heating Design

 1.5 Lighting Design

 1.6 Building Energy Performance Metrics

 Wrap Up

Energy 
Basics

 

 

Apply general methods for reducing building 
energy use through energy efficient design. 

Competency	1.2

1.2

CABEC CEA #2 139/3/2014

 Major residential energy design features and choices

 Energy end use components regulated by the Standards

 Demand side energy management vs. on-site power 
generation; and Zero Net Energy (ZNE)

 Sensitivity of building component and system design to 
specific energy use components and climate zone
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Energy Design Principles

1.2	Reducing	energy	use

14

 http://www.buildingecology.com/articles/energy-principles-in-architectural-design

 2013 Residential Manual
9/3/2014CABEC CEA #2

 Windows, skylights and shading

 Roof, wall and floor construction 
assemblies

 Thermal mass

 Mechanical equipment

 Ducted System design

 Water heating

 Indoor and outdoor lighting

 

 

Energy Use Components

Continued…1.2	Reducing	energy	use

15

 http://www.buildingecology.com/articles/energy-principles-in-architectural-design

 2013 Residential Manual
9/3/2014CABEC CEA #2

 Energy end use components 
regulated by the 2013 
Residential Standards listed on 
the ENERGY USE SUMMARY of 
the Certificate of Compliance 
(CF1R):

 Space Heating

 Space Cooling

 IAQ Ventilation

 Water Heating

 Photovoltaic Offset
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Demand Side Energy 
Management 

vs. On-Site Generation

Continued…1.2	Reducing	energy	use

16

 http://www.energy.ca.gov/2011publications/CEC-400-2011-007/CEC-400-2011-007-SD.pdf

 http://energydesignresources.com/media/1744/EDR_DesignBriefs_hiperformancenewhomes.pdf
9/3/2014CABEC CEA #2

 Reducing building energy use 
through energy efficiency design

 On-site renewable energy 
production

 Zero Net Energy (ZNE) buildings

 

 

Sensitivity of Building Energy 
Features

Continued…1.2	Reducing	energy	use

17

 http://energydesignresources.com/media/1744/EDR_DesignBriefs_hiperformancenewhomes.pdf

 Training:  Title 24 Part 6 Essentials:  Residential Standards for the Energy Consultant
9/3/2014CABEC CEA #2

 Apply your understanding of how 
overall building energy use is 
impacted by selected design 
measures or proposed design 
changes based on:

 Overall building design and 
orientation

 Climate zone 

 Total and relative magnitude 
of specific energy use 
components
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Check	Your	Understanding

CABEC CEA #2 189/3/2014

Which “energy use component” has an 13.3% compliance margin?

a. Space heating

b. Space cooling

c. Water heating

d. Photovoltaic offset

 

 

Value and Benefits1.3 Envelope Design
 Welcome

 1.1 Heat Transfer, Comfort & Energy Units

 1.2 Reducing Energy Use

1.3 Envelope Design

 1.4 Mechanical and Water Heating Design

 1.5 Lighting Design

 1.6 Building Energy Performance Metrics

 Wrap Up

Energy 
Basics
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Understand envelope design elements and 
explain how they affect overall building energy 
efficiency. 

Competency	1.3

1.3

CABEC CEA #2 209/3/2014

 Construction assemblies and thermal mass

 Radiant barriers and cool roofs

 Fenestration (Glazing)

 Air barrier and air sealing

 

 

Construction Assemblies and 
Thermal Mass

1.3	Envelope	Design

21

 2013 Residential Manual

 2013 Joint Appendix JA4
9/3/2014CABEC CEA #2

 Insulation and Quality Insulation 
Installation (QII)

 Thermal barriers and thermal bridging

 Slab edge and under slab insulation

 R-value of insulation, U-factor of assembly

 Energy performance affected by:

 R-value and thickness of insulation

 Placement of insulation (cavity vs. 
continuous)

 Type and spacing of framing

 Amount, placement and thickness of 
thermal mass 

 

 



12 of 26 CEA Competency One — Second in a Six-part Series 

Other Envelope Measures

Continued… 1.3	Envelope	Design

22

 www.energycodeace.com:  Residential Cool Roof Fact Sheet

 http://energy.gov/energysaver/articles/air-sealing-your-home
9/3/2014CABEC CEA #2

 Attic radiant barriers

 Cool roof aged solar reflectance 
and emittance (or SRI) from Cool 
Roof Rating Council (CRRC)

 Air barrier and air sealing

 

 

Fenestration

Continued… 1.3	Envelope	Design

23

 Training:  Title 24 Part 6 Essentials:  Residential Standards for the Energy Consultant
 http://energy.gov/energysaver/articles/energy-efficient-windows
 http://www.susdesign.com/tools.php  (very fun design tool )

9/3/2014CABEC CEA #2

 Window, glass door and skylight 
performance

 NFRC U-factor includes frame

 NFRC SHGC includes frame

 Designing fixed shading 
(overhangs & side fins)
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Check	Your	Understanding

CABEC CEA #2 249/3/2014

When looking for a fenestration product that reduces solar heat gain, you 
should look for a product that has a:

a. Lower U-factor

b. Higher U-factor

c. Lower SHGC

d. Higher SHGC

 

 

Sample	CEA	Exam	Question

CABEC CEA #2 259/3/2014

A home in climate zone 5 has a large number of windows (area is approximately 35 
percent of the conditioned floor area). It has a large negative compliance margin on 
heating, while the compliance margin is positive on cooling. The building is still in the 
design stage, and the owners have asked for recommendations to make the home more 
efficient. Other than reducing the amount of glass, what would be your recommendation 
for fenestration to address the negative space heating compliance margin?

A. Lower solar heat gain coefficient 
B. Lower U-factor 

C. Higher solar heat gain coefficient 
D. Higher U-factor
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Value and Benefits
1.4 Mechanical and Water 

Heating Design
 Welcome

 1.1 Heat Transfer, Comfort & Energy Units

 1.2 Reducing Energy Use

 1.3 Envelope Design

1.4 Mechanical and Water Heating Design

 1.5 Lighting Design

 1.6 Building Energy Performance Metrics

 Wrap Up

Energy 
Basics

 

 

Understand mechanical and water heating design 
elements and explain how they affect overall 
building energy efficiency. 

Competency	1.4

1.4

CABEC CEA #2 279/3/2014

 Heating systems

 Cooling systems

 Duct systems

 Water heating systems
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Heating Systems

1.4	Mechanical	Systems

28

 2013 Energy Standards and 2013 Residential Manual
9/3/2014CABEC CEA #2

 Heating equipment types and efficiency 
ratings must meet minimum federal 
appliance Standards

 Central gas furnaces, AFUE (ducted)

 Gas wall heaters and fireplaces, AFUE (ductless)

 Air-to-air heat pumps, HSPF: central split or 
packaged (ducted), or mini-split (ductless or 
ducted)

 Hydronic heat pumps, COP (ductless)

 Hydronic heating w/ radiant floor, baseboard or 
fan coil units: efficiency of boiler or water heater

 Electric resistance, HSPF = 3.413

 System sizing based on acceptable 
heating design loads calculation

 

 

Cooling systems

1.4	Mechanical	Systems

29

 2013 Energy Standards and 2013 Residential Manual
9/3/2014CABEC CEA #2

 Cooling equipment types and efficiency 
ratings must meet minimum federal 
appliance Standards

 Central split or packaged air 
conditioner/heat pump,  SEER and EER 
(ducted);  or mini-split, SEER and EER 
(ductless or  ducted)

 Room air conditioner/heat pump, SEER 
and EER (ductless)

 With direct or indirect evaporative cooling

 System sizing based on acceptable 
cooling design loads calculation

 Efficiency impacts of air flow, refrigerant 
charge and fan watt draw
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Duct systems

1.4	Mechanical	Systems

30

 2013 Residential Manual

 2013 Joint Reference Appendices
9/3/2014CABEC CEA #2

 Duct location

 Duct insulation

 Duct sealing

 

 

Water Heaters

1.4	Mechanical	Systems

31

 2013 Energy Standards and 2013 Residential Manual
 http://energy.gov/public-services/homes/water-heating

9/3/2014CABEC CEA #2

 Water heater type and efficiency must 
meet federal appliance standards

 Natural gas tank water heaters input 
<= 75,000 Btuh, Energy Factor (EF)

 Natural gas tank water heaters input 
> 75,000 Btuh, Recovery Efficiency 
(RE) and Standby Loss

 Tankless gas water heaters <=200,000 
Btuh, EF

 Air heat pump water heaters, COP

 Electric water heaters, EF
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Water Heating Distribution System

1.4	Mechanical	Systems

32

 2013 Energy Standards and 2013 Residential Manual

 http://www.epa.gov/watersense/docs/hw_distribution_guide.pdf
9/3/2014CABEC CEA #2

 Many factors impact overall 
system efficiency:
 Pipe insulation level

 Piping location, lengths and layout

 Hot water sensors and controls

 Recirculating systems

 On demand systems

 

 

Check	Your	Understanding

CABEC CEA #2 339/3/2014

What is a good resource for finding mechanical equipment types and 
minimum efficiency requirements?

a. 2013 Energy Standards

b. 2013 Residential Manual

c. 2013 Joint Reference Appendices
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Sample	CEA	Exam	Question

CABEC CEA #2 349/3/2014

A builder plans to construct a home in climate zone 12 that follows 
the Package A requirements. What would be the most energy-
efficient location for the heating and cooling ducts?

A. The ventilated attic 

B. The roof 

C. The conditioned space 

D. The crawlspace

 

 

Value and Benefits1.5 Lighting Design
 Welcome

 1.1 Heat Transfer, Comfort & Energy Units

 1.2 Reducing Energy Use

 1.3 Envelope Design

 1.4 Mechanical and Water Heating Design

1.5 Lighting Design

 1.6 Building Energy Performance Metrics

 Wrap Up

Energy 
Basics
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Understand lighting design elements and explain 
how they affect overall building energy efficiency. 

Competency	1.5

1.5

CABEC CEA #2 369/3/2014

 Lighting sources and fixtures

 High efficacy lighting (e.g., fluorescent, LED)

 Indoor and outdoor lighting controls

 All Standards lighting requirements (sources and controls) 
are mandatory measures 

 

 

Resources

CABEC CEA #2 379/3/2014

 2013 Energy Standards and 2013 Residential Manual

 www.energycodeace.com

Fact Sheets, Trigger 
Sheets, Checklists, 
and FAQs  to help 
you understand when 
Title 24, Part 6 is 
“triggered” and how 
to correctly comply 
when it is
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Value and Benefits
1.6 Building Energy 

Performance Metrics
 Welcome

 1.1 Heat Transfer, Comfort & Energy Units

 1.2 Reducing Energy Use

 1.3 Envelope Design

 1.4 Mechanical and Water Heating Design

 1.5 Lighting Design

1.6 Building Energy Performance Metrics

 Wrap Up

Energy 
Basics

 

 

Understand common building energy 
performance metrics and methodologies used in 
energy analysis or design load calculations. 

Competency	1.6

1.6

CABEC CEA #2 399/3/2014

 Annual site energy (kWh, therms)

 Annual energy cost

 Annual source energy

 Peak demand (kW)

 Annual TDV energy per square foot

 CO2-e emissions (lbs or tons CO2-e)

 Life-cycle cost analysis and energy cost-effectiveness 
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Resources

CABEC CEA #2 409/3/2014

 http://energy.gov/eere/energybasics/energy-basics

 http://energy.gov/sites/prod/files/2014/02/f7/understanding_2014_energy_footprints.pdf

 http://www.gsa.gov/portal/content/101197

 https://www.ashrae.org/resources--publications/free-resources/ashrae-terminology

 

 

CABEC www.cabec.org
 Recorded webinars on 2013 Energy Standards
 CABEC Summer 2014 Newsletter:  Article by Melinda Keller

Study	resources

9/3/2014CABEC CEA #2 41  
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Study	resources
Energy Code Ace www.energycodeace.com

 Training
 Resources

9/3/2014CABEC CEA #2 42

visit us at 
www.EnergyCodeAce.com

 

 

CEC www.energy.ca.gov
 www.energy.ca.gov/title24/2013standards

/index.html: Title 24 Part 6 Standard; Residential 
Manual; Joint Reference Appendices

 www.energy.ca.gov/2011publications/CEC-400-
2011-007/CEC-400-2011-007-SD.pdf

 http://www.buildingecology.com/publications/
Dean-1981%20CA%20Energy_Comm-
Energy_Principles_Architectural_Design.pdf

Study	resources

9/3/2014CABEC CEA #2 43  
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Online  http://en.wikipedia.org/wiki/Category:Units_
of_energy

 http://sustainabilityworkshop.autodesk.com

 http://energydesignresources.com/media/1
744/EDR_DesignBriefs_hiperformancenew
homes.pdf

Study	resources

9/3/2014CABEC CEA #2 44  

 

Online  http://www.susdesign.com/tools.php

 http://repositories.lib.utexas.edu/bitstream/ha
ndle/2152/13980/1-Boduch_Fincher-
Standards_of_Human_Comfort.pdf

 http://www.epa.gov/watersense/docs/hw_dist
ribution_guide.pdf

 http://www.gsa.gov/portal/content/101197

Study	resources

9/3/2014CABEC CEA #2 45  
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US
Department 

of Energy

 http://energy.gov/energysaver/articles/air-sealing-your-home
 http://energy.gov/energysaver/articles/energy-efficient-windows
 http://energy.gov/public-services/homes/water-heating
 http://energy.gov/eere/energybasics/energy-basics
 http://energy.gov/sites/prod/files/2014/02/f7/understanding_2014

_energy_footprints.pdf

Study	resources

9/3/2014CABEC CEA #2 46  

 

ASHRAE www.ashrae.org
 Standard 55
 Handbook of Fundamentals
 https://www.ashrae.org/resources--publications/free-

resources/ashrae-terminology

Study	resources

9/3/2014CABEC CEA #2 47  
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What’s	Next…

Gathering and organizing all necessary input 
data for energy modeling

Creating an accurate energy model, and trouble-
shooting when results do not make sense

Interpreting energy performance results and 
making design recommendations

9/3/2014CABEC CEA #2 48

Correct application of the 2013 Standards based 
on the project’s permitted scope of work

 

 

 

 www.cabec.org

 You can find the recordings and handouts (in PDF format) on the CABEC 
website under “Webinars & Recorded Videos”.

CABEC	CEA	Presentations

CABEC CEA #2 499/3/2014

Where can I find them?
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Sample	CEA	Exam	Question

CABEC CEA #2 509/3/2014

A home in climate zone 5 has a large number of windows (area is approximately 35 
percent of the conditioned floor area). It has a large negative compliance margin on 
heating, while the compliance margin is positive on cooling. The building is still in the 
design stage, and the owners have asked for recommendations to make the home more 
efficient. Other than reducing the amount of glass, what would be your recommendation 
for fenestration to address the negative space heating compliance margin?

A. Lower solar heat gain coefficient 
B. Lower U-factor 

C. Higher solar heat gain coefficient 
D. Higher U-factor

 

 

Sample	CEA	Exam	Question

CABEC CEA #2 519/3/2014

A builder plans to construct a home in climate zone 12 that follows 
the Package A requirements. What would be the most energy-
efficient location for the heating and cooling ducts?

A. The ventilated attic 

B. The roof 

C. The conditioned space 

D. The crawlspace

 

 


