Introduction to Commercial
Building Audits

Course No. ENRG 50




Introduction to Commercial Building Audits

. resources
OUtl Ine 2. Assessment management
A. Introduction to concept of commercial 3. Responsibilities of audit team members
building energy auditing E. Elements in preliminary analysis of building
1. Why energy efficiency (EE) is important performance data
2. Energy use and waste in commercial building 1. Engineering and architectural document review
operations 2. Geographical and climatic review
3. Prioritizing energy efficiency over renewable energy 3. Review and analysis of current energy use and costs
generation 4. Benchmarking procedures
B. Ordinances, policies and standards F. Factors in on-site building assessment
governing commercial building audits 1. Common safety hazards and field safety techniques
1. San Francisco Existing Commercial Buildings 2. Occupant interviews and assessment of building
Performance Ordinance operations
2. State of California energy goals 3. Building envelope
3. ASHRAE standards, including Building Energy 4. Electrical systems
Assessment Professional (BEAP) 5. HVAC&R systems
4. Other audit standards 6. Lighting systems and use
. 7. Miscellaneous other energy use systems
C. Three ASHRAE audit levels 8. Domestic water systems and use

1. Preliminary energy use analysis 9

2. Level 1, Walk-through analysis

3. Level 2, Intermediate, energy survey and energy
analysis

4. Level 3, Detailed analysis of capital-intensive
modifications

. Indoor environmental quality

G. Analysis of data collected
1. Identify opportunities for efficiency improvement
2. Calculate value of efficiency improvements and
return on investment

D. Developing the scope of work in a 3. Prioritize options based on client criteria
) Ping P H. Audit completion activities

CommerCI_aI bu”dmg aud"_‘ ) 1. Prepare and present written report
1. Objectives of the audit, including needed data and 2. Assist with development of implementation plan

Course No. ENRG 50



Introduction to Commercial Building Audits

F. Factors in on-site building assessment

1. Common safety hazards and field safety
techniques

2. Occupant interviews and assessment of
building operations

. Building envelope

. Electrical systems

. HVAC&R systems

. Lighting systems and use

. Miscellaneous other energy use systems
. Domestic water systems and use

. Indoor environmental quality

O 00O NO U1 &~ W

Course No. ENRG 50



Common safety hazards and field safety techniques

* Prepared during the day of on-site survey, you may:

- climb a ladder

- enter a interstitial space or get on roof

- check the roof

- work in hot, cold, freezing, noisy and/or dark space
- be exposed to chemical hazard if for laboratory

* Dress appropriately

- avoid loose clothing and jewelry;
- avoid open-toe shoes
- wear glasses/gargle when necessary
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Safety tips

* Work in group or in pair if possible

* Get familiar with the building and
emergency exit

* Wear eye and ear protection if
necessary

* Make sure all ladders are secure ttp:/fwnenw.ohnderbyshire.com

* Do not touch equipment and ask facility
staff to help if needed

1. Common safety hazards and field safety techniques Course No. ENRG 50
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Site Visit Safety Activity

* Aspects of facilities where safety is a concern:
- Hard to reach equipment (require ladders)
- Rotary equipment
- Hot surfaces
- Combustion gases
- Pipes and other low-hanging equipment
- Keyed entries and automated door locks

- pressurized spaces

information source: PG&E Energy Auditing Techniques
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Site Visit Safety Activity

* Environmental/behavior factors that add to risk:
- Need to move quickly
- Move on sloped surface/roof
- Low Lighting in some areas
- Noisy environments
- Extreme hot or cold conditions
- Wet/slick floors

- Code compliance issues (electrical, gas, refrigerant...)

information source: PG&E Energy Auditing Techniques
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Occupant interviews and assessment of building operations

* Who should be interviewed? (if applicable)
- executive team
- energy manager
- facility manager
- facility staff

- facility users/customers

2. Occupant interviews and assessment of building operations Course No. ENRG 50



Occupant interviews and assessment of building operations

What questions should be asked?

Homework of Chapter D, you have already generate a
guestionnaire for on-line energy interview.

Practice to ask those questions to the facility manager
and finish the questionnaire report.
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Building envelope system

Opaque enclosure — wall, roof, floor
Fenestration — windows, skylights, shading devices

Thermal Moisture
control control
Hot moves Wetmoves
to cold to dry

Infiltration/Exfiltration | 0 '9"

Airmoves fromhigh .
pressure to low
pressure

3. Building envelope
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Opaque classes of construction

. Roofs SN L :
- Insulation above roof decks % & Ml Bk
- Metal building roofs 2 o |
- Attic roofs with wood/steel - Ari and O
framing N S

. Above-grade walls — | © F

- Mass walls | T
- Metal building walls

o

- Steel frame walls
- Wood frame walls ?
7

Wood-Framed and Other

. Below-grade walls ~—

Wall, Below-Grade

. Below-Grade Wall

http://ali.ashrae.biz/2012winterconferencecourses/std90-
1envelope/Complying 90-1-2010 Env_Ltg Chicago 2012 Final Slides.pdf
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Opaque classes of construction

Skerch Chass of Coustruction

. Floors R

- Mass floors N Sy’

- Steel joist floors

- Wood framed & other floors

Wood-Framed and Other

g ?

. S la b -ON- g rad e floo rs ————Slb-On-Grade Flooss —
- Heated N § - N

- Unheated i

Opaque Doors
/ S‘“”P’-”‘?

http://ali.ashrae.biz/2012winterconferencecourses/std90-
1envelope/Complying 90-1-2010 Env_Ltg Chicago 2012 Final Slides.pdf l

. Opaque Doors
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ASHRAE Standard 90.1 - Envelope classifications

I Exterior Envelope

l | Semi-Exterior . ,/,’T/"'///

Envelope _———

Ventlated Attic

Semheated Storage

Conditioned
Space

Unconditioned
Space

Ventilated
Crawlspace

http://ali.ashrae.biz/2012winterconferencecourses/std90-
1envelope/Complying 90-1-2010 Env Ltg Chicago 2012 Final Slides.pdf
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Indirectly conditioned space

Indirectly conditioned

Space Conditioned
<l space
»
<
e ate of heat transter

exterior wall Conditioned

space

'A Rate of heat transfer

//Glf T \ Indirectly

T onditioned

space

http://ali.ashrae.biz/2012winterconferencecourses/std90-
1envelope/Complying 90-1-2010 Env_Ltg Chicago 2012 Final Slides.pdf

Principal
Criterion

Optional
Criterion
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Opaque enclosure heat transfer

* R-value
- Thermal resistance
- Add layers for total R-value
- Larger R-value has greater
thermal resistance

» U-factor 3
- Thermal transmittance _ P ]
- = 1/R-value U-Factor is the
- IP unites = Btu/hr-°F-ft2 rate of heat flow in -
- S| units = W/°C-m?2 Btu/h through one
ft2 area when one
sideis 1° F
warmer
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U-Factor calculation — concrete floor

P
g ¢\-<Carpet and pad

p ? 8" Concrete slab
=z

?/é

Steel Joists 48"0.c. Series
Method

Liyex R-value Data Souce

Insidle 2ix Gl 0.92 § A9.4.1

Citpet and pad 123 Table A9 4D

0.5 in. concrete (35 I/ 0.35 Table A3.1B (we Re / 2)
8.0 in. concrete (144 b/ft%) 0.50 Table A3.1B (use Re)
Insulaton/ tramag 10.01 Table A9.2A
Seoisxtesior aic Slo 045 £A9.41

Total R-value 1347

U-factor 0.0742
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U-Factor calculation — wood framed wall — parallel path

Caviy  Studs Headecs Data Sowce
Extegior aic film 0.17 0.17 0.17 Standard 90.1-2007 (§ A9.41)
4 1. face brck 0.25 0.25 25 ASHRAE Havdbook
0.75 . aur space 0.90 0.90 0.90 Standard 90.1-2007 (Table A9.4A)
Rigid insulation 7.00 T 7.00 Manufacturer’s data
0.625 in. gypsum board 0.56 0.56 0.56 Standard 90.1-2007 (Table A9.4D)
Cavwity isulation 25.00 na. na Manufacturer’s data
Wood studs na 9.06 na Standard 90.1-2007 (Table A9.4D)
Wood header na na 1.88 ASHRAE Hawdbok
Rigid insulation n.a .. 17.50 Manufactucer's data
Wood header na na 1.88 ASHRAE Havdbook
0.625 in. gypsum board 0.36 0.56 0.56 Standard 90.1-2007 (Tzble A9.4D)
Llategorau Glm 068 068 068
Total thermal resistance 35.12 18.18 31.38
U-factor 0.0285 0.0521 0.0319
Weight 78% 18% 4%

Parallel Path

Method

3. Building envelope
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U-Factor calculation — steel framed wall

|_Laver R-value Source of Data
Exterior air film 0.17 Standard 90.1-2007 (§ A9.4.1)
4 1n face buck 0.25 ASHRAE Handbook
0.75 1n. air space 0.90 Standard 90.1-2007 (Table A9 4A)
Rigid wmsulation 7.00 Manufacturer’s data
0.625 1. gypsum board 0.56 Standard 90.1-2007 (Table A9.4D)
Framing/ cavity Standard 90.1-2007 (Table A9 2B)
0.625 in gypsum board 0.56 Standard 90.1-2007 (Table A9.4D)
|__Intesior air film 068 Standerd 90.1-2007 (§ A941)
Total 19.72
U-factor 0.051 _
4" Bnck facing
gap
Rigid insulation
P-8"Deep metal framing
+-R-25 Cavity insulation
———+Gypsum board
Isothermal o Meta framing 24°

Planes Method

P

3. Building envelope
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Application of U-Factor calculation methods

Acptabk Cakwlatios Mesbods

Senes Callation Faralle' Park Leothermal Modified Zose Mettod ~ Tow-dimensions
Cangirmrion Classe: Merbed Cakwlanos Medod Piawes Caknlation Merd
~
’
Insulation Entirdly sbove Deck v v Y e
Metal Building v v
Attc (wood poists) v v v -
AN e 3 v () v v«

Attic (concrete pists) v v (2 v (3) v
Othert v v -
Wats, Above-Gade
Mass v v v (
Metal Building v v (
Steel-Framed v v () v 2 S
Wood-Framed v v ‘o

< <
«

‘

Mass v

Othert v v
Aass v v @ v (3) P, E
Steel-Joist v v Q) v v
Wood-Framed v v v v
Other v v
Unhested v
Heated v

3. Building envelope Course No. ENRG 50



Fenestration prescriptive requirements

ltems Covered:

« Compliance Method

- SHGC and U-value criteria
- Rated - NFRC standards

- Unrated - Alternate
procedures provided

» Credits / Exceptions

- Credit for permanent
external shading

- Street Level Fenestration
exempt from SHGC
requirements, if several
conditions are met.

http://ali.ashrae.biz/2012winterconferencecourses/std90-
1envelope/Complying 90-1-2010 Env _Ltg Chicago 2012 Final Slides.pdf
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Fenestration & doors

The following are mandatory provisions for
fenestration and doors:

 Rating of fenestration products
 Labeling of fenestration products
* Labeling of doors

« U-factor

« Solar heat gain coefficient

* Visible light transmittance

3. Building envelope Course No. ENRG 50



Fenestration & Doors

NFRC-National
Fenestration Rating
Council:

a non-profit organization
that administers the only
uniform, independent
rating and labeling system
for the energy performance
of windows, doors,
skylights, and attachment
products.

http://www.nfrc.org/default.aspx

U-Factor (USA-P)

0.35

1
World's Best
Window Co.
Millennium 2000*
Nator Merweaior Vire-Clad Woo Frame
Pty Cored ™ Double Glazing * Argon il Low |

Prodhuct Type Vertical Slider

ENERGY PERFORMANCE RATINGS

Solar Heat Gain Coefficient

0.32

Visible Transmittance

0.51

Condensation Resistance |

POORC pOat sy WRRL Onts ot XX ¥

ADDITIONAL PERFORMANCE RATINGS

51
VOm£300001 S00uiies 1ot Bate An0s Condony W p0Rcadle NG cooadenes M ey el
o periorasce WL odegn o Selerared o 2 hod o & e werdd cordtom aad s

VIO IO TR TR LN ¥ Y
ot fer g el o Comnll mamfachomes's Hetshum ke o peodt peferrares el
oy X

Air Leakage (U.SA-P)

0.2
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Fenestration & Doors

U-factor:

- measures how well a product prevents heat from
escaping.

-0.20~1.20

- the lower, the better its insulting value
Solar Heat Gain Coefficient:

- measures how well a product blocks heat caused by
sunlight

- 0~1

- the lower, the less solar heat it transmits
Visible Transmittance:

- measured how much light comes through a product

- 0~1

- the higher, the more light is transmitted
Air Leakage:

- indicated by an air leakage rating expressed as the
equivalent cubic feet of air passing through a square foot of
window area (cfm/sq ft)

Condensation Resistance:
- measured the ability of a product to resist the formation of

condensation on the interior surface of that product.
- 1~100

World's Best
Window Co.

Millennium 2000+
WVir-Clad Wood Frame
Dauble Glazing * Argon Fil * Low |
Prodhuct Type Vertical Slider

_
ENERGY PERFORMANCE RATINGS
U-Factor (USA-P) Solar Heat Gain Coefficient

0.35 0.32

ADDITIONAL PERFORMANCE RATINGS
Visible Transmittance Air Leakage (U.SA-P)

0.51 0.2

Condensation Resistance |

5 —_—

VomA300000 S0utes 10t Bhese ria0s Cordony W apoicadie WA peooadenes Yor Seamiang ahek

ot peroexasce NP RL odegn e Sederared o 2 bod o o v werdd cordSom and s

POUIC produtt S0e. WFRC 00es 00t RO WIent any Aot and Cees £t mavart D Sy f ry

ot fr oy i s Comndl mamfacions's Matabum ko o peodixt peferrarce nbreaics
x

http://www.nfrc.org/default.aspx
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Air leakage: Vestibules

Applies to:
- doors that separate conditioned
space from the exterior.

Requirements:

- such doors shall be protected with
an enclosed vestibule.

- all doors opening into or out of the
vestibule shall be equipped with self-
closing devices

- interior and exterior doors shall:

1) not be required to be open at the
same time

2) be separated by a minimum
distance of 7 ft, when closed.

http://ali.ashrae.biz/2012winterconferencecourses/std90-
1envelope/Complying 90-1-2010 Env _Ltg Chicago 2012 Final Slides.pdf

Main 4-Story
Building

Vestibule 7'-0" min.

po Y o

Self-closing

Doors
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Climate Zone 1A, Fenestration Elements only

Space Conditioning Categories

—_— =

Assembly  Assembly Max. Assembly  Assembly Max. Assembly Assembly Max.
Vertical Glazing 0%-40% of Wall
Nonmetal framing (allk U-1.20 U-1.20 U-1.20
Metal framing
U-1.20 U-1.20 U-1.20
(curtainwall/storefront)a SHGC-0.25 all SHGC-0.25 all SHGC-NR all
Metal framing (entrance door) 4 yazo U-1.20 U-1.20
Catego ries of Metal framing (all other)a U-1.20 U-1.20 U-1.20
. Skylight with Curb, Glass, % of Roof
Const ru Ctlon 006-2.0% yall-:.98 sigeall-0.36 yall-19e suceall-o.19 yall-1.98 sHccall-Nr
2.1%-5.0% yall-1.98 sceall-0.19 yall-198 succall-0.16 vall-1.98 succall-nr
Skylight with Curb, Plastic, % of Roof
0%-2.0% Yall-1s0 SHGC allpas Uall-10 SHCC alloz27 Yall-1s0 SHEC 3]lxz
2.1%-5.0% vall-1.90 siaeall-0.27 vall-190 succall-027 yall-1.90 secall-nr
Skylight without Curb, All, % of Roof
086-2.0% Vall-136 $HGC allpas Vall-13s SHCC all.oae Yall-136 SHEC allxz
2.1%=5.0%% vall-13s ssccall-0.19 vall-136 succall-o.19 vall-1.36 succall-Nn

http://ali.ashrae.biz/2012winterconferencecourses/std90-
1envelope/Complying 90-1-2010 Env Ltg Chicago 2012 Final Slides.pdf
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Climate Zone 2(A, B) Fenestration Elements only

Assembly  Assembly Max. Assembly  Assembly Max. Assembly  Assembly Max.

Fenestration Max. U SHGC Max. U SHGC Max. U SHGC
Vertical Glazing, 0%-40% of Wall
Nonmetal framing (all) U-0.75 SHGC-0.25 all U-0.75 SHGC-0.25 all U-1.20 SHGC-NRall
Metal framing u-0.70 u-0.70 U-1.20
(curtainwall/storefront)d
Metal lramlng (’cntrancc dOOI‘)d U-1.10 U-1.10 U-1.20
Metal framing (all other)a U-0.75 U-0.75 U-1.20
Skylight with Curb, Glass, % of Roof
0%-=2.0% Uall.1 08 SHGC all.o36 Uall-198 SHGC all.oa9 Vall-198 SHGC all.ng
2.1%=5.0% vall-1.98 suceall-o.19 vall-1.98 succall-o.10 vall-1.9a snacall-Nr
Skylight with Curb, Plastic, % of Roof
0%-2.0% vall-190 siceall-o39 vall-1.90 siiccall-o027 yall-190 sicall-Nr
2.1%-5.0% vall-1.90 sHecall-o34 vall-190 siccall-oz27 uall-190 shacall-ngr
Skylight without Curb, All, % of Roof
0%-2.0% vall-1.36 suocall-o.96 vall-1.36 suacall-0.19 uall-1.96 shacall-Ngr
2.19%-5.0% vall-136 suecall-o.19 vall-1.26 succall-o.19 uall-136 snocall-nr

http://ali.ashrae.biz/2012winterconferencecourses/std90-
1envelope/Complying 90-1-2010 Env Ltg Chicago 2012 Final Slides.pdf
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Climate Zone 4 (A,B) Fenestration Elements only

Assembly  Assembly Max. Assembly  Assembly Max. Assembly Assembly Max.

Fenestration Max. U SHGC Max. U SHGC Max. U SHGC
Vertical Glazing, 0%-40% of Wall
Nonmetal framing (all)c U-0.40 U-0.40 U-1.20
Metal framing
: U-0.50 U-0.50 U-1.20
(curtainwall/storefront)d SHGC-0.40 all SHGC-0.40 all SHGC-NRall
Metal framing (entrance door)a U-0.85 U-0.85 U-1.20
, Metal framing (all Other)d U-0.55 U-0.55 U-1.20
Skylight with Curb, Glass, % of Roof
0%-2,0% vall-1a7 succall-049 vall-o.9s succall-036 vall-1.99 suacall-nn
2.1%-5.0% Vall-iar SHGC all.oxe Vall-ose SHGC all.oae Vall-198 SHGC all.nw
Skylight with Curb, Plastic, % of Roof
0%-2.0% vall-1.30 siceall-0.65 vall-1.30 siceall-062 vall-1.90 sugcall-nr
2.1%-5.0% Yall-130 SHEC all.o34 Vall-130 SHCC all.oaz7 Uall-1s0 SHGC all.ngr
Skylight without Curb, All, % of Roof
0%=2.0% vall-n.69 siacall-049 vall-o.58 siccall-036 vall-194 snaeall-Ngr
2.1%-5.0% Uall-o.60 SHGC all-039 Uall-ose SHGC all-0.19 Uall-136 SHGC all-NR

http://ali.ashrae.biz/2012winterconferencecourses/std90-
1envelope/Complying 90-1-2010 Env Ltg Chicago 2012 Final Slides.pdf
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Climate Zone 6(A,B) Fenestration Elements only

Assembly  Assembly Max. Assembly  Assembly Max. Assembly Assembly Max.
Fenestration Max. U 511GC Max. U siGe Max U s1Ge

Vertical Glazing, 0%-40% of Wall

Nonmetal framing (all)e U-0.35 U-0.35 U-0.65
Metal framing
U-0.45 U-0.45 U-0.60
(curtainwall/storefront)s SHGC-0.40 all SHGC-0.40 all SHGC-NR all
Metal framing (entrance door) *  U-0.80 U-0.80 U-0.90
Metal framing (all ©ther)a U-0.55 U-0.55 U-0.65
Skylight with Curb, Glass, % of Reof
0%-2.0% Vall-117 SHGC all-0.49 Yall-0.58 SHEC all-0.46 Uall-158 SHGC all-nm
2.1%-5.09% yall-117 sticeall-0.49 uall-098 suecall-o36 yall-1.98 sHecall-ni
Skylight with Curb, Plastic, % of Roof
0%-2.0% Uall-007 SHGC all-0.71 Uall-0.74 SHGC all-0.65 Uall-190 SHGC all-Np
2.1%-5.0% vall-0.87 siceall-0.58 uall-n74 succall-055 yall-1.50 siGeall-nm
Skylight without Curb, All, % of Roof
0%-2.0% Vall-o.69 SHGC all-n.40 Yall-nse SHGC all-nae Vall-136 SHGC all-nn
2.1%-5.09% vall-0.69 sticeall-0.49 vall-o0.58 sHeeall-039 uall-1.36 sHecall-NR

http://ali.ashrae.biz/2012winterconferencecourses/std90-
1envelope/Complying 90-1-2010 Env Ltg Chicago 2012 Final Slides.pdf
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Glazing types

Solar Heat Gain Coefficient (SHGC)

= Significantly greater energy savings are realized when sun penetration is
blocked before entering the windows.

= Glass facing east and west should be significantly limited.

Visual Light Transmission (VLT)
» Higher VLTs (0.50 - 0.70):
— Use in glazing between 6 ft above the floor up to the ceiling.
— Are preferred in predominantly overcast climates.
= Lower VLTs (0.35 - 0.50)
— Acceptable in view windows below 6 ft.

— May be required to prevent glare, especially on the east or west
facades or for higher window-wall ratios.

U-Factors

= U-factors for windows are to be measured over the entire window
assembly, not just the center of glass.

http://ali.ashrae.biz/2012winterconferencecourses/std90-
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Credit for external shading

* Credit is limited to overhangs

» Credit is not provided for other
external shading devices such as:
- Vertical fins, or

- Non-permanent devices such as
awnings.

» Shading effects from geometry of
some devices, such as shown at
the right, may be converted to
equivalent overhang, with
approval of building official.
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BEST Center Curricula, Resources & Recordings

Academic Programs

Georgia Piedmont Technical College - Building Automation Systems
Milwaukee Area Technical College - Sustainable Facilities Operations
Laney College - Commercial HVAC Systems

City College San Francisco - Commercial Building Energy Analysis & Audits

Professional Development Materials, Presentations & Videos
National Institutes

Building Automation Systems Instructor Workshops
Webinars (e.g., BEST Talks)

Faculty Profile Videos
Reports & Case Studies
Marketing Resources
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