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Presenter
Presentation Notes
This workshop will examine Massachusetts code provision requirements that regulate what plan reviews and field inspections are actually required within the codes (not only the energy provisions), what other issues affect the installations of energy features, and what time-honored practices need to be relegated to the history shelf in your library. We need to look at how past practices/design assumptions no longer respond to the new challenges of controlling building performance.  The design community is wrestling with how to make efficient design choices/decisions/equipment selections based on fundamental building science principles and chosen energy enhancement strategies.  To do your job you need to understand what they’re trying to do (sometimes unwisely).


NORTHEAST ENERGY EFFICIENCY PARTNERSHIPS @

“Facilitating Partnerships to advance the efficient use of energy“

MISSION
Promote the efficient use of energy in homes,
buildings and industry in the Northeast U.S.

ORGANIZATION "

Regional nonprofit since 1996 '
‘

PRIMARY AUDIENCES ’

« State policy makers ’,/
e Efficiency program administrators
y prog — \

APPROACH

Overcome barriers to efficiency through strategic regional
collaboration of public policies and programs




WHAT DOES NEEP DO? A
FACILITATE PARTNERSHIPS...
REGIONAL INITIATIVES PUBLIC POLICY EM&V FORUM NEEP SUMMIT
] ]

High Efficiency Retail < Policy Outreach = Protocol - Conference
Products e Building Energy Development « Workshop
High Efficiency Home Codes Research and e Business
Performance = High Performance  Evaluation Leadership
High Efficiency School and Public = Education and e Exhibition
Commercial Buildings Buildings Information
and Technologies = Appliance Access
Workforce Efficiency
Development Standards

TO ADVANCE THE EFFICIENT USE
OF ENERGY EFFICIENCY


Presenter
Presentation Notes
EM&V:  How do you price NEGAWATTS?


WHERE IS ENERGY HEADING? &

o Zero Net Energy Buildings (ZNEB)
— Energy Input = Energy Output

(what’s produced on site equals what’s used)

THE TIMETABLE (DOE)

2010 2015 2030
30% 50% 3% per year = = = 0%
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Presentation Notes
WHERE’S THE EXTRA 5%?  
We’ve wrung out most of the envelope, except for controlling ventilation; still energy waste there that can be saved for small dollars.
Appliance standards have to keep pace with technology; NAECA at least 10 years behind where technology has come.


WHAT’S IN IT FOR US 53

SAVING OUR ECONOMY FROM
UNSUSTAINABLE VOLATILITY

Energy Security

e 1970 - last year U.S. exports oll

* 1973 - 1% oill embargo World Ol Production 1900-2080
e 1978 - 2"d oil embargo -

o www.peakoll.org s /]

You are HERE >


Presenter
Presentation Notes
CIGS is the 4 listed materials, used in thin film solar photovoltaics


A FIRM SET OF PRIORITIES @3

« CONSERVATION (NEGA-WATTS) - Use less energy
— Prioritize space utilization: THINK SMALL
— Re-use energy; recycle waste
o EFFICIENCY - Use most efficient equipment that does the job
— Research your choices
— Use the right tools: ACCA S/J/D/T, ASHRAE 183-07
— TEST, COMMISSION to verify results

e THEN ADD RENEWABLES - More cost-effective here

SUSTAINABILITY: not a separate priority;
permeates each and every one of the issues above

VERIFICATION: not a separate priority;
needs to be a normal procedure that measures actual performance of systems


Presenter
Presentation Notes
The cheapest energy is what we don’t have to use.  Ma 120.AA differentiates between large (>2,500sf) and small dwellings
Using energy more efficiently and more effectively
Even though Renewables are the “sizzle;” they have to come AFTER conservation & efficiency measures and not before.
Renewables are big buck items; some don’t lessen greenhouse gases.
Every dollar into conservation & efficiency lessens our GG footprint.


ENERGY SAVINGS STRATEGIES @3

ELIMINATE INNOVATE
* Unintended air leaks Control Layer Functions:
e \oids, chases, chimneys ¢ Water Barriers
e Thermal bridging  Moisture Retarders
o Attic ovens o AIr Barriers
 HVAC/SHW systems  Thermal Barriers

outside the envelope

REDUCE
 Uncontrolled Solar Gains
e Non-required Glazing*
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Presentation Notes
‘IF YOU BUILD IT, IT WILL LEAK.”  DEAL WITH IT!
*EC 31 would re-institute a 20% prescriptive limitation on fenestration, without limiting it for other alternative paths


PLAN REVIEWS
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IT’S IN THE CODE

IECC 103.2 Information.

Detalils shall include:

e |[nsulation materials/R-values
 Fenestration U-factors/SHGC’s

o System & equipment efficiencies,

e Types, sizes & controls

* Duct sealing, insulation & locations
o Air sealing details




BASIC CODE REQUIREMENTS 58

OTHER INFORMATION (meet mandatory requirements)

« RESCheck Compliance Report

* Energy Star Application w/information

SPECIAL REPORTS

e 3" Party Inspectors

e Testing

10



COMPLIANCE DOCUMENTATION &
REPORTS - SECTION 104.2

« Code Official has final acceptance
authority

— Software, worksheets
— Above Code Programs
 Electronic media can be used

e Construction work for which a
permit is required is subject
to inspection

o Acertificate is required
to be posted*

n
cp



Presenter
Presentation Notes
No work shall be done on any part of the building beyond the point indicated in each successive inspection without first obtaining written approval of the code official.  

No construction work shall be concealed without being inspected and approved.


BASIC CODE REQUIREMENTS 58

GENERAL REQUIREMENTS - IECC 303

 |nsulation Materials: Default R-Values/U-Factors

e Window & Door Default U-Factors (SHGC & VT)

CHAPTER 4

* Average Area-weighted U-Factors (maybe)
« HVAC & SHW Design information: sizing; equipment types

e Duct sealing/insulation 12


Presenter
Presentation Notes
303 WAS MY PERSONAL CONTRIBUTION TO CONSISTENCY; PUTTING THIS INFORMATION IN CHAPTER 3 AND RE-BRANDING TO CONFORM WITH OTHER ICC CODES:  GENERAL REQUIREMENTS


LAT’S IN THE CODE 53

401.3 CERTIFICATE I:l 2009 IECC Energy

e PREDOMINANT R-VALUES
e U-FACTORS corg
e DUCT INSULATION o

b

Efficiency Certificate

Insulation Rati ng R-Value
Ceiling ! Roof

VAC & SHW EFFICIENCIES
NVENTED APPLIANCES

13



402.3.5 SUNROOM EXCEPTIONS  R24 @a

U-0.75
U-0.50

Less stringent insulation,
R-value and glazing
U-factor requirements -
not changed in Chapter 5

Sunroom definition:

— Glazing area >40% glazing
of combined gross exterior
wall and roof area

— Separate heating or cooling
system or zone (or none?)

— Must be thermally isolated
(closeable doors or windows R-30/19 R-13
to the rest of the house)


Presenter
Presentation Notes
Sunroom:  a one-story structure attached to a dwelling with a glazing area in excess of 40 percent of the gross area of the structure’s exterior walls and roof.
QUALIFYING SUNROOMS CAN BE ALLOWED; WITH NO CHANGES TO THE EXISTING EXTERIOR ENVELOPE. DOORS MUST MEET EXTERIOR TYPE U-FACTORS BUT DO NOT HAVE TO HAVE CLOSERS.
THE ABOVE REQUIREMENTS THEN MUST BE SATISFIED.
Nothing in the 8th Edition changes the requirements that THE SUNROOM CAN EXIST WITH HVAC IF IT REMAINS THERMALLY ISOLATED AND IS SEPARATELY ZONED.


G8

Vigneau Residence
Mansfield Center CT

| USING LESS:
CONTROLLING THE ENVELOPE


Presenter
Presentation Notes
Use the code (IRC N1102.2.9) to combine the functions
HOW GOOD IS PLYWOOD/OSB AS AN AIR BARRIER?
IF I CAN STOP THE AIR MOVEMENT, DO I HAVE TO REALLY WORRY ABOUT THE WATER VAPOR?
ONLY IF I CAN’T CONTROL ITS TEMPERATURE INSIDE THE WALL.


ENVELOPE: KEY CONTROL LAYERS

« WATER

 WATER VAPOR

« THERMAL

www.buildingscience.com

16
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Presentation Notes
Water is rain/snow		IF YOU CAN’T CONTROL WATER, DON’T WORRY ABOUT THE AIR LEAKAGE
Air is leakage in & out		IF YOU CAN’T CONTROL THE AIR, DON’T WORRY ABOUT THE WATER VAPOR
Water vapor is moisture in the air	IF YOU CAN CONTROL ALL THREE, THEN WORRY ABOUT CONTROLLING HEAT LOSSES
Thermal is the materials that slow energy loss

http://www.buildingscience.com/�

CONTROLLING GAINS, LOSSES (@&

HEAT GAIN EXHAUSTS

e Solar Heat Gain e Baths

e Shading / PF o Kitchens

o Attic ventilation o Laundry

AIR MOVEMENT MAKEUP AIR

« Make-Up Air Dampers  Combustion Egp’t.
 Reduced Leakage * Fireplaces

e Central Vac



THE PERFECT
WALL

HOW IT WORKS

« Uses thermal breaks
e Controls temperature
e Controls humidity

« Controls air - Relies on
ventilation systems

THE SANDWICH
Outside Cladding
— Imperfect Weather Barrier
Control Layers
— Rain*
— AiIr
— Vapor>*
— Thermal
Structure - Why here?
Interior Finish
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Presentation Notes
NOTICE THAT MOST OF THE DETAIL WORK OCCURS OUTSIDE OF THE STRUCTURE WHERE IT IS EASIER TO INSTALL
MANAGING THE DEWPOINT CAN HAPPEN IF YOU LOCATE YOUR VAPOR RETARDER BETWEEN THE INNER/OUTER INSULATION


WHAT DOES IT LOOK LIKE? 88

“OUT-SULATION™
e Insulates the structure
* Provides/protects:
— Drainage plane
— Air barrier
— Vapor retarder
The Perfect Wall functions

e as the Perfect Roof
(over the structure)

e as the Perfect Floor
(under the slab)

GWB

Stud

Vapor retarder
& air barrier

-sheathing

Insulation —I_.

Cladding I
0
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Presentation Notes
A TRUE BARRIER SYSTEM, NOT A “RETARDER”
ROOF (LIFT THE BASE)
FLOOR (LOWER THE TOP)
NOTE: DOES NOT HAVE TO HAVE INSULATION BETWEEN THE STUDS
THE KEY TO THIS ALL IS THE CONTINUITY THAT “AIR BARRIERS” HARPS ON.
IT IS JUST AS TRUE FOR THE DRAINAGE PLANE, THE VAPOR BARRIER

THE REAL SECRET HERE IS THAT MOISTURE WILL ALWAYS FIND ITS WAY INTO THE ENVELOPE.  ALWAYS!
SO WE BUILD A WALL THAT WILL CARRY MOISTURE FROM THE OUTSIDE – BACK OUTSIDE.
AND MOISTURE FROM THE INSIDE – BACK INSIDE.   KEEP THE MOISTURE IN THE AIR WHERE IT CAN BE CONTROLLED!
DON’T TRY TO LET THE MOISTURE GO ALL THE WAY THROUGH; SOONER OR LATER IT BECOMES WATER AND STARTS GROWING THINGS.
NASTY THINGS!


LEARNING HOW
TO BUILD IT

20




IRC SECTION R601.3 - VAPOR RETARDER @a

New vapor retarder requirements allow
the use of a coat of vinyl paint to
satisfy the requirement when:

An impermeable insulating sheathing with a
value of R-5 is located outside of a 2x4 stud
wall with cavities insulated to R-3.4 per inch
minimum in Zone 5;

An impermeable insulating sheathing with a
value of R-7.5 is located outside of a 2x6 stud
wall with cavities insulated to R-3.4 per inch
minimum in Zone 5;

21



CONTROLLING VAPOR £

| e
F%\” d s

2009 IECC introduces 3 classes\of vapor retarders:
. 0.10 perm or less

. 0.10 - 1.00 perm

1. 1.00 — 10.0 perm

22



MOISTURE DIFFUSION IN MATERIALS

MATERIAL

%" GWB

TYVEK

Latex Primer

7/16” OSB (w/exterior glue)*
1” XPS

7/16” Plywood (exterior glue)

Kraft Paper Facing

2 mil polyethylene
Alkyd-base or V/R paint

1 mil aluminum foil laminate
%" GWB + VWC

38 -42
52
/7.0-10.0

0.77*-3.48

0.40-1.60
0.70
1.0
0.06-0.22
<0.05
<0.05
0.05-0.80

NO
NO
NO

SOMETIMES
SOMETIMES

YES
YES
YES
YES
YES
YES

&3
PERM RATING | VAPOR RETARDER(?)

23



HOW TO CONTROL VAPOR (MOISTURE) &3

PLUMBING
STACK VENT I

f

RECESSED
~ LIGHTS |
Vi b

nwum

RECESSED
LIGHTS

\ Il- .
.

—
s 5

_"__':'-"'Air leaking into the house

ST BN R

__‘.-::-'Z'f-"-’ Air leaking out of the house
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Presentation Notes
Un-insulated ducts outside of conditioned space
Attic hatch
No dampers on fans, furnace exhausts, water heaters, dryer vent


POP QUIZ:
IS WATER VAPOR...

LIGHTER THAN AIR?
HEAVIER THAN AIR?
THE SAME?

Does It matter?

(TONIC)

O


Presenter
Presentation Notes
Do I know the difference between pop and tonic?


...ANY QUESTIONS?



Presenter
Presentation Notes
Where did the water come from?  Where did it go?  How did it get there?  ANY QUESTIONS?
Where Is the air the WETTEST in this picture?
Where is it the DRIEST?
Vapor DIFFUSES from WETTER to DRIER, NO MATTER WHAT THE TEMPERATURE (seeks equilibrium - %)!


402.2.7 SLAB EDGE INSULATION @a

e R-10 (typically 2 inches) insulation in Zones 4 and
above; Note ‘d’ requires 5 more for heated slabs

 Downward from top of slab a minimum of 24” (Zones
4 and 5) or 48” (Zones 6, 7, and 8)

* Insulation can be vertical or extend horizontally under
the slab or out from the building (must be under 10

Inches of soil)
flashing ‘ -

Higure 2 Figure 3

protection |
boar s——
e rigiil

insulation

~slab b

insulation



Presenter
Presentation Notes
Slab-edge insulation may be installed vertically or horizontally on the inside or outside of foundation walls.  If installed vertically, it must extend downward from the top of the slab to the top of the footing.  If installed horizontally, it must cover the slab edge and then extend horizontally (to the interior or exterior).  Pay attention to the note buried below the table.  Ever see that before?

Slab edge floors with a floor surface < 12” below grade.


INSULATION - VAPOR RETARDER 88
% ewsn BEST PRACTICES

VAPOR RETARDER  Use R-601.3/Tbl.601.3.

reEmook — R50n 2x4; R 7.5 on 2x6

e Midpoint air/VR barrier

CONVENTIONAL

Full cavity R-20;
face stapled

Fitted at boxes
Class 1 V/R warm side
Alr barrier at exterior
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Presentation Notes
QUESTIONS:  Can I build 2x4 construction in MA?
		Where’s the WARM SIDE of the wall?
Be aware that per Table N1102.1 Note “h” doesn’t penalize R-13 (13+5)


1998 AIRTIGHT STUDY 53

SINGLE FAM”_Y = ACH MOISTURE MIGRATION PRIORITIES

] Significantly more water vapor fravels
 Mean Age: 20-30yr
g y through a wall by air leakage than by

 Tight: 0.19-0.24 diffusion
e Good: 0.48-0.59
e Typical: 0.96-1.18
e Leaky: 1.93-2.35 i of vl pr 5 =

heating season

Air leakage (Y2 inch hole -

» Canada: 0.11+ s
e ASHRAE 62 min 0.35

I

I
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Presentation Notes
NOT COMPREHENSIVE; USED THE BEST DATA THEN AVAILABLE
What does this mean to you?  ERV – Energy Recovery Ventilation


.

:'I’ i
ot =
o

P = 1
e - >'#j-;r:;’
_
o o

HOW TO DO IT? 4.

s




CONTROLLING VENTILATION

Fully Insulated Cabinet:

Baked powder-coad linish. Insulabed
with 1° (25mm) foil-faced, high
density potystyrene faam. For quiet,
Irouble-ree operation,

Core: Heal Recovery Units
feafwne a lifetime warranty on
iha gluminum core,

Washable Electrostatic Filters

Swperior EBM Motors: Units are

designed with German manulaciured
EBM exdarnal rofor modorized impellers -
1he most durable motars in the industry,
Precise balancing ensures wibration-fres

Electronic Control Board:

Units feature state-o1-the-ar

cantral boands for easy connection to
exigting HVAC eqguipment, All units
are designed for easy operation from

T ¥ear Limited Warranty

spral P L s Ly e L |
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Presentation Notes
IF WE ARE SUCCESSFUL AT REDUCING AIR LEAKAGE,
MANAGING INFILTRATION IS THE THIRD KEY TO EFFICIENCY


Measuring Leaks -
Blower Door Test

CFM x 60/CF of house. Air
natural leakage (1/20 of test)
should be expected between
<0.70 (leaky) and >0.35 (tight).



Presenter
Presentation Notes
ACH50 is the CFM x 60 min/hr DIVIDED by the cubic volume of the insulated space, equal to about 0.20 w.g.
Natural infiltration is about 1/20th of air test leakage.  
3405 / 20 = 170 CFH x 1.08 x 60 degrees = 11,000+BTUh. Reduce that by 41% to a tight seal.
House is rather leaky but not seriously. Reducing the flow to almost half the CFM would be a tight house (0.35ACH) 



CONTROLLING FENESTRATION [

e WINDOWS

e SKYLIGHTS

e DOORS

33



FENESTRATION PERFORMANCE &3

 NFRC Ratings
— NFRC 100, U-factors
— NFRC 200, SHGC

World's Best
Window Co.

Millennium 2000+
Winyl-Clad Weod Frame
Double Glazing = Argon Fill » Low E
Froduct Type: Vertical Slider

{per NFRC 100-97)

— WindOWS, dOOfS, Skyllghts Enﬁwznrnnmnmcsnnnuﬁs
U-Factor (U.S/I-P) Solar Heat Gain Coefficient
e Default U-factors & SHGC’s 0.35 0.32
e Manufactured fenestration s Tsmitce T i Leooge LS
— Standardized infiltration rates 0.51 0.2

Menytacturer sipuletes Thet 1hese retings comlenm to applicehle KFRL procedures far defermining whak
progiuct parformenca. KFAC retinge are cetermined for & feed st of environmental conditions and 2

— AAMA/WDMA 1.S.2, or e R
— NFRC 400 - M ﬂ@
e “Site-built” fenestration i i nifin

— Caulk, gasket or weather-strip T
for infiltration control




B
GLASS & TOTAL INCIDENT SOLAR ENERGY @3

&
100
SH1%
8D% .-""".Fr-___-_hh__"
104 o
19 :E

el
60% =

-

;" / Spectrally Selective Ordinary Low-E GGlass Clear (3lass
50% - Lilnws

=

b=
40% #

e
P =

=
20% :

LERERARERRRERRR R R R R R R R R R R AR R R N NN R R R NN R NN NN
[y YISIRLE NEAR INFRARED {(Solar Hest)

100 3B B0 2500


Presenter
Presentation Notes
This is a TOTAL INCIDENT SOLAR ENERGY chart with Visible Transmittance (VT) of glazing in the center. 
ORANGE is clear double-pane; GREEN is low-E coated; BLUE is “spectrally selective” (Andersen calls it E4 – how about Marvin?)
Notice how low-E and SS get rid of INFRARED; SS also loses visible orange and red light (see spectrum slide).
Whole idea is to DECREASE heat loss out of those “controlled holes”
NOTICE also that SS lets in VERY LITTLE UV.  What does UV do?  Fades the furniture and drapes!
If you pay attention to orientation, makes sense to put low-E on East & South; SS on North & West. WHY? UNWANTED HEAT!



RE-RADIATION: LOW - E @8

Inside Glass Surface Temperature (deg F)
o° 0oe 20°  30°  40° B50° 80° T0°

single clear ‘. e ﬂumﬁ\ .
B o cutdoors U_l '04
double clear
U=0.57
double low-E
(v otr g U=0.35
argon gas
d 2 low-E -
&u;nihﬂi:’l;r gain) U_O = 28
krypton gas
Uncomfortable Comfortable

http://www.efficientwindows.org/selection.cfm


Presenter
Presentation Notes
LOOK AT THE TEMPERATURES!
WHERE ARE YOU GOING TO SEE WINDOWS FROST UP?
WHICH WINDOW DO YOU WANT TO SIT NEAR WHEN IT GETS DOWN TO ZERO?
AND, IF YOU FEEL CHILLED, THERE’S THREE CHOICES:
PUT A SWEATER ON;
TURN UP THE THERMOSTAT;
MOVE YOUR CHAIR!
Low-E is a MICRON-THIN coating applied to the inside face of the INSIDE glass pane;
SHGC is a MICRON-THIN coating applied to the inside face of the OUTSIDE glass pane.
You can see from where it occurs within the air space that it does its best reflecting job on the glass it gets deposited on.


CORRELATION: Low E and SHGC

LOW ‘E’ SHGC
e VLT transparent  Reduces VLT
o Reflects primarily  Reflects more energy
Infrared

e Sputter coat ‘silvered’
e Pyrolitic coating

 May be film or tint
 May be sputtered

37
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COATINGS ARE SOMETIMES BOTH LOW-E AND SHGC


LOCATIONS WITH SHGC REQUIREMENTS @3

S

A 7

7
give
i SHG

WL W el
T SR S P
“\Q\\'\Q\\\Q\\%
- - -
RPN "":\ ~t,
T |
wh i Tan
R

Hood awning Venetian awning Exterior roll blind

2A-AZL005
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Zones 1-3

Dominantly cooled climate locations


Thermal Bypass Checklists 83

HOME
PERFORMANCE

Wik
ENERGY STAR

VENTILATION e Ventilation controls
o Kitchens & bathrooms  MERV filtration required*
e Limiting exhaust CFM* e Limitations on fan noise*

Clothes dryers vent outside ¢ NO vent-less combustion*

Air inlet/exhaust locations e CO detector for fueled*
appliances

39
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Presentation Notes
VENTILATION ADDS THE FINER POINTS TO WHAT USUALLY GETS REVIEWED  (translate filters: Minimum Efficiency Reporting Value)
Ventless combustion also requires that you have a combustion air source that requires tempering
WATER MANAGEMENT ESSENTIALLY LOOKS AT THE CODE-RELATED ISSUES


HOME
PERFORMANCE

Ll
ENERGY STAR

Thermal Bypass Checklists @3

WATER MANAGEMENT Cover foundation drains

Slope patios, walks, grades Flash base of exterior wall

Slab capillary breaks  Drainage plane - outward

Damp-proof foundation walls Roof/window/door flashings

Backer board tubs & showers

Gasket sump drain covers

40
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Presentation Notes
VENTILATION ADDS THE FINER POINTS TO WHAT USUALLY GETS REVIEWED  (translate filters: Minimum Efficiency Reporting Value)
Ventless combustion also requires that you have a combustion air source that requires tempering
WATER MANAGEMENT ESSENTIALLY LOOKS AT THE CODE-RELATED ISSUES


MECHANICAL & ELECTRICAL SYSTEMS

WHERE EFFICIENCY
MATTERS

@3



SELECT &3

HVAC EQUIPMENT

* Energy Star qualified

* Right - sized
*(15-40%)
(see 2012 EC-121)

Service Hot Water



Presenter
Presentation Notes
EC ??? Proposes limiting  sizing 


MECHANICAL & CONTROL SYSTEMS @a

e “Right-sized”
— Better than NAECA
—ACCA: S/J/D/T
e Tested
— Ductwork
— Balancing
— Proper charge
e Commissioned*
— Post-occupancy (C.0.)

43



ACCA SYSTEM DESIGN PROCESS &9

AGGREGATED LOADS FOR INDIVIDUAL SPACES

 Sensible: envelope, air leakage & exhaust,
equipment, occupants & activities

 Latent: cooking, bathing, occupant,
weather-related (A/C)

EER Sl Eaakn P

AT

SYSTEM LOAD REQUIREMENTS et wﬂﬂ”

l System Concept RS

Load Calculation J

I e
Alr
Distribution T Q

Eguipmant

Selection 5

TESTING, LOAD BALANCING Dhurt B D a

Calculation

CS

SELECTIONS OF EQUIPMENT

DELIVERY NETWORK SIZING

Cs

5 z Rosidential Duct
Adjust, Test, Balancae Dingrostic and Regalr




LOADS - ACCA MANUAL J3 58

DESIGN ISSUES

* EXposure, orientation
— Latitude, altitude

e Large glazing areas
— NFRC compatible
— Glazing orientations

e Solariums
e Shading devices
* |Internal loads

CONSTRUCTION ISSUES

e Gains/losses for many
materials systems

e Roofing color, loads
e Duct loads

o [nfiltration loads

e [nternal loads
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MJ8 also accommodates homes that have excep­tional architectural features and life style accessories such as:
Dwellings that have limited exposure or no expo­sure diversity
Homes with large south-facing glass area or rooms with unusually large glass area
A thermally isolated solarium
Customized internal load estimates
MJ8 is sensitive to an increased variety of issues re­lated to construction materials and methods including:
Fenestration loads for glass rated by the National Fenestration Rating Council (NFRC)
Improved duct load models
Improved methods for estimating the effect of internal and external shading devices, including insect screens
Inﬁltration estimated based on blower door test
Sensitivity to latitude and altitude
Sensitivity to skylight glazing material, curb con­struction and light shaft construction
Heat gain sensitivity to rooﬁng material, roof color and the use of radiant barrier
Heat loss and gain for log walls, structural foam panels, aerated autoclaved concrete block, insu­lated form concrete panels, brick walls, concrete walls, wood foundation walls, and any other types of walls and insulation options



VENTILATION AND EQUIPMENT SIZING @3

e Ventilation

— QOutdoor air intakes and exhausts shall have automatic
or gravity dampers that close when the ventilation
system is not operating

e Equipment Sizing
— |ECC references Section M1401.3 of the IRC

— Load calculations determine the proper
capacity (size) of equipment
» Goal is big enough to ensure comfort but
no bigger

— Calculations shall be performed in
accordance with ACCA Manual J or other
approved methods
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Presentation Notes
Equipment sizing is a direct reference to the IRC.

Oversized equipment has a higher initial cost, a higher operating cost, provides less comfort, and the short-cycling reduces the equipment life expectancy.  Any one of these is a good reason not to oversize.  

Heating and cooling system design loads for the purpose of sizing systems and equipment shall be determined in accordance with the procedures described in the ACCA Manual J or an equivalent computation procedure.


CHAPTER 5 - EQUIPMENT SIZING @a

MAXIMUM MINIMUM
OVERSIZING EFFICIENCY AND

PERCENTAGE TESTING PROCEDURE

Air Conditioners 15% Table 503.2.3(1)

Multi-speed Air 15% Table 503.2.3(2)

Source Heat pumps &

GSHP

Single-speed GSHP 25% Tables 503.2.3(2) or
(3)

All fuel-fired 40% Tables 503.2.3(4) or

heating appliances (5)
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Presentation Notes
Use of Existing oversized heating systems are a GOOD THING:
If they can be extended they save the owner money and perform more efficiently;
If they perform poorly they will be replaced sooner with good equipment.
Use of Existing cooling equipment is a BAD THING:
They waste money even if they can handle the load, since they are inherently less efficient than new equipment, and will require more expensive maintenance to keep running at optimum efficiency.



Thermal Bypass Checklists 83

HOME

F'EHFE!IHI:I.;MN CE
ENMERGY STAR

EQUIPMENT

Design, spec, document

e Ducts - ACCA “D”

e Duct Terminals - ACCA “T”

ARI condenser/evaporator

e Design Loads - ACCA “J”

Drain pan to plumbing trap

e Equipment specs - ACCA “S” LIGHTING (N1104)

48
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SINCE THIS IS “THERMAL BYPASS” WE DON’T WORRY ABOUT THE LIGHTING (H.E.R.S. DOES)
CHECKLIST GETS SPECIFIC ABOUT WHAT IT MEANS BY “FIELD VERIFY”


HOME

Thermal Bypass Checklists 83

F'EHFq_EH:I.JANEE
ENMERGY STAR

FIELD VERIFY EQUIPMENT:

Refrigerant type/charge

 Heat gains - latent/sensible Refrigerant metering devices

o Air flows/static pressures Return/supply air temps.

e Fan motor - type, speed Outdoor ambient temp.

e Line pressures/temps.

49
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SINCE THIS IS “THERMAL BYPASS” WE DON’T WORRY ABOUT THE LIGHTING (H.E.R.S. DOES)
CHECKLIST GETS SPECIFIC ABOUT WHAT IT MEANS BY “FIELD VERIFY”


MECHANICAL & ELECTRICAL SYSTEMS

»
POORLY CUT INSULATION
EXPOSES JOINT TO COLD J
\\‘**-—-x‘——'—"__-—-"-"’" 4
|
NOT THIS WAY! .
I
1]
HOT OR COLD WATER PIPE ]
R-3 OUTSIDE CONDITIONED SPACE ;
i 1]
PIFE INSULATION |
1]
1]
|

CAREFULLY CUT INSULATION
FOR TIGHT MITER FIT
SECURE CORNER CUTS

WITH TAPE OR GLUE
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SERVICE WATER EFFICIENCY
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Presentation Notes
NO – this is not what I had in mind about thinking OUTSIDE THE BOX!


RE-THINKING WATER USAGE 58

DESIGN SYSTEM FEATURES

e Centralize Functions Minimize MANIFOLDS

Make more “TWIGS”

« Compact Layout

Shut off CIRCULATORS

e “Right Size” piping*

Reduce SOURCE TEMPS*

 |nsulate HW lines
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Presentation Notes
Plumbing Code has not caught up with water conservation changes.
STILL USING SAME LINE SIZING WHEN BRANCH & ‘TWIG’ DEMAND HAS DROPPED SIGNIFICANTLY.


Traditional Trunk System

KITCHEN E

| ‘ ne
BATHII cp
SERVICE HOT WATER
EFFICIENCY

BATH Il
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INSPECTIONS

What Are We Looking For?

When Should We
Be Looking For It?



...A RESCHECK REPORT

REScheck Software Version 4.3.1
Inspection Checklist

Ceilings:
] Ceiling 1: Cathedral Ceiling (no attic), R-0 (uninsulated)
Comments: Sloped ceilings in 2nd Floor bedrooms, bath & hall

] Ceiling 2: Flat Ceding or Scissor Truss, R-0 {uninsulated)
Comments: Flat ceiling portion, 2nd Floar

 Ceiling 3: Flat Ceding or Scissor Truss, R-0 {uninsulated)
Comments: Ceiling of 15t Floor

] Ceiling 4: Other, U-factor: 0.582
Comments: Insulate under stairs to 2nd floor

Above-Grade Walls:
] Wall 1: Wood Frame, 247 0 .c., R-0 {uninsulated)
Comments: Morth Wall 1st Flaor - FRONT

 Wall Z: Wood Frame, 24” 0 ... R-0 {uninsulated)
Comments: East Wall 1st Floor

] Wall 3: Wood Frame, 247 o .c., R-0 {uninsulated)
Comments: East Wall 2nd Floor - lower

| Wall 4: Wood Frame, 247 o .c., R-0 {uninsulated)
Comments: East Wall 2nd Floor - upper

| Wall 5: Wood Frame, 247 o .c., R-0 {uninsulated)
Comments: South Wall 15t Floor - REAR

] Wall 5 Wood Frame, 247 o .c., R-0 {uninsulated)
Comments: West Wall 15t Floor - lower

] Wall 7: Wood Frame, 247 o .c.. R-D {uninsulated)
Comments: West Wall 2nd Floor -upper

] Wall & Wood Frame, 167 0.2, R-0 [uninsulated)
Comments: 1/2 x 2 stair walls to unconditioned basement

Windows:

| Window: Kitchen: Vi Frame, Double Pane with Low-E, U-factor: 0.280
For windows without labeled L-factors, describe features:

REScheck Software Version 4.3.1
Compliance Certificate

Project Title: MBOIA TEST HOME

Energy Code: 2009 |[ECC
Location: Lewiston, Maine
Construction Type: Single Family
Conditioned Floor Area: 4500 fit2

(Glazing Area Percentage:  10%
Heating Degree Days: 7244
Climate Zone: B

Construction Site:

ANYWHERE STREET
LEWISTON, ME

OwnerfAgent:

Gross
Area or
Perimeter
Ceiling 1: Cathedral Ceiling (ne attic) 7
Skyfight: 2 Bath: Wood Frame, Double Pane with Low-E il
SHGC: 047
Ceiling 2: Flat Ceiling or Scissor Truss 368
Ceiling 3: Flat Ceiling or Scissor Truss 442
Ceiling 4: Other 50
Wall 1: Wood Frame, 24" o .. 40
Orientation: Front
Window: Kitchen: Vinyl Frame, Double Pane with Low-E 14
SHGC: 0.40
Orientation: Front
Window: Bath: Vinyl Frame, Double Pane with Low-E 4
SHGC: 0.40
Orientation: Front
Window: Entry: Vinyl Frame, Double Pane with Low-E 7

SHGC: 0.40

DesignerContractor
DONALD VIGNEAL
NEEP
21 HARTWELL AVE
LEXINGTON, MA 02421
TB1-BA0-2177 eXT.136
dvigneau@neep.org

Compliance: Wall crientation not specified

Cavity
R-Value

0.0

0.0
0.0

0.0

Cont.
R-Value

0.0

0.0
0.0

0.0

Glazing
or Door
U-Factor

0.350

0.509

0.290

0.290

0.290

187

209
25
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Presentation Notes
If you’re getting RES Check reports filed, or if you took my class last year and the Internet was working, the Inspection Checklist from the software can be adapted to fit into your periodic inspections (just figure out where the items fit in best with your inspection schedule.
The Compliance Certificate is the handy reference to know what you’re looking for.


INSPECTING FOUNDATIONS (&3
FOR NOW FOR LATER

Sill sealer under sill « Slab edge Insulation

plates e Under-slab EPS/XPS
Dampproofing

Exterior foundation Y= ST e = -

A ) e '
e

Insulation

- :‘h-eu'el eut
S

_].' % . slaby




ROUGH FRAMING / ROUGH-INS* (&3

CONVENTIONAL ENERGY STAR etc.
o Air Sealing Table 402.4.2 < Insulation location(s)
(but see EC-25 FAH) e Taped sheathing
* Openings/holes « Drainage plane

o Caulking/foam

| ”A - aky f, :
""WMA s,

*How do you resolve
split jurisdiction
Inspections?



Presenter
Presentation Notes
EC-25 separates air sealing inspection from insulation inspection; really needs to be done at rough-in inspections for plumbing, electrical, ducts. 2009 tells you to do them both 
HOW DOES THIS PROBLEM GET RESOLVED WITH SPLIT JURISDICTIONS?
Picture is Huber Engineering ZIP tape system; boards have hygroscopic coating (beads water) and, if protected, will serve as an air barrier.
BE AWARE THAT THE INTELLIGENT CONTRACTOR WILL FIGURE OUT THIS SYSTEM WORKS BEST IF YOU TAPE BEFORE YOU TILT UP. (doesn’t really work for the roof sheathing)


AIR LEAKAGE INSPECTIONS 402.4.1 @g

° I RECESSED LIGHT FAN PENETRATION
Joints, seams, other SSED LGHT
- INGULATED PENETEATIONS
penetrations CEILINGS _ OF VENTS,
CHIMNEY PIFING, CABLE,
R FENETEAT AMND UTILITIES.
e Dropped celilings on -
e Between SOIE plateS PERIMETER
I tng OF WINDOW
E ' AND DOOE
1 TIONS IN
e Behind tUbS, showers PLATES AND FRAMES
END STUDS ) 2 E DUCT WORK
- EXTERICR— ] | PENETRA-
* Floors/exterior walls - sowen _—— =
- - F s o 3 Y - S e it
unconditioned space it @,\ Tl .
- = 5 . ' SN,
e Plumbing/Electrical %% | Y
R A R AR R R TTRER
- B - o S NS N P
utility penetrations P RRRRRRIRIIIIIIINRR
AND SEAMS

e Service access doors or
hatches


Presenter
Presentation Notes
There is no specific code language that precisely dictates how a leak should be sealed or how to judge the quality of a seal.

There are several places where air leakage can occur:
Site-built windows, doors, and skylights
Openings between window and door assemblies and their respective jambs and framing
Utility penetrations
Dropped ceilings or chases adjacent to the thermal envelope 
Knee walls
Behind stairwells on exterior walls
Walls and ceilings separating a garage from conditioned spaces
Behind tubs and showers on exterior walls
Common walls between dwelling units
Attic access hatches


- AROUND PENETRATIONS

TN TR TR
i LIV B

S W LR
BRI T R AR
g A T T

THRE L AR T A
ENETED 5 WD 50 O
AR el Y


Presenter
Presentation Notes
NOTE THE ELECTRICAL RUNS PENETRATING UP INTO THE ATTIC.
IS THE INTERIOR PARTITION SEALED? WHAT ABOUT DOOR JAMBS/CONVENIENCE OUTLIETS, ETC.
YOU HAVE TO PAY ATTENTION TO MORE THAN THE OUTSIDE WALLS/CEILINGS
HOW CAN YOU MAINTAIN AN EFFECTIVE VAPOR RETARDER WITH THESE CONVENTIONAL PRACTICES?

http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/graphic/191&datasource_name=EnergyDS�
http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/graphic/192&datasource_name=EnergyDS�
http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/graphic/183&datasource_name=EnergyDS�
http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/graphic/975&datasource_name=EnergyDS�
http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/graphic/657&datasource_name=EnergyDS�
http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/graphic/227&datasource_name=EnergyDS�
http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/graphic/187&datasource_name=EnergyDS�
http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/graphic/647&datasource_name=EnergyDS�
http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/graphic/687&datasource_name=EnergyDS�
http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/graphic/220&datasource_name=EnergyDS�

OTHER AREAS

MWCRSTURE CONDENSES
" oW COLD SURFACES

:
£

@3
-

AT Pl I0 N0 RAdm il (0. Dy ST S
e wrs Srsand | b P g ey a i X
P s e 0T D ek o e o, Thee

A e (e e e B e Pt
ST NN BT Mg TS 8 O oo


http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/graphic/1082&datasource_name=EnergyDS�
http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/dbimages/full/642.jpg�

INSULATION INSPECTIONS
ANYTHING WRONG HERF?

Carpet and Pad

Wood Framing

Cavity Insulation

62



EQUIPMENT / APPLIANCES @3

CONVENTIONAL ENERGY STAR etc.

o Gravity Venting e Direct Venting
e Power Venting * Fuel-fired direct vent

 Combustion air (leaks) ¢ Insulating lines

Haot Exhaust Out
Combustion Air In

Co-Axial Direct Venting

Direct vent pipe is two pipes
in one: a 4" or 5* exhaust
pipe inside a 6-5/8" or 8"
combustion air intake pipe.

Combustion air is pre-heated
through contact with the hot
inner exhaust pipe, resulting
in increasead efficiency.



Presenter
Presentation Notes
Water heaters with standing pilots need gravity vents


THERMOSTAT CONTROLS 403.1.1 (&3

 One per dwelling for « One per ZONE really
forced air required needed, but not code

 Programmable

e Heat/AC or HVAC

e Deadband > 5°F
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SECTION 403.2
DUCT EFFICIENCY -

BY TESTING

FLEX DUCT CONNECTIONS

6 cfm/100sf w/air handler
4 cfm WITHOUT (0.1 w.g.)
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Presentation Notes
DUCT TESTS ARE MEASURED LEAKAGE PER 100 SF OF DUCT:  CIRCUMFERENCE OF DUCT(S) BY LENGTH
SHOULD BE CALCULATED BY THE TESTER FROM THE DRAWINGS TO CALIBRATE.
NO TEST REQUIRED IF ENTIRE DUCTWORK/SYSTEM INSIDE BUILDING ENVELOPE
CANNOT USE BUILDING CAVITIES AS SUPPLY DUCTS; NEVER WILL PASS TESTING REQUIREMENTS


LIGHTING SOLUTIONS - N1104~*

Exterior Grounds Lighting and Specific Technologies

System Efficacy (Lumens/Watt)

140

120

100

80

60

40

20

&3

T 0 )
e High Pressure Sodium
/ E){
//’_______ — //
| Metal Halide | _—T——
3 N —
| Fluorescent =%
| 50|% interior residential*
1/
4 y
Not Allowed
(Q Incandescent\
100 200 300 400 500 600 700 800 900

System Watts

1000


Presenter
Presentation Notes
Another condition where you’re not going here on a plan review.  Does it matter? YES; if you check them.
Will they be there after you’ve gone?
BUT, when it gets difficult to find the old incandescents (if EPA has its way), they’ll be back.


THANK YOU

PLAN REVIEWS AND FIELD INSPECTIONS

DONALD VIGNEAU AIA
dvigneau@neep.org

Massachusetts Building Commissioners
and Inspectors Association
OCTOBER 23, 2010

5 Militia Drive Lexington, MA 02421
P: 781.860.9177
WWW.Nneep.org



B |/ASSACHUSETTS (3
A8 /\PPENDIX 120.AA

NEW COMMERCIAL

 Energy Star 2.0 based* e« NBI & ASHRAE based
e Prescriptive Option * Prescriptive/Performance

 RESNET performance e Commissioning measures


Presenter
Presentation Notes
ENERGY STAR 2.5 & 3.0 coming


ENERGY STAR

A 120.AA REQUIREMENT




Insulation at full

el Thermal Bypass B @3
HD[ 1E Insulation I
Checklists _

WALLS - “O.V.E.” FRAMING |

- Minimize framing

High Performance DEFINITION:
Two-stud corners

— Insulated sheathing OR
 Insulated headers

— Structural insulated panels OR
e Single jacks or hangers

— Insulated concrete walls OR
o 24 stud/floor/truss alignments

— Double wall framing
 Envelope/partition intersections
sealed/insulated


Presenter
Presentation Notes
WALL:  tubs/showers; kneewalls; skylight shafts; stairs to unconditioned spaces
FLOORS: basement garages; cantilevers; underside of conditioned stair above basement
SHAFTS/PENETRATIONS:  flues; ducts; piping; laundry;  also wiring runs, vents, traps, fireplaces
ATTIC/CEILING:  eaves; access hatches/drop-down stairs; dropped soffits; recessed lights/JB’s;
ATTIC FRAMING:  If trusses used, must be raised heel; elevate equipment above insulation
OVE FRAMING:  24” OC; minimize thermal bypass of studs (2x6 only about R-6 compared to R-19 insulation value)
INTERSECTIONS:  Ladder blocking; full 1x-2x6 backing; drywall clips
SHEATHING:  Provide a true thermal break with framing


égﬁ-”ﬁ}ﬁ Thermal Bypass [y

thickness over

HOME

i Checklists it

EMERGY STAH

THERMAL BYPASS 5
m

o Al |
e Overall Barrier Alignment
« Wall envelope interfaces FRAMING FEATURES - ATTIC
« Floor envelope interfaces e Trusses - raised heel
o Attic/ceiling interfaces « Raised equipment platform
e Shafts; utility penetrations NO FREEBIES

e Attic/ceiling interfaces  No free window/door/ceilings


Presenter
Presentation Notes
WALL:  tubs/showers; kneewalls; skylight shafts; stairs to unconditioned spaces
FLOORS: basement garages; cantilevers; underside of conditioned stair above basement
SHAFTS/PENETRATIONS:  flues; ducts; piping; laundry;  also wiring runs, vents, traps, fireplaces
ATTIC/CEILING:  eaves; access hatches/drop-down stairs; dropped soffits; recessed lights/JB’s;
ATTIC FRAMING:  If trusses used, must be raised heel; elevate equipment above insulation
OVE FRAMING:  24” OC; minimize thermal bypass of studs (2x6 only about R-6 compared to R-19 insulation value)
INTERSECTIONS:  Ladder blocking; full 1x-2x6 backing; drywall clips
SHEATHING:  Provide a true thermal break with framing


NEW RESIDENTIAL COMPLIANCE

BASED ON:

HERS
Home Energy Rating System ENERGYSTAR

120AA Chapter 1; IECC 2009 Chapter 4
ENERGY STAR Thermal Bypass Checklists
HERS Rating Index for the dwelling -
65 for > 3,000 sf (greater than)

70 for < 3,000 sf (less than)

I RNATIONAL ENERGY

CONSERVATION C E

HOME
F'EHF[IHIH]M-JEE

H.E.R.S. Is based on the 2004 IRC ® NOT |RC



Presenter
Presentation Notes
AND THE TRANSLATION…
ON PG. 12 OF THE APPENDIX YOU WILL FIND “Delete Chapters 3 & 4 of IECC 2009”
HOW MANY HERE HAVE HAD ONE OR MORE JOBS WITH HERS RATINGS DONE?
RESIDENTIAL COMPLIANCE IS THE LISTED ‘HERS’ RATING THAT IS ’X’ % BETTER THAN CODE
UNDERSTAND THAT 2004 IRC PRESCRIPTIVE NUMBERS ARE LESS THAN 2009 IECC; THE 65-70 IS NOT > 30%
HERS RATINGS NOW BASED ON IRC 2004 CODE REQUIREMENTS; NEW RATINGS IN 2011 WILL BE BASED ON IECC 2009 CODE
CAN YOU PLAY GAMES WITH THIS?  WELLL….  THE RATING IS A STEP FUNCTION; 120.AA SAYS “CONDITIONED FLOOR SPACE”


RESIDENTIAL RENOVATIONS COMPLIANCE @a

AFFECTED ENVELOPE PORTIONS:

 Meet/exceed IECC 2009, OR

Fully fill cavities (R-3.7 minimum)
OR

e Use ENERGY STAR Checklists w/ e

CONSERVATION C E

 HERS Performance Option

— 85 for < 2,000 sf (less than)

— 80 for > 2,000 sf (greater than)
e EXceptions:

— Construction not disturbed

— Sash repairs

H.E.R.S. changing in 2011 NOT IRC



Presenter
Presentation Notes
MA deletes IRC Chapter 11; to use Appendix must use IECC 2009
FEDERAL TURF WARS:  EPA ‘OWNS’ Energy Star; their current standard for HERS is 2004 IRC, not IECC


404.7 H.E.R.S. COMPLIANCE OPTION @g

« The Home Rating Energy System (HERS) is an optional path to
compliance

®
HERS

Syalemn



SOLVING PROBLEMS 53

Do we address:

e The SYMPTOM
or
e The CAUSE



Presenter
Presentation Notes
WE FOCUS IN ON A SYMPTOM AND LOSE TRACK OF THE CAUSE – THE REAL PROBLEM
WITHOUT AN ATTIC, DO I STILL HAVE A HOT ROOF IN THE SUMMERTIME? WHY? (EMISSIVITY)
WILL IT AFFECT MY ENERGY PERFORMANCE?  CAN I QUANTIFY WINTER V. SUMMER?




QUE STI ONS

- ‘ ) - +




GREENHOUSE GAS NEWS @g

YEAR

2009
2008

2007
2006

1997
1992
1987

1959

CO,, (PPM)

387.35
385.57

383.71
381.85

363.47
356.27
348.98

315.98

NOTES

COPENHAGEN ACCORD
THE LATEST YEAR FOR WHICH A
FULL YEAR OF DATA IS AVAILABLE

Kyoto Protocol

Earth Summit in Rio de Janeiro
The last year in which the annual
CO, data was less than 350 ppm
The first year for which a full year
of precise instrument data

IS available
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Presentation Notes
HERE’S 50 YEARS OF DATA.  THE NUMBER HAS NEVER GONE DOWN – ONLY UP.  OVER 22% IN 50 YEARS
THERE IS NO HISTORICAL DATA ON WHAT WILL CHANGE IN OUR NATURAL SYSTEMS.  THE EARTH HAS NOT BEEN HERE BEFORE – NEVER.
THERE ARE BILLIONS ON BILLIONS OF TONS IN THE EARTH AND IN THE OCEAN, BUT THESE SYSTEMS CAN’T ABSORB IT AS FAST AS WE’RE MAKING IT. THE SEA IS TURNING MORE ACIDIC (CARBONIC ACID) AND THE CORAL ARE DYING.


HOW DO WE GET THERE - @3
USE GLOBAL THINKING P

« SOURCE ENERGY: Extract, process, store, modify, use; re-
use; dispose of; all in a controlled/managed way;
as opposed to water, lightning, wind, fire, geothermal that
we can capture, and manage to exert some control over.

e CONTROL/MANAGE/FIND THE NEGAWATTS
 “The cheapest BTU is one you never have to use”
« What don’t | understand about energy?

 What makes energy efficiency visible?



Presenter
Presentation Notes
ASHRAE 90.1 Committee uses source energy to validate true energy savings and rejects analyses that rely on cost at the meter.  Electrical costs analyzed in this manner vary widely from our 3.14 Btu/h per watt standard number depending on what the generating energy is (location), the costs for plant & production, and the costs of getting that energy into the grid. (coal/LNG/LPG/oil/hydro/nuclear/PV/wind/geothermal, etc.)
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