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NESEA is a Registered Provider with The American Institute
of Architects Continuing Education Systems. Credit earned
on completion of this program will be reported to CES
Records for AIA members. Certificates of Completion for
non-A@meynbers are available on request.

This program is rlg[pégzisvith the AIA/CES for continuing
professional education. ﬂfél it does not include content
that may be deemed or constru(.fcnag?tfn approval or
endorsement by the AlA of any materia @@Sstr tion or any
method or manner of handling, using, distribufing{&)dealing
in any material or product. Questions related to specific
materials, methods, and services will be addressed at the
conclusion of this presentation.

Learning Objectives

After attending “ Getting to Zero Cost Effectively”, one
shoulg-be able to:

. Learn%@ernZLechniques to reduce a homes

energy usage

y‘ay?ut 60%.
: S, :
. Learn how point souchfmg .systems work.

/
. Learn how to produce the last 4(9068]a»§)me
energy with solar electric panels. (@

. Learn how to go beyond Zero Energy Homes and
produce energy for electric and plug-in electric
vehicles.
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Production Home---Affordable unit (40B):
“The Zero Energy Challenge Home”

> About 1,200 square feet of living space
> 3 Bed

: r;

> $195,200 sale ﬁlﬂzstr

> HERS Index of -4

> Currently 3 occupants

> Built in 2008 in Townsend, MA

> “The Needham” plan

Getting to Zero Cost Effectively

March 8, 2011

HERS Index

> The Home Energy Rating System (HERS)
Ind@? sed as the primary rating metric
for utiftied7 7.

> The Index Was?lgﬁd@p' ned for homes
approaching Zero Ene/gy:ll‘/'ons

» After our home was built, negatfvénc,
numbers in the index were possible.

> The rating system has certain
assumptions that drive the index.

Ueno/Scott

© Transformations, Inc.
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Blower Door Test

> B-ri@;2077
» C-ring... 175 cfm @f%/ﬁs?/gals
o)

> E-ring...

Marginal costs

Framing double studded walls, rafters $1,670
> Supeglnsulation $5,970 ($14,000 - $8,030 standard)
PV syst 7?7 ($33,000 - $25,200 MTC rebate)
> SunDrum hot wa ting system $4,500
Windows $689 ($4342 v§ r@tq;s,s 031)
> Total additional marginal costsafie)fﬁg
y //”C

Ueno/Scott © Transformations, Inc.
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Peak Heating Load

> This Coppersmith Way home has a peak
hea@ng,boad of about 10,500 BTU's.
77 7}6
> In other words, ipc%c@b%heated from a
design temperature of 6 gé’g)@gs F outside
to 70 degrees inside with two 1800 @att
hair dryers and a 80 watt light bulb!

Marginal Savings

> 1" Rigid on the outside of the house -$2,258
> Trim@nshe windows -$1,328
> Paintin 0§3D
> g (7“
) r;

» Heating system (Qﬁ&@ﬁd to $6800) -$1,550
> Total savings -$5,436 af/'ons

y //70.

5 of 27



NESEA Building Energy 2011 Getting to Zero Cost Effectively March 8, 2011

_ 18 Coppersmith Way: 12 Months Electrical Usage
Net Marginal Cost for Meter  Readings

Service Period Previous Present Usage

. Th e N eed h am " 2/20/09 to 3/24/09 1863 2177 314

3/24/09 to 4/23/09 2177 2098 -79

© 4/ 5/21/09 2098 1782 -316
<07, 5

5/21/09 t 27/? 1782 1503 27/

> $13,363 Tfansf 6/23/09 to 7/24/09 Tfansflsoa 1309 -194
7/24/09 to 8/24/09 Qﬁ/h q l};23 -186

Oy :
> Less Fed. & State ta%ﬂazﬁéwves -$6,000 8124105 t0.9/23/05 s gy, -
> Net after tax incentives $7,36q\3 //70 9/23/09 to 10/23/09 795 807 S //?C

10/23/09 to 11/20/09 807 952

11/20/09 to 12/23/09 952 714
12/23/09 to 1/22/10

1/22/10 to 2/19/10

Last 12 months kwh usage

Temp., RH, External Temp.

Probe Full Data Set

Dining Room
-2ndRearBed
Bsmt
-Ambient

' | IL I 1 ! '
-08 0ct-08 Dec-08 b-09 Mar-09 May-09

Ueno/Scott © Transformations, Inc. 6 of 27
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Dec. 5 to Dec. 10, 2008

Getting to Zero Cost Effectively
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Needham

Ueno/Scott
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Zero Energy Challenge Home Questions?

Getting to Zero Cost Effectively

© Transformations, Inc.

Passive Survivability

Birch Hill

Start Room Temp

68.3

End Room Temp

58.6

Average Room Temp

61.4

Temp Delta

9.7

Start Ambient Temp

29.6

End Ambient Temp

358

Temp Delta

-19.9

Average Ambient Temp

30.4

Ambient Delta Temp

6.2

Duration

481

Start Inside-Ambient Delta

38.7

End Inside-Ambient Delta

22.8

The Farmhouse

Carter Scott

Transformations, Inc.

March 8, 2011
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Production Home---Market Rate
“The Farmhouse”

> 1,818 square feet (169 square meters) of
livin 79

> 3 Bedrooms fansf

: - '0rm o

> $359,900 sale price Qi n

> HERS Index of -3 S, Inc

> Currently 3 occupants hmu
> 6.435 kW PV system 1 @‘ﬂulmmumwmmmnxll” _ _fr

= A 1
- #

> Built in 2008 in Townsend, MA - m—

Ueno/Scott © Transformations, Inc. 9 of 27
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The Farmhouse cost to build: 20 Coppersmith Way: 12 Months Electrical Usage

Meter reading Metered

> $186 249 or ~$102 per Square fOOt ($953 Service Period Previous Present Usage

2/20/09 to 3/23/09 637 1006 369
per@quare meter) /09 to 4/23/09 1006 843 -163

7 2471/09 843 462 -381
7 5/23/09 to 6/23/0 188 -274

462
> Excludes land ‘?&;&f 1‘/ﬁ%;lneerlng permits, S aﬁsféﬁ )

7124109 to 8/24/09 9671 -285
septic, soft costs and f/o 8/24/09 to 9/23/09 999671

, //.)C 9/24/09 to 10/23/09 999297 999232 ,fn% /nc

10/23/09 to 11/20/09 999232 999308 76

= = B . 11/21/09 to 12-23-09 999308 999961 653
> Includes $20,000 in incentives from the 12193108 (0 1199110 000051 505 1004

Massachusetts Technology Collaborative, 1/22/10 to 2/19/10 995 1552 557
and $21,432 in Federal/State tax credits Totals kwh per year 219

Ueno/Scott © Transformations, Inc. 10 of 27
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Production Home---Standard Colonial
“The Carlisle”

> 2,612 square feet of living space

>4 Bedf%@ﬁhﬁ

~ $389,900 sale fs, "

> HERS Index of 25 Qioy, .

> Currently 3 occupants » Ing
> Built in 2009 in Townsend, MA

Farmhouse Questions?

Mitsubishi SEZ Ducted Indoor units Existing Wall Construction

-Provides for both heating and cooling, 17,000 BTU peak heating load >12" thick double studded 2x4’s, 16" OC outside walls, 24” OC inside walls
-Installed costs in the 4 BR 2,612 square foot “Carlisle” model was $7,600 >R 3.9 per inch Low Density Foam (The Carlisle), R 4.89 available

-One 15,000 BTU heads upstairs, One 18,000 BTU head downstairs
+20,000 BTU gas fireplace as back up heating system

Ueno/Scott © Transformations, Inc. 11 of 27
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Custom Home Case Study
“The Solar Colonial”

> 2,9% square feet of conditioned area
» 2 Bedfddihs echnically)

> $307,000 con@ t (includes overhead
and margin)

» HERS Index of 7
> Currently 4 occupants
» Built in 2010 in Stow MA

Custom Homes

Carter Scott
Transformations, Inc.

Ueno/Scott © Transformations, Inc. 12 of 27
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Mini-Split Heating

One 9,000 BTU Mitsubishi mini-split head per floor, 4
floors total.

Custom Home Case Study:
“The Solar Ranch”

> 1,2@ square feet of living space
> 3 Bed

> $240,000 con@&s;@,;t

> HERS Index of -8

> Currently 4 occupants

> Built in Maynard, MA in 2010
Solar Colonial Custom Home Questions?

Ueno/Scott © Transformations, Inc. 13 of 27
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Framing

The colored Insulated slab is protected during
construction.

Summer

Large overhangs protect the home from summer solar Solar Ran Ch Custom H ome Q u estl O n S’)

EEWCETR

Ueno/Scott © Transformations, Inc. 14 of 27



NESEA Building Energy 2011 Getting to Zero Cost Effectively March 8, 2011

Production Building
Zero Energy Attainable Development

Easthampton, MA
Zero Energy Development ©207
7

Easthampton, MA

> 33 units total "ansf
: Ory
» Savings of about GO%WW%Rase houses

> Optional PV as a lease, a purc'?raéecgr a
hybrid purchase.

Carter Scott
Transformations, Inc.

“The Farmhouse II”
Model Home
Easthampton, MA
> 1818 square Iving space
> 3 Bedrooms ijor May

: : On
Homeownership Component of Treehouse > $120.46 psf including overheath
at Easthampton Meadow margin ($102.26 psf hard costs to build)

> HERS Index of -2

Copyright 2010 Transformations, Inc.

Ueno/Scott © Transformations, Inc. 15 of 27
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Slab Insulation

6" of rigid insulation was installed under the slab.
4" of rigid was installed on the slab edge

Ueno/Scott © Transformations, Inc. 16 of 27
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Multi-Family Housing — Georgian Colonial HERS Index of . .
y g g Price Point

> Transformations, Inc. is able to produce these
houses cost effectively---from approximately
$102@gt,square foot for the hard costs (from
about $ Zﬁp(?;?.quare foot including
overhead an f@h& epending on the
design and options ch ; .
Qo
y nC.

Price Point

Innovations in bringing Zero Energy Homes to
the marketplace contribute to this price point:

of
+ Utilizin ngecyaral PV cash incentives and the

new S-RECS /'ansf
- Lease PV systems Or

» Cost effective HVAC systems af/ Ons

y Easthampton Questions?

Ueno/Scott © Transformations, Inc. 17 of 27
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Planned Zero Energy Community

' D MA
Planned Zero Energy Community evens,

Devens, MA > Ma@%elopment Request for Proposals
> 8 single fgr‘ﬁiwfg%mes
> Sale prices betwegfm‘iﬁg Q00 & $350,000
Carter Scott > HERS Indexes of about 0 a@@s}tg};dard
Transformations, Inc. > HERS Indexes of -20 to -30 as an o%tion

> Site plan review obtained on January 25,
2011

Devens Farmhouse
Parametric Modeling

Project Site Plan — 3D View

)
S @ S o
8 & 38 2

Million Btulyear (source energy)
8

TITHTITE

o

&
3

Ueno/Scott © Transformations, Inc.

March 8, 2011
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Single-Family Housing — Victorian HERS Index of -1 Single-Family Housing — Victorian HERS Index of -1

Master
Bedroom

|

Single-Family Housing — Farmhouse HERS Index of -1 Single-Family Housing — Farmhouse HERS Index of -1

[ voster
Bedroom

l Bedroom 2

Bedroom 3

Garage

Ueno/Scott © Transformations, Inc. 19 of 27
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Single-Family Housing — Large Ranch HERS Index of -3

Single-Family Housing — Greek Revival HERS Index of -1

DESIGN: Wall Section Diagrams: Schematic

Asphalt Singles Asphalt Singles
Roof R-70 Roof R-70

HRY supply Small HRV

to bedrooms af ~70 CFM in
utility space

HRV exhaust
from bathrooms

wall hung unit,
in utility space)

Ueno/Scott © Transformations, Inc. 20 of 27
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Planned Zero Energy Community
Devens, MA Solar Electric Installations

Questions? Carter Scott
Transformations, Inc.

Solar Electric Installations Solar Electric Installation

> Photovoltaic: Photo (sun) voltaic (electric) Case Study Overview

> PV @r.short > Typ@aé stem on a Farmhouse model

> Direct cgﬂ\i'er}s}on from sunlight to > 36 pane J7 s
electricity. anSfO/. an

> Produces direct curren,th@@)ns

> An Inverter converts the DC to élllé?ﬁating
current

» The AC can be either used in the house or
sent into the grid with net metering

> (o)

210 Watts per pan‘gf /‘fha
> 3 strings of panels

> Racking

> Inverter

lio
’ /70.

Ueno/Scott © Transformations, Inc.
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Solar Electric Installations
7.56 kW Case Study---Costs

> Th@@l’&al cost per watt is $6.00

> For the 7%% system, the cost is

$45.360 ”Sfor,h

> Micro-inverters add abou(?@@m§nt/s per
watt. » Ihe,

> High efficiency panels (SunPower ~18%
efficiency) add about $1 per watt.

Solar Electric Installations
S-REC Overview

> Massachusetts Solar Renewable Energy Tax

Cre%égs (S-RECs).

> curr n{t?a%%ll the SREC penalty is $550 for
t

the utilities if'theglo not have the solar carve

out percentage. SfO/'

> For 2011 that is a solar cgr’?/gfi.ayprgrcentage of

5% of the Renewable Energy Port oiic/@@ndard
for 2011 of 6% of the energy sold (.05 timés .06
or .003).

> The RPS is expected to go up 1% per year for
several years.

Ueno/Scott

Getting to Zero Cost Effectively March 8, 2011

Solar Electric Installations
7.56 KW Case Study---Incentives

> Thedr
a $45,

> Massachusetts
system

S
> The Massachusetts Clean Ener’g){’@nter
(CEC) has a $4,250 incentive (with MA
component adder).

> Plus S-RECS (see next slide)

ral tax credit is 30%: $13,608 for

¢ gygjem.
%’5@’@%,000 tax credit per
Qlip

Solar Electric Installations
S-REC Cash Flow YR 1

> An S-REC is 1,000 kilowatt hours or a megawatt

> A 7.56:kW system facing south, with a 10 pitch roof
and n SQ@I' should generate about 1.2 time the
nameplate rgtﬁfp the course of a year.

> This means a 7.56 k @% ill generate about
9,072 kilowatt hours in the fir \ge}mg) SRECS).

> The utilities are currently paying about less
than the penalty for the S-RECS and there is an
aggregator fee of about 7% ($530 *.93 = $493)

> 9 S-RECs times $493 = $4,437 in year 1.

© Transformations, Inc. 22 of 27
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Solar Electric Installations
S-REC Cash Flow YR 2-10

> The system will likely lose about 1% efficiency per

year |@)éerall production.

> The Qsﬁml?hkely decrease in value over the
course of the re r@/t}@ -REC life (years 2-10).

> With a averaged efﬂmean f about 5% and an

averaged S-REC value reductlonQﬁgb t 20%,

year 2-10 should average about $3, 32 & year or

$29,952 in years 2-10.

> Total S-REC income of about $34,389 over 10
yearsl!!!

Solar Electric Installations
Total Revenue over 10 years

> Th@FﬁderaI tax credit: $13,608

> Massadhets tax credit $1,000

> The Massachus@ﬁéﬁ,%c: $4,250

> S-RECs: $34,389 af’Ons, /

> Electricity: $14,650 e
> Total Revenue: $67,897

Ueno/Scott

Getting to Zero Cost Effectively

© Transformations, Inc.

Solar Electric Installations
Electrical output of the system

> Th@75H6 KW system will generate about
9,07 6\1/(#{ hours in the first year, and

average abouﬁl?@;g lper year for the
first 10 years a[,On

1 /nC.
> At $.17 per kilowatt hour, that is $1465
per year or 14,650 over a ten year
period.

Solar Electric Installations
Total Revenue over 10 years

> To@ Revenue: $67,897
> Total CHL7 ﬁﬁg 360 ($6 per watt)
> 10 year return:

> 20 more years of eIectnmf{Pa)@I r/egular
RECs free and clear!

March 8, 2011
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olar Electric Installation
077 ﬁ}uestlons?

Net Positive Homes
©
e oot
> A Net Positive FOS#%)j a home that

produces more energy consumes
over the course of a year. S, ’70

Ueno/Scott

Getting to Zero Cost Effectively

© Transformations, Inc.

Beyond Zero Energy Homes

Carter Scott
Transformations, Inc.

Option 1:

Produce more renewable energy

> Wlt@n zr efficiency panels (18% instead

of 14%), Z)ré‘,gower can be generated on
the roof. Sfo,.

> Our 7.56 kW example caﬂfﬁﬁ)e'}g 9/45 KW
with SunPower panels. > e,

> This is 25% additional power
> 1.89 kW for our home

March 8, 2011
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Option 2:

Conserve more energy

> Hig@ jciency windows (the Solar
Ranch%%?n h
> Thicker walls (the‘gfa glonial example)
> Passive House techniques g /
’ /‘)C

Power our Automobiles!!!

Ueno/Scott

© Transformations, Inc.
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What can we do with this extra
power?

Carbon Reduction
Building Sector
©2077

> With a Zero gﬁ@rggfhome, we can reduce
our share of the 400/9’3?”;;; carbon that is
) . On, e
created in the United States \ﬁﬁb j%l(ljldmgs.

250f 27
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Carbon Reduction

Transportation Sector
©
2077
> With a Positivé: Home, we can
reduce our share o 975}0/@ of the carbon

that is associated in the Uni é%SSlﬁ.}es with
. C.
the transportation sector.

PV Powered Automobile

> Answer:
©20,
> 1034 addltlz)rrag‘);eak Watts” on the roof
St

(1.03 kW) Orp,
Qi
ns

: o n
> This generates about 1,262 kilowa thours
in our example.

Ueno/Scott

© Transformations, Inc.
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PV Powered Automobile

> Question: How much PV is necessary to
pov@r? car for a 40 mile round trip
commu@]% s a week, 50 weeks a year
(10,000 miles

/i .
> Assume a Prius with a’ﬁ?ﬁ@%n / A123
> 5 kW battery pack. * Ing

» Assume house orientation of 196 degrees,
45 degree roof, inverter efficiency of
95.2%

PV Powered Automobile

Charging stations on the Street

26 of 27
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Ueno/Scott

Some of the vehicles in the pipeline
for 2010-12

Nissan
Chevrolet
-

Electric vehicles and the
environment

Annual tons of CO2 emitted
Based on ISO New England generation profile

ual tons of
emmed

Small Medium Large Suv
Sedan Sedan Sedan

Hybrid All Electric

Getting to Zero Cost Effectively

© Transformations, Inc.

March 8, 2011

Plug-In Vehicles Enter Markets in Late 2010 - What
is the Near-Term Achievable Market Penetration?

TRANSFORMATIONS™

Zero Energy Homes
C /O
www. Transformations-Inc. com C.

(978) 597-0542
Carter@Transformations-Inc.com

> Market penetration grows as vehicle production numbers increase,
new models are introduced, and economies of scale drive down
prices. (source: Southern California Edison) & Obama goal of 1 million
Ev’'s by 2020
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