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Continuing Education

At end of the program, you can register for a certificate to receive
the following credits for this session:

1.0 PA Dept L&I Contact Hour

1.0 PDH

1.0 AIA LU|HSW (PHRCWEB518)

1.0 ICC Contact Hour (0.1 CEU) (15641)
1.0 NARI hour/CEU

Poll #1 — Who’s who?




1 credit earned on completion of this course will be reported to AIA CES for
AIA members following registration at the end of program.

This course is registered with AIA CES for continuing professional education.
As such, it does not include content that may be deemed or construed to be
an approval or endorsement by the AIA of any material of construction or
any method or manner of

handling, using, distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will be addressed at the conclusion of this
presentation.

Description

The GreenBuild duplex is a set of two 1,250ft? solar-powered homes designed to the Department of Energy’s Zero
Energy Ready Home Standard (ZERH). The homes were initially designed by students through the 2014-15
Department of Energy’s Race to Zero Competition, and are a collaborative project between the Energy Efficient
Housing Research Group (EEHR) in the Penn State School of Archi and Land: i and the State
College Community Land Trust (SCCLT), a nonprofit affordable housing entity that focuses on providing affordable
owner-occupied housing for moderate income families in State College Borough. The homes are currently under
construction by Envinity Inc., a State College design-build firm, and are expected to be completed and sold by May
2018 to two income-qualified families.

This webinar will explore the Department of Energy’s Zero Energy Ready Home (ZERH) Standard and outline the
design, construction, and cost of the GreenBuild duplex as a case study of the ZERH standard.

Learning Objectives

* Examine the energy efficient design requirements for the Department of
Energy’s Zero Energy Ready Home (ZERH) Standard

* Gain insight on solar photovoltaic design for Pennsylvania, which reduces the
home’s environmental impact

« Explore the unique case study design and decision-making process for the
State College Community Land Trust (SCCLT)’s ZERH-certified GreenBuild
duplex

« Discuss the high performance systems chosen in the SCCLT ZERH duplex as
they relate to balancing initial cost, long-term energy efficiency, and
occupant health and comfort
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Outline

Introductions

- Zero Energy Ready Home standard
- Solar PV system design basics in PA

History & Context
- State College Borough & GreenBuild site
- State College Community Land Trust

Design & Construction
- Design overview of GreenBuild duplex
- Construction lessons learned
= - Financials to date

High Energy Efficiency Home Design




High Energy Efficiency Home Design

ZERH: Energy Efficient Home

Exhibit 1: DOE Zero Energy Ready Home Mandatory Requirements for All Labeled Homes

Area of Improvement Mandatory Requirements.
1. ENERGY STAR for
Hotties Basbtins Certfiod under ENERGY STAR Qualfied Homes Program Version 3 or 3.1
S Fenestration shall meet or exceed ENERGY STAR requirements. See End Nole for specic U,
2. Envelope® SHGC values, and exceptons. *
Ceding, wat. floor and sisb insulution shal meet or exceed 2012 or 2015 IECC levels'™ %
ct 3sinbub et witin he e and a¢ borrer
Energy Etcency 3. Dust Sysom et e e s et ey
4. Water Efficiency Hol water delvery dstrbuted v
S asmwashers e ENERGY STAR quaiifed.
5. Lighting & 80% of ighting fxtures are ENERGY STAR quatfied or ENERGY STAR lamps (bulbs) in
Appliances'* maimum 80% of sockets
A3 installed bathroom vensiation and ceiing fans are ENERGY STAR qualied
&._Indoor Air Quality > Certied under EPA Indoor aiPLUS
|__Future Proofing 7. Renewable Ready Provisions of the DOE Zero Energy Ready Home PV-Ready Checkist are Compieted '

www.energy.gov/eere/buildings/zero-energy-ready-home .E:;‘

1. ENERGY STAR Baseline

Area of Improvemant Mandatory Requirements |
1. ENERGY STAR for .
EMERGY STAR1Or | |} Coribed under EMERGY STAR Gusiied Homas Program varsan 3.1 .1 % |
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http://www.energy.gov/eere/buildings/zero-energy-ready-home
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ndatory
Fenesiration shall mes or exceed ENERDY STAR requrements. See End Note for specic U
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5. Lighting & Appliances

Area of Im; [ wa
AL mstallod rekigerators, Gamashars, and Cothes washars ars ENERGY STAR quaiied
80% of ghing tures are ENERGY STAR quaiied or ENERGY STAR lamp (bubs)in

5. Lighting &
Appliancos'

A% instailed bathroom vensiation and cellng fans are ENERGY STAR qualiied

-
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6. Indoor Air Quality Requirement

[arsa of im; [ mandatory |
|&_Indoor Air Quality O)_Certifid under EPA Indoor aitPLUS ' |
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7. Renewable Ready

Area of Im| Mar
7. Renewable Ready | [ Pronsions of e OE Zewo Energy Ready Home Fy-Ready Checkist are Compieied |
DOE " . : .
Zoro Enorgy Ready Home 1. Min. sun requirements in the home’s zip code

PV-Ready Checklist ZERO 5 kWh/m?/day average solar radiation

2. Little to no shading on the home's site
- Trees, tall buildings to the south, power
lines
- Dormers, vent stacks
3. Freeroof space +/- 45 degrees of true south




Solar - 1. Minimum Sun

Germany vs. Eastern US
(Solar Irradiation)

Cumulative Solar Capacity by State through 2017

Solar - PVWatts.NREL.gov

Solar Radiation Energy Output
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Solar - 2. Shading, Common Causes

Site Shading

1. Tall Southern Buildings
2. Trees

3. Poles

4. Utility lines (existing)

Home Shading

Dormers

Chimneys

. Vent stacks

. Landscaping

Utility lines (installed)

aswne
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Solar - 2. Shading, Solar Pathfinder

Trees

(deciduous/evergreen)

Solar Pathfinder: GreenBuild

10


http://uk-solarpanels.blogspot.com/

Solar - 3. Roof Orientation
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GreenBuild Solar PV System

GreenBuild Solar PV System
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Poll #2 — Head Count

Certificate Password:

Note: Password is case sensitive

Context: Centre County

Centre County
Sy
BACaAgaaRA4OuloadsIB_CRCEN. 2010, Damograpic Housing Ciegn il

Context: Centre Region

Centre County Centre Region / State College

®

BACSAR31634804DlplosdeWe_CRCEN _2010_Daraphics_Housing_CRegon

2018-05-08

12


http://www.crcog.net/vertical/Sites/{6AD7E2DC-ECE4-41CD-B8E1-BAC6A6336348}/uploads/WB_CRCEN_2010_Demographics_Housing_CRegion.pdf
http://www.crcog.net/vertical/Sites/{6AD7E2DC-ECE4-41CD-B8E1-BAC6A6336348}/uploads/WB_CRCEN_2010_Demographics_Housing_CRegion.pdf
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Context: State College Borough

What is a Community Land Trust?

What is a Community Land Trust? é
Community Land Trusts keep homes affordable and in the hands

f the community by anly putting the homes, nat the land they [ 5
occupy, on the market for low- to moderate-income people.

1. Land Lease
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http://www.crcog.net/vertical/Sites/{6AD7E2DC-ECE4-41CD-B8E1-BAC6A6336348}/uploads/WB_CRCEN_2010_Demographics_Housing_CRegion.pdf
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Community Land Trusts keep homes affordable and in the hands
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“Shared Equity”

CLTs: Pennsylvania

Program Directory
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http://cltnetwork.org/directory/ ,@
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State College Community La

Private, nonprofit, commnity:
based organizaton.

Formed in 1996t the request
of state College Borough

‘Acquires properties through
donation or purchase.

Focusis on buyin
rehabiltating, and seling

Over 30 househalds.

Separates ownership of the
Tand from the home,
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based organizaton.
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of state College Borough

‘Acquires properties through
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State College Community Land Trust (SCCLT)

Focusis on buyin
rehabiltating, and seling

Over 30 households.

Separates ownership of the
land from the home.
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Private, nonprof,
based organizaton.

Formed in 1996t the request
of state College Borough

‘Acquires properties through
donation or purchase.

[, 2017 Income i
houses. # People inimum laximum
1 31,500 42,000
Over 30 households. 2 36,000 48,000
3 40,500 54,000
4 45,000 60,000
Separatesownershp o the S o600 Setaon
6 52,200 69,600

Mean and Median Salaries of Full-Time* Employees
in the College of Engineering, as of Sept. 30, 2015

A Facoty SALTIE ean Sty ectan Salry
Protessor sisess2 S04
sesocite Proessor s sulge  su4am
sesiant Prtessor 7 sess  sozoi
pstnucor % sesi0  se0m
oter S 60200 $56.279
B st AT ean Sty ectan Salry
Eoscutveindminsatoanagersl 2 susees 204870
her prfessiona on Facy 123 sesem  ssam0
Clacarsecearl 15 sams  smom
Techmica, Soie and Oher &  ss3o  sasans
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State College Community L Trust( SCCLT)

Private, nonprofit, commnity:

REEEICT, rehabiltating, and seling

Formed in 1996t the request

of state College Borough Cetiesse s

‘Acquires properties through Separates ownership of the
donation or purchase. Tand from the home,

Focusis on buying, EorSale 466 Orando Ave.- S20500.00

State College Community Land Trust( SCCLT)

Private, nonprofit, commnity- L onergy burden

e e rehabiltaing, and seing
Formed in 1996t the request
ofState Colege Borough. Over 30 households.
$-C-C'L'T Acauires properties through Separatesownershp o the
GreenBuild donation or purchase. [ o e

t s the point of buying your home if you can't afford to live in
Philadelphia lo
e 8.82% med

Drehobl, Avel & oss, Lauren. Lftng the High Energy Burden in
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Income and Underserved Communities. ACEEE. Apri 2015,

State College Community L Trust( SCCLT)

Focusis on buyin

Rt einchproti orniey rehabiltating, and seling

based organizaton.

Formed in 1996t the request

of state College Borough ESEEET

$-C-C'L'T Acauires propertiesthrough e o
GreenBuild donation or purchase. i

the point of buying your home if you can't afford to live in
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Financing GreenBuild

HOMEOWNER
PAYS: $187,500 LAND: $150,000 (OWNED BY SCCLT)
HOMES: $500,000 (COST NOT TO
EXCEED)

LAND: $150,000
(BOUGHT BY STATE COLLEGE BOROUGH)
LAND TRUST GRANT BY WPPSEF: $100,000
LOAN BY WPPSEF: $400,000

LER---2

EEHR + SCCLT

‘The Energy Efficient Housing Research
Group (EEHR) is concerned with the
study, design, and implementation of
Responsible Housing. We define
Responsible Housing as well-designed
homes that are affordable;
sustainable; and healthful. EEHR is an
outreach arm of the Hamer Center for
Community Design within the Penn
State College of Arts and Architecture.
‘The groupis a multidisciplinary team of
faculty, graduate, and undergraduate

- swig | students from across the university

irastin | dedicated to the investigation of

Responsible Housing in order to inform
better housing and more resource-
conscious lving.

[

EEHR + SCCLT
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Private, nonprofi,
community-based rehabiltating, and selng
organizatin.
Formed n 1996t the.

request ofState Colege Over 30 househoids
Sorough.

$:CCoLeT Acqulres properties Separates ownership of

areenBulld hroughdonsonor thelan from th hore.

“What s the point of buying your home if you can'’t afford
to live in it?”
) Hambrick (@card Member st
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1394 University Drive
[==—10 f :

Long Term Affordability

& Power of ZERO Code-Built Home

—

Mortgage Energy

High-Performance Home
Mortgage Energy

Long-term home costs

“What is the point of buying your home if you can't afford
to live in
- Peq Hambrick (e

@éircy

Student Design
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Race to Zero Competition

>>>RACE TO

ZERO

U.S. DEPARTMENT OF ENERGY

Community Charrettes

Race to Zero Students
PSU Faculty

PSU Staff
Architecture Students
Engineering Students
SCCLT Board
Members

SCCLT Homeowners
Community Members

. E‘fv“‘ﬂ @
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Design Goals Development

Design Goals Development

— 1. Storage

Design Goals Development

————

2018-05-08

20



2. Individuality

Design Goals Development

3. Universal Design
& Flexibility

2018-05-08
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Design Goals Development

£ o R
EAd Bad Bads

Design Goals Development

Design Update
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1. Minimize Site
Disturbance

Technical Goals
o a

2. Durable and Secure
Envelope
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Technical Goals
= =

4. Fresh Air & Comfort

5. Low Maintenance
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Passive Solar + Right-to-Light
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Insulated Foundation
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Insulated Foundation
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Continuous Control Layers

Wall

Slab

ly
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Continuous Control Layers
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Wall System

EEHR Designed Wall System .@ﬁ

EEHR Designed Wall System Envinity Designed Wall System 1 ,ﬁ
e ayeenn . E-wn

Insulated ZIP Sheathing
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Optimum Value Engineered Framing

OVE Framing
B VA W\ e T DT =
==,

OVE Framing

N
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Systems Integration
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Raised Heel Truss
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Raised Heel Truss
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Air-Sealing - Foam Everything!

Air-Sealing - First Blower Door Test

Air-Sealing - More Sealing

2018-05-08
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Cavity Insulation

Fresh Air Ventilator
, n
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Ductwork

Iy "‘ Iﬁ G

Exhaust-Only Ventilation

f’-» 73 \ ‘ ////////9
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Right-Sized Space Conditioning

Low-Load Space Conditioning
llg Eg« “4 - ]
/ 'g

Low-Load Space Conditioning

2018-05-08

xxxxx

35



WaterSense Plumbing

e e
Rty

e COLD WATER INLET (3810
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Building Science Report

State College Community Land Trust

Community Open House

1-3PM, 139476 University O, Stats College, PA

Freeand open toall

Parking is EXTREMELY fimited, 5o walking, biking
e

bus are strongly encosraged.
Visit Mtp:www.scclandtrust org/greanbulld for details
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Evaluations / Certificate / Questions?

Course

This concludes The American

www.cvent.com/d/75qh9h/4W

This was the last webinar for the 2017-2018 season.
PennsylvaniaHousing Research Center
Have a great summer! 5 sackett Building | University Park, PA 16802
P: 814-865-2341
phrc@psu.edu
Www.PHRC.psu.edu
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