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Center for Sustainable Building Research

COLLEGE oF Working to transform the built environment in ways that provide
DE SlGN for the ecological, economic. and social needs of the present
without compromising those of the future.
<obR HoME
aouT Uk
Restanci & BROJECTS
November 2010
CSBR Releases Site and Building Carbon Caleulator
BUBLICATIONS The CSBR and Building Carb Jlator 100l is intended to assist site
iR ealopers, bulding designers, acilty ownars and operatars with the caleuiation  JACT ON

o s of thei carbon footprint for their site and building develagment. For new projects, ;
ey the toolis designed to assist architects and developers in estimating the 3 ),
greenhouse gas impacts of altemative design decisions in the early phases of A 2

design. Tha toolis slso designed to determine the catban footprint of existing
busidings. The project was fundad by the Minnesata Pollution Control Agsncy

October 2010

Rachel OMalley and Dan Handoen, Research Feliows at the Center for Sustainable Building Research, wil
lead at the Bell Museur's Cafe Scientifque
OMallay 3nd Handaen, along with Jahn Carmady from CSER have collaborsted wih tha Ball Mussum to
create the new exhibit opering this month ot the Bell Museum, “Sustainsble Shetter: Dwelling Within the
Forces of Nature.” an exhibit that explores innovalive home building technologios and strategies that can
help restore the health and viabilty of natural systems.
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CSBR Activities

Sustainable Guidelines, Standards and Tools
Sustainable Buildings 2030

Buildings, Benchmarks & Beyond (B3) Project: The State of Minnesota
Sustainable Building Guidelines (MSBG)

City of St. Paul Green Building Policy

Life Cycle Assessment of Materials—Athena EcoCalculator

Minnesota Building Materials Database

Greening the College and the University

Windows and Glazing

» “Residential Windows: A Guide to New Technologies and
Energy Performance™

« Efficient Windows Collaborative web site and selection tool

» “Window Systems for High Performance Buildings™

» Commercial Windows web site and selection tool

Center for Sustainable Building Research

CSBR Activities

Affordable Housing
» Minnesota Sustainable Housing Initiative (McKnight Foundation)
« Sustainable Housing Research for Korea
* HUD Communities Outreach Partnership Center
(Includes Department of Architecture, Metropolitan Design Center,
and Cold Climate Housing Program)
» Demonstration Homes in the Frogtown Neighborhood
» Green Communities Program

Building Evaluation

* Post Occupancy Evaluations of buildings for MNSCU, University of
Minnesota, Departments of Natural Resources and Transportation

* Post Occupancy Evaluations of sustainable pilot projects for Hennepin,
Ramsey, Dakota, Carver and Washington Counties

« Evaluation of Green Community Pilot Projects

Center for Sustainable Building Research
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COLLEGE oF Research & Projects
DESIG The Genter for Sustainable Building Research is a place for - .
e organizing and effectively growing the research and outreach Already know
missians of the Callege of Design. Warking with other research looking for? See an
AR entities within the unversity as well as public and private alphabetical list of all projects.
RESEARCH B PROIECTS organizations is critical o CSBR's mission. CSBR senves as a

resource for Stats of Minnasota, ths dasign professions, ths buiding industry, snd the ganeral public

More About Research Areas
GUIDELINES & RATING SYSTEMS —
CSBR has done exensive research on the various green guidslines systems available in the marketplace.
GSBR has also develope B1g the state on state-funded
projects

HOUSING —

CSBR is working on housing research projects both locally and globally. Our most extensiv research has
imvoied creating support material for the dvelopment of green affordable housing locally

SETESACH KR, LIFE CYCLE ASSESSMENT —
PUBLICATION CSBR has worked with the Athena Instiute 1o create an award-winning tool for determining le cycle impacts
fp— in buildings slso
cormact us WINDOWS & GLAZINGS —
CSBR has worked partment of Energy. Li y Laboratory, and
industry tools and information for the residential

and commercial window industry.
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Informing Healthy, Durable, and Energy and Resource Efficient Homes
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OVERVIEW | CONTACT US | HOME

Multitamily

Grven Communites: Mulbtamily
. Integrated Design A, 27374 b.0:78
1.1 Green Development Plan 1.1 Grean Development Piaa
Mandatory

least the minimum number of optional items possible for the project The Plan will be

submitod oo e men
ject architect or green design specialist will

certfy thathese Critena are included in the Construction Documents and that the Owner and . st

Resident Manual are complete 2

Credit#4' Durability Plan in LEED-H
'+ The durabilty plan can be found on pp. 80-84 of the LEED-H guide.

Download LEED-H Pilot Rating System Version 172

EoT ~ies Crmea
anaform the affordatle bausing seciar. For moe nfamaion go 10 wew grve
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Minnesota Overlay
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heat and moisture in and out of the building. There are many envelope types, each with Related Topics
3 and construct Inorer | poot
o appropriate envelop , prior needN | juguiation
be determined, Some of these may Inciude: e
! 1. energy eficiency of the envelope system sheathing
2. embodied energy and material resource impacts Heat and Enerqy Recovery
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“Sustainable development
involves... meeting the needs of the
present without compromising the
ability of future generations to

meet their own needs.”
Brundtland Report, United Nations, 1987

Center for Sustainable Building Reearch
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Impact of Buildings on People and
the Natural Environment

+ Buildings use one-sixth to one-half of the world's
wood, minerals, water, and energy. Buildings generate
40% of the waste going to land fills.

« Blame for much of the environmental damage
occurring today, from destruction of forests and rivers to
air and water pollution and climate destabilization, must
be placed on modern buildings.

» Many buildings do harm on the inside as well making
us both less healthy and less productive than we are
capable of being: 30% of the commercial buildings
constructed since the 1960’s are unhealthy.

From the U.S. Environmental Protection Agency (EPA), National Resource Defense Council
(NRDC), and World Watch Institute

') Center for Sustainable Building Research
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We are consuming to much.

Earth Overshoot Day over time
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August 22, 2012

The day that we begin living beyond our
ecological means is creeping ever earlier
~inthe year as human consumption grows.

(]
ﬁGlobol Footprint Network o R

Q Advancing the Science of Sustainability T

October 6, 2007

http://www.footprintnetwork.org/gfn_sub.php?content=overshoot
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Number of Planets Needed

If everyone lived like a resident of the following countries

wo would need:

*Ovarshinst Diary: Tho iy of oo your whon
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Sustainable Building Guidelines
North America

LEADERSHIP IN ENERGY & ENYIRONMENTAL DESIGN

VGLoBES

ings. Benchmarks & Beyond

esota
inable Building Guidelines

7
MiRison '
[LECSBHATITIE. .7 Z—.

BT T BBuilding Challenge-

LEED
US Green Building Council
www.usgbc.org

Green Globes
Green Building Initiative
www.thegbi.org

Minnesota Sustainable Building
Guidelines
www.csbr.umn.edu/B3

Living Building Challenge
www.cascadiagbc.org/lbc/

GUIDELINE/RATING SYSTEM 1990

New Commercial Buildings
BREEAM Offices (UK)
BEPAC (Canada)
BREEAM Canada / Green Leaf / Green Globes
LEED New Construction (US)
Minnesota Sustainable Design Guide
GB Tool (International)
New York City High Performance Building Guidelines
Minnesota Sustainable Building Guidelines
Florida Green Commercial Building Standard
Green Globes for New Construction (US)
LEED Schools
LEED Canada
LEED Commercial Interiors
LEED Core & Shell
LEED Retail

ANSI/GBI Green Globes Standard
ANSI/ASHRAE Standard for High Perf. Buildings
ANSI/ASTM Minimum Attributes Standard

Existing Commercial Buildings
BREEAM Existing Building
Green Globes for Existing Buildings (Canada)
Go Green Plus for Offices (Canada)
LEED Existing Buildings
Green Globes for Existing Buildings (US)

1992 1994 1996 1998 2000 2002 2004 2006 2008

N

- United Kingdom - Canada |:| United States
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Sustainable Housing Guidelines
North America

green ..
communities-

-~

AUSTIN ENERGY
GREEN BUILDING

LEED for Homes
www.usgbc.org

NAHB Green Home Building Guidelines
www.nahbrc.org/greenguidelines/

Green Communities Program
www.greencommunitiesonline.org

Austin Energy Green Building
www.austinenergy.com

Minnesota GreenStar
www.mngreenstar.com/

mngreenstar
aYaa" = ildi
” L 0 ) Center for Sustainable Building Research
oM |
[ I AR
GUIDELINE/RATING SYSTEM 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

New Residential Buildings
Austin Green Building Program
Colorado Built Green Housing
EarthCraft House
BREEAM Ecohomes (UK)
Florida Green Home Standard
Built Green Alberta
LEED Homes
NAHB Green Building Guidelines
Green Communities
Florida Green High-Rise Residential Standard
BREEAM Code for Sustainable Homes
Minnesota GreenStar

ANSI/NAHB National Green Building Standard

=]

I united Kingdom  [IIININN] Canada [ united States

Center for Sustainable Building Research
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Recent North American Trends

 Adiverse set guidelines and rating systems are
continually evolving in response to the scale of
development, building type and regional issues

+ Guidelines are being adopted by states and
cities as basis for codes, standards and
incentives

* There is a movement away from simple point-
based checklists alone toward more
requirements and a focus on performance
outcomes such as carbon emissions and

energy
et e Life cycle assessment of materials is beginning
esota to be included in guidelines and ratings

,,,,, w * Thereisincreased focus on actual performance
WERSS T during operation and the need for a feedback
loop and continuous improvement

'K\' ) Center for Sustainable Building Research
L |
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Combining the annual energy required to operate
residential, commercial, and industrial buildings
along with the embodied energy of industry-
produced building materials like carpet, tile, glass,

Buildings 48% and concrete exposes buildings as the largest
energy and gt gas
sector.

800

0 BUILDINGS
Residential 21%
Q;, < TRANSPORTATION buildin
2 £ 400- sector
X 5
% 3
>, L
2 - INDUSTRY
= e
2 200
2
U.S. ENERGY CONSUMPTION =
BY SECTOR =
= 0 T
Source: 1960 1980 2000
U.S. Energy Information Administration statistics
Grapnic Published first In Metropolis Magazine, U.S. CO; EMISSIONS BY SECTOR 1

October 2003 Issue.
Source: U.S. Energy Information AGministration Statistics

"Unknowingly, the architecture and

building community is responsible

for almost half of all U.S.

greenhouse gas emissions annually.

Globally the percentage is even

greater.”

h':i »» - -
[T » ) Center for Sustainable Building Research
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Mn To stay under the 2°C threshold we must reduce

greenhouse gas emissions by 40-60% below 1990
levels by 2050. By enacting the proposed Climate
Action Plan, we can meet this target.

+H20% —

+00—
+80—|

60—

o]

i
] e 3ctig,, Y !
1990 levels 1 sector
2]
40;]
-60% I - T T T T - )
1990 2000 2010 2020 2030 2040 2080

U.S. BUILDING SECTOR CO2 EMISSIONS

Mazria Inc.Odems Dzurec, 2005. (Generated from U.S. Energy
Information Administration statistics)

Center for Sustainable Building Research

Key Issues

 Biocentric versus anthropocentric approach
* Relative versus absolute targets
« Performance versus prescriptive guidelines

* Voluntary market-based approach versus code-
based requirements

« Self assessment versus third party certification
« Design phase only versus actual monitoring

« Point-based versus requirement approach

« Adaptability to different project types

« Focus on energy and water only versus broader

scope
rﬁ (0 ) Center for Sustainable Building Research
| S 4 .A l




The Living Building Challenge

in the Built

Version 1.3
[t

Thirteen

Fourteen

Fifteen

Building Challenge

Materials
Materals

Matenals

Matariala

Matarials

Water

Water

Indoor uslity
Indoar Quality
Indoor Cuality
Beasty & Inspiration

Bessty & Inspirstion

Center for Sustainable Building Research

Prerequusite
Responsible Ste Selection

Limits to Growth

Habetat Exchangs

Net Zero Energy

Matarials Red List

Conatruction Carbon Feotprint
Raspornsble Industry

Appropriste Materials/Services Radivs
Laadership in Construction Weste

Nt Zaro Water

Sustainable Water Dacharge

A Civilized Envireamant

Healthy Air. Sourca Control

Haatthy Air: Ventilation

Beauty and Spirit

Insperstion and Education

SUSTAINABILITY PERFORMANCE METRICS
ENVIRONMENT AND HUMAN HEALTH

Corte:
Univarsty of Marasora

SITE METRICS

TRANSPOAT

PHYSICAL
ACTRATY
@%

VEGETATION

STORMWATER

HEAT ISLAND

NIGHT SKY

lor Sustainatie Buidng Research

BUILDING METRICS

OPERATING
ENEAGY

POTABLE
WATER

WASTE
WATER

SOLID
WASTE

MATERIALS

INDOOR
ENVIRONMENTAL
QUALITY

MID-POINT
INDICATORS
FRIMARY

ENERGY

G.CBAL
WARMING
POTENTIAL

OZONE
DEPLETION
ACIDIFICATION
EUTAOPHICATION
PHOTOCHEMICAL
SVOG
PARTICULATE
MATTER

WEIGHTED RAW
RESOURCE USE

TARGET SPECIES

000060080

END-POINT
INDICATORS
LUl scoversiy
Loss QEEE
Eco VL
Tox
LAND USE
EFECTS
HUMAN HEALTH
CANCER

HUMAN HEALTH
NONCANCER

Center for Sustainable Building Research
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ENTERPRISE GREEN

COMMUNITIES CRITERIA

Minnesota
Housing

Finance Agency

I 1 I
ECICTICr .
OICCE) ...
Ocommunities

N/ )
y /iEnterprlse“'

Background - by the numbers

2005 Minnesota Green Communities Pilot Program
launched

2007 Minnesota Housing requires green criteria for
multifamily new construction

2008 Minnesota Housing expands requirement to single
family

Other programs—LEED, LEED for Homes, Living
Building Challenge

Other Users -
St. Paul Policy
Minneapolis Green Homes North

15
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Integrated Design
2. Location + Neighborhood
Fabric
Site Improvement
Water Conservation
Energy Efficiency
Materials Beneficial to the
Environment
Healthy Living Environment

Operation + Maintenance

WATER CONSERVATION

Water-Conserving Fixtures

REQUIREMENTS

Install water-conserving fixtures in all units and any common facilities with the following

specifications:

* Toilets—1.28 gpf (gallons per flush) or less, including dual-flush toilets and pressure-assisted
toilets (Note that there are both dual-flush and single-flush models of 1.28 gpf toilets available.)

+ Urinals— 0.5 gpf or less

» Showerheads — 2.0 gpm (gallons per minute) or less

+ Kitchen faucets— 2.0 gpm or less

« Bathroom faucets— 1.5 gpm or less

Substantial and Moderate Rehab projects must replace or retrofit all fixtures to meet the
flow rates above.

RATIONALE
‘Water conservation translates into direct utility savings for residents and building owners and
lowers infrastructure costs associated with stormwater management and water treatment facilities.

RECOMMENDATIONS

+ Certain existing fixtures, such as bathroom faucets, can be retrofitted with an aerator to

16



Who? - (almost) all projects funded by MN Housing.

Mandatory and Optional Criteria Table

Construction Type

Required
Mandatory Criteria

Required Optional
(points) Criteria

Certification

MF New Construction

Yes

Yes, at least (35)

Encouraged, but not required.

MF Substantial Rehab

Yes

Yes, at least (15)

Encouraged, but not required.

Encouraged, but not required.
Encouraged, but not required.
Encouraged, but not required.

MF Moderate Rehab Yes
SF New Construction Yes
SF (All acquisition/rehab) Yes

Publicly Owned Housing Program (POHP) funded projects follow the
State of Minnesota Sustainable Building Guidelines (B3/MN2030)

5 Oniine Citesn

+ N enterprisecommunity.com

W .
i /iEnterpnse-

Financing & Development Policy & Advocacy ~ Where We Work

= R -

Design Leadership

Community Revi

2012 Enterprise Green Communities Online Certification
Supportive Housing
2 The new anline cenfication portal
Eal 3 Helre Anrican  Streamiines the user experience
Simpifies the technical review process

Organiteon Provides a one-stop shop for afordable housing developers seeking certification

Our new portal is optimized for the following intemet browsers: Mozilla Firefox version 3.0, Microsoft Intemet Explorer

Dor versions 6.0 and 7.0, Apple Safan version 3




Minnesota Sustainable Housing Initiative
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MINNESOTA SUSTAINABLE HOUSING INITIATIVE
Informing Healthy, Durable, and Energy and Resource Efficient Homes

[T -E Toolbox  Special Projects

s || case studies |

OVERVIEW | CONTACT US | HOME
Case Studies

Click to sort by:
Case studies are 3 key method of sharing lessons learned from the field. Case studies here
are drawn from exemplary projects around the region and the world. They are splitinto home
=
type: multifamily projects focus on apartment buildings and complexes, single family and (= @gﬁ
P proj p: g D! 9 y - es ==
o=
b

townhomes examine smaller detached and attached single family dwellings, and
neighborhood looks at planned developments and sustainable infrastructure. The case

studies focus primarily on energy, resource, and waler conservation as well as impacts on
health and durability

Single Family - Townhouse

single Family Neighborhood

Certification Programs

Many of the case studies included in this section have participated in energy efficiency, health

home, and sustainable certification programs. Project participation is identified by program
logos on the sub-directory page.

Multifamily Case Studies: Owner
Tenant data

Brook Commons *

Park Avenue Apartments *
Winnipeg Apartments *
Wellstone Apartments *

» Additional solar thermal
monitoring

* All new construction projects followed Green
Communities Criteria




Energy Use

New San Marco

Ripley Gardens new construction apartments)
Cloverfield Marketplace

Park Ave. Apartments

Wellstone Apartments

120
573
39.9
42.7
458

Winnipeg Apartments
Brook Commons

Ripley Gardens (smaller renovated buildings)
Ripley Gardens (renovated hospital building)

57.8
51.3

63.1
67.7

Viking Terrace (renovation) _

397 | 100"

0 10 20 30 40 50 60 70 80 90 100
kBtu / Square Foot / Year
mmm Natural Gas Electricity Steam

Cost

New San Marco

Ripley Gardens (new construction apartments)
Cloverfield Marketplace

Park Ave. Apartments

$713
$1,577
$1,437
$1,856

Wellstone Apartments

$1,588

Winnipeg Apartments
Brook Commens

Ripley Gardens (smaller renovated buildings)
Ripley Gardens (renovated hospital building)

$1,808
$1,632

$2,186
$1,536

| Viking Terrace (renovation)

$610

0 260 500 750 1000 1250 1500 1750 2000 2250

$ / Unit / Year
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Wellstone

Hope Community and Aeon, Minneapolis, MN
49 mixed use unit building, 1, 2, 3 bedroom units
In-unit gas-fired magic-paks
Fiberglass batt filled stud cavity R-19 wall, full truss
blown insulation at roof.

Solar hot-water system with supplementary gas-fired
units

291% iS apartment Annual Energy Intensity*

Wellstone

unit-metered
electricity lighting
and plug loads
21.9% is unit
metered gas

20.4% is common
areas electricity

28.6% is common
areas gas and
domestic water
heating




Wellstone Energy

Annual Energy Use, Daily kBtu*
Wellstone

Typical breakdown of
energy use

Wellstone Energy

Breaking out individual  |FeSaEiAy
uses, double peak
in electricity use in
unit electricity
consumption

Process load for
heating?

House Electric Use

Further investigation
ongoing

Unit Bectric Use

21



Wellstone Energy

StaCked unit Comparison Natural Gas Heating Use, Daily kBtu*
. . Wellstone Stacked Unit Comparison
reveals high first floor
use, somewhat high
peak in fourth floor use

Danger of over-
simplification? Stacked
unit comparison relies
on limited number of
units, effect of
individuals may be
seen through the data.

240

7
JAN

111812009
11/14/2009
111312010
9/10/2010 1

Fourth Floor

¥
g
:
g

Wellstone Water

Significant difference Indoor Water Use
Wellstone
between measured use
and predicted (74%)

Across population served
by Hope Community,
shows improvement
over typical
consumption patterns

Some other factor(s) at
work?

Similar consumption
amounts in other years
of study

Gallon/ Person/ Day




Wellstone Solar Hot Water system

24 4’ by 10’ Solar Skies flat plate collectors
Two 505-gallon thermal storage tanks
Three supplementary gas-fired units

Wellstone Solar Hot Water system

Simplified Solar System Diagram
Wellstone solar hot water syslem

flat plate
solar
collector

Heat exchanger

P Recirculating
water loop

Water delivered
to residents

Municipal cold
water delivered

23



7/23/11 to 8/6/12

m Natural Gas

; | | ] |"f"i'|“ v|.r[9l ol b d i
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7/22/2011  8/22/2011 8/22/2011 10/22/2011 11/22/2011 12/22/2011 1/22/20 2/22/2012 3/22/2012  4/22/2012 5/22/2012  6/22/2012 7/22/2012 8/22/2012 .

Analysis — 1 year study

Designed to accommodate half of the hot water
consumption of the Wellstone in the summer

pretty close — 46.6% of the Summer hot water
consumption

Winter — 17.3% of total winter hot water consumption

Annualized: 26.2% of hot water consumption
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Summer performance: 46.6% of total

Figure 3: Summer performance
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Results
Winter performance: 17.3% of total

Figure 2: Winter performance

kBtu
Total

Results

Expected performance: approximately 50% of total hot
water use annually

Actual performance — maximum expected to be
around 45 — 50% of demand during summer (due to
much lower temperature difference between
supplied water and output)

Actual water use - much higher than anticipated
Project uses around 50% more water than expected
Information from utility bills can be used to
reevaluate original assumptions
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Viking Terrace Apartments
Southwest Minnesota Housing Partnership

Worthington, Minnesota

60 units renovation
40 units at 31-50% of AMI
11 units at 60% AMI

developer: Southwest Minnesota Housing Partnership
architect: | & S Architects and Engineers
contractor: Wilcon Construction

completed: 2007
total cost: $4,676,216

GCI Incremental cost —
$691,700 ($15.04/sf) or 14.75%

Center for Sustainable Building Research
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Viking Terrace Apartments
Southwest Minnesota Housing Partnership

Worthington, Minnesota

Green Communities (version 1)
all criteria $691,700 or $15.04/sf (14.75%)
mandatory criteria only $664,200 or $14.44/sf (14.08%)

cost due to sustainable features

4.1 Water Conserving Appliances and Fixtures $7,500
5.1 Efficient Energy Use $452,000

6.1 Recycled Content Material $27,000
7.6 Ventilation $120,000
7.11 Radon Mitigation $33,200

Total Project Financing $4,676,216 or $77,937/unit

Center for Sustainable Building Research

Incremental Cost to Meet All Green Communities Criteria L
V|k|ng Terrace

18%

14%

12%
10%
8%
6%
4%
o I I
L AT R na AR

Incremental Cost (% of TDC)

mmmmmmmmmmmmm
nnnnnnnnnnnnnnnnnnnn

NV PA wn CA[FL| OR |cA|DC| MN |TX
Multitarmily Single Mutifamily
New Rehab

B Sum of Cost fo Meet All GC Griteria 1,2.3 6.7 8 as Percent of TDG (%) BSum of Cost to Meet All GG Water Criteria as Percent of TOC(%)
W Sum of Cost to Meet All GC Energy Criteria as Percent of TDC{%)

Center for Sustainable Building Research
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ENERGY

High efficiency geothermal heating

Viking Terrace Energy Intensity and cooling system
Enhanced insulation of the building
2 80 72.4 envelope
= Energy Star appliances

2 50.9 Energy-efficient lighting and
- 39.3 occupancy sensor controls

. -

2030 Challenge
benchmark

% % average pre-rehab post-rehab 46 /0 reduction in energy use

building
39% reduction in CO,

Center for Sustainable Building Research

WATER

Viking Terrace Water Consumption Water conse'rvmg appllances
Dual flush toilets

100 Flow restrictors on faucets and
showers
43.42
average actual
building

56% less water use per person

Center for Sustainable Building Research
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Viking Terrace Apartments
Parallel Studies

Heath Outcome Study
National Center for Healthy Housing

Building Evaluation and Monitoring
CSBR

Viking Terrace Apartments
Parallel Studies

research team

Center for Sustainable Building Research
National Center for Health Housing
Southwest Minnesota Housing Partnership
Greater Minnesota Housing Fund

research funding
US Environmental Protection Agency
Enterprise Community Partners

Blue Cross Blue Shield Foundation of
Minnesota

McKnight Foundation

h':i »» - -
[T » ) Center for Sustainable Building Research
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preliminary health outcome
Health compared to when in old home

H 57%
children -

14% Il Better Now

Worse Now

About the Same
adults

52%

[l Better Now

Worse Now

About the Same

Center for Sustainable Building Research

Building Evaluation and Monitoring

¢ Testing

. building envelope tightness
. unit to unit air leakage

. interstitial pressure readings
. duct tightness

. exhaust fans flow

. fresh air flow

. TVOC

. Radon

¢ Monitoring

. temperature and relative humidity
. CO,

» Utility bill collection

. electric

. water

e Life Cycle Analysis




Building performance testing results

Fresh Alr Supply

None
Infiltration Only

21-27 cfm

70%
ASHRAE 62.2

Duct Leakage NA 71% @ 25 Pa

Duct Return Alr Flow  NA 345 cim Within = 10% of mfg spec
Yes 80 cfm 100 cfm

Kitchen Exhaus? low flow rate unknown | 160 cfm fans specified | AHRAE 62.2
Yes 66 cfm 50 cfm

Bath Exhaust low flow rate unknown | 80 c ar ifie AHRAE 62.2

Bullding Envelope Very High 038cim/ft @ 25 Pa  0.24 cim/i* @ 50 Pa

Leakage Drafty Conditions MN SF

Center for Sustainable Building Research

Carbon Dioxide, ppm

CO, as measure of ventilation effectiveness

1' . .JI.MM\ ML AMJ

il

October ‘07

January ‘08

Center for Sustainable Building Research
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o 1450.10 Winter Transition

0

Lao
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Figure 1: 1450.10 Viking Terrace 10/07 — 12/08
(dotted line is temp, blue is relative humidity, and dash is dew point)

Center for Sustainable Building Research

1440 Dew point stacked units
55.00
50.00 \
45.00
2000 —+—1440.5 int
g —=—1440.5 ext
2 3500 1440.11 int
/\"/" 1440.11 ext
30.00 —
25.00
20.00 T - - T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12
week (16.0ct-7.Jan)

Figure 2: Dew point comparison of stacked units in building 1440 measured at interior walls

Center for Sustainable Building Research




Comfort in apartment compared to old home
building performance and preliminary health outcome

Il More Comfortable
Less Comfortable
About the Same

Center for Sustainable Building Research

Interstitial pressure within unit

Bedroom doors closed, windows closed

13.3%

11.57%

Living Space
. Bedroom 1
. Bedroom 2
- Bedroom 3

-0.42%

Pressure

Center for Sustainable Building Research
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radon — Minnesota

radon —Viking Terrace

2 rounds of pre-renovation 3 day tests
round 1: 29 kits. range 1.0-6.8 pCi/L;
9 results at of above 4 pCi/L
round 2: 8 kits. range 2.3-4.0 pCi/L; 1
result above 4 pCi/L
average: 3.4-5.2 pCi/L; 5 results
above 4 pCi/L

post-renovation 90 day tests

22 tests placed. 17 recovered. range
0.6-4.5 pCi/L; 2 results at or above 4 pCi/L

Center for Sustainable Building Research
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radon - mitigation

1 14 27 40 53 66 79 92 105 118 131 144 157 170 183
HOURS

Center for Sustainable Building Research

% Relative Humidity

radon — mitigation consequences
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Center for Sustainable Building Research
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Life Cycle Analysis

DO NOTHING RENOVATE REBUILD

10 years remaining building life 50 years additional building life = 80 years of new building life

__}

\

50 years
|:| original structure
demolished
- renovations
Il rew building

decision time: 35 yrs

80 years ¢

Center for Sustainable Building Research

global warming primary air pollution  water pollution weighted
potential energy use index index resource use
greater 1
impact
19.2%
Renovations
lesser -56.4% .
impact
v _
SHE nabl Bui
o b ) Center for Sustainable Building Research
S
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Il Renovations

B New Construction

global warming Primary energy Water Pollution Air Pollution Weighted
potential consumption Index Index Resource Use

Center for Sustainable Building Research

Lessons learned Viking Terrace:

» Commissioning is a critical step

¢ Pre-testing remodels leads to improved
energy and IEQ outcomes

» Specifications should include performance
criteria for all systems

» Design matters

» Resident and operations education matters

39



» Green Affordable Housing is about more than $ cost
* improved quality of life
* improved continued affordability
» improved indoor environmental quality

» Better Benchmarks are needed for assessment of
progress as well as to inform policy and design

GRK . o
L Center for Sustainable Building Research
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Minnesota Sustainable Housing Initiative

- nshiumn.edu *§ - fivethittyeight

MINNESOTA SUSTAINABLE HOUSING INITIATIVE
Informing Healthy, Durable, and Energy and Resource Efficient Homes

Knowledge Base [REZITT LTl Tu b

[ ana ons | [ Environment G g s || case studies |

OVERVIEW | CONTACT US | HOME
Case Studies

Click to sort by
Case studies are 3 key method of sharing lessons learned from the field. Case studies here

are drawn from exemplary projects around the region and the world. They are splitinto home
type: multifamily projects focus on apartment buildings and complexes, single family and
townhomes examine smaller detached and attached single family dwellings, and
neighborhood looks at planned developments and sustainable infrastructure. The case
studies focus primarily on energy, resource, and water conservation as well as impacls on
health and durability

Single Family Multifamily Neighborhood

Certification Programs

Many of the case studies included in this section have participated in energy efficiency, health
home, and sustainable certification programs. Project participation is identified by program
logos on the sub-directory page

HFH-02 | Habitat Waseca Home | HERS 54

PROJECT INFORMATION

bedroom home Is located inWaseca, MN and has.
n modeled, with
u annally
The hore consumed 62,296 it occupancy

indoor and outdaar co o was 85,3 galkons persory/dsy.

Annual Energy Use

%3 SPECIFICATIONS
Equipment
a7 oo

Daily kBtu

Elestric ——  Natursl Gas

" Annual Water Use




LOCATION & CLIMATE

Location: Waseca, MN

Climate Zone: 6

HDD: 7817
Annual Energy Use s &2

35.3 SPECIFICATIONS

T Equipment
37 Furnace: gas, 92% AFUE

AC none

40 50 € 70 80 Programmable
KBtu/ sf Thermostat:  yes
Water Heater. gas, .62 EF
Ventilation exhaust only
Appliances:  Energy Star
Lighting 100% Energy Star

Envelope

Construction:  2x6 wood frame, 16%.c.

Roof: R-50 blown cellulose

Walls: R-24 fiberglass batts

Stab R-10 underiperimeter

Found. Walls -11
=

Daily kBlu

Win double-pane, low-e

U=.30, SHG 2

Testing
Blower door. 349 im@50Pa
Electric m Natural Gas Tightness: 1.17 ACH@50Pa

Annual Water Use Water Fixtures

Showerheads: max 2.0 gpm
Bath Faucets: max 2.0 gpm

Toilets: max 1.3 gpf

40

Gallons/ Person/ Day

Annual Energy Use g t Annual Energy Use

SPECIFICATIONS 2 SPECIFICATIONS
Equipment ) Equipment

Dty KB
Daily kBl

Testing
Water Fixtures




Home Energy Rating Score (HERS)
Habitat for Humanity Pilot Homes

HERS Index

me

Total Annual Energy Intensity
Habitat for Humanity Pilot Homes

KB st-yr
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Winter Heating Load to Air Tightness
Habitat for Humanity Homes

30

25

Estimated natural gas heating load, kBtu/sf

1 1.5 2 2.5 3
Air changes per hour at 50Pa

Solid trendline represents linear fit of data shown here
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Upstream Capacity Building:
TOOLS, RESOURCES AND TRAINING TO INFORM EARLY
DECISION MAKING

Programming and building specifications in early design... determine
up to 80% of pollution output [and] building operation cost.”
—Ulrich Bogenstatter
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Upstream tools

project

Integrative Design Process

Funding Application
Site.
+
Unit plans

4
EGCC

Key Goals of Upstream:

Target audience — developers and their
architects (future - HRA, EDA)

Support Green Communities Criteria 2 and 3

Improve sustainability outcome with little to no
additional cost

Build sustainability capacity in non-profits
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Upstream Tool Kit
Site Selection — 10 MINUTES (!)
* quick evaluation
* rules of thumb

Site Optimization Worksheet

Curriculum to build understanding of the
broad context, issues and thinking

Site analysis

Layers are analyzed separately, and then
reassembled to identify optimal siting.

Overview

Upstream Tools

¢

Sections 2 & 3 =
r'Ys -

[




Overview

GCC Criteria

MN GCC overlay
GCC checklist

P
Center for Sustainable Building Research

il 7470, 7115
(2.4), (212)

rqu.ﬂ.
L.LJ.

-
Center for Sustainable Building Ressarch

MNSHI Site Selection Tool

MINNESOTA SUSTAINABLE HOUSING INITIATIVE
Sie Selecion Too!

Site Assessment Module 1: WATER

Site Selection Tool q.2 = GCC 3.6 (how does
development affect amount of impermeable
surface)

o N Stormwater
10

ArcGIS soil maps, topo maps [layers here]
Google area calculator (daftlogic area calculator)
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Site Assessment Module 4: H&H

Walkscore

Google or Bing Maps
Google Streetview
Bing Street
Walkscore

Center for Sustainable Building Ressarch

Solar Access and Energy . Solar Access and Energy
uan g Shading - East] West
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New Casestudies
GREAT Study

Questions?

o v -
h L
"

A A 4 o

Center for Sustainable Building Research Cotiaga ol Dasign
UNIVERSITY OF MINNESOTA

L\ I
100
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