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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

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 

CSBR Activities



3



4



5



6

“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

vision |  design  |  measure  |  action



7

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

We are consuming to much.
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http://www.footprintnetwork.org/gfn_sub.php?content=overshoot

August 22, 2012



9



10

Sustainable Building Guidelines
North America

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

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)

 United Kingdom  Canada  United States

2006 20081990 1992 1994 1996 1998 2000 2002 2004
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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/

Sustainable Housing Guidelines
North America

GUIDELINE/RATING SYSTEM

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 ?

 United Kingdom  Canada  United States

2006 20081990 1992 1994 1996 1998 2000 2002 2004
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• A diverse 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

• Life cycle assessment of materials is beginning 
to be included in guidelines and ratings

• There is increased focus on actual performance 
during operation and the need for a feedback 
loop and continuous improvement

Recent North American Trends
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• 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

Key Issues



14



15

30

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
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1. Integrated Design

2. Location + Neighborhood 

Fabric

3. Site Improvements

4. Water Conservation

5. Energy Efficiency

6. Materials Beneficial to the 

Environment

7. Healthy Living Environment

8. Operation + Maintenance

32
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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.

MF Moderate Rehab Yes No Encouraged, but not required.

SF New Construction Yes No Encouraged, but not required.

SF (All acquisition/rehab) Yes No Encouraged, but not required.

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

34
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www.mnshi.umn.edu

Multifamily Case Studies

Multifamily Case Studies: Owner and 
Tenant data

• Brook Commons *

• Park Avenue Apartments *

• Winnipeg Apartments *

• Wellstone Apartments *

• Additional solar thermal 
monitoring

* All new construction projects followed Green 
Communities Criteria

36
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Energy Use

37

Cost

38
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Wellstone

39

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 

Wellstone Energy

• 29.1% is apartment 
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 

40
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Wellstone Energy

Typical breakdown of 
energy use

41

Wellstone Energy

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

Process load for 
heating? 

Further investigation 
ongoing

42
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Wellstone Energy

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.

43

Wellstone Water

Significant difference 
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

44
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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

45

Wellstone Solar Hot Water system

46



24

47

7/23/11 to 8/6/12

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

48
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Variable hot water consumption

49

Results

Summer performance: 46.6% of total 

50
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Results
Winter performance: 17.3% of total 

51

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

52
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GCI Incremental cost –

$691,700 ($15.04/sf) or 14.75%

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

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

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

Viking Terrace Apartments
Southwest Minnesota Housing Partnership
Worthington, Minnesota
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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

Viking Terrace Apartments
Southwest Minnesota Housing Partnership
Worthington, Minnesota

Viking Terrace
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ENERGY

High efficiency geothermal heating 
and cooling system

Enhanced insulation of the building 
envelope

Energy Star appliances
Energy-efficient lighting and 

occupancy sensor controls

46% reduction in energy use

39% reduction in CO2

WATER

Water conserving appliances 
Dual flush toilets
Flow restrictors on faucets and 

showers 

56% less water use per person
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Heath Outcome Study
National Center for Healthy Housing

Viking Terrace Apartments
Parallel Studies

Building Evaluation and Monitoring
CSBR

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

Viking Terrace Apartments
Parallel Studies
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preliminary health outcome

Health compared to when in old home

children

adults

• 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
• CO2

• Utility bill collection
• electric
• water

• Life Cycle Analysis

Building Evaluation and Monitoring
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Building performance testing results

CO2 as measure of ventilation effectiveness
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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)
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Figure 2: Dew point comparison of stacked units in building 1440 measured at interior walls
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Comfort in apartment compared to old home
building performance and preliminary health outcome

Interstitial pressure within unit
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radon – Minnesota

• pre-rehab

•

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
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radon - mitigation

radon – mitigation consequences
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Life Cycle Analysis



39

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
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• 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
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www.mnshi.umn.edu

82
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Upstream Capacity Building:
TOOLS, RESOURCES AND TRAINING TO INFORM EARLY 
DECISION MAKING

90

Programming and building specifications in early design… determine 
up to 80% of pollution output [and] building operation cost.” 

–Ulrich Bogenstatter
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91

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

92
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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

93
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99

New Casestudies
GREAT Study

100

Questions?


