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Session Learning Objectives

1.

Learn how and why “Sustainable” is a complex concept and,
as such, that the use of sustainability as a guiding principle in
housing must be viewed and used relative to changing
conditions.

Understandi the concept of the 6 hierarchical building layers, as
described in the book “How Builldings Lean™ by Stewart Brand.

Unaderstand and learn how: te apply. the relevance: ofi the 6
bullding layers when making| cheices in afierdable housing
development and construction.

ILearn how'a teol like the: NCILIF Sustainanility Index caniguide
ONgoeINg decisions In an agency’s development of more
sustainanle practices.

IEearn newW 1o evalliate and prioritize elements in: a changing
envirenment, and \WithHimited financial resources.

Consider tamking more critically: abeut the overall concept o
“green bullding.* Understand that net all guidelinesiane
applicanie 1o eveny sittiation, and lean hewW: ie; dISCErn Wihal io
apply:andiwnen; especially in a changing envirenment and
EConomy.



Sustainable according to Webster

Sustain:

= “J'0 malintain, or
cause to continue”

= “Jlo endure witheut
falling or yielding;
e bearf up tnder.”

\Welister's Collegiater Dictienary,
5 edition



“To bear up under...”

Occupants of affordable housing are
among the most vulnerable to factors that
affect the sustainability of a dwelling:

*\Volatility in the economy
sIncreasing energy costs
eDecreasing energy supply
*Environmentally-caused iliness
*Fragile materials and systems



Sustainable Affordable Housing

0 maintain, or cause to continue ...”

[0 endure witheut failing or yielding...”
Decreasing supplies of fossil fuels
RISING gas Prices

RISING Eleclnc prices

RISING foed prices

RISING| transpealion cests

Acreased healticare Costs

Jlenueus community, CONESIVERESS




Housing, Energy, & Sustainability

= Housing currently accounts for 21% of all U.S.
energy consumption

= |n 1850, aboeut 90% of the energy: consumed in
the United States was friom renewanle energy.
iespurces. Now the U.S, relies en non-renewanie
fessilifuels: coal, natural gas, and oll. In 2004,
aleut 6% off alllenengy. consumed and abeut 9%
off tetal electricity, productionwas from renewanie
Enerngy. reseurces.

= Source:Energy Information Administration, www.eia.doe.gov



Sustainability:
A New Set of Conditions

“Anything built today will spend most
or all of its life in a post-peak world
of worsening energy shortages.”

Tim Moerman, planner



Simple?
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How do we decide what to build today in the face of
rapidly-changing circumstances?

10



Study

How Buildings Learn:

The theory of building layers, a
hierarchical system, helps to sort and
prioritize elements within building
construction and operation.

Developed by Stewart Brand and Frank Duffy



HOW BUILDINGS LEARN
What happens aft
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Six Building Layers
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: Site

T— — SPUCE AN

sl ] SKIN
—— STRUCTURE

Essentially eternal

Geographic lecation

Lanaifeatlres

BUllding placement aned erentaton
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Structure

T— — SPUCE AN

—— SERICES
——— STRUCTURE

oo

60 - 100 years;or more

Eeundation

Leadivearng structure

Lengest lasting efi the: Bullt elements
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SKin

T— — SPUCE AN

—— SERICES
——— STRUCTURE

oo

= 20 — 100ryears

= EXternor suifiaces ofi the bullding:
RO, SIdING, WIRAGWS

= Ofien replacedidue terwear and tear
= Semetmes replaced fer fashion:
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Services

T— — SPUCE AN

AL SERVICES
sl ] SKIN

—— STRUCTURE

oo

7-30 + years

IIhe werking systems, the “guts: of a bullding
Plumbing, heating, coeling, Ventilatien, elecuical
Distribution sysiems harder te: change than! plants
Replaced fliemiweal 0l GlSelescence
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T— — SPUCE AN

—— SERICES
——— STRUCTURE

oo

=5 — 40years
= Considered mutanie, changeanle withou
ChAan@INg structure, SEnICES, o skin

= The pulding Internor:
= Partitions, sulface finiSnes, cabinets, fixiures,



Stuff

T— — SPUCE AN

—— SERICES
——— STRUCTURE

oo

5 — 401years

TTingsieasily: movanie

Miest freguently, chaneed by ecelpant
Appliances, lighting, fixtures, ftmitire,; haraware
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Selection

Prioritizing Choices using the
relevance of the 6 Building Layers
and the complexity of “Sustainability”



Significance

What Is done Initially to the first two
layers, Site and Structure, has the
longest impact and Is the least easily
changed after the initial construction.

For better or for worse, the initial
decisions regarding these two layers will
have the biggest impact on sustainability.



Site — selecting what to build

Land Use, Density, Energy, Community
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Site — the layer least changeable

28



Site and Solar

= Passive solar design Is one of the most
sustainable and cost effective
approaches to residential design and it
IS eften overlookea

= [Efiective passive selar designiwill
ieduce beun heating and cooling leads

24



Solar Design Strategies

= Roof overnangs or awnings to let in
Winter sun andi keepout summer sun

= Minimize northrand west Windows

= Place windows to facllitate cross
ventilation

= Seuthrglazing withr a relevant SHGE
=hereis noeall climawe: glass!

25



Structure, Insulate!
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Structure and Insulation

= \ore
IAsulation; can
PEest e
Integrated inte
the structure
at the inmal
CORNStrucuon

2l



Skin — windows, siding, roof

= Alr tightness

= WWater management
= |psulation

= Duranility

= [ntegration

= Bulldingl Envelope

28



sServices

= [nsulation upgrades and better air
sealing, combined with small
super-efiicient heating and
ventilation systems, are the most
sustainanie things: that can; e
dene o decrease a bulding's
ellance en enenagy. ior neating and
COOIING.
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Renewable Energy Systems

= Site sensitive design vs. renewable energy
systems ...

= With imited initial funds, make “solar ready”
changes to site and structure

= \\ithl preper selar erientation and roef
pitches; selar PV e SDEW can be easily.
added later



Selection

The most visible “green” features are
not necessarily the most important.

Adhere to a definition of sustainable:
“To endure without failing or
yielding.”



In the world ofi “affordable”
housing, the (in)ability to iIncrease
Initiall Investments often limits the
ability te: achieve meaningiiul
change.

RIS/ IS an eEneIMeUS preklem
Pecausewnatwe pBulld teday will
peraroundifera ECONG HIVIE.



Selection Criteria

Will the project remain affordable

to those who pay for
maintenance and operation in 10
years? 20 years? 40 years?

Thinking ahead ...



(A Case) Study:
The NCLT Sustainability Index
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Scope

NCLT Sustainabllity Index

Research and analysis:

To create a framework that the Northern
Communities Land Trust will use to
monitor and measure choices as the
agency improves the sustainability of its
homes.
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Start = NCLT Sustainability Index

Current agency construction practices
and energy use of buildings were
defined to create a baseline.

Existing models of sustainability were

researched, especially in affordable
housing
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Sustainable defined:

1.Safety
2.Durability
3.Energy and resource efficiency

4.Affordability
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A Systems Approach

= Jhe 6 layers are combined with the
defined criteria of sustainanility

3 Tools Created for Analysis:

= Viatrx 1 the Decision-Viaking Eramework
= Viatrx 2 5 the Attreuter Data
=Viatix S ithe Spectirtms
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Sorting Priorities

= Jhe Index provides a protocol and teols
10 Update analysis ofi optiens

= |t only: Werks When elements; are
considered within the CONIEXT of
cligent (and poetential) CircUmsiances
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Savings

= 12006 - Change from R-10te R-23 basement
walls (ICE) results ina savings off $222/year at

2006 cost of natural gas and over 2,000/ 1bs of
CO2 avoided/yean

= The change 1o ICE s STRUCTURE;, long lasting,
hard te dorlater

= 2008 — metalisiding Instead of filker cement;
nfermed decIsion! tor cut cost 1 SKIIN
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Selection Criteria, Ongoing

Is the building resilient?

Can it continue to support health
and comfort under changing
conditions, with a minimum of
external fossil fuel input?



Selecting Priorities

Many agencies are getting many things
right ... Infrastructure

Water management

Durability

Toxicity

Indoor Air Quality

But... ENERGY Is the elephant in the
room and it is the most important issue.



Situation Normal? a changing environment

= 2004: Oil $50/barrel

= 1999-2006: Price of residential natural gas
doubles

= 2007: Biggest single-year increase in greenhouse
gas emissions from U.S. Power Plants

= “Heat or eat” dilemma reported in Boston Glohbe

= 2008

QI $110/hanrel

= (Cesth of leed staples, up 50%: IR 6 mentias
= New\Wepsiie: WWWW.enengysheiage.org



Energy — The #1 Priority

= | the face of current
circumstances, Energy Star for
pUIldings IS an Inadeguate
PEenchmark, essentially.
outdated.

"1 5% better than the 2004' |ECC
ISI AL suUstainanie.
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Targeting Energy Consumption

= Using percentages, I.e. 50% better, deesn't
tell you hew much energy: a building uses

= The HERS Index doesn't tell youl this either

= Energy Use needs o he measured like mpg
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Energy — Defining Meaning

= |ndicators regarding climate change,
fiel scarcity, and rising costs suggest
that anything built teday sheuld use a
maximum, efi 72 the: energy. of that
Whichiwe: built yesterday.

= e goed news IS We: koW NeW 16 A o) this;

=W alrchitecilie20350.6rg
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I 4 2030 CHALLENGE Targets: Residential Regional Averages

U.S. Regional Averages for Site Energy Use and 2030 Challenge Energy Reduction Targets by Residentail Space/Building Type (RECS 2001)’
From the Environmental Protection Agency (EPA): Use this chart to find the site fossil-fuel energy targets.

Averade Astage 2030 Challenge Site EUIl Targets (kBtu/Sq.Ft./Yr)

i : Source EUI"'l site EUI™® 50% 60% 70% 80% 90%
Residential Space/Building Type {KBtu/Sa.FE/Yr) | (kBtu/Sq.Fe/vr) Target Target Target Target Target

Midwest

Single-Family Detached ; ; | 24.7

Single-Family Attached - ; 22.4

Multi-Family, 2 to 4 units : 37.0

Multi-Family, 5 or more units : A | 25.4

Mobile Homes 51.6

hiotes

1. This table presents values calculated from the Energy Information Administration in the Residential Energy Consumption Survey (RECS), conducted in 2001.
The survey data is available on the EIA’s website at hitp:/www.eia.doe.goviemeul/recs/recs2001/detailcatbls.html.

2. Space/Building Type use descriptions are taken from valid building activities as defined by the Energy Information Administration in the Residential Energy
Consumption Survey (RECS), conducted in 2001.

3. The average Source EUI and Site EUI are calculated in kBtu/Sq.Ft./Yr as weighted averages across all buildings of a given space type in the RECS 2001 data set.
Souce Energy is a measure that accounts for the energy consumed on site and the energy consumed during generation and transmission in supplying
energy to the site.

Converting Site to Source Energy.

Source Energy values are calculated using a conversion for electricity of 1 kBtu Site Energy = 3.013 kBtu Source Energy;

a conversion for natural gas of 1 kBtu Site Energy = 1.024 kBtu Source Energy; and a 1:1 conversion for fuel oil and district heat.
4. Energy Information Administration (EIA), U.S. Residential Energy Intensity Using Weather-Adjusted Primary Energy by Census Region and Type of Housing Unit, 1980-2001, Table 8c.
5. Energy Information Administration (EIA), U.S. Residential Energy Intensity Using Weather-Adjusted Site Energy by Census Region and Type of Housing Unit, 1980-2001, Table 6c.

EUl: Energy Use Intensity

Architecture 2030 Residential Targets




Mpg = kBtu/sf annual site energy

= Converts all energy consumed on the site to

kKBtu’s per sguare foot annually
Electricity I1s usually: K\Wh
IHeating andi ceoling usually: kBtu
[DoMmEStIC hot Waler Vares

Inreating deminated climates, heating
alone willfusually account ior more: tham| 72
e enengy. used

48



32 5 kBtu/sf ann
24 kBtu/sf ann w/ICF

_ kBtu/sf ann -

~ o e
St e 43.2 kBtu/sf ann



Solutions

Suitable

Site sensitive

Solar oriented
SUpPENor perfermance
Safe matenals

Smart details
Shock-resistant ($)
Salvageanie

" Sustainanie



Significance

“Sustainable Development meets
the needs of the present without
compromising the ability of
future generations to meet their
needs.”

“Our Common Future,” 1997 U.N World Commission on
Environment and Development

ol



This presentation was brought to you by the letter S



This concludes the American Institute of Architects Continuing Education
Systems Program.

Questions?

Wagner Zaun

Architecture

17 N LLake Avenue
Duluth, MN55802
218.730.0690
WA E O REZaUIIECOm
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