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WHAT IS
SUSTAINABILITY?

United Nations Brundtland Commission US Environmental Protection

(1987): Agency (EPA):

» Development that meets the peeds of the « Simple principle: Everything that
present without compromising the ability of we need for our survival and
future generations to meet their own needs. well-being depends, either

directly or indirectly, on our
natural environment.

International Union for Conservation of - Creates and maintains the

Nature (1997) conditions under which Qumans

* Improving the quality of human life while harmony, that permit fulfilling the
living within the carrying capacity of the social, economic and other
Earth’'s supporting eco-systems. requirements of present and future

generations.




ENERGY: US SUPPLY BY REGION

Electricity Generation by Fuel Type & CO2 Emission Rates: 2005 vs. 2010
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if we cover all of NYC with Solar Panels...
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ENERGY;LIGHTING IN NEW YORK CITY

3%

Lighting uses 1/3 of all energy
in Commercial Buildings

NYC
Electrical
Use ( l._f.i‘il'u' h)

APPLIANCES
6,841

REFRIGERATION
5,755

Lighting accounts for 27% of NYC
total electrical usage,
and 12% of NYC carbon emissions

slide credit: Green Light New York, 2012



ENERGY: ELECTRICITY

D 0 Es I'I' TAKE HOW MUCH ENERGY-WHETHER ELECTRIC, COAL, NUCLEAR, OR OTHERWISE~IS
H Uw M U c H FU EI- REQUIRED FOR A 100-WATT LIGHTBULB TO RUN FOR A YEAR, 24 HOURS A DAY?
Kilowatt - hour (KWh) = unit of energy equal to 1,000 watt hours
TU PDWER A I_I G HTB ULB FUR A YEAR? A100 wattghtuses O 1 kowatthoueswerth o energy i s o
- How much energy does an electric 100-watt ighttulb use a year? 0.1 kW x 8,760 bours in a year = B76 &Wh

WIND

© 15 mogawatt hurtine » 365 days »
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© The pawer of 2 hydro electnic
terthno = (haight of dam) x
(river Mow) x (sMiciency) » 118

orts Units of feet ancd

5 10 Miowatts)

g dam belght(10 feet)
00 second)

335 4W trdne

339 kW tarbine sperating at 80% sificlency

for 2 frs and 35 min.

with 500 1t of water per second falling from 10 ft

O 76 KWh + 239aW
2hours and 35 minutes

o © 1 pownd of natural gas can produce 6 12WWh of energy

© 376 XWh = 6 12 \Wi/pourd = 143 pound

ural gas

143 pounds

NATURAL GAS
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Energy Valley improvement Company situationally Anegyssue

Good Magazine, Winter 2011



ENERGY: ELECTRICITY GRID

What is the Power Grid?

US: 3 major interconnected regional grids
Western
Texas
Eastern (comprised of smaller grids)

The grid is comprised of:

- Powergeneration plants (coal, natural gas,
nuclear, renewables, etc.)

-  Power distribution network (substations,
transmission lines, feeders, etc)

System losses (inefficiencies):

Transmission losses during
distribution of electricity overlong
distances by cables.

End result: Only around 1/3 of the
original
fuel burned islecitigity.convertedinto

Scientific American 6/16/09

-IWestevn
Intérconnection
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L]

Texas
Interconnection

Lose 62

in generation 38 left

38 units enter
transmission lines

Transmission
line losses:

;c:\vr:flrosseﬁz 2 units Lose 2
62 units more in
trans-

mission

Energy
content
of coal:
100 units

Start with 100

"units" energy
34 units of heat

( < Energy used 36 left
y / to power the

Lose more with 2 units of N “ light bulb:

’ . . . energy ALY 36 units

Inefficient lighting  in the light =



ENERGY: HOW IS IT USED IN BUILDINGS?

Building sector consumes 40% of the energy resources in the US.



GREEN BUILDING DESIGN

How do we define“Green”?

* High performance
 LEED certified

* Net zero

* Healthy building

cold j E N
temperateﬁ

arid ﬁ_ . Winter \
tropical gl ﬁ “‘\ \
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ENERGY:; IMPORTANT METRICS (ENERGY STAR
SCORE)

How Do We Compare Buildings?

Energy Star score

« Compares your building to national /
average for that particular building type e -l

« 1-100 ENERGY STAR score
« Score 50 is median (average)

« Score 75 (75th percentile):

- Means your building is better than 75% of
similar buildings nationwide

- Your building can be Energy Star certified
« 25 different building types

n 3 ", 1 NEW YORK CITY
* "Benchmarking": compare your LOCAL LAW 84

building's performance against similar \ { BENCHMARKING
buildings REPORT

New York City

« NYC LocalLaw 84

* Benchmarking data is public (city, large
commercial, and large apt. buildings)




Design, is a green lass building
T rem e LEED cey nnl b ilding projects satisty prerequisites and earn point: tuchevmm ent levels of certification. Prerequisites ar numulsdll l each rating system, and teams choose the best fit for their project.

cmsmna'm
Each rating system is made up of a combination of credit categor
\ ea( v mcaregou specl p q
s the project eams cete ines it: ueeo (emfv ((((((
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ati unlh scheme 2o 10 www.usghi.c

The Ratings

CERTIFIED SILVER GoLD
40-49 POINTS 50-59 POINTS 60-79 POINTS 8O+ POINTS

Wl SUSTAINABILITY

www.wtsustainability.com.au

LEED Credit Categories

Sustainable
Sites

Water
Efficiency

Innovation “
in Operations { \ \
&Regional \ & J
Priority @ \ :‘:‘ Y/
\ /

Indoor
Environmental
Quality
Materials &
Resources

Energy &
Atmosphere

LEED is one of the best known
green building rating program, and
is used internationally, “certifying
1.5 million square feet of building
space each day in 135 countries”
with more than 54,000 projects
currently participating.

The comprehensive green building
certification program includes five
separate rating “families”, each of
which are further broken down
into project types.

The LEED v4 system - released
November 2013 - addresses 26
different types of construction
situations.



The Hydrologic Cycle

* In“natural,” undeveloped conditions, mostrainfall either infiltrates or evaporates back into the air.
« Land development (buildings, roads, driveways, parking lots) alters the Hydrologic Cycle.

- Lessinfiltration due to more impervioussurfaces

- Lessevaporationdue to less vegetation.

- More runoff directly into water bodies (rivers, streams), carrying pollutants withit.
L ENVIRONMENT | URBAN ENVIRONMENT

40% 30%
evaporation evaporation
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0,
10% runoff 55% runoff

25% shallow infiltration — : 10% shallow infiltration

25% deep infiltration 5% deep infiltration

Effects of Urbanization on the Hydrologic Cycle
Image: Philadelphia Water Dept (PWD)


https://www.pwdplanreview.org/manual/introduction

WATER: LOCAL NYC léSUES

NYC Combined Sewers :

« Stormwater + Wastewater both discharged
into the same sewer pipes

SLOTT SEweTS CArTy Surjace water
runaff, The su
s graded 10 ch through o
cast ircn grate an
leading to @ catch basin, a rectangular
storage tank locared under the street,

and then 1o a starm drafn,

The Wastewater
Collection Network

Septic Tanks somen
\ in New York City, particularly
\~ remaote areas of the outer bo

— -

Sewer manhole covers, unlike -~ . \ S still rely on septic tanks, whi

electric manhole covers, have slots in large aparement buildings b function like tiny private sew
or vents in them to provide for sewage lifts involving air S

sed ta raise the - treatment plants. Made of co

ventilation of any gas or odors
building up underground and ta
avaid ary possible explosions.

vel of the waste from o building steel, or fiberglass, the tank
cellar to the streer conduits

are generally buried in a yard
large volumes of wastewater.
Waste flows into the tank fro
tollets, and showers and is av
by bacteria that break down t

Sewer manholes consist of @ shaft,

——— generally with buiit-in stairs, ther
widens from two to four or five feet ot ~ . ~ = ——

the bottomn for maveiverability, 1 y 8

Same street sewers, generally mafis,
may be larger than 24 inches in

A
y 2 S diameter; these are usualiy made of
¢ Tihmes Bl Rt Ay cement or brick as opposed ta the
the size of the pipe: the larger ~ sadtional de;
the pipe, the lower the Tiketihood of W }
; it . <

he wider

The Works by Kate Ascher



WATER: LOCAL NYC

ISSUES

NYC Combined Sewers: CSOs

During heavy rain and snow storms,
combined sewersreceive higherthan
normal flows.

Treatment plants are unable to handle
flows that are more than 2x design
capacity

Whenthis occurs, a mix of excess
stormwater + untreated wastewater

discharges directly into the City’s
waterways at certain outfalls.

CSO'sare a concerndue to theireffect

on water guality and recreational uses

TREATMENT PLANT

A mixture of wastewater
and storm water is
processed and expelled.
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When It Rains, It Pollutes

Each year in New York, billions of gallons of
sewage and runoff overflow through 490

points,

or “outfalls,” into the harbor and "

rivers when heavy rains cause backup. ‘ SR
d e @
: - ® §
LA -®
Estimated annual average ﬁf" ®.° R
sewage overflow through MANHIBEES, b A
each outfall . :

e 2.0 billion gallons ¢ o8 Newitown .
§—% 1.0bilion $ ¢ gn®CreekPlant
@---100 million @ i .
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Miserd Wastewater ‘ ‘&

treatment @' ®
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REGULATOR
When the flow of
wastewater is too
great, the regulator
allows the overflow
to pour into
waterways.

A
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N 1/22/2009

[ ]
STATEN [SLAND g.




R Q Q F S " Solar Reflectance:

the fraction of solar Thermal Emittance:

e energy that is the relative ability of
Solar Radiation on the Roof "‘3.5;’."‘ " reflected by the roof the roof surface 1o
raqaiarion - ! d"[ b bdh t
1/ ] AL, s the ook radiate absorbed hea
| surface &
« Absorbed
e Emitted

Some heat is absorbed by the roof
and transferred to the building below

Urban Heat Island Effect

*  Phenomenoninwhich cities and urban areas are severaldegrees
hotter than surrounding areas

»  Due to lack of vegetation and many dark colored surfaces (roofs,
pavement) that absorb, hold, and slowly re-radiate heat

29°C 85°F 31-32°C 88-89°F 33°C 92°F 30-31°C 86-88°F 30°C ss°F

RURAL FARMLAND COMMERCIAL DOWNTOWN URBAN SUBURBAN RESIDENTIAL PARKS
Boston, MA surface temps, 2009
http://www.urbanheatislands.com/


http://www.urbanheatislands.com/

Extensive Vegetation (Sedums, etc)
Growing Media

Filter Fabric

Moisture Retention / Drainage Panel
Insulation

Root Barrier

Protection Course

Waterproofing Membrane (hot rubberized asphait depicted)
Substrate (concrete deck depicted)

GREEN ROOFS

Green Roofs
Extensive Type
+ Shallow soil (4" to 6")

+ Typically low growing plants like
sedums, which have shallowroots

and do not require deepsoil Motlal, SapiifelSEsielD

Built-up, layered system

» Can be built up in layers (membrane,
protection layers, etc)

* OR, installed in modular, pre-planted
containers or trays (easy installation
and removal)

Intensive Type
* Deepsoil (6"to 24" ormore)

 Can accommodate {rees, shrubs,
larger plants, more variety

« Typically built up in layers
(membranes, protection layers, etc)

Yale Univ Smilow Cancer Hospital, Chicago City Hall
New Haven, CT (greenroofs.com)



GREEN ROOFS

Green Roofs

s /B

enefits
Stormwater retention

Extends roof membrane life: protects
against freeze/thaw, UV exposure

Reduces"Urban Heat Island Effect"

Creates habitat (birds, butterflies,
bees)

Potential food production

Aesthetics, well being (e.g., hospital
healing gardens)

Some insulating value

e Costs

Additional materials, labor

May need to reinforce building
structure due to extra weight (load)

Maintenance
Irrigation (water the plants)

Extensive Vegetation (Sedums, etc)
Growing Media

Filter Fabric

Moisture Retention / Drainage Panel
Insulation

Root Barrier

Protection Course

Waterproofing Membrane (hot rubberized asphait depicted)
Substrate (concrete deck depicted)

Built-up, layered system

Modular, container system

Yale Univ Smilow Cancer Hospital, Chicago City Hall
New Haven, CT (greenroofs.com)



BROOKLYN NAVY YARD, BLDG
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Brooklyn Navy Yard, Bldg 92

LEED Scorecard

0010424382, Brooklyn, NY

Brooklyn Navy Yard Center at Building 92
{Q LEED BD+C: Core and Shell ‘vz.OI PLATINUM, AWARDED APR 2013

AWARDED: 13 /15

SScl Site selection 1/1
SSc2 Development density and community connectivity 1/1
SSc3 Brownfield redevelopment 1/1
SSc4.1  Alternative transportation - public transportation access 1/1
SSc4.2  Alternative transportation - bicycle storage and changing rooms 1/1
SS5c4.3 _ Alternative transportation - low emitting and fuel efficient vehicles 1/1
SSc4.4  Alternative transportation - parking capacity 1/1
SSc5.1  Site development - protect or restore habitat 1/1
SSc5.2  Site development - maximize open space 1/1
SSc6.1  Stormwater design - quantity control 1/1
SSc6.2  Stormwater design - quality control 0/1
SSc7.1  Heat island effect - non-roof 1/1
SSc7.2  Heat island effect - roof 1/1
SSc8 Light pollution reduction 0/1
SSc9 Tenant design and construction guidelines 1/1

WATER EFFICIENCY AWARDED: 5/5

WEc1l.1l Water efficient landscaping - reduce by 50% 1/1
WEc1.2 Water efficient landscaping - no potable water use or no irrigation 1/1
WEc2  Innovative wastewater technologies 1/1
WEc3.1 Water use reduction - 20% reduction 1/1
WEc3.2 Water use reduction - 30% reduction 1/1

SNANDEDIS 8

rgy performance 8/8

e ite r_gnewable energy 0/1
EAc3 Enhanced commissioning 1/1
EAc4 Enhanced refrigerant Mgmt 1/1
gﬁgs 10 _Measurement and verification - base building 2/1
EACS. 2 Measurement and verification - tenant submetenng 0/1
EAc6 Green power 1/1

MATERIAL & RESOURCES AWARDED: 10/11

MRcl.1 Building reuse - maintain 25% of existing walls, floors and roof 1/1
MRc12 Building reuse - maintain 50% of existing walls, floors and roof 30l
MRc1.3 Building reuse - maintain 75% of existing walls, floors and roof 1/1

©

MATERIAL & RESOURCES CONTINUED

MRc2.1 Construction waste Mgmt - divert 50% from disposal 1/1

MRc2.2 Construction waste Mgmt - divert 75% from disposal 1/1

MRc3 Materials reuse - 1% 1/1

MRc4.1 Recycled content - 10% (post-consumer + 1/2 pre-consumer) 1/1

MRc4.2 Recycled content - 20% (post-consumer + 1/2 pre-consumer) 1/1
Regional materials - 10% extracted, processed and manufactured

MRc5.1 regionally 1/1
Regional materials - 20% extracted, processed and manufactured

MRc5.2 regionally 1/1

MRc6  Certified wood 0/1

NDOOR ENVIRONMENTAL SUAIJTY

AWARDED: 7 /12

EQcl Outdoor air delivery monitoring 1/1
EQc2 Increased ventilation 1/1
EQc3 Construction IAQ Mgmt plan - during construction 1/1
EQc4.1 Low-emitting materials - adhesives and sealants 3/1

c4.2 Low-emitting materials - paints and coati 0/1
EQc4.3 Low-emitting materials - carpet systems 0/1
EQc4.4 Low-emitting materials - composite wood and agrifiber products 0/1
EQcS Indoor chemical and pollutant source control 1/1
EQc6 Controllability of systems - thermal comfort 0/1
EQc7 Theﬂal comfort - design 0/1
EQc8.1 Daylight and views - daylight 75% of spaces 0/1
EQc8.2 Daylight and views - views for 90% of spaces 0/1

INNOVATION AWARDED: 4 /5
IDc1 Innovation in design 3/4
IDc2 LEED Accredited Professional 1/1
TOTAL 52/ 62




SUSTAINABLE MATERIALS: WHAT IS THE TRUE

COST?

Flooring Comparison (assume 50 yr. building): First Cost vs. Life Cycle Cost

Characteristic

Composition

Disposal

Hygienic Properties

VOC Emissions

Availability

Maintenance

Initial Cost (Installed)
Maintenance Cost (per yr)
Maintenance Cost (over 20
yrs)

System Senvice Life (yrs)

Number of replacement
systems (in 50 yrs)

VCT (vinyl composition tile)

Binders, filler, pigments (some pigments
contain heaw metals). Vinyl content 30%
max.

Non-biodegradable

No antimicrobial properties

VOC'’s come from maintenance procedures

Produced in US Stocked in US

Traditional waxing with periodic stripping
and resealing

$1.50 per sf (avg.)

$1.45/sf

$29,000

15 years

3 replacements

Linoleum flooring

Linseed oil, wood flour, pine rosin on jute backing,
man-made. Environmentally friendly pigments

Biodegradable
Inherently antimicrobial. Inhibits the growth of
many micro-organisms

No harmful agents.

Produced in Europe. Shipped and stocked in US
(Lower energy requirements in manufacturing
offset shipping energy.)

Wet method or dry method (preferred)
$3.50 per sf(avg.)

$.50/sf

$10,000

30 years

1 replacement



One of the main advantages is that : . e
can either drastically reduce or f ] SRS w1 £ /@ Your roofis great for -
b | A P solarle <

totally eliminate your electric bills.
This benefit of solar panels is pretty
straightforward — when you install
solar power for your home, you
generate your own electricity,

become less reliant on your electric -/ e - o o TP Save 30% or more ©
utility and reduce your monthly R St edenil e Sate Incen iy
electric bill. { ] : |
Congratulations! |, .
} " fM Increased property
A solar panel system typically has a S°1ar°an sa"eY°“uPt°$9800 ITNee

25-30 year lifespan, which means
that you can cut your electricity costs
for decadesto come by going solar.

Home values rise 3% or more

In addmon it improves the Va ue of PAY CASH £0-DOWN LOAN $0-DOVWN LEASE/PPA
your home. Own the system: maximize savings A Own the system: no up-front cost A Rent the system: no up-front cost A
20 Year Net 20 Year Net 20 Year Net
Solar panels are useful, especially at R $8,700 20 $2300 27
this location. Broad channel is prone §1.800 wetcost sQ OutofPocket 80 Outof Pocket
to regular flooding which in turn '
causes blackouts form time to time. 3.5 Years raybsck Immediate Payback Immediate payback
With the solar panels this will reduce | - ,
the owners dependency of the grid 3%ormore o 3%ormore L alue 0% property value

and will keep the owner with
electricity for some time while the
respective authorities restore the
electric service.

N
(LR LTy

$-2k $-2k $-2k

8k 8k 8k
6k b6k b6k
4l 4k 4k
2k b2k b 2K -
Ok h0k 50k
} 2} 2

Your Estimated Savings Your Estimated Savings Your Estimated Savings



PASSIVE HOUSE/ GREEN DESIGN

In theory can work with any building type notonly
houses, but most projectsto date have been:

- Residential (single family, multi family)
- Schools
- Some commercial

Very popularin Europe
Many projectsin NYC, especially Brooklyn

1
g
s
,r pe—

Like LEED, you can take a certificationexam

- Certified PH Designer or Consultant
- Certified PHHouse Tradesperson (contractors)

8838ae

Tighthouse, Brooklyn 174 Grand St, Brooklyn

_ ——  Fabrica 718 Loadingdock5
____________ completed 2013 completed 2011

S — Urban Green Council



INSULATION

Generally we want...
* Nice, thick layer of insulation

Continuous insulation

* Avoid intermittent, interrupted
insulation (e.g.,in between metal
stud framing)

* Yellow, orange, and red colors represent heat loss out through the envelope

epfingages below: (i.e., the building is "leaking" heat and wasting energy and money).

» Purple and blue colors are cooler temperatures (i.e., heat is not escaping the
building). This shows us where the insulation is located.

il
3 "
(| PPLITTY {0t (T

.. W .

Insulation in between framing Continuous insulation

Images from: Dryvit Systems, Inc. and The Dow Chemical Company



WATER: BUILDING SYSTEM
STRATEGIES/DESIGN v Do o bl A

Wa.'te"r H'arvestlng & Reuse Water Matters, June 2010
« Potential water collection w\
("harvesting”) from: LN, By
Stormwater _ NN NN
Greywater

B | ac kwate r h Green Roof
HVAC cooling condensate . I

* Potential water reuse for:

Showeer| Foucet | Unnal Water |

Mechanical system (cooling
towers)

Flushing fixtures (toilets,
urinals)

i 5



WATER: BUILDING SYSTEM
STRATEGIES

N /_\"\/_\

N\
Storm & Greywater . /— f \
N, \ o | ~
Harvesting RO A
\.\‘_\‘,\\ \.‘ -
In this example scenario... il
1. Collectionfromfaucets, o
showers, roof rainwater, . b some coses,voler srage
and air conditioning M profecion spnkes o hose

(010) nd e nsate 7 and fire marshal reguiations.

2. Initial "first flush" of each
rainfall (which has most of
the dirt and pollutants)is
diverted to the sewer. The
restof rainwater goesto
storage tank

-

| m——

COLLECTION
REUSE
%

3. Harvested wateris 4
filtered, treated, and 2
storedin atank

4. Treated pon-potable water

IS reused fortoiletand

TREATMENT &
urinal flushing, irrigation, S¥y=
and vehicle washing

I

TO COMBINED SEWER <—=

NYC Dept. of Design & Construction: Water Matters, June 2010



SITE PLAN

The house is located on
a previously developed
lot in a previously
developed community,
minimizing the
environmental impacts.
The historic plan
supports lifestyles that
emphasize walking and
cycling a half-mileto 14  serer

Public Path
To Town
Center

01 Sidewalk 06 Grey water Treatment 09 Raised Vegetable Beds
. ag. A 02 Parking Court Bed 10 Community Path
ba S I C a m e n I tl e S M “ 031 ‘Perennial Bed 07 Rain Garden Bio- 11  Drought Tolerant Turf
. 04" Entry Court Retention Beds 12 Irrigation Cistern Enclosure
Native Grass Mead 08 Forebay/Rai 13 Plinth

Estimated percentof o '@
occupants using public 4
transit, cycling or y
walking: 100% gl ikl "

b o & 5 .
Site Section s AT e 2 05
01 Sidewalk 05 Greywater Treatment Bed '\Mw
02 Parking Court 06 Rain Garden Blo-Retention Beds == ~ —
03 Perennial Bed 07  Existing Swale/Forrest ‘“&‘ﬂ-_ﬂ- B 7 g
04 Drought Tolerant Turf S




BUILDING OVERVIEW

At 1008 sf, A New Norris House is
less than half the size of the median
house, and it is sited on a 0.3 acre
lot. “Right-sizing” reduced material
and operational loads and costs,
and shifted funds to quality design
and construction, passive strategies
and high-efficiency systems.

The compact house was designed for
off-site manufacture.

Advanced framing techniques resulted in
a 17.5% reduction in lumber, increased
insulation, and decreased thermal
bridging.

70% diversion of construction waste.
Low- and no-VOC glues, paints and
finishes were carefully controlled, critical
to air quality given the tight envelope
and immediate occupancy inherent in
manufactured housing.




GREEN DESIGN FEATURES

sustainable site

N1 N

LEED for Homes Rating Date:2012.
Platinum (26 points over Platinum
threshold)

One year of post-occupancy evaluation has
revealed that the home is able to collect anc
treat rainwater that is safe for human
contact by EPA. In the first year of study,
39,388 gallons of water has been passively
returned to the landscape through
greywater and rainwater overflow systems.
Over 73% of waste water has been reused
on-<ite
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