Water Efficiency

In the United States, approximartely 340
billion gallons of fresh water are with-
drawn per day from rivers, streams and
reservoirs to support residential, commer-
cial, industrial, agricultural and recre-
ational activities. This accounts for abour
one-fourth of the nation’s total supply of
Almost 65% of
this water is discharged to rivers, streams

renewable fresh water,

and other water bodies after use and, in
SOIME CASCS, (reatment.

Additionally, water is withdrawn from un-
derground aquifers, In some parts of the
United States, warer levels in chese aquilers
have dropped more than 100 feet since the
1940s. On an annual basis, the water defi-
citin the Unired States is currently estimared
at about 3,700 billion gallons. Tn other
words, Americans extract 3,700 billion gal-
lons per year more than they return to the
natural water system to recharge aquifers
and other warer sources.

On a positive notey LLS. industries today
use 36% less water than they did in 1950
although industrial output has increased
significantly. This reduction in warter use is
largely due to the rigorous water reuse strat-
egies in industrial processes. In addition,
the Energy Policy Act of 1992 mandated
the use of water- conscrving plumbing fix-
tures to reduce warer use in residential, com-
mercial and institutional buildings.

Using large volumes of water increases
maintenance and life-cycle costs for build-
ing opcrations and increases consumer
costs for additional municipal supply and
treatment facilites. Conversely, facilities
thar use water efficiently can reduce costs
through lower water use fees, lower sew-
age volumes to treat energy and chemical
use teductions, and lower capacity charges
and limits. Many water conservation
strategies inyolve either no additional cost
or rapid paybacks. Other water conser-
vation strategies such as biological waste-
water treatment, rainwater harvesting and
graywater plumbing systems often involye
more substantial investment.

Warer efficiency measures in commercial
buildings can casily reduce water usage by
30% or more. Ina typical 100,000-square-
foot office building, low-flow fixtures
coupled with sensors and automatic con-
trols can save a minimum of 1 million gal
lons of water per year, based on 650 build-
ing occupants cach using an average of 20
gallons perday. Non-potable water volumes
can be used for landscape irrigation, toilet
and urinal flushing, custodial purposes and
building systems. Ulility savings, though
dependent on the local water costs, can save
thousands of dollars per year, resulting in
rapid payback on warer conservation infra-
structure.

Overview

Overview of LEED'™
Credits

WE Credit 1

Water Efficien!
Landscaping,

WE Credit 2
Innovatve Wastewaler
lechnologics

WE Credil 3
Wiiler Use Reduction

There are 5 points
availabile i the Wate
Efficiency category.
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Water Efficient Landsca_ping_ Credit 1.1

50% Reduction

1 point

Intent

Limirt or eliminate the use of potable water for landscape irrigation.

Requirements

Use high-efficiency irrigation technology OR use captured rain or recycled site water
to reduce potable water consumption for irrigation by 50% over conventional means.
Submittals

0 Provide the LEED Letter Template, signed by the architect, engineer or respon-
sible party, declaring that potable water consumption for site irrigation has been
reduced by 50%. Include a brief narrative of the equipment used and/or the use of
drought-tolerant or native plants.
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Credit 1.2

LS. Green Building Council
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1 point
in addition to
WE 1.1

- Water Efficient Landscaping

No Potable Use or No Irrigation

Intent

Limit or eliminate the use of potable water for landscape irrigation.

Requirements

Use only captured rain or recycled site warter to eliminate all potable water use for site
irrigation (excepr for initial watering to establish plants), OR do not install permanent
landscape irrigation systems.

Submittals

4 Provide the LEED Letter Template, signed by the responsible archirect and/or
engineer, declaring that the project site will not use potable warer for irrigation.
Include a narrative describing the caprured rain system, the recycled site water
system, and their holding capacity. List all the plant species used. Include calcula-
tions demonstrating that irrigation requirements can be mer from caprured rain or
recycled site water.

OR

d  Provide the LEED Letter Template, signed by the landscape architect or respon-
sible party, declaring that the project site does not have a permanent landscape
irrigation system. Include a narrative describing how the landscape design allows

for this.

Summary of Referenced Standards

There is no standard referenced for this credic.




Green Building Concerns

Landscape irrigation practices in the United
States consume large quantities of potable
water. For example, in urban areas of Texas,
residential and commercial landscape irri-
gation accounts for an estimated 25% of
total water consumption. Irrigation typi-
cally uses potable warter, although water
volumes of lower quality water (i.c., non-
potable water) are equally effective for irri-
gating landscapes. Sources of non-potable
water volumes include caprured rainwarer
from roof runoff as well as graywater from
building systems (e.g., sinks and showers)
or a municipal recycled water supply sys-
tem. High-efficiency irrigation systems are
another method ro reduce potable water use
for irrigation. These systems deliver up to
95% (_)["‘ tl]C water SllPl.:JliClll VEISLS Cconven-
tional irrigation systems that are as lietle as
60% efficient.

Environmental Issues

Narive landscapes that have lower irriga-
tion requirements tend to attract native
wildlife, including birds, mammals and
insccts, creating a building sive that is in-
tegrated with the natural surroundings.
In addition, native plantings require less
fertilizer and fewer pesticides and, thus,
reduce water quality impacts.
Economic Issues

Utility rates for potable water are expected
to escalate in future years as a result of
overconsumption and finite porable wa-
ter resources. Currently, the most effec-
tive strategy to avoid escalating water costs
is simply to use less potable water.

The cost of imigadon systems can be re-
duced or eliminated through thoughtful ir-
rigation planning. Although the cost for
micro-irrigation systems is generally higher
than for conventional systems due to addi-
tonal design costs, the payback period can
be rapid due to lower water use and main-
tenance requirements. Generally, micro-ir-
rigation systems are compriscd of fewer

materials, rely on less mechanical compo-
nents for operation, and are easy o repair
in the event of breakage.

Initial landscaping costs can be reduced if

the existing plants on the site are retained.
These plants are typically well-adapted to
the project site and reduce landscaping
maintenance costs due to minimal water,
chemical and energy requirements.
Xeriscapes or dry landscapes are another way
to reduce landscaping costs by eliminating
the need for irrngarion.

Community lssues

Water-cfficient landscaping helps to con-
serve local and regional porable warter re-
sources. Maintaining natural aquifer con-
dittons is important to providing reliable
water sources for furure generations,
Consideration of water issues during
planning can encourage development
when resources can support it and pre-
vent development if it exceeds the re

SOurce capacity.

Design Approach

Strategies

Perform a soil and elimace analysis ro de-
termine which plants will adapt best to
the site’s soil and climate, and specify
plants that are most suitable to site con-
ditions. However, do not expect the re-
sulting landscapes to require “no mainte-
nance,” as nearly all landscapes require
some routine upkeep. Therefore, com-
pile and follow a seasonal maintenance
schedule for optimizing a healthy land-
scape. This schedule should address spe-
cific times for pruning, watering and pest
inspection. In addition, use techniques
such as integrated pest management,
mulching, alternative mowing and
composting to maintain plant health.
These practices conserve water and help
toster optimal soil conditions. Develop a
landscaping water use bascline as de-
scribed in the Caleulations section.

Credit 1

Synergies

55 Prerequisite 1
Frosion & Sedimentation
Control

SS Credit 1

Site Selection

S8 Credit 5

Reduced Site
[isturbance

SS Credit 6

Stormwater Management
S8 Credil 7

Landscape and Pxterior
Diesipn o Reduce

Heat Islands

WE Credit 3

Water Use Reduction
EA Prerequisite 1
Fundamental Building
Commissioning

EA Prerequisile 2
Minmurm Energy
Performance

EA Credit 1

Optimize Energy
Perlormane

EA Credit 3
Additional

Commissioning
EA Credit 5
Mensurement &
Verifeation

EQ) Prerequisite 1
P 1A
Performance

FQ Credit 7
Thermal Comlfort
EQ Credil 8
Daylight & Views
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Design the site landscape with indigenous
plants. Also specify and install a diver-
sity of plants that are adapred to site con-
ditions (climate, soils and natural warer
availability) and that do not need water-
ing from municipal potable water after
establishment. It is up to the landscape
designer to provide documentation that
the species selected will not require per-
manent irrigation once established. The
generally accepted timeframe for tempo-
rary Irrigation s one to two years.

Specify and install a roof-water or ground-
water collection system. Use meral, clay
or concrete-based roofing materials and
take advantage of gravity water flows
whenever possible. Roofs made of asphalc
or roofs with lead-containing materials
contaminate collected rainwater and ren-
der it undesirable for reuse. The filtra-
tion of collected rainwater for irrigation
can be achieved through a combination
of graded screens and paper filters. It is
important to check local rainfall quantiry
and quality as collection systems may be
inappropriate in areas with very low rain-
fall. Also, rainwater that is highly acidic
ot has high mineral content may damage
reuse systems. Conversely, rainwater may
have a lower mineral content than the
local water supply and may therefore be
advanrtageous for use in appliances such
as water heaters and washers.

Checkwith local health code departments
for guidelines regarding the collection of
rainwater, since such collection is not fed-
erally regulated. If collecred rainwater is
to be used for porable or irrigation pur-
poses, certain health code departments
might require back-flow prevention de-
vices to avoid the risk of contaminating
public drinking water supplies.

Technologies

High-efficiency irrigation strategies include
micro-irrigation systems, moisture SEnsors,
clock dmers and weather database control-
lers. These systems are widely available and

significantly more water-efficient than con-
ventional irrigation systems.

Graywater systems can be used to recover
water volumes from building sewage.
Graywater consists of wastewater from
lavatories, showers, washing machines and
other building activities that do not in-
volve human waste or food processing.
These graywater volumes can be stored
in cisterns on the site and used in the irri-
gation system. Also, stormwater volumes
can be collected from hardscape surfaces
on the site, such as roofing, and used in
the landscape irrigation system.

Synergies and Trade-Offs

Landscape design is highly dependent on
the site location and design. It may be
advanrtageous to couple the landscape
design with water reuse strategies. Land-
scape plantings may be designed to miti-
gate climate conditions and reduce over-
all energy consumption. Plants can be a
natural aid to passive solar design, serve
as windbreaks, and decrease noise. Irri-
gation and water reuse schemes will af-
fect building energy performance and
typically require commissioning and mea-
surement & verification atrention. High-
efficiency irrigation systems do not work
in the same manner as conventional irri-
gation systems and it is important to un-
derstand system operations. It is often
necessary to train maintenance staff and
to monitor regularly the irrigation system
to ensure that it is working properly. The
reuse of an existing building may dictate
water reuse strategies. Landscape design
may affect ventilation, daylighting and
thermal comfort for the building.

Calculations

The following calculation methodology
is used to supporrt the credit submirtals as
listed on the first page of this credit. In
order to quantify water-efficient landscap-
ing measures, it is necessary to calculate
irrigation volumesfor the designed land-




scape irrigation system for the month of
July and compare this with irrigation vol-
umes required for a baseline landscape
irrigation system. The resulting water
savings is the difference between the two
systems. The factors thar must be calcu-
lated to determine irrigation volumes are
explained in derail in the following para-

graphs and summarized in Table 1,
The Landscape Coefficient (K,) indi-

cates the volume of water lost via evapo-
transpiration and is dependent on the
landscape species, the microclimate and
the planting density. The formula for
determining the landscape coefficient is
given in Eqnation 1.

The Species Factor (k ) accounts for varia-
tion of water needs by different plant spe-
cies. The species factor can be divided into
three categories (high, average and low) de-
pending on the plant species considered. To
determine the appropriate category for a
plant species, use plant manuals and pro-
tessional experience. This factor is some-
what subjective but landscape profession-
als should have a general idea of the water
needs of partcular plant species. Land-
scapes can be maintained in acceprable con-
dition arabout 50% of the reference evapo-
transpiration (E'T,) value and thus, the av-
erage value of k is 0.5. (Note: If a species
does not require irrigation onge it is estab-
lished, then the effective k’ = () and the re-
sulting K, =0.)

Table 1: Landscape Factors

Species

Vegetation Type

low!  average

Trees 0.2 0.5
Shrubs 0.2 05
Groundcovers 0.2 0.5
Mixed: trees, shrubs;

groundcovers 0.2 0:5
Turfgrass 0.6 0.7

Factor (ks)

Equation 1:
KL = ks % ka x kme

The Density Factor (k,) accounts for the
number of plants and the total leaf area
of alandscape. Sparsely planted areas will
have lower evapotranspiration rates than
densely planted areas. An average k, is
applied to arcas where ground shading
from trees is in the range of 60-100%.
This is also equivalent to shrubs and
ground cover shading 90-100% of the
landscape area. Low k, values are found
where ground shading from trees is less
than 60% or shrub and groundcover is
less than 90%. For instance, a 25%
ground shading from trees resules in a k;
value of 0.5. In mixed landscape plantings
where trees cover understory groundcover
and shrubs, evapotranspiration increases.
This represents the highest level of land-
scape density and the k value should be
between 1.0 and 1.3.

The Microclimate Factor (k) accounts
for environmental conditions specific to the
landscape, including temperature, wind and
humidity. For instance, parking lot areas
increase wind and temperature effects on
adjacent landscapes. The averagek  is 1.0
and this refers to condidons where the land-
scape evapotranspiration rate is unaffected
by buildings, pavements, reflective surfaces
and slopes. Higher |k conditions occur
where evaporative potential is increased due

Density
Factor (ka)
high average tigh
0.9 0.5 1.0 1.3
07 05 1.0 1.1
0.7 05 1.0 1.1
0.9 0.6 1.1 1.3
0.8 0.6 1.0 1.0

$ W03 EA [MR

Credit 1

|[EQ|ID

Microclimate
Factor (knd)
low average.
0.5 1.0
0.5 1.0
0.5 1.0
05 1.0
0.8 1.0

14
1.3

1.2

14

T2
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to landscapes surrounded by heat-absorb-
ing and reflective surfaces or are exposed to
particularly windy conditions. FExamples
of high k_areas include parking lots, west
sides of huﬂdmtrs, west and south sides of
slopes, medians, and areas experiencing
wind tunnel effects. Low microclimare ar-
eas include shaded arcas and areas protected
from wind. North sides of buildings, court-
yards, areas under wide building overhangs,
and north sides of slopes are low microcli-
mate arcas. Table 1 provides suggested val-
ues for ko 5 k e vand k.

Once K| is determined, the evapotrans-
piration (ET rate of the specific landscape
(ET, ) can be calculated. K, is multiplied
by the reference r:vapotr.n'lspuarmt':
(ET,) to obrain ET| as shown in Equa-
tion 2. The evapotranspiration rate is
a measurement of the roral amount of
water needed to grow plants and crops.
Different plants have different water
needs, and thus different ET rates. Ieri-
gation calculations are simplified by us-
ing ET , which is an average rate for a
known surface, such as grass or alfalfa,
used as a reference point and expressed in
millimeters or inches.
The values for ET
throughout the United States can be

in various regions

found in regional agricultural data (see
Resources section). The ET, for July is
used in the LEED calculation because this
is typically the month with the greatest
evapotranspiration effects and, therefore,
the greatest irrigation demands.

To caleulate irrigation volumes, apply the
irrigation cfficiency (IE). Table 2 lists
irrigation efficiencies for sprinkler and
drip irrigation systems.

The Total Potable Water Applied
(TPWA) to a given area (A) is calculated
in Equation 3.

This equation indicates that a smaller
landscape area, a smaller E'l"l value, and
a larger 1E value result in a lower TPWA

value. This is sensible because smaller

Equation 2:
ETL[in] = ETa[in] x KL

landscape areas require less water to irri-
gate, a smaller ET value means less wa-
ter loss due to evapotranspiration, and a
higher 1E means that irrigation warer is
being used more efficiently.

To determine the warer savings for the
designed landscaping irrigation system,
perform the above calculations for the
design case as well as a baseline case.

1. Use Table 1 to determine the appro-
priate landscape factors for each specific
landscape area in the design case (e.g.. k,
k ,and k ). Usea spreadsheet to sum-
marize the different landscape areas and
the associated factors.

2. Caleulate the landscape coefficient
(K, ) for each landscape area using the ap-

propriate landscape factors and Equation 1.

3. Calculate the specific landscape evapo-
transpiration rate (FT ) of each landscape

area using the LUITEprIlleU landscape

cocfﬁt:iem (K,) and the ET, formula in
Equation 2.

4. Calculate the TPWA to each landscape
area using Equation 3 and the applicable
surface area, specific [andscape evapotrans-
piration rate and irrigation efficiency data.
Repeat the above steps for the baseline case
using conventional plant species and plant
densities as determined by the project’s land-
scape consultant. Differences between the
two cases result from plant species choices,
plant densities and irrigation system choices.
Planting types should approximately cor-
respond in both the baseline and design
cases (1.e., it is unreasonable to assume that

Table 2: [I‘I’IL_“J[I()r‘I Types

'—_‘.\ -t
I

Sprinkler

Drip




Equation 3:

ETL [in]

TPWA [gal] = A [SF] x

the baseline is 100% turferass if a project
clearly intends to include trees, shrubs and
planting beds). Do not change the land-
scape areas, microclimate factors or refer-
ence evapotranspiration rates,

An example of irrigation calculations is
presented below. An office building in
Austin, Texas, has a rotal site area of 6,000
square feet. The site consists of three land-
scape types: groundcover, mixed vegeta-
tion and turf grass. All of the site areas
are irrigated with a combination of po-
table water and graywater harvested from
the building. The reference evapotrans-
piration rate (ET,) for Austin in July was
obtained from the local agricultural data
service and is equal to 8.12.

The high-efficiency landscape irrigation
case utilizes drip irrigation with an effi-
ciency of 90% and reuses an estimated
9,000 gallons of graywater during the
month of July. Table 3 shows the calcu-

Table 3: Design Case (July)

s pecies
Factor

Landscape

Type Area

[SF] (ke)

lations to determine potable water use for SS

EA IMR|EQ|ID
the design case.

Credit 1

The baseline case uses the same reference
evapotranspiration rate and total site area.
However, the baseline case uses sprinklers
for irrigation (IE = 0.625), does nor take
advantage of graywater harvesting, and uses
only shrubs and turf grass. Calculations to
determine porable water use for the baseline
case are presented in Table 4.

The example illustrates that the design
case has an irrigation water demand of
23,474 gallons. Graywater reuse provides
4,200 gﬂlnns towards the demand, and
this volume is treated as a credit in the
water caleulation. Thus, the total potable
water applied to the design case in July is
19,274 gallons. The baseline case has an
irrigation demand of 62,518 gallons and
reuses no graywater. The difference be-
tween the two cases results in potable
water savings of 69% for the design case.
It is important to note that the LEED
calculation provides an indicartion of the
general efficiency gains provided by the
green design. For more accurate under-

Microclimate
Factor

{ i)

Shrubs 1200  Low 02  Avg 1.0 High 13 03 211  Drip 2815
Mixed 3,900 Low 0.2 Avg 1.1 High 14 0.3 250 Drip 10,837
Turfgrass 900 Avg 07 Avg 1.0 High 12 08 6.82 Sprinkler 9,822
Subtotal [gal]  23.474

July Graywater Harvest [gal] (4,200)

Net GPWA [gal] 19,274

Table 4: Baseline Case (July)

Species
Factor

Landscape

Type T

: ISF] (ks
Shrubs 1,200 Avg 05
Turfgrass 4,800 Avg 07

Density
Factor

Microclimate
Factor

fles) R (7
Avg 1.0 High 1.3 07 528  Sprinkler 10,134
Avg 1.0 High 1.2 0.8 682  Sprinkler 52,384

Net GPWA [gal] 62,518
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Credit 1

Equation 4:

standing of warer use and efficiency op-
portunities, an annual water balance is
required. For example, graywater volumes
may or may not be consistently available
throughout the year because these vol-
umes are dependent on building occupant
activities. In a typical office building,
graywater volumes will change slightly
due to vacation schedules and holidays
bur should be relativély consistent over
the year. In contrast, graywater volumes
in a school building will substantially de-
crease in summer months as a result of
reduced building occupancy, and, there-
fore, graywater volumes may not be avail-
able for irrigation. Graywater systems
should be modeled o predict graywater
volumes generated on a monthly basis as
well as optimal storage capacity of the
graywater system. It is also important to
address possible treatment processes
needed for reuse and design of a makeup
water system if graywater volume is not
sufficient to satisfy reuse demands.

Rain harvest volume depends on the
amount of precipitation that the project
site experiences and the rainwater collec-
tion surface’s arca and efficiency. See
Equation 4 and consult a rainwater har-
vesting guide for more derailed instruc-
tion. Rainfall darta is available from the
local weather service (see the Resources
section). Within the credit calculations,
project teams may cither use the collected
rainwater total for July based on histori-
cal average precipitation, or use the his-
rorical dara for each month in order to
model collection and reuse throughout
the year. The latter method allows the
project team to determine what volume
of water is expected to be in the storage
cistern at the beginning of July and add
it to the expected rainwater volume col-
lected during the month. This approach

also allows the project team to determine
the optimal size of the rainwater cistern.

Resources

Web Sites

American Rainwater Catchment Sys-
tems Association

WWW.AICsd-usa. org

Includes a compilation of publications,
such as the Texas Guide to Rainwarer Har-
vesting.

A Guide to Estimating Irrigation Needs
of Landscape Plantings

V\W\:V\«'.t:)wut:.WaL‘el'.czt.gnw’docsaf

wucols00.pdf, (916) 653-1097

Provides detailed methodology for calcu-
lating irrigation needs for a wide variety
of landscape types. Also includes specific
data for California climares.

The Irrigation Association

www.irrigation.org/about_et_list.htm,

(703) 536-7080

A nonprofit organization focused on pro-
moting products for the efficient use of
water for irrigation applications. This
specific Web link is for evapotranspira-
tion data contacts for each ULS. state.
National Climatic Data Center

www.ncdc.noaa.gov/oa/climate/
stateclimatologists.html

Useful for researching local climate data,
such as rainfall data for rainwater harvest-
ing calculations. Includes links to state
climate offices.

Native Plant Sccieties

Your state or regional native plant society
is an excellent resource for identifying cli-
mate-appropriate vegeration.

Rainwater Volume [gal] = collection area [SF] x collection efficiency [%] x average rainfall [in] x 0.6233 gal/in

LS. Green Building Council
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Texas Evapotranspiration Web Site
rexaset.tamu.edu/index.php

An evapotranspiration data Web site for
the State of Texas with a discussion of
evapotranspiration and sprinkler efficien-
cies.

U.S. Department of the Interior — Bu-
reau of Reclamation

www.usbr.gov/main/water

The Bureau's Agrimer Data System pro-
vides evapotranspiration rates for several
regions in the U.S.

WaterWiser: The Water Efficiency
Clearinghouse

www.waterwiser.org, (800) 926-7337

A Web clearinghouse with articles, refer-
ence matertals and papers on all forms of
water efficiency.

Water Efficient Landscaping
muextension.missouri.cdu/xplor/
agguides/hort/g06912.hem, (573) 882-
7216

A Web site that has general descriptions
and strategies for water efficiency in gar-
dens and landscapes.

Print Media

ASCE Manuals and Reports on Engi-
neering Practice No. 70, “Evapotrans-
piration and Trrigation Water Require-
ments,” ASCHE, 1990,

Estimating Water Requirements of
Landscape Plantings, University of Cali-
fornia Cooperative Extension, Division of
Agriculture and Natural Resources, Leal-
ler 21493.

Landscape Irrigation: Design and Man-
agement, by Stephen W. Smith, John
Wiley and Sons, 1996.

Turf Irrigation Manual, Fifth Edition,
by Richard B. Choate, Telsco Industrics,
1994,

Definitions

Blackwater is wastewater from toilets and
kitchen sinks that contains organic ma-
terials.

Drip Irrigation is a high-efficiency irriga-
tion method in which water drips o the
soil from perforated tubes or emitters.

Evapotranspiration is the loss of water
by evaporation from the soil and transpi-
ration from plants,

Graywater is wastewater from lavatories,
showers, bathtubs, washing machines and
stnks thatare not used for disposal of haz-
ardous or toxic ingredients or wastes from
food preparation.

Potable Water is warer that is suitable for
drinking and is supplied from wells or
municipal water systems.

Xeriscape or “dry landscape” designs
adopt water conservation as the primary
objective. Xeriscape landscapes are based
on sound horticultural pracrices and in-
corporate native plant species that are
adapted to local climare conditions.

B weEN

Credit 1
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Credit 1

Case Study

Monsanto Company Life Sciences Incubator
St Louis, Missouri

The Monsanto Company Life Sciences Incubator building is a
LEED Version 1.0 Silver Pilot Project that houses research facili-
ties committed to finding solutions to growing global needs for
food and health. The building design was inspired by a circular
stone Shaker barn in New England and includes two above-ground
cisterns to harvest rainwater volumes from the roof for landscape
irrigation. Rainwater is collected via a passive graviry-fed collec-
tion system and up to 12,000 gallons of water can be stored in
the cisterns. This water is then applied manually to the land-
scape as needed, saving an estimated 28,000 gallons of porable

[ water ann Lm] }y Canirtesy af Mansante Company
Chaner
Monsanlo Company

U.S. Green Buildin_g Council =
90
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Innovative Wastewater Technologies Credit 2

Reduce generartion of wastewater and potable water demand, while increasing the local
aquifer recharge.

Requirements

Reduce the use of municipally provided potable water for building sewage conveyance
by a minimum of 50%, OR treat 100% of wastewater on site to tertiary standards.
Submittals

' Provide the LEED Letter Template, signed by the architect, MEP enginecr or
responsible party, declaring that water for building sewage conveyance will be re-
duced by at least 50%. Include the spreadsheer calculation and a narrative demon-
strating the measures used to reduce wastewater by at least 50% from baseline
conditions.

OR

I Provide the LEED Letter Template, signed by the civil engineer or responsible
party, declaring that 100% of wastewater will be treated to tertiary standards on
site. Include a narrative describing the on-site wastewater treatment system.

Summary of Referenced Standard

There is no standard referenced for this credit.

S S LEED-NC Version 2.1 Reference Guide
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Credit 2

Synergies

SS Credit 1

Site Selection

SS Credit 5

Reduced Site
Disturbance

SS Credit 6
Slormwaler
Management

WE Credil 3

Water Use Reduction

EA Prerequisite 1
Fundamental Building
Systems Cormnmissioning
EA Prerequisite 2
Minimum Fnergy
Performance

EA Credit 1

Optimize Energy
Performance

EA Credil 3
Additional
Commissioning

EA Credil 5
Measurement &
Verification

MR Credit 1

Building Reuse

LS. Green Building Council
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Green Building Concerns

Conventional wastewiter systems require
significant volumes of potable warter to
convey waste to municipal wastewater
treatment facilities. However, graywater
volumes from sinks, showers and ocher
sources can be substituted for potable
warer to tlush toilets and urinals. Water
can also be harvested from roof runoff
volumes rthar would otherwise be ab-
sorbed into the ground or released to lo-
cal water bodies. Low-flow fixtures, au-
tomatic controls, and dry fixtures such
as composting toilets and waterless uri-
nals can be used to reduce sewage vol-
ume generation.

Once wastewater has been conveyed to
treatment facilities, extensive treatment is
required to remove contaminants before
discharging to a receiving water body. A
more efficient method tor handling waste-
water is to treat it on-site. On-site waste-
water strategies reduce regional wastewa-
ter infrastructure costs as well as provide
autonomy from the public treatment
works. A variety of on-site wastewater
treatment options are available including
conventional biological treatment facili-
ties similar to regional treatment plants
and “living machine” systems that mimic
natural processes to treat wastewater.

Environmental Issues

On-site wastewater treatment systems
transform perceived “wastes” into re-
sources that can be used on the building
site. These resources include treated wa-
ter volumes for porable and non-patable
use, as well as nurrients that can be ap-
plied to the site to improve soil condi-
tions. Reducing wastewater trearment at
the local wastewater treatment works
minimizes public infrastructure, energy
use and chemical use. In rural areas, on-
site wastewater treatment systems avoid
aquifer contamination problems prevalent
in current septic system technology.

Economic Issues

Commercial and industrial facilides chat
gcﬂcrﬁrc l:ll.—gc amounts UF wastewater can
realize considerable savings by recycling
graywater. For example, carwashes and
rruck maintenance facilities generate large
volumes of graywarer that can be effectively
treated and reused. Often, a separate tank,
filter and special emitters are necessary for
a graywarer irrigation system. The dual
plumbing lines installed during initial con-
struction will approximately double the cost
of plumbing. However, water storage is the
highest cost in any rainwater collection sys-
tem, much greater than costs for the carch-
ment area, water conveyance, filtration and
distribution components. Storage tanks and
cisterns in a variety of sizes and materials
are regionally available. In some systems,
there are additonal energy costs required
for operation.

Water recovery systems are most cost-effec-
tive in areas where there is no municipal
water supply, where the developed wells are
unreliable, or if well water requires treac-
ment. Collecting and using rainwater or
other site water volumes reduces site ranoft
It also

minimizes the need for utility-provided

and the need for runoff devices.

water, thus reducing some initial and oper-
ating costs, [n some areas with a decentral-
ized population, collection of rainwater of-
fers a low-cost alternative to a central piped
water supply.

Wastewater treatment systems and water
recovery systems involve an initial capital
invesrment in addition to the mainte-
nance requirements over the buildings
lifetime. These costs must balance with
the anticipated savings in water and sewer
bills. This savings can minimize the
amount of potable water thar a munici-
pality must provide, thereby leading to
more stable water rates.

A constructed wetland for wastewater
rreatment can add value to a development
as a site enhancement, Wetlands are ben-
eficial because they provide Hood protec-




tion and stabilize soils on site. Currently,
packaged biological wastewater systems
have an initial high cost relative to the
overall building cost due to the novelry
of the technology.

Community Benefits

By reducing potable water use, the local
aquifer is conserved as a water resource
for future generations. In arcas where
aquifers cannot mect the needs of the
population economically, rainwater and
other recovered water is the least expen-
sive alternarive source of water. Reserv-
ing potable water only for specific appli-
cations benefits the entire community
through lower utility rates and taxes.

Design Approach

Strategies

Develop a wastewater inventory and de-
termine areas where graywater can be used
for functions that are conventionally
served by porable water. These functions
might include sinks, showers, toilers,
landscape irrigation, industrial applica-
tions and cusrodial applications. Also
estimate the demand for these applica-
tions and the availability of graywarer gen-
erated on the site. Finally, determine the
amount of wastewater that will require
crearment and select the most suitable
treatment strategy.

Potable water is used for many functions
that do not require high-quality water.
Graywater systems reuse the wastewater
from sinks, showers and other sources for
the flushing of toilets, landscape irriga-
tion, and other functions that do not re-
quire potable water. Roof-water or
groundwater collection systems harvest
water that otherwise would be absorbed
into the ground or released to local water
bodies. Ifitis likely that a graywarer sys-
rem will be used in the future, install dual
plumbing lines during the initial con-
struction to avoid the substantial costs and

difficulty in adding them later.

Figure 1 depicts an example design for

rain harvesting reuse. Precipitation vol-
umes are captured on the roof and rrans-
ported to a basement storage tank via
gutters and downspouts. The basement
storage rank has an overflow device if the
volume of runoff exceeds capacity and
potable water makeup (***device?) if the
runoff volume is less than the minimum
volume required for reuse. The runoff
volumes are then filtered and pumped to
water closets and washing machines in the
building as needed.

Check with the local health department
for regulations governing the use of a
graywater system and the permits re-
quired. Each state has its own standards
for graywater irrigation systems. Texas
and California, for example, have stan-
dards that encourage the use of graywater
systems.  Other states have regulations
that may limit or prohibit graywarer use.
[n many areas, irrigation with graywater
must be subsurface, although some re-
gions allow above-ground irrigation.

Consider an on-site wastewater treatment
system such as construcred wetlands, a
mechanical recirculating sand filter, or an
aerobic biological treatment reactor.

Technologies

The construction of artificial wetlands for
wastewater treatment can be inCDl'pDI“J.Ifed
on multiple scales to accommodare
projects ranging from individual build-
ings to larger developments. As waste-
water moves through the wetlands or bod-
ies of water, plants and microbes natu-
rally remove water contaminants. An-
other technology involves creating an
aquaculrure system, where contaminants
in the wastewater become food for fish
and plants.

Remember to check with local health
code departments regarding current regu-
lations governing the use of biological
wastewater systems. Most require permits
for these systems. Regularly scheduled
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Figure 1: An [llustration of a Rain Harvesting System

maintenance on these systems will in-
crease their lifetimes and reduce opera-
tions problems. An EPA study found that
ecological systems are comparable in cost
to conventional wastewarer treatment
only for yolumes of 50,000 gallons per
day or less. Anaquaculture system is usu-
ally a high-cost and high-maintenance
system, yet it can yield food and fertilizer
in return.

Modular wastewater treatment systems
can be purchased to remove wastewarter
contaminants including TSS and TP
Some systems imitate natural ccosystems
to treat wastewater volumes biologically
while other systems are designed with
physical, chemical and biological tech-
nologies similar to publicly owned treat-

ment works. Both types of systems pro-

ceaaea e

duce effluents that can be used for non-
potable applications such as irrigation and
toilet flushing.

Synergies and Trade-Offs

The necessity and availability of waste-
water reuse and treatment strategies is
heavily influenced by the building loca-
tion. In remote locations, it may be cost-
effective to use an on-site wastewater treat-
ment system.

Conversely, a project locared in a dense

‘area with lirtle site area, and wich limited

wastewater treatment, graywater or
stormwater reuse facilities, may not be
able to caprure this credit. This credit
has close ties to water efficiency effores
because a greater amount of portable wa-
ter saved often results in less blackwarer




generated. For instance, water efficient
water closet and urinal fixtures not only
reduce porable water demand but also
reduce blackwater volumes created. Thus,
performance results will often overlap
with those of WE Credit 3.

Energy use may be needed for trearment
plant operation or for reuse strategies.
These systems also require commission-
ing and measurement & verification at-
tention. Reuse of an existing building
could hinder adoption of an on-site waste-
water treatment facility.

Calculations

The following calculation methodology is
used to support the credit submitrals listed
on the first page of this credit. Wastewater
calculations are based on the annual gen-
eration of blackwater volumes from plumb-
ing fixtures such as water closets and uri-
nals. The calenlations compare the design
case with a baseline case. The steps to cal-

culate the design case are as follows:

1. Create a spreadsheet listing each type
of blackwarer-generating fixture and fre-
quency of use data. Frequency-of-use data
includes the number of female and male
daily uses, and the sewage generated per
use. Using these values, calculate the to-
tal sewage generared for each fixture type
and gender (see Equation 1).

2. Sum all of the sewage generation volumes
used for each fixture type to obtain male and
female daily sewage generation volumes.

Equation 1:

Sewage
Volume

Equalion 2:
Daily Sewage
Generation

Male

Equation 3:

Annual Sewag.e[ = Total Sewage | gal

Generation

[gal] = Uses x Duration [mins or flushes] x

[gal] = Occupants

Generation | gay

3. Multiply the male and female sewage
generation volumes by the number of
male and female building occupants and
sum these volumes to obtain the daily
total sewage generation volume (see
Equation 2).

4. Multiply the total daily sewage volume
by the number of workdays in a typical
year to obtain the total annual sewage
generation volume for the building (sce
Equation 3).

5. IF rainwater harvest or graywater reuse
strategies are employed in the building,
subtract these annual volumes from the
annual sewage generation volume. The re-
sult shows how much potable water is
used for sewage conveyance annually.

Repear the above calculation methodol-
ogy for the baseline case. Use Energy
Policy Act of 1992 fisture flow rates for
the baseline case (see WE Credit 3, Table
1). Do not change the number of build-
ing occupants, the number of workdays,
or the frequency data. Do not include
graywater or rainwater harvest volumes.
Table 1 shows example potable water
caleulations for sewage conveyance for a
two-story office building with a capacity
of 300 occupants. The calculations are
based on a typical 8-hour workday. It is
assumed that building occupants are 50%
male and 50% female. Male occupants
are assumed to use water closets once and
urinals twice in a typical work day. Fe-

Credit 2

Water Volume [gal]

Use [min or flush]

Female

Male Sewage [gal] + Bcimanis

Generation

x Workdays [days]

Female Sewage
Generation

[gal]
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Table 1: Design Case

Fixture Type

Flowrate

[GPF]

Low-Flow Water Closet (Male) 0 1A 150 “ 0
Low-Flow Waler Closet (Female) 3 1.1 150 495
Composling Toilel (Male) 1 0.0 160 0
Composting Tollet (Female) 0 0.0 150 0
Waterless Urinal (Male) 2 0.0 150 0
Walerless Urinal (Female) 0 0.0 150 0
Total Daily Volume [gal] 495

Annual Work Days 260

Annual Volume [gal) 128,700

Rainwalter or Graywalter Reuse Volume [gal] (36,000)

TOTAL ANNUAL VOLUME [gal| 92,700

male occupants are assumed to use water
closers three times.

First, the design case is considered to de-
termine annual potable water usage for
sewage conveyance. The designed build-
ing has fixtures thar use non-potable wa-
ter for sewage conveyance (i.c., rainwa-
ter) or no water for sewage conveyance
(i.e., waterless urinals and composting
wilets). Table 1 summarizes the sewage
generation rates and indicares thar 92,700
gallons of potable water are used annu-
ally for sewage conveyance.

When using graywater and rainwater
volumes, calculations are required to
demonstrate that these reuse volumes are
sufficient to meet water closet demands.
These quantities are then subtracred
from the gross daily toral becanse they
reduce potable water usage. In the ex-
ample, 36,000 gallons of rainwater are
harvested and directed ro water closers

for Alushing.

Next, the baseline potable water usage for
sewage conveyance is developed using
conventional fixtures that comply with
the Energy Policy Act of 1992. Toilets
are 1.6 gallons per flush (GPF) and uri-

nals are 1.0 GPE All fixoares drain to the
existing municipal sewer system.

Table 2 provides a summary of baseline
calculations. The baseline case estimates
that 327,600 gallons of potable water per
year for sewage conveyance.

Comparison of the baseline to the de-
signed building indicates that a 72% re-
duction in potable water volumes used for
sewage conveyance is realized (1 - 92,700/
327,600). Thus, this strategy earns one
point for this credit. When developing
the baseline, only the fixtures, sewage gen-
cration rates and the water reuse credit
are different from the designed building.
Usage rates, occupancy and number of
workdays are identical for the designed
case and the bascline case. See Table 3
for sample fixture How rates.

When reusing graywater volumes from
the building, it is necessary to model the
system on an annual basis to determine
graywater volumes, generated storage ca-
pacity of the system and any necessary
treatment processes before reusing the

water volumes. Graywater volumes may

or may not be consistently available
throughout tht‘.' vear bCCaU.SC tl]ﬂ:s(: VUI.'



Table 2: Baseline Case
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Credit 2

fl Fixture Type Flowrate
[SPE, gal]
Water Closet (Male) 1 1.6 150 240
Water Closet (Female) 3 1.8 150 720
Urinal (Male) 2 1.0 150 300
Urinal (Female) 0 1.0 150 0
Total Daily Volume [gal] 1,260
Annual Work Days 260
TOTAL ANNUAL VOLUME [gal] 327,600

Table 3: Sample Fixture Types and GPFs

Conventional Water Closet 1.6
Low-Flow Water Closet 120
Ultra Low-Flow Water Closet 0.8
Composting Toilet 0.0
Conventional Urinal 1.0
Waterless Urinal 0.0

umes are dependent on building occupant
activities. For instance, in a rypical office
building, graywater volumes will change
slightly due to vacation schedules and
holidays but should be relatively consis-
tent over the year.

In contrast, graywater volumes in a school
building will substantially decrease in
summer months due to the school calen-
dar, and, therefore, graywater volumes
may not be available for irrigation.

If the project uses rainwater volume as a
substitute for porable volumes in water
closets or urinals, it is necessary to calcu-
late warer savings over a time period of
one year. Rain harvest volume depends

on the amount of precipitation that the
project site experiences and the rainwater
collection surface’s area and efficiency. See
Equation 4 and consult a rainwater har-
vesting guide for more detailed instruc-
tion. Rainfall data is available from the
local weather service (see the Resources
section). Rainwater volume depends on
variations in precipitation, and, thus, it is
necessary to model the reuse strategy on
an annual basis. A model of rainwater
capture based on daily precipiration and
occupant demand is helpful to determine
the rainwater yolumes captured and stor-
age tank size. Subtract annual rainwater
use for sewage conveyance in the design
case caleulations.

Resources

Web Sites

American Rainwater Catchment Sys-
tems Association

WWW.arcs a‘—uisa.org

Includes a compilation of publications,
such as the Texas Guide to Rainwater Har-
vesting.

Equation 4:

Rainwater Volume [gal] = collection area [SF] x collection efficiency [%] x average rainfall [in] x 0.6233 gallin

_ LEED-NC Version 2.1 Reference Guide
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Case Study

How to Conserve Water and Use it

Wisely
www.epa.gov/OW/you/chap3.html

A U.S. EPA document that provides guid-
ance for commercial, industrial and resi-
dential water users on saving water and
reducing sewage volumes.

National Climatic Data Center

www.ncdc.noaa.govioa/climare/
stateclimatologists. heml

Useful for researching local climate data,
such as raintall daa for rainwarer harvest-
ing caleulations. Includes links to state
climarte offices.

Print Media

Constructed Wetlands for Wastewater
Treatment and Wildlife Habitat: 17
Case Studies, EPA 832/B-93:005, 1993,
Mechanical & Electrical Equipment for
Buildings, Eighth Edition, by Benjamin

Stein and John Reynolds, John Wiley and
Sons, 1992,

Sustainable Building Technical
Manual, Public Technology, Inc., 1996
(www.pti.org).

C.K. Choi Building for the Institute of Asian Research
Vancouver, British Columbia

The C.K. Choi Building for the Institute of Asian Research ar
the University of British Columbia is a campus research build-

LS, Green Building Council
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ing. The building incorporates two strategies to reduce wastewa-
ter generation. All toilets in the building are composting toilets
that function without water and transform human wastes into
compost that can be applied to the site landscape. Liquid wastes
from the composting roilets and other building sources (lavato-
ries, kitchen sinks and urinals) are directed through a simulated
wetland system. This system doubles as a landscape feature next
to the building and treats the liquid wastes before application to
. thesite landscape.  These strategies allow for the building to be
\ disconnecred from the existing sanitary sewer infrascructure.

Definitions

Aquatic Systems are ccologically de-
signed treatment systems that utilize a
diverse community of biological organ-
isms (e.g., bacteria, plants and fish) to
treat wastewater to advanced levels.

On-Site Wastewater Treatment uses lo-
calized treatment systems to transport,
store, treat and dispose of wastewarer vol-

umes generated on the project site.

Potable Water is defined as wacer thac
meets drinking water quality standards
and is approved for human consumption
by the state or local authorities having
jurisciction.

Tertiary Treatment is the highest form
of wastewater trearment and includes re-
moval of organics, solids and nutrients as
well as biological or chemical polishing,
generally to effluent limits of 10 mg/L.
BOD, and 10 mg/L.'TSS.

Also see WE Credit 1 definitions.

Caettay OF Palieling Caneiliing L1

Owner
University of British Columbia
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Water Use Rec_lu_ction_ Credit 3.1

20% Reduction '
1 point

Intent

Maximize water efficiency within buildings to teduce the burden on municipal water
SUI')I_‘II}' d.rll.‘l wastewalter .‘iyﬁl.l‘.’.n]h‘.

Requirements

Employ steategies that in aggregate use 20% less water than the water use baseline
caleulated for the building (not including irrigation) after meeting the Energy Policy
Act of 1992 fixture petformance requirements.

Submittals

- Provide the LEED Letter Template, signed by the MEP engineer or responsible
party, declaring that the project uses 20% less water than the baseline fixture per-
formance requirements of the Energy Policy Act of 1992.

4 Provide the spreadsheer caleulation demonstrating that water-consuming fixtures
specified for the stated occupancy and use of the building reduce occupancy-based
potable water consumption by 20% compared to baseline conditions.

_ LEED-NCVersion 2.1 Reference Guide
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Water Use Reduction

1 point
in addition to
WE 3.1
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30% Reduction

Intent

Maximize water efficiency within buildings to reduce the burden on municipal warter
supply and wastewater systems.

Requirements

Employ strategies that in aggregate use 30% less water than the water use baseline
calculated for the building (not including irrigation) after meeting the Energy Policy
Act of 1992 fixrure performance requirements.

Submittals

2 Provide the LEED Letter Template, signed by the MEP engineer or responsible
party, declaring that the project uses 30% less water than the baseline fixture per-
formance requirements of the Energy Policy Act of 1992.

[ Provide the spreadsheet calculation demonstrating that water-consuming fixtures
specified for the stated occupancy and use of the building reduce occupancy-based
potable water consumption by 30% compared to baseline conditions.

Summary of Referenced Standard
The Energy Policy Act (EPAct) of 1992

This Act was promulgated by the U.S. government and addresses energy and water
use in commercial, institurional and residential facilities. The water usage require-

ments of the Energy Policy Act of 1992 are provided in Table 1.

Table 1: EPACT Fixture Ratings

Energy Policy Act of 1992

Flow Requirement
Water Closets [GPF] 16
Urinals [GPF] 1.0
Showerheads [GPM]* 2.5
Faucets [GPF]* 2.5
Replacement Aerators [GPM]* 25
Metering Faucels [gal/CY] 0.25

*At flowing water pressure of 80 pounds per square inch (psi)




Green Building Concerns

The Energy Policy Act of 1992 established
warer conservation standards for warter
closets, shower heads, faucers and other
uses to save the United States an estimated
6.5 billion gallons of water per day. Toi-
ler flushing uses the most water in resi-
dential and commercial buildings, ac-
counting for approximately 4.8 billion
gallons per day. Older roilets use 4 o 8
gallons of water per Hush, while all new
toilets must have a maximum flush vol-
ume of 1.6 gﬂllons.

While the EPAct is a good starting point,
[h(_'l_{: dare lTllll'l'V W'JYS [K4) CXCL‘L'('I [hi.’s' Sran-
dard and achieve even greater water sav-
ings. Etfective methods to reduce potable
water use include reusing roof runoff vol-
umes for non-potable applications, in-
stalling sensors and flow restrictors on
water fixtures; and installing dry fixtures
such as composting toilets and waterless
urinals.

Environmental Issues

The reduction of potable water use in
buildings for toilets, shower heads and
faucets reduces the rotal amount with-
drawn from rivers, screams, underground
aquifers and other water bodies. Another
benefit of potable water conservation is
reduced energy use and chemical inputs
at municipal water treatment works.

Economic Issues

Reductions in water consumption mini-
mize overall building operating costs. Re-
ductions can also lead o more stable
municipal taxes and water rates. By han-
dling l‘{fduccd water VOIUITICS. water rreat-
ment faciliies can delay expansion and
maintain stable water prices.

Accelerated installation of high-efficiency
plumbing fixtures, especially 1.6 gallon
per flush (GPF) toilets, through incen-
tive programs has become a cost-effective
way for some municipalities to defer, re-

duce or avoid capiral costs of needed wa-
ter supply and wastewater facilities.

For example, New York City invested
$393 million in a 1.6 GPF toilet-rebate
program thar has reduced warer demand
and wastewater flow by 90.6 million gal-
lons per day (MGD), equal to 7% of the
city’s total water consumption. The rebate
program accomplished a net present value
savings of $605 million from a 20-year
deterral of water supply and wastewater
treatment expansion projects.  Another
successtul warer efficiency program was
instituted in Santa Monica, where the
toilet replacement program achieved per-
manent reductions in water usage and
wastewater flows of over 1.9 MGD, rep-
resenting a 15% reduction in average to-
tal water demand and a 20% reduction
of average total wastewarer flow. The cost
of the rebate program was $5.4 million.

The program will have a net savings of

$6 million in the year 2002 due to avoided
COSUS Ui: waler ill!p()l'['h‘ QU'ILI wastewater
treatment,

Water-conserving fixrures thar use less
water than requirements in the Encrgy
Policy Act of 1992 may have higher ini-
tial costs.  Additionally, there may be a

longer lead time for delivery because of

their limited availabiliry.

The first cost of composting toilets is sig-
nificantly higher than conventional wa-
ter closets and they may initially require
addirional maintenance atrention. Some
composting toilets also carry an ongoing
energy cost to run {ans and other system
equipment. Nonetheless, significant op-
erational savings are realized through
climinated potable water use and sewage
generation.

Community Issues

Warter use reductions, in aggregare, allow
municipalities to reduce or defer the capi-
tal investment needed for water supply
and wastewarter trearment infrastructure.
These strategies protect the natural warer

sS A [MR[EQ| 1D

Credit 3

Synergies

SS Credit 1
Site Selection
S8 Credit 5
Redluced Sile
Disturbance

SS Credit 6
Stormwater
Managemen|

WE Credit 1

Waler Efficient
Landscaping

WE Credit 2
Innovative Wastowaler
Technalogies

EA Prevequisile 1
Fundamental Building
Systems Conrmissioning
EA Prerequisite 2
Minimurm Froegy
Performance

FA Credit 1

Optirmze Energy
Ferformance

EA Credit 3
Additional
Commissioning

EA Credit 5
Measuramaent &
Verthcation
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cycle and save water resources for future
generations.

Design Approach

Strategies

Develop a water use inventory thar in-
cludes all water-consuming fixtures,
equipment and seasonal conditions ac-
cording to the methodology outlined in
the Calculations section. Consider de-
veloping the inventory in conjunction
with WE Credit 2. Use this to identify
significant potable water demands and
determine methods to minimize or elimi-
nate these demands.

Specify warter-conserving plumbing fix-
tures that exceed the fixture requirements
stated in the Energy Policy Act of 1992.
Consider ultra-high efficiency fixture and
control technologies, including roilets,
faucets, showers, dishwashers, clothes
washers and cooling towers. A variety of
low-flow plumbing fixtures and appli-
ances are currently available in the mar-
ketplace and can be installed in the same
manmner as conventonal fxtures.

Technologies

Water-efficient shower heads are available
that require less than 2.5 GPM. Bath-
room faucets are typically used only for
wetting purposes and can be effective with
as little as 1.0 GPM. Water-saving faucet
acrators can be installed that do not
change the feel of the water flow. Specify
self-closing, slow-closing or electronic sen-
sor faucets, particularly in high-use pub-
lic arcas where it is likely that faucers may
be carelessly left running.

Water closets are a significant user of po-
table water. There are a number of toi-
lets that use considerably less than 1.6
GPF, including pressure-assisted toilets
and dual flush roilets that have an option
of 0.8 GPF or 1.0 GPE Unfortunately,
itis currently difficult to obtain these fix-
tures in North America.

Consider dry fixtures such as waterless uri-
nals and composting toilets. These tech-
nologies use no water volumes to cope
with human waste. Waterless urinals use
advanced hydraulic design and a buoy-
ant fluid instead of water ro maintain sani-
tary conditions. Composting roilets mix
human waste with organic material to
produce a nearly odorless end product
that can be used as a soil amendment.
These fixtures have been used successfully
burto alimited extent in commercial set-
tings. Composting toilets may not be
acceptable by health code departments in
some areas, and, thus, it is important to
check with the local health code depare-
ment to uncover regulations governing
the use of both composting toilets and
waterless urinals.  Also, if the building
allows for public access to restroom fa-
cilities, it is important to educate users
about system operation and purpose.
Signage in restrooms is a good way to
educate users, and signs should include
instructions and a brief description of how
the system functions. This is especially
true for composting roilets that do nor
function in the same manner as conven-
rional water closets.

Consider specifying water-efficient cool-
ing towers thar use delimiters 1o reduce
drift and cvaporation. Couple cooling
TOWETrS \'\r’ith warcr IICCU\"EFY Systt‘l—ﬂs to
operate with graywater or stormwater
volumes. However, keep in .mind that
delimiters may require larger fans in the
cooling tower system, resulting in in-
creased energy use.

Synergies and Trade-Offs

Water use strategies depend on the site
location and site design. Project sites with
no access to municipal potable water ser-
vice typically use groundwater wells to
satisfy potable water demands. Sites with
significant precipitation volumes may
determine that reuse of these volumes is
more cost-cffective than creating
stormwater treatment facilities. Porable




water use is significant for irrigation ap-
plications and is directly correlated with
the amount of wastewater generated on-
site. Strategies and performance results
may overlap with those of WE Credir 2.

Some water-saving technologies impact
encrgy performance and require commis-
sioning and measurement & verification
attention, Reuse of existing buildings may
hinder water efficiency measures due o
space constraints or existence of plumb-
ing fixtures.

Calculations

The following calculation methodology
is used o support the credic submictals
listed on the firse page of this credit. To
calculate the porable water savings for a
building, the design case must be com
pared with a baseline case. The steps to
caleulate the design case are as follows:
1. Create a spreadsheet listing cach wa-
ter-using, fixeure and frequency-of-use
data. Frequency-of-use data includes the
number of female and male daily uses, the
duration of use, and the water volume per
use.  There are no set criteria for deter-
mining daily use or duration of use. Ap-
plicants can estimate both of these items
based on the project’s program require:
ments. With these values, caleulate the
total potable water used for each fixture
type and gender (sce Equation 1),

2. Sum all of the water volumes used for
cach fixture type to obtain male and fe-

Equation 1;

Potable Waler
Use

Equation 2:

Daily Potable

Equalion 3:

Total Potable

[gal] = Uses x Duration [mins or flushes] x

[gal] = Male
Water Volume 1991 = Occupants

(gal] = Water Use
Water Use 1991 = Occupant - Day

male total daily potable water use.

3. Multiply male and female porable wa-
ter volumes by the number of male and
female building occupants and sum these
volumes to obtain the daily total potable
water use volume (see Equation 2).

4. Multiply total daily potable water vol-
ume by the number of workdays in a typi-
cal year to obtain the total annual potable
water yolume use for the building. 1f rain-
WALer hilr\«"L‘S[ ar gl’a}r’W:tI'Cl' reuse strate-
gics are employed in the building, sub-
tract these annual volumes from the roral
potable water use (sce Equation 3),
Repeat the above caleulation methodol-
ogy for the baseline case. Use FPAct fix-
ture How rares for the baseline case. Do
not change the number of building occu-
pants, the number of workdays or the fre-
quency data. Do not include graywater
or rainwater harvest volumes.  Sample
flush and flow fixture flow rates are pro-
vided in Table 2 and Table 3.

An example potable water use caleulation
is included for a two-story office build

ing with a capacity of 300 persons. Oc-
cupant fixtures that use potable water in-
clude water closets, urinals, lavatories,
kirchen sinks and showers. Calculations
are based on a typical 8-hour workday and
260 workdays per year.

It is assumed thar building occupants are
50% male and 50% female, Male oceu-

[Py are assumed to use warer (.'I()Sffl’,\_ onoe

Male Sewage [gal] + Female
Generation 9 Occupants

[g_al} x Occupants x
day

Workdaysﬂ
Year

Credit 3

Water Volume [gal]

Use [min or flush]

Female Sewage
Generation [gal]

Annual Graywater [gal]
or Rainwater Harvest '9

o LEED-NC Version 2.1 Reference Guide
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Table 4: Design Case

Flush Fixture

and urinals twice in a rypical work day.

Female occupants are assumed to use

water closets three times. All occupants

in this example are assumed to use lava-
tories for each restroom use for 15 sec-
onds and kitchen sinks once for 15 sec-

onds. An estimated 10% of the building

Table 2: Sample Flush Fixture Types

Flush Fixture Type

Conventional Water Closet 1.6
Low-Flow Water Closet 1.1
Ultra Low-Flow Water Closet 0.8
Composting Toilet 0.0
Conventional Urinal 1.0
Waterless Urinal 0.0

Flowrate

occupants use showering facilities on a
typmca] day.

Water closets use graywater volumes cap-
tured from showers, sinks and lavatories
in the building. Waterless urinals are used
in male restrooms and these fixtures use
no water. Showers, lavatories and kitchen

Table 3: Sample Flow Fixture Types

Flow Fixture Type

Conventional Lavatory 25
Low-Flow Lavatory 1.8
Kitchen Sink 25
Low-Flow Kitchen Sink 1.8
Shower 25
Low-Flow Shower 1.8
Janitor Sink. 2.5
Hand Wash Fountain 0.5

Duration Occlpants

[GPF] [fiush] [gal]
Ultra Low-Flow Water Closet (Male) 0 0.8 1 150 0
Ultra Low-Flow Water Closet (Female) 3 0.8 i 150 360
Composting Toilet (Male) 1 0.0 1 150 0
Composting Toilet (Female) 0 0.0 il 150 0
Waterless Urinal (Male) 2 0.0 1 150 0
Waterless Urinal (Female) 0 0.0 1 150 0
Flow Fixture Flowrate Duration Occupants
IGPM] [sed)
Conventional Lavatory 3 25 12 300 450
Kitchen Sink 1 25 12 300 150
“Shower 0.1 2.5 300 300 375
Total Daily Volume [gal] 1,335
Annual Work Days 260
Annual Volume [gal] 347,100
Graywater Reuse Volume [gal] (36,000)
TOTAL ANNUAL VOLUME [gal] 311,100

U.S. Green Building Council
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sinks are conventional fixtures and use 2.5
GPM. Motion sensors and electronic
controls are used on lavarories, sinks and
water closets. These devices are estimared
to reduce lavatory and sink use duration
by 20% but do not reduce the flow of
water closets. These fixtures” duration
data have been correspondingly adjusted
from 15 seconds to 12 seconds. All of
the above data is specific to the design

case.

Table 4 provides a summary of the de-
sign case. The calcularions indicate an-
nual potable water use of 311,100 gal-

lons.

The baseline case is calculated in the same
‘manner as the design case except that ALL
fixtures are assumed to be standard fix-
tures that comply with the Energy Policy
Actof 1992. Also, automatic sensots are
not used on any fixtures and there is no
graywater reuse. Usage rates, occupancy
and annual workdays are identical for the
baseline and the designed building. Table
5 provides a summary of the baseline case.
The calculations estimarte an annual po-

Table 5: Baseline Case

Flush Fixture:

Conventional Water Closet (Male)
Conventional Water Closet (Female)
Conventional Urinal (Male)
Conventional Urinal (Female)

Flow Fixture

table water use of 620,100 gallons.

Comparison of the design case to the
baseline case indicates that a potable wa-
ter savings of 309,000 gallons is realized
by using low-flow water closets, waterless
urinals, auto controls on lavarories and
sinks, and graywater reuse. This equates
to a savings of 50% over the baseline case.

Other building equipment that uses po-
table water can also be considered for
water efficiency. For instance, water-effi-
cient cooling towers can be specified in-
stead of conventional cooling towers. Fire
suppression systems and irrigation systems
are not applicable to chis credit. Build-
ing equipment should be included in the
design case calculations as well as in the
baseline caleulations.

When reusing graywater volumes from
the building, it is necessary to model the
system on an annual basis to determine
graywater volumes generated, storage ca-
pacity of the system and any necessary
treatment processes before reusing the
water volumes. Graywater volumes may

Aufo

Flowrate Duration

Controls

' ss [ EA [MR|EQ[ 1D
Credit 3

Occupants

[GPE] [ush] NIA
1.6 1 150 240
1.6 1 150 720
1.0 1 150 300
1.0 1 150 0

Auto

Duration Controls

Flowrate

N/A

[GPM]

Occupants

Conventional Lavatory 25 15 300
Kitchen Sink 25 15 300 188
Shower 0.1 25 300 300 375
Total Daily Volume [gal] 2,385
Annual Work Da_ys 260

TOTAL ANNUAL VOLUME [gal] 620,100
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Equation 4:

or may not be consistently available
throughout the year because these vol-
umes are dependent on building occupant
activities.

For instance, in a typical office building,
graywater volumes will change slighty
due to vacation schedules and holidays
but should be relatively consistent over
the year. In contrast, graywater volumes
in a school building will substantially de-
crease in summer months due to the
school calendar, and, therefore, graywater
volumes may not be available for non-
potable applications.

If the project uses rainwater volume for
non-potable uses, it is necessary to calcu-
late water savings over a time period of
one year. Rain harvest volume depends
on the amount of precipitation that the
project site experiences and the rainwater
collection surface’s area and efficiency. See
Equation 4 and consult a rainwater har-
vesting guide for more derailed instruc-
tion. Rainfall data is available from the
local weather service (see the Resources
section). Rainwater volume depends on
variations in precipitation, and, thus, it is
necessary to model the reuse straregy on
an annual basis. A model of rainwater
capture based on daily or monthly pre-
cipitation and occupant demand is help-
ful to determine the rainwater volumes
captured and storage tank size. Subtract
annual rainwater use as budgeted for flush
and flow fixtures in the design case caleu-
lations.

Resources

Web Sites

American Rainwater Catchment Sys-
tems Association

www.arcsa-usa.org

Includes a compilation of publications,
such as the Texas Guide to Rainwater Har-
vesting.

Composting Toilet Reviews

www.buildinggreen.com/features/mr/
waste.html, (802) 257-7300

An Envivonmental Building News article
on commercial composting toilets.

National Climatic Data Center

www.ncdc.noaa.gov/oal/climate/
stateclimatologists.html

Usetul for researching local climate data,
such as rainfall data for rainwarcer harvest-
ing calculations. Includes links to state
climate offices.

Terry Love’s Consumer Toilet Reports

www.terrylove.com/croilec.hum

This Web site offers a plumber’s perspec-
tive on many of the major toilets used in
commercial and residential applications.

Water Efficiency Article
home.earthlink.net/-wliebold

An opinion survey addressing various
brands of water-efficient toilets and
showerheads.

WaterWiser: The Water Efficiency
Clearinghouse

www.waterwiser.org, (800) 926-7337

The American Warter Works Associarion’s
clearinghouse includes articles, reference
materials and papers on all forms of wa-
ter efficiency.

Print Media

Water, Sanitary and Waste Services for
Buildings, Fourth Edition, by A. Wise
and |. Swaffield, Longman Scientific &
Technieal, 1995.

Rainwater Volume [gal] = collection area [SF] x collection efficiency [%] x average rainfall [in] x 0.6233 gal/in
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Definitions

A Composting Toilet is a dry plumbing
fixture that contains and trears human
waste via microbiological processes.

Fixture Sensors are applied to lavatories,
sinks, water closets and urinals to sense
fixture use and automatically turn on and

off.

A Waterless Urinal is a dry plumbing fix-
ture that uses advanced hydraulic design
and a buoyant fluid instead of water to
maintain sanitary conditions.

Also see WE Credit 1 definitions.

Credit 3

Case Study

King Street Center
Seattle, Washington

The King Street Center is an office building that houses several
departments of the King County government. To reduce po-
table water use and harvest site resources, the building was de-
signed to collect rainwater from 44,000 square feet of roof area
and store it in three 5.400-gallon tanks in the basement. The
water is pumped from the tanks through a filtration system and
into a graywater piping system that services water closets on each
floor of the cight-story building. Rainwater provides 1.4 million
gallons of graywater or about two-thirds of the total water closet
demand, the remainder of which is made up by potable water
volumes. As a result, stormwarer volumes leaving the site are
reduced by about two-thirds.

Conrtesy ol King County

Ohwner
King Counly
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