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ABSTRACT
Escalating costs and problems of availability are
bringing attention to the issue of water use in the built
environment. ASHRAE proposed standard 191P points
to the broad perception among design professionals of
the need to improve water efficiency. Currently water
efficiency standards are spread across many documents
including energy standards, which hinders integrated
design. This creates challenges when quantifying water
consumption in a consistent manner for purposes of
comparison and code compliance. This paper will
address current methods, assumptions, and algorithms to
quantify water consumption in order to support water
efficiency through modeling and analysis tools.
This paper will describe the current methods,
assumptions, and algorithms used to estimate water
consumption and generation for domestic uses, process
uses, cooling coil condensate, humidification,
evaporative cooling, cooling tower evaporation, boiler
blowdown, irrigation, and rain water harvesting. It will
also decribe how to account for water used to generate
electricity, primary water use, and will discuss electricity
used to convey and treat water. It is offered as an
introduction to the topic of simulating water supply and
demand in the built environment. It is hoped to stimulate
exploration and ultimate agreement upon set a of
algorithms and metrics used to estimate building water
performance similar to current energy modeling
standards widely used throughout the industry.

INTRODUCTION
Though water is a critical resource for all variety of
activities that sustain us as individuals and as a society,
its relatively low cost in the US has, until recently,
undermined motivation to accurately quantify
consumption and availability. However, this is changing
as the cost of water has been rising at the national level
at an average rate of 6-9% per year [1] and water
shortages appear to occur regularly due to a variety of
factors such as droughts, depleted aquifers, aging
infrastructure, and climate change [2, 19].

Buildings directly consume approximately 11% of the
fresh water usage in the U.S. [3]. The most common way
that buildings consume water is in domestic usages such
as toilets, urinals, lavatories, and showers. Some of the
most water intense functions in buildings are cooling
towers, irrigation, laundry, food service, and in the case
of healthcare and laboratories, scientific and medical
equipment. Many of these end-uses can be informed by
existing energy modeling tools.
The single largest end-use of water in the U.S. is for
power generation, which accounts for 49% of total US
water withdrawls [3], however, as demand for water
increases, a mixing of sources becomes inevitable. It
should be noted that the sources of water used for power
generation are often different than those used for public
supplies. Ninety-nine percent of thermoelectric power
plants use surface water withdrawls and 28% of those
power plants use saline water [3]. Furthermore, the
difference between withdrawl and consumption is
critical. Withdrawl refers to water taken from a source
and then returned to the source at an elevated
temperature. Consumption refers to water taken from a
source and not returned to the source such as water
evaporated in a cooling tower.
Buildings consume 72% of electricity generated in the
U.S. for heating, lighting, ventilation, and cooling [4],
and power plants use 41% of fresh water in the U.S. [3],
therefore buildings indirectly use about 30% of U.S.
fresh water. Combined with direct uses described above,
over 40% of fresh water is used to support buildings.
Finally, approximately 4% of U.S. electricity
consumption goes towards the conveyance and treatment
of water for consumption in the U.S [5]. The fraction of
electricity needed to treat and convey water varies across
the U.S., and is as high as 19% in California [29].
The relationship between energy and water is significant
and is often referred to as the energy:water nexus, which
will be elaborated on in the source water section.
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Codes & Standards
There is no single reference document governing water
modeling. Therefore, this document makes use of
ASHRAE 90.1, ASPE, LEED for New Construction, and
industry rules of thumb. It is hoped that this document
will begin to inform a document similar to appendix G
of ASHRAE 90.1 as an appendix to ASHRAE 191P
Water Performance Standard. The goal of ASHRAE
191P is to create a standard that values water equally as
compared to energy and air quality as ASHRAE has
already done with standards 90.x and 62.x. [6].
It should also be noted that many jurisdictions in the
western part of the U.S. prohibits the implemenation of
many of the gray water provisions outlined in this paper.
Benchmarking & Metrics
A very limited amount of benchmarking that has been
done for water use in buildings, and many of the data sets
are owned by different entities. Based on an analysis of
the 2007 Commercial Building Energy Consumption
healthcare data set [7], gallons per square foot appears to
be an effective metric for water usage intensity.
However, depending on building type other metrics may
be more accurate, such as gallon per household or gallon
per patient bed to name a few.
Between CBECS values, other metered data sets and the
broad use of energy modeling, the energy metric energy
usage intensity measured in kBtu/ft2-year (kWh/m2year) is well understoood. A similar process will need to
begin with water for the broader building community to
gain an undertanding of water usage intensity.
Additional data has been gathered and distributed by
U.S. Environmental Protection Agency, America Water
Works Association, and many others, however this data
has not been collected into a single uniform set of data to
be used by the building industry.

ENERGY & WATER MODELING
The majority of the algorithms and models outlined
within this paper are relatively simple sets of equations
available in the public domain, and are partially
incorporated into some energy modeling tools. As more
attention is paid to water by the modeling community,
more sophisticated algorithms and methods are likely to
be developed and incorporated into software. These
algorithms and methods are meant as a starting point for
water modeling and should be refined in the future.
Domestic Hot Water and Process Water
The most obvious connection between energy and water
in an energy model is domestic hot water (DHW).
Energy models typically solve this by utilizing a peak
flow rate, a mains temperature, a temperature set point

and a schedule. The flow rate and temperature set point
are typically informed by the mechanical or piping
engineer and the mains temperature is available from a
TMY3 weather file although some software assume a
constant mains temperature. Determining a realistic
usage schedule can be problematic although there are
some sources for load profiles from ASHRAE as shown
in Figure 1 [8].

Figure 1: Water Use Profile [8]
Another method is to use a variation on the method used
by LEED (Leadership in Energy and Environmental
Design) for the water efficiency credits. LEED requires
potable water calculations based on the number of people
in a building and the type of fixtures selected, which
determines a baseline and proposed result similar to an
energy model. This is result is for potable water, not just
hot water, and doesn’t include a number of unregulated
(per LEED) fixtures such as environmental services
sinks. As such, it provides an incomplete picture, but it
is the basis of an approximation. The modeler should
coordinate with the design engineer to determine which
fixtures use hot water and what fraction of the water is
likely hot. Furthermore, and estimation should be made
for the unregulated fixtures. Finally, a usage schedule
should be based generally on the occupancy schedule
and logic of water use patterns, such as meal-time
preparation for food service and morning/evening peaks
for residential projects to name a few.
Some process loads utilize large amounts of water during
operating cycles. Steam sterilizers for example use a
significant amount of water to quench the consumed
steam as most codes require steam condensate to be
below 140°F (60°C) before entering a drain. A
significant amount of water can be saved by utilizing
closed loop cooling systems.
A sterilizer may use 82 pounds of steam per cycle (37.3
kg/cycle) or 9.9 gallons (37.4L) of water at 50 psig (3.45
bar_g), then 207 gallons (784 liters) is consumed per
cycle to cool the steam to 140°F (60°C) [9]. To raise city
water from an average temperature of 50°F (10°C) to
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140°F (60°C) is equivalent to 154,629 Btu (45.3 kWh).
If this cooling load were placed on a chiller, with an
average rate of evaporation of 1.8 gal per ton-hr, then
only 23 gallons (88 L) would be evaporated versus 207
gallons (784 L) consumed for quench cooling or an 89%
savings.
Swimming pools are energy and water intense systems
that have multiple approaches for modeling both energy
and water makeup. Splashing and evaporation drive the
daily need for energy and water demand as shown in
equation (1) from ASHRAE applications for an indoor
pool [30].
95 0.425
(1)
Where,
wp is the rate of evaporation of water (lb/hr)
A is the pool surface area (ft2)
Y is the latent heat required to change water to vapor at
surface water temperature (Btu/lb)
pw is the saturation vapor pressure at the surface water
temperature (in-Hg)
pa is the saturation pressure at the room dewpoint
temperature (in-Hg)
V is the velocity of the air over the surface (ft/min)
Once the rate of evaporation is known, a makeup water
schedule can be created, which has a corresponding
energy consumption to heat the makeup water to the pool
set point. Outdoor pools are more complex to quantify as
wind speed and direction as well as varying ambient
conditions will greatly impact evaporation. Furthermore,
outdoor pools can be filled by rain fall, which will be
discussed in a subsequent section.
Additional forms of heat loss should at least be
identified, if not quantified, depending on the pool
application. In ground pools tend to have negligible
losses through the ground and soils are typically poor
conductors [35]. However, above ground pools may
have significant heat loss through the walls, which can
be determined with a simple conduction-convection heat
transfer equation with the pool and ambient temperature
changing effecting the rate of heat transfer as well as the
wind speed.
Indoor pools have the added energy demand of
dehumidifying and ventilating the space. Most energy
models can be used to calculate the ventilation
requirements based an internal sensible and latent heat
gain. A common energy saving HVAC solution for
indoor pools is to use direct expansion (DX) heat
recovery. In other words, as the DX cooling system
dehumidifies the air supplied to the space, it can use the
reject heat to heat the pool. eQUEST does include a

feature allowing DX heat recovery to go towards a
circulation loop [11].
Pool covers can have a significant impact on reducing
water and energy consumption, and are required by some
energy codes and standards [31,32]. By reducing the rate
of evaporation and heat loss both energy and water are
saved, and this must be accounted for in an energy
model. Pool covers are typically used on a schedule for
when the pool is unoccupied for several hours
(overnight), however liquid pool covers form when the
pool is unoccupied at any time [33].
Pools, especially public pools, may be drained
periodically and refilled for health and safety purposes.
It is important to account for the volume of water
associated with draining and refilling the pool as well as
heating the replacement water. The draining frequency
should be informed by the building owner or pool
operator.
It should be noted that RETScreen and TRNSYS have
specific models for pools that can help inform whole
building energy models [12,34].
Air Handling Unit Condensate and Humidification
Many energy modeling software provide an output for
air handling unit (AHU) condensate and humidification.
Condensation is formed at the AHU cooling coil as warm
moist air condenses upon contact with the coil. The
amount of condensation generated can be determined
with the equation (2).
(2)
Where,
mCOND is the mass flow rate of condensate (kg/hr)
mAIRFLOW is the mass flow rate of the supply air across
the cooling coil (kg/hr)
HRf is the final humidity ratio leaving the cooling coil
(kgWATER/kgDRYAIR)
HRi is the initial humidity ratio entering the cooling coil
(kgWATER/kgDRYAIR)
The initial conditions are based on the weather file and
the return air conditions, and the final conditions are
based on the specified leaving temperature and/or
relative humidity and are calculated by the energy
model.
Humidification works in the opposite way of
condensation as moisture is added to the outside and
return air streams. Based on the specified leaving
temperature and/or relative humidity a quantity of
moisture is calculated that must be added to the supply
air to meet the set point.
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The most common form of humidification in an AHU is
steam, which has nearly 100% effectiveness in mixing
with air stream although there is some waste. The
quantity of water consumed is calculated using equation
(2), however the sign will be reversed as water is added
rather than removed.
As an alternative, atomized spray humidifiers (adiabatic)
are sometimes used for humidification. However an
effectiveness of 70% is typical for an atomizing sprayer,
and therefore more water is needed for humidification.
There are system level effects that may make atomized
spray humidifiers more energy efficient such as using
lower temperature heat or recovering more heat from
exhaust air. Finally, atomizing systems require reverse
osmosis water (RO) for safety concerns, which consume
water as well. The reject RO water and the overspray
water can be recovered for other uses.
Heat recovery may reduce condensate and
humidification amounts especially with heat recovery
wheels that transfer moisture [10]. The reduced load on
the cooling and humidification systems is accounted for
in most energy modeling software [10,11,12,13].
Steam Plants
Most modeling software do not provide a large number
of preconfigured outputs for water usage in a steam plant
[10,11]. Energy models typically only focus on the boiler
of the steam plant model as the primary energy
consumer, however the balance of the system has
significant energy and water implications.
There are two primary forms of water use in a steam
plant;
humidification/process
and
blowdown.
Humidification and process water usage has already
been addressed above, however the makeup water load
for these end uses is not included in the energy model
nor is the fraction of steam condensate returned to the
boiler, which needs to be heated. Adding this load to the
plant is important as it effects the boiler blowdown
calculation. Furthermore, deaerators, which remove
oxygen and other dissolved gases from boiler feed water
consumes energy, which in turn increasing boiler
blowdown.
Boiler blowdown is the process of removing impurities
left behind from the evaporation of the water. The
amount of blowdown needed varies based on the makeup
water quality and any treatment of the makeup water.
A simple rule of thumb at this time is to assume that 5%
of the steam volume generated needs to be blowdown for
softened water. All boiler water is at least softened,
however for some applications a dealkalizers may be
used and/or a RO system. Softened water will have a
blowdown fraction of 4-5%, softened and dealkalized

water is be 3-4%, and RO water is 2-3%, but can be as
low as 1% [14]. The quantity of blow down can be
calculated using equation (3).
(3)
Where,
is the mass flow rate of blowdown water (lb/hr)
is the steam load (Btu/hr)
is the enthalpy of steam (Btu/lb)
is the blowdown fraction
Note, hot water systems due not have blowdown as water
is not evaporated.
Open Cooling Towers
The amount of heat rejected to a cooling tower and the
energy associated with that is well understood, and
baseline values are governed by energy codes such as
ASHRAE 90.1. Therefore there is a solid basis from
which to calculate water consumption in the cooling
tower. There are three parts to cooling tower water
usage: evaporation, drift, and blowdown.
Open cooling towers are a common form of heat
rejection for larger chiller plants. EnergyPlus provides an
output for the cooling tower water consumptions using
either of two different methods whereas eQUEST
provides sufficient data to calculate evaporation using a
simplified method in a spreadsheet.
EnergyPlus offers two methods for determining water
evaporation: Saturated Exit and Loss Factor [10].
Saturated Exit assumes that the air-side outlet conditions
of the tower are saturated.
EnergyPlus Saturated Exit
(4)
,
,
Where,
is the heat transfer across the condenser side of
the cooling tower (W)
is the condenser water mass flow rate to the
cooling tower (kg/sec)
is the condenser water specific heat (W/kg-K)
, is the condenser water inlet temperature (°C)
, is the condenser water outlet temperature (°C)
On the air-side of the cooling tower, equation (5) applies:
,

,

(5)

Where,
,

, is the saturated outlet air enthalpy (J/kg)
is the inlet air enthalpy (J/kg)
is the outdoor air mass flow rate (kg/sec)
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A psychrometric calculation is done to calculate the airside outlet conditions of the cooling tower to determine
temperature and humidity ratio,
, . The humidity
ratio is then used in equation (6) to determine the amount
of water evaporated.
,

,

(6)

Where,
is the evaporation water volume (m3/sec)
is the tower outlet air humidity ratio
,
(kgWater/kgDryAir)
is the tower inlet air humidity ratio
,
(kgWater/kgDryAir)
is the density of water (kg/m3)
EnergyPlus Loss Factor
The other method for determining cooling tower water
consumption is the Loss Factor method. The Loss Factor
method is described in equation (7).
∆

(7)

Where,
is the cooling tower water consumption
(kg/sec)
is the condenser water air flow rate (kg/sec)
is the temperature drop across the cooling tower
∆
(K)
is the Loss Factor (%/K)
Loss Factor, b is calculated in equation (8)
113

8.417∅

1.6147

10

(8)

Where,
∅ is the cooling tower inlet air relative humidity (%)
is the cooling tower inlet air temperature (K)

970.4

at

EnergyPlus uses a constant value for Loss Factor for the
entire simulation however it could be a variable based on
the weather file [15]. The Loss Factor method like many
other cooling tower models makes certain assumptions
and works better over certain temperature and humidity
ranges [15]. Users should investigate which evaporation
model is most suitable for the building’s climate.
Drift is undesired carryover of water and chemicals into
the atmosphere. Drift is in droplet form rather than in
vapor, which is how it is able to carry chemicals out of
the tower. Depending on the design and age of the
cooling tower, drift can be small or a significant fraction
of water consumption.
A new cooling tower can be assumed to have a drift rate
of 0.008% of condenser flow rate and as low as 0.001%
of condenser flow rate if drift eliminators are included in
the cooling tower design of the condenser flow rate.
Older towers may have drift rates as high as 0.02% [16,
17].
Blowdown is the intentional removal of water from the
condenser loop to remove impurities that are left behind
by evaporated water or picked up by the cooling tower
water from pollution in the air. Periodically this water
needs to be purged as part of the cooling tower
maintenance regimen.
Blowdown is a function of: cycles of concentration,
evaporation and drift. Cycles of concentration is defined
by the volume of makeup water divided by the volume
of blowdown. Makeup water is defined as the volume of
evaporation, drift, and blowdown in a cooling tower.
(10)

eQUEST
eQUEST provides sufficient data from cooling tower
output files to estimate cooling tower evaporation using
equation (9).
∆

is the latent heat of vaporization.
standard atmospheric pressure

(9)

(11)
Combining these equations yields:
(12)
Rearranging and simplifying equation (12) yields:

Where,
is the flow rate of condenser water to the
cooling tower
is the temperature differential across
∆
the cooling tower
is the specific heat of water.
1.0

(13)
Therefore using equation (13), the previously calculated
evaporation, and the estimated drift rate will yield
blowdown volume.
A typical range of cycles of concentration is three to six,
and varies with the hardness of the makeup water.
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Cooling towers with makeup water hardness exceeding
200 mg/l of calcium carbonate may struggle to exceed
four cycles of concentration without additional treatment
[18].
A common strategy to save energy is chiller plant
optimization, which reduces energy consumption
through reducing flow rates of air and water and
changing temperatures of the condenser water. There are
also practical limitations to the level of turndown that a
cooling tower can have and still provide proper contact
between air and water to cause evaporation. In a cross
flow cooling tower with the proper flow reducing
equipment, a minimum condenser water flow rate of
25% of design is possible while still maintaining contact
between air and water [20]. The same turndown is
possible, but unlikely for counter flow cooling towers as
the selection of nozzles drives the ability to turn down
and may add significant cost to achieve a high turndown
ratio. For a standard counter flow cooling tower, the
minimum turndown for condenser water flow is 70% of
design flow rate [20].
Evaporative Cooling
Evaporative cooling is a technology widely applied in
dryer climates as an energy efficient alternative to such
standard cooling strategies as DX or chilled water. There
is often controversy about using this technology as a
means of cooling in a dry climate where water is scarce
though this may not always be the case. Cooling towers,
as discussed in the previous section, consume water as a
means of heat rejection for larger projects. DX systems
do not consume water so when comparing evaporative
cooling to DX, there would additional site water
consumption.
As stated in the introduction, most U.S. electricity
production uses water to generate electricity. Therefore,
while site water usage may increase with the application
of evaporative cooling, source water usage may decrease
at the power plant [3, 21]. An energy model would be
required to compare energy savings and water
consumption on a case by case basis and should be
compared to local power plant water consumption.
Source Water
Similar to source or primary energy, the concept of
source water is introduced here. As stated, a large
fraction of U.S. water use goes towards the generation of
electricity and consequently saving electricity may save
water. Source water is akin to source energy that is
consumed at central power plants. While the amount of
water used to generate electricity varies greatly across
the U.S. as different plants use different heat rejection

methods, approximately 23 gallons of water are used to
generate 1 kWh of energy in the U.S. on average [3, 21].
A list of water usage per unit energy generated by state
from 2003 is available, but a more recent list has not been
identified [21]. This list must be used with caution as
power companies transmit across state lines, which will
blur the lines of water consumption per kWh.
Consequently a data set similar to EPA’s eGrid would be
helpful in determining source water usage in a similar
manner as eGrid breaks out CO2 generation by utility
sub-region [22].
As stated in the introduction, approximately 4% of U.S.
electricity consumption goes towards the conveyance
and treatment of water for consumption in the U.S [5].
The fraction of electricity needed to treat and convey
water varies across the U.S., and is as high as 19% in
California [29]. In other words, as water consumption is
reduced in buildings, there is a corresponding energy
savings. This energy savings would typically be realized
at the municipal pumping and treatment stations, but
might be included on the project site if well water and/or
on-site treatment is present. Similar to source water for
electricity production, a unit energy consumption for
water in units of kWh/gallon should be developed for
water utility regions.

NON-ENERGY USES FOR WATER
Two major items that are infrequently addressed by
energy modelers are rain fall and irrigation.
Rain Water
Rainfall is included in a TMY3 weather file although the
column for the data in the weather file may be blank
depending on the location. The National Oceanic and
Atmospheric Administration (NOAA) has collected over
30 years of rain fall data from numerous locations
throughout the U.S. [23]. Note, that the data is somewhat
cumbersome to obtain and incorporate into analyses as it
must be downloaded and formatted for each location
individually.
The quality of the rain fall data is typically not as
rigorous as a TMY dataset and may not correlate well
with the TMY file that is based on the National Solar
Radiation Data Base (NSRDB). NSRDB creates a
typical solar radiation/thermal year, not hydrological
year. In other words, the NOAA data may indicate
rainfall for a particular hour, while the TMY file may
indicate clear skies. To assist in the expanding role of
water modeling, high quality rain fall data should be
incorporated
into
the
TMY
data
set.
The American Rainwater Catchment Systems
Associations (ARCSA) provides monthly rain fall data
that can provide some insight, but does not provide the
resolution required for an hourly energy model.
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The rain fall data can then be incorporated into storage
models, either cistern or pond models, that can in turn be
correlated to potential gray water uses such as cooling
towers and irrigation. This correlation is critical as peak
cooling tower or irrigation usage may occur in a dry
season when rain fall collection is at a minimum.
The quantity of rain water collected is then relatively
simple to approximate using equation (14).
.

(14)
Where,
PRain is precipitation (inches)
A is the total collection area (ft2)
The available areas for collection should be coordinated
with the plumbing engineer and the civil engineer to
confirm where the water arrives as often larger projects
may have multiple outflows.
Green roofs
Green roofs have become established as a building
feature, which adds a new set of variables to equation
(14) as some of the rain water that hits the roof is
absorbed by the plants and the soil before it is drained
from the roof.
Furthermore, the amount of absorption is variable
depending on the initial conditions of the soil. An hourly
model informed by a weather file could be utilized to
keep track of the green roof characteristics.
EnergyPlus already contains a green roof model
(EcoRoof) that accounts for water use of the plants and
the impact of evaporation on the building cooling load
[10]. It is possible to create a single zone model with a
representative roof area to capture the water absorption
of the green roof, however the energy savings will not be
captured without a complete building model.
Ponds
Stormwater retention ponds can be used as storage tanks
as they are often required to be part of the project and
have minimal added cost as compared to a cistern. Two
additional factors must be considered with the
stormwater pond: infiltration and evaporation.
Infiltration rates are heavily influenced by the
composition of the ground, and should be informed by
the project’s civil engineer. Evaporation from a pond can
be calculated using the empirical equation (15) [24].
25 19
(15)
Where,
gh is the amount of evaporated water per hour (kg/hr)
θ is the evaporation coefficient (kg/m2-hr)
v is the wind speed above the water surface (m/s)
A is the pond surface area (m2)

xs is the humidity ratio in saturated air (kgWater/kgDryAir)
x is the humidity ratio in air (kgWater/kgDryAir)
Design note: the volume of a stormwater retention pond
will change over time as sediments build up in the pond.
Ponds are dredged periodically, but the full volume
should not be assumed to be available for the life of the
building.
Irrigation
The quantity of irrigation required for a plot of land is
dependent on the plant selection type, weather, and
irrigation strategy.
The amount of water needed for many plant types is
defined in LEED 2009 Water Efficiency Credit 1 as
shown in the excerpt in Table 1.
Table 1: LEED 2009 NC WEc1 Excerpt [25]
Species Factor, Ks Density Factor, Kd Microclimate Factor, Kmc
Average
Average
Average
Trees
0.5
1.0
1.0
Shrubs
0.5
1.0
1.0
Turf Grass
0.7
1.0
1.0

Depending on the landscape plan; the values from Table
1 are multiplied together to determine a combined
landscape factor, KL. KL is then multiplied by the
evapotranspiration rate, ETO to determine a project
specific evapotranspiration rate, ETL. This approach is
effective for a relative difference calculation as is
required by LEED, but does not define how much water
is actually required over the course of a year. The next
logical step is to calculate evapotranspiration using a
weather file to create an annual demand for comparison.
Evapotranspiration (ET) represents the loss of water
from the ground through the combined processes of
evaporation (from soil and plant surfaces) and plant
transpiration (i.e., internal evaporation), and is defined in
equation (16) [26].
.

∆
∆

(16)

Where: Δ, T, u2, es, and ea come from a typical weather
file and γ, Cn and Cd are constants. Rn and G are radiation
terms that are partially informed by the weather file, but
require additional calculation such as surface radiation to
the night sky and thermal energy absorbed by the ground
to name a few. See reference [26] for complete
description of ET equation.
It should be noted that equation (26) is meant for larger,
more uniform landscapes rather than urban landscapes.
Urban evapotranspiration rates utilize a more complex
approach that takes into account impervious surfaces
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[36]. The U.S. Environmental Protection Agency Water
Sense program also offers water tools that provide some
insight into building scale water modeling [27].
Many irrigation systems simply run off a schedule and
have a constant flow rate to irrigate plants. However,
numerous products are available that can measure soil
moisture level and dispatch an irrigation system based on
the actual demand for water. The control algorithms for
these water sensing systems could be characterized using
the evapotranspiration calculation.
Finally, there are differing approaches to the application
of irrigation water, which fall into the general categories
of drip and sprinkler irrigation. LEED utilizes standard
efficiency values for these two categories, defining how
much water is lost to the atmosphere versus hitting the
plants. As is commonly understood, irrigation is most
efficient at night when temperatures fall and relative
humidity increases. Again, a weather file could be
adapted to create an hourly efficiency for irrigation
approaches depending on the ambient weather
conditions. In other words, landscape modelers could
quantify the value of irrigating at night rather than during
the daytime as well as the value of irrigation controls and
sprinkler efficiencies.

DISCUSSION
While energy has been a design driver in the U.S. for
many years, water utility rates are just beginning to
escalate its design importance. In some locations, water
savings has a greater financial value than energy
reduction. However, many standards and rating systems
do not recommend increasing energy consumption for
the sake of water savings. This notion should be
challenged and energy and water should be weighted
based on regional priority.
For example, chiller plants greater than 300 tons are
required per ASHRAE 90.1 to be water cooled in order
to reduce energy consumption related to cooling. In
water poor areas, it might make sense to waive this
requirement as it is relatively easier to transmit
electricity than water. This must also be balanced with
source water consumption to create a comprehensive
picture.
LEED 2009 for Healthcare includes a cooling tower
performance credit, WEc4.2. If the building does not
include a cooling tower it is precluded from pursuing that
credit. The language should be amended to allow for
buildings that require a cooling tower per ASHRAE
90.1, but have opted to use a waterless solution, and
absorb the energy penalty associated with that design
choice as it might be the better choice for a location
where water is scarcer than energy.

CONCLUSION
The creation of a standard and agreed upon set of
methods, assumptions, and algorithms is of utmost
importance to the success of reliable water modeling
tools. A solid foundation of work is already established,
but there are numerous gaps to address and
improvements to be made. The creation of standards
such as ASHRAE 191P or similar documents will create
a structure within which water modeling methods,
assumptions, and algorithms can be reviewed and
approved as industry standard practice.

FUTURE WORK
A significant amount of detailed work remains to be
done or collected in a single place for the building
industry, equipment manufacturers, utilities, government
agencies, and academia in order to accurately quantify
water efficiency in the built environment. Within this
scope; the following items would help enhance water
modeling to a level equivalent to today’s energy models:
 Enhanced modeling methods and algorithms
should be developed for each sub-section of this
paper. For example, there are more than just
three methods for calculating cooling tower
evaporation. The pros and cons of these models
need to be clearly identified rather than using
default methods as many building modelers do.
 Standard fixture and process load profiles
similar to Labs21 or ASHRAE Applications
load profiles [8, 28] should be broadened and
revised with current metered data.
 Broad water benchmarking efforts need to be
started in order to set realistic targets for water
efficiency.
 Quantifying regional source water consumption
similar to regional CO2 generation.
 Broader incorporation of rain fall data into
weather files.
 Feedback on systems types and technologies
from practicing engineers is required to inform
the overall model parameters.
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