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Motivation:

What is the combined effect of low flow

fixtures, reduced pipe size and pipes layout
on residential energy consumption related

to hot water use?



Objective:

Quantify water and energy savings in
residential buildings resulting from
efficient (water-conserving) fixtures.



Fixture efficiencyis determined by the amount of water consumed
per fixture function e.g. gallons per minutes, flush or load

43% decrease in (gpm) gallons per minute
74% decrease in (gpf) gallons per flush
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Reduced flow rate increases the waiting time for hot water at a fixture



Pipe Sizing
Method

Nominal Pipe Size*: 3/8" 1/2" 3/4"

(’\
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0.38 gallons 0.61 gallons 1.26 gallons

=) Cold water in pipe =) Hotwater from heater

*Copper pipes

* Reduced flow rate increases the waiting time for hot water at a fixture. { 3 ]
* Pipe size determines the volume of water in the pipes.
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* Reduced flow rate increases the waiting time for hot water at a fixture.

* Pipe size determines the volume of water in the pipes.

* Combined pulse characteristics from multiple fixtures and pipe layout.
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Legend
m - Fixture

® - Junction

BT - Bathtub

CW - Clothes washer
DW - Dishwasher
KS - Kitchen sink

Lav - Lavatory

S - Shower
T/S - Combination Tub
and Shower
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[A] [B] [c1 [D] [E]
FIXTURE ENTER NUMBER | PROBABILITY ENTER FIXTURE MAXIMUM RECOMMENDED
OF FIXTURES OF USE (%) FLOW RATE (GPM) FIXTURE FLOW RATE (GPM)
1 |Bar Sink 0 2.0 0.00 1.50
2 |Bathtub 1 1.0 5.50 5.50
3 |Bidet 0 1.0 0.00 2.00
4 |Clothes Washer 1 5.5 3.50 3.50
5 |Combination Bath/Shower 1 5.5 5.50 5.50
& |Dishwasher 1 05 1.30 1.30
7 |Kitchen Faucet 1 2.0 2.20 2.20
8 |Laundry Faucet 0 2.0 0.00 2.00
9 |Lavatory Faucet 3 2.0 1.50 1.50
10 [Shower, per head 1 4.5 2.00 2.00
11 |Water Closet, 1.28 GPF Gravity Tank 0 1.0 0.00 3.00
12 |Other Fixture 1 0 0.0 0.00 6.00
13 [Other Fixture 2 0 0.0 0.00 6.00
14 |Other Fixture 3 0 0.0 0.00 6.00
Total Mumber of Fixtures 9 RUN WATER
99th PERCENTILE DEMAND FLOW = 9.00 GPM RESET DEMAND
CALCULATOR

Found at: http://www.iapmo.org/Pages/WaterDemandCalculator.aspx




* Poisson Rectangular Process (PRP) method
(Buchberger and Wu 1995)

* Simulates arrival time at fixture as a Poisson process

* Ensure there are no overlapping pulses at individual
fixtures

* Fixture flowrate and duration of use are based on
fixtures in IAPMO database (Inefficient or efficient)



* Input
* Fixture base flow

* Fixture multipliers generated from pulses

* Heat loss rate for Copper L pipe

s EPANET 2 - EFF_2Bath_EPANET.inp

File Edit View Project Report Window Help
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* Input

* Fixture base flow

* Fixture multipliers generated from pulses

* Heat loss rate for Copper L pipe

Demand for Selected Nodes
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pipes with time



Demand Pattern
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Heat loss rate for copper L pipe size for different size by
combining Heat capacity formula and Heat transfer formula

Q = mcAT Q="4T
120 - ——Water temperature in pipe - 4.0
—110 - - Demand Pulse - 3.5
100 - - 3.0
90 - - 2.5
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Energy in
Hot Water
from Heater

Energy
Delivered
at Fixture

Control Volume
in Pipe

Water
Heater

Assumptions
* Hot water temperature: 120 °F
* Copper L pipes are not insulated

Fixture
(e.g. Shower)



22% decrease in the annual
volume of hot water consumed

Gallons *1000

m Inefficient fixtures M Efficient fixtures

For example, Pre-retrofitted 2 bath single family home with inefficient fixtures vs Post-
retrofitted 2 bath single family home with efficient fixtures, both having a trunk and
branched layout




e 20% reduction in annual
total energy consumed
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For example, Pre-retrofitted 2 bath single family home with inefficient fixtures vs Post-
retrofitted 2 bath single family home with efficient fixtures, both having a trunk and m
branched layout




UPC (FU)

# Feature VS
(WDC)
1 Peak demand estimate ‘
2 Pipe sizes (Single fixture) ‘t R;;gzzt(;y
3 Pipe sizes (Multiple fixtures) ‘
4 Annual thermal energy delivered = Nz;g:gccaent
5 Annual thermal energy dissipated in pipes ‘ -13%

For example, Retrofitted vs Newly constructed 2-bath single family home,
both having efficient fixtures and a trunk and branched layout



UPC (FU) WDC

Building Number Decrease
Size: of Peak Pipe Peak Pipe in
Number fixtures Demand Size Demand Size Expected
of Units (gpm) (in) (gpm) (in) Flow
l""" s l’""' S
9 1 140 !11/41 90 ! 1 36 %

l : I :
I I I I

90 ; 650 !21/2; 213 l11/2 67 %
l : I :
I I I I

450 | 2080 ! 5 | 671 12-1/2 68 %
| ] I !
N ’ N ’

Note:
* Pipe sizes are for hot water flowing at 5ft/sec
* Eachis a 2-bath unit has 1 bathtub, 1 clothes washer, 1 tub/shower combined,
1 kitchen sink, 1 dishwasher, 3 bathroom sinks, and 1 shower. (Efficient fixtures only)



a) Trunk and Water b) Manifold Water
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. Trunk and Branched
# Characteristics i
vs. Manifold
1  Distribution system size (total pipe run) e
2  Volume of water between heater and a fixture ‘
3 Annual thermal energy delivered to fixtures f +159%
. . . . 21
4  Annual thermal energy dissipated in pipes v.v -6 %

For example, Newly Constructed building & efficient fixtures with different layout m



* Lutz et al. (2014) — Less than half of the hot water
drawn arrives at a fixture. TRUE

Hot water pulse duration: about 80% < 1 minute
Hot water pulse intensity: about 77% < 1 gpm

* Sizing pipes with the new WDC method would not
only reduce the amount of water between the
heater and a fixture, it will also reduce the energy
consumed by hot water use in residential buildings



%" Pipe

Heat loss in different sizes of Copper L pipes

120 Water temperature in 1/2 (in) pipe = 4.0
=== \Water temperature in 3/4 (in) pipe |
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 Water in smaller pipes lose heat at a faster rate compared to
water in large pipes



* Efficient fixtures and right sized pipes resulted in a 23%

reduction in annual hot water energy consumption
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Inefficient Fixtures/ Efficient Fixtures/
UPC (FU) Pipe Sizing Method New WDC Pipe Sizing Method

For example, Old 2-bath single family home with inefficient fixtures vs Newly
Constructed 2-bath single family home with efficient fixtures, both having a
trunk and branched layout



* About 30% of the total annual energy consumed in a hot water
distribution system of a 2 bath single family residential building

is related to pipes - Pipe size, pipe length and pipe layout.

" Energy Dissipated M Energy Delivered






