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Key parameters:

*  Maximum demand: L/s

(cold water), L/s (hot
water)

+ Maximum storage: L
(per hour, day; hot
water)

+ Maximum discharge
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Bridging science to practice

Designing water supply and drainage for buildings

What to design A Requirements, trade-
- Pipe diameters off between
« Size and type of water heater « Comfort: pressure,
« Size of drainage (rain water, temperature, no
sewer) | = smells, no sounds
« Size of rain water tank <9 - Hygiene: Legionella
Vessel for | prevention
combination . Sustainability:
heat pump / .
Novel technologies solar cells SR el
. Save water: 1 litre toilet cistern, v s s e n dne
1 litre (ozone) washing use
machine, 1 litre (steam) dish | =
washer, recirculation shower b &
« Usinglight grey water or ,
rainwater for non-potable use :
- Infiltrate light grey water, = Key parameters:
instead of discharge into sewer ' . ° Maximum demand:
. Vacuum sewer (+ new toilet) 5% L/s (cold water), L/s
« Adding food grinder (hot water)

« Maximum storage: L
(per hour, day; hot
water)

‘ « Maximum discharge

« Water quality (demand

a and discharge)
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For several types and sizes of buildings
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Bridging science to practice

Demand is influenced by appliances and users

Volume determined by:

- Demand of appliance: toilet, washing JT
machine, dishwasher, ... 5 © L
* Q(of appliance) x Duration (user): shower, o
washing hands, tooth brushing, ... 200-

- Demand of user: filling dish bucket, water

200~ \ﬁfi ®.
can, bath, ... 2 99

106y
’ : : . @]
Time of water demand determined by: =
0 s
« User (presence, awake or not) 0:00 6:00

RESIDENTIALWATER DEMAND OVER A DAY
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Bridging science to practice

Key parameters:
*+  Maximum demand: L/s
(cold water), L/s (hot

How to determine all key parameters? s

For all types of buildings:

« Apartment buildings with studios for young
adults, two room apartments for senior
citizens, three room apartments for families,
penthouses, etc.

- Hotels for tourists, business hotels, with
conference facilities or theatre, with various
comfort classes in shower types, etc.

« Offices with or without urinals

« Nursing homes, assisted living facilities, etc.
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Nun%berof

(per hour, day; hot
water)

*  Maximum discharge

+  Water quality (demand
and discharge)

And for various sizes of buildings
And for various types of water qualities: potable
water, grey water, black water, rainwater, ...

And for cold and hot water

150 T T T T T T T T T

building type A
building type B
building type C

100

key parameter

50 -

riables explodes to> 1000

0
0] 100 200 300 400 500 600 700 800 900 1000

size of building



Bridging science to practice

Key parameters:
*+  Maximum demand: L/s
(cold water), L/s (hot

Measuring key parameters .

(per hour, day; hot
water)

*  Maximum discharge

+  Water quality (demand
and discharge)

In the 1980s measurements were done in NI: . Nowadays, simulations provide an alternative:

« Various apartment buildings, offices, schools, « All types and sizes of buildings are possible

care homes, sports facilities with various appliances and types of users
- Only total cold water at the water meter was * All subsets can be “measured” (cold, hot,
measured < *TIL ' clean water, light grey water, black water, ...)

« Only maximum demand (L/s) wgs i - All temporal scales (per s, min, h, day)

* * * *
as a function of building size 5
— _ . "R A
pantry
b #and t li
« Since then: changes in office occupation, | _ ARG s
/ [ : Number of restaurant 0.00153*n  [neeK
. . . s 77‘7 ‘ T . ) employees 4and t i =
coffee machines, toilet cisterns, ... | |/ " Fand e pplances
B ' T s cleaning = MMF ot
B | I" Zand Itype appliances // MMF o =
! ® 20 W0 60 8w woa 1200 employees '// 0.318+
o aantal werknemers shower he 0.00026*n
# and type appliances )

# sporting employees - 14
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SIMDEUM: simulation of demand, an end-use model

Stochastic model for (non)-residential water demand
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[ washing machine inlet pattern, total volume is 50.0 litér
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shower duration (min)

Fig 2 Duration of taking a shower

02

0.18

0.6 r

0.14

o [ survey data

—— Poisson fit, & = 6.04

- HHH .

10 15
toilet flushes per day

frequenc

Fig 1 Number of toilet flushes per day

0 5 10 15 20 25 30 35 40

40

60 80
time (min)

Fig 3 Inlet pattern of a typical
Dutch washing machine

120

MATERIALS AND METHODS

A water demand end-use model was developed to predict
water demand patterns with a small time scale (1 second)
and small spatial scale (residence level). The end-use
model is based on statistical information of users and
end-uses: census data such as the number of people per
household and their ages; the frequency of use; duration
and flow per water-use event (Foekema and Engelsma
2001, Figs. 1-3); occurrence over the day for different
end-uses such as flushing the toilet, doing the laundry,
washing hands, etc (Foekema and Engelsma 2001; Van der
Broek and Breedveld 1995). With this approach, residential
water demand patterns can be simulated (Fig. 4).

total flow
hot water flow

L
6:00 12:00 18:00 24:00

0:00

Fig 4 Simulated diurnal flow pattern for a single home
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CCWI17-9 Nov 2016, Amsterdam

Basic principle of SIMDEUM

Add blocks of water demand at various intensities (L/s), durations (s)
and time of occurrence (HH:MM)

B(l,D,7r) =

R <1l <z+D

O elsewhere I R

A

Q=> B(l,D,7)

‘i

Source: Buchberger, 2007
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information on appliances

CCWI17-9 Nov 2016, Amsterdam

SIMDEUM: parameters follow from surveys anc

How often did you
flush the toilet?

’ =z
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cdf cdf |
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SIMDEUM steps (1)

Apartment building - users and installation
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5 people: dad, mum, 3 children
Bathroom: bath, shower, toilet, sink

Kitchen: sink, dishwasher, washing
machine

Average 2.3
people/home

\
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One p Family: 3&%
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SIMDEUM steps (2)

Toilet flush demand

0.04r- -
ter ci bability of
< o) 9 liter cistern . > users, probability of use
‘Qg) : : Iplr:oblatlnillity d:znsity 7;u.nlc;:i;n L
E 0.0z 7 os-lIll | cumulative distribution function| | | | 4~ -
g .........................
0.01- - 0.6 U j _

o
et

(0] 1 2 3 4 5

et S = k) — I *
; é Ié Jé 249
Time (hrs)
: 0.z : : :
- & — [ Imeasured data
. —w— Poisson distributio
Generate diurnal deman R e
0.15f _ .
v
0.05¢ = B
%"‘ 0-1 i I - |
0ot 2 Frequency of use
\
¥ 003F o.o5r A 1
H HW .
= 0.02f ol_& el o oo
o 5 10 15 zo
number of toilet flushes
0.01r-
Ob 6 lé lé 24

time (hr)

7
].\WP\ Watercycle Research Institute
Yy W


http://images.google.nl/imgres?imgurl=http://mirror-uk-th2.gallery.hd.org/_exhibits/maths/chance-dice-random-numbers-3-AHD.jpg&imgrefurl=http://gallery.hd.org/_c/maths/chance-dice-random-numbers-3-AHD.jpg.html&h=861&w=682&sz=181&tbnid=e8mZIiteSW0J:&tbnh=144&tbnw=114&start=320&prev=/images?q=dice&start=300&hl=nl&lr=&sa=N

CCWI17-9 Nov 2016, Amsterdam

SIMDEUM steps (3)

Total demand for one house

Toilet, shower, washing machine, etc

0.2 L : :

‘ ‘ i | ‘

12 18 24
time (hr)
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Validation of SIMDEUM (1)

Demand patterns

Water demand is key

Street 140
homes

Tue, 13 Jun '06
Wed, 14 Jun '06

]

B e P B
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Q (I/5 min)

—measured all days
===measured full occupation |
----- simulated

12
time [h]

hot flow (m “/h)

.
= n
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=
i
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I
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Validation of SIMDEUM (2)

Maximum flow velocities in (aggregation of) homes
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Validation of SIMDEUM (3)

Maximum flow velocities in non-residential buildings

10 [ [ [ T T
o SIMDEUM design rules (-)
al Old design rules (-.-)

Measurements @

MMF__, (Iis)

r r r r
0 50 100 150 200 250
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Vessel for
combination

heat pump /
solar cells




Key parameters:

Maximum demand: L/s (cold water), L/s (hot water)
Maximum hot water volume: L (per 10 min, per hour, per

2 hours, per day)

Building types:

Residential buildings with 5 types of apartments

Offices, 2 types

Hotels, 4 types x 7 shower types
Nursing homes, 4 types , w/wo bedpan flusher

Simulation settings:

Temporal scaleis1s

Per building type 100 days of demand are simulated
Max (key parameter) is 99 percentile

Per building type 10 sizes (# apartments, # employees, #
rooms, # of residents respectively)

Design rules:

Linear fit through key parameters
Potentially add small safety factor
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SIMDEUM to generate virtual measurement data
and extract key parameters from that

— . TR A
MMF
pantry cold
# and type appliances B
# employees and visitors . MMFcos =
Number of restaurant % 0.00153*n
employees ) -
n # and type appliances 1 e
# employees
cleaning
# and type appliances MMF, , =
# employees oy 0.318+
shower fﬂ 0.00026*n
# and type appliances DU | 12
# sporting employees

SIMULATING OFFICEWATER DEMAND, EXTRACT KEY PARAMETER AND
DEFINE DESIGN RULE



Making design rules available

Design rules are in the official guideline:
ISSO-kontaktgroep. (2015). ISSO-Publicatie 55 Leidingwaterinstallaties voor woon-
en utiliteitsgebouwen, Stichting ISSO, Rotterdam.

Design rules are build into spreadsheet and are available

Design rules are to be build into installation design software (VABI

Watercycle Research Institute

Building input data
select hotel type
select shower type
number of hotel rooms

Key Parameters
MMF_cold

MMF_hot

MHWU in 10 minutes
MHWU in 60 minutes
MHWU in 120 minutes
MHWU in 24 hour

MMF: maximum momnet flow
MHWU: maximum hot water use

Bridging science to practice

business hotel
shower Ill: 0.19 I/s

=)

@® douchel: 007Ws

douche IV: 024 Vs
douche V. 037 Vs
douche VI: 042 Vs
douche VII: 05Us

sde

A douchell. 0,121Us
* douchelll: 0,19 /s

I/

MMVkou a s)

- N W B O N ® ©
—— T T T T T T T

(=]

0 50 100 150 200 250 300 350 400 450 500

aantal hotelkamers




Bridging science to practice

Building your own SIMDEUM

Required input data

Appliances:

« Toilet, shower, bath, washing machine,
dishwasher, kitchen tap, bathroom tap,
(outside tap)

« Volume (L) or flow (L/s) and duration (s)

Reuse Dutch data,
add specifics
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i Users:

Number: household size, number of
employees, etc.

Water using behaviour: shower duration,
number of toilet flushes, required
temperatures, etc.

Diurnal pattern: sleep-wake-rhythm, shower

in morning or evening, office hours, etc.



Bridging science to practice

More applications of SIMDEUM
Talks by my colleagues
N

Designing water supply and drainage for buildings

What to design A Reqguirements, frade-off
Pipe diameters hetween
* Size andtype of water heater * Comfort: pressure,
* Size ofdrainage (rain water, temperature, no smells,
SEWET) o ' no sounds
v  Size ofrain watertank - ' W= . Hygiene: Legionells
:f:-ll: ‘h-liln{?:'ru n prwentiun
ST . Susta_lnamlrt;': energy,
sollar culls I'I'IE'tE".FI.E|
let cistern, 1 - A v Costinst
jmachine, 1 T —=
zher, - e, |11 r‘
e CLIATION SNOWET
* Us=ing light grey water or rainwater Y
for non-natahlavea -
infittrate ngn. yrey warer, insteau ~f o IR d =3 \ I Key parameters:
discharge into sewer |“ ':'“'{J [IE]F{] ... ' Maximumdemand L/s
*  Vacuumsewer (+newtoilet) P O | IT - {cold water), L/s (hot
Adding food grinder I :att?r} . .
- aximum storage:
(per hour, day; hot
I watern)
[ ﬁ * Maximumdischarge
e « Water quality (demand
— and discharge)
atercycle Research Institute
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Development and application SIMDEUM

For water supply in buildings

Development SIMDEUM Development design rules: : Validation design rules with | Update ISSO 55 contains
5 : measurementsofcoldand : design rules based on
Residential buildings . hot water: . SIMDEUM
Non-residential buildings « Residential buildings More applications of
: :  SIMDEUM

Non-residential buildings :
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Bridging science to practice

Conclusions

SIMDEUM is a validated tool to generate realistic stochastic water
demands for residential and non-residential buildings

SIMDEUM can generate large dataset of “virtual measurement s” to
inexpensively determine design rules for sizing of hot and cold
water systems

SIMDEUM can be used for new technologies that are not yet on the :
market (i.e. no measurements possible) :

SIMDEUM can be used for other types of buildings and other L_ i |1]

countries, with their specific input parameters . \
Tl T
| 1 1 E
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