WATTer ills

Water Efficiency and
Water-Energy Nexus
in Building Construction
and Retrofit

|03. Training Courses Curricula, Contents and
e-Learning Platform

Training materials for the WEE’s Course

TRAINING HANDBOOK Proposal



- Erasmus+

ERASMUS+ Programme
Key Action 2 | Call 2017
Cooperation for innovation and the exchange of good practices
Strategic Partnerships for vocational education and training

Project Code:
2017-1-PT01-KA202-036002

OF0

Partnership:
i Agéncia para a Energia - ADENE (Portugal)
Fundacidn Laboral de la Construccion - FLC (Spain)
Ente per la Formazione e |I'addestramento professionale nell'edilizia -FORMEDIL (ltaly)
Centre for Renewable Energy Sources and Saving — CRES (Greece)

Disclaimer: contents developed in this handbook proposal need to be carefully revised before being
used as training materials or directly. Please contact the specific partner teams for any comments,
suggestions or enquiries regarding specific modules of this handbook. Also notice that local, national
and international standards should be carefully followed and considered.

The European Commission support for the production of this publication does not constitute an
endorsement of the contents which reflects the views only of the authors, and the Commission cannot
be held responsible for any use which may be made of the information contained therein.



Authors (alphabetical order)
ADENE

Ana Pocas, Filipa Newton, Filipe Silva, Silvino Spencer and Vanessa Faia

FLC

Belén Blanco and Clara Garcia
FORMEDIL

Diego De Gisi and Rossella Martino

CRES

Charalampos Malamatenios, Eftychia Mavrou and Georgia Veziryianni

This training handbook proposal is part of the 103 - Training Courses Curricula, Contents
and e-Learning Platform.






Contents

WATER EFFICIENCY EXPERT COURSE TRAINING CONTENTS ...cceeiteirrereirecererreceeresserensensenes 5
SUMIMARY teteurererereresrerecssssrerssssessssessesssssessssssssessssssssssessssssssessssssssessssssssssassssssssossesssssesnsnsasse 5
MODULE 1: DESIGN OF WATER EFFICIENT BUILDINGS ...cccettiteceirerrecereerecesreseesssraseessssaseens 6
SUMIMARY teteurererereresrerecsssssersssssssssessesssssessssssssessssssssssessssssssessssssssessssssssssassssssssossssssssesnsnsasse 6

UNIT 1: EVALUATION OF THE NEEDS AND SITE CONDITIONS TO DESIGN A WATER-ENERGY EFFICIENT HYDRAULIC

SYSTEM AND TO SELECT ITS APPROPRIATE COMPONENTS .ceeeesescccccccccscssssssssssscsssscsssssssssssssssssssssssssssss 8
1.1 Evaluation of the climate and site coNditions ...............cceeeuueeeeeeneeeeeeniiereeereeerenenserseeenesssennns 9
1.1.1 Performing a typical SItE @nalySiS......cccccuiiiiiiiee ettt e e e err e e e st e e e e ata e e e eanaeas 9
1.1.2 Understanding of the macroclimate and the general climatic characteristics ......c...cccccceeviieniennnen. 10
1.2 Evaluation of building 10AdS ...............eeeeueeeeereenereeirinnirieeieeeesereesereesseresissnssessessssasessnssnsnns 14
1.2.1 Thermal energy demand eValuation ..........coceiiiiiiiiiiiee e 14
1.2.2 Water demand evaluation for specific types of buildings ........ccccoovieriiiiniini e, 16
1.3 Available methods for designing of water-energy efficient systems...............ccccuuceeeeennennnn. 18
1.3.1 Methods and rationale for the design of an efficient water heating system (for space heating and
DHW) ettt eee e e eseeee s e ses e seesesees e e ses e e e ses e e seseee e eee et eee e seeses e ese e seeses e pyeeeeeseenees e esseeeen 18
1.3.2 Methods and rationale for the design of a water efficient hydraulic system.........ccccccoviveeiiiieeeenns 19
1.3.3Workload and COSt @StIMAtiONS........eiiiiiriiiiiieiieeiie ettt e s e sbae s sbe e s saaeebaeesseeeneeas 25
1.3.4 Life-cycle cost analysis aPProaChes ........ocuiiiuiiiiieeiit ettt 27
1.4 Requlations and SEANAAIAS ............ceeueeeeeeeeierreereenerienireeeieeeesereasessesssressssnssesssssssasessnssnsnns 29
1.4.1 Regulations applicable to the water-energy systems .........cocuerieiirieeniieniee e 29
1.4.2 Standards applicable to water-energy efficient buildings ..........ccovveriiiiiiinii e, 30

UNIT 2: SELECTION OF SUITABLE COMPONENTS AND MATERIALS AND DESCRIPTION OF THEIR CORRECT

POSITIONING IN THE CIRCUIT 1.ceeuuirensreneserensssrensisensssrsnsssmseseresessrensssmesssssnsssmsssersnsssrenssssenssssnnsss 33
2.1 Components selection in a water-energy efficient System..............ceueeeeeereeereeeneeneeenneenennnn. 34
2.1 A PIUMDING fIXEUIES .oeeiiiiiiee ettt e ettt e et e e e st e e e et e e e eeataeeesbbee e e sbaeeeensaeeesasssaeenstaeesansaneessreaaans 34

2.1.2 DiStriDULION NEEWOIK c.eeeeiiiieeieeecee ettt sttt sttt e st e s b e sbeesbeesbeeeneesane 34

2.1.3 Domestic water supply equipment and COMPONENTS .....ccocviieiieeriiiiriieeniie ettt 35

2.1.4 Life-cycle considerations when selecting materials, equipment and construction techniques ....... 37

2.2 Positioning of the different elements/components in a water-energy efficient system....... 40
2.2.1 Defining the position of the different elements in a water-energy efficient system ...........c.ccueee... 40

2.2.2 Preparation of the necessary construction Plans..........ccvieeeciieiiciieeeceee et e 42

2.3 Methods and tools for the selection and positioning of the components in the network..... 43

UNIT 3: CONTROL AND MONITORING EQUIPMENT, POSITIONING IN THE CIRCUIT AND MAIN OPERATING

PARAMETERS 100teesteestesssssssrassrassrasstonssessssssssssssssssassssssssssssssssssstasstosstonsssssssssssssssssssasssssssrnssne 46
3.1 Control and monitoring equipment applied to water energy-efficient systems................... 47
3.1.1 Introduction to Water floOW MELEMING ......c.uiii i e e e e e e eea e e e snaeeeens 47

3.1.2 Types and functioning of water flow metering devices and their positioning in the circuit ............ 47

3.2 Smart water meters as an integral part of an automated water supply system.................. 49

UNIT 4: CONSIDERATIONS REGARDING MAINTENANCE AND TROUBLESHOOTING WORKS MOST LIKELY TO OCCUR
IN A WATER-ENERGY SYSTEM ..cceceeuciencienccennccnnscanncenncsenssnsconsssnsscanscsnscscsssossssnsssssscanssansssnnssanses 51

Training materials for the WEEs Course Page | 1



4.1 Maintenance works of water-energy SYStems ............cceeeueeereeenerreeenserreeesisssenmsssssenssesssennns 52

0 R 1 0 o Yo [ ot T ISR 52

4.1.2 SChedUuled MaiNtENANCE. .....cviie ettt et e e et e e e e re e e sate e e e sataeeeesteeesssaeeesssreeeensaeeennseeas 52

4.1.3 Unscheduled MaintENANCE ......ccccuiiii e e eiiiee ettt e e stee e e et e e e te e e e sata e e e esta e e sssaeeesstaeeeansaeesnnsnnas 55

4.2 Preparing a maintenance plan for a water-energy System............cccceevvvveriiriererissienerisseenens 56
UNIT 5: DESIGNING OF EFFICIENT SYSTEMS FOR GREEN AREAS AND LANDSCAPES ..c.vuuteseeecresressassensrossanse 58
5.1 Green areas and landscapes design principles and considerations ................cc.ceveeeeveeeenanns 59
5.0.1 LandSCap@ ESIZN c...veeeuiieiuiieeieeiiee ettt ettt e bt e st e st e st e e bt e s bt e et e st e e e bt e s bt e e bt e sab e e e beesbeeeneenane 59

o A [ 1= A o B VA (=] 4 E T TP 62

5.1.3 Other measures for outdoor water effiCiENCY .......cueeeeiiiie i e 66

5.2 Green areas and 1andscapes deSign SLEPS...........ceeeeueeeeeeeneereeeneereenensssreeenesssenssssssenssssssennns 67
REFERENCES AND FURTHER READINGS (IMIEDIA & RESOURCES)...uuuuseiieerereeennnnnssssssssssessnnnssssssssssssannns 69
SELF-ASSESSMENT QUESTIONS FOR IMODULE 1 .....cuiiuiiuninninenianianinesresiesissssesressasiassssssassassasssessosses 70

MODULE 2: SUPERVISION DURING THE CONSTRUCTION, COMMISSIONING AND
OPERATION OF A PROJECT ....cciiiiiiiiiiitiiniinniensnissnisssssssssssssssssssessssesssnens 72

SUMIMARY 1eueueerereeererereceseereresasessesssssssssssssssssssssssassssssssassssssssssssssssssssssssasssassssssssassssasssnsasse 72

PERFORMANCE ...ceuuuttneutrensrensssnensiseneserenessmessssesssssesssstsssesenssssesssstsssssenssstasssressssrsnssseansensnnsns 73
1.1 SUPECIVISION PIOCESS ...c.eeeuveeereniennieenienireniresernseressrosssessssssnsssnssssssssssssesnsesnssssssssssssssssssnssses 74
1.1.1 Role and responsibilities of the Site SUPEIrVISOr (SS)......cecuierieiiiieiieerieesie e sre e sre e e sae e 74

1.1.2 Role and responsibilities of the Qualified Person (QP) ........ccceeviieiieeiiierieecre e e sae e 75

1.1.3 Role and responsibilities of the Contract Administrator (CA)........ccceeeveereeesieesieesre e e esreesve e 76

1.0 CRECKIISES ..ttt ettt ettt e sttt e e e s bt e e e e bbe e e s bt teeeaabeeesebbeeesbreeeenabaeeennee 79

1.2 Keeping up the contractual terms of performance................ceeeeueeeeeeenneeeeeenseeeseenseesesenseneens 82
1.2.1 Assessing whether the selected components and tools used fit the project requirements ............ 82

1.2.2 Assessing whether the selected components are correctly positioned in the circuit..........cc.ccuuuee 83

1.3 Regulations aNd SEANAAIAS ..................eeeeeeeeeeeeeeeeeeeeeeeetreneeeessenseesssansesssnsssssssasssssssnssssnens 84
UNIT 2: NECESSARY TESTS & PROCEDURES TO SECURE INSPECTION AND COMMISSIONING ..cuceeneensernsernnens 87
2.1 Planning for COMMUSSIONING ........cceuueeeeenniereeeneesenississeeisssssemassesssssssssssmasssssessssssssnsssssssnsns 88
2.2 Tests and procedures for testing and commissioning of water-energy systems .................. 92
2.2.0 Pre-COMMISSIONING.cciititeiiiititeiiitee e sttt e e ettt e st et e e s e e e e e st e e s eanr e e e sbeeesenreeesansneeesaraeeeeanreeesannneeesnneeenn 92

2.2.2 COMMISSIONINEG e itteieieieieieieieieeeieseseseeeseseaesesesesesesesesesasssasasesasasesssssesesssssssesssesesssssesssssesssssssssssnsssnsssnsns 95

2.2.3 Site aCCEPLANCE tESTING (SAT) ciiiiiiiiiiiiie ettt ettt et e e e et e e eette e e ette e e e s tbaeeeeabaeeesbseaeeastaeeeensasaesnsreeaans 98

2.2 Conclusive benefits on COMMUSSIONING .............eeeeeneeeeeeeneeereeeeeeereeneesereeeessreasessssnsseessennns 99
2.4 Applicable regulations and standards....................eeeeereenereenirienireeniireniireeiereesssresessessnnenes 100
UNIT 3: SUPERVISION AND MONITORING OF OPERATION (OPERATIONAL SUPERVISION) ..cevvveeeesseenanennnes 103
3.1 The basics of operational SUPEIVISION ...............eeeeeueiereeencirreeeniirseneniirsenessessensssssseessssssenes 104
3.2 CONAItiON MONIEOIING .......ueeeeencereeeneereeineeeeeineereeassiesenesssssenassssssnassssssnassssssnsssssssnssssssnnns 105
3.3 Condition Based Maintenance and Performance................ccueeuueereeenncerereneeserensessesenssnsenes 106
REFERENCES AND FURTHER READINGS (IVIEDIA & RESOURCES)...ccuuueeereennecereennneeeennnseeeeennneeesennnnnnes 108

.

Page | 2 Training materials for the WEEs Course



SELF-ASSESSMENT QUESTIONS FOR IVIODULE 2 ...eueuieiererererererereressesesnsnsesesesessssssssasssssasesesesessssanans 109

MODULE 3: WATER MEASUREMENTS AND WATER-ENERGY NEXUS......ccecevverrrnnnnee. 111
SUMIMARY 1ututteererererererereresessssssssssssesesessssssssssssssssesesessssssssssssssssssasessssssssssasssnsnsesesesesssssnsans 111

UNIT 1: COLLECTION, VERIFICATION AND ANALYSIS PROCEDURE DEFINITION FOR FIELD DATA RELATED TO WATER-

ENERGY USE 1euuutreusirenessrensssmasssrsnsssesessmsnessmensssmssssmsssssmsssstesssstsssssmssssssssssssnssssssssssnsssssnsssranss 113
1.1 Collection of field data related to water-energy UsSe.............cccceueverveveeserievnssossesnsossesnssenns 114
1.1.11dentify the necessary data inputs for studying water-energy profiles .......c.ccccoveeriiiinieniiinennns 114

1.1.2 Elaborate fact sheets for the collection of real data........cccccveviiiiiiiiiiiiii e 115

1.2 Analysis of field data related to WaAter-energy USe ...........ue..eeeeeeeeereeeneerneennsereeeenseseennnsenes 116
1.2.1Verification of field data related to Water-energy USE........ccceevcuveeeeciieecciiee et e e iaee e 117

1.2.2 Identification of water-energy performance indicators based on field data..........ccccceeecvveernnenn. 123

UNIT 2: DETERMINATION OF BASELINES FOR WATER-ENERGY USE OR DEMAND ASSESSMENT «eeveceeerrerecaees 125
2.1 Assessment of water and energy consumption profiles ..............ceeeeueeeeeeereerreenceneeenneennnee. 126
2.1.1Quantification and baseling Profiles ..........coueeiiiiiin e 126

2.1.2 International Performance Measurement and Verification Protocol ..........cccccevveveeeiieiiiiieeeeeceenn. 127

2.2 Using reference values of water-energy use from building regulations and standards....... 129
UNIT 3: IDENTIFICATION AND PRIORITIZATION OF WATER-ENERGY SAVING MEASURES ....ceuceecresressassenses 132
3.1 Alternative water-energy saving measures identification and prioritization...................... 133
3.2 Good practices in water-energy efficient USAQe..............euueeeeeneeerreeneerereneeseeensessseenssneenes 133

R I B D =YV o] o 1SRRI 134

3.2.2 Consumption per space and Per SYSTEM ... ..uiii i e e e st e e e e e e e saraaeeeeseeanes 135

UNIT 4: MONITORING COST-BENEFITS AND IMPACTS FROM APPLYING WATER-ENERGY SAVING MEASURES..137

4.1 Cost benefits from and other impacts of water-energy saving measures...............cccc.c....... 138
4.2 Monitoring and verification of the impacts of water-energy saving measures................... 138
REFERENCES AND FURTHER READINGS (IMEDIA & RESOURCES)..ccuuereeeeerenecrennecrennerennsereneserennsennsesene 140
SELF-ASSESSMENT QUESTIONS FOR MODULE 3.....cccetiiiiiiiinsnnnnneeeneisssssssssnnnesessssssssssssnnsnssssees 141
MODULE 4: COMMUNICATION WITH CUSTOMERS .......covvrrrriiiiiiicinnnnnnneeeesnssessssnnnns 143
SUMIMARY c.cuoiveiiiiinniiiniiiniiiniiasiassisssisesissssisssisssisstssstasssssssssssrssssasstasstasstosssossssssssssssass 143
UNIT 1: AUDITING, DIAGNOSIS AND DEFINITION OF CONSUMPTION BASELINE, BENCHMARKING AND
IDENTIFICATION OF WATER-ENERGY SAVING POTENTIALS 1euveuteecresrasrascresrastassasssessossassassssssassassasssnss 145
1.1 Planning a water-energy audit to the building/household...................ccceeeeeeverererererreerenn. 146
1.1, 1 Preliminary SEUAY .oooeeeee e st e e et e e e e e e st e e e e steeesensaeeesnnaeeeenseeeennnneeesnaneeans 146

1.1.2 Building/household profile diagnosis .........cccuieiieeeiiiiiiieciie et sae e e e e eaeeenes 147

1.2 Identifying the instruments/tools to carry out water-energy auditing...............cccceeerereren. 151
1.2.1 Definition of the sampling aPProach ........coi i e e e e e e s eaaeaes 151

1.2.2 Sampling and MONIEOIING ... ..uviiiieii et e e e e e s e e e e e e e s bbareeeeeesenabstaeeeaasseennsenes 152

1.3 Collecting, registering and interpreting the obtained results ..................cccceeveeeereeecreenenn.. 154
0 0 R T Yo F=T 0 V=T o = SRS 154

IO A 0 1 (oW = T LSS 154

.

Training materials for the WEEs Course Page | 3



UNIT 2: IDENTIFICATION OF WATER-ENERGY EFFICIENCY MEASURES AND EQUIPMENT TO ATTAIN WATER-ENERGY
SAVING POTENTIALS AND FORMULATION OF A DOCUMENTED PROPOSAL TO THE CUSTOMER ....ceveeeeeeneee.. 158
2.1 Identifying water-energy efficiency MeaSUres ............c.cccceevveverrirrivesiissenesiissenesssssenesssssenes

2.1.1Large intervention water-energy efficiency Measures.......cccccvviiciieeeciiee e
2.1.2Short intervention water-energy efficiency MeasUres........ccccviivciiieeciie e

2.2 Elaborating a documented proposal with technical specifications......................cceeeeueen.....
2.2.1 Financial outcomes, technical performance and water saving dimensions
2.2.2 Documented proposal with technical specifications ...........cccceeevciiiiecciee v,

UNIT 3: PROMOTION OF BEST PRACTICES FOR THE CORRECT USE AND MAINTENANCE OF WATER-ENERGY
EFFICIENCY SYSTEIVIS vuveeeurererereresresacasenserasasessssessesssssessssssssessenssssesssasassssasssnssssesasasassesasasasssses 1Of

3.1 Available hydraulic equipment (fixtures and other final receptacles of water) .................. 165
3.1.1 Identification Of the BaseliNe .......coo i e s 165
3.1.2 Implementation of effiCienCy MEASUIES ........ccuii i e 165

3.2 HousSehold QPPIIANCES .........ceeuueeeeeeeeeeeeeeeeeeienseereeinseesenessesssanssssssnssssssssssssssnssssnssnnsssssnnns 167
3.2.1 Verification of the distribution SYStEMS........ccccuiii i e 167
3.2.2 Energy effiCienCy 1Al ... .eeeeeee e et e e et e e eaaaeas 167

REFERENCES AND FURTHER READINGS (IMEDIA & RESOURCES)..ccuueteurereeneerennerennnerenneerenscesnsesenneeeess 169

SELF-ASSESSMENT QUESTIONS FOR IMIODULE 4 ....ucututieieierererererererereseececacacacnsesesesasesssssasacscnseseses 170

Page | 4 Training materials for the WEEs Course



WATER EFFICIENCY EXPERT COURSE TRAINING CONTENTS

SUMMARY

The curriculum for the ‘Water Efficiency Expert’ (WEE) consists of a total of four (4) Modules, each of
them consisted by 3 to 6 learning Units (6 for Learning Unit 1, 4 for Learning Unit 3, and 3 for LUs 2
and 4), with an overall learning time of 50 hours of learning. As analytically presented in the below
aggregate table, out of the total time of the 50 learning hours allocated, the 20 of them will be the so-
called ‘contact hours’, i.e. the hours during which in-classroom (face-to-face) of training or any other
way of ‘supervised’ training (e.g. e-learning) will be provided, while the assessment / examination of
the participants in the course(s) will last for 3 hours.

Contact | Hands-on | Self-study | Assessment
TOTAL
hours hours hours hours
Module 1: Desi AL

(?.ue .es.lgno water 8 4 7 1 20
efficient buildings

Module 2: Supervision during

the construction, commissioning 4 2 3 1 10
and operation of a project

Module 3: Water measurements

4 2 3 1 10
and water-energy nexus

4

Module 4: Communication with
customers/consumers

TOTAL: 20 10 17 3 50

2 4 0 10

It should be stated that the proposed WEE course may be ambitious to some of the courses that are
usually taken e.g. for engineers considering water and energy building systems. This was intended, as
it should represent an upskilling standard for both starting a career and long lifelong training. It should
be highlighted that the current proposal includes the water efficiency dimension, which in most cases
is innovative in what regards the existing water and energy building systems curricula.

Regarding module development, Modules 1 and 2 were developed by CRES, while Modules 3 and 4 by
ADENE. Please contact the specific partner teams for any comments, suggestions or enquiries
regarding specific modules of this handbook.
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MODULE 1: DESIGN OF WATER EFFICIENT BUILDINGS

SUMMARY

The design of a water — and energy, under the general concept of the Water-Energy Nexus - efficient
building is addressed in the first module of the Water Efficiency Expert (WEE) Handbook. The structure
and contents of this Module are of fundamental importance for the WEE, as it includes all the issues
and subtopics that have to be properly addressed and furthermore analysed to achieve the design of
a building that meets the necessary characteristics of water and energy efficiency as an asset.

In a general context, the WEE should contribute to properly designed hydraulic installations that are:
v’ characterized by excellent mechanical properties;

fire resistant;

impermeable and resistant to the impact of external factors;

resistant to the fluctuations of pressure and temperature;

manufactured with the use of globally approved materials, suitable for any type of application;
resistant to wearing down and to changes caused due to strain;

contributing to the protection of the environment and be constructed using recyclable materials;
guaranteeing health protection issues;

adequate to its main function of providing water and energy, under the water-energy nexus,
efficiently, for residential buildings in quantity and under quality standards

ASANENENENENENEN

In the 1% Unit the basics for the correct evaluation of the needs and site conditions to design a water-
energy efficient hydraulic system as well as for the selection of its appropriate components are
presented. The WEE trainees will thus enhance their abilities to design the water energy-efficient
system and interpret its related available manuals, considering the water-energy efficiency
requirements and the environment conditions (e.g. climate, orientation), to execute life-cycle cost
analysis considering the possible lowering impacts of manufacturing process, transportation,
construction, use, maintenance, reuse or disposal, to dimension of the sequence of pipe installations
and the corresponding components, to limit obstructions and improve the piping network layout, and
to provide work and cost estimation for the system implementation.

In Unit 2, the principles that a WEE trainee needs to know in order to be able to prepare and provide
a list of the suitable materials and components in a water energy-efficient system, as well as to describe
their correct positioning in the circuit, leading to an adequate selection and positioning of the different
elements in the water energy-efficient system, of the functioning of fittings and other parts of the
water-energy efficient system, of the applied methods and rationale for the designing/planning of the
water-energy efficient system, as well as of the regulations and standards (local, national,
international) applicable to water-energy efficient systems, are presented.

In the 3™ Unit of Module 1, the topic of the control and monitoring equipment is addressed. More

specifically, the main functioning parameters of this kind of equipment together with its positioning in
the circuit are showcased.
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In Unit 4, the ways to indicate (to the customer) the maintenance, repair and replacement works
(including costs) most likely to occur in the water-energy efficient system will be provided to the
trainees in order to improve their knowledge of the methods for the identification of the leakages in
the water-energy system, and of the methods for proper maintenance, repair and replacement of the
water-energy system components. At last, the procedure for the preparation of a solid maintenance
plan for an energy-water system is included.

In the 5% Unit of Module 1 the topic of the designing of efficient systems for green areas and landscapes

is showcased, including the principles and considerations and the basic design steps for green areas
and landscapes.
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Unit 1: Evaluation of the needs and site conditions to design a water-energy
efficient hydraulic system and to select its appropriate components

Introduction / General description

In the first Unit of Module 1 of the WEE course, the basics for the correct evaluation of the needs and
site conditions to design a water-energy efficient hydraulic system and to select its appropriate
components are presented to the trainees in order to improve their knowledge of:

evaluating the climate and site conditions necessary to the design (in terms of conception and
sizing) of the water energy-efficient system (hydraulic, domestic hot water - DHW, grey water
reuse, rainwater harvesting, irrigation) and the building load, based on provided correct
information,

the applied methods and rationale for the designing/planning of water-energy efficient
systems, of identifying and applying adequate sizing tools,

life-cycle cost analysis approaches and the most adequate evaluation strategies considering
the environment and surrounding conditions,

the work and cost estimation,

the application of circular economy principles in construction,

the applicable regulations and standards (local, national, international).

Scope — Expected results

After the end of attending this learning unit, the trainees will be able to:

evaluate the climate and site conditions, as well as the building loads (thermal and water
demand) (also applying circular economy principles during construction)

implement methods for the design of the water energy-efficient system and interpret its
related available manuals, considering the water-energy efficiency requirements and the
environment conditions (e.g. climate, orientation),

execute life-cycle cost analysis considering the possible lowering impacts of manufacturing
process, transportation, construction, use, maintenance, reuse or disposal,

dimension/size of the sequence of pipe installations and the corresponding components (using
available tools)

provide work and cost estimation for the system implementation

Key words / basic terminology

Site conditions, climate conditions, orientation, water efficient system, building loads, thermal energy
demand evaluation, water demand evaluation, design and planning, sizing tools, life-cycle cost
analysis, maintenance, reuse, disposal, circular analysis, piping network, regulations & standards.
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1.1 Evaluation of the climate and site conditions

The evaluation of the climate and site conditions while designing a water-energy efficient hydraulic
system consists of a very crucial step since it will be the basis on which the selection of the appropriate
components will lay as well. This is the case, for example, in climates that are subject to freezing
temperatures; in this case, all the components of the water system must be evaluated carefully,
including storage, supply, waste, vent, and septic systems. The more extreme the conditions are the
more critical the need for a properly designed system is. Proper plumbing design, materials,
installation, and service will ensure that the water needs are met no matter which the conditions are.

1.1.1 Performing a typical site analysis

The understanding of the site and its environment is an integral part of a building program and it also
is a prerequisite for a proper design. The building location on the site is basically established by one of
two different viewpoints. In the first one, the building location is given by the client. In the second, and
most advantageous, the building site is revealed by a thorough site analysis. A site analysis is the
gateway to energy conscious design and environmental responsive architecture.

Site analysis is a predesign research activity that focuses on existing and potential conditions on and
around the building site. It is an inventory of the site factors and forces, and of how these coexist and
interact. The purpose of the analysis is to provide thorough information about the site assets and
liabilities prior to starting the design process. Only in this way concepts that incorporate meaningful
responses to the external conditions of the site can be developed.

A typical site analysis focuses on the existing and potential conditions around the building site. It
typically includes the following: site location and size, neighbourhood context, zoning, legal aspects,
geology, physiography (natural and man-made features), hydrology, soils, vegetation, wildlife, climate,
culture, pedestrian and vehicular circulation, access, utilities, historic factors, density, sensory stimuli,
and any other factor deemed appropriate for the particular site.

An understanding of these issues is important in designing a successful home that not only meets its
internal responsibilities, but also relates well to its external environment. Since the building is aimed
at remaining for many years, the analysis of the site should take into account not only the existing
problems and capabilities, but also any future ones.

The purpose of using site analysis is to design a good correlation between the building and the site
itself. The building design should be in harmony with those beneficial site conditions and strive to save,
reinforce, amplify, and improve on what already exists. The analysis shall identify those site conditions
that may be altered, eliminated, covered up, disguised or reformed.

In principle, care must be taken to take advantage of the good characteristics that nature has to offer
and to protect against the inadequate aspects of the site. It is important to make these decisions
deliberately and thoughtfully so that the effects of the building on the site are intentional rather than
accidental or incidental.

All the factors needed for a complete site analysis can generally be categorized into aesthetic, cultural,
and natural forces. Aesthetics has to do with what the residents think is beautiful (the designer has the
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responsibility to educate the client to possibilities); culture is the background of the people living in
the area; and the natural factors are the background of the environmental elements. For the purpose
of water-energy efficient design, natural factors need to be investigated and understood. The natural
factors that are most important regarding the thermal comfort in this analysis, can be listed under
climate and microclimate.

1.1.2 Understanding of the macroclimate and the general climatic characteristics

Each specific site has its own unique climatic characteristics that need to be analysed. The climatic
aspects of the specific site or areas on the site are called the microclimate. The specific characteristics
of the site are analysed only after one has a good understanding of the macroclimate and general
climatic characteristics which give an overview of the climate for the specific region.

The microclimate must be studied not only for the natural elements, but also for how any man-made
elements, such as buildings and landscaping are affecting and/or will affect the site. For example, a
windbreak that protects against the winter winds may significantly change the microclimate of the site
(see Figure 1.1).

Figure 1.1: Windbreak illustration

[Source: https://www.learningwithexperts.com/gardening/blog/what-is-a-microclimate]

The climate elements that may be addressed in this analysis include: the sun, wind, humidity and
temperature, as well as rainfall (due to its importance for irrigation, rainwater harvesting systems,
etc.).

Climate elements
Sun

The sun's movement on the site will be the same as that shown in the available sun diagrams (see
Figure 1.2). Existing elements (natural or man-made) on and around the site will have definite shading
patterns. Understanding those patterns can help determining the building location and configuration.
For any given spot on the site, one can draw the existing elements on the sun graph grid. Just as the
sun path was plotted by knowing the azimuth and altitude of the sun, existing site elements can also
be drawn on the graph from any one spot on the site. Thus, the diagram can show which locations on
the site receive sunshine or shade. These same diagrams can be used to determine shadow patterns
to be drawn in plan.
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Figure 1.2: Sun Chart for 30° North Latitude
[Source: http://www.dnr.louisiana.gov/assets/TAD/education/ECEP/drafting/f/app-c.htm]

Wind

Wind at the site and at different locations on the site can vary from the general wind data given for
the area. A better understanding can be obtained by testing a true scale model of the site and its
buildings in a wind tunnel. In the case that wind testing is not feasible, the designer can understand
wind direction and speed by using five basic principles of air movement: velocity, direction, pressure,
density and the venturi effect.

First, because of the friction, the air velocity is slower near the surface of the Earth. The cause of this
reduction in velocity is the roughness of the ground, including contour changes and vegetation
configuration. Ground wind velocities measured at the site are frequently much lower than those
measured at the top of an airport tower. As consequence, any sites or buildings that are exposed at
altitudes higher than the airport tower are likely to experience much higher wind velocities.

The second principle is that air tends to continue moving in the same direction even when it
encounters an obstruction. As a result, it tends to flow around objects, rather than reflecting off the
objects. Third, air flows from high-pressure to low-pressure areas. For example, a positive pressure
being built up on the windward side of a structure and a negative pressure being created on the
leeward side create cross ventilation.

The fourth principle of air movement is convection, which involves the temperature and density of the
air. For example, air flowing from a forested area to a meadow will tend to rise because air in the

meadow is exposed to more solar radiation, making that air less warm and dense.

Finally, when the airflow is channelled and restricted, the pressure rises and the velocity increases.
This is called the venturi effect (see Figure 1.3).
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Figure 1.3: Venturi effect in wind motion (wind acceleration through narrow passages)

[Source: https://www.weathergamut.com/2018/03/06/weather-lingo-venturi-effect/venturieffect/]

By using these principles and understanding how air moves and acts similar to fluids, like water, wind
patterns on different sites and in different conditions can be visualized. These patterns can be
reflected to the existence of local winds, which generally move short distances and can blow from any
direction. Similarly to the global winds, most local winds result from the differences in pressure caused
by the uneven heating of Earth’s surface. However, these pressure differences may result from a
different process. The pressure differences that cause local winds are caused by the properties of the
matter that makes up Earth’s surface. For example, some materials, such as rock, heat up more rapidly
than other materials. Areas of low pressure form over material that heats up quickly.

As a consequence, the wind pattern near large bodies of water is generated by the heat gain, heat loss,
and heat storage variations between land and water. Water has more stable temperatures. The wind
is usually moving toward the land during the day when the land is heating up faster than the water and
when the water is absorbing solar heat. At night the direction is reversed, with the breezes flowing
from the land, as it cools, to the water, as it radiates stored heat to the night sky (see Figure 1.4).
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Figure 1.4: Land and sea breezes caused by the differences in temperature over land and water

[Source: www.weather.org]

In valleys, the wind moves uphill during the day as the sun warms the air (the air along the mountain
slopes heats up rapidly) causing it to become less dense. This warm air that rises up the mountain
slopes, is creating a valley breeze. At night, the air along the mountain slopes cools. This cool air moves
down the slopes into the valley, producing a mountain breeze. Pockets or lakes of this cool night air
can be damned just as water can (see Figure 1.5).
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Figure 1.5: Formation of valley breeze and mountain breeze

[Source: https://midwaymsscience.weebly.com/uploads/8/2/9/8/8298729/section_3_-
_air_movement_and_wind.pdf]

One of the most important principles for ventilation in buildings is that high pressure and low-pressure
areas develop around an object that obstructs the path of airflow. Some of the aerodynamic principles
that result are that the windward side usually creates a high-pressure area as air stacks up and
attempts to move around the object, creating a cavity of negative pressure (low-pressure area) on the
leeward side of the object. The velocity of air movement increases as it rushes around and over an
object, while it can also create a dead air space on the leeward side of the object.

Humidity

Sites located near large bodies of water or rivers tend to be more humid than inland areas. Water
vapour is a gas that occupies the same space with other gases that together constitute the air.
However, in some ways, water vapour acts independently of the air. For any given temperature and
degree of saturation, water vapour in the air exerts its own vapour pressure. It flows or migrates from
areas of higher vapour pressure toward areas of lower vapour pressure in air or in materials. Moisture,
driven by vapour pressure, can even travel through porous materials through which air cannot pass.
Wind direction also affects humidity. Downwind from the water is more humid than upwind.
Vegetation also increases moisture in the air.

Temperature

The microclimate temperatures of the site may be different from the general data collected at the
nearby airport and can vary significantly at the site. Again, large bodies of water will tend to stabilize
temperatures on the land adjacent to them.

Through evapotranspiration, trees and other vegetation tend to lower the temperature of the air
around them. A moist lawn is 12° to 9°C cooler than bare soil and 1°C cooler than unshaded asphalt.
The shade temperature of a large tree can be 12° to 9°C cooler than the unshaded lawn during a
summer day. Sites with a more southern slope will be warmer than a flat site because radiation from
the sun is more perpendicular to its surface. Likewise, a northern sloping site would not receive as
much radiation and would therefore be cooler.

Training materials for the WEEs Course Page | 13



Rainfall

The amount of rain, the type of pavement (permeable and non-permeable areas), and the available
irrigation area are important to understand supply needs. Rainfall indexes differ from place to place in
terms of amount and annual dispersion, with more extreme events taking place due to climate change
issues. Also, but depending on the local circumstances, there can be low or extensive evaporation,
permeability, etc. The availability of rain is important to address the irrigation needs of the outside
areas and to analyse the relevance of installing a rainwater harvesting system. This may be important
in residential single-family buildings, where there can be more available room to perform the
installation and the rainwater network is more easily designed.

1.2 Evaluation of building loads

In the frame of the Energy Performance of Buildings Directive 2010/31/EU (EPBD), requirements for
new and existing buildings within the EU have been developed. Accordingly, the building systems
designers must optimize all possible aspects (building envelope, shadowing, heating and cooling
system components, regulation criteria, etc.), starting from the earliest design phase to respect the
prescriptions of the current directive and to simultaneously ensure the thermal comfort of the
building’s occupants.

The evaluation of the loads of a building, both as far as (thermal) energy and water demands are
respectively concerned, consists of a necessary step of the entire evaluation procedure of the needs,
in the frame of the design of efficient water—energy hydraulic building systems. On the other hand,
the procedure of a detailed assessment of the energy/water performance of a building requires a large
amount of input data regarding the building typology, the environmental conditions and the thermo-
physical properties of the envelope, the geometry, and many other parameters.

1.2.1 Thermal energy demand evaluation

The heating and cooling loads are the measure of energy needed to be added or removed from a space
by an HVAC (Heating, Ventilation, and Air Conditioning) system to provide the desired level of comfort
within a space. It is important to notice here that, a correctly designed HVAC system saves not only
energy (that will be otherwise be wasted), but also water, as the main way of transferring the heat
inside a building is (still) water; so the less water needed to be heated (or cooled) the better and more
efficient will be the use of water within the building’s network.

The thermal needs (thermal energy demand) of a space and/or a building in a more general context
are defined as the amount of heat that should be taken as a basis for designing a heating installation.
They are a property of the space or building, thus they are independent of the heating system that is
potentially going to be installed. They depend on the size of the space, on the way the walls are built,
on the size and the material of the openings, on the ventilation mechanisms and characteristics as well
as on other factors.

The calculation of the thermal energy demand has to be performed for each space of the building

separately, so that the size of the radiators in this respective space to be determined. The total thermal
needs of the building result from the sum of the individual thermal energy demand of all the heated
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spaces. Before calculating the thermal needs of a new building, the thermal insulation issue must be
checked, i.e. all the requirements of the Building Thermal Insulation Regulation that is in force must
be taken into account.

The actual heat loss of a building is lower than the amount of heat that a heating installation can
provide. This is due to the fact that the design of the installation is done so as to cover the losses of
the building even at the minimum possible values of the outside temperature (average minimum
outside temperature of the area). The thermal needs of a building are at the same time the maximum
heat losses.

The methodology for calculating the thermal energy demand is based on the laws of heat transfer.
However, as during the calculations many quantities/properties/characteristics have to be determined
and selected, such as e.g. space temperatures of various uses, quantities of ventilation, etc., to avoid
arbitrary assumptions, the various countries have established a single method of calculation given in
the form of a regulation. These regulations may vary from country to country.

Depending on the regulation, the method for calculating the thermal needs also differs. In general, the
most widely used calculation method is the one referring to the two versions of the German DIN 4701,
which have been differentiated by the impact of the energy crisis and the evolution of automation.
Thermal losses can also be calculated based on the ASHRAE method, which generally does not provide
for increments and calculates ground losses differently than the DIN 4701. In general, this method is
simpler to apply and can be used in combination with the calculation of cooling loads.

Thermal losses are calculated for a permanent heating state, i.e. it is assumed that all the quantities
included in the calculations remain constant over time. It is also assumed that the temperature on the
surfaces of the partition walls bordering heated spaces is the same as the room air temperature. Thus
the inner walls exchange radiation only with the inner surface of the outer walls.

The normal heat needs do not necessarily correspond to the actual heat needs. If e.g. heating surfaces
with a high percentage of heat transfer are placed in front of the windows, the losses of the space will
be greater. Such cases should be avoided so as not to waste energy. In general, the total heat loss of a
space is due to conductivity losses and ventilation losses. Thermal conductivity losses must be
calculated separately for each structural element when there is a different coefficient of thermal
conductivity or a different temperature difference.

The calculation of thermal ventilation losses is based on a simplified simulation of determining the
amounts of air entering from the joints of the openings of the space. The calculation takes into account
the pressure differences created by wind buoyancy and thermal buoyancy as well as the flow
resistances through the joints of the internal and external structural elements of the space (windows
and doors). When the ventilation is forced (mechanical ventilation with the help of fans), the extra
amount of air entering the space is taken into account.

Values resulting from the calculation of heat losses with the help of regulation (normal thermal needs)
ensure a satisfactory heating installation, because the minimum outside temperatures, the speeds of
the most frequent winds during the winter, the heat capacity of the building, the tightness of the
windows, etc. are taken into account. Obviously, during the construction of the building care should
be taken to ensure the values of the quantities taken into account in the calculations. Thus, in addition
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to selecting the appropriate method for calculating heat loss, it is necessary to collect the necessary
data regarding the external temperature, wind speed, the way the building is constructed in terms of
tightness and the mode of operation (continuous or intermittent) installation, to ensure adequate
heating efficiency at all times.

Also, in addition to adequate heating, the purpose of the calculations is to ensure uniform heating in
the building based on the required internal temperatures. This is possible within certain limits and
depends mainly on the thermal behaviour of the building and the choice of automation/controls and
how they function.

Another aspect that is of importance in the calculation of the thermal needs of a building is that of
Domestic Hot Water (DHW) demand (Sanitary Hot Water). Actually, there are many methods (at least
Four) for calculation of the energy requirements of the delivered domestic hot water. The methods
differ as to the level of detail assumed for the domestic hot water demand. For example whether the
conditions relating to the different uses of the hot water are taken into account. A national Annex may
specify which method should be used for different building types. A national Annex may also specify
which method is acceptable for the purpose of energy labelling or any other specific use.

Evidently, the building heat demands are a main issue mainly in the northern European countries
(where colder climates and longer winter seasons emphasise the demand for these energy services).
Nevertheless, since building heat demands reflect also the levels of building insulation, the levels of
energy services available and desired, the levels of comfort etc., no such clear division currently exists
in Europe. Quite contrary, building heat demands are substantial also in central and, to some extent,
in southern European countries as well. In the future, by refurbishments of the current building stock
and by new construction of low energy houses, the heat demands of European buildings are expected
to decrease. However, since in parallel, specific buildings spaces and the use of domestic hot water are
expected to increase, the future heat demands of European building remain difficult to predict.

1.2.2 Water demand evaluation for specific types of buildings

The water demand evaluation is a long procedure that is composed of separate and detailed steps,
finally leading to the estimation of the use of water performed by all the equipment/devices using
water in the building. The building water system that is herein addressed is the residential building
type, supplied by a public water supply network. Under the standard conditions of flow and pressure
guaranteed by the utility, the connection may be done directly through the pipe. In the case that water
needs to be accumulated in reservoirs or be pressurized by a pumping system, the constructive aspects
and maintenance procedures of these should be carefully undertaken. The elements that should be
considered to the designing of a building network include the distribution pipes and accessories
(valves, pumps, fixtures and equipment).

As a starting point a walk-through is typically necessary, to record detailed information on each piece
of water-related equipment and determine the condition and operation so that the water use can be
estimated. This initial step includes:

v Recording hours of operation and operating schedules,

v" Measuring water flow rates,

v" Documenting equipment condition,

v Recording equipment information such as model number and manufacturer, and
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v Identifying efficiency opportunities such as low and no cost measures or retrofit and replacement
options,

v Checking the available options to include improve resilience in buildings, namely opportunities for
installing rainwater harvesting or grey water systems,

v" Interacting with the local water utility to undergo project supervision and commissioning.

Following the collection of the relevant information regarding each component of the water-using
equipment, a water balance has to be developed, which shall compare the total water supply baseline
to water that is used by fixtures, equipment and applications. A water balance collects information
from multiple sources to examine how water is used at each facility. Thus, first the water demand has
to be efficiently estimated, and the determination of the water use of all equipment or application
using water has to be performed.

The following suggested five steps outline the process for determining water use at the equipment
level:

1) Creation of an inventory of all water-using activities and reused water possibilities.

2) Documentation of the results of the walk-through survey for each equipment type, including the
operating schedule, flow rate, model number, and condition of each piece of equipment.

3) Obtaining of any available equipment sub-metered data to quantify the particular use.

4) Evaluation of the seasonal patterns in the monthly water-use data and comparison of those data
to the inventory of uses. The seasonal pattern of water use can help quantify water uses that are
typically seasonal, such as irrigation or evaporative cooling systems. This is also important to
evaluate the potential of installing a rainwater harvesting system, with basis on the rainfall index.

5) For unmetered water end uses, the WEE should make an estimation of the water use:

» The water use from plumbing fixtures (i.e., toilets, urinals, faucets, and showerheads) can be
estimated based on the flow rate/flush rate of the fixture and the number of occupants and
daily use per occupant.

» The cooling tower water use can be estimated based on cooling capacity and load factor.

» The irrigation water use can be estimated based on irrigated area and inches of water applied
by the equipment, also considering climate elements such as rainfall.

» The kitchen and laboratory equipment water use can be estimated based on water use per
cycle and the frequency of cycles.

After the identification of water demand, the next step is to create the water balance with the
quantified water uses by major equipment type. For this reason, the sum of the end-use water
consumption has to be compared to the total supply. The difference between these two values
represents the unknown water uses in the system, which could be a result of either water leaks in the
distribution system or equipment, of inaccuracies in the engineering estimates used to determine
equipment water use, or of accounting errors, such as poorly calibrated meters or unit-conversion
problems.

If the unknown amount in the water balance is more than 10% of the total water supply, further
investigation is probably requested to find the cause of the imbalance. This can include a

comprehensive leak-detection program. Additionally, the water balance will uncover the high water-
use activities, which will help in prioritizing water-saving opportunities.
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The hydraulic calculations and dimensioning aspects of the system should be addressed in the project
layout and be validated under regulatory standards. In this process, the water utility should be
contacted to project supervision and guarantee that no contamination with potable water network
takes place. This is particularly important when the installation of reuse water systems is considered
(e.g., rainwater, greywater).

1.3 Available methods for designing of water-energy efficient systems

1.3.1 Methods and rationale for the design of an efficient water heating system (for space heating
and DHW)

Several factors have led to a general industry resistance to initially perform an accurate load
calculation, which is necessary for the design of a right-sized HVAC system. Historically, energy codes
did not address stringent levels of energy efficiency, and rules of thumb were developed for HVAC
sizing that worked based on the construction at that time. Building enclosures have become more and
more energy efficient as energy codes have become more stringent the last years, but these rules of
thumb have not changed. Full credit should be taken by the HVAC system designer for improvements
such as better windows, enhanced air tightness strategies, and additional insulation.

Data

The following data should be available to calculate the building's thermal needs:

a) Location plan of the building: The plan should show the North. In addition, the heights of the
neighbouring buildings are needed.

b) Floor plans and sections: From these plans / drawings, all the dimensions of the spaces and their
openings should be easily located. The drawings should also show the uses of all areas of the building

(e.g. office, classroom, etc.).

c) Description of building construction: This is a basic document prepared by the architect. The
construction description gives all the details of the construction of the walls, such as e.g. thickness and
materials of the various layers, coefficients of thermal conductivity, etc. The description of the
windows includes data on the material of the glazing, the frame, the joints, etc.

d) Climatic data: These are the average minimum outside temperature, as well as the direction and
intensity of the prevailing winds.

Thermal capacity of the boiler

The calculation of the thermal needs of a building ends with the calculation of the thermal capacity of
the boiler. The heat required to heat the building is produced in the boiler and must be transported to
the radiators in each space/room. For the transfer of heat, mainly water circulating in the piping
network is used. In some cases air is used as a heat transfer medium, so an air duct installation is
required.
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The heating power (capacity) of the boiler is given by the relation:
Qc=Qn - (1+ zr)

Where

Qn = the normal thermal needs of the building

Q« = the normal heating power (capacity) of the boiler

Zr = a premium that takes into account the thermal losses of the piping network (or air ducts)

The values of the z; factor are selected as follows:

e For central heating, in which the central pipes are mounted on interior walls, are insulated and
the distribution pipes are located in warm areas, it is obtained: zz = 0.05

e For central heating, in which the central pipes are mounted on external walls, are insulated and
the distribution pipes are located in warm areas, it is obtained: zzg = 0.10

e For worse installation cases of the piping network, it is obtained: zz = 0.15

Because the power of the boilers is graded, a boiler with a similar (upward) power to Qx is selected.

Going to DHW, the major determination in sizing water heaters is establishing the maximum probable
demand. The design of a hot water service system may follow the procedure:

1. Determine the demand of hot water from the consumers - quantity and temperature.

2. Select the type, capacity and heating surface of the water heater (calorifier) - or heat exchanger.
3. Select the boiler (hot water accumulator).
4

. Design the pipe scheme and the size of the pipes.

Water heater selection is best made on the basis of hot water usage. However, calculations may lead
to a combination of tank size and heat input which do not exist. In this case, the tank size and/or heat
input must be balanced to achieve the desired result. Therefore, it is necessary to understand that
heat input provides hot water, at the hourly recovery rate, hour after hour. The storage tank represents
instant hot water at greater-than-heater recovery.

The primary design objective is to ensure adequate supply of water to all fixtures at all times and at a
proper pressure, temperature and flow rate. Especially important is the quality of service such as the
wait time for hot water, water temperature (not too hot or too cold), and safety in operation.

1.3.2 Methods and rationale for the design of a water efficient hydraulic system

The design of a water efficient system may include the following aspects: the supplied water
characteristics in terms of flow, pressure and water, the expected water demand in the building and
the corresponding flow monitoring equipment. In addition, the distribution network characteristics
(e.g., pipes, valves and fixtures), comfort levels and quality of the distribution system water availability,
including the guarantee of adequate pressure, simultaneous use coefficients, thermal insulation or
noise.

The water efficiency planning should be incorporated in the early stages of a building development
project. This is suggested basically for that the facilities most of the times tend to be oversized at the
expense of water efficiency. There is the possibility that many building or system design synergies can
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yield substantial cost and efficiency improvements, but these must be done during the initial phase of
the design process and before the experts are committed regarding the system choices. It is always
clearly less costly to introduce a number of water efficiency measures during the design stage than to
undertake retrofitting measures later on. The retrofits tend to be more difficult, expensive and
intrusive to building operations.

In the designing / planning of a water-energy efficient system procedure, it is advised to apply the
“Reduce, Reuse, Recycle, Restore and Recover (5Rs)” approach / concept for guaranteeing the quality
and efficiency in building services. More precisely, the International Water Association (IWA)
developed the 5Rs approach to water management for companies to consider and adopt as common
practice. The entire water value chain, from source, through supply to consumers, needs to embrace
the 5Rs as an approach.

In the “Business Guide” elaborated by the World Business Council for Sustainable Development
(WBCSD) the following definitions of the 5Rs are used:

» Reduce: reduce water losses and boost water efficiency

> Reuse: reuse water, with minimal or no treatment, within and outside the fence for the same or
different processes

> Recycle: recycle resources and wastewater (treated by membrane or reverse osmosis to a very
high quality) within and outside the fence

> Restore: return water of a specific quality to where it was taken from

> Recover: take resources (other than water) out of wastewater and put them to use.

The 5Rs approach to circular water management, rather than approaches that look at water, energy
and waste systems individually, minimizes pressure on water resources in terms of both quality and
quantity. Effectively implementing the 5Rs can result in substantial savings in water, as well as energy,
therefore reducing the environmental impact of both water discharge and the need to pump water
over long distances.

Prior to the launching of any construction works, the developers are encouraged to examine the
installation of an effective water treatment to treat the silty water and to use the treated water for
non-potable purposes, such as construction use, washing, as well as to minimize discharge into the
storm water drainage systems. The installation of intermediate tank(s) and pressure reducing valves
(PRVs) at suitable levels of the water reticulation system within the building is a suggested and reliable
method for the reduction of the water pressure.

Whenever a PRV is installed, a bypass arrangement shall be incorporated with the provision of a second
pressure-reducing valve, as this will serve to facilitate isolation of any defective pressure-reducing
valve for repair and replacement. A pressure indicator shall be provided for pressure monitoring and
the associated pipes and fittings shall be able to withstand the maximum pressure that may arise upon
the failure of the pressure-reducing valve. So, PRVs with expansion tank (for DWH) are suggested to
be used in order to contribute to the regulation of the supply of water pressures within the distribution
zones.

The PRVs must be installed at locations where the water fittings downstream of the distributing pipe
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would not be subjected to pressure head exceeding 25 meters, to prevent excessive deterioration.
Master PRV outlets must use pressure regulating valves. Pressure reducing valves must be specified to
operate at peak flow within the entire hydraulic range, from low hydraulic grade line (HGL) to the
maximum working pressure of the system (high HGL, plus pump shutoff head for pressure boosted
systems).

Another method for achieving the pressure reduction is the installation of intermediate tanks at
suitable levels in high-rise buildings. In this case, the intermediate tanks installed at levels lower than
the high-level water tank will serve water fittings at designated floors in the tall building. This should
be addressed together with the water service provider, in order to assess the available network water
pressure. All installations with non-potable uses should guarantee that no interconnections take place
with the public water system, meaning that security valves or other equipment need to guarantee no-
return should be placed and properly commissioned.

Domestic water system design

A domestic water system describes the indoor and outdoor potable water distribution system. It
includes the connection to the water supply, whether it is an underground central city, county, state
or federal distribution system or a private well. The domestic water system includes above-ground and
below-ground piping, valves, fittings, ancillary equipment and the various plumbing fixtures that use
the potable water. In Figure 1.6, an example of a domestic (only cold) water distribution system for a
commercial kitchen is presented, as an example of how a domestic water system may be sized.

Figure 1.6: Example of a domestic water distribution system for a commercial kitchen

[Source: https://www.engproguides.com/domestic-water-piping-design.html]

As far as the sizing of water supply pipe lines is concerned, these must be sized according to the
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expected demand and not to the total theoretical demand from all fixtures simultaneously, while they
must be based on the minimum pressure available for the building in question The designer must
ensure that the required pressure is maintained at the most hydraulically remote fixture and that
proper and adequate quantities of flow are maintained at all fixtures.

In addition, the designer must ensure that velocities amongst the recommended values are maintained
in all piping. The velocity of water flowing in a pipe should not exceed 3 m/sec and should be designed
for 2-2.5 m/sec or less, because high velocities will increase pipe deterioration, the rate of corrosion
leading to pipe failure, and cause undesirable noises in the system and increase the possibility of
hydraulic shock. Low velocities, in turn, may cause deposition and biofilm accumulation.

The designer should compute and/or know the following:

Hydraulically remote fixture

Available main pressure

Pressure required at individual fixtures

Static pressure losses (height of highest fixture relative to main pressure)
Pressure loss due to friction

Water demand (total system, and each branch, fixture)

Velocity

LA

Hydraulically remote fixture: The most remote fixture is the fixture that is the furthest distance away
from the main domestic water supply point. The most hydraulically remote fixture is the fixture that is
not necessarily the furthest away but the fixture that will have the least pressure given the projected
water demand. For instance, a basement may be the furthest point but supplied with higher water
pressure than the ground floor.

Available main pressure: The WEE will typically investigate the main water pressure available at the
project site or that provided by the water utility. This pressure will determine the starting point for the
pressure loss calculations. If there is insufficient pressure available to meet the pressure required at
the individual fixtures, then a booster pump will be required. On the other hand, if the pressure is too
high, then a pressure regulating valve will be required. High pressures at the plumbing fixture can lead
to unsafe operation and unnecessary water loss while insufficient pressures may lead to discomfort
and to extensive water usages for the same purpose.

Pressure at individual fixtures: The WEE should research the plumbing fixtures and determine the
required pressure. For example, tank water closets only require 0.33 bars, while flush valve water
closets can require 1 bar. Each plumbing fixture will have a different pressure requirement. Even

different manufacturers of similar plumbing fixtures will have a different pressure requirement.

Static pressure losses: The static pressure losses are found by taking the difference between the initial

elevation at the available main pressure point and the final elevation at the hydraulically remote
fixture.

Friction losses: The friction losses are determined by finding the flow rate, velocity, pipe size, pipe

roughness for the entire hydraulically remote run. Friction losses can be due to the viscous forces of
fluid flowing through the pipe and similar losses through fittings like elbows and tees. Lastly, friction
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losses are also due to miscellaneous equipment like water meters, valves, backflow preventers,
pressure regulating valves, etc.

Water demand: The water demand is the projected flow rate. The projected flow rate is based on the
water supply fixture units and any other continuously operated fixtures. The water demand is
important because as the water demand increases, there will be an increase in friction losses. This will
reduce the pressure at the hydraulically remote fixture. Thus, the water demand must be checked
along with the pressure at the hydraulically remote fixture.

Velocity: Based on the water demand, the projected velocity can also be found. The velocity within the
piping must be limited in order to avoid excessive noise, water hammer and increased pipe erosion.

Due to intermittent use of the fixtures it may be difficult to predict a rather realistic demand. The
values indicated as an example in the table below are relevant for water supply lines in applications
like houses, offices, nursing homes etc.

e Maximum Expected

Copper Pipe Size Theoretical Demand Demand
DN Summarized (literis)
{rmmy) {liter/s) | |
[ fgpm) | _{gpm)}
12 0.z 0.z
15 0.a 04
18 1.6 0.5
22 4.0 0.6
28 15 1.1
35 30 148
42 65 248
54 130 4.5

1in=25.4mm

Main & branch pipe sizing

It is very difficult to quickly obtain the velocity, water demand, friction loss and static pressure losses
within a piping system, just to size the plumbing lines. Often, estimates are used to size the main and
branch piping, which can lead to inaccuracies and increased pressure losses or oversized piping. These
estimates typically consist of a table of pipe sizes and the maximum fixture units that each pipe size
can serve. The designer will sum the WSFUs (Water Supply Fixture Units) that are served by each pipe
and then choose a pipe size that can accommodate the total WSFUs.

This process is exactly the same as the previous process, with a table and the maximum WSFUs for
each pipe size. Except, the table can be customized for any pipe material, tank or flush valve and for
any range of velocities and pressure drops. The previous process determined the maximum WSFUs for
a pipe size based on some random velocity limitation and/or pressure loss limitation. However, higher
velocities can be accommodated in certain areas where water hammer and noise are not an issue.
Higher pressure drops can also be accommodated on piping that is not part of the hydraulically remote
run.

In both processes, the piping layout must be completed. The piping layout consists of the geometrical
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arrangement of the pipes from the water supply to all plumbing fixtures. Three (3) main steps are

described:

1) Determination of the WSFUs: it is defined by the Uniform Plumbing Code (UPC) and it can be used
to determine water supply to fixtures and to their service systems. More specifically, there is a
number of available tables where the total demand calculated by adding each "Water Supply
Fixture Units" (WFSU) are compensated to an expected demand.

The table below can be used to size building supply and branch lines and meter and service lines.

Minimum Fixture

Individual Fixtures Branch Pipe Size
{inch)
Bathtub 12
Bathtub with 3/4" fill valve 34
Bidet 102
Combination sink and tray 112
Dishwasher, domestic 112
Drinking fountain 102
Hose bibbs 1/2
Laundry, 1 - 3 compartments 112
Lavatory 102
Bar sink 1/2
Clinic fauce sink 112
Kitchen sink, domestic 102
Laundry sink 112
Senvice or mop basin 112
Sinks, flushing rim 34
Sinks, senice 112
Washup basin 112
Shower, single head 102
Urinal, flush tank 112
Urinal, lushometer valve 34
Wall hydrant 102
Wash fountain 34
Water closet, gravity flush tank 112
Water closet, flushometer valve 1

Water cooler 112

\Water Supply Fixture Units

4
10
1

15
0.5
25

1.5
1.5
15

4
25
25
0.5

Private Installations Public Installations

4
10

15
0.5
25

1.5
1.5

25
25
0.5

Source: Engineering ToolBox, (2008). Water Supply Fixture Units - WSFU. [online] Available at:

https://www.engineeringtoolbox.com/Water-Supply-Fixture-Units-d_1073.htm|

2) Conversion of the WSFU value to cubic meters per hour (m3 HR) or gallons per minute (GPM):
this volumetric flow rate will help to determine the pressure drop and fluid velocity within the pipe
in the next and final step. The conversion from WSFU to m3 HR or GPM will depend on whether or

not the connected fixtures are predominantly flush valve type or tank type.

A quick sizing table can be used to select the appropriate pipe size. The first step in using this table is
to select the pipe material, pipe sub-type, predominantly tank/valve and the C-value.
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Pipe Material Copper
Pipe Sub-Type Type K
Tank or Valve? Valve
C-Value 150

The C-factor describes the pipe smoothness. Steel pipes are given a C-factor of 100 and smoother pipes
have a higher C-value, while rougher pipes have a lower value. For example, copper’s C-factor is
typically 135 to 150, CPVC & PVC s 150.

3) Determination of the acceptable velocities and pressure drops within the pipes: This will vary
between each situation and each company. Each company will have its own standards, but below
is a brief discussion on the typical acceptable velocities and pressure drops.

The pipes that directly feed the fixtures are sized based on the table below. These pipes are the rough-
in pipes that connect to the branch pipes and they shouldn’t be confused with the fixture connection
pipe. The fixture manufacturer will indicate the fixture connection sizes, but these sizes typically refer
to the braided hose sizes and not the rough-in pipes. A rough-in pipe will typically be copper, which
will be soldered to a dielectric union. On the other end of the dielectric union will be a threaded metal
fitting. A shut off valve can be connected to this metal fitting, followed by a braided hose. The braided
hose is then connected to the fixture piping connection. The size of the braided hose is determined by
the fixture manufacturer.

Fixture Minimum Pipe Flow Rate Pressure
Size (in.) (GPM) (psi)
Bathtub 1/2% 4 8
Dishwasher 1/2” 2.75 8
Drinking Fountain 5/8”" 0.75 8
Hose Bibb 1/2” Int, 3/4” Ext 5;15 8, 15
Kitchen Sink 1/2” 2.5 8
Laundry 1/2” 4 8
Lavatory 3/8” 2 8
Shower 1/2" 3 8
Service Sink 1/2” 3 8
Urinal Flush Valve 3/4” 1.6 15
Water Closet Tank 3/8” 1.6 15
Water Closet Valve g 1.6 15

Source: Domestic Water Piping Design Guide, available at: https://www.engproguides.com/domestic-water-
piping-design.htm|/

1.3.3 Workload and cost estimations

During the preparation procedure for a water supply system implementation, a number of factors have
to be taken into account. The operation and maintenance (O&M) costs need also to be determined
during the preparation and planning phase. Another important aspect of the overall cost evaluation in
view of the system implementation is the analysis of and identification of high cost areas which shall
enable the system designers to more easily assess the impact of changes in the system operation. An
early estimation of the recurrent cost