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Abstract 

This  r epo r t  p rese nts  the  User  Requ ir ements  o f  the  DA IAD s ys t em,  as  e x t r ac t ed  by  ana ly z ing  s tak eho ld er  

surveys ,  d iscu ss ion  panel s  an d one - t o-o ne in ter v ie ws.  Fur the r ,  we  p rese nt  t he  Sys tem Arch i t ec tu re  of  
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Executive Summary 

This  d ocument  pres ent s  t he  use r  req uir ement s  and  s ys t em arch i tec t ure  o f  D A IAD,  a  sy s tem  which  wi l l  

suppo r t  the  en t i re  l i fe -c yc le  o f  co l lec t io n,  man ageme nt  and ana ly s is  o f  h igh ly -g ranu la r  wat er  co nsumpt io n 

dat a ,  an d  th e  pro v is ion  o f  serv ices  t o  se ver a l  end  us er  c ommuni t ie s :  s ing le  con sumers ,  con sumer  gro ups ,  

u t i l i t i es  and pol i c y  maker s .  The  use r  re qu iremen ts  and s ys tem arch i t ec tu re  w i l l  se rve  th e  ne eds  of  the  

pro jec t  in  terms  o f  gu id ing  the  s of tware  d eve lo pment ,  and ens ur ing  i t s  acc urat e  and  t ime ly  tech nic a l  

tar get in g .  Ho we ver ,  DA IA D do es  no t  res ide  o n a  va cu um ;  e x te rna l  tech ni ca l  ad vanc es ,  ne w po l i c y  

f rame wo rks ,  and  s t akeh older  in s i ght s  on  wate r  use  can  e vo l v e  d ur ing  i t s  d ur at ion.  Fo r  th is  pur pos e,  we 

in t end  t o  upd ate  t h is  d ocu ment  wh en re le van t  to  re f l ec t  s uch  ch an ges  an d ensu re  i t  con ta ins  a  comp let e  

and  curr ent  o ver v ie w o f  th e  DA IAD sys tem.  

The layo ut  o f  t he  docume nt  i s  t he  fo l lo win g.   

In  Chapte r  1 ,  we in t ro duce  the  r equ ireme nts  e l i c i ta t ion  p roces s  t ha t  inc luded  o nl ine  sur ve ys ,  panel s ,  and  

one- to -on e in ter v iews.  Re qui rement s  e l i c i ta t ion  t argeted  s evera l  s t ake holder  g roup s ,  such  as  consume rs ,  

sc ien t is ts ,  u t i l i t y  s take ho ld ers  and p ol i c y  re gulat ors .  Fur th er ,  we pre sen t  ou r  m etho do lo gy  and to ols  for  a  

cont inuo us  requ ir ement s  e l i c i t a t ion  f rom e nd - user s .  Thr ou gho ut  the  du ra t io n  of  th e  p ro jec t  we wi l l  be  

able  to  upd at e  the  sys tem’ s  us er  req ui remen ts  and  va l id at e  i t s  o per at ion .  

In  Chapte r  2 ,  we  e lab ora te  on  t he  proce ss  fo r  c o l lec t ing  user  r equ ireme nts  and  prese nt  th e  ma jo r  ins ights  

we ob ta ined .  F i rs t ,  we  p ro v id e  in f orm at ion  on  t he  de s ign  and  d i s t r ib ut ion  o f  ou r  o nl ine  su rve ys .  We  th en 

prese nt  an  an al ys is  o f  the  re spo nses  and  h igh l igh t  imp ort ant  ins ights .  Secon d,  we pro v ide  t he  

method ology  and ins i ghts  der ive d f rom our  d iscuss io n panel s  and one - t o-o ne in ter v iews.  T hes e  have  bee n 

impleme nte d t o  augmen t  the  onl in e  su rve ys  by  fos ter ing  an  ac t i ve  d iscuss io n be yon d t he  con f ines  o f  

pred ef ine d ques t ions .  I n  o rder  to  ens ure  an  op en  d i s cuss io n and  s o l i c i t  c r i t i ca l  feed back ,  p ar t i c ipa t ion  in 

the  d iscuss io n pan els  and  in te rv ie ws  was  co n f i d e n t i a l .  As  such,  the  min ute s  pr ov ided  in  Appe nd ix  I  h ave  

been  an on ymized.  

In  Ch apt er  3 ,  we  pr esen t  the  ma jor  u se  case s  o f  DA IAD or gan i zed  pe r  th e  ma jor  dep lo yment  and  

exp lo i t a t ion  scenar ios .  A  h igh - leve l  sce nar io  desc r ip t ion  i s  pr ov id ed for  ever y  g r oup of  use  cases  in  ord er  

to  iden t i fy :  th e  en v i ronme nt  an d  as sumpt ion s  un der  whic h  DA IAD wi l l  oper at e ;  t he  invo l ve d  s t akeh olders  

and the i r  re la t io nsh ips ;  s i gn i f i cant  ke y  pe r formance  ind icat ors  and /or  goa l -se t t ing  th at  mus t  b e  ach ie ved.  

Th is  chap te r  e sse n t ia l l y  se rves  t he  pur pos e  o f  c onve y in g  a  ho m o g en i z ed  v i s i o n  o f  the  DA IAD sys tem  acr os s 

a l l  in vo l ve d in  th e  s of twar e  de ve lopmen t  pr ocess .  

In  Chapte r  4 ,  we  pr esen t  t he  form al  use r  req ui reme nts  o f  DA IAD s ys t em,  as  ex t rac t ed  f rom ana ly z ing  t he  

user  r equ ireme n ts  and  us e  cas e  scenar ios .  Th e  use r  r equi remen ts  a re  cat ego r i ze d in  t he  f i ve  fu ndame nta l  

componen ts  o f  th e  DA IAD sys tem:  DA IAD@fee l  (se n s in g  wat er  c onsump t ion ) ,  DA IAD@kno w (con vey in g  

knowle dge  and s t imul i ) ,  D A IAD@home (da ta  man age ment  and  an al ys is  for  c on s umers ) ,  DA IAD@commons  

(da ta  m anagemen t  and an al ys i s  for  co nsume r  g rou ps ) ,  and DA IAD@u t i l i t y  (dat a  management  an d ana lys is  

for  u t i l i t i es) .  

In  Ch apt er  5 ,  we d iscu ss  th e  a rch i tec t ure  o f  DA IAD ac r oss  i t s  so f t war e  an d har dware  compo nen ts .  F i rs t ,  we  

prese nt  an  o ver v iew o f  t h e  DA IAD lo g ic a l  arch i t ec tu re ,  ide nt i f y  the  main  DA IAD har dware  an d s of tware  
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module s ,  an d es t ab l i s h  th e  d epen denc ies  an d da ta  f lo w pa ths  b et ween  the m.  Ne xt ,  we  sho w a  mor e  

deta i led  v ie w o f  e ach  module  and  inve s t igate  d i f fe ren t  arch i tec tur a l  s o l u t io ns ,  enume ra t in g  the  

advant ages  and drawb acks  o f  each  one .  In  the  fo l lo win g,  we  desc r ib e  t he  in t e gra t ion  p rac t i ces  wh ich  ar e 

go ing  to  be  used  fo r  s t r eaml in ing  a l l  th e  s t age s  of  d es i gn,  imp leme nta t ion  and  t es t in g  of  a l l  so f t ware  an d 

hard ware  mod ules  o f  D A IAD.  F ina l l y ,  we  p ro v ide  in format ion  re gar d ing  t he  r o admap  and  f i r s t  ver s ion  o f  

the  Synt het i c  D ata  Gene rat or  (SD G) ,  a  s of twar e  for  ge nera t ing  synth et i c  b ig  wa te r  con sumpt ion  d at a .  

In  Ch ap ter  6  we  pres ent  th e  l ibr ar ies ,  f r ameworks  an d to ols  we  are  go in g  to  eva lua te  for  implement in g  t he  

sof tware  comp one nts  o f  th e  DA IAD  sys tem,  as  wel l  as ,  the  s of twar e  sys tems  and  app l ica t ions  tha t  we  wi l l  

deploy ,  ex ten d  an d  incorp ora te  in  th e  DA IAD a rch i tec ture .  F i r s t ,  we  p res ent  dat a  managemen t  sy s tems  an d 

process in g  f r amew orks  fo r  man ag ing  and an al yz in g  b ig  wat er  c onsump t ion  da ta .  Ne xt ,  we br ie f l y  

enumer ate  mob i le  app l i c a t io n  deve lopmen t  app roac hes  and  e va lua te  t wo  d is t inc t i ve  f rame wo rks  t o  b e  

app l ie d.  F ina l l y ,  we d iscu ss  web app l ic a t ion  de ve lo pment  and pre sen t  web d eve lopm e nt  l ibr ar ies  and 

f rame wo rks  or gani zed  in  t wo  sec t ion s ,  ta rge t ing  c l ie nt -s id e  and  ser ve r -s ide  d e ve lopmen t  resp ec t i ve ly .  

In  Appen dix  I ,  we p rov id e  ano nymi ze d min utes  o f  t he  d iscuss io n p ane ls  and one - to -on e in te rv ie ws.  Th e  

minute s  have  be en  an on ymized  b y  t he  Cons or t ium  par tner  in vo lve d  in  the  o r gan iza t ion  of  e ach  spec i f ic  

pane l  an d in ter v iew.  C o nsequ ent ly ,  the  minut es  have  b een  t re ate d co n f i d en t i a l l y  e ve n w i th in  t h e 

Consor t ium.  F ina l l y ,  in  Ap pend ix  I I  we pro v ide  re sp onses  t o  the  opt ion al  d emogr aph ics  que s t ion s  o f  th e  

consumer  su rve ys .  
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Abbreviations and Acronyms 

 

AP I  Appl i c a t ion  Pr ogr ammin g I n ter face  

BT  B luet oo th  

CORS  Cross -O r i g in  Reso urce  Sh ar ing   

DRBD D is t r ib ute d R ep l i ca ted  B loc k  Dev ice  

GPL  GNU Gener a l  Pu bl i c  L i cens e   

HDFS  Hado op  D is t r ibu ted  F i le  Sys tem  

ICT  In fo rmat ion  and  Communic at ion  Techn ology  

IoT  In ter net  o f  Th ings    

JSON  JavaScr ip t  O bjec t  N ot at ion  

M2C Meter - to -cash  

MVC  Model– v ie w–con tro l l er  

MVVM Model  V iew V ie wMode l  

NDA  Non-D isc losur e  Ag reeme nt  

NGO  Non- Go ver nment a l  Or gan iza t ion  

RADOS Rel iab le  Aut onom ic  D i s t r ib uted  Ob jec t  S tor e  

RF  Rad io  F req uenc y  

SaaS  So f t war e - as- a- Ser v ice  

SDG  Syn the t i c  Dat a  Gen er ato r   

SPA  S in g le  P age  App l ic a t ion  

SPSS  Sta t i s t i ca l  Pack age  for  t he  Soc ia l  Sc iences  

UI  User  In ter fac e  

WDM Water  Deman d Managemen t  

YAML YAML A in ' t  Mark up Lan gu age  

YCSB  Yaho o!  C lo ud  Sys t em Benc hmark  
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1. Requirements Elicitation 

1.1. Requirement elicitation methods 

For  t he  pur pose  o f  ga ther ing  and c ate go r i z ing  use r  r equi remen ts  fo r  t he  DA IAD  sys tem,  we  ad opt ed thr ee  

common pr ac t i ces :  o n l i n e  s ur v eys ,  d i s cus s i o n  p a n e l s  and  o n e- t o - o n e  i n t er v i e ws .  The  f i r s t  me tho d e nab le s  

reach ing  a  wider  po pulat io n  ac ro ss  t he  In te rne t ,  b ut  wi th  the  drawb ack  o f  l im i t ing  us er  resp ons es  ac r oss  a  

pred ef ine d set  o f  qu es t io ns .  The  las t  two  meth ods  enab le  t he  e xt r ac t ion  o f  b road er ,  mo re  pr ec ise ,  and  

in t u i t i ve  f ind in gs  bas ed  on  op en d iscu ss ions  and in te rac t i ve  commun icat ion .  

1.1 .1 . Online survey  
Onl ine  su rveys  co ns i s t  o f  q ues t ion s  ta rge t ing  d i vers e  se ts  o f  us ers ,  a l lo wing  the  co l l ec t ion  and  mode l ing  of  

d i f fe ren t  be hav iors  and  p oin ts  o f  v i ew,  bu t ,  compr omis ing,  on  the  ot her  hand,  t he  granu lar i t y  o f  the  

ava i lab le  ans we rs .  T erms ,  concep ts ,  and  bo und ar ies  o f  th e  dom ain  must  be  we l l  es t ab l i s hed  an d 

under s t ood  b y  th e  par t i c ip ants  and  q ues t io nna ir e  de s igner .  Fu r t her ,  ques t ions  must  be  focuse d to  avo id  

gat her in g  la rge  amo unt s  o f  re dund an t  and  i r re le van t  in fo rmat ion .  

1.1 .2. Discussion panels  
The pu rpo se  o f  d iscu ss ion pa ne ls  i s  to  h ave  an  op en d iscus s io n r egard ing  th e  func t iona l i t y  an d se rv ices  o f  

DA IAD.  The  or gani zer  has  complet e  f ree dom t o  d i r e c t  the  pane l  b ased  on  i t s  compos i t ion  and  ar ea of  

expe r t i se .  A t  the  beg in nin g,  a  sho r t  over v ie w of  DA IAD is  pr ov id ed and the n t h e  d iscuss io n i s  s t eer ed t o  

cover  a t  le as t  some o f  t he  points  men t ione d in  th e  o nl ine  s urveys .  Min ute s  a re  kept  dur in g  th e  d iscuss io n 

(num b er  o f  p a r t i c i p a n t s ,  f o c us  o f  t h e  p a n e l ,  m a j o r  p o i n t s / i ns i g h t s ) ,  wh ich  a re  the n  ut i l i z ed  to  ex t rac t  forma l  

user  re qui re men ts .  

1.1 .3. One-to-one interviews 
Simi la r l y  t o  d i scuss ion  p an els ,  the i r  p urp ose  i s  to  have  an  op en  d iscuss io n  re gar d in g  th e  fu nc t iona l i t y  and  

serv ices  o f  DA IAD.  H oweve r ,  in  th is  case ,  th e  d iscus s ion  i s  pe r formed  wi th  onl y  o ne exper t .  T he  ge ner a l  

s t ruc t ure  o f  t h e  in ter v iew fo l lows  th e  o ne of  a  d iscu ss io n p ane l .  M inu tes  are  kept  dur in g  t he  d iscu ss ion  

(s ho r t  p r o f i l e ,  f o c us ,  m a j o r  p o i n t s / i ns i g h t s ) ,  wh ich  are  t hen ut i l i z ed  to  e xt rac t  form al  use r  requ ir ement s .  

1.2. User groups 

In  or der  to  gath er  a  comp let e  and rep rese nta t i ve  se t  o f  r equ ir ements ,  we add resse d t o  a  d iverse  se t  o f  

users ,  e i t her  ind iv idu al s  o r  or gani za t io ns .  Spec i f i c a l l y ,  we ide nt i f ied  t he  fo l lo win g  tar ge t  aud iences :  
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  Consumers .  Or dinar y  c i t i ze ns  who  cons ume wat er  in  t he i r  e ver yd ay  l i ves  are  t he  cent ra l  f i gur es  in  

WDM, s ince  (a)  t he y  con s t i tu te  t he  vas t  major i t y  o f  e nd u sers ,  and  (b)  th ey  a re  the  ac tu a l  b ody  o n 

whic h  WDM mod els  and  pr ic in g  pol i c i es  ar e  app l ied.  

  Ac t ive  c i t i zens .  Ap ar t  f ro m bein g  wat er  con sumer s  and end use rs  t hemse l ves ,  the y  h ave  th e  

add i t ion al  in cen t i ve  o f  pre serv in g  wate r  and  p ar t i c ip at ing  in  awar enes s  in i t ia t i ves  and  camp aigns .  

Thus ,  ap ar t  f rom  ob ta in ing  use fu l  fee dback  f rom th is  gr oup ,  t he  pro jec t  can  a ls o  be ne f i t  f rom  th e  

d iss emina t ion  o f  t he  pr o jec t ’ s  in i t i a t i ves  an d  res u l t s ,  as  wel l  as  f rom  t he i r  p oten t ia l  in t ere s t  in  

par t i c ipa t in g  in  s tud ies  an d t r i a ls .  

  NGOs.  N GOs and c i t i ze n  assoc ia t io ns  a im a t  ed ucat ing  the  ge ner a l  pop ula t ion,  promo t ing  

sus t a in ab le  chan ges  in  c onsumer  b ehav ior ,  and  d r iv in g  m arke t  and  inn ova t io n  to wards  ne w 

sus t a in ab le  pro d uc ts  an d s erv ices .  M embers  o f  t hese  communi t ies ,  th rou gh the i r  co l lec t i ve  ac t ion,  

wi l l  emb race  t he  pr o jec t ’ s  in i t i a t i ves ,  p rov id e  va lu ab le  fee dback  and  form a  c r i t i ca l  mas s  tha t  can  

lead to  l arger - sca le  ado pt ion of  ICT  so lu t ion s  fo r  s us t a in ab le  wa te r  co nsu mpt io n .  

  Publ ic  sec to r .  Th is  tar ge t  aud ie nce  compr ises  g o vernme nts ,  Loca l  Aut hor i t ies ,  In t ern at ion al  

Bodie s ,  t he  EC ,  and in  gen era l  en t i t i es  r espo ns ib le  for  de s i gn ing  and /or  en for c ing  wa ter  deman d  

management  s t ra t eg ies  an d pr ic in g  sch emes.  Thes e  wi l l  ap pl y  the  no ve l  cap abi l i t ies  DA IAD can 

pro v id e  in  un der s tand ing ,  es t im at ing ,  and  in f lue nc in g  wa ter  dem and,  and  wi l l  be  ab le  to  pr ov id e  

feed back  f rom the  v ie wp oint  o f  WDM s t ake ho lde rs .  

  Water  Ut i l i t ies .  S im i lar l y ,  wa ter  u t i l i t i es  mu st  un der s tan d the  eme rg ing  ch al l e nges  and  po ten t ia l  

bene f i t s  o f  in te gr at ing  r ea l - t ime  wate r  mon i to r in g  techn olog ies ,  b i g  da ta  man ageme nt  and 

ana lys is ,  as  we l l  as  wate r  management  and  pr ic ing .  Wi th  thes e  ins igh ts  u t i l i t ie s  w i l l  p ro v id e  us efu l  

feed back  f rom  the  aspec t  o f  WDM exper ts .  Th is  fe edback  wi l l  de f ine  t he  re qui rement s  o f  th e  

sys t em r egard ing  t he  fac i l i t ies  for  bu i ld in g  ne w and  e f fec t i ve  WDM mod els .  

  Pr ivat e  Sec t or .  The se  inc lu de e x is t in g  comp an ies  in  t he  wa ter  d omain,  and  kn o wle dge management  

companies  in  th e  for ef ron t  o f  t he  dat a  ec onom y.  T he y  can  e xte nd  an d con tr ibu te  to  the  p ro jec t ’ s  

techno lo g ies ,  d e l i ver ing  n o ve l  va lue  add ed  pr oduc t s ,  app l i ca t ions  and  se rv ices  for  re a l - t ime wa te r 

moni t or ing .  Th ese  s t akeh old ers  m ake up  the  hear t  o f  the  da ta  econom y and g i ven ade qua te  

oppo r tu ni t i es  (e .g .  reu sable  s erv ices ,  ope n  so f t ware,  op en  acces s  to  dat a)  t hey  c an  r apid l y  

prod uce  an d marke t  ad de d va lue  p rod uc ts .  T hus ,  th ey  can  con tr ibu te  va luab le  feed back  t hat  wi l l  

a l lo w u s  to  pr esc r ibe  pr op er  requ ir ements  co ver in g  t he i r  s pec i f i c  ap pl i ca t io n  ne eds .   

1.3. Continuous requirements elicitation 

Col lec t ion  o f  user  r equ ire ments  and  the i r  an al ys is  for  the  p ro jec t  w i l l  be  an  ongoin g  pr ocess .  Th is  w i l l  

enab le  us  to  car efu l l y  a l ign  the  s ys t em’s  func t ion al i t y  bas ed  on  t ime ly  s tak eho lde r  fee db ack ,  res pon d to  

pote nt ia l  techn ology  ad vances  and  n ew p ol i c y  in i t i a t i ves ,  and  mo st  imp ort an t l y ,  in te gra te  ins igh ts  an d  

obse rvat ions  f rom ac tua l  users  o f  t he  DA IAD sys te m.  As  such,  the  re qui rem ents  w i l l  b e  r ev ise d whe n 

necessary ,  a lo ng  w i t h  t he  deve lo pment  o f  the  core  c ompone nts  o f  DA IAD an d t he  in t erac t io n  (meet in gs ,  

te lco s)  be tween the  p ar t n ers .  F ur t her ,  d iss emina t io n  o f  o ur  pro gr ess  and  th e  res pec t ive  us er  fee dback  

( t h r o ug h  t h e  t r i a l s ,  d em o ns t r a t i o ns ,  e xh i b i t i o ns ,  o p en  ev en t s ,  s o c i a l  ne t w o r k s )  w i l l  a lso  co ntr ib ute  in  th e  
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re f ineme nt  and  e xt ens ion  o f  t he  in i t i a l  s e t  o f  r eq uireme nts .  In  t he  fo l lo wing,  we  b r ie f l y  p ro v ide  t h e 

channe ls  for  co l lec t in g  add i t ion al  us er  req ui remen ts  t hrou gho ut  th e  dur at ion  o f  the  pr o jec t .  

1.3.1. Online survey  
The  on l ine  su rve ys  wi l l  re main  op en,  e ve n af ter  the  p rep ara t ion  o f  th is  d e l i ve rab le ,  i n  o r d er  t o  a t t r a c t  a s  

m uch  us er  fe ed b a ck  a s  p o s s i b l e .  I t  i s  expec te d t hat ,  as  the  p ro jec t  proce eds  and d issemina tes  i t s  v i s ions and 

resu l ts ,  m ore  and  mor e  p eop le  w i l l  s eek  t o  pr ov ide  t he i r  o p i n i o ns / fe ed b a ck ,  t hrou gh  t he  o nl ine  s ur veys .  

Fur th er ,  s ince  the  s urveys  inc lude  ques t ions  re levant  for  o th er  r ese arch  p ro jec ts  and  p ol i c y  in i t i a t i ves  (EC ,  

nat ion al ,  loca l ) ,  we  w i l l  pr ov ide  th e  resp ons es  (anon ymized )  to  an y  in ter es te d s take ho lder .  

1.3.2. Feedback forms  
A l l  e nd -use r  app l i ca t ions  of  th e  DA IAD sys tem wi l l  inc lud e func t ion al i t y  fo r  co l lec t in g  fee dback  an d 

ins igh ts  f r om the  en d -us e rs .  We bel ie ve  th is  s ourc e  of  in format io n t o  be  va luable  for  ide nt i f y ing  and 

eva lu at ing  p ot ent ia l  tech n ica l  and  d es ign  p rob lems .  Fu r th er ,  we  wi l l  inc lude  a  fee dback  form  in  ou r  

webs i t e ,  a va i lab le  fo r  an y  in te res t ed s tak eho lde r .  The  form wi l l  be  ava i lab le  thr oughou t  a l l  we bs i t e  

pages/sec t ions  and  wi l l  i nv i te  ide as ,  ins i gh ts  an d  d iscus s io n  re gard ing  DA IAD as  a  wh ole .  Aga in ,  we 

ant ic ip ate  t h i s  s ource  o f  in format ion  to  d e l i ver  impo r tan t  in format ion  for  th e  d e ve lopmen t  o f  DA IAD.  

1.3.3. Tickets  
DAIAD ’s  source  code  wi l l  b e  ava i l ab le  in  o ur  g i thu b r epos i t ory  (g i thu b.com/DAI AD).  We e xpec t  t h i rd - par ty  

deve lo per s  to  e xpe r imen t  th ro ugh out  the  d ura t ion  of  th e  pr o jec t ,  b y  ins ta l l i ng ,  te s t ing ,  an d u l t ima te l y  

contr ibu t ing  to  th e  deve lo pment  o f  DA IAD ’s  s of tware .  As  suc h,  the  t i cket in g  me chani sm o f  g i thub .com ( i . e .  

I ssues )  wi l l  be  a  va luable  source  for  ide nt i f y ing  so f t war e  i ssu es  t ha t  can  esca la te  as  upd ate  an d/o r  ne w 

user  re qui remen ts .  

1.3.4. Social interactions  
The  pr o jec t ’ s  p ro gre ss  w i l l  by  cons tan t l y  d issem ina ted  t hro ugh  s evera l  soc ia l  ne t wor k  ch ann els  (Face boo k,  

Twi t t er ,  L inke dIn ) .  Fur the r ,  t hese  ch ann els  wi l l  g i ve  u s  the  o ppo r tu ni ty  to  co l lec t  fur ther  fee db ack  f r om a l l  

s tak eho lde rs ,  re ga rd less  o f  th e i r  invo l vemen t  in  t he  t r ia ls .  

1.3.5. Trials  
Two ex tens i ve  t r i a l s  w i l l  be  pe r formed  dur in g  t he  th i rd  ye ar  o f  the  pr o jec t .  DA IAD senso rs ,  s of twar e  

(DA IAD@fe el ,  DA IAD@home ,  DA IAD@kno w) ,  an d smart  wa ter  mete rs  wi l l  be  ins ta l le d  i n  h ouse ho lds  and  at  

corpo rat e  co nsumer s .  Up o n t he  end  o f  th e  t r ia ls  (b ut  a l so  th rou gh  th e i r  dur at ion ) ,  we  wi l l  b e  ab le  to  

gat her  mass i ve  c onsump t ion d ata ,  as  we l l  as  in fo r mat io n o n th e  en gagemen t  o f  use rs  to  u se  t he  DA IAD 

senso rs  and  t he  re spec t i ve  s of t war e.  Thu s ,  we  wi l l  b e  ab le  t o  iden t i fy  f r equ ent ly  u sed  fea tur es  ( res p.  

requ ireme nts )  o f  the  DA I AD f r amework  and  en han ce/ex tend  them  or  impro ve/r emove fe atu res  ( res p.  

requ ireme nts )  th at  a re  o f  no use/ in ter es t  to  th e  end  us ers .  T he  same  wi l l  app l y  fo r  WDM e xpe r t  us ers  b y  

measur in g  the i r  u t i l i za t io n  of  th e  s eve ra l  fe atu res  o f  D A IAD@ut i l i t y  compo nen ts .  
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2. Implementation of requirements collection 

 

2.1. Online surveys 

We have  pr epared t h r ee  (3 )  web sur ve ys  for  so l i c i t ing  us er  fee dback .  Each  sur vey  i s  focu sed on a  spec i f i c  

s tak eho lde r  g rou p,  in  term s of  cont ent ,  t ar get in g ,  an d comple x i t y .  Th e  su rveys  have  be en p rep are d us in g 

Goo gle  F orms  and  th e  res ponse s  ar e  c o l lec te d  in  th e  assoc ia ted  Goo gle  Sp readshee ts .  T he  th ree  s ur veys  

are :  

  Co nsume rs .  The  sur ve y  i s  tar get ed  t o  a l l  d omest ic  water  c onsume rs ,  and  as  su ch t o  a l l  c i t i ze ns .  

Conseq uen t l y ,  we assume  no techn ica l  e xpe r t i se  o n th e  par t  o f  th e  p ar t i c ipant s ,  and pro v ide  

ques t io ns  th at  en ab le  us  t o  s imu l taneo us l y  im p r in t  soc ia l  p ercep t ions  r egard ing  wa ter ,  and  

techno lo gy  p re fere nces .  

  Ut i l i t ie s .  The  sur ve y  i s  ta r gete d  t o  pr ofess ion als  wo r k in g  in  wa ter  or  e ner gy  u t i l i t ie s .  Th e  nee d  to  

inc lu de  th e  ene rgy  s ec to r  has  bee n id ent i f ie d  ear ly  in  t he  pr o jec t ’ s  d ura t ion,  s ince  DA IAD is  a lso  

h igh l y  r e levant  fo r  the  e nergy  s ec to r  d ue to  the  pote nt ia l  b ene f i t s  f r om r educ in g  hot  wate r  

consumpt io n.  We assume  a  cer ta in  le ve l  o f  fami l i ar i t y  w i t h  r eso urce  manage ment ,  p r ic ing ,  and 

dat a  ana ly s is  o f  consump t ion dat a .  

  Po l ic y  Mak ers .  The  sur ve y  i s  tar ge ted  t o  pro fes s ion als  invo l ved  in  eva lua t in g ,  imp lemen t ing,  o r  

p lanning  Wat er  D emand  M anagemen t  p ol i c ie s  fo r  t he  Pub l ic  Sec t or  ( loca l ,  na t io nal ,  in t ern at ion al  

leve ls )  or  a  C i t i zen  Assoc ia t io n/NGO .  As  such,  we ass ume a  cer t a in  le ve l  o f  f ami l iar i t y  w i th  wa ter  

demand  man ageme nt  te rminology/p rocess es .  

2.1.1. Design 
Over a l l ,  th e  th ree  a fo rem ent ione d  sur ve ys  a im to  c aptu re  us e  ca s es ,  b e ha v i o r s ,  o p i n i o ns  a nd ,  e ve n t ua l l y ,  

r eq u i r em en t s  f rom DAIAD e nd us ers .  The y  inc lude d i verse  se ts  o f  q ues t io ns ,  foc us in g  o n t he  s pec i f i c  end -

user  n eeds ,  in te nt ions ,  an d exper t i s e .  A t  t he  e nd  o f  e ach  su rve y ,  we  in v i te  t h e  par t i c ipant  to  o p t i o na l l y  

pro v id e  us  w i th  he r  emai l  for  fu tur e  commun icat io n.  

2.1. 1 . 1 . Consumers  

Consumers  a re  asked  a  to ta l  o f  38  ques t ions ,  ca t egor i zed  in to  th e  fo l lo win g  gro ups :  G en er a l  q u es t i o ns ,  

T ec hno l o g y  p r e fer en c es ,  I n t er v en t i o ns ,  P r i c i ng  and D e m o g r a p h i cs .  The  se t  o f  qu es t ions  be lon ging  to  each  

gro up is  pres ent ed in  the  fo l lo win g  tab les .  Th e  “ *”  s ymbol  a f ter  a  ques t ion  den oted  th at  an  ans we r  to  the  

ques t io n  was  mand a tor y  in  th e  s ur vey .  
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General questions 

No Question Type 

Q1 I consider my household to be a:* Nominal, Single Choice 

Q2 According to your estimate, how much water do you consume every day? (in liters) * Numerical, Single Choice 

Q3 According to your estimate, how much water do you consume per shower? (in liters) * Numerical, Single Choice 

Q4 According to your estimate, how much energy do you use for water heating per shower? (in kWh) * Numerical, Single Choice 

Q5 According to your estimate, what is the total cost for your showers in one month? (in Euros) * Numerical, Single Choice 

Q6 How often are you informed about the water consumption of your household? * Nominal, Single Choice 

Q7 I would consume less water if: * Rate items on a 5-Scale  

Q8 If you had to, would you find it easier to consume less electricity or less water? * Nominal, 3-Scale Choice 

Table 1: Consumer - General Questions 

 
Technology preferences 

No Question Type 

Q9 Do you carry your mobile phone with you when you are inside your residence? * 5-Scale Choice 

Q10 Is your mobile phone within reach or visual range when you: * Rate items on a 5-Scale  

Q11 Would you be able to replace the shower-head in your residence without anyone helping you? * 5-Scale Choice 

Q12 If you own both a mobile phone and a tablet, which one do you generally use more when inside 

your residence? * 

5-Scale Choice 

Q13 Is Bluetooth ON in your mobile phone? * 5-Scale Choice 

Q14 Do you own another device that connects to your phone over Bluetooth? * Rate items on a Yes/No 

scale 

Table 2: Consumer - Technology preferences 

 
Interventions 

No Question Type 

Q15 Would like to have more information about your water consumption than your periodic water 

utility bill? * 

5-Scale Choice 

Q16 Assuming you could have information on a mobile device about how much water you consume, 

which of the following devices would you prefer? * 

Rate items on a 5-Scale  

Q17 What type of information would you prefer to be given instantly (i.e. in real time) as you 

consume water? * 

Rate items on a 5-Scale  

Q18 Would like to have access to your historical water consumption data? * 5-Scale Choice 

Q19 Assuming you had access through a web site to your historical water consumption data, what 

kind of information would you find useful? * 

Rate items on a 5-Scale  

Q20 Assuming you had access through a web site to your historical water consumption data, how 

would you prefer this information to be presented? * 

Rate items on a 5-Scale  
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Q21 

Assuming you could compare your water consumption data with others, which of the following 

groups would you prefer? * Rate items on a 5-Scale  

Q22 Would you share your water consumption information with others? * Rate items on a 5-Scale  

Q23 Would you have any worries regarding sharing your water consumption data with others? * Rate items on a 5-Scale  

Table 3: Consumer - Interventions 

 
Pricing 

No Question Type 

Q24 How much money would you pay for a device enabling you to monitor and learn about your 

water consumption in real-time? * 

Ordinal, Single Choice 

Q25 If such a device was offered to you for free, would you use it? * 5-Scale Choice 

Q26 Let’s assume you were in the market for a replacement shower-head and had three choices: (a) 

a regular shower-head for 29€, (b) an intelligent shower-head that displays your water 

consumption and water temperature in real time for 79€, or (c) a luxury shower-head with great 

design and multiple jets for 79€. Which one would you choose? * 

Nominal, Single Choice 

Q27 If I purchased a shower monitor that provides real-time water consumption information, I would 

do that because: * 

Rate items on a 5-Scale  

Table 4: Consumer - Pricing 

 
Demographics 

No Question Type 

Q28 What is your age? Ordinal, Single Choice 

Q29 What is the highest degree or level of school you have completed? If currently enrolled, highest 

degree received 

Nominal, Single Choice 

Q30 What is your gender? Nominal, Single Choice 

Q31 What is your marital status? Nominal, Single Choice 

Q32 What is your total household income? Ordinal, Single Choice 

Q33 How many members are there in your household? Ordinal, Single Choice 

Q34 Do you own or lease your residence? Nominal, Single Choice 

Q35 In total, what is the total number of fixtures and appliances consuming water in your residence 

(e.g. faucet/tap, shower-head, dishwasher)? 

Ordinal, Single Choice 

Q36 What is your opinion of environmental issues? Nominal, Single Choice 

Q37 How well do the following statements describe your personality? I see myself as someone who: Rate items on a 5-Scale  

Q38 Please rate how well the following statements describe you. Rate items on a 4-Scale  

Table 5: Consumer – Demographics 
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2.1. 1 .2 . Ut i l i t ies  

Ut i l i t y  user s  a re  ask ed a  t o ta l  o f  39  ques t ions ,  ca te gor i zed in to  th e  fo l lowin g  gr oup s :  G en er a l  q ues t i o ns ,  

W a t er  C o ns um p t i o n  Da t a ,  A s s es s i ng  yo ur  Da t a ,  C o ns um e r s  a nd  P r i c i ng ,  an d R ea l - t i m e  W a t er  C o ns um p t i o n  Da t a .  

The  s e t  o f  ques t ions  be lo n gin g  t o  e ach  gro up  is  p rese nted  in  the  fo l lo wing  t ab le s .  

 

General questions 

No Question Type 

Q1 What is your position in your organization* Nominal, Single Choice 

Q2 Do you experience strong pressure to reduce the meter-to-cash costs? * 5-Scale Choice 

Q3 Do you experience strong pressure to improve the quality of water demand forecasts for “next 

day” forecasts? * 

5-Scale Choice 

Q4 Do you experience strong pressure to improve the quality of demand forecasts for time scales of 

several years? * 

5-Scale Choice 

Q5 Do you feel strong pressure to reduce residential water consumption? * 5-Scale Choice 

Q6 Do you feel strong pressure to reduce water consumption among commercial customers? * 5-Scale Choice 

Q7 Do you feel strong pressure to reduce residential energy consumption (due to water heating)? * 5-Scale Choice 

Q8 Is domestic water conservation of importance for your company? * 5-Scale Choice 

Q9 Do you feel there is a need to educate and assist consumers with reducing their consumption? * 5-Scale Choice 

Table 6: Utility - General Questions 

 
Water Consumption Data 

No Question Type 

Q10 If you do not currently apply smart water metering technologies, what are the reasons? * Nominal, Single Choice 

Q11 If you do not currently apply smart water metering technologies, what are the reasons? * Rate items on a 5-Scale  

Q12 What type of data management system do you currently have for storing water consumption 

data? * 

Nominal, Multiple Choice 

Q13 What type of analysis software do you use for extracting insights from water consumption data? * Nominal, Multiple Choice 

Q14 What is the most detailed information you have regarding the water consumption of a specific 

household? * 

Nominal, Single Choice 

Q15 What is the most detailed information you would like to have regarding the water consumption 

of a specific household? * 

Nominal, Single Choice 

Q16 What is the estimated size of your water consumption data? * Nominal, Single Choice 

Q17 What is the earliest point in time of your digital water consumption data starts from? * Ordinal, Single Choice 

Q18 Besides water consumption data, what other data do you use in order to analyze water 

consumption? * 

Nominal, Multiple Choice 

Q19 Are there departments in your organization responsible for analyzing water consumption data? * Nominal, Single Choice 

Table 7: Utility - Water Consumption Data 
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Assessing your Data 

No Question Type 

Q20 How do you evaluate the quality of the water consumption data you currently have? * 5-Scale Choice 

Q21 How do you evaluate the resolution of the water consumption data you currently have? * 5-Scale Choice 

Q22 How do you evaluate the accuracy of the water consumption data you currently have? * 5-Scale Choice 

Q23 Have you ever been limited in your work by the lack of appropriate water consumption data* 5-Scale Choice 

Q24 Do you believe real-time water consumption data would be beneficial for your organization? * 5-Scale Choice 

Q25 What could real-time water consumption data be good for, in your view? * Rate items on a 5-Scale  

Table 8: Utility - Assessing your Data 

 
Consumers and Pricing 

No Question Type 

Q26 Are your clients aware of water efficiency? * 5-Scale Choice 

Q27 Does the geographical area you serve face any of the following challenges? * Nominal, Multiple Choice 

Q28 If you have performed awareness actions for water efficiency in the past, how would you 

describe their success? 

5-Scale Choice 

Q29 How was your water pricing policy designed? * Nominal, Single Choice 

Q30 Would personalized tariffs be feasible in the area you serve? * Nominal, Single Choice 

Q31 How long would it take to change your pricing policy to support personalized tariffs for your 

clients? * 

Nominal, Single Choice 

Q32 Which of the following actions would be required to change your pricing policy to support 

personalized tariffs for your clients? * 

Nominal, Multiple Choice 

Table 9: Utility - Consumers and Pricing 

 
Real-time Water Consumption Data 

No Question Type 

Q33 How do you evaluate the importance of data analysis of water consumption data and 

corresponding insights for the every-day operation of your organization? * 

5-Scale Choice 

Q34 How do you evaluate the importance of data analysis of water consumption data and 

corresponding insights for medium and long-term decision making of your organization? * 

5-Scale Choice 

Q35 Do you believe that having access to real-time water consumption data of your clients would be 

beneficial for your organization in terms of: * 

Rate items on a 5-Scale  

Q36 Do you provide your water consumption data to public sector stakeholders? * Nominal, Single Choice 

Q37 Would you object to having your organization’s water consumption data publicly available? * Nominal, Single Choice 

Q38 Assuming your clients purchased a product that reduced their water consumption by 20% on 

average. Do you believe the purchase of this product should be subsidized by your organization? 

* 

Nominal, Single Choice 
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Q39 Assuming your clients purchased a product that provided you with their real-time data water 

consumption, with an average error of 20%. Do you believe your organization would use this 

data? * 

Nominal, Single Choice 

Table 10: Utility - Real-time Water Consumption Data 

2.1. 1 .3 . Pol icy Makers  

Pol ic y  makers  a re  ask ed  a  to t a l  o f  31  q ues t io ns ,  ca t e gor i zed  in to  th e  fo l lowin g  gro ups :  G en er a l  q u es t i o ns ,  

W a t er  C o ns um p t i o n  Da t a ,  A s s es s i ng  yo ur  Da t a ,  and C i t i z ens .  The  se t  o f  qu es t io ns  be long in g  t o  e ach  gro up is  

prese nte d in  th e  fo l lowin g  tab les .  

General questions 

No Question Type 

Q1 What is your mandated geographical coverage for policy issues? * Nominal, Single Choice 

Q2 How many citizens do your policies influence? * Ordinal, Single Choice 

Q3 What is your position in your organization? * Nominal, Single Choice 

Q4 Do you feel strong pressure to implement water conservation measures among the residential 

sector? * 

5-Scale Choice 

Q5 Do you feel strong pressure to implement energy conservation measures among the commercial 

sector? * 

5-Scale Choice 

Q6 Do you implement measures to make the consumers understand the water-energy nexus? * 5-Scale Choice 

Table 11: Policy makers - General questions 

 
Water Demand Management 

No Question Type 

Q7 What type of data do you use to assist with Water Demand Management (WDM)? * Nominal, Multiple Choice 

Q8 What type of data management system do you currently have for storing data relevant to WDM? 

* 

Nominal, Multiple Choice 

Q9 What type of analysis software do you use for WDM analysis and decision-making? * Nominal, Multiple Choice 

Q10 What is the estimated size of your WDM-related data? * Nominal, Single Choice 

Q11 What is the earliest point in time your WDM-related data starts from? * Ordinal, Single Choice 

Q12 What is the most detailed geographical level of information you have for water consumption? * Nominal, Single Choice 

Q13 What is the most detailed temporal level of information you have for water consumption? * Nominal, Single Choice 

Q14 What is the most detailed information you have regarding the water consumption of a specific 

household? * 

Nominal, Single Choice 

Q15 Are there departments in your organization responsible for WDM-related data analysis? * Nominal, Single Choice 

Q16 Would you object to having your organization’s WDM-related data publicly available? * Nominal, Single Choice 

Table 12: Policy makers - Water Demand Management 
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Assessing your data 

No Question Type 

Q17 How do you evaluate the quality of the water consumption data you currently have? * 5-Scale Choice 

Q18 How do you evaluate the resolution of the water consumption data you currently have? * 5-Scale Choice 

Q19 How do you evaluate the accuracy of the water consumption data you currently have? * 5-Scale Choice 

Q20 Have you ever been limited in your work by the lack of appropriate water consumption data? * 5-Scale Choice 

Q21 Do you believe more detailed water consumption data would be beneficial to better fulfill your 

responsibilities? * 

5-Scale Choice 

Q22 If yes, what would be your preferable level of detail on a geographical level? Nominal, Single Choice 

Q23 If yes, what would be your preferable level of detail on a temporal level? Nominal, Single Choice 

Q24 What could real-time water consumption data be good for, in your view? * Rate items on a 5-Scale  

Table 13: Policy makers - Assessing your data 

 
Citizens 

No Question Type 

Q25 Are the citizens under your reach, sensitive in water efficiency and/or aware of how to become 

water efficient? * 

5-Scale Choice 

Q26 Does the geographical area you reach face any of the following challenges? * Nominal, Multiple Choice 

Q27 If you have performed awareness actions for water efficiency in the past, how would you 

describe their success? 

5-Scale Choice 

Q28 Is your organization involved in water pricing? * Nominal, Single Choice 

Q29 How was water pricing in your geographical area of reach designed? * Nominal, Single Choice 

Q30 Would you support personalized water tariffs per household? * 5-Scale Choice 

Q31 Assuming citizens purchased a product that reduced their water consumption by 20% on 

average. Do you believe the purchase of this product should be subsidized? * 

Nominal, Single Choice 

Table 14: Policy makers – Citizens 

2.1.2. Creation and distribution  
For  t he  su rveys ’  c re at ion ,  Goo gle  Forms was  use d.  Goog le  F orms a l lows  co l lec t ing  in fo rmat ion f r om use rs  

v i a  a  pe rso na l i zed  s urvey  in  an  e as y ,  s t ream l in ed  way,  ens ur ing  the  p r i vacy  and  con f ide nt ia l i t y  o f  

resp onses .  Each  Goo gle  F orm is  c onnec ted wi th  a  s in g le  Go og le  s pre ads hee t ,  wh ere  a l l  r espo nses  are  

aut omat ica l l y  co l lec ted.  Access  t o  t he  co rres pon ding  Goo gle  sp readsh eets  i s  pr otec t ed and ava i lab le  o nl y  

to  s e lec t  membe rs  o f  t he  pro jec t ’ s  Cons or t ium.  Th ese  per iod ica l l y  ex t rac t  t he  p ro v id ed  res pon ses  in  

Mic roso f t  Exce l  fo rma t  for  ana lys is .  

A l l  sur ve ys  we re  ava i l ab le  for  p ar t i c ipa t io n  on  Augu st  1 s t ,  2014,  wi th  d i ssemina t ion  ac t i v i t ie s  tak in g  p lace  

for  t he  subs equ ent  t wo  we eks .  
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Picture 1: Web survey for Consumers 

Each  sur ve y  was  d issem in ated  wi th  a  d i f fe ren t  man ner ,  ca te r ing  to  t he  ch ar ac ter i s t i c s  o f  the  in te nde d 

aud iences .  

  C o ns um er s .  Th e  s ur vey  h as  been  made  pu bl ic l y  ava i lab le  in  o ur  webs i te  and d is semina ted  t hro ugh  

a l l  pr o jec t  d i ssemina t io n  chann els .  Fur ther ,  th e  sur vey  was  for warde d  b y  a l l  C onso r t i um  par tn ers  

to  th e i r  loca l/n at ion al  n et wor ks ,  to  EC  of f i c ia ls ,  FP7  pro jec ts ,  and  t o  our  Ad v i s ory  Bo ard .  O ve ra l l ,  

we es t imat e  tha t  the  s urve y  r each ed ~ 5 ,000  co nsumer s .  

 

Picture 2: News article for disseminating the Consumer web survey (http://www.daiad.eu/?p=2999) 

  U t i l i t i es .  The  su rvey  has  n ot  been  mad e p ub l ica l l y  ava i lab le  to  en sur e  p ar t i c ipa t ion  on ly  f rom 

members  o f  th e  t arget  gr oup.  Co nso r t ium  par tn ers  d iss emina ted  the  sur ve y  b y  em a i l  to  se lec t  
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s tak eho lde rs  ( o r g a n i z a t i o ns ,  i nd i v i d ua l s ) ,  inv i t in g  th e m to  comp let e  i t  and  s har e  i t  o n l y  w i th  o th er  

ind iv idu al s  tha t  f i t  th e i r  p r of i le .  O ver a l l ,  we es t imat e  tha t  the  su rve y  re ached  ~ 5 00  use rs .   

  P o l i c y  Ma k er s .  Th e  sur ve y  h as  n ot  be en  made  pu bl ica l l y  a va i l ab le  to  en sure  p ar t i c ipat io n  on ly  f rom 

members  o f  th e  t arget  gr oup.  Co nso r t ium  par tn ers  d iss emina ted  the  sur ve y  b y  em a i l  to  se lec t  

s tak eho lde rs  ( o r g a n i z a t i o ns ,  i nd i v i d ua l s ) ,  inv i t in g  th e m to  comp let e  i t  and  s har e  i t  o n l y  w i th  o th er  

ind iv idu al s  tha t  f i t  th e i r  p r of i le .  O ver a l l ,  we es t imat e  th a t  the  su rve y  re ached  ~2 50  use rs .  

2.1.3. Overview of  insights  
In  t h is  d ocument  we an al y ze  res pons es  to  t he  sur ve ys  pr ov id ed unt i l  10/10 /20 14 .  As  a l ready  ment io ned,  

the  su rve ys  wi l l  r emain  op en  for  p ar t i c ipat io n  th rou gh out  the  du ra t io n  o f  t he  pr o jec t .  Ove ra l l ,  

par t i c ipa t ion  in  t he  sur ve ys  ha s  b e en  a c co r d i ng  t o  o ur  ex p e c t a t i o ns .  In  par t i cu lar :  

  C o ns um er s .  We  rece ive d  10 2  r espo nses ,  i . e .  ~ 2% o f  r eached  co nsumer s  par t i c ip ated  in  the  su rvey .  

Whi le  th e  p ar t i c ipat io n  pe rcent age  i s  smal l ,  t he  num ber  of  par t i c ip ants  i s  s a t i s f a c t o r y ,  e nab l ing  us  

to  de r i ve  us efu l  ins igh ts .  Th is  i s  s t ren gth ene d by  o ur  per io dic  ana lys is  o f  r es ponse s  dur in g  th is  

per iod.  A f ter  t he  f i r s t  ~50  r espon ses ,  o ur  an al ys is  res u l ts  r emained  pr ac t i ca l l y  t he  s ame.  

  U t i l i t i es .  We  rece i ved  12  r espon ses ,  i .e .  ~ 2 % of  re ached s tak eho ld ers  par t i c ip a ted in  th e  su rvey .  

We cons ide r  t he  n umber  o f  p ar t i c ipan ts  to  be  s m a l l  and the  s t and alone  an al ys i s  o f  r espo nses  no t  

su i t ab le  for  ex t r ac t ing  s i gn i f i can t  in s i ght s .  T h is  lo w leve l  o f  par t i c ipa t ion  has  been  a nt i c i p a t ed  by  

the  C ons or t ium and  va l id ated  d ur ing  th e  requ ir e ments  e l i c i ta t io n.  F or  th i s  re aso n we have  

p lanned  in  advance  ad di t io nal  d iscuss ion  p ane ls  and  on - to- one  in te rv ie ws  fo r  t h is  tar ge t  g ro up.  I n  

summary,  the  ma jor  reas o ns  fo r  th is  sma l l  p ar t i c ipa t ion,  as  e x t r ac te d f r om dir ec t  commun icat io n  

wi th  th is  gr oup  ( p a n e l s ,  i n t er v i ews ) ,  were :  

o  C o nf i d en t i a l i t y .  Membe rs  o f  u t i l i t ie s  e va lua ted mo st  ques t ions  in  t he  s ur vey  as  d i rec t l y  

tar get in g  c r i t i ca l  b us i nes s  fu nc t i o ns  o f  the i r  or gan iza t ions ,  and  as  such  p r otec t ed by  

co n f i d e n t i a l i t y  c l aus es .  D espi te  the  p rov id ed pr i vacy/an onym izat ion  guar antees ,  the  

aud ience  d id  n ot  wan t  to  pr ov id e  resp ons es  to  i ss ues  desc r ib in g  and /or  a f fec t in g  th e  

oper at ion  o f  t he i r  or gan iza t ions .  In  the  con te xt  o f  t he  d iscuss io n p ane ls  and  one - to -on e 

in t erv ie ws  we h ave  man aged t o  somewhat  cur b  th is  reser va t ion  an d e nsur e  a  h igher  l eve l  

o f  p ar t i c ipa t io n.  H owe ve r ,  we  be l ieve  th is  ins igh t  t o  be  c r i t i ca l  for  our  fu t ure  in ter ac t ions  

wi th  th is  commun i t y  ( p r e f er e nc e  i n  d i r ec t  co m m uni ca t i o n ) ,  an d a l so  re le va nt  for  fu tu re  

in t erac t io ns  f r om o the r  res earch  pr o jec ts .  

o  T ec hn i ca l  B a ck g r o u nd .  Th e  number  of  pers onn el  in  u t i l i t ie s  d i rec t l y  work ing  on  ana ly z ing  

and  e xt rac t in g  in s i ght s  f r o m consump t ion  d at a  i s  ex t remely  smal l  comp ared  to  the i r  t o t a l  

wor k force .  In  mos t  c a ses ,  t he  ro le  o f  the  Da t a  A na l ys t  i s  abs ent ;  da ta  ana lys is  i s  most  o f ten  

subcon trac ted to  th i rd  p ar t ies /exper ts  b oun d ed by  NDA s  and oth er  co n f id ent ia l i t y  

agr eement s .  As  such,  mo st  par t i c ip ant s  cou ld  no t  p ro v id e  res pon ses  e ven  for  s imp le  

ques t io ns  o f  th e  su r ve y  (e .g .  s i ze  o f  the i r  wat er  c onsump t io n  da ta ) ,  and  th us  ent i re l y  

drop ped  ou t  f r om t he  sur vey .  

o  L o w i n t er es t .  A  r eoccurr in g  theme,  wh ich  a ls o  cons is ts  on e o f  t he  ma jor  c ha l l enge s  th e  

pro jec t  a ims  to  ad dres s ,  r e gar ds  t he  lo w in t ere s t  o f  u t i l i t ie s  in  r ea l - t ime wa ter  moni t or ing  

and  b ig  da ta  an al ys is  tech nolog ies .  Th e  pre va len t  v i ew is  t hat  t he  curr ent  s ta tus  quo  in  
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water  moni to r in g  i s  per fe c t l y  ad equ ate  t o  addr ess  the  nee ds  o f  u t i l i t ies .  Co nsequ ent ly ,  

many  members  o f  th is  t arget  gr oup  s imply  had  n o in t eres t  i n  complet ing  t he  su rve y .  Most  

impor tan t l y ,  th e  go al  o f  water  e f f i c i ency  i s  n ot  sh are d b y  a  lar ge  numb er  of  u t i l i t ie s ,  as  i t  

d i r ec t l y  a f fec ts  the i r  tu rno ver .  

  P o l i c y  Ma k er s .  We  rece i ve d 4  r esp onse s ,  i .e .  < 2% of  reach ed s takeh old ers  par t i c ipa ted  in  th e  

survey .  We  co ns ider  t he  n umber  o f  par t i c ip ant s  to  be  v er y  s m a l l ,  so  we have  not  ana ly zed  them 

fur the r .  Th is  lo w le ve l  o f  p ar t i c ipa t io n  has  bee n  a nt i c i p a t ed  by  the  Co nso r t ium and  va l id ate d 

dur ing  the  r equ ireme nts  e l i c i t a t ion.  F or  t h is  reaso n we  h ave  p lanne d  in  ad vance  ad di t io na l  

d iscus s io n  panel s  an d one - to -on e  in ter v iews  for  t h is  tar get  gr oup.  I n  summar y,  the  ma jor  reas ons  

for  t h is  sma l l  p ar t i c ipa t io n,  as  ex t rac ted  f rom  di re c t  communic at ion  wi th  th is  gr oup  ( p a n e l s ,  

i n t er v i e ws ) ,  we re:  

o  P o l i c y  T a r g e t i n g .  Th e  vas t  ma jor i t y  o f  po l i c y  make rs  in  the  are a  o f  W ate r  M anagemen t 

most l y  focu s  on  br oad er  and ma ins t re am p ol i c y  cha l l enge s ,  not  r e la t ing  to  re a l - t ime  wate r  

moni t or ing .  As  such,  the  l eve l  o f  und ers tan din g  fo r  the  pr o jec t ’ s  goa ls ,  tech n olo gy ,  and 

impac t  i s  e x t r emely  l ow.  F or  most  membe rs  o f  th is  t arget  g rou p  th e  no t ions  o f  r ea l - t ime 

wa ter  mon i to r ing  f rom c onsumer s ,  and  the  cor re spond in g  ins i ghts /s t imul i  for  wate r  

e f f i c i ency  was  a lmost  a l i en .  Cons equ ent ly ,  in tere s t  fo r  p ar t i c ipa t in g  in  t he  sur ve y  was  lo w.  

o  T ec hn i ca l  B a ck g r o und .  Th e  same o bse rvat ion  re gard in g  t he  d i s co nn ec t  o f  po l i c y  makers  to  

the  pr o jec t ’ s  go als ,  i s  a lso  mat er ia l i z in g  in  the  techn ica l  b ackg rou nd  o f  th is  t ar get  g ro up.  

The  da ta ,  to o ls  and  proce sses  us ed  t o  id ent i fy ,  p lan,  imp lement  and  mo ni tor  p ol i c ie s  in  

the  Wat er  d omain  are  q ui t e  s imp le  in  terms  o f  t echno logy  us ed  (comp are d to  o ther  

domains) .  As  such ,  man y par t i c ipan ts  co uld  no t  p r ov ide  eve n s imple  res pon ses  t o  t he  

survey  (e . g .  wh ich  d ata  manageme nt  s ys tem th ey  use ) ,  resu l t in g  in  h igh  dr op o u t  f r om th e 

survey .  

In  t he  fo l lo win g  we  p ro v id e  an  ana ly s is  o f  the  r esp on ses  rece i ve d fo r  e ach  type  of  sur ve y .  

  



DELIVERABLE 1.2            27 

2.1.3 .1 . Consumer Survey  

The  on l ine  su rve y  t ar get in g  c onsume rs  cons is t ed  o f  f i ve  ques t ion  g rou ps ,  a s  d i scussed  in  Sec t ion  2 .1 .1 .1 .  

Next ,  we  an al y ze  the  r esp o nses  for  each  qu es t io n.  Th e  “ *”  symbo l  a f te r  a  ques t ion  den ote d tha t  an  an swe r  

to  the  q ues t io n  was  man da tor y  in  th e  s ur ve y .  

2.1 .3 . 1 . 1 .  I  cons ider my househo ld  to  be  a :  *  

 

 

Figure 1: Responses on "I consider my household to be a:" 

As  we  can  see ,  en d -u ser s  are  op in ion ate d o n the i r  gene ra l  b ehav ior  re gard in g  wat er  c onsump t ion,  w i t h  

onl y  1% u nsur e  o f  wh ere  t hey  s tand  cons umpt ion - wis e .  Th ere  a re  t wo  mo re  o bser va t ions  tha t  can  b e  

ga ined f r om th e  re spo nse s .  F i r s t ,  one  in  t wo p ar t i c ipants  id ent i f ies  th e i r  ho u seho lds  as  med ium water  

users .  O f  c ours e  th is  c an not  be  t rue ,  and  c le ar ly  demons tra tes  t hat  h a l f  o f  th e  pop ulat ion  cons id ers  

themse lves  t o  b e  a ver a g e ,  and as  s uch wi th  no rea l  incent ive  t o  change  th e i r  water  cons umpt ion  habi ts .  

S imi la r l y ,  one  ou t  o f  th re e  par t i c ip an ts  co ns iders  t he i r  h ouse ho ld  to  be  a  lo w wa ter  use r .  A ga in ,  th is  i s  

canno t  b e  t rue  for  a l l  re sp onses ,  and  expos es  an  a l r ead y  p erce ive d bar r ier  fo r  impr ov in g  wa ter  e f f i c ie nc y 

in  a  s i zab le  pe rcen tage  of  t he  p opu la t ion.  

2.1 .3 . 1 .2 .  Accord ing  to  your es t ima te ,  how much water do  you consume every day? ( in  l i ters)  *  

 

Figure 2: Responses on "how much water do you consume every day? (in liters)" 
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2.1 .3 . 1 .3 .  Accord ing  to  your es t ima te ,  how much water do  you consume per shower? ( in  l i ters)  *  

 

Figure 3: Responses on "how much water do you consume per shower? (in liters)" 

2.1 .3 . 1 .4 .  Accord ing  to  your es t ima te ,  how much energy do  you use for  water  heat ing  per shower? 
( in  KWh)  *  

 

Figure 4: Responses on "how much energy do you use for water heating per shower? (in KWh)" 

2.1 .3 . 1 .5 .  Accord ing  to  your es t ima te ,  what  is  the  to ta l  cost  for  your showers in  one month? ( in  
Euros)  *  
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Figure 5: Responses on "what is the total cost for your showers in one month? (in Euros)" 

From F igu re  2  t o  F igure  5 ,  we  can  see  t hat  con sumers  have  very  d i s p er s ed  es t i m a t i o ns  abo ut  t he  amoun t  o f  

wa ter ,  e ner gy ,  and  as soc ia ted  cos t s  o f  t he i r  wa te r  co nsumpt ion .  F or  th e  ma jo r i t y  o f  p ar t i c ipan ts ,  th e i r  lack  

o f  un ders tand ing  for  t he i r  con sumpt io n beh av ior  i s  e v iden t  ( e . g .  p er c en t a g e  o f  unr ea l i s t i ca l l y  l o w/ h i g h  

a m o unt s  p r o v i d ed ) .  Q ui te  s imply ,  the  vas t  ma jo r i t y  o f  par t i c ipan ts  canno t  qu an t i f y  i t s  con sumpt io n o f  wate r  

and  en er gy .  An oth er  impo rtan t  ins i gh t  re gards  t he  e xt r eme ly  low vo lume  in  l i t ers  us ers  b e l ie ve  t hey  are  

us in g  in  sho wer s .  A lmos t  90% of  p ar t i c ipan ts  p ro v ide  a  numbe r  which  i s  le s s  t han  ha l f  o f  t he  vo lume 

requ ire d fo r  a  sho wer  (~ 80  l i te rs ) .  As  such ,  we  c an deduc t  tha t  90 % of  u s ers  a l ready  p erce ive  t he ir  

sho wers  to  be  e xt remely  e f f i c ie nt !  A  s imi lar ,  b ut  l ess  dom inant  ob ser va t ion  re la t es  to  the  en er gy  

consumpt io n and  as soc ia te d cos ts ,  aga in  sho wing  t hat  par t i c ip ant s  u nde res t imat e  t he i r  co nsump t ion.  

2.1 .3 . 1 .6 .  How of ten  are  you in formed about  the  water  consumption  o f  your house ho ld? *  

 

Figure 6: Responses on "How often are you informed about the water consumption of your household?" 

The answers  o f  the  ab ove  ques t ion  are  expec te d:  the  ma jo r i t y  (64%) i s  in fo rmed abou t  i t s  wa ter  

consumpt io n a t  b es t  e ver y  few mon ths  o r  once  a  ye ar .  In tere s t ing l y ,  a  l ar ge  p ropo r t ion  (22%)  do es  no t  

care  ab out  h ow much  t h ey  consume .  O ve ra l l ,  84 % of  p ar t i c ipan ts  ar e  in formed  ab ou t  the i r  wat er  

consumpt io n a t  bes t  eve ry  fe w mon ths .  
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2.1 .3 . 1 .7 .  I  wou ld  consume less water i f :  *  

 

Figure 7: Responses on "I would consume less water if:" 

F igu re  7  p ro v ides  an  imp o rtan t  in s i ght  o n  wh ich  are  the  most  imp ort an t  fac t o rs  for  in duc in g  red uc t ion s  in  

wa ter  cons umpt ion.  Accor d in g  to  the  p ro v id ed res p onses ,  t he  most  imp ort an t  f ac tor  i s  a  p o t en t i a l  wa t er  

s ca r c i t y  o r  d r o ug ht .  Co nseq uent ly ,  we  can  de duc t  t ha t  h a l f  o f  the  par t i c ip an ts  i s  w i l l i ng  t o  r educe  t he i r  

wa ter  cons umpt ion  on l y  in  t imes  o f  c r i s i s ,  i .e .  when  a  sus t a in ab i l i t y  ch a l le nge  h as  a l re ad y  mani fes ted .  

The  n ex t  t wo  imp ort an t  f ac tors  ar e  r e la te d t o  u sers ’  awar enes s  o f  the i r  consump t io n.  Co nsumer s  wou ld  be  

wi l l in g  to  red uce  the i r  con sumpt ion  i f  the y  kne w (a )  whic h  ac t i v i t i es  resu l t  in  t he  mos t  co nsumed  wat er ,  

and (b )  had  mor e  f re quen t  in fo rmat ion  re gard ing  t he i r  wat er  use .  The se  two fac t ors  are  d i rec t l y  r e la te d to  

the  pro jec t ’ s  go als ,  which  inc lu de,  amon g o the rs ,  inc reas in g  t he  f re que ncy ,  the  det a i l  and the  g ran ular i t y  

wi th  wh ich  use rs  ar e  in for med abou t  the i r  cons umpt ion.   

In ter es t in g l y ,  inc r ease  in  pr ice  o f  wat er  come s  l a t er  as  the  fo ur th  r eas on fo r  r educ in g  co nsump t ion.  T h i s  

impl ies  t hat  t he  major i t y  o f  co nsumer s  do  no t  c ons id er  wa ter  p r ice  as  a  s t r on g mot i vat or  for  r ed uc ing  t he i r  

consumpt io n.  Bas ed  on  th e  oth er  re spo nses  in  t he  ques t io n,  we  can  e l imina t e  the  n ot ion  of  co ns um p t i o n  

e l a s t i c i t y  as  a  reas on  ( i .e .  cons umers  a r e  wi l l in g  t o  r educe  con sumpt ion  for  o t her  r eas ons ) .  A lso ,  in  

conju nc t ion  wi th  ins i ghts  f rom the  pre v i ous  re spo n ses  r egard in g  wat er  u se ,  we can de duc t  th at  mo st  

par t i c ipan ts  co ns ider  wa te r  as  a  l o w co s t  res ource ;  most  o f  t hem ar e  no t  e ve n in  a  p os i t ion  to  q uan t i f y  

the i r  c onsump t ion.   
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2.1 .3 . 1 .8 .  I f  you  had to ,  wou ld  you f ind  i t  eas ier  to  consume less e lectr ic i ty  o r  le ss  wa ter? *  

 

Figure 8: Responses on "If you had to, would you find it easier to consume less electricity or less water?" 

Compar ing  wa ter  and  e lec t r i c i t y  c onsump t ion,  F i gu r e  8  imp l ies  th at  us ers  f in d  i t  ha rde r  to  r educe  the i r  

wa ter  con sumpt io n.  Ho we ver ,  th is  may  b e  par t ia l l y  a t t r ibut ed  to  the  fac t  tha t  t hey  are  p oo r l y  in fo rmed 

abou t  t he i r  co nsumpt io n and ways  t o  r educe  i t .  On t he  o ther  hand,  en e rgy  i s  in  ge ner a l  mo st  co s t l y ,  so  

users  a re  expec te d to  be  more  in fo rmed  on  ways  to  d ecreas e  e ner gy  con sumpt io n,  i f  re qu ired .  We  ne ed  to  

add,  th at  i f  the  use rs  were  bet ter  in formed  ab ou t  t he  nexus  of  en ergy  c o nsumpt ion  and hot  wat er  

consumpt io n the  res u l ts  might  be  d i f fe ren t .  

 

2.1 .3 . 1 .9 .  Do you carry your mobi le  phone wi th  you when yo u are  ins ide  your res idence? *  

 

Figure 9: Responses on "Do you carry your mobile phone with you when you are inside your residence?" 

F igu re  9  pro v ides  some import ant  ins i ght  re gar d in g  ho w co nsumer s  curr ent l y  use  th e i r  mob i le  ph one s .  

One in  fou r  a lmo st  a lways  ca rr ies  th e i r  mo bi le  ph ones  wi th  th em,  wh i le  a lmost  one  in  t wo  h as  th e i r  

mobi le  pho ne  wi t h  them  about  h a l f  o f  the  t ime.  Th is  mean s  tha t  mobi le  p hon e s  a re  o m ni p r es e n t  de v ices  
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even  wi th in  domes t ic  en v i ronmen ts ,  an d as  such  su i tab le  for  convey in g  d i r ec t  in ter ve nt ions  and  s t imul i  

regard in g  wa ter  cons umpt ion.   

Of  cou rse ,  th e  r emain in g  popu la t ion  i s  equ al ly  imp ort ant ,  mean in g  tha t  t he  mobi le  p hon e a lo ne i s  n o t  

enou gh.  T he  r i s e  o f  wearab le  d ev ices  may c hange th is  lan dscape  an d pr o v id e  addi t ion al  med i a  fo r  

de l i ver ing  in format io n t o  consumers .  H oweve r ,  and  fo r  the  t ime be in g,  in ter ven t ions  nee d t o  a ls o  b e  

de l ivere d to  the  p oint  o f  c onsump t io n thr ou gh su i tab le  in ter face s .  

2.1 .3 . 1 . 10 .  I s  your mobi le  phone wi th in  reach or  v isua l  range when you :  *  

 

Figure 10: Responses on "Is your mobile phone within reach or visual range when you:" 

A  some what  ob v ious ,  bu t  ne ver the les s  impo rtant  ins i ght  i s  pro v ided  f rom  r espon ses  t o  th is  ques t ion .  

Ac ross  a l l  majo r  wat er  con sumpt ion  ac t i v i t ie s ,  th e  m obi le  ph one  is  a t  reach  a t  be s t  50% o f  the  t ime.  T he  

s t ro ng  n egat ive  resp onse s  are  a ls o  te l l in g .  For  a l l  ac t i v i t ies ,  29 % -56% of  the  t im e p ar t i c ipants  d o  no t  have  

a  mob i le  pho ne wi th in  re ach.  Aga in ,  we  re ach s imi la r  in s i ght s  wi th  th e  pre v ious  ques t io n.  
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2.1 .3 . 1 . 1 1 . Would  you be  ab le  to  rep lace the  shower -head in  your res idence wi thout  a nyone he lp ing  
you?*  

 

Figure 11: Responses on "Would you be able to replace the shower-head in your residence without anyone 

helping you?" 

The resu l t s  o f  t he  ab ove  q ues t ion  d emons tra te  th e  c onf ide nce  of  t he  cons umer  o f  be ing  able  to  in s ta l l  th e  

measur in g  de v ice  on  t he i r  own.  On ly  7 % o f  cons u mers  would  re qu ire  ass is tance  fo r  in s ta l l in g  a  ne w 

sho wer -he ad.  Con seq uen t l y ,  in te gr at ing  a  d i sp lay  in  t he  sh ower - head  for  con vey in g  wate r  cons umpt ion  

in format ion  i s  a  p ackag in g  opt ion  t hat  can  b e  rea l i s t i ca l l y  ad op ted  b y  co nsumer s .  

2.1 .3 . 1 . 12 .  I f  you  own both  a  mobi le  phone and a  tab le t ,  wh ich  one do  you genera l ly  use more when 
ins ide  your res idence? *  

 

Figure 12: Responses on "If you own both a mobile phone and a tablet, which one do you generally use 

more when inside your residence?" 

Severa l  in te res t ing  o bser vat io ns  can  b e  made  f ro m res pon ses  in  th is  q ue s t ion.  F i rs t ,  in  domes t ic  

env i ro nment s  whe re  use rs  have  acces s  to  bo th  a  mobi le  pho ne  an d a  tab le t ,  pr e fe rence s  are  a lmos t  

p er f e c t l y  d i v i d ed .  Th is  me ans  th at  equ al  a t ten t ion  s hou ld  b e  g iven to  bot h  t ypes  o f  dev ices .  Es pec ia l l y  
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cons id er ing  the  c urr ent  m arke t  t r end  of  hyb r id  mo bi le  ph ones  w i th  inc r eas e d sc reen  re a l -es t a t e  ( i . e .  

p ha b l e t s )  a  h omoge ni zed  techn ica l  appr oach  in  ter ms of  UI  and  func t ion al i t y  s hou ld  be  con s id ere d.  

Secon d,  g i ven  t hat  mob i le  pho ne owner sh ip  in  EU/ USA  is  g rea te r  t han  90% 1, 2,  we can  sa fe ly  de duce  th at  

a lmos t  on e ou t  o f  thr ee  resp onde nts  does  not  own a  tab le t .  Ac tu a l l y ,  th is  number  i s  g rea ter  fo r  th e  

gene ra l  po pu lat io n 3 and  in dicat i ve  for  the  t e ch no l o g y - i nc l i na t i o n  o f  ou r  par t i c ip ants .  Co nseq uen t l y ,  for  the  

major i t y  o f  con sumers ,  th e i r  mob i le  ph one  wi l l  be  th e  on ly  me ans  for  ga in in g  k nowled ge  regar d in g  t he i r  

wa ter  cons umpt ion.  

2.1 .3 . 1 . 13 .  I s  B lue tooth  ON in  your  mobi le  phone? *  

 

Figure 13: Responses on "Is Bluetooth ON in your mobile phone?" 

The r esp onse s  in  th i s  qu es t ion  ar e  e xpec ted bas e d on  th e  cur ren t  B lue too th  vers io n o f  mo st  mo bi le  

phon es .  Wh i le  t he  lo w -e n ergy  B luet oo th  4 .0  i s  ava i lab le  fo r  mor e  th an a  year  no w,  and is  a  d e  fac to  

s tan dar d  for  pr ac t i ca l l y  a l l  ne w mob i le  ph ones ,  c ons umer  perce pt ion s  ar e  s t i l l  domin ate d  by  the  p re v ious  

ener gy -hu ngr y  ve rs ions  o f  B luet oo th.  As  a  res u l t ,  the  vas t  ma jor i t y  o f  u ser s  (65 %)  a lmost  n eve r  have  th e  

B luet oo th  turn ed on.  We e xpec t  th is  p ercen tage  to  s i gn i f i cant l y  decr eas e  du r ing  the  l i fe t ime of  th e  pr o jec t  

as  co nsumers  get  acqu aint ed wi th  the  be t t er  ene rgy  e f f i c i ency  o f  B lue too th  4 .0 .  Ho we ver ,  the  ava i l ab i l i t y  

o f  B lue to oth  cann ot  be  t ak en for  g ran ted;  d ata  t ran s miss ion s hou ld  be  des igne d as  t o  accommod ate  t h is  

chal len ge.  

                                                        
1 http://www.eea.europa.eu/data-and-maps/figures/mobile-phone-ownership-in-four-pan-european-regions 
2 http://www.pewresearch.org/fact -tank/2013/06/06/cell -phone-ownership-hits-91-of-adults/ 
3 http://techcrunch.com/2013/02/20/forrester -tablet-ownership-in-europe-to-rise-4x-in-5-years-55-of-regions-online-adults-wil l-own-one-by-2017-up-from-

14-in-2012/ 
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2.1 .3 . 1 . 14 . Do you own another device  that  connects  to  your phone over B luetooth?  *  

 

Figure 14: Responses on "Do you own another device that connects to your phone over Bluetooth?" 

 

The r espo nses  in  th is  que s t ions  we re  ant i c ip ate d and do  no t  p rov id e  any  ne w ins i gh t .  Mos t  B lue too th -

own ed  de v ice s  ar e  heads ets/s peakers .  A lso ,  cu rre nt  marke t  pe net ra t io n  o f  smar t  home  s ys tems  an d 

ac t i v i t y  t racke rs  are  e xt rem ely  lo w.  

2.1 .3 . 1 . 15 .  Would  l ike  to  have  more in format ion  about  your  water  consumption  than your per iod ic  
water  u t i l i ty  b i l l?  *  

 

Figure 15: Responses on "Would like to have more information about your water consumption than your 

periodic water utility bill?" 
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F igu re  15  ver i f ie s  wh at  was  a lso  imp l ied  b y  the  answe rs  in  F i gur e  7 .  Th e  ma jo r i t y  o f  user s  are  in te res ted  in  

lea rn ing  more  in fo rmat io n abou t  the i r  wa te r  con sump t io n.  Spec i f i ca l l y ,  a lmo st  e igh t  o ut  o f  t en  u ser s  h ave  

rep l ie d  “De f in i t e l y  Yes”  or  “Ye s” ,  whi le  ano the r  16% d oes  n ot  have  a  c lea r  op in ion  abou t  whe ther  the y  

wou ld  wan t  such  ad di t iona l  in form at ion.  F or  th is  g ro up of  u sers  we  cann ot  ass ume a  p r ior i  a  ne gat i ve  or  

pos i t i ve  a t t i tud e t oward s  acquir in g  mor e  in format io n.  I t  i s  p o ss ib le  t ha t  t hese  u sers  are  no t  aware  of  th e  

ac tua l  be nef i t s  (e .g .  co nsu mpt io n red uc t ion )  th at  can  b e  ach ieved.  F ina l l y ,  o n l y  a  5% answere d th at  t hey  

are  no t  in te res ted  in  t h is  f ac i l i t y .  Ho we ver ,  no ne of  t hem de f in i te l y  re jec t  i t ,  s o  the re  m igh t  a ls o  b e  r o om 

for  a  sh i f t  i n  th e i r  po int  o f  v ie w,  g i ven  th at  t hey  a re  pr ov ide d  wi t h  mot ivat ion  or  educa t ion  o n  wate r  

consumpt io n and  sav ing.  

 

2.1 .3 . 1 . 16 .  Assuming you cou ld  have in format ion  on  a  mobi le  device  about  how much water you 
consume,  which  o f  the  fo l lowing  devices wou ld  yo u prefer? *  

 

Figure 16: Responses on "Assuming you could have information on a mobile device about how much water 

you consume, which of the following devices would you prefer?" 

Again ,  r esp onse s  in  t h is  q ues t ion  ar e  a l ign ed wi th  ins i ghts  de r i ved  f rom p re v ious  q ues t ions ,  an d va l id at e  

the  pro jec t ’ s  tar ge t in g .  T he  mob i le  ph one is  m arg ina l l y  p re fer red  over  f i xe d d i sp lays  in  t he  p oint  o f  

consumpt io n for  the  majo r i t y  o f  c onsume rs .  B oth  o pt ions  fo r  con ve y ing  kno wled ge to  co nsumer s  en jo y  

s ign i f i cant  appr oval ,  w i th  ~85% and  ~72% resp ec t ive l y  o f  par t i c ipants  p ro v id ing  a  pos i t i ve  res pons e  

(Def in i t e l y  Yes ,  P ro bab ly  Yes) .  Ac t ua l l y ,  less  th an 10% an d 20% o f  the  par t i c ip ant s ,  re spec t i ve l y ,  are  

nega t i ve  wi th  the se  so lut ions  (Pro bab l y  N o,  D ef in i te l y  No ) .  Regar din g  tab le t  d ev ices ,  cons umers  a re  

c lear l y  less  r ecept i ve .  Ho wever ,  th is  obs er vat io n  mus t  take  in t o  accoun t  the  s t i l l  g ro wing  sh are  o f  tab le t  

dev ices  o wne d b y  th e  co n sumers .  F ina l l y ,  smar t - wa t ches  are  con s id ere d as  a  pre fer red  med ium by  on ly  
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~15% o f  consume rs .  Th is  was  an  en t i re ly  an t i c ipa t ed outcome ,  s ince  smart - wa tches  ar e  s t i l l  on  the i r  

in fancy .  H oweve r ,  i f  we t ake  in t o  account  th at  on ly  55% o f  co nsumer s  cur ren t l y  wear  a  watch  and  th e  

ant i c ip ate d marke t  gro wt h of  smar t  wa tches  in  t he  ne xt  3  years 4,  th e  ~15% o f  po s i t i ve  r esp onse s  co nve ys  a  

c r i t i ca l  in s i ght .  Desp i t e  t h e  unp ro ven techn ology ,  t h e  ve ry  fe w man ufac tur ers ,  and unfami l i ar i t y  w i t h  th e 

capab i l i t ies  o f  th is  ne w m edium,  cons umers  un ders t and  th e  p ote nt ia l  themse l ves !  C lear l y ,  the re  i s  g re a t  

pote nt ia l  fo r  d e l i ver ing  t im ely  con sumpt io n in format ion us ing  wear ab le  de v ices .   

2.1 .3 . 1 . 17 .  What type o f  in forma t ion  wou ld  you prefer  to  be  g iven instant ly  ( i .e .  in  rea l  t ime)  as  you 
consume water? *  

 

 

Figure 17: Responses on "What type of information would you prefer to be given instantly (i.e. in real time) 

as you consume water?" 

                                                        
4 http://www.businessinsider.com/global -smartwatch-sales-set-to-explode-2014-3 
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2.1 .3 . 1 . 18 .  Would  you l i ke  to  have access to  your h is tor ica l  w ater  consumption  data? *  

 

Figure 18: Responses on "Would you like to have access to your historical water consumption data?" 

 

2.1 .3 . 1 . 19 .  Assuming you had access through a  web s i te  to  your h is tor ica l  water  cons umption  data ,  
what  k ind  o f  in format ion  wou ld  you f ind  usefu l?  *  

 

Figure 19: Responses on "Assuming you had access through a web site to your historical water consumption 

data, what kind of information would you find useful?" 
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F igu res  F igu re  17  to  F i gu r e  19  pres ent  wh at  t yp es  o f  cons umpt ion  d at a  use rs  wou ld  p re fer  to  b e  sh own.  

Vo lume  and  cos t  o f  co ns umed water  are  t he  most  imp ort an t  fo r  m ost  us er s ,  fo l lowed  b y  a ler t s  and  

e f f i c i ency  indic ato rs .  Fur t her ,  a lmost  a l l  use rs  req uire  t o  h ave  acces s  to  h i s tor ica l  co nsumpt io n d at a  

(F i gur e  18) ,  pr eferr in g ,  o n  top of  vo lume  an d cos t  da ta ,  a ls o  comp ara t i ve  da ta  wi th  o the r  h ouse ho lds .  Th e  

a fo remen t ione d r esu l ts  de monstr ate  t he  user s ’  nee d for  more  f in e  gra ine d and  deta i led  in fo rmat io n abou t  

the i r  c onsump t ion,  no t  res t r i c ted  t o  s imple  ind ica tor s .  

 

2.1 .3 . 1 .20.  Assuming you had access through a  web s i te  to  your h is tor ica l  water  cons umption  data ,  
how wou ld  you prefer  th is  in format ion  to  be  prese nted? *  

 

Figure 20: Responses on "Assuming you had access through a web site to your historical water consumption 

data, how would you prefer this information to be presented?" 
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Accordin g  to  F i gur e  20 ,  th e  mos t  pre fer ab le  cons umpt ion  da ta  v is ual i za t io n  m etho ds  ar e  ch ar ts ,  fo l lo we d 

by  e f f i c i ency  ind ica tor s .  T h is  i s  e xpec ted,  s ince  bo t h  to ols  pre sen t  da ta  in  a  more  in tu i t i ve  and us er  

f r iend l y  way  th an s pre adsh eets  and  rep or ts .  A lso ,  i t  i s  impo r t ant  to  h i gh l i ght  th at  t he  cu rren t  wa ter  u t i l i t y  

b i l l s  ar e  l ess  pre fe rab le  than  a l l  op t ions .  Desp i t e  consumer s  b e in g  fami l ia r  w i t h  t he i r  s t ruc t ure  an d 

conten t ,  th ey  pr efer  o t her  media  pr ov id in g  them inc r eased  in format ion  an d p ot ent ia l  for  e xp lo rat io n.  

 

2.1 .3 . 1 .21 .  Assuming you cou ld  compare your water  consumption  data  wi th  o thers ,  w hich  o f  the  
fo l lowing  groups wou ld  you prefer? *  

 

Figure 21: Responses on "Assuming you could compare your water consumption data with others, which of 

the following groups would you prefer?" 

The  res pon ses  o f  p ar t i c ip ants  regar d in g  compar is on  o f  t he i r  wate r  cons umpt ion  w i t h  o t her  u ser  gro ups  

pro v id e  t wo impo rt ant  i ns i ghts .  F i rs t ,  ac r oss  a l l  g rou ps ,  ne ga t i ve  resp ons es  (P r obab l y  No,  D ef in i te ly  No )  

ran ge  f rom 10 % to  23%.  T h is  mean s  tha t  th e  vas t  majo r i t y  o f  par t i c ip an ts  ar e  pos i t i ve  t owar ds  c ompar in g  

the i r  wat er  cons umpt ion  w i th  o the rs .  Secon d,  i t  app ears  tha t  use rs  co ns ide r  more  imp or tan t  to  comp are  

the i r  cons umpt ion  wi th  l arge  sca le  aggr egate s  ( c ount ry ,  c i t y ,  mun ic ip a l i t y) ,  wi th  p os i t i ve  resp onse s  

reduc ing  as  t he  gro up de crease s  in  s i ze .  C ompar is on s  wi th  f r ie nds  an d n e ighbo rs  rou gh ly  en jo y  the  

appr oval  o f  ne igh bor hoo d  and  munic ipa l i t y  gro ups .  
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2.1 .3 . 1 .22.  Would  you share  your wa ter  consumption  in forma t ion  wi th  o thers?  *  

 

Figure 22: Responses on "Would you share your water consumption information with others?" 

Respo nses  in  t h is  q ues t io n  p ro v ide  se ver a l  in t eres t ing  f ind ings  re la t in g  to  p erce i ved  n ot ion s  of  pr ivac y  

and  t rus t .  F i rs t  o f  a l l ,  con sumers  c lear l y  do not  wan t  to  share  t he i r  wat er  co n sumpt ion in format ion wi th  

ever yo ne,  i .e .  e xpo se  i t  in  th e  pub l ic  dom ain .  Ac tu a l l y  40% re spo nd  wi t h  ‘Def in i t e l y  N o ’ ,  wh i le  ~25 % are  

pos i t i ve  (D ef in i te ly  Ye s/Pr obab l y  Ye s) .  Th e  number  o f  p os i t i ve  r esp onses  i s  c r i t i ca l  i f  we c ons ide r  tha t  one  

in  four  i s  w i l l ing  to  sh ar e  the i r  con sumpt ion  wi th  e ver yo ne,  as  i t  fo rms a  ver y  br oad  user  base  fo r  

des i gn ing  b ot tom -u p awar eness  c ampa igns  and  in i t ia t i ves  for  mo t i va t ing  th e  ge ner a l  po pu lat io n.  The  

number  of  n egat ive  res pon ses  imp oses  a  c r i t i c a l  r equ iremen t  f rom  cons umers :  wa ter  co nsumpt io n  sh ould  

be  pr iva t e  by  de fau l t ,  w i t h  co nsume rs  hav ing  fu l l  c ontr o l  re gar d ing  who  the y  s har e  th e i r  consump t ion  

wi th .  

I t  i s  impor tan t  to  h i gh l i ght  the  po s i t i ve  v iew o f  p ar t i c ipants  in  sh ar ing  th e i r  wa t er  con sumpt io n d ata  w i t h  

sc ien t is ts .  P os i t i ve  res pon ses  a re  ~80 %,  and r ou ghl y  th e  s ame wi t h  po s i t i ve  r espon ses  fo r  sh ar ing  da ta  

wi th  fami ly  members !  Fur t her ,  compar in g  wi th  t he  resp onses  re gard ing  wa ter  supp l iers  ( whi ch  ha ve  d e  

fa c t o  a c ces s  t o  t h i s  d a t a ) ,  we  can  mak e the  fo l lowing  ob ser va t ions .  F i rs t ,  s c ient is ts  en joy  the  t rus t  o f  

par t i c ipan ts .  Cons umers  under s t and the  nee ds  of  sc ien t i f i c  res earch ,  and are  w i l l ing  to  share  the i r  

consumpt io n d at a  wi th  s c ient is ts .  Th i s  in t ro duces  a  gr eat  o ppo r tu ni ty  for  ga in in g  access  to  wate r  

consumpt io n in form at ion  d i r ec t l y  f rom co nsume rs ,  and bypass in g  ent i r e l y  th e  wa ter  u t i l i t i es .  Second ,  th e  

t rus t  award ed to  sc ie nt is t s  a l so  imp l ie s  gre at  res pon s ib i l i t y  in  main ta in in g  i t .  P rope r  ca re  and  as sur ance  

shou ld  be  g iven to  en sur e  consumer  pr i vacy  and app l ica t ion  o f  da ta  on ly  for  sc ient i f i c  p urp oses .  

F ina l l y ,  app ro x imate l y  ~4 5% of  c onsume rs  a re  wi l l in g  t o  sh are  the i r  co ns umpt ion  d at a  w i th  la rger  

popu la t ion  gro ups  (ne ighb orho od,  munic ipa l i t y ,  c i t y ,  countr y ) .  T h is  i s  cer ta in ly  a  po s i t i ve  outc ome;  a lmos t  

one  in  t wo  wo uld  share  th e i r  dat a ,  and  thus  pro v ide  mul t ip le  op por tun i t ies  fo r  ana lys is  and  bro ade r  wat er  

e f f i c i ency  po l i c ies .  H owe v er ,  the  most  in te res t in g  ins i ght  comes  wh en comp ar in g  the  res pons es  fo r  th e 

gro ups  ‘M y  coun tr y ’  wi th  ‘ Eve ryone ’ .  Pos i t i ve  re spo n ses  (De f in i te ly  Y es/Pr obab ly  Ye s)  are  ~45 % vs .  ~28 % 

50 

33 

19 

21 

24 

24 

32 

49 

14 

31 

34 

28 

22 

26 

23 

20 

31 

12 

6 

13 

15 

18 

14 

16 

16 

10 

18 

2 

5 

17 

19 

18 

18 

18 

6 

16 

12 

16 

22 

21 

19 

20 

15 

5 

41 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Members of my family

My friends

My neighborhood

My municipality

My city

My country

My water supplier

Scientists

Everyone

Definitely Yes Probably Yes Neither Yes or No Probably No Definitely No



DELIVERABLE 1.2            42 

respec t i ve ly ,  desp i t e  the  fa c t  t ha t  shar ing  d at a  w i th  an  e nt i re  co unt ry  m o r e  o r  l e s s  mean s  shar ing  d ata  w i th  

ever yo ne !  Th is  imp l ies  th at  the  p erce i ve d n ot ion s  of  soc ie t a l  ge ograp hica l  b ound ar ies  re gard ing  da ta  

shar in g  a re  impor tan t  to  c onsumer s .  Whe n p oss ib le ,  these  sh ould  be  e xplore d and pr omot ed to  the  fu l l es t  

degr ee  to  e ngage  c ons ume rs .  

 

2.1 .3 . 1 .23.  Would  you have any worr ies  regard ing  shar ing  yo ur water  consumption  da ta  wi th  
o thers? *  

 

Figure 23: Responses on “Would you have any worries regarding sharing your water consumption data with 

others?” 

Par t i c ip ant s  p ro v i d e  p rac t i ca l l y  th e  s ame re spo nses  fo r  b oth  da ta  s har in g  c oncern s ,  i .e .  pr ivacy  and  

commerc ia l  exp lo i ta t io n .  A lmost  70 % sh are  the se  wo rr ies  (D ef in i te ly  Yes/P rob ably  Yes ) ,  wi th  o nl y  20% of  

the  par t i c ip an ts  no t  c ar ing  (De f in i te ly  No /Pro bab l y  N o) .  C le ar l y ,  t he se  co nsumer  conce rns  must  b e  

addr esse d  on  a  tec hnic a l  l eve l ,  p ro v id in g  us ers  wi th  comp let e  con tro l  o ver  th e i r  dat a  and  ho w the y  ar e  

used  an d/o r  s har ed  by  o th ers .   

Fur th er ,  the  p os i t i ve  res ponse s  in  th e  pre v ious  ques t io n  ( i . e .  d a t a  s ha r i ng )  ga in  an  even  g re a ter  

s ign i f i cance  i f  we  t ake  in t o  accoun t  th e  cons umer  c oncern s .  Desp i t e  th e  fac t  tha t  70% o f  con sumers  ar e 

concerne d abo ut  sh ar ing  t he i r  d at a ,  a lmo st  80% is  wi l l ing  t o  share  i t  wi th  sc ie nt is ts .  
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2.1 .3 . 1 .24.  How much money wou ld  you pay for  a  device  enab l ing  you to  mon i to r  and learn  about  
your water  consumption  in  rea l - t ime? *  

 

Figure 24: Responses on "How much money would you pay for a device enabling you to monitor and learn 

about your water consumption in real-time?" 

 

2.1 .3 . 1 .25.  I f  such a  device  was o f fered to  you for  f ree ,  wou ld  you use i t?  *  

 

Figure 25: Responses on "If such a device was offered to you for free, would you use it?" 

F igu re  24  and  F igure  25  d emonst rat e  th at  t he  cos t  o f  a  wate r  c onsump t ion  mo ni t or ing  d ev ice  i s  an  i s sue .  

A l tho ugh  a lmost  a l l  u sers  wou ld  use  i t  i f  i t  was  g i ven th em fo r  f ree ,  t wo out  o f  thr ee  us ers  wo uld  no t  

spend  o ve r  50€,  whi le  14% would  not  b uy  i t  a t  a l l .   

C lear l y ,  the  p r i c e  c e i l i ng  f or  suc h  a  de v ice  i s  ar ou nd 50 € .  Ho wever ,  i t  i s  impor t ant  to  ment ion  th at  

consumers  make  th is  e s t imate  wi tho ut  t ak ing  in to  acc ount  the  co s t  s av ings  f rom the  r educed  wa te r/en ergy  

use .  G ive n co nv inc ing  an d va l id at ed ben ef i t s  (e . g .  25 % r educ t io n) ,  t he  pr ice  o f  the  pr oduc t  cou ld  inc rease  

up to  th e  p oint  where  i t s  c os t  i s  amo rt i zed over  a  1 -2  ye ars .  
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2.1 .3 . 1 .26.  Let ’s  assume you were in  the  market  fo r  a  rep lacement shower -head and had three 
cho ices . . .  *  

 

Figure 26: Responses on "Let’s assume you were in the market for a replacement shower-head and had 

three choices…  

In  th is  qu es t ion  we in t ro d uce  p ar t i c ip an ts  to  a  ve ry  s pec i f i c  co nsumer  d ec is ion .  Assumin g the y  we re  in  the  

market  f or  a  r ep lacemen t  s hower - head,  we ask ed f r o m them t o  ch oose  o ver  a  s t andard one  (29 € ) ,  a  lu xur y  

one  (79 € ) ,  or  an  in te l l igen t  one ,  i . e .  pr ov id in g  them  wi th  re a l - t ime  wat er  con su mpt io n  in fo rmat io n (79 € ) .  

We have  in t ent ion al l y  pr iced  th e  ‘ in te l l igent ’  sho wer -he ad  s im i lar ly  t o  th e  ‘ lu xur y ’  one.  F r om the  

resp onses ,  we  can see  th at  on ly  4% o f  p ar t i c ipan ts  would  b e  wi l l in g  to  spe nd th e  e xt r a  mo ney  for  a  lu xu ry  

dev ice .  Ins te ad,  t he y  ar e  polar i ze d  be tween  t he  ‘ s tandar d ’  and  t he  ‘ in te l l ige nt ’  sho wer -he ad.  P rac t i ca l l y  

one in  two p ar t i c ipan ts  wo uld  be  wi l l in g  to  s pen d mo re  t han dou ble  o f  t he  mo n ey in  orde r  t o  e n joy  mo re  

in format ion over  her  wa ter  consump t ion.  Th is  i s  ex t reme ly  enc our ag ing ,  as  consume rs  seem to  

under s t and,  va lue,  and u l t imate l y  se lec t  a  no ve l  pro d uc t  p rom o t in g  wate r  e f f i c ie ncy .  
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2.1 .3 . 1 .27 .  I f  I  purchased a  shower moni tor  that  p rovides re a l -t ime water  consumption  in format ion ,  
I  wou ld  do  tha t  because:  *  

 

Figure 27: Responses on "If I purchased a shower monitor that provides real-time water consumption 

information, I would do that because:" 

This  ques t ion  a l lo ws  us  to  under s t and  the  reason in g  behind  the  co nsumer s ’  p re fer ence  for  a  sh ower - head 

pro v id in g  rea l - t ime  wate r  cons umpt ion  in format ion.  T he  le ad ing  mot ivat ing  fac to rs  seem to  be  

env i ro nment a l  co ncern  an d ac tu al  in t ere s t  for  le ar n in g  more  abo ut  wa ter /e nergy  con sumpt io n.  Cos t  

sav in gs  come  a  c lose  seco n d,  and  the  wi sh  to  educa te  youn ger  fam i l y  members  l as t ,  b ut  q ui te  imp ort an t  as  

wel l .  

2.1 .3 . 1 .28.  Demograph ics  quest ions  

The f in a l  and o p t i o na l  p a r t  o f  th e  on l ine  s ur vey  inc luded a  se t  o f  q ues t io ns  r egard ing  the  demo graphic  

charac t er is t i c  o f  t he  p ar t i c ip ant s ,  and the i r  b ro ad er  v ie ws  on e nv i ro nment a l  i ssu es  and techn ology  

recept i vene ss .  An  ana ly s is  o f  th e  r esp onse s  fo r  th i s  gr oup  o f  q ues t ions  i s  p ro v id ed in  A ppen dix  I I .  
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2.1.3 .2. Ut i l i ty Survey  

The on l in e  sur ve y  ta rge t ing  U t i l i t y  u sers  i s  an al y z ed  n ext .  T he  sur ve y  c ons is t ed  o f  f i ve  q ues t io n  c ate gor ie s ,  

as  d i scusse d  in  Sec t io n  2 . 1 .1 .2 .  Ne xt ,  we  ana ly ze  th e  resp ons es  for  e ach  que s t io n.  Th e  “*”  s ymbo l  a f t er  a 

ques t io n  den otes  t ha t  an  answe r  to  th e  ques t ion  was  manda tor y .  

Note  th at  as  men t ione d in  2 .1 .2 ,  we co ns ider  th e  abs olu te  s i ze  o f  the  par t i c ip ants  to  b e s m a l l .  Th e  r ead er  

i s  ad v is ed  to  t ake  t h is  in t o  account  r egard ing  t he  ge ne ra l i za t io n  of  th e  ins ights  t h at  fo l lo w.  

 

2.1 .3 .2 . 1 .  What is  your pos i t io n  in  your organ iza t ion? *  

 

Figure 28: Responses on "What is your position in your organization" 

The  res pon ses  t o  the  f i r s t  qu es t io n  pro v ide  us  ins ight  on  t he  compos i t io n  of  the  ut i l i t y  emp lo yees  tha t  

par t i c ipa ted  in  the  s ur vey .  A l mos t  ha l f  o f  t he  par t i c ipan ts  were  t echn ica l  e xper t s  wh i le  the  o the r  ha l f  

cons is ts  o f  h i gh  leve l  execut i ves  and  manage rs .  Th u s ,  ou r  samp le  i s  b a lanced  bet wee n pe op le  t ha t  can  

comprehe nd  tech nica l  in format ion  and  p eop le  tha t  a re  in  pos i t io n  to  t ake  d ec is ion s  o n  s t ra t eg ies  and  

pol i c ie s .  

2.1 .3 .2 .2 .  Do you exper ience strong  pressure to  reduce the  meter - to-cash costs? *  

 

Figure 29: Responses on "Do you experience strong pressure to reduce the meter-to-cash costs?" 
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The  res pon ses  ind icat e  a  s t ro ng  p ress ure  fo r  red uc ing  th e  mete r - t o-cash  (M2 C)  co s ts :  58 % re pl ies  tha t  

ther e  i s  pres sur e  to  red uce  t he  met er - to -cash  co s ts ,  whi le  th e  res t  42% does  not  have  a  c lear  op in ion.  T h is  

i s  an  impo rt ant  f in d in g,  s ince  i t  i nd icat es  a  n eed  f rom u t i l i t i es  to  lower  s tan dar d ope rat in g  co s ts  an d  

inc re ase  pro f i t s .  O n t he  o ne hand,  an y  so lut io n  t ha t  can  r educe  M2C cos ts  ( d i r ec t l y  o r  i nd i r e c t l y )  would  

appe al  to  u t i l i t ies .  O n  th e  othe r  hand,  the  impl ie d  ta rge t in g  t oward s  cos t -e f f i c i ency  may  ac t  as  a  det err en t  

for  lon g- t erm and/ or  b ig  inves tment s  (e . g .  r o l l - o u t  o f  S W M a nd  d a t a  a na l ys i s  t o o l s ) .  I dea l l y ,  th e  ind ust ry  

wou ld  requ ir e  qu ick  win s ,  wi th  a  lo w e nt ry  b ar r ie r  (cos t ,  techn ica l  complex i t y) ,  and b ene f i t s  app are nt  as  

soon  as  p oss ib le .  

2.1 .3 .2 .3 .  Do you exper ience strong  pressure to  impro ve the  qua l i ty  o f  wate r  demand forecasts  for  
“next  day”  fo recasts? *  

 

Figure 30: Responses on "Do you experience strong pressure to improve the quality of water demand 

forecasts for “next day” forecasts?" 

 

2.1 .3 .2 .4 .  Do you exper ience strong  pressure to  improve the  qua l i ty  o f  demand forecasts  for  t ime 
sca les  o f  severa l  years?  *  

 

Figure 31: Responses on "Do you experience strong pressure to improve the quality of demand forecasts for 

time scales of several years?" 

Quest ion s  3  and  4  ind icat e  the  focus  o f  u t i l i t i es  w i t h  r esp ec t  to  wa ter  deman d fo recas t in g :  u t i l i t i es  a re  

in t eres ted  in  lon g - t erm p r edic t io ns  o f  co nsump t ion ( a l l  p a r t i c i p a nt s  g a v e  a  p o s i t i ve  a ns w er ) ,  whi le  the y  are  
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much le ss  in tere s te d in  sh or t - te rm p red ic t ions  (on ly  25% gave  po s i t i ve  ans we r s) .  Th is  i s  expec t ed,  s ince  

lon g  te rm,  aggre ga te  d ata  wou ld,  in  f i r s t  s igh t ,  appe ar  more  f i t t ing  fo r  u t i l i t ies  t o  bas e  the i r  s er v ices  on.  

Howeve r ,  i t  i s  o bv io us  th at  th ere  i s  a  l ack  o f  ins ight  in  t he  sp ec i f i c  mat ter ,  s in c e  p red ic t ing  and  ana ly z ing  

shor t  t erm con sumpt ion  could  pr ov ide  se ver a l  ad van tages ,  bo th  to  the  us ers  and the  ut i l i t ie s  (e .g .  

inc re ase  of  use r  in t ere s t/ engagemen t  in  the  res pec t i ve  techn olo g ies ,  use r -p e rson al i zed s er v ices  b y  t he  

ut i l i t i es ,  e tc . )  

2.1 .3 .2 .5 .  Do you fe e l  s trong press ure to  reduce res ident ia l  water  consumption? *  

 

Figure 32: Responses on "Do you feel strong pressure to reduce residential water consumption?" 

F igu re  32  sh ows  th e  imp or tance  of  reduc ing  domes t i c  cons umpt ion  fo r  u t i l i t ie s .  An  ove ra l l  67 % re ve als  a  

press ure  t oward s  ach ie v ing  such  a  goa l  (Def in i t e l y  Y es /Prob ab ly  Yes ) ,  w i t h  25% d ec lar in g  s t r ong  p ress ure .   

2.1 .3 .2 .6 .  Do you fee l  s trong press ure to  reduce water consumption  among commercia l  
customers? *  

 

Figure 33: Responses on "Do you feel strong pressure to reduce water consumption among commercial 

customers?" 
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F igu re  33  p ro v ides  very  s imi la r  resu l t ,  wi th  re spec t  to  r educ ing  con sumpt ion  o f  commerc ia l  cus tome rs :  

59% answers  po s i t i ve ly ,  h owe ve r ,  34 % d ec la res  a  s t ron g pre ssur e .  T h i s  migh t  ind icate  a  focus  by  t he  

ut i l i t i es  to  t he  commerc i a l  users ,  which  are  e xpec t ed to  con sume lar ge r  qu ant i t i es  o f  wat er  and/ or  req uir e  

d i f fe ren t  s er v ice s  b y  the  u t i l i t ies .  

2.1 .3 .2 .7 .  Do you fee l  s trong press ure to  reduce res ident ia l  energy consumption  (due to  water  
heat ing)? *  

 

Figure 34: Responses on "Do you feel strong pressure to reduce residential energy consumption (due to 

water heating)?" 

Quest ion  7  s ho ws  th at  u t i l i t ies  d o not  s hare  th e  same conce rns ,  whe n i t  com es  to  en er gy  con sumpt io n .  

Only  25% ind ica te  t ha t  t he re  i s  a  nee d for  red uc in g  e nergy  co nsumpt io n  d ue t o  wa ter  hea t ing .  Th is  i s  a ls o  

expec ted,  s ince  wate r  u t i l i t ies  focus  on the i r  dom ain ,  wi tho ut  c ons ide r in g  hou se holds  as  smar t  ecos ys tems 

whe re  sav in g  o f  r eso urces  i s  in te rwoven and  inc lu des  ener gy ,  wa ter ,  p rod uc ts ,  mone y,  or  a i r  po l lu tants .   

2.1 .3 .2 .8 .  I s  domest ic  water  conservat ion  o f  impor tance for  your company? *  

 

Figure 35: Responses on "Is domestic water conservation of importance for your company?" 
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The resp ons es  of  the  ab ove  qu es t io n  ver i fy  t he  res u l ts  d iscu ssed  o n F igure  32 .  A l l  p ar t i c ipants  cons id er  

domest ic  wa ter  cons er va t io n  as  an  impo rtant  goa l  o f  t he i r  u t i l i t y  (Def in i t e l y  Y es/ Probabl y  Y es ) .  

2.1 .3 .2 .9 .  Do you fee l  there  is  a  need to  educate  and ass ist  c onsumers wi th  reduc ing  the ir  
consumption? *  

 

Figure 36: Responses on "Do you feel there is a need to educate and assist consumers with reducing their 

consumption?" 

Anothe r  imp ort an t  f ind in g  i s  th at  u t i l i t ies  co ns ider  i t  n ecessary  to  e duca te  con s umers  on  wa te r  red uc t ion  

prac t i ces .  Th i s  f in d in g  s t re ngth ens  the  nee d for  techn olo g ies  and too ls  th at  wi l l  be  imp lemen ted  in  DA IAD:  

sys t ems tha t  can  p ro v id e  con sumers  wi th  r ea l - t ime,  b oth  s imple  and  m ore  de ta i l ed/s oph i s t i ca te d 

in format ion on the i r  co ns umpt ion and a l so  a l lo w t hem to  compar e  t he i r  co n sumpt ion and  recommend 

them wi th  ways  to  save  wat er .  
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2.1 .3 .2 . 10 .  Does your organ iza t ion  a pp ly  smart  water  mete r ing  techno log ies? *  

 

Figure 37: Responses on "Does your organization apply smart water metering technologies?" 

This  q ues t ion  sh ows  th e  in f i l t ra t ion  o f  smar t  wat er  meter ing  techn olog ies  in  wa ter  u t i l i t ies .  O nl y  ha l f  o f  

them  ap pl ied  such  t echno log ies ,  b ut  o n l y  exp er iment a l l y  or  in  a  ver y  sma l l  sca le ,  wh i le  25% are  no t  even  

in t eres ted  in  ad opt in g  s uch t echno lo g ies  in  t he  fu tur e .  T h is  might  b e  a t t r ibut ed  to  sh or tcomin gs  o f  cu rren t  

techno lo g ies  (h igh  cos t  o f  ins t a l la t ion/maint enance,  l im i ted  func t ion al i t y ,  com ple x i ty ) ,  a s  we l l  a s  to  t he  

lack  o f  in i t ia t i ve  and  th e  t echno log ica l  gap  w i th in  water  u t i l i t ie s ,  as  s ho wn in  the  resp ons es  o f  ques t ion  

11 .   
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2.1 .3 .2 . 11 .  I f  you  do  not  current ly  app ly  smart  wate r  me ter in g  techno log ies ,  what  are  the  reasons? 
*  

 

Figure 38: Responses on "If you do not currently apply smart water metering technologies, what are the 

reasons?" 
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2.1 .3 .2 . 12 .  What type o f  data  management system do you current ly  have for  s tor ing  water  
consumption  data? *  

 

Figure 39: Responses on "What type of data management system do you currently have for storing water 

consumption data?" 

From F igu re  39  we  can  see  th at  on ly  one  ou t  o f  s i x  par t i c ipants  h ave  appl ied  a  d ed icate d da ta  

war eho us ing  s o lut ion  f o r  s tor in g  WDM d at a ,  whi le  no ne  adop ts  a  b ig  d at a  en gin e  so lut ion .  Th is  i s  c le ar ly  

a t t r ibut ed t o  t he  lack  o f  m ass i ve  use r  cons umpt ion d ata ,  s ince  cur ren t  t echno lo g ie s  an d u t i l i t i es  p ol i c ie s  

do not  a l lo w the  l arge  sca le  de ploymen t  o f  d at a  ga th er in g,  m an agem e nt  an d an al ys i s  s ys tems.  
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2.1 .3 .2 . 13 .  What type o f  ana lys is  sof tware do  you use for  ex tract ing  ins ights  from water 
consumption  data? *  

 

Figure 40: Responses on "What type of analysis software do you use for extracting insights from water 

consumption data?" 

On the  oth er  h and,  the re  i s  g rea t  d ispe rs ion  on  th e  me ans  o f  ana ly s is  tha t  are  app l ie d  b y  th e  se ver a l  

u t i l i t i es ,  var y ing  f rom no  t o o l s  t o  pro blem -sp ec i f i c  d eve lop ed  so f t ware.  H owe ver ,  on ly  o ne  ou t  o f  s ix  u se s 

such s of tware ,  whe re  th e  most  po p ular  me ans  o f  an a lys is  ar e  s imp le  s p r ea d s h e e t s .  

 

2.1 .3 .2 . 14 .  What is  the  most de ta i le d  in format ion  you have regard ing  the  water  consumption  o f  a  
spec i f ic  househo ld? *  

 

Figure 41: Responses on "What is the most detailed information you have regarding the water consumption 

of a specific household?" 
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2.1 .3 .2 . 15 .  What is  the  most de ta i le d  in format ion  you wou ld  l ike  to  have regard ing  the  water  
consumption  o f  a  spec i f ic  househo ld? *  

 

Figure 42: Responses on "What is the most detailed information you would like to have regarding the water 

consumption of a specific household?" 

Quest ion s  14  and 15  re vo l ve  a rou nd the  ex is t in g  an d des i re d g ranular i t y  o f  water  cons umpt ion da ta  tha t  

u t i l i t i es  can  o bt a in .  We c an s ee  tha t  the  mo st  f ine -gr a ined  da ta  ava i lab le  t o  u t i l i t ies  i s  pe r -mon th  an d 

regards  o nl y  a  9 % of  t hem,  wh i le  the  ma jor i t y  (73 %)  o bta in s  d ata  wi th  a  gr anu la r i t y  o f  a  few mon ths .  

I t  becomes  c le ar  t ha t  th e  curre nt  s ta te  d o es  no t  co ver  t he  u t i l i t i es ’  ne ed ;  ha l f  o f  t he  res pon den ts  s ta te  t ha t  

the y  wou ld  l i ke  t o  h ave  d a ta  wi t h  d a i l y  g r a nu l a r i t y ,  whi le  anot her  34% s ta tes  th at  the y  wou ld  l i ke  to  have  

even  more  f ine -g ra ine d d ata .  Of  cou rse ,  da ta  o f  t h is  sca le  re qui re  ad vance d  s to rage,  m anagemen t  an d 

ana lys is  so lu t ions ,  which  c anno t  be  covered  b y  the  cu rren t  s ta te  o f  the  a r t .  

2.1 .3 .2 . 16 .  What is  the  est ima ted s ize  o f  your water  consumption  data? *  

 

Figure 43: Responses on "What is the estimated size of your water consumption data?" 
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2.1 .3 .2 . 17 .  What is  the  ear l ies t  po in t  in  t ime o f  your d ig i ta l  w ater  consumption  data  s tarts  f rom? *  

 

Figure 44: Responses on "What is the earliest point in time of your digital water consumption data starts 

from?" 

F igu re  43  an d F igure  44  pr ov ide  se ve ra l  ins ights .  F i r s t ,  the  ma jo r i t y  o f  par t i c ip ants  (67 %)  d o  no t  kno w th e  

s i ze  o f  th e i r  wa te r  consum pt ion  d at a .  Second,  a lmo s t  ha l f  o f  the  resp ond ents  conf i rm  th e  ava i l ab i l i t y  o f  

dat a  co ve r in g  the  p as t  dec ade.  

2.1 .3 .2 . 18 .  Besides water consumption  data ,  what  o ther da ta  do  you use in  order to  ana lyze  water  
consumption? *  

 

Figure 45: Responses on "Besides water consumption data, what other data do you use in order to analyze 

water consumption?" 
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The ans wer s  r evea l  t he  most  impor tant  fac tor s ,  accord ing  t o  wa ter  u t i l i t ies ,  for  an al yz in g  wa ter  

consumpt io n.  As  expec te d ,  d emograp hics  and  mete oro lo g ica l  da ta  h ave  th e  h ighes t  ran k ,  s ince  th ey  

cons t i tu te  d ete rmin ants  th at  in f lue nce  wate r  cons u mpt io n.  Geographic a l ,  ce n sus  an d  cons umer  su rve ys  

come sec ond .  F in a l l y ,  o th e r  fac t ors  such  as  wa ter  qu al i t y  and  wa te r  ava i la b i l i t y  se em to  b e  le ss  imp ort ant  

for  mos t  u t i l i t ies .  

2.1 .3 .2 . 19 .  Are there  depar tments  in  your organ izat ion  responsib le  for  ana lyz ing  wate r  
consumption  data? *  

 

Figure 46: Responses on "Are there departments in your organization responsible for analyzing water 

consumption data?" 

Quest ion  19  r evea ls  t ha t  most  u t i l i t ies  have  de dicat ed dep ar tments  an d  pers onn el  for  ana ly z ing  

consumpt io n d at a .  Th i s  d emonst rat es  the  impor tan ce  o f  wa ter  cons umpt ion  ana lys is  pr ocess es  fo r  the  

ut i l i t i es ,  as  wel l  as  a  po ss ib le  l ack  o f  cohe ren t  c o l lab ora t ion  to ols  t o  ach ieve  i t .  

2.1 .3 .2 .20.  How do you eva lua te  the  qua l i ty  o f  the  wa ter  consumption  data  you current ly  have?  *  

 

Figure 47: Responses on "How do you evaluate the quality of the water consumption data you currently 

have?" 

F igu re  47  s ho ws tha t  o n l y  a  sma l l  perce ntage  of  u t i l i t ie s  (24 %)  ar e  sa t i s f ied  wi th  the  co nsump t io n d at a 

the y  obt a in ,  whi le  t h e  ma jor i t y  (58 %)  d oes  n ot  h ave  a  c lea r  op in ion .  Th i s  f i gure ,  in  comb in at ion  wi th  
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F igu re  41  an d F i gur e  42  in dicat e  t he  lack  o f  h igh l y  g r anu lar ,  de ta i l ed  and  mass i ve  d at a  in  the  cu rre nt  s ta te  

o f  th e  WDM area.  T h is  f in d in g  i s  ver i f ie d  by  F igu re  48 ,  whe re  ut i l i t ie s  seem  di ssat i s f i ed  by  the  r eso lu t io n  

(de ta i l -gr anu la r i t y )  o f  the i r  d at a :  on ly  25% eva lua tes  the i r  da ta  res o lut ion  p os i t i ve l y .  

2.1 .3 .2 .21 .  How do you eva lua te  the  reso lu t ion  o f  the  water  c onsumption  data  you current ly  have? *  

 

Figure 48: Responses on "How do you evaluate the resolution of the water consumption data you currently 

have?" 

2.1 .3 .2 .22.  How do you eva lua te  the  accuracy o f  the  water  co nsumption  data  you current ly  have? *  

 

Figure 49: Responses on "How do you evaluate the accuracy of the water consumption data you currently 

have?" 

In ter es t in g l y ,  wh en i t  com es  t o  dat a  accurac y ,  o n l y  o ne  i n  t wo  are  sa t i s f ied .  S in ce  wate r  co nsumpt io n d at a  

are  d e j ur e  use d for  b i l l in g  purp oses ,  on e wou ld  assu me tha t  th e i r  qu al i t y  wou ld  be  gre at .  Ho we ver ,  th is  i s  

not  th e  case ,  w i t h  p ar t i c ip ants  ack no wle dg in g  q ua l i t y  sho r tcom ings  in  th e i r  d at a .  
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2.1 .3 .2 .23.  Have you e ver been l imi ted  in  your work  by the  lack o f  appropr ia te  water  c ons umption  
data? *  

 

Figure 50: Responses on "Have you ever been limited in your work by the lack of appropriate water 

consumption data" 

Accordin g  to  que s t ion  23 ,  on l y  on e  t h i r d  o f  p ar t i c ipants  d ec la re  t ha t  th e i r  work  h as  n ot  b een  l im i te d  (or  

has  s l i ght l y  bee n  l imi t ed )  b y  th e  l ack  o f  bet te r  c o nsumpt ion  dat a .  T h is  i s  o n  par  wi th  the  r esu l ts  o f  

pre v io us  qu es t io ns  w i t h  re spec t  t o  th e  l ack  o f  h i gh  r eso lut ion  dat a  t hat  l im i ts  t he  an al ys is  cap ab i l i t ies  o f  

u t i l i t i es  and ,  thus ,  the  qu a l i t y  o f  s er v ices  t he y  can of fer .  

2.1 .3 .2 .24.  Do you be l ie ve  rea l -t ime water consumption  data  wou ld  be  benef ic ia l  for  your 
organ izat ion? *  

 

Figure 51: Responses on "Do you believe real-time water consumption data would be beneficial for your 

organization?" 

This  ques t ion  r evea ls  t he  gre at  impor tance  o f  re a l - t ime c onsump t ion d at a :  thre e  ou t  o f  fou r  u t i l i t ie s  

cons id er  th em imp or tan t ,  a l th ough,  ap par ent ly  f rom  p rev iou s  ques t ions ,  t hey  h ar d ly  o bt a in  such  d at a .   
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2.1 .3 .2 .25.  What cou ld  rea l - t ime water consumptio n  data  be  good for ,  in  your  v iew? *  

 

Figure 52: Responses on "What could real-time water consumption data be good for, in your view?" 

This  que s t ion  complement s  th e  p re v io us  one ,  e xaminin g  t he  re ason s  why  u t i l i t ies  c ons ide r  r ea l - t ime da t a  

impor tan t .  In t ere s t ing l y ,  r ea l - t ime dat a  ar e  regard e d as  impo rtant  for  a l l  t h e  goa ls  pr esen ted  in  th e 

ques t io n.  Th ese  two  qu est ions  ver i f y  t he  ne ed  for  rea l - t ime  mon i t or ing  sys tems  l ike  DA IAD,  wh ere  bo th  t he  

consumer  an d the  wate r  s t akeh old ers  can  ga in  ins i ghts  and per fo rm com ple x  ana ly s is  t asks  on  t h e 

respec t i ve  da ta .  

2.1 .3 .2 .26.  Are your  c l ients  aware o f  water  e f f ic iency?  *  

 

Figure 53: Responses on "Are your clients aware of water efficiency?" 

This  ques t ion  r eve al s  a  g r eat  lack  o f  aw aren ess  o n  t he  re a l  s ta tus  o f  e nd  us er s -cons umers ,  f r om the  s id e  

of  u t i l i t i es :  o n l y  o ne  o ut  o f  s i x  u t i l i t i es  co ns i d er s  t h e i r  cus t o m er s  u na wa r e  o f  wa t er  e f f i c i en cy .  Ho we ver ,  as  we  

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Saving water

Saving energy
(from hot water)

Avoiding/smoothin
g water

consumption…

Predicting water
demand in the

future

Enabling fair water
pricing

Definitely Yes Probably Yes Neither Yes or No Probably No Definitely No

8% 

0% 

8% 

67% 

17% Not at all

A little

Averagely

A lot

Very much



DELIVERABLE 1.2            61 

have  see n  in  the  co nsume r  su rvey  ( F i gu re  2  t o  F i gure  5 )  consume rs  p ro v id e  ver y  d i spe rse  and  u nre al i s t i c  

es t im at ion  on  th e i r  da i l y/s hower  cons umpt ion s .  Th i s  misconcep t ion  o f  th e  curr e nt  s t a te  by  wa ter  u t i l i t i es  

can  be  ju s t i f ied  b y  th e  l ack  o f  pr ope r  too ls  t o  moni to r  an d  und ers tan d ac tu al  co nsumpt ion  b ehav ior s  f r om 

consumers .  

2.1 .3 .2 .27 .  Does the  geograph ica l  area you serve face any o f  the  fo l lowing  cha l lenges? *  

 

Figure 54: Responses on "Does the geographical area you serve face any of the following challenges?" 

The r esp onse s  a re  in  l ine  w i th  th e  k no wn ch al len ges  iden t i f i ed  in  th e  l i ter a ture .  Fo r  t he  m ajo r i t y  o f  

par t i c ipan ts ,  th e  leading  chal len ge i s  pe aks  in  de mand,  w i th  pr ob lems r e la t in g  to  pop ulat ion  g ro wth  

fo l lowin g.  
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2.1 .3 .2 .28.  I f  you  have perfo rmed awareness act ions for  water  e f f ic iency in  the  past ,  how wou ld  
you descr ibe  the ir  success?  

 

Figure 55: Responses on "If you have performed awareness actions for water efficiency in the past, how 

would you describe their success?" 

Simi la r l y  t o  q ues t io n  26 ,  t h is  ques t ion  r evea ls  t he  m isconce pt ion of  u t i l i t ies  about  consume r  awaren ess ,  

s ince  an  80% con s id ers  t ha t  con sumers  h ave  b een  suc cess fu l l y  educ ate d o n wate r  e f f i c i ency  on  t he  pas t .  

2.1 .3 .2 .29.  How was your water  pr ic ing  po l icy des igned? *  

 

Figure 56: Responses on "How was your water pricing policy designed?" 
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2.1 .3 .2 .30.  Would  p ersona l ized  tar i f f s  be  feas ib le  in  the  a rea you serve? *  

 

Figure 57: Responses on "Would personalized tariffs be feasible in the area you serve?" 

 

2.1 .3 .2 .31 .  How long wou ld  i t  take  to  change your pr ic ing  po l icy to  support  persona l ized  tar i f fs  for  
your c l ien ts? *  

 

Figure 58: Responses on "How long would it take to change your pricing policy to support personalized tariffs 

for your clients?" 

The  t wo  qu est ion s  ab ove  reve al  the  r ig id ness  o f  water  u t i l i t ies  wi th  re s pec t  t o  ch an gin g/ per s ona l i z in g  

consumpt io n t ar i f f s .  Ha l f  o f  the  res pon den ts  pro v ide  a  ne ga t i ve  resp ons e,  wi th  onl y  17 % s ay in g  t ha t  

pro v id in g  per son al i zed ta r i f f s  wou ld  be  feas ib le .  Fu r t her  67 % s t a tes  t ha t  i t  i s  i m p o s s i b l e  to  change tar i f f s .   
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2.1 .3 .2 .32.  Which o f  the  fo l lowing  act ions wou ld  be  requ ired  to  change your pr ic ing  po l icy to  
support  persona l ized  tar i f fs  for  your  c l ients?  *  

 

Figure 59: Responses on "Which of the following actions would be required to change your pricing policy to 

support personalized tariffs for your clients? 

The res pons es  o f  th i s  ques t io n  ind ica te  th e  ma jo r  reasons  th at  cau se  th e  r i g idne ss  in  chan ging  t ar i f f s .  I t  i s  

obv iou s  tha t  the  r eas ons  a re  ma in ly  p ol i c y - re la t ed.  
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2.1 .3 .2 .33.  How do you eva lua te  the  importance o f  data  ana lys is  o f  water  consumption  data  and 
corresponding  ins ights  for  the  eve ry -day  operat ion  o f  your organ iza t ion? *  

 

Figure 60: Responses on "How do you evaluate the importance of data analysis of water consumption data 

and corresponding insights for the every-day operation of your organization?" 

 

2.1 .3 .2 .34.  How do you eva lua te  the  importance o f  data  ana lys is  o f  water  consumption  data  and 
corresponding  ins ights  for  medium and long -term dec is ion  making  o f  you r 
organ izat ion? *  

 

Figure 61: Responses on "How do you evaluate the importance of data analysis of water consumption data 

and corresponding insights for medium and long-term decision making of your organization?" 

Quest ion s  33  an d 34  examine  th e  imp ort ance  o f  c onsump t io n  da ta  fo r  th e  shor t - term  an d  long - t erm 

oper at ion  o f  u t i l i t i es .  As  e xpec t ed,  such  dat a  are  c o ns id e re d mor e  imp ort an t  for  t he  lon g - term ope ra t ion  

(92% aga ins t  67%),  t hou gh  th e  ma jo r i t y  o f  u t i l i t ies  re cogni ze s  the i r  o ver a l l  impo r tanc e.  
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2.1 .3 .2 .35.  Do you be l ie ve  that  havin g  access to  rea l - t ime wa ter consumption  data  o f  your c l ien ts  
wou ld  be  benef ic ia l  for  your organ izat ion  in  terms  o f :  *  

 

 

Figure 62: Responses on "Do you believe that having access to real-time water consumption data of your 

clients would be beneficial for your organization in terms of:" 

This  q ues t ion  e xamin es  th e  ma in  ben ef i t s  o f  rea l - t ime  cons umpt ion  dat a  for  wat er  u t i l i t ies .  The  r esu l ts  are  

not  ver y  in format i ve ,  s inc e  a l l  qu es t io ned  b ene f i t s  are  r ecogni zed  by  the  u t i l i t ies .  T he  d ef in i te  pos i t i ve  

a t t i t ude  ho we ve r  i s  ve ry  en courag ing;  ne ga t i ve  re spo n ses  are  a lmos t  abse nt .  

2.1 .3 .2 .36.  Do you prov ide  your  water  consumption  data  to  pub l ic  sector  s takeho lders? *  

 

Figure 63: Responses on "Do you provide your water consumption data to public sector stakeholders?" 
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2.1 .3 .2 .37 .  Would  you ob ject  to  ha ving  your organ iza t ion ’s  water  consumption  data  p ub l ic ly  
ava i lab le? *  

 

Figure 64: Responses on "Would you object to having your organization’s water consumption data publicly 

available?" 

Quest ion s  36  and  37  r eve a l  t he  d i v ided v ie wpo in ts  o f  u t i l i t ies  w i t h  r espec t  t o  co nsumpt ion  da ta  pr ivacy .  A  

17% p ro v ides  th e i r  fu l l  co nsumpt ion  r ecor ds  to  p ub l ic  sec t or  s t akeh older s  wh i le  ano the r  50 % pro v ides  

them aggre gat ed.  O n t he  o ther  ha nd,  42 % agr ees  in  mak in g  con sumpt ion  da ta  publ ic l y  ava i lab le ,  aga ins t  

58% th at  r a is es  p r i vac y  co ncerns .  The  r espo nses  t o  t hese  que s t ions  make  i t  c l e ar  tha t  s ys tems l ik e  DA IAD 

shou ld  ensu re  pr ivac y  o f  c onsump t io n d at a  and c lea r ly  c ommunica te  th i s  fea tur e ,  b o th  to  end  us ers  and  t o  

wa ter  u t i l i t ie s .  

2.1 .3 .2 .38.  Assuming your c l ien ts  purchased a  product  that  reduced the ir  water  consumption  by 
20% on a verage.  Do  you be l ieve  the  purchase o f  th is  product  shou ld  be  subs id ized  by 
your organ iza t ion? *  

 

Figure 65: Responses on "Assuming your clients purchased a product that reduced their water consumption 

by 20% on average. Do you believe the purchase of this product should be subsidized by your organization?" 
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0% 0% 

58% 

0% 

No, I don’t see any problems with that 

Yes, because its information we must keep away
from competitors

Yes, because the quality of data is not good

Yes, because they can be considered as personal
information

83% 

17% 

0% 0% 

No

Yes, at most by 5€ per citizen (£4) 

Yes, at most 15€ per citizen (£12) 

Yes, the full cost
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This  ques t ion  r evea ls  t he  u nwi l l in gn ess  o f  wa t er  u t i l i t ies  to  s ubs id i ze  pro duc ts  t hat  fac i l i t a te  wa te r  sav ing.  

Th is  in d ica tes  th at  such  de v ices  an d s ys t ems sh ou ld  be  o f  lo w co s t  so  tha t  i t  i s  poss ib le  for  e nd use rs  to  

obt a in  t hem on the i r  o wn.  

2.1 .3 .2 .39.  Assuming your c l ien ts  purchased a  product  that  p rovided yo u wi th  the ir  rea l -t ime data  
water  consumption ,  wi th  an  average error o f  20%.  Do  you be l ieve  your orga n izat ion  
wou ld  use th is  data? *  

 

Figure 66: Responses on "Assuming your clients purchased a product that provided you with their real-time 

data water consumption, with an average error of 20%. Do you believe your organization would use this 

data?" 

This  que s t ion  re ve als  t he  d isp ers ed opin ions  o f  u t i l i t ies  ab out  wat er  mo ni tor ing  s ys tems wi th  le ss  than 

opt imal  accurac y .  A rou nd  s ix  o ut  o f  t en  u t i l i t i es  wou ld  use  inaccur ate  da ta  (w i t h  20 % err or ) ,  h oweve r ,  o n l y  

42% wou ld  ac t ua l l y  u t i l i z e  them fo r  n on -exper imen ta l  ta sks .  

2.2. Discussion panel  

2.2.1 . Methodology 
The  Cons or t ium  p ar tne rs  organ ize d  g roup -sp ec i f i c  d iscuss ion  pan el s  on  the  fu nc t io na l i t y  and  s er v ice s  o f  

DA IAD.  Each  p ane l  c ons i s ted  o f  homo gen ized  g ro ups  of  5 -10  par t i c ipants  f rom di f fere nt  dom ain s :  

co ns um er s ,  r es ea r c her s  a nd  u t i l i t y  r ep r es en t a t i v es .  The  pu rpo se  was  t o  have  an  open  d iscus s ion  re gard ing  

the  func t ion al i t y  an d s er v i ces  o f  DA IAD.  A t  th e  beg in nin g  of  e ach  pan el ,  a  sho r t  in t rod uc t ion  t o  DA IAD was  

g i ven  an d the  par t i c ip ant s  were  in formed  ab out  t he  con f iden t ia l i t y  o f  t he  d i scuss ion.  Th en a  f r ee  

d iscus s io n  fo l lo we d  in  or der  for  the  par t i c ip ant s  t o  expres s  th e i r  op in ion s  and p re fer ences  on  se ve r a l  

aspec t s  o f  t he  DA IAD f ram ewo rk .  The  co ord in ato r  o f  the  d iscuss ion  was  f re e  to  d i rec t  the  p ane l  bas ed  on  

i t s  compo s i t io n  and  a re a o f  exp er t i s e ,  m ak ing  sur e ,  howeve r ,  th at  p oin ts  pr ese nted  in  the  s urveys  wou ld  

even tu al ly  be  d iscuss ed.   

25% 

8% 

8% 

17% 

34% 

8% 

No, I don’t see how it would be useful 

No, we don’t have the means to exploit this data 

No, because the error is quite high

Yes, but only out of curiosity and evaluation

Yes, but it would be of limited use

Yes, it would be of significant use
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2.2.2. Participants 
Three  pan el  d iscus s ions  c ove r in g  t hre e  d i f fere nt  s t akeh old er  gro ups  t ook  p lace :  a  c o ns um er  panel  w i th  

seve n par t i c ipants ,  a  pan e l  co ns i s t ing  o f  r es ea r c her s  in  the  d omain  of  wa ter  re source  man ageme nt  an d a  

pane l  o f  f i ve  wa ter  u t i l i t y  emplo yee s ,  s pec ia l i zed  in  seve ra l  d omains :  wate r  e f f i c iency ,  s oc ia l  me dia  and 

communicat ion s  an d  re search  and  in no vat io n.  Due  to  t he  h ete ro gene i t y  o f  the  p ar t i c ip an t  gr oup s ,  we  ne x t  

separat e l y  p rese nt  the  ma jor  ins i gh ts  o bt a in ed b y  th e  d isc uss ions .  No te  tha t  t h e  comple te  minut es  o f  the  

d iscus s io ns  ar e  p res ent ed in  Ap pen dix  I .  

2.2.3. Overview of insights  

2.2.3.1 . Consumer Pane l  

The ma jo r  ins ights  f rom th i s  d iscuss io n p ane l  ar e  as  fo l lo ws.  

  The in fo rmat ion  o n wa t er  usage  cou ld  be  in t e gra ted  wi th  ene rgy/r eso urce  co nsump t ion 

in format ion  an d v i sua l i ze d  b y  in -home  d isp lays .  The  mo st  des i r ab le  way  wou ld  be  o n the  

smartp hon e (so  n o oth er  d ev ice  h as  to  be  ins ta l le d) .  

  In te gra t ion  w i th  e xt ern al  (wea the r)  and in ter na l  (he a t in g)  in format ion would  be  we lcome.  

  Consumers  expres s  th at  th ey  wou ld  p r inc ip a l l y  s pen d mo ney  fo r  a  wa ter  mo ni t or ing  s ys t em i f  th e  

re tu rn  on  inve s tmen t  i s  s i gn i f i can t .  

  Direc t  f eed back  sho uld  b e  unob tru s i ve .   

  Consumers  wo uld  a lso  l ik e  t o  see  c onsump t ion  in for mat io n  d i rec t l y  a t  the  faucet ,  t he  sh owerh ead,  

or  on  th e  t i les  be hin d the  faucet .   

  Direc t  and in di rec t  fee dback  i s  r equ ire d.  An  aggre ga t io n  o f  t he  who le  in format ion on the  s ho wer  

could  be  v is ua l i zed  a f t er wards .  

  Persuas i ve  an d fac t ua l  fee dback  forms are  p referr ed  as  d i r ec t  fe edb ack .   

  Sav in g  t ips  ar e  in t ere s t ing  but  sho uld  b e  pers on al i zed .   

  The wi l l in gness  to  share  dat a  de pend s  on  th e  au d ience  and on the  add ed va lue.  F or  s har in g  

in format ion  w i th  a  commu ni t y  a no nym it y  i s  de f in i te l y  re qui red .  

2.2.3.2. WDM Researcher Pane l  

The fo l lowin g  l i s t  summar i ze s  t he  major  in s i ght s  f r om the  d i scuss ion  p ane l  on  WDM rese arche rs .  

  The mos t  impo rt ant  be ne f i t s  f r om wate r  me ter in g  ar e  cons id ere d:  wa ter  (an d ener gy )  sav in g  and  

adjus t in g/con tro l l in g  wa te r  demand.  Tho ugh ,  se ve r a l  o th er  bene f i t s  ar e  a ls o  ment io ned (s ee  

7 .1 .2 ) .  

  Water  mete r ing  de v ic es  s h ould  p ro v ide  h igh  res o lut ion  me asur ement s  and  re a l - t ime  feed back .  

  Researcher s  are  po s i t i ve  t owards  d ata  sh ar ing .  T he y  con s ider  th at  wate r  u t i l i t ies  an d r ese arch  

ins t i t u te s  can be  c ons ide re d t rus twor t hy  b y  the  cons u mers .  

  There  a re  concer ns  ab out  u sers  be in g  wi l l in g  to  pay  fo r  t he  de v ice/ sys tem.  



DELIVERABLE 1.2            70 

  Meaning fu l  an d m anageable  amoun t  o f  recommen dat ions/ in t er ven t ions  for  wa te r  co nsump t ion  can  

be  co nce i vab le /accep tab le  by  the  us ers .  D i rec t  and  pe rs on al i zed fe edb ack  wou ld  be  p re fer ab le .  

  Mobi le  pho nes  an d f ixe d d isp lays  seem go od  means  o f  in t er ven t ions .  

2.2.3.3. Ut i l i t ies Pane l  

The fo l lowin g  l i s t  summar i ze s  t he  major  in s i ght s  f r om the  d i scuss ion  p ane l  w i th  wa ter  u t i l i t y  employees .  

  Water  u t i l i t ies  a re  po s i t i ve  on  SWM for  pro v id in g  h ighe r  gr anu la r i t y  d at a  and  enco urag ing  

consumpt io n b ehav ior  changes .  

  Management  o f  wate r  d emand  an d co nsumer  con sumpt ion  by  wat er  u t i l i t ie s  h as  i ssue s  and  cou ld  

be  impro ve d.  

  High gr anu lar i t y  da ta  (e . g .  pe r  m inu te)  i s  des i r ab le ,  as  lon g the  too ls  t o  ana l yze  them are  a ls o  

pro v id ed.  

  A  sys tem  l ik e  DA IAD wou ld  he lp  s tu dy  co nsumpt io n  an d beh av ior a l  ch an ges  and  educat e  pe op le  on  

the i r  c onsump t ion.  

  Data  shar in g  in  s oc ia l  p la t forms i s  cons ide red  impo rt ant .  A lso ,  pr ov id in g  cons u mpt io n re la ted  co s t  

and  emiss io ns ,  as  wel l  as  r eward ing  b ehav ior  chan ges  cou ld  be  use fu l .  

  Concerns  in vo lve  t he  fac t  t hat  me asu rement s  ne ed to  be  ver y  accur at e ,  t he  cos t  o f  the  dev ices ,  th e  

need  t o  p romo te/mo t i va te  the i r  use ,  p r i vac y ,  c ompat ib i l i t y  i s sues  and pos s ib le  r adia t ion .  

2.3. One-to-one interviews 

2.3.1 . Methodology 
The Co nso r t ium p ar tner s  o rgani zed  on e - to- one  in te rv iews  on the  func t ion al i t y  and s erv ices  o f  DA IAD.  T he  

par t i c ipan ts  came  f rom d i f fer ent  domains :  wa t er  s up p l y  a nd  wa s t e wa t er  t r ea t m e nt ,  wa t er  s up p l y  co m p a ni es ’  

co ns u l t a n t ,  en v i r o nm ent a l  p o l i c y  r e g u l a t o r ,  wa t er  p o l i c y  r eg u l a t o r  a nd  en v i r o nm e nt a l  a g enc y .  The  p urp ose  was  

to  have  an  o pen  d iscuss io n r egard ing  the  func t ion al i t y  and  se rv ices  o f  DA IAD.  A t  the  b eg inn in g  of  each  

in t erv ie w,  a  s hor t  in t ro d uc t io n  t o  DA IAD was  g i ven and the  par t i c ip ant  was  in fo rmed abo ut  the  

conf iden t ia l i t y  o f  the  d isc uss ion.  The n a  f r ee  d i scus s ion  fo l lowed in  o rde r  fo r  th e  par t i c ipant  t o  e xp ress  

her  op in ions  an d p re fer ences  on s evera l  aspec ts  o f  th e  DA IAD f rame wor k .  The  coo rd ina tor  o f  th e  

d isc us s io n was  f re e  to  d i re c t  t he  d iscu ss ion  t owards  t he  are a  of  e xpe r t i se  o f  the  in te rv ie wee ,  mak in g  s ure ,  

howeve r ,  th at  po in ts  pre se nted  in  the  su rveys  wou ld  even tu al ly  be  d iscuss ed.  

2.3.2. Participants 
Si x  in ter v iews  to ok  p lace  w i th  o ne  re searcher ,  t wo  re prese nt at ive s  o f  wa ter  s up pl iers ,  two  re pres ent at ives  

o f  wat er  r egu la to rs  an d  a  rep rese nt at ive  f r om an  en v i ro nment a l  age ncy .  N ext ,  we  pres ent  the  ma jo r  

ins igh ts  in  four  subs ec t io ns ,  co rres pon din g  to  the  fou r  t yp es  o f  in ter v iewee s .  No te  tha t  the  c omple te  

minute s  o f  t he  d iscu ss ions  are  pr esen ted  in  Ap pen dix  I .  
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2.3.3. Overview of  insights  

2.3.3.1 . Researcher In terview  

The fo l lowin g  l i s t  summar i ze s  t he  major  in s i ght s  f r om the  in ter v ie w o n wa ter  r es earche r .  

  Smart  me ter in g  can  be  us e fu l  fo r  l eak age  id ent i f i ca t ion,  and  less  fo r  load  man ag emen t  and  wat er  

sav in g.  

  Data  sh ar ing  w i t h  wa ter  sup pl ier s ,  s er v ice  pr ov iders  an d sc ien t is ts  w i l l  be  acceptable  b y  

consumers .  

  Wil l in gne ss  to  pay  i s  a  con cern;  sup pl ier s  are  e xpec t e d t o  be  mo re  w i l l ing  t han  c onsumer s .  

  In ter ve nt ions  w i l l  be  acce ptab le  by  the  user s ,  es pec ia l l y  v ia  the  mo ni tor in g  de v ice  or  t he  mob i le  

phon e.  

2.3.3.2. Water Supp l ier In terview  

The fo l lowin g  l i s t  summar i ze s  th e  ma jo r  ins ights  f ro m the  in te rv ie ws  on  r epr e sent at ive s  o f  wat er  sup pl y  

companies .  

  Smart  mete r in g  can  be  u sefu l  for  wate r  sav ing .  Th ou gh ,  e x te ns i ve  use r/ho u seho ld  p ro f i l ing  i s  

requ ire d.  Cover ing  o nl y  on e fauce t  i s  a  d i sad vantage.  

  Data  sh ar ing  w i t h  wa ter  sup pl ier s ,  s er v ice  pr ov iders  an d sc ien t is ts  w i l l  be  acceptable  b y  

consumers .  

  Water  sup pl ier s  a re  onl y  w i l l i ng  to  pay  for  wate r  con sumpt i on an al ys i s .  Use rs  a re  n ot  exp ec te d t o  

pay .  

  In ter fe r in g/ in ter ven in g  wi t h  th e  co nsumer s  s hou ld  b e  l imi ted,  d isc re te  and  car efu l .  I t  co uld  a ls o  

be  ver y  expens i ve .  

2.3.3.3. Water Regulator In terview  

The fo l lowin g  l i s t  summar i ze s  t he  major  in s i ght s  f r om the  in ter v ie ws  on  wate r  re gulat ors .  

  Research  and  inno va t ion  in  smar t  me ter in g  a re  we l come.  Cu rre nt ly  WDM  d o main  i s  l e f t  be hin d 

w.r . t .  to o l s  and  apps ,  es pe c ia l l y  comp ared  t o  ene rgy  domain.   

  Customer  en gagement  and  companies ’  unde rs t an din g  of  u ser  need s  an d  commun icat in g  w i t h  th em , 

are  imp ort ant  goa ls .   

  Data  co l lec t io n  and  ana lys i s  on l y  ind irec t l y  a f fec t s/ in t eres ts  wa ter  r egu la to rs .  

  Water  po l i c ies  in  ge ner a l  encour age  smar t  met er ing  techn olog ies  fo r  wat er .  H owe ve r ,  t her e  a re  

both  o ppo r tu ni t i es  and  b ar r ie rs  fo r  sm ar t  met er in g  pr o jec t s .  

2.3.3.4. Environmenta l  Agency Interview  

The  fo l lo wing  l i s t  summar i ze s  the  ma jor  ins ight s  f rom  t he  in te rv ie w o n e nv i r onment a l  agency  

repr esen ta t i ve .  
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  F inanc ia l  incent ive s ,  d eta i le d  in fo rmat io n on  us er  cons umpt ion  and  u ser  ins igh t  on  the i r  

consumpt io n are  feat ure s  t hat  ar e  m iss ing  f rom c urre nt  WDM too ls .  

  Smart  met er ing  and pr o jec ts  l i ke  DA IAD can b e  he lpfu l  in  th e  WDM/ water  e f f i c i e ncy  are a.  

  A  smart  me ter in g  s ys t em h as  t o  b e  e asy  to  us e  and m ain ta in ,  to  a l low c onsump t ion  compar is on,  to  

pro v id e  s imple -u ser  f r ie nd ly  fe edb ack ,  to  be  ine xp e ns i ve  and  re l i ab le  and  ge ner ic  en ough t o  b e  

ut i l i zab le  b y  se ver a l  s ys te ms.  

  Bein g  able  to  e x t r ac t  h i gh  r eso lut ion  con sumpt ion  d at a  f rom  man y u sers  wou ld  b e  us efu l  for  WDM.  

  I t  i s  u nc le ar  wh eth er  cu rren t  p ol i c i es  favo r  smar t  met e r ing  tech no log ie s  or  whe the r  s uch 

techno lo g ies  w i l l  be  w ide ly  ad opt ed  in  t he  fu tu re .  
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3. Use Cases 

In  t h i s  s ec t ion ,  we  pr ese nt  the  ma jor  u se  case s  o f  DA IAD organ ized  a lon g  t he  ma jo r  dep lo yment  and 

exp lo i t a t ion  sce nar io s .  A  h igh - leve l  scen ar io  d esc r ip t ion  i s  pr ov id ed  for  e ach  gr oup  o f  use  c ases  in  o rder  

to  id ent i f y :  (a)  t he  en v i r onment  and ass umpt ions  und er  which  DA IAD wi l l  op era te ,  (b)  t he  in vo lve d 

s tak eho lde rs  an d  th e i r  re la t ions hip s ,  an d  (c )  s i gn i f i cant  ke y  pe r formance  ind i cator s  and /or  go al -se t t ing  

tha t  mus t  be  ach ieved.  Th e  pr ov ide d use  case s ,  in  co njunc t ion  w i th  ins igh ts  ga ined f r om s tak eho lde rs  th at  

wer e  p res ent ed in  t he  pre v ious  sec t ion  w i l l  be  use d for  es t ab l i s h in g  the  u ser  re qui rement s  o f  DA IAD.   

3.1. Consumer 

Consumers  inc lu de c i t i zens  wh o are  conce rned  abou t  the i r  wa te r  and ene rgy  co n sumpt ion  as  wel l  as  tho se  

who  a re  fasc in ate d by  smart  eve ryday -o bjec ts .  Con su mers  may be  dr ive n by  th e  des i r e  to  c ur b  t h e i r  wa t er  

a nd  en er g y  c o ns um p t i o n ,  t o  ra i se  a wa r e nes s  amon g fami ly  an d f r ien ds ,  or  the y  may b e  s imply  in tere s te d in  

q ua nt i f y i n g  the i r  o wn b e ha v i o r  and  in  b e ing  expos ed  to  ne w tech no log ies .  Fu r ther ,  the y  may s imp ly  be  

pro v id ed  wi th  DA IAD in  t h e  co nte xt  o f  a  demo nst ra t ion/t r i a l  or  r o l l - out  or gan i zed  b y  a  s takeh old er  (e . g .  

u t i l i t y ,  l oca l  admin is t ra t io n) .  As  such ,  DA IAD i s  in s t a l le d  an d  use d  to  me et  o ne  o r  more  of  thes e  goa ls .  In  

add i t ion,  a l l  Con sumers  ar e  cons ide red  as  c l ien ts  o f  wa ter  an d en er gy  u t i l i t ies  and acqu ain ted  w i t h  s imple  

mobi le  dev ices .  

3.1. 1 . 1 . Stakeholders  

  C o ns um er .  She  has  pu rchased a  D A IAD k i t  ( o r  g r a n t e d ,  o r  r e ce i v ed  c o - f i na nc i ng ) ,  ins ta l l ed  i t  i n  h er  

res idence ,  an d  mon i to rs  h er  wate r  cons umpt ion .  Sh e i s  assumed  to  own  a  mo bi le  de v ic e  (p hon e  

or  tab le t ,  wi th  In te rne t  co nnec t iv i t y  and B lu eto oth  c apab i l i t ie s) .  Fur the r ,  DA IA D may be  ins ta l l ed  

in  a  s ing le  f i x tu re ,  o r  mu l t ip le  f i x tur es  ins id e  a  res id ence.  S imi lar ly ,  mu l t ip le  r es id ence  members  

my us e  DA IAD wi th  the  o pt ion  of  p a i r in g  the i r  o wn  mo bi le  dev ice  or  n ot .  

  U t i l i t i es  (Wat er  and En ergy ) .  Access  to  cus tomer  da ta  can he lp  wa te r  u t i l i t ie s  t o  a ug m e nt ,  i m p r o v e ,  

a nd  eva l ua t e  th e i r  wa ter  managemen t  pr ac t i ce s .  The  key  in t eres t  may  d i f fer  be twe en  th e  

companies ,  as  some want  to  i n c r ea s e  o r  d e cr ea s e  wa ter  demand ,  de pen din g  on en v i ro nment a l  

condi t ions  and  bu s in ess  t a rge ts  formulat ed  b y  the i r  s hare ho l de rs  or  loca l  au tho r i t ies .  The  s ame is  

va l id  for  g a s  an d e l e c t r i c i t y  pr ov ide rs .  Ho we ver ,  a s  t hey  mos t l y  ope ra te  in  more  l ib era l i ze d  

market s ,  th ey  add i t ion al l y  have  to  focus  on  win ning  new and  r e t a in in g  e x is t ing  cus tomers  as  wel l  

as  on  up - s e l l i ng  (e .g .  gr ee n ta r i f f s  w i t h  a  h i ghe r  marg in)  an d c r o s s - s e l l i ng  (e . g .  add -o n se rv ices ) .  

There fo re ,  t hese  u t i l i t i es  want  t o  use  de ta i l ed  consum er  dat a  for  ta rgete d marke t ing  and  en hance d 

bus iness  de ve lo pment  pu r poses .   

  P r i va c y  p r o t e c t i o n  i n t er es t  g r o up s  a nd  r e l a t ed  r eg u l a t o r y  b o d i es .  T hese  or gan iza t ions  advocat e  a  

carefu l  usage  of  da ta  tha t  could  pos s ib l y  in f r in ge  co n sumer  p r i vacy .  Th ey  promo te  as pec ts  such  as  

dat a  o wne rsh ip  of  the  cons umers ,  the  r i ght  to  de le t e  dat a  f rom f i les ,  an d th ey  a im to  keep  cont ro l  
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ove r  per s on al i zed  da ta  in  the  h ands  of  t he  cons ume rs .  More over ,  c l ear ,  eas y - t o-un der s tand  d ata  

prot ec t ion  po l i c ies  a re  am ong  th e i r  k ey  ob jec t i ves .  

  C i t i z en  a s s o c i a t i o n/ N GO .  Th ese  s t akeh older s  inc lud e organ iza t ions  tha t  a re  ac t i ve  in  sus ta inabi l i t y  

i ssu es .  T he y  wan t  to  prom ote  sus ta inable  cons umpt ion b ehav ior  an d inc re ase  the  aware ness  on  

the  s ide  e f fec t s  o f  wat er  c o nsumpt ion .  

  L o ca l  a u t ho r i t i es .  Th ese  p ar t ies  want  to  ga in  acce ss  to  de ta i le d  con sumpt ion d ata  (of ten  in  

anon ymi zed  form t o  avo id  pr i vac y  i ssue s)  in  o rder  t o  augmen t  wa ter  manageme nt  p rac t i ces  an d t o  

promo te  us er  par t i c ipa t io n  re gar d ing  s us t a inab i l i t y  i ssu es .  As  such,  the  mot ive s  a re  p r imar i l y  

roo ted  in  e x is t in g/emer g in g  i ssu es  re gar d in g  wate r  and e ner gy  man agement .  

  P ub l i c  a u t h o r i t i es  a nd  r eg u l a t o r y  b o d i es  t a r g e t i ng  wa t er  s up p l y .  In  ad di t ion  to  th e  reasons  o ut l in ed 

for  loca l  au th or i t ies ,  pub l i c  aut hor i t ies  an d r egula to ry  bod ies  have  an  in te res t  in  ga in in g  b et ter  

dat a  t o  de ve lop ,  e va lua te ,  and s e lec t  po l i c y  measur es  to  impleme nt  fa i r  and sus ta inab le  prac t i ce s  

regard in g  wa ter  su pp ly  an d b i l l i ng .  

  Mo b i l e  a p p s  a nd  I n t er n e t  o f  T h i ng s  ( I o T )  d e ve l o p er s .  Sof tware  and  h ard ware  deve lo per s  want  t o  

d iss emina te  and  s e l l  pr o duc ts  and  so f tware  app l i ca t ions  t ha t  pr ov ide  add ed  va lu e  to  the  

cus tomer s .  For  t hem,  op en in ter face s  to  re t r ie ve  cons umpt ion  d at a  are  import ant .  Equ al l y  

impor tan t  a re  t rus ted mec han isms th at  a l lo w t he  co nsumer  to  grant  access  t o  the i r  con sumpt io n 

dat a .   

3.1.2. UC1 – Instal l ing DAIAD@feel  
The  cons umer  ins t a l l s  t he  DA IAD@feel  in  a  f i x tur e  fo l lowin g  the  pro v ided  pr in t ed  v isu al  ins t ruc t ions ,  

requ ir ing  no  too ls ,  nor  c a l ibra t io n .  In  c ase  t he  d ev ice  inc lu des  an  in -s i t u  DA IAD@know c ompon ent ,  as  s oon 

as  wat er  r uns  thr ough th e  f i x tu re ,  in fo rmat ion i s  d is p layed  in  r ea l - t i m e  t o  th e  consumer  ( wa t er  a nd  en er g y  

co ns um p t i o n ,  t em p er a t ur e ,  e f f i c i e nc y  s ca l e ) .  Wh en  a  ne w ex t r ac t ion  p rocess  s ta r ts  a f t er  a  p aus e  lo nge r  th an  

2  min ute s ,  th e  de v ice  r ese ts  i t se l f ,  and  aga in  s ta r ts  c ount in g  f rom ze ro.  An y  me mber  of  the  h ous eho ld  can  

use  the  de v ice ,  w i th out  an y  ac t ion  req ui red.  

In  case  th e  de v i ce  d oes  n o t  inc lude  an  in -s i tu  DA IAD@kno w compo nen t ,  i t  f i r s t  ne eds  t o  be  p ai red  wi th  a  

mobi le  dev ice  where  DA IAD@home  is  ins ta l le d.  

3.1.3. UC2 – Insta l l ing DAIAD@home  
The cons umer  ins ta l l s  DA IAD@home in  t he  s ame manner  as  wi th  any  ot her  mo bi le  appl i ca t ion,  by  s im p ly  

v i s i t in g  th e  ap pl i ca t io n  s t o re  ava i l ab le  in  her  mo bi le  dev ice .  Th e  f i r s t  t ime  th e  appl ica t io n  i s  ins ta l l ed  t he  

consumer  has  t he  opt ion  o f  s ign in g  in  w i th  an  e x is t in g  accou nt  (e .g .  Faceb ook ,  Twi t t er)  o r  c re ate  a  se t  o f  

c reden t ia ls  (ema i l ,  pas swo rd) .  F ur t her ,  s he  i s  in fo rmed th at  w i t h  the  s ame  c red ent ia ls  she  can have  access  

to  a  ve rs ion  o f  DA IAD@h ome o ver  t he  Web,  pr ov id in g  a  mor e  ana l y t i ca l  o ver v iew of  her  d at a  and  ac t i v i t ie s .  

3.1.4. UC3 –Pairing DAIAD@home  
The cons umer  h as  the  opt ion  of  pa i r ing  her  m o b i l e  dev ice  w i t h  DA IAD@home,  so  th at  in fo rmat ion f r om  

DAIAD@fee l  can  b e  pr ov id e d to  non - in te gra te d DA IAD @kno w in t er faces ,  an al yze d,  or  shared .  The  c onsume r 

must  be  in  poss ess ion  o f  B lue too th -en abled ( B T  4 . 0  o r  ne wer )  mob i le  de v ice  (ph one,  tab le t )  and mus t 

pre v io us ly  h ave  ins ta l l ed  D A IAD@home to  h er  mob i le  dev ice .  Th e  consume r  must  o pen  DA IAD@home  in  h er  
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mobi le  ap pl i ca t io n  an d  le t  wa te r  pas s  in  the  f i x t ur e  whe re  DA IAD@feel  i s  a l read y  ins t a l le d.  Pa i r ing  i s  

per forme d e i th er  w i th  a  sequ ence  of  t i m ed  wa t e r  o n - o f f  ev e n t s ,  or  a  P I N,  accor d ing  to  pr ov ide d  

ins t ruc t io ns .  Th e  consum er  ve r i f ies  t he  p rop er  pai r ing  b y  v ie wing  in  r ea l - t ime  in fo rmat io n f r o m 

DAIAD@fee l  ( wa t er  a nd  en er g y  c o ns um p t i o n ,  t em p er a t ur e ,  e f f i c i e nc y  s ca l e ) .  

The  s ame proce ss  c an be  o p t i o na l l y  p er f o r m ed  w i th  o the r  mo bi le  de v ice s  (e . g .  tab le t ,  mob i le  p hon es  of  

o the r  h ouse ho ld  memb ers ) .  T h is  en ab les  them acce ss  t o  r ea l - t ime and  h i s to r i ca l  in format ion wh en the y  

oper ate  the  f i x tu re .  Fur the r ,  s hou ld  t he  use r  h ave  mo re  than one  DA IAD@feel  d e v ices  ins t a l le d  a t  d i f f er ent  

f i x tu res ,  s he  i s  re qu ire d to  pe r form the  same  op er at ion  fo r  e ach  f i x tur e .  

3.1.5. UC4 –Data transmission  
Data  f r om DAIAD@fee l  are  t ran smit ted  to  DA IAD@hom e in  an  o p p o r t un i s t i c  m a nn e r .  Th is  happe ns  comp let e ly  

opaq ue to  the  cons umer,  w i th  th e  pu rp ose  of  h id ing  po ten t ia l  conn ec t i v i t y  i ss ues .  F i r s t ,  DA IAD@fe el  

a lways  ma int a ins  in  a  non -vo la t i le  memo ry  dat a  for  a  f in i te  number  o f  pas t  water  consump t ion e ve nts ,  

un iq ue ly  ide nt i f ied .  Th en,  i f  the  mo bi le  de v ice  i s  in  BT -pr ox imi t y  wi th  DA IAD@feel  dur in g  a  co nsump t ion 

even t ,  r ea l - t i m e  i n format io n i s  t r ansmi t t ed  and s to re d to  D A IAD@home,  a lon g w i th  pas t  wa ter  c onsump t io n 

even ts  s to red  in  t he  non -vo la t i le  memor y .  DA IAD@fee l  u ses  the  un iq ue ide nt i f i ers  o f  p as t  e ven ts  to  

maint a in  da ta  co ns i s te ncy  and  n on - dup l ic a t ion .  The  sam e  pr ocess  a ls o  se rve s  the  cas e  wh er e  more  than 

one  mobi le  de v ice  i s  pa i re d wi th  DA IAD@fee l .   

Data  f rom  th e  mobi le  d ev i ce  a re  th en  se nt  o ver  to  th e  DA IAD@h ome web  app l ic a t ion  when eve r  th e  mo bi le  

dev ice  has  In tern et  conn ec t i v i t y .  

3.1.6. UC5 –Alerts  
The  cons umer  may  se t  a ler ts  tha t  h e lp  to  k eep  t r ack  o f  sav in g  t ar get s ,  o r  be  in fo rmed  abo ut  e ven ts  

requ ir ing  h er  a t te nt ion.  T he  co nsumer  may s e lec t  f rom DAIAD@home  a  p red eterm ined  l i s t  o f  s pec i f i c  

thre sho lds  ( e . g .  f l o w r a t e  o v er  a  g i ven  l i m i t ,  s ho w er  d ur a t i o n  o v er  2 0 m i n )  or  e ve nts  ( e . g .  s uc c eed ed  a ver a g e  

wa t er  co ns um p t i o n  l o w er  t ha n  t h e  na t i o na l  a ver a g e ) .  No t i f i ca t io ns  ar e  sen t  bas ed  o n us er - d ef i ned  p re fer ences  

to  the  mob i le  dev ice ,  b y  e mai l  o r  in  soc ia l  med ia .  

3.1.7. UC6 –  Real-t ime interventions  
The  consume r  i s  pro v id ed th rou gh  DA IAD@kno w wi th  re a l - t ime  in fo rmat ion  r egard in g  her  wa ter  

consumpt io n ( vo l um e o f  wa t er  us ed ,  t em p er a t ur e  o f  wa t er ,  e ner g y  co ns um p t i o n  f r o m  ho t  wa t er ) ,  in  add i t ion  to  

in t ervent io ns  v i sua l i z ing  in  a  na ï ve  an d e asy  t o  un der s tan d man ner  asp ec ts  o f  h er  con sump t ion  be hav ior .  

These  s t imul i  a re  in format ive  an d ed ucat i v e  in  n atu re ,  a iming to  e nab le  the  consumer  to  ass oc ia te  h er  

consumpt io n behav ior  wi t h  t he  ac t ua l  impac t  in  wa ter  an d ene rgy  use .  Fu r th er ,  th e  co nsumer  may a l s o 

rece i ve  aut omat ic  a ler t s/r ecommendat io n s  o r  use r - def ine d  a ler ts  du r ing  an  ac tua l  wat er  con sumpt ion  

even t  in  t he  c ase  o f  the  we b and mo bi le  vers ion s  of  D A IAD@know.  

3.1.8. UC7 –  Exploring water use 
The co nsumer  h as  access  th rou gh  the  we b  a n d  m o b i l e  ver s i o ns  o f  DA IAD@know t o  h is tor ica l  wa ter  

consumpt io n d at a ,  s imp le  e xp lor at ion  and  an al y s is  to o l s ,  au tomat ica l l y - e xt r ac te d ind ica tors ,  and 

recommendat ions  for  impr ov ing  h er  con sumpt ion  be hav io r .  The  co nsumer  may  exp lor e  th is  in format ion  a t  
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any  t ime,  an d share  th e  pr ov ided  d at a/ ins igh ts  th rou gh soc ia l  med ia .  T he  mobi le  vers io n  of  DA IAD@home  

pro v id es  a  c o n c i s e  rep rese nta t ion  adap ted  to  th e  sm al ler  sc ree n re a l -es ta te ,  w i th  ad di t io na l  o pt ions  an d 

in format ion  be ing  ava i lab le  in  the  web  ve rs ion  o f  DA I AD@home.  

3.1.9. UC8 –Sharing  information 
The  cons umer  a t  a n y  p o i n t  i n  t i m e  may  se lec t  to  pu b l ic i ze  ove r  th e  Web  he r  w a t er  co ns um p t i o n  an d  g o a l s  

a ch i ev ed .  I n format io n may  be  s har ed a no n ym o us l y ,  or  a ssoc ia t ed w i th  the  us er ’ s  p r o v i d ed  s o c i a l  i d en t i t y  

(e . g .  Faceb ook,  T wi t t er ) .  I n  t he  f i r s t  c ase ,  in format ion i s  an on ymized  b y  d e fa u l t  t o  pro tec t  us er  pr ivacy ;  

geo graph ica l  loca t ion  i s  o bfusc ate d to  t he  c i t y - le ve l  and  t he  on ly  pub l ic  se t  o f  demogr aph ics  inc lu de  age  

gro up (e . g .  18 -25 ,  26 -35 )  and hous eho ld  s i ze  (e . g .  1 -2 ,  3 -5 ,  6+) .  Fur the r ,  in for mat io n i s  n ot  pub l i c i ze d  in  

rea l - t ime,  bu t  a f te r  a  q ua r a nt i n e  per iod  o f  1  mo nth  ( e . g .  S ep t em b er ’ s  d a t a  s ha r e d  o n  De c em b er  1 s t ) .  T he  data 

are  ava i l ab le  thr ou gh DA IA D ’s  web  se rv ices .  

I f  the  consume r  h as  se lec ted in fo rmat ion  sh ar ing  l inked wi th  he r  s oc ia l  id ent i t y ,  s he  has  th e  fo l lowin g  

opt ion s  pe r  t ype  of  in fo r mat io n .  A l l  s har in g  re s t r i c t io ns  in  g ranular i t y  and accuracy  a re  inc lude d in  th e  

sys t em as  a  fa i l s a fe  t o  pro t ec t  t he  pr ivacy  o f  nov ice  an d un in fo rmed c onsume rs :  

  W a t er  co ns um p t i o n  may  b e  p er i o d i ca l l y  and  a u t o m a t i c a l l y  shared  in  1 - m o nt h  agg regate d d at a  se ts .  

The  dat a  are  ava i lab le  th ro ugh  DA IAD ’s  web  se rv ices .  Note  th at  t he  c onsume r  can a lways  d o wnload  

her  fu l l  wa ter  us e  d at a  and  share  i t  in  he r  own  acco rd .  

  Goa ls  ach ie ved  (e .g .  red u ced wa ter  cons umpt ion  b y  20 %,  sho we r  dur at ion  b e lo w th e  n at io na l  

ave rage)  m ay  b e  pe r iodic a l l y  an d  au tomat ic a l l y  s har ed  in  soc ia l  me dia  a f te r  a  1 - day  qu ar ant ine  

per iod.  The  con sumer  h as  a ls o  the  op t io n  t o  in s tant ly  s har e  spec i f i c  go al s  ach ieved  t hro ugh  the  

DA IAD@home app l ica t ion  w i th  a  s imple  se lec t io n  ( i .e .  shar e- t o  but ton ) .  

3.1.10. UC9 – Uninstal l  DAIAD 
The  consume r  c an  remo ve  DA IAD@fe el  f rom  t he  f i x t ure  a t  an y  g i ve n t ime  fo l lowing  the  ins t a l la t ion  s tep s  

backward s .  Th e  de v ice  can be  s to red or  mo ved  to  ano ther  f i x tur e .  Fu r th er ,  t he  cons umer  can un ins ta l l  

DA IAD@home fr om he r  mobi le  dev ice  a t  any  g ive n t ime ,  an d us e  o nl y  t h e  in -s i tu  DA IAD@k no w fo r 

moni t or ing  h er  wate r  u se .  The  co nsumer  i s  req ues ted  wheth er  a  cop y  of  he r  da t a  sh ou ld  be  save d;  i f  the  

resp onse  i s  n egat ive ,  a l l  re levan t  in format ion  i s  r emo ved  f rom DAIAD s er vers .  

3.2. Commons 

3.2.1 . Scenario description  
An arb i t ra ry  numbe r  o f  co nsumers  (2 -10 ,000)  th at  h ave  in s t a l led  DA IAD in  the i r  re s id ences  dec ide  to  fo r m 

a  communi ty  ( C o m m o ns  i n  DA I A D  t e r m i no l o g y )  and  th u s  sh are  th e i r  wat er  c onsu mpt io n,  gen era te  in s i ght s ,  

publ i c i ze  and  g a m i f y  th e i r  cons umpt ion  b ehav ior .  A  Commons  i s  fo rmed  in  t he  bas is  o f  loc a l  p ro x imi t y  

(e . g .  bu i ld in g  b lock ,  n e ighbor hoo d) ,  e nv i ro nment a l  awar enes s  (e . g .  ac t i ve  c i t i ze ns ) ,  p ar t i c ipa t ion  in  

ex i s t ing  g rou ps  (e .g .  C i t i ze n  Assoc ia t io n s ,  NGO ),  or  in  an  en t i re ly  ad  h oc  b as i s  (e .g .  cons umers  no t  eve n in  

the  same  coun tr y) .  
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Consumers  are  su ppo r te d in  match -m ak ing  for  forming a  Commons  th rou gh  a  dedic ate d DA IAD ’s  web -s i t e  

(c rea te  a  new,  jo in  an  e x i s t in g ) .  A  co nsumer  can  en ter  and  e x i t  (o pt -ou t)  f r o m a  Commons  a t  an y  t ime ,  

wi th  a  s imple  s e lec t ion  in  her  DA IAD@home de v ice  (mob i le  ph one ) .  Commons  can a ls o  be  co nso l idat ed 

( jo in ed )  and  b roke n in  i t s  or ig in a l  member s  a t  any  t ime.  F ur t her ,  Common s can dec ide  t o  share  i t s  da ta  

wi th  o t her  s t ake ho lde rs ,  or  c ance l  a  sh ar in g  agr e ement  a t  any  t ime.  Se l f - r egu lat io n  and  mod era t ion  

regard in g  t he  l i fec yc le  o f  Commons an d p ote nt ia l  abus i ve  beh av io r  i s  h and le d en t i re l y  by  the  Common s 

members  w i th  no  e xt ern al  in t ervent io n.  

3.2.1 .1 . Stakeholders  

  C o ns um er .  She  has  pu rchased a  DA IAD k i t  (o r  g r a n t e d ,  o r  r e ce i v ed  c o - f i na nc i ng ) ,  ins ta l l ed  i t  i n  h er  

res idence ,  an d mon i t ors  h er  wat er  co nsumpt io n.  She  dec id es  to  p ar t i c ipa te  in  a  Commons e i ther  

due to  cur ios i t y ,  se l f -be l ie f ,  o r  th i rd- par t y  incen t i ves .  

  C i t i z en  A s s o c i a t i o n/ N G O .  I t  i s  an  or gani za t ion  ac t i ve  in  sus t a in ab i l i t y  i ssu es  w i th  an  e x is t ing  memb er  

or  vo lun tee r  bas e.  I t  want s  t o  e s t abl i sh  a  Commons  or  have  access  to  d at a  o f  ex i s t ing  Commons .  

Ins i ght s  f rom  DAIAD wi l l  be  u sed  to  acc l ima t i ze  w i t h  wat er  mo ni tor in g  techn olo g ies ,  s t ren gth en  

ex i s t ing  ac t i v i t ie s  wi t h  ac t ion ab le  in fo rmat ion ,  t r ans fer  an d induce  changes  t o  the  gen er a l  

popu la t ion,  or  e s tabl i sh  a  new ac t i v i t y  focused  o n wa ter  mon i to r ing.  

  L o ca l  a u t h o r i t y .  I t  wan ts  access  to  Commons  d at a  in  orde r  t o  au gment  i t s  wa ter  man agement  

prac t i ces ,  or  p romot e  pe r sona l  re spo ns ib i l i t y  and  p ar t i c ip at io n  in  s us t a inab i l i t y  i ssue s .  As  such,  

i t s  mot ives  can b e  s tem f rom s imple  cur ios i t y/ fo rward - th ink in g  o r  e x is t in g/e merg ing  i s sues  in  

wa ter/ ene rgy  management .  

  P ub l i c  a u t ho r i t y/ R eg u l a t o r y  b o d y .  I t  i s  a  bod y w i th  a  n at ion al/ EU le ve l  r each  in  c har ge  of  p ol i c y  or  

regu la to ry  meas ure s  fo r  water  and /or  e ner gy  r eso ur ce  man ageme nt .  I t  wants  access  to  Commons  

dat a  for  s imi lar  in ten ts  an d pu rpo ses  w i th  a  Loc a l  autho r i t y .  H oweve r ,  i t s  e x t e ns i ve  ge ogr aph ica l  

reach  in t r oduce s  n eeds  for  tapp ing  in t o  Common s d at a  and  ga in in g  ins ights  o n  a  mass ive  sca le .  

  U t i l i t y .  (Ener gy/W ate r) .  A  wate r  u t i l i t y  want s  access  to  Commons  da ta  in  orde r  to  augmen t ,  

impro ve,  or  e va lua te  i t s  wa ter  managemen t  p rac t i c es .  Fo r  an  ene rgy  u t i l i t y ,  i t s  in te res t  l ies  in  

reduc ing  h ot  wat er  cons umpt ion  an d thu s  ener gy  deman d/CO2 out put  (e .g .  incen t i ves  t o  

consumers ,  ad jus tments  in  p r ic ing ,  in t ro duc t ion  o f  so la r  wa te r  h ea t in g ) .  I n  bo th  case s ,  th ese  

s tak eho lde rs  are  no t  cons idere d commit ted  to  th e  D A IAD sys tem,  and  s imp ly  e xplore  i t s  p ot ent ia l  

uses  and impac t .  Con seq uent ly ,  t hey  do no t  have  access  t o  DA IAD@ut i l i t y  ( s p e c i a l i z ed  b i g  d a t a  

a na l ys i s )  bu t  must  be  e nc ourage d to  adop t  DA IA D in  a  la rge r  sca le  th rou gh  s imple  pa th ways  an d 

opt ion s  (e . g .  co - f inance /awar d DA IAD,  t r ia l  access  to  DA IAD@ut i l i t y ,  t r a in in g  co urses ) .  

3.2.2. UC1 –  Commons creation  
A  consumer  pu bl ic i zes  i t s  in ten t  t o  c r eat e  a  ne w Commons th rou gh  th e  DA IAD@commons se rv ice .  Th e 

consumer  can h ave  an y  o f f i c ia l  cap ac i ty  (e . g .  N GO r e prese nt at ive ,  communi ty  c oord in at or) ,  bu t  t h is  doe s  

not  a f fec t  t he  pro v ided  fac i l i t ies  ( i .e .  eq ua l  a c c es s  t o  a l l  co ns um er s ) .  The  cons umer  p ro v id es  a  tar ge t in g  fo r  

the  Common s (e . g .  sp ec i f i c  b u i ld in g,  a re a,  N GOs) ,  ad di t io na l  in format ion ( e . g .  na m e,  s o c i a l / p h ys i ca l  

m ee t i ng  p o i n t s )  and  p ub l ic i t y  s ta tus  ( e . g .  d a t a  s ha r i ng  b y  d e fa u l t ,  a no n y m o us  m em b er s ,  o b f us ca t e d 

g eo g r a p h i ca l  l o ca t i o ns ) .  Th e  Commons i s  c re at ed ins tan t l y ,  and ins tant ia t ed wi th  d ata  f rom t he  fou n ding  
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consumer.  The  ne wly  es t ab l i s hed C ommons i s  ava i lab le  in  a  pub l ic  c a ta lo gue  in  DA IAD@commons.  Fur the r ,  

consumers  a re  au tomat ica l l y  no t i f ied  based  on  geo gr aph ica l  p ro x imi ty  and/ or  t hemat ic  p re fere nces .  

3.2.3. UC2 –  Consumer enters a Common  
A  cons umer  v is i t s  DA IAD@home ( m o b i l e  a p p )  or  DA I AD@commons ( we b  s i t e )  and searches  for  an  e x i s t in g 

Commons th rou gh i t s  c a t a lo gue  ser v ice  based on var io us  c r i te r i a  (e .g .  g eo s p a t i a l ,  t h em a t i c ,  num b er  o f  

m em b er s ,  c r ea t i o n  d a t e ) .  F ur th er ,  DA IAD@commons  p rov ide s  recommen ded  Co mmons b ase d  on  t he  us er  

pro f i le  ( m a t c h - m a k i ng ) .  For  e ach  C ommons,  t he  cons u mer  can ga in  an  over v ie w of  i t s  ac t i v i t y  and  compare  

i t  wi th  s imi lar  ( e .g .  ge ographica l ,  s i ze)  Commons.  T h e  consume r  can jo in  a  Com mons based on  o f  a  s imp le  

se lec t io n.  A  n ot i f i ca t io n  ap pear s  d isp lay ing  in  s imp le  terms the  ackno wled gemen t  o f  th e  member sh ip  (e . g .  

dat a  s har in g,  se l f - re gu lat ion  obl i gat io n) ,  whic h  t he  consumer  must  imp l ic i t l y  accept .  Beyond  t h is  p oint ,  

the  con sumer ’s  d ata  ( r ea l - t ime/h is t or ic )  are  in s tan t l y  sh are d  wi t h  th e  C ommons  g rou p  an d 

DA IAD@commons p ro v ide  a  v is ib le  reminde r  o f  th e  membersh ip .  F ina l l y ,  the r e  i s  n o  l imi t  re gard ing  th e 

number  o f  Common s a  co n sumer  c an s imu l t aneo us ly  p a r t i c i p a t e  i n .  

3.2.4. UC3 –  Consumer exi ts a Common  
The co nsumer  can e x i t  a  Commons  she  a l r e ad y  par t i c ipa tes  in  a t  an y  g i ven  t ime,  e i the r  thr ough  

DA IAD@home or  DA IAD@co mmons.  Jus t i f i ca t ion  for  o pt ing  out  i s  op t iona l ,  and  ex i t  f r om a  gro up t ake s  

p lace  immed ia te ly .  

3.2.5. UC4 –  Commons insights and analytics  
Any u ser  ( i . e .  v i s i to r ,  not  a  Commons  member )  c an  v is i t  DA IAD@commons  t o  ga in  an  o ver v iew o f  th e  

ac t i v i t y  o f  e x is t ing  Commons.  Th is  pub l i c  in fo r mat io n cont a ins  s o le l y  agg re gat ed s t a t i s t i c s  and  g a m i f i ed  

ind icat ors  to  so l i c i t  i n te re s t .  Examples  inc lude:  num ber  of  members  an d e vo lu t io n  o ve r  t ime,  aggr ega t e d 

wa ter  co nsump t ion o ve r  t ime,  wat er  s av in g  champ ions  ( a no nym i z ed ) ,  ach ieve ments - reach ed (e . g .  10 % 

co l l ec t i ve  red uc t ion )  and  e xpe r ie nce  ga ined  (e .g .  b as ed o n con t inuo us  par t i c ipa t io n  o f  memb ers ) ,  mo ne y 

save d over  t ime (du e to  re duc t ion  in  wa ter/ ene rgy) ,  c ompare  ac t i v i t y  w i t h  o th er  Commons.  A t  a l l  case s ,  no  

pers ona l  in fo rmat ion  o r  d a ta  th at  can  po ten t ia l l y  lead  to  t he  id ent i f i ca t ion  o f  ac t ua l  us ers  i s  p ro v ided.  

Members  o f  Commons  h ave  more  f in e l y - gr a in ed  acce ss  t o  the  above  fac i l i t ies  ( i .e .  a t  th e  co nsumer  l eve l )  

a t  th e i r  d is pos al ,  and  means  to  mot ivate  the i r  pe ers .  The y  can  e xamine  th e  exac t  pe r formance and  ac t i v i t y  

o f  o th er  user s  ( a g a i n ,  w i t ho u t  a c c es s  t o  p er s o na l  i n fo r m a t i o n )  per  t ype  o f  con sumpt ion  an d b as ic  

demogr aph ics ,  p romo te  t he i r  ach ieveme nts  and  p ar t i c ip at io n  thr ou gh  soc ia l  channe ls  (e .g .  s ha r e - i t  

func t io na l i t y  ac ro ss  ana ly t i c s ) ,  an d s et  co l lec t i ve  go als  (e .g .  20% m ore  memb ers ,  30 % less  en ergy  fo r  

sho wers ) .  Fu r th er ,  the y  can s har e  in fo rmat io n w i th  o the r  use rs  ( p r i va t e  f o r um )  t o  exc han ge  e xpe r iences ,  

i ssu es ,  an d ide as .  

3.2.6. UC5 – Access to Commons data  
An e xt ern al  s tak eho ld er  ( i . e .  non -Commons  membe r)  v i s i t s  DA IAD@commons,  id ent i f ies  ex is t in g  Commons  

and  r equ ests  access  to  t he  da ta  the y  gene rat e .  Depend in g  on  the  c ond i t ions  s t a te d/agre ed  b y  t h e  

fou nder s  o f  th e  Common s (UC  1)  t h e  s tak eho ld er  mu st  p ro v ide  a  sho r t  exp lana t io n  regard in g  the  re ques t  

(e . g .  c ommerc ia l ,  s c ie nt i f i c ) ,  ass ign  a  p oint  o f  co ntac t  for  an y  in qu ires  t he  Co mmons member s  h ave,  an d 



DELIVERABLE 1.2            79 

accept  s tan dardi ze d access  t erms (e . g .  n o  r ese l l in g ,  no  us e  be yo nd in i t i a l  pur pose,  ackn owled gemen t  o f  

the  s ource ) .  Th e  Commons  membe rs  ar e  no t i f ied  accord ing l y  an d the  req ues t  i s  aut omat ica l l y  gr an ted  i f  

a f t er  a  pe r iod o f  24h  at  l eas t  20 %  (or  an y  o the r  p ercent age  de f ined by  the  comm ons members )  o f  t h e 

gro up h ave  no t  e xp l i c i t l y  dec l ine d.  Th e  s take ho ld er  h as  acces s  t o  d ata  t hrou gh DA IAD ’s  D at a  AP I  

(a no n ym i z ed )  and  onl y  r egard ing  r ea l - t ime  in format io n (h is t or ica l  da ta  wi l l  no t  be  pr ov ide d) .  Access  to  th e 

Common’s  da ta  can be  invoked  a t  an y  g iven  t ime  when  more  than  20% o f  th e  Common s memb ers  h ave  

reque ste d s o.  

3.2.7. UC6 –  Commons management  
Commons do  no t  h ave  an y  o wne rs ,  inc lud in g  t he i r  fou nding  memb er .  Each  member  h as  acces s  t o  h e r 

account ,  wher e  sh e  can ed i t  p ers ona l  in format ion,  vote  on p e nd in g  i ssue s  (e .g .  opp ose / in vok e  a  shar ing  

reque st ) ,  and remove he rse l f  f rom a  Commons.  F ur th er ,  membe rs  can c re ate  one of  the  fo l lo win g  

s tan dar di zed  p ol l s :  (a)  r e move a  spec i f i c  us er  (e .g .  abus ive  b ehav ior ) ,  (b)  sh u t -d own  t he  Commons,  and 

(c )  in vo ke  da ta  access  t o  an  e xte rn al  s t akeh older .  O t her  memb ers  a re  no t i f i ed  t o  p ar t i c ipa te  and  d ec is ions  

are  taken  i f  YES vo tes  e xce ed e .g .  20%,  50 %,  and  20% res pec t ive l y .   

3.3. NGO 

3.3.1 . Scenario description  
A  Non Gove rnmen ta l  Or gani za t ion  (or  C i t i zen  Ass o c ia t ion ) ,  ac t i ve  on wa te r  e f f i c i ency  and /or  br oad er  

sus t a in ab i l i t y  i s sues ,  i s  appl y ing  DA IAD ac r oss  i t s  members  an d/o r  ac t i ve  c i t i ze ns .  Th ere  a re  t wo  ma jo r  

deployme nt  an d u se  d i rec t ions ,  wh ich  c an c o -e x i s t  an d comp lement  e ach  oth er .  F i rs t ,  the  NGO  may s imp ly  

t a p  i n t o  ex i s t i ng  C o m m o ns  g roup s  an d/o r  c rea te  a  ne w Commons .  As  s uch,  t he  NGO  is  s imp ly  rep urp os in g  

dat a  f r om ex is t in g  cons u mers  and  has  access  to  t he  DA IAD  an al ys is  f ac i l i t ie s  and  kn owle dge  ex t rac t io n 

serv ices .  Opt io na l l y ,  the  NGO may  a lso  d is t r ibu te  DA IAD k i t s  t o  a  s e l ec t ed  us er  p o p u l a t i o n  and e i t he r  

moni t or  i t s  d at a  a lon e  or  in  ad di t ion  t o  da ta  pro v ided  b y  e x is t ing  Commons .  Th e  l a t t er  cas e  sup po r ts  

focus ed  s t ud ies  and  r o l l - o uts  o f  DA IAD which  may  a l so  be  co - f inanced  o r  sp on sore d by  a  th i r d  par t y  (e .g .  

governme nt ,  loca l  mun i c ip a l i t y ,  wat er  u t i l i t y ,  pr i va t e  comp any) .  I n  bo th  cases ,  the  N GO  has  access  to  the  

DA IAD ana ly s is  too ls ,  for  moni t or ing  wa ter  co nsum pt ion,  e x t rac t in g  ac t ion ab le  in s i ght s ,  an d  co l lec t in g  

ev idence  for  po l i c y -mak in g .   

The  p urp ose  of  ap pl y ing  D A IAD could  be  o ne or  mo r e  o f  t he  fo l lowin g:  (a )  mo ni t or  and  an al yze  a  spec i f i c  

geo graph ica l  ar ea  ch al len ged b y  wa t er  s h o r t a g e  p rob lems,  (b )  per fo rm an a wa r en es s  campa ign for  a  loca l  

popu la t ion,  (c )  ga in  h igh ly  granular  da ta  and  deman d models  for  g i ven  ar ea.  

3.3.1 .1 . Stakeholders  

  E x i s t i ng  DA I A D  c o ns um er .  She  has  p urchased  a  DA IA D k i t  ( o r  g r a n t ed ,  o r  r e ce i ved  c o - f i na nc i ng ) ,  

ins t a l le d  i t  i n  h er  re s id en ce,  and mo ni tor s  her  wat er  co nsump t io n.  Sh e i s  a  member  o f  on e or  

more  Common s,  and  t hus  s har ing  h er  wate r  co nsumpt ion  d ata .  

  C i t i z en .  She  i s  no t  a  DA IAD  cus t omer ,  bu t  i s  g i ven  a  DA IAD k i t  to  par t i c ip at e  in  an  NGO -or gani zed 

s tud y  and /or  ro l l -o ut .  She i s  requ ir ed to  ins t a l l  in  he r  re s idence  an d jo in  a  Com mons.  T he  c r i ter ia  
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for  s e lec t ing  e ach  c i t i zen  a re  unk no wn  (e .g .  e v en  a  s i m p l e  d r a w ) ,  as  ar e  he r  tec hno log ica l  l i te rac y  

and  sus ta in abi l i t y  s ens i t i v i t y .  As  such,  s h e  i s  cons id e red  th e  m o s t  cha l l e ng i ng  us er  o f  DA IAD,  as  she  

wi l l  r equ ire  t he  le as t  amo u nt  o f  ins t a l la t ion  an d u se  e f for t .  

  V o l un t e er / a c t i v e  c i t i z e n .  She  i s  no t  a  DA IAD cus tome r ,  bu t  i s  g ive n a  DA IAD k i t  t o  par t i c ipa te  in  an  

NGO-o rgan ize d s tud y  an d/ or  ro l l -ou t .  Sh e i s  re qui r ed to  in s ta l l  i t  i n  h er  re s idence  and  jo in  a  

Commons.  Her  vo lun tee r  s ta t us  imp l ies  a  h e ight ene d  leve l  o f  awaren ess  and  t hus  mot ivat ion  fo r  

ins t a l l ing  and  us ing  DA IAD.  Ho we ver ,  techn olo g ica l  sk i l l s  may a ls o  be  l imi t ed.  

  N GO / C i t i z en  A s s o c i a t i o n .  I t  i s  an  or gani za t ion  ac t i ve  in  sus t a in ab i l i t y  i ssu es  w i th  an  e x is t ing  memb er  

or  vo lu nte er  b ase.  I t  wan t s  to  app ly  DA IAD and  in t e gra te  i t  i n  s t udies ,  aware ness  campa igns ,  or  

ev idence -based  po l i c y  m ak in g .  Ins igh ts  f rom DAI AD wi l l  be  us ed to  fami l iar i ze  w i th  wate r  

moni t or ing  tech no lo g ie s ,  s t ren gt hen ex is t in g  ac t i v i t ie s  w i th  ac t io nab le  in fo rmat ion,  t rans fe r  and  

induce  c han ges  to  t he  gene ra l  po pu lat io n,  o r  e s tab l i sh  a  ne w ac t i v i t y  focused  on  wat er  

moni t or ing .  

  T h i r d  P a r t y .  For  th e  p urp o ses  of  th is  scenar io ,  a l l  o the r  s tak eho lde rs  ar e  co ns id ere d as  th i rd -

par t ie s ,  and as  s uch h ave  no d i rec t  invo l vemen t  o ver  ho w DA IAD is  be ing  app l ied.  H oweve r ,  the y  

may p ro v ide  in di rec t  sup p or t  in  the  f orm of :  co - f inanc ing/sp onso r ing  DA IAD k i t s ,  pro v id ing  access  

to  add i t io na l  d at a  (e . g .  f r om smar t  wa ter  mete rs) ,  suppo r t  awarene ss  camp a ign s ,  u se  ins i ghts  

ga ined  for  dec is ion/ po l i c y - mak in g.  

3.3.2. UC1-NGO establ ishing a Commons  
An NGO  pu bl ic i zes  i t s  in t ent  to  c re at e  a  ne w Com mons thr ough the  DA IAD@commons se rv ice .  Th e  N GO 

pro v id es  a  tar ge t in g  for  t he  C ommons  (e .g .  spec i f i c  bu i ld ing,  are a,  N GOs) ,  addi t iona l  in format io n  ( e . g .  

t i t l e ,  s o c i a l / p hys i ca l  m e et i n g  p o i n t s )  and  pu bl ic i t y  s t a tus  ( e . g .  d a t a  s ha r i ng  b y  d e fa u l t ,  a n o n ym o us  m em b er s ,  

o b f us ca t ed  g eo g r a p h i ca l  l o c a t i o ns ) .  The  Common s  i s  c reat ed  ins tan t l y .  Th e  ne wly  es t ab l i shed  C ommons  i s  

ava i lab le  in  a  pub l ic  ca t a logue  in  DA IAD@commons and  in  a  p rominen t  pos i t ion.  Fur ther ,  co nsumer s  ar e  

aut omat ica l l y  no t i f ied  bas ed o n g eo graphic a l  pr ox imi t y  and/ or  themat ic  pre fe r ences .  The  NGO has  access  

to  a l l  da ta  an d s er v ices  o f  i t s  Common s.  

3.3.3. UC2-NGO requesting access to data  
In  ad di t ion  to  c r eat in g  a  n ew Common s,  the  N GO may re que st  dat a  f rom ex is t in g  Commons and /or  e x is t in g  

DA IAD consumers .  In  th e  f i r s t  c ase ,  the  NGO s imply  fo l lows  th e  pr ocess  es tabl i sh ed for  ex te rna l  

s tak eho lde r  access  in  a  C ommons.  The  exce pt ion  i s  t hat  C ommons  members  may  dec ide  t o  sh are  the i r  

h is t or ica l  cons umpt ion  da t a ,  wi th  e ach co nsumer  t ak ing  th at  dec i s ion  h e rs e l f .  For  t he  s econd  case ,  t he  

NGO may a ls o  t ry  t o  in i t i a t e  an d u ni te  d i f f e r en t  us er s  who  might  no t  n ecessar i l y  be  in  the  same  Commons,  

( i . e .  v er y  l o w wa t er  us er s  w i t h  v er y  h i g h  wa t er  us er s ) ,  as  a  met hod  t o  s ee  ho w t hey  in te rac t  an d e xchange 

knowle dge  bu t  a ls o  t o  y ie ld  an y  pos i t i ve  ou tcomes  t h is  m igh t  h ave.  T he  N GO v is i t s  DA IAD@commons ,  and 

pro v id es  a  s e t  o f  p r ed e f i n ed  c r i t e r i a  ( e . g .  a v er a g e  wa t er  co ns um p t i o n ,  l o ca t i o n ,  d em o g r a p h i cs )  for  po ten t ia l  

consumers  and  a  pop ulat ion  ta rge ts  (e . g .  min  20 ,  m ax  100) .  The  N GO mu st  pr ov ide  a  s hor t  exp lana t ion  

regard in g  the  re ques t  (e .g .  c ommerc ia l ,  s c ie nt i f i c ) ,  ass ign  a  p oint  o f  con tac t  for  an y  inq ui res  th e  

consumers  have,  and  acce pt  s t and ard i zed  acces s  te r ms (e .g .  no  r ese l l in g ,  n o  use  be yon d  in i t i a l  p urp ose ,  

ackno wle dge ment  o f  th e  s ource ) .  The  s ys t em aut omat ica l l y  se lec ts  t he  ap pro pr ia te  cons umers  and  no t i f i es  

them for  th e  re ques t .  C ons umers  mus t  man ua l l y  appr ove  the  re ques t .  I f  the y  h ave  n ot  res pon ded over  a  7 -
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day  p er iod,  t he  re ques t  i s  imp l ic i t l y  cons id ere d as  d ec l in ed .  F ina l l y ,  cons umer s  may in voke  a t  an y  g ive n 

t ime  the  acces s  to  th e i r  d at a .  

3.3.4. UC3-Data analysis and knowledge extraction  
The  NGO  ( a s  a ny  no n - C o m m o ns  m em b er )  can  v is i t  DA IAD@commons to  ga in  an  ove rv ie w of  the  ac t i v i t y  o f  

ex i s t ing  Common s.  When  the  NGO  has  in i t i a t ed  a  Commons i t s e l f ,  and/ or  h as  bee n gr ant ed  acces s  in  

ex i s t ing  Commons ,  and/ or  spec i f i c  use rs  have  gr an te d access  t o  the i r  d ata ,  i t  h as  the  more  f in e l y - gr a in ed 

access  pr ov ide d t o  a l l  C ommons members .  Add i t ion al  fac i l i t ies  inc lude do wnloadin g  h is t or ica l  da ta  ( s o c i o -

d em o g r a p h i cs ,  co ns um er  i n t er a c t i o ns  and  wa t er  co ns u m p t i o n  i n f o r m a t i o n )  in  s im ple  fo rmats  (e . g .  MS  Exce l ,  

CSV ,  SPSS)  for  fu r th er  an al ys i s .  T h is  in format io n would  b e  us ed to  be gin  t o  dr aw o ut  t re nds  ab out  

consumers  who  us e  DA IAD.  

3.4. Utility 

3.4.1 . Scenario description  
Ut i l i t ies  compr ise  wa t er  co mpanies  as  we l l  as  g a s  an d e l e c t r i c i t y  pr ov id ers .  Dep ending  on  th e  co unt ry ,  t he  

ut i l i t y  i t s e l f  or  ded icat ed,  inde pend ent  me ter in g  c o mpanies  co l lec t  and  p re - p rocess  con sumpt io n da ta ,  

e i t her  man ua l l y  or  e lec t ro n ica l l y .  A lso  d epe nding  o n t he  supp l y  are a,  u t i l i t i es  may  some t imes  pro v ide  bo th  

e lec t r i c i t y  and  wat er  ( a nd  s o m et i m es  e v en  g a s  a nd  d i s t r i c t  h ea t ) ,  and  may use  s y ner g i es  in  t he i r  me ter - t o-

cash  pr ocess es  t o  kee p t h e  cos ts  do wn.  Y e t  ano the r  impor tan t  d i f fe ren ce  amo ng su pp ly  are as/co unt r ie s 

re la te s  t o  the  de gr ee  of  market  l ib era l i za t ion  an d thus  th e  poss ib i l i t y  o f  t h e  en d cus tome r  t o  ch an ge 

pro v id ers .  The  la t ter  fo s te rs  c ompet i t ion ,  an d c onse quen t l y  ad vanced  t ar i f f s ,  bet t er  se rv ice  qu al i t y ,  and  

add i t ion al  pr odu c t  o f fer in gs  become  a  ma jor  conce rn  of  th e  market  p laye rs .  

Our  ma in  t ar get  g rou p  is  w a t er  u t i l i t i es  wh ich  nee d to  o f fer  a t t rac t i ve  pro duc ts  t o  th e i r  cus tome rs ,  imp rove  

cus tomer  s at i s fac t io n,  an d a im  a t  m anaging  wat er  su pp ly  in  a  su s t a in ab le  way.  Doing  s o,  th ey  are  

confr ont ed  wi th  th e  cha l le nge  o f  su ppl y ing  h igh - qua l i t y  dr ink ing  wa ter  a t  lo w c os t  and,  a t  th e  same  t ime,  

manage t he  s ource s  o f  the i r  wate r  s us t a inab ly ,  such  t hat  the  su ppl y  c an  b e  ma inta ine d o ver  a  long  pe r iod 

of  t ime.  Our  s econd ar y  ta r get  g rou p  is  e ner gy  u t i l i t ie s ,  wh ich  m ay  a lso  be  in te r es te d in  wat er  cons er vat io n 

to  th e  ex ten t  t hat  ho t  wa t er  i s  co ncern ed.  Th is  i s  th e  case  s ince  e lec t r i c i t y  pr ov ider s  –  more  of ten  than 

the i r  coun te rpar ts  f rom  t h e  wa ter  d omain  –  have  t o  avo id  e xt end ed  (peak)  e ne rg y  co nsump t ion  in  t ime s  o f  

lo w s upp ly  (e . g .  no  sun ,  n o  w ind ) .  

A  u t i l i t y  may ap pl y  DA IAD  in  o ne of  t he  fo l lo win g  ways  o f  i nc r ea s i ng  i n vo l vem ent :  

  Reque st  a cc es s  t o  d a t a  f r o m ex is t ing  C ommons in  i t s  geo gr aph ica l  ar ea  of  reac h.  I t s  pur pos e  i s  to  

tap  in to  h igh ly  gr anu la r  wa ter / ene rgy  con sumpt ion  in form at ion,  e xper imen t  wi th  the  pro v ided  

ana lys is  se rv ices  an d DA IA D ’s  fac i l i t ies .  

  Purchas e  an d d is t r ibut e  D A IAD equipme nt  to  a  sam ple  of  i t s  cus tomer s ,  e i th er  t o  e va lua te  the  

techno lo gy  an d i t s  po ten t ia l  impac t ,  o r  to  s tu dy  wa ter/ ene rgy  con sumpt ion  in  a  rep rese nt at ive  

popu la t ion  an d e xt rac t  ins i ghts  t ha t  can  b e  app l ied  fo r  i t s  en t i re  cu s t omer  bas e.  
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  Subs id i ze  DA IAD for  i t s  cu s tomer  base,  e i the r  t o  ra i se  a wa r en es s  on  s us t a inab i l i t y  i ssu e,  or  have  

access  to  h i gh ly  g ran ular  water /en ergy  consump t ion  in fo rmat ion .  

3.4.1 . 1 . Stakeholders  

  U t i l i t y .  I t  i s  a  pr iva te  or  pu bl ic  comp any ,  o f fe r ing  wat er  and /or  ener gy  to  cus to mers  (1 0 0 K- 5 M )  in  a  

g i ven  geo gr aph ica l  ar ea.  I t  has  a  met er ing  i n fr as t r uc ture  in  p lace  an d  CRM /bi l l in g  sy s tem s  in  

oper at ion .  B eyond  t ha t ,  we mak e the  assump t ions  o f  l im i ted  e xpe r t i se  in  da ta  management  and  a  

bas ic  unde rs t and in g  o f  Water  Demand  Man agement .  As  such ,  we  must  s upp or t  u t i l i t i es  o per at ing  

f r o m  a nd  b e yo nd  t h i s  lo w te chnica l  and  kn owho w fou n dat ion .  

  U t i l i t y  cus t o m er .  She  i s  a  cu s tomer  o f  t he  u t i l i t y ,  wi th  or  wi tho ut  the  op t ion  of  se lec t ing  a  d i f fere nt  

u t i l i t y  to  se rve  her  wa ter / ener gy  n eeds .  Sh e  a t  l ea s t  r ece i ves  p er iod ic  b i l l s  pr esent in g  he r  wate r  

consumpt io n a n d to  th e  r espec t ive  pr ice .  She  i s  g i ven  a  DA IAD k i t  to  p ar t i c ipa te  in  a  u t i l i t y -

organ ize d s tud y  an d/o r  ro l l -o ut .  She  i s  r equ ire d to  in s ta l l  i t  in  he r  res ide nce  an d jo in  a  Common s.  

The  c r i ter ia  fo r  se lec t in g  e ach ut i l i t y  cus tomer  are  u nkno wn  (e . g .  ev en  a  s i m p l e  d r a w ) ,  as  are  her  

techno lo g ic a l  l i t er acy  an d sus t a in ab i l i t y  sen s i t i v i t y .  A s  such ,  she  i s  c ons ide red  a  cha l l eng i ng  us er  o f  

DA IAD,  wh ich  wi l l  r equ ire  t he  leas t  amou nt  o f  ins ta l l a t io n  and  us e  e f for t .  

  C o m m o ns .  Commons  ar e  g roup s  o f  u t i l i t y  cus tome rs  th at  have  a l ready  pu rchased and  in s t a l led  

DA IAD,  and  ac t i ve l y  s har e  t he i r  con sumpt io n in format ion  a t  the i r  o wn accord .  As  such  th ey  sh are  a  

common in t ere s t  in  us in g  DA IAD ,  may  s er ve  as  “ b r a n d  a d vo ca t es ”  and  e ve n  o f fe r  cu s tome r  su ppo r t  

to  o th er  u t i l i t y  cus t omers .  

  P r i va c y  p r o t e c t i o n  i n t er es t  g r o up s  a nd  r e l a t ed  r eg u l a t o r y  b o d i es .  T hese  or gan iza t ions  advocat e  a  

carefu l  us age  o f  dat a  th at  co uld  in f r inge  cons umer  p r i vac y .  T he y  sh ou ld  be  inc lu ded  in  t he  

deve lo pment  p rocess  a t  an  ear l y  s tage.  

  L o ca l  a u t h o r i t i es .  Au th or i t i es  are  in ter es t ed  in  in no vat i ve  s o lu t ions  of fe red  in  the i r  re g ion.  The y  

a ls o  want  to  impr ove  the  sus t a in ab i l i t y  o f  dem and  and  sup pl y  o f  wat er  and  e nergy  and  mon i t or  

the  ut i l i t ies ’  per fo rmance  in  acco rdance  to  th is  a im.  

  P ub l i c  a u t ho r i t i es  a nd  r eg u l a t o r y  b o d i es  t a r g e t i ng  wa t er  s up p l y .  O f te n  in  l in e  w i th  loca l  aut hor i t ies ,  

publ i c  au tho r i t i es  and  re gulat or y  bod ies  have  an  in t eres t  in  lo ng - te rm s us ta inab le  and  cos t  

e f fec t i ve  se rv ice  pr ov is ion  whi le  con ser va t ion  and  em iss ion  t argets  a re  met .  

  Mo b i l e  A p p s  a nd  I n t er n e t  o f  T h i ng s  d ev e l o p er s .  Th ese  d e ve lope rs  want  to  d issem in ate  and  some t imes  

se l l  pr oduc t s  an d  so f t ware  app l i ca t ions  tha t  add  va lue  t o  t he  cus t omers .  For  the m,  o pen  in t er faces  

to  re t r i eve  t he  da ta  a re  im port an t .  

3.4.2. UC1 –  Accessing  DAIAD@uti l i ty  
The u t i l i t y  may d ownload  DA IAD@ut i l i t y  and in s ta l l  i t  in  a  loca l  in f r as t ruc tu re .  Th e  so f t ware  mus t  be  

in i t i a l i zed  and pop ulate d wi th  any  req ui red da ta .  T he  ut i l i t y  has  fu l l  c ont ro l  ove r  t he  in t egr at io n  an d 

migr at ion  p rocess es  o f  d ata ,  u ser  man agement ,  p er formance ,  s ecur i t y  and  d is as te r  reco ver y .  Ano the r  

opt ion  fo r  th e  u t i l i t y  i s  t o  use  DA IAD@ut i l i t y  a s  a  c lou d -based  SaaS  (Sof t war e -a s -a- Ser v ice)  dep lo yment .  In  

th is  cas e  t he  ut i l i t y  ma in ta ins  fu l l  con tro l  ove r  i t s  da ta  and  us er  management ;  a l l  o t her  as pec ts  ar e  

hand led  aut omat ica l l y  b y  t he  s ys tem.  
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3.4.3. UC2 –  Evaluating DAIAD@uti l i ty  
The u t i l i t y  w ish es  to  eva luate  DA IAD@ut i l i t y  ana ly s i s  ser v ic es  wi tho ut  in ves t ing  in  DA IAD hard ware  an d 

invo l v ing  i t s  cus tomers .  I n  th is  cas e ,  a  u t i l i t y  re pre sent at ive  c r eat es  an  accou nt  in  t he  SaaS ve rs ion  o f  

DA IAD@ut i l i t y ,  pro v id ing  in format ion  regard in g  he r  e va lu at ion  in ten t ions .  She  m ay  a ls o  c rea te  c r ede nt ia ls  

for  ad di t iona l  u ser s  work ing  in  the  ut i l i t y  wh ich  wi l l  a ls o  p ar t i c ipat e  in  the  eva lu at ion .  Th e  e va lua t ion  c an 

be  per fo rmed in  t wo  ways :  (a)  wi th  s yn t h e t i c  d a t a ,  p r ov ided  b y  th e  s ys tem,  or  (b)  w i th  ac tua l  cons umer ’s  

dat a  pr ov ide d  by  C ommons.  In  t he  f i r s t  cas e  th e  user  may  se lec t  f r om  s evera l  pr e -d ef ine d  synth et i c  

dat ase ts  wi th  p arame ter s  b e ing  popu la t ion  (100K,  500M,  1M),  geo graph ica l  l ocat io n  (Sou th  Eu rop e,  

Nor t hern  Eur ope ) ,  an d pr i c ing  (Gre ek ,  UK tar i f f s ) .  In  th e  s econd  cas e  the  us er  must  fo l low t he  pr ocess  o f  

reque st ing  acces s  to  da ta  f rom  Commons;  th e  s ys te m pro v ides  no  guar an tees  th at  access  t o  d at a  wi l l  b e  

g i ven  b y  Common s.  

3.4.4. UC3 –  Organize a DAIAD deployment  
The ut i l i t y  has  access  to  DA IAD@ut i l i t y  an d d i s t r i b u t es  or  s ub s i d i z es  DA IAD k i t s  t o  i t s  cu s tome rs .  Th e  

acceptance  o f  t he  e qu ipme nt  i s  e xp l i c i t l y  e scor ted by  the  p ro v i s io n  o f  the i r  f o rmal  co nsen t  for  (a)  a l lo wing  

the  u t i l i t y  to  s to re  and  ana ly ze  t he i r  d ata ,  an d  (b)  accept ing  as  o f f i c i a l  wate r  con sumpt ion  in format ion  the  

dat a  gene ra ted  by  t he i r  water  met er .  The  cons umer  i s  pro v ided  wi t h  d et a i led  in fo rmat ion  as  t o  wh ich  o f  

her  p ers ona l  dat a  are  use d,  ho w th is  d at a  i s  ana ly zed and wha t  i s  done  wi t h  the  res u l ts .  F ur t her ,  i t  i s  

exp la ine d wh o ( inc luding  but  no t  l imi t ed  t o  the  u t i l i t y )  wi l l  h ave  access  t o  the  d ata/an al ys is  res u l ts  an d in  

whic h  form (e .g .  an on ymize d,  agg re gat ed ) .  Con su mers  th e n fo l lo w the  pr ocesses  desc r ibe d e ar l ie r  

regard in g  the  ins t a l la t ion  and u se  of  t he  sys tem.   

3.4.5. UC3 - Analysis  
The u t i l i t y  app l ies  DA IAD @ut i l i t y  in  o rde r  t o  ana ly z e  wate r  cons umpt ion in fo rmat ion.  D at a  so urces  m ay 

inc lu de  any  o f  th e  fo l lo wing:  d ata  f rom  DAIAD u s ers ,  h is t or ica l  wa ter  co nsump t io n da ta ,  t h i rd  par t y  da ta  

(e . g .  g eo g r a p h i ca l ,  m e t e o r o l o g i ca l ,  d em o g r a p h i cs ) .  As  such,  th e  ut i l i t y  wi l l  be  able  to  app l y  bo th  h igh l y  

granular  dat a  p ro v id ed f ro m DAIAD,  as  we l l  as  any  o ther  wate r  cons umpt ion d ata  i t  m ay have  (e . g .  f rom 

smart  wate r  met ers ) .  T he  u t i l i t y  ap pl ies  t he  ana lys is  and r epo r t  fu nc t ions  in  DA IAD@ut i l i t y  t o  e x t rac t  wate r  

demand  mo del s  for  i t s  p o pulat ion  and  per fo rm wh a t - i f  ana lys is  ac ros s  se ver a l  p ar amete rs .  Fu r th er ,  the  

ut i l i t y  can  a lways  e xt rac t  repo r ts  f rom  DAIAD and  p rov ide  them  as  inpu t  to  e x is t ing  ICT  sy s tems  and/ or  

ana lys is  pr ocess es .   

3.5. Water Demand Expert 

3.5.1 . Scenario description  
A  wa ter  d emand  e xpe r t  h as  access  t o  DA IAD@u t i l i t y  an d d at a  and  wish es  to  p er fo rm an  a rb i t r ar y  numbe r  of  

ana lys is  s te ps .  T he  e xp e r t  may work  und er  the  capac i ty  o f  a  ut i l i t y  (p ermane nt  p ers onn el  or  a  

commiss io ned  ser v ice  p ro v ide r) ,  a  pub l ic  adm ini s t r a t ion  ( a g a i n ,  s i m i l a r  wo r k i ng  co nd i t i o ns  a p p l y ) ,  o r  b e  an  

academic  r esearcher .  C ons equen t l y ,  t he  e xper t  may  h ave  a  s pec i f i c  t ar get in g  (g e o g r a p h i ca l ,  p r i c i ng ,  p o l i c y ) ,  

or  s imp ly  e xplor e  the  var io us  p ar amete rs  o f  wat er  de mand in  se arch  o f  impor tant  f ind ings .  
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In  o rde r  to  car ry  o ut  th e  anal yse s ,  the  wa ter  demand  e xper ts  ne ed  access  t o  a t  leas t  one  p ar t  o f  t he  da ta  

s tor ed  in  DA IAD@ut i l i t y  an d of  the  resu l ts  o f  a l l  r e le van t  an al yse s  th at  h ave  be en  cond uc ted  by  the  u t i l i t y  

or  o t her  e xpe r ts  b eforeh an d.  T he  ex ten t  o f  th is  da ta  access  i s  su bjec t  to  th e  c apac i t y  o f  the  wa ter  dem an d 

expe r t ;  sh e  may have  acce ss  t o  ac tua l  u t i l i t y ’ s  d at a ,  DA IAD data  f r om ut i l i t y  cu s tomer s ,  dat a  s hared  f rom 

Commons,  or  a  c ombin at io n.  

3.5.1 .1 . Stakeholders  

  W a t er  d em a nd  e xp er t .  She  i s  con s idere d  h igh ly  p ro f i c i ent  in  the ore t i c a l  and  p rac t i ca l  app l i c a t ion s  

of  wate r  deman d management .  Ho we ve r ,  exper ience  wi th  b ig  da ta  co l lec t io ns  and ana ly s is  s erv ices  

o f fer ed b y  DA IAD may  be  ra t her  l imi t ed.  C onse que nt l y ,  wh i le  sh e  car r ies  d eep k no wle dge o f  

method olog ies  an d u nder s tand in g  of  the  goa l  o f  the  ana l ys i s ,  s he  may not  be  fam i l ia r  wi th  fu l l  

breadth  o f  DA IAD capabi l i t i es .  

  C o m m o ns .  Thes e  ar e  e x i s t ing  Commons  app roac h ed  by  t he  e xpe r t  wi th  a  re qu est  for  access ing  to  

the i r  da ta ,  us in g  the  s t and ard  da ta -re ques t  proce sses .  

  U t i l i t y .  Th e  ut i l i t y  i s  in vo l ved onl y  wh en  th e  ana ly s is  i s  pe r formed  o n i t s  b eha l f .  I n  th is  c ase  i t  i s  

resp ons ib le  to  pr ov ide  t he  wa ter  demand  exper t  w i th  the  req ui red  d ata .  

  P r i va c y  p r o t e c t i o n  i n t er es t  g r o up s  a nd  r e l a t ed  r eg u l a t o r y  b o d i es  ad voca te  a  ca re fu l  usage  o f  da ta  th at  

could  in f r inge  co nsumer  pr ivacy .  T hey  s hou ld  be  inc lude d becau se  da ta  w i th  res t r i c ted  

access ib i l i t y  a re  g i ve n to  a  th i rd  par t y  ( i .e .  th e  wa ter  demand  e xpe r ts )  and  ana ly zed  b y  them.  

3.5.2. UC1 –  Init ial ize a study   
In  case  the  s tu dy  i s  n ot  s uppo r te d b y  a  u t i l i t y  op e rat in g  DA IAD,  the  exper t  must  c re ate  c r ede nt ia ls  in  

DA IAD@commons and  s end  d at a  sh ar ing  req uest s  to  Commons of  her  se lec t ion.  Th e  e xpe r t  aut omat ica l l y  

has  access  t o  th e  SaaS  ver s ion  of  DA IAD@ut i l i t y ,  in  which  da ta  f rom  Commons  b ecome ava i lab le  when  the  

access  i s  gr ant ed.  Fu r th er ,  t he  e xpe r t  may  re use  oth er  pu bl ic  d a ta  in t egr at ed  in  DA IAD@u t i l i t y ,  or  up load  

her  o wn da ta .  

In  case  the  s tu dy  i s  sup por t ed by  a  u t i l i t y  ope ra t in g  DA IAD,  th e  e xpe r t  i s  pro v ided wi th  access  to  

DA IAD@ut i l i t y  f rom the  u t i l i t y ’ s  re spo ns ib le  admin is t r a to r .  

3.5.3. UC2 –  Analysis and exploration  
Exper ts  u se  d at a  and DA I AD@ut i l i t y  an al ys is  s er v ic es  t o  pe r form an a rb i t r ar y  numb er/ type o f  s tu die s  

ac ross  a  t empor al  an d ge o graphic a l  span se lec te d b y  them.  T he s of tware  supp o r ts  them wi th  ana lys is  and 

repo r t ing  fac i l i t ie s ,  wh ich  may inc lu de ide nt i f i ca t io n  of  par a mete rs  in f lu enc ing  consumpt io n,  e x t rac t ion  o f  

demand  mod els ,  c lus ter in g  p opu la t io n,  e tc .  T he  e xpe r t  has  comp le te  f ree dom o ver  h er  an al ys is ,  can  save  

in t ermed ia te  res u l ts ,  an d e xpo r t  th em a t  an y  s tep  o f  t he  p roces s .  
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4. User Requirements 

In  th is  sec t ion  we p rese nt  the  user  re qu iremen ts  th at  w i l l  gu ide  the  de ve lopme n t  o f  the  DA IAD s ys t em.  Th e 

requ ireme nts  were  comp i led by  e xaminin g  the  onl ine  s ur veys ,  the  d iscus s io n p ane l s  an d one - to -o ne 

in t erv ie ws.   

Befo re  we pr oceed,  a  h i gh- leve l  overv ie w of  DA IAD arch i tec tur e  i s  sh o wn in  F igure  67 .  T he  top  leve l  

inc lu des  the  DA IAD@fe el  module  which  pro v ides  re a l - t ime  wate r  con sumpt ion  dat a .  T h is  da ta  i s  use d b y  

the  middle  l eve l  tha t  cons i s ts  o f  t hre e  modu les ,  nam ely  DA IAD@home,  DA IAD@c ommons  an d  DA IAD@ut i l i t y ,  

whic h  of fe r  da ta  ana ly s is  s erv ices  t o  a  s in g le  use r ,  communi t ies  o f  u sers  and  wa ter  u t i l i t i es  r espec t i ve ly .  

F ina l l y ,  a t  t he  bot tom le ve l ,  the re  i s  the  DA IAD@kno w mod ule  t ha t  in c lu des  us er  in t er faces  for  in ter ac t in g  

wi th  the  DA IAD s ys t em.  

 

Figure 67: High Level Architecture Overview 

 



DELIVERABLE 1.2            86 

4.1. DAIAD@feel requirements 

 

Terminology  

Sensor idle 

state 

DAIAD@feel sensor is in idle state when no water flow is measured for at least 2 minutes. DAIAD@feel sensor exits 

idle state whenever measurable water flow is observed. 

Extraction 

Process 

An extraction process is the time interval between two consecutive temporal events of exiting and entering the 

sensor idle state 

 

DAIAD@feel  

Automatic resetting When a new extraction process starts after a pause longer than 2 minutes; the device resets itself and starts 

a new measurement session. 

Measurement: 

Water flow rate 

DAIAD@feel will measure water flow rate in liters per second in real time. 

Measurement: 

Temperature 

DAIAD@feel will measure the temperature of flowing water in Celsius scale in real time. 

Computation: Energy 

consumption 

Using real time water flow rate and temperature measurements, DAIAD@feel will compute an estimation for 

the associated energy usage in kWh during an extraction process. 

Computation: Water 

consumption 

DAIAD@feel will compute the total water consumption of an extraction process. 

Energy autarkic DAIAD@feel will not require an external power source or integrated battery. It will generate the necessary 

power from water flow. 

RF-connectivity DAIAD@feel will support Bluetooth 4.0 (or newer). 

Discoverability / 

Pairing 

DAIAD@feel should be able to be discovered by and paired with other devices that support Bluetooth 4.0 (or 

newer). 

Mobile device 

compatibility 

DAIAD@feel will be RF-compatible with Android and iOS mobile devices. 

Real-time data 

transmission 

DAIAD@feel will transmit in real time measurements for water flow, temperature and associated energy 

usage. 

Historical data DAIAD@feel will maintain a record of at least the past 50 consumption events in non-volatile storage; 

consumption events will be identified uniquely. 

Opportunistic 

transmission 

A mobile device may request any subset of the historical data available during a current consumption event. 

The data are sent during the current consumption event, along with real-time data. 

Localization DAIAD@feel will be able to be localized w.r.t. measurement units and unit costs for different markets. 

Autonomous 

operation 

DAIAD@feel may operate autonomously when it is integrated with DAIAD@know, or RF-connected with an in-

situ DAIAD@know component. In autonomous operation no data will be available to other DAIAD 

components; the user will receive information and stimuli only from the aforementioned DAIAD@know 
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components.  

Connected operation DAIAD@feel may operate in a connected mode when it is paired with DAIAD@home. In connected operation 

data may be available to all DAIAD components; the user will receive information and stimuli from all 

available DAIAD@know components. 

Data Transfer 

Security 

Data will be protected with encryption to preserve user privacy. 

Ease of use DAIAD@feel will be easily installed by end-users, with no tools, expert assistance, or calibration required 

Drinking water 

appropriateness 

DAIAD@feel will have drinking water approval 

 

4.2. DAIAD@know requirements 

DAIAD@know 

Versions DAIAD@know will be available in several versions of increased expressiveness, depending on its integration 

across DAIAD components. These versions are: (a) integrated display with DAIAD@feel, (b) in-situ component RF-

connected with DAIAD@feel, (c) integrated with DAIAD@home (mobile/web), (d) integrated with 

DAIAD@commons (web), (e) integrated with DAIAD@utility (web). 

Integrated 

display  

The integrated display will automatically provide real-time consumption data and alerts from a set of pre-defined 

consumption events which are extracted from DAIAD@feel. The user will not be able to interact with the display. 

In-situ 

component 

The in-situ component will automatically provide simple stimuli to users, alerting them from a set of pre-defined 

consumption events which are extracted from DAIAD@feel. The user will not be able to interact with the display. 

Mobile Note: the relevant user requirements are integrated in the DAIAD@home section. 

Web Note: the relevant user requirements are integrated in the DAIAD@home, DAIAD@commons, and DAIAD@utility 

sections. 

 

4.3. DAIAD@home requirements 

DAIAD@home 

Availability DAIAD@home will be available as a software for mobile devices (Android and iOS). 

Supported devices The UI and analysis capabilities will be adjusted accordingly to the available screen.  

Installation The consumer installs DAIAD@home by simply visiting the application store available in her mobile device. 

Sign-in The user will be able to create a new account or log in with an existing social media account. The same 
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credentials will be used for accessing all aspects of DAIAD@home. 

Pairing Pairing of DAIAD@home with DAIAD@feel will be performed either with a sequence of timed water on-off 

events, or a PIN. The user will provide information for the physical deployment of DAIAD@feel. 

Multi-device 

support 

Pairing of DAIAD@feel with different mobile devices operating DAIAD@home will be supported as to enable 

data access from different mobile devices and/or different users. 

Multi-DAIAD@feel 

support 

Pairing of DAIAD@home with different DAIAD@feel devices will be supported, as to enable monitoring across 

all points of consumption in a single residence, or across different residences. 

Uninstall DAIAD@home can be uninstalled at any given time. All user’s data will be deleted upon the user’s request; 

operation of DAIAD@feel is not affected. 

Internet 

connectivity 

DAIAD@home will require internet availability from the mobile device (WiFi or mobile network) in order to 

perform all cloud-based operations. Data transmission will be handled by the software depending on 

internet connectivity. 

Localization DAIAD@home will be automatically localized w.r.t. measuring units and UI language. The user may change 

localization preferences at any given time. 

Local storage DAIAD@home will locally store consumption data provided from the paired DAIAD@feel. 

Cloud storage DAIAD@home will support transmission and storage of consumption data to cloud storage for safekeeping, 

further analysis, and provision of web-based DAIAD@know interventions. The user will be required to 

provide her explicit consent, which may be revoked at any given time. In this case her data are deleted from 

the cloud storage. 

Local Interventions DAIAD@home will integrate local DAIAD@know interventions to inform users and induce changes in their 

behavior. These interventions will focus on immediate, real-time stimuli and exploration suitable for mobile 

devices. 

Web Interventions The user will have access to DAIAD@know web-based interventions to inform users and induce changes in 

their behavior. These will only be available if the user has enabled the cloud storage of consumption data. 

Web-based interventions will be of increased complexity and interaction, focusing on exploration and 

generating insights from historical consumption data. 

Real-time data The user will receive real-time information for her water consumption, water temperature and energy use. 

This information may be arithmetic, graphical, auditory or symbol-based, depending on the user’s 

preferences. 

Alerts The user may select an arbitrary number of predetermined alerts, including thresholds, events and trends, 

which are automatically analyzed based on her consumption data. The alerts will be pushed to the user’s 

mobile device, email, or social media, based on her preferences. 

Recommendations The user will receive recommendations for improving her water consumption. The recommendations can be 

provided in real-time, or presented at a later stage, depending on her preferences. 

Indicators The user will have access to statistics and indicators automatically calculated based on her water 

consumption. These will provide a ‘one-glance’ overview of her consumption habits and may be arithmetic, 

visual or symbol-based. 
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Trends The user will be presented with automatically calculated trends based on her consumption, in addition to 

estimates of her future consumption. 

Historical data The user will have access to her historical water consumption data, with facilities enabling visualization and 

exploration. 

Consumption 

classification 

The user will be presented with information categorizing her consumption across several consumption 

events. The events will be identified automatically and will be accompanied with relevant recommendations. 

User feedback The user will be optionally requested to provide feedback on specific interventions. This information will be 

used to improve the analysis algorithms, recommendations, and personalization. 

Profile The user may provide information regarding her profile/preferences to improve the provided interventions 

Multiple users The user may indicate that she is not the only water consumer in the residence. In this case DAIAD@home will 

automatically attempt to identify individual users based on their water consumption habits and user 

feedback (if provided). 

Data sharing The user will be able to download and share her data/indicators through social networks. The extent of data 

sharing and anonymization will be decided by the user. 

 

4.4. DAIAD@commons requirements 

DAIAD@commons 

Availability DAIAD@commons will be available as a web site, where the user will be able to search, create, register 

and unregister in several Commons groups.  

Versatile group creation Any user will be able to create a group at any time, with a simple selection in her DAIAD@home device. 

Also groups can be joined together and broken up. 

Group participation Any user can join and leave any group at any time. Terms of membership are shown to the user on 

registration. All user’s data will be deleted upon the user’s request, when leaving a group. 

Membership eligibility Any kind of user (consumer, active citizen, NGO, etc.) can create and participate in a group, with exactly 

the same privileges. A group will be managed by the members, no owner will exist and each member 

will be able to edit personal information, vote on pending issues, etc. 

Sign-in The user will be able to create a new account or log in with an existing social media account. The same 

credentials with DAIAD@home will apply. 

Group initialization The Commons group creator will provide information describing the group. These may include a 

targeting, additional information and publicity status. 

Public group catalog A catalog will provide a list with all available groups for users to join. Commons recommendations 

(match-making) will be available based on group and user attributes. 

Localization DAIAD@commons will be automatically localized w.r.t. measuring units and UI language. The user may 

change localization preferences at any given time. 
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Multi 

household/user/device 

support 

DAIAD@commons will be able to access and process data from arbitrary DAIAD@commons members, 

upon their consent. 

Group standardized 

polls 

Members can create one of the following standardized polls: (a) remove a specific user, (b) shut-down 

the Commons, and (c) invoke data access to an external stakeholder. Decisions are taken if certain 

percentage thresholds are reached.  

Parameterized group 

creation 

A stakeholder will be able to create a Commons group by inviting users (already participating in 

Commons) that satisfy specific restrictions on a set of predefined indicators, including average water 

consumption, location and demographics. 

Terms of use for 

parameterized group 

creation 

The stakeholder-creator will assign a point of contact for any inquires the consumers have and accept 

standardized access terms. The users may accept or decline the invitation or revoke access to their data 

any given time. 

Limited visitor data 

visibility 

A non-member user can overview a group's anonymized activity and compare it with other groups. 

These data will include: number of members and evolution over time, aggregated water consumption 

over time, water saving champions, achievements-reached, and money saved over time due to 

reduction in water/energy. 

Extensive members data 

visibility 

Members of a group will have access to more detailed, but still anonymized, data. These will include 

exact performance and activity indicators of other users per type of consumption and basic 

demographics. 

Extensive-anonymized 

members social 

functionality 

DAIAD@commons will allow social facilities, including examination and comparison to the exact 

performance and activity of other users per type of consumption and basic demographics, promotion 

of their achievements and participation through social channels and setting collective group goals. 

Further, they can share information with other users (private forum) to exchange experiences, issues, 

and ideas. 

Data API A Data API will be provided to external stakeholders. The API will provide anonymized, real-time 

consumption information of the members. 

Advanced Data API Upon group members’ consent, the Data API will further provide historical data regarding socio-

demographics, consumer interactions and water consumption information. 

Terms of use for Data API Access to the Data API will be granted to external stakeholders if a percentage of group members do 

not decline it. Access can be revoked at any time by the members. The stakeholder will provide 

explanation regarding their access to the group's data and accept standardized access terms. 

Cloud storage DAIAD@commons will store and process consumption data in cloud infrastructures.  

Web Interventions DAIAD@commons members will be able to inform other members and induce changes in their 

behavior. Web-based interventions will be of increased complexity and interaction, focusing on 

exploration and generating insights from historical consumption data. 

Motivation functionality Means of motivation and gamification will be available to members of a group. 

Private forum A private forum will be available for members to discuss their goals, achievements, interventions, 

news, etc. 
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Data sharing The user will be able to download and share her data/indicators through social networks. The extent of 

data sharing and anonymization will be decided by the user. 

Recommendations DAIAD@commons will provide recommendations on user consumption, based on collaborative analysis 

of consumption data from several users. Clustering techniques will be applied to identify subgroups of 

similar users in several levels (proximity, demographic similarity, similarity of consumption patterns, 

etc.) and produce the corresponding recommendations for consumption behavior changes. 

Personalized 

recommendations and 

interventions 

DAIAD@commons will explore user provided profiling information and group consumption data and 

metadata to provide personalized recommendations and interventions for the user. 

Consumption statistics DAIAD@commons members will be able to explore their historical consumption data and anonymized 

data from the other group members and extract aggregate data. 

Indicators DAIAD@commons will have access to statistics and indicators calculated based on her water 

consumption. These will provide a ‘one-glance’ overview of her consumption habits and may be 

presented in several visualization ways. 

Trends  DAIAD@commons members will be provided with automatically calculated trends based on their 

consumption, as well as aggregate (average) or analytical consumption trends of other group 

members, allowing the estimation of their future consumption and the comparison with group 

members in several levels. 

Historical data  DAIAD@commons members will be able to explore their historical consumption data and anonymized 

historical data from the other group members. 

Advanced exploration 

and querying capabilities 

DAIAD@commons members will be able to query the available consumption data, with a set of 

predefined-configurable queries and filter the results w.r.t. several predefined variables, including 

time, demographics and thresholds on consumption values. 

Data visualization DAIAD@commons will provide several data visualization options including charts, trend diagrams, 

analytical tables, symbols, faceted filtering of data. 

User feedback Optionally the user will be requested to provide feedback on specific interventions. This information 

will be used to improve the analysis algorithms, recommendations, and personalization. 

Collaborative 

consumption 

classification 

The user will be presented with information categorizing her consumption across several consumption 

events. Collaborative knowledge from several DAIAD@commons users will be used to achieve more 

precise event categorization and behavior comparison, thus inducing consumption behavior changes. 

Forecasting Forecasting and what-if analysis based on WDM models and historical water consumption and 

contextual data will be supported. 

Results visualization The system will be able to provide visualizations of the results in the form of (a) charts and graphs, 

presenting several facets different granularities of data and metadata, (b) simple and intuitive 

efficiency indicators, (c) tables containing analytical and aggregate consumption data, (d) symbols. 

Privacy and 

anonymization of user 

data 

The system should ensure privacy of user data, when required by the user. User location, 

demographics and time of measurement will be obfuscated to strengthen the anonymity of users. 
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4.5. DAIAD@utility requirements 

DAIAD@utility 

DAIAD@common 

functionality 

DAIAD@utility will incorporate DAIAD@common’s functionality, w.r.t. data storage, processing and analysis, 

including trend identification, what-if analysis, forecasting, clustering and classification and group/user 

management. Further, it will extend several analysis functionalities to address the specific needs of water 

stakeholders regarding the exploration, design and validation of Water Demand Management strategies. 

Installation/deploy

ment options 

DAIAD@utility will be available in two versions for installation: (a) local installation, where the software will 

be initialized and populated with any required data and the stakeholder-user has full control over the 

integration and migration processes of data, user management, performance, security and disaster recovery; 

(b) as a cloud-based SaaS (Software-as-a-Service) deployment, where the stakeholder-user maintains full 

control over its data and user management. 

Dataset access The user may obtain synthetic datasets with pre-defined parameterizations, such as population (100K, 500K, 

1M), geographical location (South Europe, Northern Europe), and pricing (Greek, UK tariffs), or ask access to 

real user consumption data from DAIAD@commons. 

Data integration Integration of other third sources that may provide geographical, meteorological data, demographics or 

smart water meters data will be supported. Demographics should have higher priority. 

Advanced analysis 

capabilities 

The system will allow advanced facilities, including identification of parameters influencing consumption, 

extraction of demand models, clustering population, what-if analysis. 

Advanced 

modeling 

capabilities 

DAIAD@utility will provide services that allow stakeholders to explore the hidden correlations of the 

parameters that shape water demand strategies and water pricing, including interactive parameterization of 

processing algorithms and interactive selection of variables for building the WDM model. 

Query functionality The stakeholder-user will be able to submit custom queries to the data and the results of the analysis 

produced in a specified query language. 

Predefined queries A large set of predefined, configurable queries will be available to the stakeholder-user, including aggregate, 

filtering and join queries.  
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5. DAIAD Architecture 

5.1. Introduction 

In  t h i s  s ec t ion,  we  pr ese nt  the  DA IAD arch i tec t ure  an d explore  p oss ib le  so lu t io ns  to  t he  cha l l enges  

enac te d by  t he  use r  req ui rements .  I n i t i a l l y ,  we  p re sent  an  ove rv ie w o f  the  DA IAD log ica l  arch i tec tur e ,  

iden t i f y  the  ma in  DA IAD h ard ware  an d  so f t ware  mo dule s ,  an d  es tab l i sh  th e  d epend enc ies  an d  da ta  f lo w 

path s  b et wee n them.  Ne xt ,  we p ro v ide  a  mo re  de ta i le d  v iew o f  each  modu le  an d inves t igat e  d i f fe ren t  

arch i tec t ura l  so lu t io ns ,  en umerat in g  the  ad van tages  and  dr awbacks  o f  eac h  on e .  F ina l l y ,  we  de sc r ibe  th e  

sof tware  in t egr at io n  prac t i ces  t o  be  appl ie d,  the  d ep lo yment  scen ar ios  o f  th e  D A IAD sys t em ,  and  o ur  t es t  

se tu p.  

5.2. Logical Architecture 

In  th is  s ec t ion,  we  in t r odu ce  a  h igh - leve l  overv ie w of  the  DA IAD log ica l  a rch i tec ture  an d iden t i fy  th e  main  

dat a  f lo w p aths  in  th e  D A IAD sys tem.  Th e  log ica l  arch i tec t ure  of  DA IAD is  depic ted  in  F igu re  68  an d 

cons is ts  o f  thr ee  laye rs ,  namely  Dat a  acqu is i t i on,  S to r age  an d An al ys is ,  an d P res enta t ion .  

 

Figure 68: Logical Architecture 

 

The f i r s t  la yer  con ta ins  a  s ing le  mo dule ,  DA IAD@fee l .  

  DAIAD@fee l  i s  a  s enso r  d ev ice  ins t a l led  a t  wat er  e x t r ac t ion  po in ts  t ha t  co l le c ts  re a l  t ime wat er  

consumpt io n d at a .  DA IAD @fe el  i s  the  most  c r i t i ca l  modu le  o f  the  DA IAD s t ack  s ince  i t s  p rop er  
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func t io na l i t y  a l lo ws  accompl i sh ing  the  main  goa l  o f  t he  DA IAD pro jec t ,  i .e .  acqu is i t i on  and an al ys i s  

o f  h i gh ly  g ran ular  re a l  t im e wat er  consump t ion  da ta .  

Data  f rom DAIAD@fee l  i s  u sed by  th e  n ex t  la yer ,  whi ch  cons is t s  o f  thr ee  modu les ,  name ly  DA IAD@home ,  

DA IAD@commons an d DA IA D@ut i l i t y .  

  DAIAD@h ome  is  resp ons ib le  fo r  con nec t in g  t o  DA IAD@fe el  sens ors  an d do wn lo ading  an y  ava i l ab le  

dat a .  O nce  da ta  i s  s ucces s fu l l y  do wn loaded ,  DA IAD@home  can  pe r form an a l ys i s  on  loc a l  d ata  

co l l ec ted  f rom on e o r  m ore  s ens ors  and  ge ner ate  recommend at ions  an d a ler ts  fo r  the  user .  

Opt iona l ly ,  i f  th e  u ser  h as  g i ven  he r  co nse nt ,  da ta  i s  up lo ade d to  DA IAD @commons and /or  

DA IAD@ut i l i t y .   

  DAIAD@common s  i s  a  soc ia l  and  co l labor at ion  p la t for m tha t  a l lo ws  use rs  to  for m communi t ies  an d 

shar e  the i r  wat er  con sump t io n da ta .  DA IAD@common s e xchange s  da ta  w i t h  DA IA D@home  ins t ances  

ins t a l le d  o n r eg is t ere d u ser ’ s  mob i le  d ev ices .  I t  o f fers  more  advanced  an al ys i s  fea tur es  tha t  

gene ra te  recommend at ion s  an d a le r ts  b ased  o n d at a  sp ann in g  the  who le  com muni t y .  M ore ove r ,  

DA IAD@commons pro v ides  re l iab le  seco ndary  s to rage  for  the  use r ’ s  h is to r ic a l  d at a .  Use rs  can  

bro wse  an d do wn load the i r  h is t or ica l  d at a  u s ing  an y  impleme nta t ion  o f  DA IAD@know app l ica t ions .  

  DAIAD@u t i l i t y  o f fers  ad vanced func t ion al i t y  for  su ppor t ing  wa ter  deman d management  need s .  

DA IAD@ut i l i t y  co l lec ts  da ta  f rom  b oth  DA IAD@h o me ins t a l la t ions  fo r  re g i s ter ed  us ers  and  

DA IAD@commons commun i t ies .  Fur ther ,  i t  in teg ra tes  and  man age s  se ver a l  t h i rd -par t y  da tase ts  for  

ana lys is  (e .g .  geo gr aph ica l ,  SWM da ta ,  h is t or ica l  wat er  co nsump t io n dat a ) .  

 

F ina l l y ,  the  las t  l aye r  i s  th e  pres ent at ion  laye r  wh ich  i s  res pon s ib le  fo r  con vey ing  s t imul i  r egard ing  wate r  

consumpt io n,  and e nab l in g  kn owled ge ex t rac t io n .  Th is  r o le  i s  se rve d b y  DA IAD@kn ow ,  whose  ap pro pr ia t e  

ins t an t i a t ions  a re  in te gr ate d in  the  DA IAD@feel ,  DA IAD@home,  DA IAD@commons,  and  DA IAD@ut i l i t y .  

5.2.1 . Components  
In  th i s  sec t ion ,  we  p rese n t  a  m ore  d eta i led  v ie w o f  a l l  DA IAD mo dules .  Each  module  i s  co l l apse d to  i t s  

bas ic  compone nts  and a  d esc r ip t ion  i s  g i ven fo r  th e i r  fu nc t iona l i t y ,  t he i r  r e la t ionsh ips  and dep ende nc ie s  

wi th  o t her  compo nen ts ,  th e i r  e x te rna l  in ter faces  and  the  ass oc ia te d d es ign  dec i s ion s  and  th e i r  ra t io na le .   

5.2.1 .1 .  DAIAD@feel  

DAIAD@fee l  in  i t s  s imp les t  form  is  an  ene rgy  au tar k ic  senso r  th at  measu res  r ea l - t ime  wate r  c onsump t ion  a t  

the  f i x tur e  leve l .  In  th is  s ec t io n  we  do  no t  e xam ine  the  mech an ica l  de s i gn  of  t he  se nso r ,  but  ins t ead  we 

focus  on  t he  l ea s t  f un c t i o n a l i t y  a  s ens or  sh o uld  p ro v ide  t o  e xt ern al  modu les  for  s a t i s fy in g  the  main  u se  

cases  desc r ib ed in  Sec t ion  4 .1 .  

S ince  da ta  t r ansm iss ion  i s  op por tun is t i c ,  DA IAD@fe el  s hou ld  be  ab le  to  s to re  measureme nts  o f  p as t  

consumpt io n  event s  to  avo id  dat a  loss .  D at a  w i l l  remain  s t ore d  un t i l  a  co nnec t ion  i s  e s tabl i sh ed  t o  

DA IAD@home.  To  tha t  en d,  n on - vo la t i le  memo ry  mus t  b e  in te gr ate d  in to  the  se nsor  fo r  s t or ing  h i s to r ica l  

dat a .  T h is  da ta  w i l l  b e  ke p t  un t i l  e i t her  i t  i s  sa fe ly  up loaded  to  a  pa i re d DA IAD@home c l ien t ,  or  u nt i l  th ere  

i s  no  more  memor y  spac e  for  s tor in g  ne w me asur ements .  In  t he  former  cas e ,  t he  DA IAD@h ome c l ie nt  may 

reque st  t he  remo va l  o f  s t a le  d at a .  In  t he  l a t ter ,  th e  o ld es t  d at a  w i l l  be  o ve r wr i t t en.  Eve ry  co nsump t io n 
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even t  wi l l  be  s to red a lon gs ide  a  u nique ide nt i f i ca t io n  numbe r  gener at ed b y  th e  sens or .  Th is  n umber  w i l l  

be  u nique  pe r  dev ice  an d wi l l  a l lo w DA IAD@h ome t o  d is t in gu ish  re dun dan t  dat a  t r ansmiss ions .  

DA IAD@fee l  wi l l  sup por t  the  B lue to oth  Lo w Ene rgy  (BL E)  s t and ard  for  up lo ading  da ta .  BLE  pr ov ide s  

func t io na l i t y  for  d iscover ing,  pa i r in g  and  e xchan ging  da ta  w i th  o the r  B lue t ooth  e nab le d d ev ices  w i t h  

s ign i f i cant ly  l ow po we r  co nsumpt ion .  I f  n o  s u i tab le  B luet oo th  pro f i le  e x i s ts  fo r  wat er  me ter in g,  a  cus to m 

BLE p ro f i le  wi l l  be  de ve lo ped tha t  wi l l  o f fe r  se rv ice s  fo r  u pload in g  d ata  to  a  c l ien t .  Mo re ove r ,  n ove l  an d 

wel l  docume nte d p roce du res  w i l l  be  es t ab l i s hed  fo r  p a i r in g  a  DA IAD@fee l  se nsor  w i t h  a  BL E  enabled 

mobi le  dev ice  ho s t ing  DA IAD@home.  

5.2.1 .2.  DAIAD@home  

 

Figure 69: DAIAD@home architecture 

The DA IAD@h ome arch i tec t ure  i s  de pic t ed  i n  F igu re  6 9 .  Th e  ma in  compon ent s  o f  DA IAD@home  ar e :  

  The S t o r age  Manager  o f fe rs  p ers is t ence  func t ion al i t y  to  the  r es t  o f  DA IAD@h o me compon ents .  I t  

s tor es  me asur ement  da ta  f r om DAIAD@fe el  de v ice s ,  h is t or ica l  measu remen t  dat a ,  app l i ca t ion  

conf igu ra t ion  s e t t in gs  an d use r  p refere nces ,  in ter media te  and f ina l  r esu l t s  f r om loca l  da ta  

ana lys is ,  us er  spec i f i c  rec ommendat io ns ,  no t i f i c a t io n  se t t ings ,  and  ser ve r -s id e  da ta  th at  may  b e  

download ed fo r  enh anc ing  loca l  ana l ys i s  and  recomm endat ion  pr ocess ing .  

  The  C ont ex t  Man ager  obse rves  Wi -F i  and  B lu eto ot h  c onnec t i v i t y  s t a t us ,  ba t te ry  s ta t us ,  de v ice  id le  

s ta t e  and ava i lab le  s t or age  space.  When  a  ch an ge i s  not i ced or  a  s pec i f i c  thr es hold  i s  r eache d,  i t  

t r i ggers  appr opr ia te  event s  us in g  the  Even t  B rok er .  Other  DA IAD@home  compo nents  r ece i ve  th ese  

even ts  by  s ubsc r ib ing  t o  th e  Eve nt  Brok er .   

  The Eve nt  Bro ker  impleme nts  a  messag ing  sys tem u s ing  t he  p ub l is h/su bscr ibe  p at t ern,  th at  a l lo ws  

DA IAD@fee l  compo nen ts  t o  be  loos e l y  cou pled.  Ins tead  o f  h av in g  e ve ry  compone nt  reg is ter in g  

ca l lbacks  to  a l l  th e  compo nents  i t  in ter ac ts  w i th ,  i t  on l y  su bsc r ibes  fo r  sp ec i f i c  e ven ts  f rom  t he  

Eve nt  B rok er .  The  Even t  B roke r  s impl i f ies  event  han dl ing  by  cent ra l i z ing  t h e  message  e xchan ge 

process .  Amon g  ot her s ,  th e  e ven ts  pub l i she d by  t he  Even t  B roke r  inc lude :  W i -F i  connec t iv i t y  s t a tu s  
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changes ,  B lue too th  con n ec t i v i t y  s ta tus  ch an ges ,  bat ter y  low s t a tus ,  se ns or  d ata  exch an ge 

complet io n,  se rver  d at a  do wn lo ad comp let io n ,  ana l ys i s  pr ocess in g  complet io n,  and 

recommendat ion  pr ocess in g  comp let io n.  

  The  A na ly s is  component  p ro v ides  l i ght we igh t  imp lemen ta t ions  o f  t he  ana l ys i s  and  

recommendat ion a l gor i t h ms tha t  w i l l  be  d eve lo p ed in  t he  con te xt  o f  the  DA IAD pro jec t .  I t  

subsc r ibes  t o  t h e  Even t  Br oker  for  rece iv ing  e ven ts  when  (a )  con sumpt ion  d at a  i s  u plo ad ed f r om 

any  pa i r ed DA IAD@fee l  se nsor ,  (b)  ana lys is  re su l ts  are  do wn lo aded  f rom DAI AD@commons,  (c )  a  

user  chan ges  h is  pr efe renc es  and  no t i f i c a t ion  se t t in gs  an d (d )  bat te ry  low s t a t us  i s  de tec t ed.  

  The  N o t i f i ca t io n  Man ager  a l lo ws  a  u ser  to  c re ate ,  en ab le  and  d isable  no t i f i ca t ion  e ven ts  b y  

combin ing  a  se t  o f  p re - det ermine d r u les  tha t  u se  s pe c i f i c  parame ters  compu ted e i t her  by  th e  loca l  

ana lys is  e ng ine  ( e . g .  d a i l y  t o t a l  wa t er  c o ns um p t i o n  o f  t h e  us er )  or  by  t he  se rve r  an al ys i s  eng in e  ( e . g .  

we ek l y  a v er a g e  wa t er  c o ns u m p t i o n  c o m p a r ed  t o  o t her  u s er s ) .  More over ,  sys tem a ler ts  ar e  su ppo r te d 

in  or der  t o  in form  th e  user  ab ou t  recommend at ion resu l t s  or  event s  tha t  may  r equ ire  h er  

a t t ent io n  ( e . g .  u nus ua l  s p i k es  i n  wa t er  co ns um p t i o n ) .  The  N ot i f i ca t io n  Man ager  subsc r ibe s  t o  t he  

Eve nt  Bro ker  for  rece iv in g  even ts  when  an al ys is  and  r ecommendat io n resu l t s  are  ava i l ab le .  

  The  Da ta  Exchange  component  encapsu lat es  a l l  t he  log ic  fo r  d at a  t rans fe r  o per at ions  req ui red  by  

DA IAD@home.  Dat a  t ran s fe r  ope ra t ions  inc lude d isc o ver y ,  p a i r ing  and da ta  e xc hang in g  wi th  BL E 

enab led  DA IAD@fe el  sen so rs ,  measur ement  da ta  up lo ading  to  DA IAD@commons and DA IAD@u t i l i t y ,  

and d ownload in g  ana ly t i ca l  re su l ts/ recommend at ions  compu ted at  the  D A IAD backend for  

enhanc in g  t he  loca l  ana ly s is  and recommend at io n e ngine.  Wh ene ver  an y  of  t he  a fo remen t io ned  

tasks  i s  comp le ted ,  an  app ropr ia te  e ven t  i s  pub l i she d  to  t he  Even t  B roke r .  

  The  Sch edu le r  i s  r espo ns ib le  for  su per v i s in g  th e  execut ion  o f  as ynchr ono u s  task s .  T he  sche duler ’ s  

pr imary  job  i s  t he  in i t ia l i z a t ion  o f  dat a  exch ange  tasks  a t  sp ec i f i c  in ter va l s  se t  b y  th e  u ser  

pre fere nces  or  whe n spe c i f i c  e ven ts  occur  ( e . g .  t h e  f r e e  s t o r a g e  s p a ce  i s  r unn i ng  l o w o r  W i - F i  

co n ne c t i v i t y  ha s  b e en  d e t e c t ed ) .  T he  Sche duler  w i l l  subsc r ibe  t o  t he  Even t  Br oker  for  rece iv in g  

even ts  f rom the  Con te xt  Manager .  
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5.2.1 .3.  DAIAD@commons / DAIAD@uti l i ty  

 

Figure 70: DAIAD@commons and DAIAD@utility architecture 

 

DAIAD@commons and  DA IAD@ut i l i t y  s har e  t he  s ame arch i tec t ure  bu t  d i f fe r  on  the  ana l y t i ca l  fu nc t ion al i t y  

the y  o f fe r  an d  th e  us er  in ter face  the y  pr esen t .  Th e  main  compo nen ts  o f  t he  a rch i t ec tur e  a re  de pic t ed  in  

F igu re  70 .  

  The A ut hen t ic a t io n  an d Auth or i za t io n  Ser v ice  contro ls  user  access  t o  DA IAD of fer ed func t ion al i t y  b y  

manag in g  use r  acco unts  and as s i gn ing  permiss ions .  Use rs  can  e i the r  c re ate  an  accoun t  us in g  an  

emai l  ad dres s  an d  p ass wor d ,  o r  s ign - in  w i t h  an  e x is t ing  Fa ceb ook  or  T wi t te r  accou nt .  F or  

DA IAD@ut i l i t y  on l y  t he  f i r s t  o pt ion  w i l l  be  ava i lab le .  Moreo ver ,  when  a  use r  c re ates  an  acco unt  fo r  
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DAIAD@ut i l i t y ,  the  accou nt  i s  no t  ac t i va t ed  imm ediate ly .  Ins tead  i t  i s  a c t i va te d  a f t er  t he  

in t ervent io n  of  an  admin is t ra t or  w h o va l ida tes  an d ac k nowle dge s  the  accou nt  c r eat ion .  

  The D a ta  Acqu is i t io n  Ser v ic e  handle s  d at a  u pload ing  requ est s  f rom DAIAD@home c l ien ts  an d 

s tor es  wat er  co nsumpt io n  d at a  in  a  N oSQL  da tab as e.  In  o rde r  to  up lo ad  d at a  success fu l l y ,  t he  

c l ien ts  s hou ld  pres ent  va l id  c rede nt ia ls  and e ach m easu rement  sho uld  be  tagged wi th  a  un iqu e 

DA IAD@fee l  d ev ice  id ent i f i er .  

  The  ET L  Ser v ice  i s  r esp ons ib le  for  e xecu t in g  a l l  da ta  cur at ion  tas ks  inc lud in g  dat a  arch iv in g  an d 

dat a  pr e  aggr egat ion.  Ad d i t ion al ly ,  i f  wor k lo ad  iso la t ion  i s  imp lemen ted  ( i .e .  s to r in g  r ea l - t ime 

dat a  f r om DAIAD@fee l  an d ana ly s is  dat a  f rom  DAIAD@commons and  DA IAD@ut i l i t y  in  d i f fe ren t  

s tor es ) ,  the  ET L  Ser v ice  wi l l  synchro ni ze  th e  t wo  s tor es .  T he  ETL  se rv ice  wi l l  a ls o  us e  var io us  da ta  

loader s  in  orde r  t o  c on sol ida te  d at a  f rom ex ter nal  d at a  so urces ,  l i ke  demogr aph ic  an d 

meteor olog ica l  d at a ,  in to  t he  DA IAD d at abas e.  

  The Sc h edu le r  Se rv ice  schedules  an d orch es t ra t es  t he  exec ut ion  o f  mainte nance  task s  inc lud ing  

ETL  t asks .  The  Sched uler  s erv ice  w i l l  u se  in format ion  f r om  t he  c lus te r ’ s  hea l t h  s erv ice  ( see  b e low)  

to  thr ot t l e  task  e xecu t io n.  

  The  A na ly s i s  an d  Rec ommen dat ion  En gin e  i s  res p ons ib le  for  e xecut in g  an a lys is  r equ ests  l i ke  

Hado op Map Re duce  job s  or  wha t - i f  que r ies .  I t  im plemen ts  a l gor i t hms for  anal yz in g  d ata  an d 

s tor es  in format io n  ab out  ana lys is  mod els .  Ana lys i s  r esu l ts  are  s to red  in  the  DA IAD N oSQL  

dat abase.   

  The Eve nt  B ro ker  impleme nts  a  messag ing  sys tem u s ing  t he  p ub l is h/su bscr ibe  p at t ern,  th at  a l lo ws  

DA IAD serv ices  to  commun icate  in  a  loo se l y  co up led  manne r .  F or  in s tance,  i f  the  c lus ter  he al th  

serv ice  de tec ts  th at  comp ut ing  res ource s  d ro p b e low a  spec i f i c  t hre sho ld,  i t  c an  in fo rm t he  

schedu ler  se rv ice  to  adap t  i t s  sche dul in g  po l i c y .  

  The  C lu s t er  H ea l th  Se rv ice  co l lec ts  dat a  f rom  d i f feren t  compon ent s  o f  DA I AD an d  p r ov ides  a  

uni f i ed  v ie w o f  the  c lus t er  s ta tus .  T h i s  in fo rmat io n  can  be  used  by  the  admini s t ra t ion  s er v ice  to  

gene ra te  n ot i f i ca t io ns .  L ik ewise ,  DA IAD@u t i l i t y  UI  can  use  th is  in format ion to  compose ins ight fu l  

dash boards  fo r  sy s tem  ad minis t ra to rs .  In  ge ner a l  m ost  s ys t ems  l ike  HBASE ,  Cassand ra,  M ySQ L  th at  

are  p rese nte d  in  Sec t io n  6 . 2  p ro v id e  a  s erv ice  for  rep or t in g  sys tem  s t a t us .  Ne ve r the less ,  fo r  day  t o  

day  o per at ions ,  a  mashup  of  th ese  ser v ices  i s  more  p roduc t i ve .  

  The D A IAD@h ome Ser v ice  hand les  re ques ts  f r om DAIAD@home c l ien ts .  Among o ther s ,  t he  req uest s  

hand led  b y  th e  DA IAD@h o me ser v ice  inc lude :  do wnlo ading  h is t or ica l  d at a ,  fe tch ing  ana lys is  r esu l ts  

and  no t i f i c a t ion  d at a  f rom  DAIAD@commons,  man ag in g  DA IAD@commons  op era t ions  e tc .  

  The C ommo ns M anageme nt  Se rv ice  i s  respo ns ib le  for  man ag ing  a l l  DA IAD@commons 

admin is t ra t i ve  t asks  and  pro v id in g  DA IAD@common s ana ly s is  func t iona l i t y .  T he  expose d  AP I  has  

access  to  a  su bse t  o f  t he  a lgo r i thms  and  ana ly s is  mod els  supp or ted  by  t he  ana lys is  and  

recommendat ion  en gine.  

  The W DM  Ana lys is  Ser v ice  pro v id es  fu l l  access  to  a l l  a lgor i t hms and  an al ys is  mode ls  supp or ted  b y  

the  ana lys is  and  rec ommendat io n  en gin e  to  DA IAD@ut i l i t y .  The  kn owle dge  d is cover y  work bench  

app l ica t ion  i s  b ui l t  on  t op  of  th e  AP I  expose d by  th is  serv ice .  

  The A dm in is t ra t ion  Se rv ice  prov id es  an  AP I  for  m anagin g  DA IAD@u t i l i t y  d e plo yment ,  e xp os ing  

c lus t er  h ea l th  se rv ice  in format ion  an d con tr o l l ing  schedu le r  se rv ice  task s  and po l i c i es .  The  
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exp osed  AP I  wi l l  be  used  for  imp lemen t in g  a  sep arate  DA IAD@u t i l i t y  p or t a l  sec t ion  for  c lus ter  

admin is t ra t ion.  

 

Most  o f  th e  desc r ib ed  fun c t ion al i t y  o f  t he  t op  leve l  componen ts  wi l l  be  pu bl is hed  b y  imp lemen t ing  HT TP  

Web AP Is  us ing  J SON fo r  exc han gin g  da ta .  T hese  AP Is  w i l l  be  use d fo r  im plemen t ing  th e  DA IAD we b 

app l ica t ions  func t ion al i t y .  Moreo ver ,  in  ord er  to  inc r ease  in te rop erabi l i t y  w i t h  3 r d  pa r t y  web  appl ica t ions  

and  ser v ices ,  th e  we b AP Is  w i l l  sup por t  Cros s -Or ig in  Resou rce  Sh ar ing  (CORS).  CORS a l lo ws  web  res ourc e s 

to  be  req ues ted  f rom di f fe rent  d omains  than the  o ne tha t  h os t s  DA IAD.  

 

Figure 71: DAIAD@home mobile application architecture 

5.2.1 .4.  DAIAD@home mobi le app l ication  

The c ompone nts  o f  th e  DA I AD@ home mo bi le  appl i ca t ion  i s  pr ese nte d  in  F i gur e  71 .  Th e  user  in t er face  and  

app l ica t ion  lo g ic  c ompone nts  wi l l  be  imp lemen ted  us in g  the  M ode l  V ie w Con tro l l er  (MVC)  pa t te rn  th at  

a l lo ws  the  c lear  se parat io n  o f  the  app l i ca t ion  log ic  and  mode l  f r om t he  use r  in ter face .  Ap pl i ca t io n  L og ic  

componen t  w i l l  in ter ac t  w i th  t he  fo l lo win g  DA IAD@h ome compo nen ts  th rou gh  appr opr ia te  pr ogrammat ic  

in t er faces :  

  I t  wi l l  con f igu re  no t i f i c a t io n  ru le s  for  DA IAD@home  n ot i f i c a t ion  &  a le r t  man age r  
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  I t  wi l l  sub sc r ibe  to  event  b roke r  for  rece i v in g  eve nts  f rom a l l  DA IAD@home  comp onen ts  in  or der  to  

pro v id e  app rop r ia te  v is ua l  feed back  t o  u sers .  

  I t  wi l l  s tor e  u ser  p refere nces  and  ap pl ica t io n  dat a  to  the  s t orage  man age r  comp onen t  

F ina l l y ,  t he  commons  c l i en t  wi l l  o f fer  a  s ubs et  o f  DA I AD@commons func t io na l i t y  t o  the  mob i le  app l i ca t ion  

l ik e  b ro ws ing  commun i t ies ,  j o in in g  communi t ie s  or  re t r i ev in g  commun i t y  ana l ys i s  re su l ts .  

5.2.1 .5.  DAIAD web appl icat ions  

The DA IAD s ys tem inc lu des  the  fo l lo wing  web app l ica t ions :  

  DAIAD@home web  c l ien t ,  o pt im ize d fo r  b ot h  d esk top  and  mobi le  b ro wser s  

  DAIAD@commons po r ta l  t hat  w i l l  pro v ide  s imp le  ana lys is  t oo l s  and  communi ty  managemen t  

fea tur es  

  DAIAD@ut i l i t y  po r t a l  th at  w i l l  hos t  the  kn owled ge  d iscove ry  wor k bench  an d user  admin is t ra t ion  

  DAIAD@ut i l i t y  admin is t ra t ion  por ta l  for  mon i to r ing  th e  c lus ter  s ta tus  and  man ag ing  DA IAD 

deployme nt  an d pro v i s ion ing.  

In  ord er  t o  enh ance  u ser  e xpe r ie nce,  a l l  app l i ca t ion s  wi l l  be  de ve lo ped  as  S in g le  P age  Ap pl ica t io ns  (SPAs)  

by  us in g  t he  DA IAD@commons  and  DA IAD@ut i l i t y  HTT P  Web  AP Is .  More over ,  th e  M ode l  V iew V ie w -M ode l  

pat ter n  wi l l  be  use d to  fac i l i t a te  a  c le ar  sep ara t ion  b etween  th e  u ser  in ter face  and an y  app l i c a t ion  log ic ,  

inc lu ding  ca l l s  t o  DA IAD W eb AP Is .  
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5.3. Physical Architecture 

In  th i s  sec t ion ,  the  phys ica l  arch i t ec tur e  of  DA ID  i s  pr esent ed.  T he  arc h i tec tu re  i s  d esc r ibed  in  t he  con te xt  

o f  a  c l o ud - b a s ed  in s t a l la t io n  us ing  e i ther  ph ys ic a l  s er vers  or  v i r tu a l i za t io n.  Add i t io na l  de ta i l s  ab out  o t her  

deployme nt  a l tern at ives  a re  pr ov ide d  in  sec t io n  5 . 5 .  Nex t  th e  d ata  s t orage  arch i tec t ure  i s  e xp lo red in  

more  det a i l  and  impor tan t  des i gn  dec is ions  and the  r a t ion ale  for  t hem is  expla ined.  

5.3.1 . Overview 

 

Figure 72: DAIAD physical installation 

 

The DA IAD p hys ica l  arch i te c ture  o ver v iew i s  i l lus t r a te d in  F igure  72 .  

  Highl y  granular  re a l - t ime wa ter  c onsump t ion dat a  i s  in i t ia l l y  co l l ec ted  f rom D AIAD@fee l  se nso rs .  

The  ga the red  raw da ta  o f  one  or  mo re  sen sor s  i s  t r ans fer red  t o  a  pa i r ed  mob i le  dev ice  ru nning  

iOS  or  And ro id  ope ra t ing  s y s tem  wi t h  DA IAD@h ome in s ta l le d.  

  DAIAD@home t r ans fer s  wa ter  co nsu mpt io n da ta  to  DA IAD@commons and DA I AD@ut i l i t y .  Dur in g  

dat a  t ransmiss io n,  DA IAD @home  at temp ts  to  m in imize  the  compu t ing,  b an dwidt h  and ene rgy 

ove rhe ad of  t he  hos t ing  de v ice  b y  emp lo y ing  f lu ent  h eur i s t i c s .  
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  Incoming  da ta  s t r eams of  wa ter  me asu remen ts  a re  pro ces sed by  one  or  m o re  de dica ted  web 

app l ica t ion  se rve rs .  In  addi t ion ,  load  b alanc ing  i s  us ed  to  a t t a in  h ighe r  thro ughpu t .  Us in g  

dedic ate d se rvers  pre ven t s  mix in g  d i f fe rent  re ques t s  t ypes  and  AP I  ca l l s ,  wh i ch  can comp l ica te  

per formance i ss ues  t r ac in g .  

  Measur ement  da ta  i s  s to red in  a  low la te ncy ,  h i gh  wr i te  th rou ghp ut  N oSQL da tab ase.  Th is  

dat abase  wi l l  ac t  as  an  ac t i ve  d at a  a rch i ve  for  DA IA D dat a ,  o f fe r in g  b ot h  sa fe  s to rage  and eas y  

access  t o  h ighes t  g ranular i t y  wat er  co nsump t ion dat a .  A t  th is  po int  th e  d ata  co l l ec t ion  c yc le  i s  

complet e  and  d ata  i s  s to re d s afe l y  in  the  DA IAD in f ras t ruc t ure .  

  Granular  sen sor  d at a  i s  ex t rac te d,  t r ans forme d and  lo aded  t o  a  secon dar y  No SQ L da ta  s tor e  e i t her  

in  r ea l - t ime (se e  sec t io n  5 .3 .2 )  or  by  exec ut ing  batch  proce ss ing.  Dur ing  th i s  ph ase  da ta  

quan t i za t ion  and  aggr egat ion  may be  per fo rmed based o n the  req ui red an al ys i s  scen ar ios .  Fo r  

examp le ,  rea l - t ime  co nsu mpt io n  da ta  i s  sp l i t  and  ag gre gat ed  in  t empor al  s lo ts  o f  o ne  o r  f i ve  

minute s  in ter va ls  dep e nd ing  on  th e  r equ ir ed accurac y .  

  Dur in g  the  ph ase  of  d ata  c leans ing,  ad di t iona l  da ta  may b e  r e t r ie ved  f rom a  r e la t iona l  dat ab ase.  

The  re la t ion al  d atabas e  i s  use d fo r  s tor in g  f re qu ent ly  chan ging  da ta ,  l i ke  DA IAD@commons 

communi t y  members hip s ,  us er  p ro f i les  and  pr efe rences ,  ap pl i ca t io n  metad ata ,  c lus ter  

management  in format ion ,  e tc .  T he  go al  o f  us in g  a  d i f fer ent  s to re  for  th is  t ype  o f  da ta  i s  to  

min imi ze  th e  de le te  o per at ions  o n the  No SQL  da tab as es .  

  Exce pt  for  wa ter  co nsumpt ion  d at a  up lo ading  r equ es ts ,  e x te rna l  r eque sts  to  D A IAD inc lude ,  we b 

c l ien t  re ques ts ,  mob i le  appl i ca t io n  dat a  AP I  ca l l s ,  DA IAD@ut i l i t y  and  DA IAD@commons d at a  AP I  

ca l l s .  A l l  th ese  re ques ts  ar e  hand led  b y  a  se parat e  c lus te r  o f  we b app l ic a t ion  s erve rs  in  o rde r  t o  

ach ie ve  wo rk load se gr ega t ion  as  expla in ed ear l i er .  Moreo ver ,  l oadin g  b alanc ing  i s  impleme nte d 

whic h  can fur the r  i so la te  t he  r equ est  work lo ad.  

  F ina l l y ,  on e or  m ore  ap pl i ca t ion  ser ver s  wi l l  b e  dep loye d for  h and l ing  h igh  l a t enc y  req ues ts ,  e . g .  

execu t ion  of  Map  R educe  jobs  and  r unn in g  s er v ices  l i ke  c lus t er  mo ni to r in g  and  admin is t ra t ion.   

5.3.2. Data Storage  
Data  S tor age  i s  on e of  t he  mos t  impo rt ant  as p ec t s  o f  the  DA IAD a rch i tec tu re ,  gu arante e ing  op t ima l  

per formance,  h i gh  ava i lab i l i t y  an d lo w la t ency  qu er y  resp onses .  A l th ough us in g  a  mixed  pe rs i s te nce  mod el  

wi l l  inc re ase  r edun danc y  and  de ploymen t  comple x i t y ,  i t  wi l l  a l so  ach ie ve  qu ery  work lo ad  i so la t io n.  In  

DA IAD we exp ec t  main l y  fo ur  quer y  work lo ad types :  

  A  cont inu ous  s t re am o f  wr i t e  onl y  qu er ies  w i t h  s e nsor  d ata  f rom  DAIAD@ho me.  As  lo ng  as  n o 

ext ens ive  re ad q uer ies  ar e  submi t te d s imul t ane ous ly ,  key  va lue  or  w ide  co lumn NoSQL da ta  s tor es  

tend  t o  han dle  such  wor k lo ads  e f f i c ien t l y .  

  Numerou s  read on l y  qu er ies  tha t  req ues t  a  s mal l  po r t ion  o f  the  s tor ed  da ta .  F or  example ,  a  use r  

reque sts  to  d ownload  h i s t or ica l  con sumpt io n  da ta  fo r  a  sp ec i f i c  in te rva l ,  br ows e s  an al ys is  re su l ts  

and  recommen dat io ns  ab out  he r  own co nsumpt io n  beh av io r ,  or  v ie ws  in for mat io n a bo ut  th e  

DA IAD@commons communi t ies  s he  par t i c ip ates  t o .  

  Numerou s  re ad/ wr i t e  qu er ies  tha t  up da te  us er  p re fe rences  and set t ings ,  con f i gure  no t i f i c a t ions ,  

manage DA IAD@commons  communi t ies  and  member ship s ,  in i t ia l i ze  ana ly s is  j obs  an d re t r i eve  

admin is t ra t ion  i n fo rmat ion .  
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  Read que r ie s  th at  in vo lve  scann ing  la rge  po r t ion s  o f  the  s to red dat a  a t  a  h i gh  granular i t y  l eve l .  

Such q uer ies  ar e  us ua l l y  par t  o f  t he  e xecu t ion  of  comple x  ana lys is  a lgo r i thm s and  Map Red uce  

jobs .  

For  th e  f i r s t  thr ee  work lo ad typ es ,  r espo nses  a re  e xp ec ted  t o  have  low la tenc y .  Other wise ,  u ser  e xpe r ience  

may  decr eas e  s i gn i f i can t l y .  Th e  l as t  wo rk load  is  exp e c ted  t o  have  h igh  l a te ncy  b ut  th is  i s  accep table  s ince  

i t  invo l ves  que ry ing  vas t  amo unt s  o f  da ta .  Neve r the les s ,  i f  in t erac t i ve  anal ys is  i s  expe c te d  (e .g .  

impleme nta t ion  o f  the  wh at - i f  ana ly s is  modu le ) ,  h ierarch ica l  pre -aggregat ion  an d d at a  f i l ter in g  may b e 

fur the r  app l ied  to  l imi t  the  s i ze  o f  inp ut  da ta .  

Runn ing  b oth  lo w and  h igh  la tenc y  wo rk load s  aga ins t  a  s in g le  da ta  s t ore  may  res u l t  in  unp red i c t able  

per formance  be hav io r ,  e s pec ia l l y  for  the  que r ie s  th at  re qu ire  lo w la t ency  res ponse s .  Fo r  in s tance,  load 

sp ik es  a re  e xp ec ted  to  be  h igh l y  p rob ab le  for  que r ie s  or ig ina t ing  f r om DAIAD@home.  Sta r t in g  a  res ource  

expe ns ive  M ap  Re duce  jo b s imu l taneo us l y  ma y  forc e  DA IAD@h ome  c l ien ts  t o  resubm it  fa i l ed  up lo ad ing  

reque sts .  A  scen ar io  l ike  th is  i s  qu i te  l i ke ly  to  o ccur  and opp ose s  to  DA IAD ’s  p r inc ip le  o f  co l l ec t in g  

measureme nts  da ta  t ime ly  wi th  the  min imum impac t  on  u ser  de v ices .  Mor eo ve r ,  adding  mo re  ser ver s  t o  

the  c lu s te r  w i l l  s ca le  t he  c lus t er ’ s  pe r formance  u ni fo rmly  for  a l l  work lo ad  t ype s .  T hus ,  i t  wi l l  be  hard  t o  

quan t i fy  th e  ben ef i t s  for  each  work lo ad  typ e  se par ate ly .  In  con tr as t ,  i t  i s  pr efe rab le  to  sca le  spec i f i c  

wor k lo ad  pr ocess in g,  e .g .  add  ad di t iona l  ser ver s  fo r  hand l ing  d ata  ana lys is  on l y .  

Hence,  we pro pos e  us in g  t wo d is t inc t  No SQL s to res  in  the  c lus ter ,  o ne for  han d l in g  co nt inuo us  s t re ams o f  

measureme nt  da ta  and  on e  for  handl in g  the  r es t  o f  th e  work lo ad  t ype s .  O pt ion al ly ,  ana lys is  re su l ts  may  b e  

wr i t t en  to  the  la t te r  s tor e  t oo.  H owever ,  the  sugges te d conf i gur at ion  inc r eas es  r edund ancy  an d d isk  s pace  

requ ireme nts .  To  a l l ev ia te  t h is  pro blem,  ana l ys i s  pe r fo rmance  can  be  t rad ed  for  d isk  sp ace  b y  lo we r ing  

the  re pl i ca t io n  fac to r  o f  th e  s econd  s to re .  Th e  per fo r mance t radeo f f  i s  d ue  t o  t he  fac t  th at  t he  fewe r  da ta  

rep l i cas  a re ,  t he  les s  par a l le l i za t io n  i s  a t ta ine d.  

Data  migr at ion  f r om one  dat a  s t ore  to  t he  o the r  w i l l  e i t her  be  pe r formed  us ing  ba tch  jobs  execut ing  in  

regu la r  in te rva l s  or  dynam ica l l y  by  us ing  ap p rop r ia t e  c lus t er  t op olo gy  an d con f igu ra t ion.  Fo r  an  e xample 

of  th e  la t te r  s o lu t ion  se e  s ec t io n  6 .2 .4 .  

Dur in g  th e  de ve lopme nt  p hase,  we  p lan  to  do  e xte ns ive  tes t in g  o f  d i f fe rent  c on f i gur at ion s  us ing  dat a  f rom 

the  S ynt het i c  Da ta  Ge ner at or .  We  p lan  t o  c r ea te  rep r esent at ive  quer y  se t s  for  e ach  work lo ad  t ype  an d tes t  

d i f fe ren t  s to rage  schemes ,  inc lud in g  bo th  d i f fer ent  NoSQL  imp leme nta t ions  and s in g le  or  mul t ip le  d at a  

s tor es  ins ta l l a t io ns .  

F ina l l y ,  we w i l l  use  a  r e la t io na l  da tab ase  man agem ent  sy s tem  (RDBMS)  for  s tor in g  f re que nt ly  chang ing  

dat a  such  as  us er  pr of i les ,  DA IAD@commons  communi t y  members hip s  and  app l ica t ion  metada ta  in  ord er  

to  pro v ide  low la t ency  re sp onses  t o  D A IAD@commons  /  u t i l i t y  an d DA IAD@k no w web  c l ien ts .  
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5.4. Integration 

Dur in g  th e  DA IAD deve lo pment  l i f ecyc le  severa l  t oo l s  wi l l  be  use d to  coo rdinat e  and  acce le rat e  th e  

deve lo pment  pr ocess .  A  p r o jec t  Wik i 5 w i l l  b e  u sed fo r  shar in g  arch i tec tur e  and des ign  documen ts  amon g 

par tner s .  A  Gi tHu b rep os i tory 6 wi l l  b e  use d fo r  sou rce  co de  man ageme nt ,  t a sk  management  and  b ug  

t rac ing .  F in a l l y ,  we  p lan  to  employ  Co nt inu ous  In t egr at ion  in  or der  t o  s im pl i f y  the  d ep lo yment  and  

s t re aml ine  the  e va lu at ion  of  the  d eve loped  so f t ware.  The  p rop osed  Cont in uous  in t eg rat io n  f lo w is  sh own 

in  F igure  73 .  I n i t i a l l y ,  an  au tomat ed bu i ld  o per at ion  wi l l  be  e xecut ed a f te r  a  new cod e commit .  N ex t ,  

s ta t i c  cod e an al ys is  wi l l  be  pe r formed fo r  de tec t ing  p ote nt ia l  bu gs .  F in a l l y ,  the  gen er ate d so f t ware  

ar t i f ac ts  w i l l  be  p ackaged  and  s t ore d in  a  bu i ld  r epo s i t or y ,  ready  t o  b e  dep lo ye d t o  the  DA IAD te s t  ser ve rs .  

 

5.5. Deployment 

In  t h is  sec t ion,  we p res ent  DA IAD deploymen t  scenar ios  and  th e  opt io ns  each  o f  them of fer s .  

5.5.1 . In-house deployment  
This  i s  t he  most  f le x ib le  DA IAD deploymen t  scenar io  and app l ies  t o  (a )  s er v i ce  pr ov ide rs  wh o want  to  

pro v id e  DA IAD as  a  se rv ice ,  or  (b)  to  wa ter  u t i l i t ies  who  want  t o  h ave  an  in - h ouse  DA IAD dep lo yment .  I n 

both  cas es ,  we wi l l  r e fer  to  th e  s er v ice  pr ov ide r  or  wa ter  u t i l i t y  as  t he  o w ner  o f  t he  i ns t a l l a t i o n .  

The  o wne r  o f  th e  ins t a l la t ion  i s  res pons ib le  fo r  a l l  a spec ts  o f  the  s ys tem,  inc lu din g  secu r i t y ,  ava i lab i l i t y ,  

sca labi l i t y ,  c lu s te r  man age ment ,  d is as t er  r ecover y ,  r e source  d i s t r ib ut ion,  e tc .  O nce  a l l  DA IAD modu les  a re  

conf igu red ,  the  o wne r  of  th e  ins ta l l a t ion  can  en able  D A IAD@ut i l i t y  and /or  DA IAD@commons fe atu re s  

thro ugh the  adm ini s t r a t io n  panel ,  manage user s ,  and  impor t  dat a .  

F ina l l y ,  the  DA IAD@ut i l i t y  own er  wi l l  have  to  e i t her  u pload  a  p re -c on f i gured DA IAD@ h ome mob i le 

app l i ca t ion  ve rs ion  to  App le  iTu nes  an d Goo gle  P lay ,  or  gu ide  h is  cus t omers  (or  common s membe rs)  t o  

conf igu re  th e i r  e x i s t ing  DA I AD@kno w ins ta l l a t ions  for  upload in g  d at a  to  h is  in f r as t ruc t ure .  

5.5.2. Software as a Service  
DAIAD@ut i l i t y  as  a  se rv ice  i s  the  s imp les t  de ploym ent  sce nar io .  A  wat er  u t i l i t y  may  cont ac t  a  se rv ice  

pro v id er  and  requ est  the  c reat ion  o f  a  DA IAD ins ta l la t io n.  Th e  se rv ice  pr ov id er  w i l l  a l loca te  r esou rces ,  

ins t a l l  DA IAD comp one nts  and  p er form  any  requ ir ed  conf igu ra t ion.  Once  the  ins ta l la t ion  i s  comp let ed,  t he  

                                                        
5 http://wiki.daiad.eu  
6 https://github.com/daiad  
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water  u t i l i t y  can  access  th e  adminis t r a t ion  po r ta l  to  manage us ers  and impo rt  dat a .  Th e  wat er  u t i l i t y  w i l l  

have  access  to  th e  wh ole  D A IAD func t io na l i t y  e xcept  for  the  c lu s te r  adminis t r a t ion  por ta l .  

The  DA IAD@ut i l i t y  pr ov ide r  wi l l  a l so  h ave  to  o f fer  a  p re -co nf igure d ve rs ion  o f  t he  DA IAD@ home  mob i le  

app l i ca t ion  for  the  cus tom ers  o f  t he  wate r  u t i l i t y  to  d own lo ad.   

5.6. Test Environment 

In  ord er  to  assess  DA IAD  func t iona l i t y  an d  pe r formance,  a  c lus t er  o f  v i r tu a l  s e rve rs  w i l l  b e  de ploye d.  B y  

defaul t ,  e ach  v i r tua l  se rve r  wi l l  have  4  log ica l  c ores ,  4  g i gab yt es  o f  memory  and 200  g i gaby tes  o f  d isk  

space.  Thes e  sp ec i f i ca t ion s  may va ry  dep end in g  on  t he  r o le  o f  t he  v i r tu a l  ser ver .  Sever a l  t ypes  of  v i r t ua l  

servers  w i l l  b e  ins t an t ia te d ,  inc lu din g:  

  F ive  o r  mo re  ser ve rs  fo r  ho s t in g  HDFS  Da taNo des  and HBase  Re gion Ser ver s .  

  One s er ver  for  ho s t ing  HDF S N ameNod e and  HBase  Maste r  Ser ve r .  

  One opt ion al  s erver  for  ho s t in g  HDFS  seco ndary  Nam eNode .  

  One or  mo re  se rve rs  fo r  ho s t in g  Zoo Ke e per  ( req ui red  by  HBas e) .  

  F ive  o r  mor e  s er vers  for  hos t in g  Cassan dr a  n ode s .  Cassan dra  n ode  ins t a l la t io ns  may s har e  the  

same v i r tu a l  se rvers  w i t h  D ataN ode s  and  Re gion Ser ve rs .  

  One app l ica t ion  ser ver  for  hos t in g  DA IAD@kno w,  DA IAD@commons  and  DA IAD@ut i l i t y  web  

app l ica t ions .  

  One app l ica t ion  ser ve r  for  hand l in g  da ta  acqu i s i t ion  o f  wa ter  con sumpt ion da ta  f r om 

DAIAD@home.  

  One s er ver  for  ru nning  th e  synt het i c  da ta  ge ner ato r .  

The  a foremen t ione d co nf i gur at ion  re pres ent s  the  min imum requ ir ements  fo r  DA IAD de ve lopmen t  a nd 

tes t in g .  Du r in g  t he  t r i a l s ,  more  se rve rs  wi l l  be  requ i red in  o rde r  t o  a t ta in  ava i l ab i l i t y  an d fau l t  t o lerance.  

To  tha t  end,  add i t ion al  se r vers  wi l l  be  d ep loyed  inc lu din g:  

  A  HDFS  secon dary  NameN o de s er ver .  

  A  secon dar y  HBas e  Maste r  Ser ver  and   

  Two  Zo oKee p er  n odes .  

 

5.7. Synthetic Data Generator 

5.7.1. Introduction  
The  Syn the t i c  Da ta  Gene ra tor  (SD G)  i s  a  so f t ware  appl i ca t io n  th at  w i l l  ge ner ate  b ig  wate r  cons umpt io n 

dat a  g iven a  se t  o f  p ar ame ters .  The  no ve l t y  o f  t he  SD G is  i t s  ab i l i t y  to  pr oduce  wa ter  co nsump t ion d at a  of  

h igh  gr anu la r i t y  i .e .  res e mbl in g  t he  ou tpu t  gener at ed  by  a  l ar ge  DA IAD@fe el  ins t a l l  b ase  ( r a ng i n g  f r o m  
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hund r ed s  o f  t ho us a nd s  t o  m i l l i o ns  o f  d e v i c es ) .  Th e  SD G wi l l  evo l ve  ove r  t he  cou rse  of  the  pro jec t  to  pr oduce  

more  accura te  da ta  b y  u t i l i z in g  the  wa ter  cons umpt io n mode ls  and an al ys i s  resu l ts  in t r oduce d in  WP6.   

5.7.2. Relevant Work  
Big  d ata  gen era t ion  i s  cu rr ent ly  a  h ot  r ese arch  t opic  due  to  the  inc re ase d in ter es t  in  b ig  da ta  man agemen t  

and the  fac t  tha t  mos t  rea l  b ig  da tas ets  ar e  p r o p r i e t a r y  a nd  no t  a va i l a b l e  t o  t h e  p ub l i c .  T o  c i r cumven t  the  

lack  o f  b i g  dat ase ts ,  se ver a l  a t temp ts  have  been  made  to  c rea te  s yn the t i c  da ta  ge nera to rs .  I n  t he  fo l lowin g  

sec t ions  we p res ent  t wo  s t a te -o f - t he- ar t  s ys tems .   

5.7.2 .1 . Yahoo! C loud System Benchmark  

Yaho o!  C lo ud  Sys t em Benc hmark 7 (YCSB )  imp lemen ts  an  ex tens ib le  f rame wor k  for  benchmark ing  s ys t ems.  

YCSB su ppo r ts  d i f fe ren t  wor k lo ads  and  imp lemen ts  in ter faces  for  the  mo st  common ly  u sed  No SQ L 

dat abases .  The  YCSB arch i tec t ure  i s  de pic t ed in  F i gure  74 .  YC SB accep ts  two parame ter  f i le s ,  one fo r  

conf igu r ing  the  work lo ad  (e .g .  % of  re ad,  wr i te  and scan ope ra t ions ) ,  an d on e for  con f i gur in g  th e  

dat abase  in ter face  (e . g .  co nnec t ion  p arame ter s  for  a  spec i f i c  No SQL da tab ase ) .  The  Wo rk load e xecu to r  i s  

resp ons ib le  fo r  ge ner at ing  th e  da ta ,  loadin g  i t  to  t h e  d at a  s to re  an d execut in g  the  work lo ads .  Wo rk load 

execu t ion  i s  p er forme d b y  one  o r  more  t hre ads  and execut ion  s ta t i s t i c s  a r e  co l l ec ted  b y  a  se parat e  

module .  

 

Figure 74: YCBS architecture 

In  o rde r  to  execute  d ata  op er a t ions ,  a  s tor e -sp ec i f i c  d at abase  in ter face  l a yer  i s  impleme nte d tha t  

t ran s la te s  s imple  da ta  ope rat ion s  in to  da tabase  spec i f i c  ca l l s .  The  m ain  ex ten s ion p oin ts  o f  YC SB a re  t he  

wor k lo ad  e xecut or  an d da tab ase  in te r face  la yer .  T h e  de faul t  wo rk load e xecu t or  can  be  rep lace d wi th  a  

new imp lemen ta t ion  tha t  o f fer s  mor e  comp le x  o per at ions .  Mor eo ver ,  a  ne w d ata  s t ore  can  be  t es te d by  

impleme nt ing  t he  ap pro pr ia te  da tabas e  in t er face  l aye r .  

                                                        
7 https://github.com/brianfrankcooper/YCSB   

https://github.com/brianfrankcooper/YCSB
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5.7.2 .2. BigDataBench 8 

BigDa taBe nch i s  a  ho l i s t i c  so lu t ion  for  gen era t ing  d ata  an d be nchmark in g  d at a  managemen t  s ys tems.  I t  

pro v id es  para l l e l  and  d is t r ib ute d dat a  ge ner at ion  and wo rk load execut ion.  I n  con tras t  t o  YCSB  th at  us e s 

s imple  d i s t r ib ut ions  l ike  u ni form  and  Z ip f ian,  B igDa t aBench  u t i l i zes  da ta  mod el s  e x t rac t ed  b y  r ea l  da tas et s  

to  e nhance  th e  d ata  ge nera t ion  p roces s .  Mo reo ver ,  B i gDat aBe nch a l lo ws  the  c r ea t ion  o f  f l ex ib le  

benchmar k  scen ar ios  b y  ab s t rac t in g  da ta  ope rat io ns  and wor k lo ad  pa t te rns .  In  p ar t i cu lar ,  d ata  op era t ions  

are  abs t rac ted in to  thr ee  c ate gor ies ,  n amely  t he  s in g le  e lement ,  s ing le  s e t  and  d oub le  se t  ca te gor ies .  Each  

categor y  inc lu des  typ ica l  o pera t ions  i . e .  p ut ,  ge t ,  de le te ,  f i l ter  an d pr o jec t ,  agg regate ,  or der  b y  for  s in g le  

e lemen t  and  s in g le  s e t  ca tegor ies  re spec t ive l y .  L i ke wis e ,  th e  abs t rac ted  o per at ions  can  b e  c ombin ed  t o  

form di f fere nt  work lo ad pat ter ns  l ik e  s in g le  o per at ion,  mul t ip le  o per at ion  and  i te rat i ve  ope rat io n  

wor k lo ads .  C urr ent ly ,  B igD ataB ench  sup por ts  se arch  eng ine,  e -commence,  and  soc ia l  ne twork  app l i ca t ion  

domains  and  p rod uces  te x t ,  g rap h and  t ab le  da ta .  

5.7.3. SDG Roadmap 
In  t he  cont ex t  o f  t he  DA IA D pr o jec t ,  we  h ave  s e lec te d  t o  ex tend  the  B igDat aBe nch f rame wo rk  in  o rde r  to  

suppo r t  t he  wate r  consum pt ion  ap pl ica t io n  domain.  The  cu rre nt  vers io n  of  SDG ava i l ab le  in  our  r epos i t or y  

i s  a  bas ic  po r t  o f  th e  B igDataBe nch.  We p lan  t o  ex tend  SDG  in  thr ee  s t eps .  Each  s t ep  w i l l  i nc re ase  t h e  

comple x i ty  an d accurac y  o f  th e  SDG an d wi l l  add  ne w fea tur es  to  i t .  

  In i t ia l l y ,  we wi l l  focus  on  gener at ing  b ig  da ta  in  s i ze .  A  smal l  s e t  o f  inpu t  par am eter s  wi l l  be  us ed,  

inc lu ding  th e  s i ze  o f  d at as et ,  t ime s pan ,  are a  and  p o pulat ion.  Co rre la t ions  an d  ot her  fac t ors  th at  

in f lu ence  con sumpt ion  w i l l  be  ignor ed  ( i . e .  un i fo r m  d a t a  d i s t r i b u t i o ns  w i l l  b e  a s s um ed  wh en e ver  

r a nd o m  va l ues  a r e  r eq u i r ed ) .  Mo reo ve r ,  we  wi l l  make  a  pre l im inary  a t tempt  to  d eve lop  and  lo ose ly  

in t egr at e  wa ter  mode ls  in  t he  d at a  gen era t ion  pr ocess .  

  In  th is  s t ep,  we  wi l l  focus  in  inc re as ing  the  accurac y  for  low granu lar i t y  d ata  ove r  a  l arge  ar ea  and 

t ime f r ame.  To  th is  in ten t ,  wate r  co nsumpt io n mo del s  an d ana l ys i s  r esu l ts  (s u c h  a s  a g e  a nd  i n co m e 

d i s t r i b u t i o ns )  w i l l  be  in te g rate d i n  th e  d at a  gene ra t ion  p roces s .  M ore ove r ,  smal l  sca le  re a l  d ata  

wi l l  b e  u sed  as  inpu t  to  en hance  th e  ove ra l l  d ata  acc uracy .  

  F ina l l y ,  we wi l l  a t t empt  to  inc re ase  th e  accuracy  o f  h i gh  gr anu la r i t y  d ata  b y  us ing  (a)  

pers ona l i za t ion  and c lus t e r in g  and (b)  parame t ers ,  models  an d d imens ions  f r om WP5 and WP6 

respec t i ve ly .  

 

 

                                                        
8 http://prof.ict.ac.cn/BigDataBench/  
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6. Tool stack 

6.1. Overview 

In  th is  chap te r  we  pres ent  t he  l ib rar ies ,  f rame wor ks  and  t oo ls  we  a re  go in g  t o  eva lu ate  fo r  imp lemen t in g  

the  so f t war e  comp onen ts  o f  the  DA IAD sys tem as  wel l  as  th e  s of tware  s y s t ems an d app l ica t ions  th at  we 

wi l l  dep lo y ,  ex ten d and inc orpo ra te  in  the  DA IAD a rch i tec t ure .  F i rs t ,  we p rese nt  dat a  man ageme nt  s ys tems 

and proce ss ing  f r amework s  fo r  manag in g  and an al y z in g  b ig  wat er  co nsump t ion d at a .  Ne xt ,  we br ie f l y  

enumer ate  mob i le  app l i ca t io n  deve lopmen t  appr oac hes  and  p rese nt  t wo  d i s t inc t i ve  f r amework s .  F in a l l y ,  

we  d iscuss  web  app l ic a t ion  d eve lo pment  and  p r esent  we b de ve lopmen t  l ib ra r ie s  and  f r ameworks  

organ ize d in  t wo  sec t io ns ,  tar get in g  c l i ent -s ide  an d s erve r -s id e  d eve lopmen t  r e spec t i ve l y .  

6.2. Data management 

As  pointe d ou t  in  De l i ver able  1 .1 ,  No SQL d at ab ases  are  not  a lways  rep lac in g  ex i s t ing  da tab ase  or  da ta  

war eho use  so lut io ns ,  but  ins t ead  complement  th em,  res u l t in g  in  m ixe d p ers i s tence  mode ls .  M ore ove r ,  

depen ding  o n  th e  an t i c ip ated  que r y  wo rk load s ,  a  so lu t ion  may  be  mo re  ap prop r ia te  th an  an ot her .  I n  

sec t ion  5 .2  we  have  pr ese nted  t he  DA IAD arch i tec t u re  and  pr opo sed  a  d ive rs e  pe rs is t e nce  mo del  us in g  

both  N oSQL  and re la t ion al  da tabase  s o lu t ions .  I n  th is  sec t io n  we  a re  pre s ent ing  t he  most  imp or tan t 

s tor age  so lu t ions  an d pr ocess ing  f r amework s  we are  go in g  t o  e va lu ate  an d use  du r in g  the  DA IAD 

deve lo pment .  

6.2.1 . MySQL 
MySQL 9 i s  one  of  the  m ost  p opu la r  op en  s ource  re la t ion al  dat ab ases  th at  d e l i vers  h igh  pe r formance  and  

sca labi l i t y .  I t  i s  comp l iant  w i th  a  bro ad  sub set  o f  t he  SQ L  1999  s tandard an d is  re le ased  un der  bo th  a  

commerc ia l  l i cens e  and t he  GN U Gen era l  P ubl i c  L i cense  (GPL) .  MySQL of fe rs  d is t r ibut io ns  for  man y 

oper at in g  s ys tems inc lud ing  L in ux  and  Mic ro so f t  Windo ws  and pr ov ides  A P Is  for  man y pro gr ammin g 

lan guages  inc lu ding  Java ,  Mic roso f t  C#  an d P yth on.  

Moreo ver ,  th e  MySQL  Fabr ic  f rame wo rk  su ppo r ts  h igh  ava i l ab i l i t y  an d  sca labi l i t y  by  c ombin in g  da ta  

rep l i ca t ion  and  p ar t i t io n in g  (sh ard in g) .  Ava i lab i l i t y  i s  ach ie ved  b y  emp lo y ing  a  mas ter  s lave  rep l i c a t ion  

arch i tec t ure  in  a  se t  o f  servers ,  formin g a  h igh  ava i lab i l i t y  (HA)  gr oup.  Sca lab i l i t y  i s  a t ta in ed b y  

par t i t io n ing  d at a  ac ros s  m ul t ip le  HA  gr oup s .  I t  i s  im por t an t  to  n ot i ce  th at  ad minis t ra to rs  sh ould  dec id e 

how da ta  are  par t i t ione d  in  co ntr as t  to  au tomat ic a l l y  dat a  p ar t i t i on ing  of fe red b y  N oSQL  da tab ase s .  

Neve r th e le ss ,  par t i t i on ing  i s  t ran sparen t  t o  t he  e nd u sers  and no pro xy  i s  re qui r ed for  rou t i ng  req uest s  t o 

the  ap pro pr ia t e  s er ver s .  T h e  l a t ter  i s  accompl ishe d by  hav ing  th e  co nnec t i v i t y  AP I  manage  ro ut in g.  

                                                        
9 http://www.mysql.com/  
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F ina l l y ,  M ySQL  of fe rs  a  uni f ie d  v isu al  to o l ,  name ly  M ySQL  W orkb ench  t ha t  a l lo ws  d at abas e  admin is t ra t or s  

and  de ve lop ers  to  e as i l y  in spec t  an d m an age dat ab as e  ins t ances .  

6.2.2. Hadoop Distributed Fi le System (HDFS)  
Hado op  D is t r ibu ted  F i le  Sys tem (HDFS)  i s  a  d is t r ibu te d,  h i gh l y  ava i l ab le  and  sca lable  f i le  s ys t em,  d es igne d 

to  run  o n commod i t y  har d war e  and  i s  an  in te gra l  c o mponen t  o f  th e  Had oop  ec osys tem.  H DFS  sp l i t s  f i l es  in 

b locks  wh ich  are  rep l i c a te d ac ro ss  a  se t  o f  ser ve rs .  The  s tor age  se rve rs  a re  c a l led  D ataNod es .  A  s ing le  

server  in  the  c lus ter ,  namely  the  NameNo de,  i s  r espon s ib le  for  man ag in g  the  f i le  sys tem n amesp ace  

(d i rec t or y  s t r uc tur e) ,  co or din at in g  f i le  re pl i ca t io n  an d ma int a in in g  metada ta  ab out  th e  rep l i ca te d b locks .  

Eve ry  t ime a  mod i f i ca t ion  i s  made e .g .  a  f i le  o r  d i rec t ory  i s  c r eat ed or  u pda ted ,  the  N ameNod e c re ates  lo g  

entr y  and  u pda tes  me tad at a .  C l ien ts  con tac t  the  N ameNode  fo r  f i l e  met ada ta  a nd  pe r form  I/O  o per at ions  

d i r ec t l y  on  th e  Da taN ode s .  A  h igh  leve l  o ver v ie w o f  th e  HDFS  a rch i tec t ure  i s  d ep i c ted in  F i gur e  75 .   

 

Figure 75: HDFS architecture 

The  NameN ode  is  a  s in g le  p oint  o f  fa i lu re  in  a  H DFS c lus ter .  I n  or der  to  inc re ase  ava i lab i l i t y ,  the  

NameNod e maint a in s  mul t ip le  co pies  o f  the  me tad ata  and  log  f i le s .  Mo reo ver ,  an  o pt ion al  secon dar y  

NameNod e c an  be  d eploye d for  c r eat in g  ch eckp oin ts  for  the  met ada ta  and  log  f i le s .  C re at ing  check po ints  

a l lo ws  fo r  fa s te r  reco ver y  t imes .  In  ad di t ion,  HDF S can be  c onf i gure d to  use  mu l t ip le  in dep end ent  

NameNod es ,  th us  implement ing  man y aut onom ous  f i le  sy s tem names paces .  T he  la t te r  fea tur e  inc r eas e s  

I /O o per at ion  t hro ugh put  and of fer s  i so la t ion  be twe e n d i f fe ren t  app l i ca t ions .   

F ina l l y ,  HDFS  is  op t imi zed  for  managing  ver y  la rge  f i les ,  d e l i ver ing  a  h igh  th rou ghpu t  o f  d at a  us ing  a  

wr i te -once ,  r ead -man y- t im es  p at tern .  H ence,  i t  i s  in ef f i c i ent  for  handl in g  ran dom re ads  o ver  nume rous  

smal l  f i les  o r  for  app l i ca t io ns  t ha t  requ ir e  lo w la tenc y .  
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6.2.3. HBase 
Apache HB ase  i s  a  f re e ,  op en so urce ,  d i s t r ib ute d and sca lable  No SQL dat ab ase  t hat  c an  h and le  tab les  wi th  

b i l l ions  of  r ows  co ns i s t ing  of  mi l l ions  of  co lumns.  HB as e  i s  b ui l t  o n  top  of  HDF S  an d enh ances  i t  w i t h  rea l  

t ime,  r andom  re ad/ wr i t e  access .  

The  arch i tec ture  o f  HBas e  i s  s imi la r  to  th at  o f  HDF S.  Table  dat a  i s  or gani zed  in  reg ion s  tha t  are  man age d 

by  a  se t  o f  ser ver s ,  n amely  Re g ionSer vers .  Usua l l y  a  R eg ion Ser ve r  i s  in s ta l led  on  e ver y  Dat aNo de  o f  t he  

under l y in g  HDF S s tor age  c lus t er .  By  defau l t ,  each  re g io n i s  se rved b y  a  s ing le  Reg ion Ser ve r .  S t i l l ,  HB ase  

can be  con f i gur ed  for  r eg ion rep l i ca t ion  i f  ava i lab i l i t y  i s  mor e  impo rt ant  than c ons i s te ncy .  Faul t  to ler ance  

i s  a t ta ined  b y  s t or ing  HBase  f i les  t o  HDFS.  L i ke wis e ,  an  HBase  Mast er  no de is  resp ons ib le  fo r  mo ni tor in g  

Reg ion Ser ve rs  and  load b alanc in g.  Us ua l l y ,  th e  HB ase  Mas te r  i s  ins ta l l ed  on  t he  s ame s er ver  wi th  HDFS 

NameNod e.  In  ad di t ion,  m ore  th an  o ne  HBas e  Mast e r  ma y  be  p rese nt  in  a  mas ter/ sa lve  co nf igura t ion  in 

orde r  to  c i r cumve nt  s in g le  p oin t  o f  f a i lur e  i ss ues .  F ina l l y ,  A pache  Z ooK eepe r  i s  us ed  for  coo rd ina t ing  and  

shar in g  s t a t e  be tween  master  an d re g ion ser ver s .  C l ie nts  conn ec t  t o  Zo oKe ep er  for  submi t t in g  r eque sts  

and  re ad  an d wr i te  d at a  d i rec t l y  f r om and  to  t he  re g ion s er vers .  

HBase  in te gr ate s  s eamless ly  w i t h  Had oop  Map Redu ce  f rame wor k  s ince  t he y  s hare  t he  same  un der l y in g  

s tor age.  Mo reo ver ,  s ince  r ows  ar e  so r t ed b y  ro w ke y ,  HBase  sca les  we l l  for  bo t h  fas t  ro w k ey  scans  ac r oss  

tab les  as  we l l  as  s ing le  r o w re ad  op era t ions .  H ence,  HBase  can  b e  e f f i c ien t l y  u sed  bo th  as  a  Had oop  Map 

Reduce  so urce  as  wel l  as  a  da ta  s t ore  for  ad -h oc  q uer y in g  and  lo w la tenc y  app l i c a t ions .  

6.2.4. Cassandra  
Apache Cas san dra  i s  a  mass i ve ly  sca lab le ,  ope n so urce  No SQL d at abase  d es ign ed for  m anaging  la rge  

amount s  o f  s t ruc t ure d,  se mi -s t ruc tu red ,  an d un s t r uc ture d da ta  ac ro ss  mul t ip le  dat a  cent ers .  In  con tr as t  to  

HBase,  Cass and ra  emp lo ys  a  mas ter  les s  a rch i tec tu r e  w i th  no s ing le  p oint  o f  fa i lu re .  Nod e fa i lu res  are  

hand led  by  t he  c lu s te r  au t omat ic a l l y  and  n o  ex te rna l  s ys t ems,  l i ke  Zo oKe epe r ,  are  r equ ire d.  In  Cas san dra  

a l l  se rve rs  in  the  c lus ter  a re  eq ui va len t  and c l ie nts  can  con nec t  to  an y  o f  t hem to  p er form read and wr i te  

oper at ion s .  

 

Figure 76: Cassandra replication example 
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Data  in  Cassandr a  i s  s t ore d as  ro ws  or gan ized  in to  tab les  w i t h  a  req ui red  pr imary  ke y .  C ass andr a  uses  

cons is ten t  h ash in g  for  p ar t i t i on ing  th e  r ows  b y  th e  f i r s t  comp one nt  o f  th e  pr imar y  ke y .  Ins ide  eac h 

par t i t io n,  ro ws  ar e  c lus ter ed on the  r emain in g  c o lum ns o f  th e  p r imary  ke y .  

Nodes  a re  a l so  ass igned  a  un iq ue va lu e  ( to ken )  in  the  r an ge of  p oss ib le  h ash va lues  and are  log ica l l y  

organ ize d  in  a  r ing ,  pos i t ioned  in  ascend in g  ord er  o f  th is  va lue.  A  no de  is  re s pons ib le  for  the  r an ge  o f  

hash  va lues  s t ar t ing  f rom the  to ken  o f  h i s  p red ecess or  (e xc lu s i ve )  to  i t s  o wn  t oken  ( inc lus ive ) .  Th e  on ly  

excep t ion  i s  the  nod e wi t h  the  lo wes t  tok en  which  gets  bot h  a l l  ke ys  less  than tha t  to ken,  and  a l l  ke ys  

gre ate r  t han  th e  l ar ges t  t oken in  the  r ing .  He nce,  a  no de ’ s  va lue  d ete rmin e s  wh at  keys  i t  i s  the  f i r s t  

rep l i ca  for .  

Once  a  ro w is  s tor ed  in  t he  appr opr ia te  n ode ,  i t  i s  re p l i ca t ed  t o  N -1  mo re  no des  whe re  N  is  t he  

rep l i ca t ion  fac tor  o f  t he  s pec i f i c  tab le .  Th e  se lec t io n  o f  t he  N -1  nod es  i s  per forme d us in g  a  p rede f ine d 

rep l i ca t ion  s t ra tegy .  Fo r  ins tance,  th e  s imp les t  a va i lab le  s t ra te gy  p lace s  ad di t io na l  N -1  r epl i cas  on  th e  

nex t  no des  c lock wis e  in  th e  r ing  wi tho ut  co ns ider in g  top ology .  I t  i s  impo r t ant  t o  remembe r  th at  the  f i r s t  

node  t hat  s to res  a  ro w i s  o n ly  ac t ing  as  a  p ro xy  for  t h e  c l ien t  and  is  no t  spec ia l  by  an y  me ans .  A l l  re p l i cas  

are  t r ea ted  eq ua l l y .  

F igu re  76  d emons tra tes  t h e  p ar t i t io n in g  an d r ep l i ca t ion  s t ra tegy  desc r ib ed  ear l ie r .  In  th is  example ,  we 

assume  t hat  the re  ar e  fo u r  n ode s  and  the  h ash  va lue  ran ge  i s  f rom 0  to  10 0.  Mo reo ver ,  a  re pl i ca t ion  

fac t or  o f  t wo  is  us ed  and  a  s imple  rep l i ca t ion  s t r a te gy  i s  emplo ye d.  The re for e ,  for  th e  con f i gur a t ion  in  th i s  

examp le ,  a  r ow ke y  w i th  h ash va lue  eq ua l  to  14  i s  ass i gned  t o  nod es  2  and 3 .  

Cassan dra  a lso  a l lows  tu n able  t rad eo f fs  be tween  cons i s te ncy  and  l a te ncy .  T h is  i s  fe as ib le  d ue t o  the  

method  Cass and ra  use s  for  reading  an d wr i t ing  ro ws .  In  par t i cu lar ,  when  a  c l i ent  reads  or  wr i tes  a  recor d,  

i t  spec i f ies  t he  re qui red  c ons i s te ncy  le ve l ,  which  i s  t he  n umber  o f  no des  th at  t he  read or  wr i te  ope ra t ion  

shou ld  be  success fu l  b efo r e  re tur n in g.  The  lower  the  cons is tenc y  le ve l ,  t he  lo we r  th e  r esp onse  l a t ency  w i l l  

be .  

 

Figure 77: Workload isolation using Cassandra configuration 
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F ina l l y ,  Cass and ra  sup por t s  work lo ad segre gat io n.  T hat  i s  an  admin is t ra tor  can  as s i gn  d i f fere nt  se ts  o f  

Cassan dra  n odes  for  ser v ing  d i f feren t  wo rk load t yp e s  e . g .  r ea l  t ime  an d ana ly s is  p roces s ing  c an run  s ide  

by  s ide  w i th out  the  l a t ter  a f fec t ing  th e  per fo rmance  o f  the  former .  T h i s  i s  ach ieved by  us in g  mo re  c omple x  

rep l i ca t ion  s t r a t eg ies  th a t  con s ider  th e  net wo rk  top olo gy .  An  e xamp le  o f  such  a  con f i gur at ion  i s  

demons tra ted  in  F i gu re  77 .  In  th is  co nf igura t ion  twe lve  se rve rs  are  log ica l l y  s epar at ed in t o  two gro ups ,  

namely  da ta  ce nte r  on e  an d two.  Th e  t wo  gro ups  a re  conf igu red  wi th  a  re pl i ca t ion  fac to r  o f  th ree  and  two 

respec t i ve ly .  C l ien ts  con n ec t  t o  se rve rs  o f  D at a  Ce nter  1  t o  wr i te  ne w rec o rds .  L ik ewise ,  c l ien ts  who 

execu te  ana ly s is  que r ies ,  connec t  to  D at a  Cen ter  2 .  Dat a  ar e  s ynchr on ize d  bet wee n t he  t wo  c lus ter s  

aut omat ica l l y .  Ho w e ve r ,  anal ys is  qu er y  work lo ad  d oes  n ot  in t er fere  w i th  re a l - t ime ,  low la tenc y  wr i te r  

reque sts .  

6.2.5. Hadoop Map Reduce  
Hado op M ap Reduce  i s  a  b ig  da ta  proc ess ing  f r amewo rk  tha t  s impl i f i es  the  deve lopmen t  o f  h i gh l y 

par a l le l i zed  and  d i s t r ib ut ed pr ograms.  D eve lo pin g  d is t r ibut ed pro gr ams re q uire s  h and l ing  many tas k s 

inc lu ding  d at a  re pl i ca t io n,  d at a  t r ans fe r  be tween  s e rve rs ,  fau l t  reco ver y ,  man agemen t  o f  man y  p ara l le l  

execu t in g  task s  e tc .  H ado o p abs t r ac ts  the  complex i t y  o f  de ve lop in g  p ara l l e l  an d d i s t r ib ute d appl ica t io ns  

by  mak in g  a l l  the  a for eme nt ione d t asks  t ransp are nt ,  a l lo wing  deve lope rs  t o  fo cus  on the  pro blem und er  

cons id er at ion.  

 

Figure 78: MapReduce computing model 

The H ado op Map Re duc e  in i t ia l  ver s io n  sh are d  an arch i tec t ure  s im i lar  to  HDF S.  I n  p ar t i cu lar ,  a 

TaskTr acker  r es ided  o n every  Da taNo de  th at  was  re s pons ib le  fo r  per fo rmin g c o mputa t io ns  on  t he  spec i f i c  

server .  S imi lar  t o  t he  NameNode,  a  Job Track er  was  ac t in g  as  a  mas ter  no d e th at  pe r formed  res ourc e  

management  an d job  sch edul in g  and  mon i to r ing.  I n  ne we r  vers io ns  of  Hado op Map R educe,  r esou rce  
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management  and  job  sche dul in g  h as  be en  as s i gned  to  a  ne w compon ent ,  nam ely  YARN 10.  T her efore ,  the  

impleme nta t ion  of  o t her  d is t r ib ute d compu t ing  mo d els ,  such  as  graph proces s ing ,  o ver  a  Had oop  c lus ter  

i s  poss ib le  an d a l so  Had oo p Map  R educe  focuses  e xc lus i ve l y  on  d ata  p rocess in g.  

The  c omput in g  mo de l  o f  H adoo p  Map  Re duce  i s  dep i c ted  in  F igu re  78 .  A  Map  R educe  pr ogram req ui res  th e  

impleme nta t ion  o f  t wo  met hods ,  n amely  Map  and  Red uce.  T he  Map  met hod  t ran s fo rms inp ut  da ta  t o  a  se t  

o f  in terme diate  ke y  va lue  pa i rs  which  a re  par t i t i o ned on the  gene ra t ed  ke y .  T hen,  t he  in terme diate  

par t i t io ned  key  va lue  pa i rs  a re  s or t ed  and  gro upe d  b y  th e  ge ner ate d  ke ys .  F ina l l y ,  the  c rea ted  gro ups  are  

process ed  b y  th e  Reduc e  method  and  t he  f in a l  o utp ut  i s  p rod uced.  Bo th  in te r media te  an d  f ina l  re su l ts  a re  

s tor ed  on  HDFS .  

6.2.6. Apache Fl ink  
Apache F l ink  ( fo r m er l y  S t r a t o s p h er e ) ,  i s  a  ge ner a l  purp ose,  d is t r ibut ed  an d  e f f i c ie nt  da ta  p rocess in g  

f rame wo rk  t hat  pr ov ides  an  ex tens ive  se t  o f  op era to rs  for  e xpr ess in g  complex  a lgor i t hms.  F l ink  ope rat ors  

are  d es igne d  to  wo rk  in  memory  an d  g race fu l l y  fa l lb ack  to  ex ter na l  memo ry  a lgor i thms  o nce  memor y  

reso urces  become  sca rce .  

One of  t he  mo st  pr omin e nt  fe atu re s  o f  F l ink  i s  t h e  su ppo r t  for  i ter at i ve  o pera to rs .  Man y a l go r i thms 

re la t i ve  to  machine  lear n in g  or  g rap h pr ocess ing  re qu ire  mul t ip le  ex ec ut ions  o ver  a  s e t  o f  da ta .  

Implemen t in g  such a l go r i t hms wi t h  H ado op  Map  Red uce  i s  n ot  e f f i c ie nt  s ince  th e  l a t ter  saves  in te rmed ia te  

and  f ina l  res u l ts  to  HDF S ( dur ing ,  and  a f te r  each  i ter at ion ) .  More over ,  an oth er  impor tan t  asp ec t  o f  F l in k  i s  

tha t  i t  app l i es  jo b  e xecu t io n  p lan  op t im izat ion  s im i lar  to  what  re la t ion al  da tab as es  d o for  qu er y  e xecu t ion  

p lans .  Hence ,  ins t ead  o f  ju s t  e xecu t ing  a  jo b  e xp resse d as  d i rec t ed acyc l i c  gr aph  (DAG) of  op era tor s ,  F l ink  

opt imizes  t he  job  e xecu t io n  by  r eor der in g  op era to rs  a nd  se lec t in g  appr opr ia te  impleme nta t ion  a l gor i t hms 

for  e ach  of  th em.  T he  go al  o f  th e  o pt imi zat io n  i s  to  r e duce  b ot h  d at a  shu f f l ing  and comp uta t ion  t ime.  

F ina l l y ,  a l t hou gh  F l ink  i s  indepe nde nt  o f  Hadoo p,  i t  imp lemen ts  su ppo r t  for  HDFS and  YARN ,  JDBC  d at a  

sources  and  HBas e  co nnec t ors .  

6.3. Mobile framework 

6.3.1 . Overview 
One of  the  mos t  impo rt ant  module s  o f  the  DA IAD s ys te m is  the  DA IAD@ home  mob i le  app l i c a t ion,  wh ich  w i l l  

be  res pons ib le  for  co l l ec t in g  de ta i le d  wate r  c ons umpt ion  da ta  f rom  DAIAD@fe el  d ev ices .  H ence,  i t s  

success fu l  imp lemen ta t ion  i s  o f  c r i t i ca l  impo r tance  for  de l i ver in g  t he  pr omise d  fu nc t ion al i t y  o f  th e  wh ole  

DA IAD sys tem.  

We are  p lann ing  to  de ve lop th e  mob i le  ap pl i ca t io n  for  t wo  p la t forms:  Ap ple  iOS and Go og le  And ro id .  

Curren t l y  t he  t wo  aforeme nt ione d p la t fo rms accoun t  for  90 %  o f  smar tpho ne  s a les  fo r  2013  accor d in g  t o  

Gar tne r 11.  In  gene ra l ,  th ere  a re  t hree  prom inen t  de ve lo pment  o pt ion s  for  mob i le  app l i c a t ion s ,  name ly ,  

Nat ive ,  H TML5 and  H ybr id .  

                                                        
10 For a more detailed presentation of YARN and Had oop Map Reduce architecture refer to Deliverable 1.1  
11 http://www.gartner.com/newsroom/id/2665715   

http://www.gartner.com/newsroom/id/2665715
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6.3.1 .1 . Nat ive  

Nat ive  app l i ca t ion s  ar e  sp ec i f i c  to  a  g iven  mob i le  p la t fo rm and  are  bu i l t  us ing  p la t fo rm -sp ec i f i c  t oo ls ,  e .g .  

Ec l ipse  for  Ja va 12  and An d roid  SDK 13  fo r  And ro id  or  Xcod e 14  and  Objec t i ve -C 15  f or  App le  iO S.  Nat i ve  

app l i ca t ions  ach ie ve  th e  b es t  per fo rmance  and have  fu l l  access  t o  a l l  ha rd war e -spec i f i c  fea tur es  l i ke  GP S,  

B luet oo th,  w ire les s  co nn ec t i v i t y ,  e tc .  Th e  ma in  drawback  o f  th i s  appr oach i s  th at  t wo d i f fere nt  

impleme nta t ions  h ave  t o  b e  de ve lo ped  an d no c ode  r euse  can  be  a t t a in ed.  

6.3.1 .2. HTML5 

HTML5 ap pl ica t ions  are  implement ed us ing  s t and ar d web tech n olog ies  l i ke  H TML5,  Ja va Scr ip t /CSS,  and  

are  d e v i c e  a g no s t i c .  Us ers  access  t h e  app l i ca t ions  us in g  a  bro wse r ;  hence  i t  i s  easy  to  d eve lo p c r oss  

p la t form app l ic a t ion s  tha t  work  on  mul t ip le  d ev ice s .  Mo reo ver ,  the  d is t r ib u t io n  and  up gr ade  o f  the  

app l i ca t ion  i s  s imp l i f i ed,  s ince  no nat i ve  co de r es ides  o n t he  dev ice .  The ir  main  d is ad van tage  i s  the  

t rou blesome  access  t o  d ev ice -s pec i f i c  hard war e  fea t ures  (e .g .  B luet oo th  or  GPS )  an d t o  pro v ide  secur e  

s tor age  or  o f f l in e  sess ion  management .  

6.3.1 .3. Hybrid  

Hybr id  ap pl i ca t io ns  a t tem pt  to  comb in e t he  bes t  f eatu res  o f  t he  pre v ious  appro aches  b y  embe dd ing  

HTML5 ap pl ica t io ns  ins ide  a  n at ive  con ta iner .  R ich  u ser  in t er faces  can be  e as i l y  cons t ruc ted  us ing  HTML5  

and  t he  na t i ve  co nta in er  g ive s  access  t o  de v ice  har d war e  fe at ures .  More over ,  the  appl i ca t ion  has  to  b e  

wr i t t en  once  an d be  e xecu ted on m any  p la t forms.  F ina l l y ,  u s in g  JavaScr ip t  as  t h e  p ro grammin g langu age,  

the  de ve lop er  has  acces s  t o  a l l  l ibra r ies  and  f rame wo rks  pres ent ed  in  sec t ion  6 . 4 .   

Neve r th e le ss ,  the re  a re  s o me impor tan t  s hor tcomin gs  ass oc ia ted w i th  th e  h ybr id  appr oach.  F i rs t l y ,  s ince  

the  ap pl ica t io n  i s  execut ed as  a  web  p age  ins ide  a  na t i ve  cont a iner ,  p er formance  i s  n ot  op t imi ze d .  

Secon dl y ,  a l lo wing  use rs  t o  nav iga te  be twe en d i f fer ent  we b p age s ,  may resu l t  t o  p oor  use r  e xp er ience  

s ince  t he  ap pl ica t ion  may  be  unre spo ns i ve  d ur ing  the  p age  lo ading  p has e.  The  l a t t er  p rob lem  can  b e  

a l lev ia ted  by  implement in g  S ing le  P age  Ap pl ica t io ns  (SPA) .  For  mo re  in format ion  abo ut  SPA  s ee  sec t ion  

6 .4 .1 .  

Next  we p res ent  t wo  f ram ewo rks  fo r  deve loping  hyb r id  an d n at ive  mob i le  app l i ca t ions ,  n amely ,  Ap ache 

Cordo va 16 and Xamar in 17.  

6.3.2. Apache Cordova  
Apache Co rd ova i s  a  f r ame wor k  for  de ve lo pin g  hybr id  mobi le  ap pl i ca t io ns .  The  app l ica t io n  i s  implement ed 

us in g  H TML5,  J avaSc r ip t  an d CSS.  De ve lop ers  can  e i th er  impleme nt  the  us er  in te r face  (UI )  f rom  sc ra tch  o r  

use  o ne o f  t he  man y ava i lab le  touch op t imi ze d JavaScr ip t  UI  f r ameworks  l ik e  jQu ery  Mob i le 18,  Sencha  

                                                        
12 https://www.eclipse.org/downloads/   
13 http://developer.android.com/sdk/index.html  
14 https://developer.apple.com/xcode/  
15 https://developer.apple.com/library/mac/documentation/cocoa/conceptual/ProgrammingWithObjectiveC   
16 http://cordova.apache.org/  
17 http://xamarin.com/platform  
18 http://jquerymobile.com/  

https://www.eclipse.org/downloads/
http://developer.android.com/sdk/index.html
https://developer.apple.com/xcode/
https://developer.apple.com/library/mac/documentation/cocoa/conceptual/ProgrammingWithObjectiveC
http://cordova.apache.org/
http://xamarin.com/platform
http://jquerymobile.com/
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Touch 19,  Ken do  UI 20  an d An gula r JS 21 .  In  the  f i r s t  cas e ,  de ve lop ers  mus t  be  wat chfu l  and  account  fo r  

impleme nta t ion  d i f fer ence s  in  t he  we b r end er ing  eng ines  e ach o per at in g  s ys tem  o f fe rs ,  in  o rde r  to  

ach ie ve  p ar i t y  fo r  the  U I  appe arance  ac ros s  mu l t ip le  de v ices .  In  con tras t ,  us in g  a  UI  f ra me wo rk  

subst an t ia l l y  a l l ev ia tes  th is  pr oblem.  

Moreo ver ,  C ord ova of fe rs  a  s e t  o f  Ja vaScr ip t  app l i c a t io n  pro gr amming  in ter fac es  (AP Is)  tha t  a l low access  

to  t he  mos t  common n at ive  de v ice  AP Is  inc luding  ge oloc at ion,  s t orage  and net wor k  func t ion al i t y  amo ng  

othe rs .  Mor e  s i gn i f i can t l y ,  t hese  AP Is  a re  cons is ten t  ac r oss  mul t ip le  p la t fo rms,  hence,  co de  has  to  b e  

wr i t t en  on l y  once.  In  t he  case  th at  t he  de ve lop er  re q uire s  access  t o  a  na t i ve  AP I  th at  i s  no t  supp or ted  e . g .  

B luet oo th  con nec t iv i t y ,  C ordo va  of fe rs  a  p lu g in  a rch i t ec tur e  for  impleme nt ing  JavaScr ip t  b ind in gs  t o  

exp ose  the  re qu ired  n at ive  func t ion al i t y  to  the  JavaScr ip t  co de.  Fur the rmore,  Cordo va  communi ty  a l re ad y  

of fers  h und reds  o f  p lug ins  access ib le  f rom the  Co rdo va p lu g in  r eg is t ry 22.  

Moreo ver ,  a  Cord ova  ap pl ic a t ion  i s  pack aged  in  the  na t i ve  d ev ice  format  e .g .  for  App le  iP hon e an  iO S  

app l ica t ion  arch ive  i s  c rea t ed.  L ike wise ,  for  Andr oid  an  Andr oid  App l ica t ion  Pack age  f i l e  i s  c rea ted.  A  u ser  

can  ins t a l l  the  ap pl i ca t io n  th rou gh  th e  cor res pon d ing  p la t fo rm app l ica t i on  s tore  e . g .  A pple  iTun es  or  

Goo gle  P lay ,  as  she  wou ld  wi th  an y  oth er  na t i ve  ap pl i ca t ion.  

Cordo va  i s  cur ren t l y  ava i l ab le  fo r  the  fo l lo wing  p la t fo rms:  iO S,  Andr oid ,  B lackbe rry ,  Wind ows  Pho ne,  Pa lm 

and  Symbian,  i t ’ s  f ree  and  open  so urce  so f t ware  an d d is t r ib ut ed  und er  th e  Ap ache L icens e,  Vers io n 2 .0 .  

6.3.3. Xamarin  
Xamar in  i s  a  f r amework  for  de ve lo pin g  n at ive  mob i le  ap pl i ca t io ns  for  Goo g le  Andro id ,  App le  iO S and 

Windo ws  Mob i le  and  i s  po wer ed by  Mon o 23,  an  o pen - source  vers ion  o f  th e  . NET  F rame wo rk .  App l i ca t ions  

in  Xam ar in  a re  c oded  in  Mic roso f t  C# 24,  a  mode rn p rogrammin g lan gu age  t ha t  o f fe rs  m any  p rod uc t i v i t y  

fea tur es  l i ke  s imp l i f ied  as ynchron ous  pr ogrammin g,  e asy  t o  co de lamb da  e xpr es s ion s  and  t ype  in fere nce.   

Deve lop ers  can sh ar e  most  o f  the  bus in ess  lo g ic  b y  u s in g  th e  s ame pr ogrammin g l anguage,  AP Is  an d d ata  

s t ruc t ure s  ac r oss  a l l  d eve lopment  p la t fo rms.  In  ad di t ion,  i f  X amar in  UI  comp one nts  l ibra ry  i s  use d,  n amely  

Xamar in .F orms,  code  r eus abi l i t y  ac r oss  d i f fer ent  p la t forms can reach  ne ar ly  100 %.  I n  e ve ry  case ,  p la t form 

spec i f i c  b u i lds  use  the  p la t form  n at ive  UI  co nt ro l s  wh ich  re ta in  t he  appr opr ia te  look  an d  fe e l ,  res u l t ing  in  

opt imal  pe r formance and  b et te r  end -use r  exper ience .  

Moreo ver ,  X amar in  o f fer s  a  c loud bas ed tes t in g  s erv ice  t ha t  a l lows  de ve lo pers  to  eas i l y  tes t  th e i r  

app l i ca t ions  on  hu ndr eds  of  p hys ica l  de v ice s .  Deve loper s  can  wr i te  tes ts  th at  emu la te  us er  b ehav ior  b y  

sc r ip t in g  t ap,  sw ip e,  r o ta t io n  an d o the r  in te rac t io n  eve nts .  The  tes t  r esu l t s  are  v isua l l y  pres ent ed  

accompan ied  wi t h  sc reen s hots  t hat  a l lo w d eve lo pe rs  to  d isco ver  p rob lems  an d  UI  d i f fe rences  q uick ly  and 

e f f i c i ent l y .  

                                                        
19 http://www.sencha.com/products/touch  
20 http://www.telerik.com/kendo-ui  
21 https://angularjs.org/  
22 http://plugins.cordova.io/  
23 http://www.mono-project.com/  
24 http://msdn.microsoft.com/en-us/vstudio/hh341490.aspx  

http://www.sencha.com/products/touch
http://www.telerik.com/kendo-ui
https://angularjs.org/
http://plugins.cordova.io/
http://www.mono-project.com/
http://msdn.microsoft.com/en-us/vstudio/hh341490.aspx
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F ina l l y ,  Xamar in  a l lows  deve lo per s  t o  access  nu merous  comp one nts  th ro ugh the  NuGet 25  pack age  

repo s i tor y ,  inc lud in g  UI  co ntro ls  an d we b s er v ice  AP Is .  

6.4. Web applications 

In  the  cont ex t  o f  DA I AD pr o jec t ,  a  se t  o f  we b app l ica t io ns  and s er v ices  ar e  go in g  to  be  deve lope d.  In  th is  

sec t ion  we  pr esen t  the  var ious  f rame wo rks  we  a re  p lann ing  t o  e va lu ate  and us e  du r ing  th e  d eve lo pment  

process .  

6.4.1 . Client Side Development  
In  ord er  t o  o f fer  inc re ased  UI  usabi l i t y  tha t  i s  in  p ar  w i t h  de sk t op  app l ica t ions ,  the  DA IAD  web 

app l ica t ions  w i l l  b e  de ve lo ped as  S ing le  Page  Appl ic a t ion s  (SPAs) .  In  contr as t  to  c ommon we b 

app l ica t ions ,  a  SPA  app l ic a t ion  i s  in i t ia l i zed  b y  lo ad ing  a  s in g le  web  p age  and  fur t her  ne ede d reso urc es ,  

conten t  and  sc r ip ts  are  loade d dyn amica l l y  on  de mand us ing  Asynch ron ous  JavaScr ip t  an d XML (A JAX )  

reque sts .  Mo reo ver ,  co de resp ons ib le  fo r  h and l ing  even ts ,  man ipu la t ing  DOM  elements ,  e xecu t ing  A JAX  

reque sts  an d bu s in ess  lo g ic  wi l l  be  implement ed us in g  con tr o l ler s  t hat  sep ara te  v iews  (co nte nt )  and  

models  us in g  e i the r  the  MVC or  t he  MVVM  pa t t ern.   

Next  we  p rese nt  J avaScr ip t  l ib rar ies  and  f r amewo rks  t hat  o f fer  man y  o f  th e  a fore ment ioned  fe atu res .  Mo re  

than  o ne of  t hem may be  appl ied  in  ord er  to  ach ie ve  the  des i r ed fu nc t iona l i t y  in  ou r  app l i c a t ions .   

6.4.1 . 1 . RequireJS 26 

Requ ire JS  i s  a  Ja vaScr ip t  l ib ra ry  fo r  load in g  f i l es  and  modu les  dyn amica l l y  t hat  impro ve s  ap pl i ca t io n  

per formance.  De ve lope rs  dec la re  de pen denc ies  in  t he i r  mo du les  and  on l y  re ference  R equ ire JS  l ibra ry  in 

the i r  web  pages .  Req uir e J S  res o l ves  a l l  depe nde nc ies  and  e nsur es  th at  a l l  r equi red  sc r ip ts  a re  load e d 

before  execu t ing  an y  code  tha t  de pen ds  on  th em.  Moreo ve r ,  Re qu ire JS  p ro v ide s  an  o pt imi zer  fo r  mer g in g  

and min i fy in g  J avaScr ip t  f i les  base d o n t he  d ec l a red  depe nde nc ies .  F ina l l y ,  s ince  Req ui re J S  can  manage  

depen denc ies  cen tra l l y ,  i t  a l lo ws  to  e as i l y  ch an ge a  l ib ra ry ’ s  ve rs ion  o r  to  comp le te l y  swap  i t s  

impleme nta t ion.  

6.4.1 .2. Backbone 27 

Backbon e i s  a  Ja vaScr ip t  l ib ra ry  th at  s imp l i f i es  the  implement at ion  o f  t wo  way  d at a  b ind in g  be t wee n 

app l ica t ion  mod els  and  v iews.  De ve lo pers  do  n ot  h ave  t o  wr i te  and  maint a in  c umbersome  c ode  for  event  

hand l ing  and DOM  e leme nt  manipulat io n  for  s ynch ron iz ing  mod el s  and  v ie ws.  Wi th  Backb one,  Mo del -

V ie w-Co ntr o l ler  so lu t io ns  can  be  e as i l y  imp lemen ted  wi tho ut  r eso r t ing  to  mo re  comp le x  f rame wor ks  th at  

may pose  add i t ion al  cons t r a in ts  to  t he  app l i ca t ion  s t r uc ture .  

                                                        
25 http://www.nuget.org/packages  
26 http://requirejs.org/  
27 http://backbonejs.org/  

http://www.nuget.org/packages
http://requirejs.org/
http://backbonejs.org/


DELIVERABLE 1.2            117 

6.4.1 .3. jQuery  

jQuer y  i s  a  l igh t weigh t ,  CC S3  compl iant ,  fa s t  J avaScr ip t  l ib rar y  wi th  r i ch  func t io nal i t y  t hat  s imp l i f ies  task s  

such as  HTML  e lemen ts  t r ave rsa l ,  manip ulat ion  an d  s ty l ing ,  e ven t  hand l in g  and A JAX  r equ est  execut ion .  

jQuer y  AP I  s upp or t s  most  modern bro ws ers  and  h id es  br owser  spec i f i c  imp le menta t io n  d eta i l s  for  even t 

hand l ing  an d A JAX  r eque sts .  

6.4.1 .4. jQuery U I  

jQuer y  UI  i s  a  se t  o f  us er  in t er face  con tro ls  b ui l t  o n  t op  o f  jQ uer y  l ibr ar y .  I t  o f fers  imp leme nta t ions  for  

both  w id get s  and in t er ac t ions .  Widge ts  are  v isu al  c ontr o l s  such  as  bu t to ns ,  menus,  pro gre ss  b ars  e tc ,  

whi le  in ter ac t ions  imp lement  b ehav iors  l i ke  r es i z in g ,  so r t in g ,  dr ag  and  d r o p,  e tc .  jQue ry  UI  i s  fu l l y  

ex t ens ib le  a l lo win g  u sers  to  e x t end ex is t in g  widge ts  and in ter ac t ions  or  imp le ment  ne w ones .  F ina l l y ,  i t  

suppo r ts  th e  c re at ion  of  cus tom d is t r ibu t ion  p ackages  an d wid ge t  s t y l in g  t hro ugh the  do wn load bu i lder  

and  th eme r o l le r  app l i c a t ions .  

6.4.1 .5. jQuery Mobi le  

jQuer y  Mob i le  i s  a  t ouch - opt imized  u ser  in t er face  f ramework ,  bu i l t  on  top  of  jQuer y  t ha t  s imp l i f ies  t he  

deve lo pment  o f  app l i ca t ions  access ib le  t o  smar tp hones ,  tab le t  and  des k to p d ev ices .  I t  sup por ts  t h e  

deve lo pment  o f  re spo ns i ve  an d s ing le  page  web  ap pl ic a t ions  an d o f fers  a  r i c h  se t  o f  wid ge ts  for  page  

layou t ,  page  n av igat io n  and  d ata  in put .  F in a l l y ,  cus tom di s t r ibu t ion  p ac kage s  and  s t y l ing  c an  b e  

conf igu red  t hro ugh  t he  do wnload b ui lde r  and  t heme ro l le r  app l i ca t ions .  

6.4.1 .6. AngularJS  

Deve lop in g  a  web ap pl ica t ion  usu al l y  invo l ves  wr i t in g  s ta t i c  H TML p age s  and addin g  JavaScr ip t  c ode  for  

manip ulat ing  DOM e leme nts  and  e xecut in g  A JAX  re ques ts .  An gu la r JS  i s  a  we b ap pl ica t io n  deve lopmen t  

f rame wo rk  th at  ad ds  ne w cons truc t s  to  HTML5  th at  a l low th e  d ec lara t i ve  de f in i t ion  o f  task s ,  o t her wi se  

deve lo per s  sh ou ld  have  implement ed m anu al ly  suc h  as  t wo  way  da ta  b ind ing  bet we en DOM and  mode l s ,  

a t t ach ing  e ven ts  to  DOM e lements ,  man ag in g  form  va l ida t ion,  e tc .   

Angular J S  th r i ves  when  i t  comes  to  th e  deve lopme nt  o f  CR UD app l ica t ions  by  remo vin g  most  o f  the  

cumbersome c ode fo r  ca l lback  r eg is t ra t io n,  marsh al l ing  da ta  f r om and to  the  u ser  in t er face  and  up dat in g  

DOM. Never t he less ,  Angula r JS  may  no t  f i t  we l l  when  deve lo ping  ap pl i ca t io ns  wi th  fa i r l y  complex  g rap hica l  

user  in te r faces .  

6.4.1 .7 . Sencha Ext JS  

Sench a Ext  J S  i s  a  ho l i s t i c  web  de ve lo pment  f rame work  for  c re at in g  bus ines s  grade  de sk to p  an d tab le t  

app l i ca t ions .  I t  pr ov id es  a  c l ass  s ys t em fo r  ad ding  o bjec t  or ien ted  capab i l i t ie s  t o  Ja vaScr ip t ,  a  r i ch  se t  o f  

ex t ens ib le  comp o ne nts  fo r  bu i ld ing  complex  use r  in t er faces ,  a  ro ut in g  mec han ism for  manag ing  s i te  

nav igat ion  and  app l ica t ion  s t a t e  and  a  po wer fu l  e ven t  s ys tem th at  su ppo r ts  b ot h  cus tom  event s  an d eve nt  

norma l i za t ion  ac ro ss  d i f fer ent  br ows ers .  

Ex t  J S  a lso  o f fe rs  a  r i ch  dat a  l ib rar y  t ha t  a l lows  d eve lop ers  to  implement  b oth  Mo de l  V iew C ont ro l l e r  

(MVC)  and  Mo del  V ie w V iew -Mod el  (MVVM)  so lut ions .  Mo reo ve r ,  Ex t  JS  a l lows  eas y  t hemin g  o f  t he  
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app l ica t ion.  T hemin g  d i f fe rs  f r om c las s ic  s ty l in g  b y  a l lowin g  an  app l ica t ion  t o  s wi tch  us e r  in te r face  v isu al  

aspec t s  d yn amica l l y .  

F ina l l y ,  Ex t  J S  lea rn ing  curve  te nds  to  be  q ui te  s teep ,  esp ec ia l l y  wh en i t  comes  to  ex ten s ib i l i t y .  In  

add i t ion,  when  us er  in ter face  cont ro ls  are  re nde re d,  n umerou s  DOM eleme n ts  are  c rea ted .  T he  la t te r  

prob lem  th ough  has  been  impro ved  in  th e  l a tes t  re leases .  Ex t  J S  i s  d is t r ibut e d u nde r  bot h  a  commerc ia l  

l i cen se  an d GNU GPL  l i cen se  v3 .  

6.4.1 .8. Kendo U I  

Kend o UI  i s  a  complete  f rame wo rk  for  imp lement ing  we b an d mob i le  appl i ca t ion s  w i t h  HTML5 and  

JavaScr ip t .  I t  i s  bu i l t  on  t o p o f  jQue ry  and  o f fers  an  ext ens ive  su i t e  o f  user  in te r face  compo nen ts ,  a  MVVM 

frame wo rk  and  cus tomi zable  t hemes.  

The  u ser  in te r face  comp on ents  feat ure  re spo ns i ve  capab i l i t ies  an d touch  su ppo r t  tha t  o f fe r  an  enh anced  

user  e xper ie nce  on bot h  d esk to p and  mob i le  d ev ices .  A t  the  s ame t ime,  th e  MV VM fr amework  dec la rat i ve  

two  way  da ta  b ind in g  red u ces  t he  code  r equ ir ed  for  s ync in g  UI  comp onen ts  w i t h  da ta  mod els  s ign i f i c ant ly .  

F ina l l y ,  Ken do  UI  o f fers  m ore  th an ten  pr e -d ef ine d p rofess ion al  th emes  wh ich  can be  e as i l y  a l t ere d u s in g  

the  ThemeBu i lder 28 app l i ca t ion.  

Kend o UI  i s  d is t r ibute d  u nder  b ot h  a  commerc ia l  l i cense  and  Ap ache  v2  l i cense.  H owever ,  the  la t te r  

d is t r ibut io n  co nt a in s  onl y  a  su bse t  o f  t he  use r  in t er face  compon ent s .  

6.4.2. Server Side Development  
In  th is  s ec t ion,  we enumer ate  va r ious  s er ver  s id e  we b de ve lopmen t  f rame wo rk s .  The  eva luat io n  o f  a  we b 

f rame wo rk  usu al ly  de pen ds  o n mu l t ip le  c r i t er ia  such  as  p rod uc t i v i t y  and  eas e  of  use ,  f rame wo rk  

comple x i ty  and  lea rn ing  cu rve  s lo pe,  ava i lab le  d ocumenta t ion  and  su ppo r t ,  s ecu r i t y ,  t es t ab i l i t y ,  sca labi l i t y  

and th rou ghp ut ,  eas in es s  o f  ma int enance,  f r amework  eco s ys tem ,  e tc .  Wh i le  a l l  f rame wor ks  a im at  

de l i ver ing  rob ust  we b ap p l ica t ions ,  each  of  them favors  d i f fe ren t  qu al i t ies  l i ke  tes t in g ,  r ap id  app l i ca t ion  

deve lo pment ,  or  s imp l ic i t y  o ve r  o t hers .  More over ,  ap pl i c a t ions  usu al ly  pr ior i t i ze  fe atu res  l i k e  secur i t y  an d 

sca labi l i t y  h i ghe r  th an  o th ers .  Fo r  DA IAD app l ica t ion s  and  s er v ices ,  sca lab i l i t y ,  secur i t y  and  tes tabi l i t y  are  

the  pr imar y  req ui red  qu al i t ies .  

In  t he  nex t  sec t ion s ,  we  fo cus  on  J ava  f r ameworks ,  s ince  mos t  o f  th e  o pen  so ur ce  sys tems  we a re  go in g  to  

use  in  DA IAD,  a re  de ve lope d o n the  Java  p la t form or  s uppo r t  Ja va  p rogrammat ic  in ter face s .   

6.4.2.1 . Spring 29 

Spr in g  i s  th e  mos t  p opu lar  and m atu re  web  de ve lopm ent  f r amework  fo r  J ava ,  fea tu r ing  a  vas t  ec osys tem o f  

pro jec ts  for  d eve lo ping  ap pl i c a t ions  f r om t he  mob i le  t o  th e  ent erp r is e  and  c loud.  Spr ing ’s  ver t i ca l  to o l  

s tack  h and le s  a lmost  an y  pro grammat ic  t ask  l i ke  se cur i t y ,  da ta  access ,  t r ansac t ion  managemen t ,  soc ia l  

serv ice  pr ov id er  in te gra t io n,  e tc .  Ye t ,  i t s  mo du lar  a rc h i t ec tur e  a l lo ws  us in g  on ly  th ese  fea tur es  re qui red  b y  

the  so lut io n  be ing  de ve lop ed.   

                                                        
28 http://demos.telerik.com/kendo-ui/themebuilder/  
29 http://spring.io/  

http://demos.telerik.com/kendo-ui/themebuilder/
http://spring.io/
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Spr in g  a lso  o f fers  fe at ures  such as  mess ag in g  tha t  a l low the  c rea t ion  of  sca lab le  app l i ca t ion s .  Fo r  ins tance  

a  d is t r ibu ted  app l ica t ion  may be  h os te d  on  s eve ra l  s erve rs  t hat  commun icat e  u s in g  a  Ja va  Mes sage  Serv ic e 

impleme nta t ion.  I n  addi t ion,  i t  o f fer s  a  h i gh l y  cus tomi zab le  s ecur i t y  modu le  fe atu r ing  aut hor i za t io n,  

auth ent ica t ion,  web  s ess ion  pr otec t io n,  c ro ss  s i te  reque st  for ge ry  (CSRF ) ,  e tc .  F in a l l y ,  i t  pro v ides  an  

in t egr at ed  de ve lopme nt  e nv i ronme nt  ( IDE)  based  on  Ec l ip se 30,  name ly  Sp r in g  Too l  Su i te ,  tha t  a l lows  

impleme nta t ion,  de bu gg in g,  tes t in g  an d d ep lo yment  o f  Sp r ing  based  appl ica t io ns .  

Despi te  i t s  c omple x i t y  an d s te ep lea rn ing  cu rve ,  Spr i ng  i s  t he  mos t  p romin ent  ch oice  fo r  se rve r  s ide  

deve lo pment  for  DA IAD,  s ince  i t  o f fe rs  fu nc t iona l i t y  t hat  sp ans  a l l  t he  asp ec ts  o f  the  DA IAD arch i t ec tur e .  

6.4.2.2. Apache Struts 31 

Apache  S t ru ts  i s  a  f re e  and  o pen  s ource  we b  de ve lopmen t  f rame wor k .  I t  impleme nts  a  pu r e  MVC 

arch i tec t ure  wi tho ut  any  e xt r a  compon ent s  th at  may  inc re ase  comp lex i t y .  De ve lop ers  a re  a l lo wed  t o  use  

the  p res ent at ion  techn olo gy  of  the i r  ch oice  e .g .  us ing  a  v iew en gine  l ike  Ve loc i t y 32 or  a  combinat io n  o f  

JSON and An gu lar JS .  M o reo ver ,  S t ru ts  in te gr a te s  seamless ly  wi th  o th er  techno lo g ies  l i k e  Spr ing  

f rame wo rk .  S t i l l  S t r u ts  do es  n ot  o f fer  an y  spec ia l  s e cur i t y  or  sca labi l i t y  f ea tur es .  Ho wever ,  Apach e St rut s  

has  an  eas ier  le arn in g  cu rve  t han  Spr ing  o r  JSF  an d a l lo ws  de ve lope rs  te ams t o  s tar t  wr i t in g  co de  fas te r .  

6.4.2.3. Java Server Faces 33 

Unl ike  o the r  web  f rame wo rks ,  Ja va  Se rver  F aces  ( J SF )  i s  a  spec i f i ca t io n  and  a  member  of  th e  Java  P la t form 

Ent erp r is e  Edi t ion  (EE) .  J SF  i s  u sed  fo r  assemb l ing  u ser  in t er faces  fo r  web  ap p l ica t ions  us ing  c ompon ents  

whic h  encapsu la t e  mos t  H TML and  JavaScr ip t  c ode.  These  compon ent s  a l low pres er v in g  s ta te  b et wee n  

reque sts  o ver  th e  s ta te les s  HTTP  pr otoco l ,  an d implement  c l ie nt  event s  t ha t  a re  e xecu ted  at  t he  s er ver  

s ide .  Th e  la t te r  t wo  fea tur es  a re  do ing  e xac t l y  th e  r ever se  of  wha t  mos t  mod e rn c l ien t  we b d eve lo pment  

f rame wo rks ,  l i k e  An gu lar J S ,  do.  J SF  was  ge t t in g  c r i t i c i sm for  b e in g  s t a te fu l  but  ne we r  implement at ion s  

suppo r t  s ta te less  comp o nents  to o.  J SF  c an  be  us ed  se par at e l y  e . g .  us in g  Apach e M yFaces 34 

impleme nta t ion,  but  the  t r ue  ben ef i t s  ab out  per fo rm ance d o come when i t  i s  e xecut ed as  par t  o f  Ja va  EE  

s tack .  

 

  

  

  

 
                                                        
30 https://www.eclipse.org/  
31 http://struts.apache.org/  
32 http://velocity.apache.org/  
33 https://javaserverfaces-spec-public.java.net/  
34 http://myfaces.apache.org/  

https://www.eclipse.org/
http://struts.apache.org/
http://velocity.apache.org/
https://javaserverfaces-spec-public.java.net/
http://myfaces.apache.org/
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7. Appendix I 

7.1. Panel discussions 

7.1.1 . Consumer Panel  

7.1 .1 .1 .  Majo r  ins igh ts :  

The  fo l lo win g  paragraphs  out l ine  po int  b y  po int  the  d iscuss ion  r esu l ts  for  DA I AD requ ir ement s  b y  se ven 

pane l  memb ers  who  re pres ent  th e  s tak eho lde r  gr oup  of  “ cons umers” .  

7 .1 .1 .2 .  In fo rmat ion  abou t  the  p an el  memb ers  

1 .  The p ane l  member s  d on ’ t  ac t i ve ly  save  wa ter  or  k no w  abou t  t he i r  wat er  co nsu mpt io n.  Co nsumer s  

have  a  r ough ide a abou t  h ow lo ng  th e i r  sh ower  take s  (abo ut  4 -5  or  5 -10  m inu tes )  b ut  the y  don ’ t  

know ho w much wa ter  th ey  sp end .  One membe r  c hecked the  wa ter  me ter  o nce  but  cann ot  te l l  

exac t l y  h ow much  th e  p ers on s pe n t .  

2 .  Panel  p ar t i c ipants  a t te s t  r es t r i c te d  usage  o f  tab le ts  and  smar tph ones  for  fee d back  v i sua l i za t ion.  

Only  30% o f  a l l  p ane l  me mbers  own a  t ab le t .  Th e  d is t r ibut io n  o f  smar tph on es  i s  much h ighe r  

(ab out  90%).  N ever t he less  consume rs  r are l y  mo ve th e  de v ice  f rom o ne room to  ano the r  (such  as  

to  the  b ath ro om).  

7 .1 .1 .3 .  Ins i ght s  o n  req uir ement s  for  DA IAD  

1 .  Person al i zed  fee dback  in fo rmat ion  a t  t he  f i x tu re  le ve l .  Cons umers  wo uld  pre fe r  t o  ga in  access  to  

ind iv idu al  co nsump t io n  in fo rmat ion .  I d en t i f i ca t ion  i s  sugges ted  by  an  ID  car d  or  wi th  th e  

smartp hon e.  Ho we ve r ,  on l y  a  few co nsume rs  t ake  t he i r  smar tp hone  to  the  b at hr oom.  The  ide al i s t i c  

vers io n  inc ludes  feed bac k  in fo rmat io n in  eve ry  f aucet/ f ix tur e  wi th  a  quic k  password -b ased  

iden t i f i ca t ion  d i r ec t l y  on  t he  fauce t .  

2 .  Feedb ack  techn olog ies  em brace  ma in ly  in - home  d isp lays ,  l ap top s  and  smart pho nes .  Con sumers  do  

not  see  any  us age  o f  smar t  watch es  or  Go og le  g lasses  fo r  v i sua l i z ing  wat er  consump t ion.  The  

in format ion  o n  wate r  us age  cou ld  b e  in te gra ted  w i t h  en ergy/ reso urce  con su mpt io n  in fo rmat io n 

and  v is ua l i zed  by  in -home  d isp lays .  The  mo st  d es i rable  way  wou ld  b e  on  th e  smartp hon e  ( so  n o 

othe r  dev ice  has  to  be  in s t a l led ) .  

3 .  Data  en r ichmen t .  Wi t h  th e  he lp  o f  fu r th er  de v ices  o t her  a l l  d ay  ac t i v i t ies  c an  be  t r acked  an d 

matched  in  orde r  to  ide nt i fy .  I n  a  smar t  home  s cenar io  th e  d at a  sho uld  be  in t eg rat ed  w i t h  

ext ern al  (wea the r)  an d in t erna l  (he at in g)  in fo rmat io n.  For  th at  re aso n,  t empe ratu re  sugges t ions  

and  wate r  co nsump t ion es t imat ion s  can b e  impr ove d.  

4 .  Wil l in gne ss - to- pay  depe nd s  on  t he  sav in gs .  Con sume rs  e xp ress  t hat  t hey  wou ld  pr inc ipa l l y  s pen d 

money  for  wa te r  managem ent  s ys t em i f  the  re t urn  on  inves tmen t  i s  s i gn i f i can t .  For  th e  amph ir o  a1  
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dev ice  e s t imate s  imag ine  a  pr ice  o f  80 -120€.  Ho we ver ,  on l y  fe w co uld  im ag ine  to  spe nd 100€  for  

the  who le  DA IAD s ys tem.  Some  were  in ter es te d  in  the  s ys t em out  o f  techn olog ic a l  in t ere s t  for  

tes t in g  mo der n techno lo g ies  (a  v i t a l  con di t io n  i s  con nec t i v i t y ) .  

5 .  The  des i r e  for  ins t a l la t ion  d epen ds  o n the  s t a tus  o f  t he  apar tmen t .  For  te n an ts  th ere  i s  n o  re a l  

in t eres t  in  inves t in g  in  DA IAD.  The y  wo uld  not  wan t  to  ch ange an yth in g  (sh o wer  h ose  or  h ead ,  

o f t en  th ey  ne ve r  ch anged  i t  a s  s oo n as  pro v ided  b y  th e  l and lo rd ) .  In  the  cas e  c o nsumers  o wn  t he i r  

home the y  co uld  imag ine  o pt ing  for  DA IAD.   

6 .  Direc t  feed back  sh ould  b e  un ob trus i ve .  Cons umers  wou ld  l ike  t o  s ee  cons u mpt io n in form at ion 

d i r ec t l y  a t  t he  faucet ,  th e  sh owerh ead ,  or  on  t he  t i le s  beh ind  t he  faucet .  The y  would  on ly  

purchase  a  new faucet  in  t he  case  the y  o wn  t he  apar tment/ hous e.  Th e  weigh t  o f  ex te rna l  d isp lays  

(such  as  amp hi ro  a1 )  s hou ld  be  l imi ted  as  much  as  p o ss ib le .   

7 .  Direc t  and in di rec t  fee dback  i s  r equ ire d.  An  aggre ga t io n  o f  t he  who le  in format ion on the  s ho wer  

could  be  v is ua l i zed  a f t er wards  on  th e  mi rr or .  

8 .  Persuas i ve  and  fac tu a l  f ee dbac k  fo rms a re  pre fe rred  as  d i r ec t  fee dback .  60% o f  a l l  p ane l  membe rs  

pre fer  f ac tu a l  f eed back  for  in d i v idua l  consump t ion.  T hey  can  imagine  au dib le  fe edback .  

9 .  Sav in g  t ips  ar e  in tere s t ing  but  sho uld  be  per son al i ze d.  A  ge ner a l  qu es t ion  i s  about  t he  way  wat er  

sav in gs  can be  ach ie ve d.  Sav in g  t ip s  may p lay  a  r o le  fo r  p rov id in g  in format io n on tha t  su bjec t .  

Howeve r ,  the  in fo rmat ion s hou ld  n ot  be  t oo ob trus i ve .  Most  o f  th e  cons umers  have  t he  impre ss ion 

tha t  the y  can ga in  access  t o  s av ing  t ip s  mo re  app rop r ia t e  on  Go og le .  

10 .  The wi l l ingn ess  to  sh ar e  d ata  de pen ds  on  th e  aud ie nce  and  on  th e  add ed  va lue.  D at a  s har in g  on  

the  h ouse ho ld  leve l  can  b e  unre s t r i c t ed.  Some  con s umers  c l a im  complete  an o nymi ty .  F or  sh ar in g 

in format ion wi th  a  commu ni t y  ano nymi ty  i s  de f in i te l y  r equ ire d.  N o o ne is  ac t ua l l y  in te res ted in  

shar in g  in format ion  on  water  con sumpt io n v ia  face book  or  t w i t t er .  Th e  add ed va lue  cou ld  be  

repr esen ted  by  comp ar iso ns  w i th  o th er  ind iv idu al s  or  u t i l i t y  cos t  sav ings  (wh en  da ta  i s  sh are d 

wi th  u t i l i t ies ) .  On  t he  na t ion al  l eve l  co ns umers  do  not  pe rce i ve  a  re a l  advan tage.  Onl y  on  t he  

in t ern at ion al  le ve l  ( for  co untr ies  wi th  far  mo re  p ro blems  o n wate r  c onsump t ion)  the re  seems  to  

be  an  ad van tage.  

 
 

7.1.2. Researcher  Panel  
Next ,  th e  panel  d i scuss io n fo r  DA IAD re qu iremen ts  wi th  German  rese arch e rs  in  t he  dom ain  of  wa te r  

reso urce  man agement ,  exe cuted b y  F r aun ho fer ,  i s  pr esent ed.  A f te r  a  sho r t  in t r oduc t ion  in to  the  DA IAD -

sys t em,  the  fo l lowin g  que s t ions  and  to pics  wer e  d is cussed.  Und er  each  q ues t ion,  th e  ans we rs  g iven  ar e  

pro v id ed :  

 

1 .  What  i s  re garde d  as  the  b e nef i t s  o f  smar t  me ter in g  in  ge ner a l?  

Answer s :  
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i .  Sav in g  wat er  and thu s ,  f ro m the  pe rsp ec t i ve  o f  co ns umers  in  German y,  in  p ar t i cu lar  

sav in g  cos ts  (add i t io na l  p r oper ty  e xpe nses )  

i i .  From an e xpe r t  po in t  o f  v i ew,  sav ing  wate r  a ls o  s ee ms to  be  a  re levan t  b e ne f i t  w i th  

regard  t o  wa ter  sca rc i t y  wh ich  tempo rar i l y  occurs  in  s ome German  r eg ions  

i i i .  Demand s ide  managemen t    reduc in g  pe aks  of  co ns umpt ion (ho we ver ,  th is  i s  not  as  

impor tan t  as  for  ener gy  consumpt io n,  as  wat er  can  be  s t ored  an d t he  wa ter  

in f ras t r uc tur e  i s  r a th er  overs i ze d,  e . g .  to  sup pl y  e no ugh f i re  f igh t ing  wa ter  in  c ase  of  

f i re)   

i v .  In  the  commerc ia l  an d  ind ustr ia l  sec tor  deman d  s ide  man agement  s eems  t o  be  mor e  

re le vant    bes ide  ho use holds  a ls o  ent erp r is es  s h ould  b e  asses sed,  as  p eaks  o f  

consumpt io n and  load  a re  re le vant  for  t ar i f f  s t r uc tur e .  

v .  Gain ing  in formed  sc ien t i f i c  ev id ence  on  d et a i led  water  co nsump t ion  ( in  p ar t i cu lar  

d is t r ibut io n  of  re s iden t ia l  wa ter  cons umpt ion  o ver  d i f feren t  po int s  o f  use )  

v i .  In ter es t in g  fo r  c onsume rs/ users  who  l ik e  to  man age / moni t or  pe rso na l  dat a  (c f .  "Body 

moni t or ing" ) ,   

v i i .  In te gra t ion  in to  sm art  h omes  poss ib le  (au tomat ic  manageme nt  o f  d i f fer ent  res ident ia l  

func t io ns)  

v i i i .  From an ene rgy  po int  o f  v i ew,  re duc ing  wat er  consu mpt io n i s  very  r e levant  -  n ot  on ly  

reduc ing  co nsump t ion  o f  warm  water  -  in  par t i cu la r  due  to  con sumpt io n  o f  ind i rec t  

ener gy  for  t rans por t  an d t r eatmen t  o f  wat er ,  e tc .   

i x .  Monit or in g  o f  leakages  in  the  p ipe  net wo rk  v i a  o n l in e  met er ing  a t  d i f fer e nt  (a lso  

smal l )  met er ing  po int s .  D etec t ion  of  le akages  a l so  wi th in  ho useh old s/comp anies  in  

case  of  su dden  un expe c ted ch an ges  o f  con su mpt io n p ro f i les  (e . g .  in c rease d 

consumpt io n d ur ing  t he  n ight ) .  

x .  For  ho te ls  po ss ib l y  in te res t in g  for  impleme nt ing  ince nt i ve  s ch emes  to  prom ote  wa ter  

sav in g  b ehav iou r .  

x i .  Management  o f  wat er  a l locat ion  (e .g .  in  case  of  b lock  pr ic in g  o r  d rou ght s ) ,  a ls o 

in t eres t ing  for  remo te  bu i ld in gs  (e .g .  moun ta in  hu ts )  

2 .  Which  req ui remen ts  do es  a  smar t  met er ing  s ys te m have  t o  fu l f i l l  to  pr ov ide  t hes e  bene f i t s ?  

Answer s :  

i .  High me ter in g  t ime  re so lut io n  ( t o  the  sp l i t  seco nd),  in  or der  t o  re la t e  wa ter  

consumpt io n t o  s pec i f i c  beh av io ur ;  a l te rna t i ve ly  imp lement at io n  o f  me t ers  a t  

d i f fe ren t  po ints  o f  consum pt ion  

i i .  For  det ec t ion  o f  le akages :  i t  i s  s uf f i c ien t  to  m easur e  and  for ward  v ia  o nl ine  t rans fe r  

cont inuo us l y  to ta l  wa ter  co nsumpt ion  (pr efe rabl y  me t er in g  a t  p oint  o f  e ntr y )  

i i i .  For  consume rs  w i t h  re gar d  to  chan ge  o f  be hav iour :  R ap id  f eedb ack  which  i s  e asy  

(w i t hou t  much  e f for t ,  e as i l y  to  und ers tan d)  t o  read and g i ven  c lose  to  b ehav iou r   
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i v .  Rat ion in g  of  wate r  (e . g .  in  ho te ls ,  moun ta in  hu ts ,  on  c ampsi tes ) :  Po int - o f - use  

meter ing ;  h igh  me ter in g  t ime per io d i s  no t  necess ar y ,  bu t  fe edb ack  mechani sms  

3 .  Which of  th e  abo veme nt io ned ben ef i t s  can  b e  r each e d wi th  DA IAD/Amphi ro?  

Compare  answers  t o  Qu est ion  2 .  

4 .  DAIAD/Amphiro  a ims  t o  c o l lec t  da ta  o f  many  u sers  an d r epo r t  da ta  b ack  to  th e m af ter  p roces s in g.  

For  th is  a im,  th i r d  par t i es  have  to  ge t  access  to  t he  d ata .  

a .  I s  th is  exch ange o f  da ta  pr inc ip a l l y  conce ivab le  and wo uld  i t  b e  acce pte d i n  German y?  

Answer s :  

i .  In  pr inc ip le  in t ere s t ing ,  in  p ar t i cu lar  d i rec t  smar t  m eter in g  w i t h in  an  apar tme nt  for  

own  ana lys is ,  so  t ha t  i t  i s  t he  own  d ec is ion  which  d at a  a re  sh ared  wi th  th i rd  p ar t ies  

i i .  Data  sh ar ing  wi th  wate r  u t i l i t y  o r  in depe nde nt  en ergy  and  wat er  cons ul tan ts  i s  

conce i vab le  ( l eg i t imat ion ) .  By  no  mean s ,  d ata  shou ld  be  used  to  p ro v ide  commerc ia l  

o f fers  wh ich  are  no t  re la t e d t o  the  t op ic  o f  wa te r  co n sumpt ion  

i i i .  Sys tem is  in te res t in g  to  pr omote  awarene ss  fo r  wa ter  consump t ion,  e . g .  o f  tee n age rs  

i v .  Wil l in gne ss  to  p ay  de pe nds  o n in t eres t  in  s av in g  wat er/mo ney  or  in  manag in g  

res iden t ia l  wa te r  cons umpt ion and on t he  b ene f i t s  (e . g .  amoun t  o f  s av ings ) ;  

consumers  who  en jo y  tak in g  a  s ho wer  might  be  l i t t le  in ter es t ed  

v .  Perhaps  ma in ly  re nt ing  o f  wa te r  met er ing  sys tems  such as  DA IAD/Amphir o  w i l l  b e 

in t eres t ing ,  a s  a t t ent io n  might  decr eas e  or  ta rget  i s  r e ached  a f te r  s ome t ime .  

v i .  In  case  o f  wa ter  scarc i t y  or  l imi t ed capac i t ies  fo r  wa te r  t rea tmen t ,  whe n cer ta in  

amount  o f  wa te r  cou ld  be  a l loca ted  or  sp ec ia l  t ar i f f s  cou ld  be  in t r oduce d  wi t h  pr ices  

whic h  inc re ase  dr as t i ca l l y  a f te r  ce r ta in  amo unt s  o f  consump t ion,  de v ice  co u ld  be  

in t eres t ing  t o  man age amo unt  o f  wa ter /  / d is t r ibu te  i t  on  d i f fe ren t  p urp oses .  

b .  Which  in s t i tu t ion  cou ld  co me in t o  cons ide ra t io n  as  t h i r d  par t y  (wa ter  u t i l i t y ,  p ubl i c  or  p r i va te ,  

rese arche r ,  in depe nde nt  s erv ice  pro v ider ,  N GOs )?   

Answer s :  

i .  Water  u t i l i t ies  seem t rus twor th y ,  i f  an yt h in g,  wi th  regard  to  u se  o f  d at a ,  a s  th ey  have  

an  inh eren t  in tere s t  in t o  th e  d at a  wh ich  i s  re la t ed to  wate r  p ro v i s ion ;  a lso  

inde pen den t  e ner gy  and  water  con su l tants  se em t rus t wor th y  

i i .  Research  ins t i tu tes  and  s t a t i s t i ca l  o f f i ce s  ar e  a l so  c once i vable ,  i f  use  i s  c l ar i f i ed  and 

dat a  are  an on ymized   

i i i .  Conc lus io n:  i t  has  to  b e  c la r i f ie d,  who  gets  wh ich  da ta  and  wha t  w i l l  be  d one  wi t h  the  

dat a?   

c .  Do w at er  u t i l i t ies  h ave  an  in ter es t  in  the  d ata  t o  be  c o l lec te d?  

Answer s :   
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i .  With  re gard  to  fu t ure  wat e r  p ro v is io n  e xac t  d is t r ibu t ion  of  sp ec i f i c  consump t ion  o f  a l l  

consumers  i s  in ter es t ing ,  in  p ar t i cu lar  for  ne wly  l a id  up reg io ns  and  in f ras t ruc t ures   

 

d .  Who wi l l  p ay  for  th is ?  Wh ich  w i l l in gnes s  to  pay  ex is t s ?  

Answer s :  

i .  Wil l in gne ss  to  pay  and in te res t  de pend s  o n the  ta rge t  gr oup.  De v ice  seems  in ter es t ing  

in  par t i cu lar  for  you nger  pe op le ,  wh ich  ar e  use d to/  in t eres te d in  measur ing  

„ever y t h in g“  and  wi l l in g  t o  g i ve  d at a  to  th i rd  p ar t i es .  The y  cou ld  b e  w i l l ing  to  use  

such a  s erv ice  or  d ev ice .  

5 .  DAIAD f ina l l y  a ims  to  in f lu ence  wate r  consume rs  b y  means  o f  th e  co l lec t ed  d at a ,  i . e .  change  wa ter  

consumpt io n be hav io ur  o f  consumer s  in  a  sus t a inab le  way  o r  accor d ing  to  the  a ims  of  the  wate r  

u t i l i t i es  (e .g .  b y  co rre spo n din g  tar i f s  wh ich  m igh t  be  ind iv idu al i zed ) .  

a .  I s  such  an in ter ve nt ion  conce i vable  /  wo uld  i t  be  accep ted  by  wat e r  cons umers?  

Answer s :  

i .  Comparable  to  en er gy  t op ic :  Ad v ic e ,  pr ov is ion  o f  appl iance s  and  commun icat ion  o f  

re ference  va lues  i s  c once ivable ,  a ls o  in t er ven t io ns  v i a  p r ice  /  s pec i a l  ta r i f f s  (e .g .  

inc re ased  p r ices  in  t ime s  o f  wa ter  sca rc i t y  an d co nsu mpt io n peak s)   

i i .  For  accep tanc e  o f  in te rve nt ions ,  und ers tan din g  o f  t he i r  re aso ns  and awaren e ss  for  

prob lems  mot ivat ing  t he  in ter ven t ions  ar e  impo rtant .  

i i i .  Meaning fu l  and  man age ab le  amo unt  o f  recommend at ions  i s  conce ivab le   

i v .  In  cas e  of  in f ras t r uc tur es  whic h  are  sma l ler  d imens ioned  o r  spec i f i ca l l y  adapt ed to  

consumpt io n n eeds ,  n eed  to  man age  cons umpt ion  wo uld  e x is t  an d f i xed  c os ts  o f  

wa ter  pr ov is ion  wou ld  be  lowe r .  

v .  Disp lay  o f  ta r i f f s  c lose  to  point  /  t ime  of  c onsump t ion  wou ld  b e  conce ivab le  (e .g .  v i a  

s igna l  l i ght s) .  

v i .  Could  b e  impor tant  th at  w i th in  a  h ous eho ld  feed back  re la te d to  a  spec i f i c  user  i s  on l y  

repo r te d  t o  th at  p ers on  (an d  no t  t o  o t her  memb ers  o f  t he  h ouse ho ld) ,  e .g .  v i a  

iden t i f i ca t ion  v ia  mob i le  p hone.  

b .  Which k in d  o f  in ter ven t io ns  seems  conce ivab le?  H o w sho uld  in fo rmat ion  b e  de l ivere d?  ( v i a  

mobi le  pho ne/  comput er/  emai l  /  p os t  mai l ? )  

Answer s :  

i .  V ia  mob i le  pho ne  conce ivable  ra ther  for  u sages  o t her  th an  t ak ing  a  sh ower ,  (e . g .  

pro v id in g  t ar i f f  in form at io n wh en d oing  laund ry ) ,  m obi le  pho ne is  n ot  necess ar i l y  in  

the  ro om when  t ak ing  a  sh owe r  

i i .  Centr a l  d isp lay  a t  a  p lace  whic h  i s  we l l  v i s ib le ,  e . g .  in  t he  c orr id or .  
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i i i .  Direc t  man agement  o f  in t e l l igent  app l i ances ,  e .g .  pro grammin g  for  us e  of  was hin g  

machine  accor d ing  t o  tar i f f   

i v .  Mobi le  p hone  conce ivable  fo r  t rans fe r  o f  pe rso n al ,  ind i v id ua l i zed  da ta ,  e .g .  b y  

ente r in g  a  P IN to  rece ive  d ata .  

 

7.1.3. Uti l i t ies Panel  
On the  12/09/2014  at  10 . 30  –  12 .00  a  p ane l  in te r v ie w was  con duc te d  at  a  UK  wate r  u t i l i t y  wi th  f i ve  

par t i c ipan ts .  The  par t i c ip ants  were  f rom de par tm ents  such  as ;  wate r  e f f i c iency ,  soc ia l  med ia  an d 

communicat ion s  an d res e arch  an d  in no va t ion.  A  s e t  o f  10  ques t ions  we re  asked  and  a  semi - forma l 

s t ruc t ure  was  use d to  a l low to  f le x ib i l i t y  i f  po in ts  o f  in t eres t  c ame u p an d fur t her  qu es t io ns  we re  

requ ire d.  Dur in g  the  in ter v iew not es  o f  th e  k ey  p oint s  wer e  kep t ,  which  a re  de t a i led  b e low,  P1  s tan ds  for  

par t i c ipan t  1  and  so  on  for  a l l  th ose  p rese nt .   

To  i n t r oduce  DA IAD a  br ie f  10  min ute  over v ie w was  pro v id ed wh ich  o ut l in ed t he  pr o jec ts  a ims  and ho w 

these  wer e  go ing  t o  hap pe n as  we l l  as  in format ion ab out  th e  t r ia ls .   

 

1 .   [LD]  Are  you look in g  t o  u se  smar t  tec hno lo g ie s  in  t he  ne ar  fu t ure ?  Do wat er  companies  wan t  a  

smar t  mete r in g  so lut io n  l i k e  DA IAD?   

- [P2]  We  a re  lo ok ing  t o  u se  smart  mete rs  in  th e  fu t ure ,  no t  the  smar tes t  but  wha t  the  wat er  

indu str y  te rms as  a  sm ar t  meter .   

- [A l l ]  Fu r t her  d iscuss ion  abou t  wh at  a  smar t  me te r  ac t ua l l y  was  and  ho w t he  t erm me ans  

d i f fe ren t  t h ings  to  d i f fer e nt  g rou ps  was  d iscuss ed.  I t  was  agr eed  th at  a  smar t  meter  was  o ne 

tha t  s ends  d at a  f re que nt ly  and  le ts  pe ople  in ter ac t  w i th  i t .   

- [P3]  Y es ,  wou ld  l ike  t o  u se  smart  t echno lo gy  b ut  i t  has  been  get t ing  th e  tech nology  ont o  the  

meters  th at  h as  bee n the  i ssue.  We wo uld  wan t  the  b et te r  gr anu la r i t y  o f  dat a .   

- [P5]  We wou ld  want  smar t  tech no log ies  in  th e  fu tu r e ,  esp ec ia l l y  i f  th ey  c an h e lp  t o  e ncour age 

behav iour  change,  do  l ike  t he  ide a of  de v ices  such as  the  Amphir o  sho we r  d ev ice .   

 

2 .  How d o you  cur ren t l y  manage and  mon i t or  wate r  dem and  an d co nsumer  con sumpt ion?   

[Go ing  t o  co nsu l t  WDM t eam – fur the r  e xp lanat io n  to  come]   

- [P1]  Mo st ly  t hro ugh  mod e l l ing  

-[P4]  Somet imes  we  h ave  go t  con su l tants  in  t o  wor k  ou t  t h is  cons umpt ion ,  t h is  c os t  ar o un d  

£1mi l l io n  

-[P1]  The  DMAs were n ’ t  m appe d ver y  we l l  in  te rms o f  s upp ly ,  demand  a  leak age  t hou gh.  

  

3 .  What  res o lut ion  d ata  d oes  th is  g i ve/  wha t  r eso lu t ion  wou ld  you  want ?   
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-[P5]  W i th  o ur  ne w me ter ing  ro l l  ou t  we  wi l l  e ven tua l l y  be  ab le  to  get  mont h l y  dat a  

-[P4]  I  wou ld  want  a t  le as t  da i l y  da ta  an d eve n mo re  granular  th an  th at   

- [P1]  I t  m igh t  n ot  b e  p rac t i ca l  to  have  min ute  da ta  and hav ing  mo re  granu lar  d ata  c ould  make 

i t  more  d i f f i c u l t  to  s to re  lo ts  o f  d ata .   

- [P3]  I  agr ee,  th ere  i s  n o  p oin t  in  hav ing  d ata  i f  un les s  you  take  some  ac t ion  f ro m the  d ata   

- [P2]  I t  wo uld  be  goo d  t o  have  GI S/  Ana ly t i c s  in  near  r ea l  t ime  an d  make  s ure  i t  i s  us ed  in  ne ar  

rea l  t ime  as  p oss ib le   

 

4 .  How o f t en  do  you th ink  yo ur  ave rage  cons umer  wo uld  log  o n and  use  DA IAD?   

- [P1]  O nl y  wh en the y  have  a  p rob lem…  

-[P4]  I  t h in k  t her e  wi l l  b e  pocket s  o f  pe ople  who  wi l l  use  i t  and  o the rs  wh o wo nt ,  yo u wi l l  ge t  

peop le  l ike  en v i ro nment a l i s ts  who  wou ld  be  in t o  i t  but  th ose  who  mone y  i s  n ot  an  op t ion  t o  

might  n ot  be  in te res ted   

- [P5]  I f  you  cou ld  make  i t  easy  in  ap p fo rm you  could  add  pu sh  no t i f i c a t ions  for  week ly  

upda tes  ab out  t he i r  co nsu mpt io n leve ls .  T hey  cou ld  c hoos e  t o  h ave  a  p opup  ask ing  th em i f  the y  

wan t  to  kn ow th e i r  co nsum pt ion,  cou ld  choo se  ho w of ten  th ey  were  as ked.   

 

5 .  How wou ld  you want  t o  u s e  DA IAD an d whe re  do  you  th ink  i t  cou ld  have  t he  b igges t  impac t?   

- [P4]  I t  wou ld  p ro v ide  t he  oppo r tu ni ty  to  p ro v id e  mor e  dat a  th an  we  a re  cur ren t ly  ab le  to  g i ve ,  

ther e  wou ld n ’ t  a lways  be  ways  t o  get  t h is  leve l  o f  in fo rmat ion  ot her wise .   

- [P3]  I t  wou ld  br i n g  i t  up  to  re a l  t ime  an d  a l lo w you  t o  manage  i t  yo urs e l f ,  i t  he lp s  to  b r idge  

the  gap bet we en cu s tome r  expec ta t io n  and  wha t  we  a re  ab le  to  pr ov ide  

-[A l l ]  D iscuss io n abo ut  tec hno logy  an d h ow cus tome rs  d emand  mor e  in  e ver yd ay  l i f e  and  th e  

in format ion  the y  ha ve  acce ss  t o ,  say ing  th is  car r ie s  on  th rou gh  to  a l l  are as  o f  t he i r  l i f es t y les .   

- [P2]  i t  wou ld  he lp  u s  as  a  wate r  comp any  in te rna l ly  as  we wo uld  b e  able  to  do  more  res earc h 

behind  b ehav iour a l  ch an ge and  f ind  o ut  mor e  in fo r mat io n  ab ou t  c onsump t ion  us age  an d  th e 

fac t ors  th at  a f fec t  i t .   

- [P2]  I t  he lps  us  to  d ete rmine  what  p eop le  ac t ua l l y  u se  t o  ta i lor  be hav iour a l  ch ange  camp aigns   

- [A l l ]  D iscuss io n abo ut  ho w co nsumer s  h ave  no  id ea  ho w much  wat er  th ey  a re  t yp ic a l l y  us in g  

and  ho w o f te n  tho se  who  t h ink  t he y  are  lo w wa ter  u s ers  ar e  of ten  t he  wors t  o f fender s  and  v ice  

vers a  so  hav ing  more  d at a  wo u ld  he lp  t o  c lea r  th i s  u p !  

- [P1]  I t s  ed ucat ion al  and  pe ople  wo uld  tak e  n ot ic e ,  i t  wou ld  make  th em m ore  aware  and 

pro v id e  them wi th  the  in fo rmat ion to  lo ok  a t .  You  co uld  use  i t  i n  sch oo ls  as  i t  wou ld  be  rea l l y  

goo d to  pr ov ide  d ata  for  sc hoo ls  ve rses  o the r  sch oo ls ,  or  e ven  cou nt ies  an d b us inesses .   

- [P5]  Th ro ugh  us ing  maps  i t  cou ld  h e lp  us  to  iden t i fy  wh ich  are as  are  th e  wo rs t  o f fen der s  so  

we c ould  ta rge t  the se  are as  f i r s t  to  make  impro vemen ts .   
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-[P4]  I t  wo uld  pr ov id e  so meth in g  for  pe ople  t o  do  for  a  cou ple  o f  min utes ,  in  tho se  minut es  

the y  might  n ot  u sua l ly  th ink  ab out  wa ter  on  a  da i l y  bas is ,  t h is  m ight  h e lp  the m t o  re la te  t o  i t  

and  take  i t  for  g ran te d less  th an  th ey  a l re ad y  d o.   

- [P1]  We  ne ed  pe ople  ta lk ing  ab out  t he  me ssages  th emsel ves  ins t ead  o f  f r om th e  wa ter  

company ,  i t ’ s  a  c ase  o f  le t t in g  pe op le  t h in k  ab out  i t  for  themse l ves .  Pe op le  d o  not  t rus t  wate r  

companies ,  th ey  wou ld  ra t her  use  on l ine  forums  an d ask  s t r an gers !   

- [A l l ]  D iscus s io n ab out  h o w wate r  comp an ies  a re  o f ten  l ess  t r us t ed  th an  b ank s .  Some  o f  the  

pane l  shocke d at  t h is .   

- [P5]  Peo ple  want  to  h ave  in format io n  an d  gami f i ca t ion  i s  a  goo d  e leme nt  as  the re  i s  

compet i ve ness  in  e ve ryone ,  t h in k  th i s  wou ld  he lp  o n a  b igge r  sca le .   

 

6 .  Are  t her e  any  sp ec i f i c  fe at ures  you would  l i ke  f r om D AIAD?   

- [P3]  I t  wo uld  need  t o  be  made  as  e as y  as  pos s ib le  t o  share  yo ur  ho useh old  in fo  on  soc ia l  

media  automat ic a l l y  and ac ross  as  man y d i f fere nt  de v i ces  as  p oss ib le .   

- [P2]  Wou ld  be  goo d i f  i t  was  compat ib le  w i th  you r  F acebo ok  accoun t  so  yo u d id n ’ t  h ave  to  

make ano the r  u sern ame/  p asswor d to  lo g  in  wi th  a  se par ate  accou nt .   

- [P4]  i t  sh ou ld  a l so  be  able  t o  mo ve  w i t h  the  d i f fer en t  s oc ia l  me dia  p la t forms  b e in g  c r eat ed   

- [P1]  A l l  o f  the  h ard ware  and s of tware  s hou ld  be  moveab le  becau se  peo ple  mo ve a l l  t he  t ime  

-[P5]  I t  wou ld  b e  in te res t ing  t o  sh ow cons umpt ion  and ho w i t  equ ate s  t o  mon ey for  pe ople  o r  

sho w cumu lat i ve  s av in gs  o ver  t ime f rom  base l ine  co nsumpt ion  so  t hey  can  se e  ho w much  th ey  

have  s aved s ince  u s in g  i t .   

- [P4]  I t  wo uld  b e  goo d to  have  h ea t in g  and  CO2 so  p eop le  und ers t an d t he  emb edded  e ner gy .  I t  

wou ld  a ls o  be  in te res t ing  to  have  a  comp ar iso n to  s how wha t  th e  mone y  spe n t  on  a  sh o wer  

could  d o somewher e  e ls e  in  t he  wor ld/  wha t  you  co uld  b uy  o r  h ow many  buck et s  o f  wate r  have  

been  use d.   

- [P5]  Hav ing  med al s  and  r ewards  o r  te l l in g  th em the y  are  abo ve  ave ra ge  wou ld  be  use fu l ,  l i ke  

g i v in g  them  a  d ig i ta l  tap  o n th e  back ,  or  t e l l ing  th em the y  ar e  the  cap ta in  of  wa ter  e f f i c ie ncy  in  

the  s t reet  –  cou ld  do  a  ver ses  o f  th e  average  consum pt ion of  p eop le  in  you r  ar ea  i f  you  choo se  

to  l ink  w i th  GP S.   

 

7 .  Do yo u for esee  an y  b ar r ie rs  t o  us in g  DA IAD?  Ho w d o you th ink  DA IAD would  in ter gr ate  w i t h  you 

curren t  me ter in g  s ys tem an d wou ld  an y  req ui remen ts  need  t o  b e  fu l f i l le d?   

- [P3]  Might  be  conce rns  a r ound  GPS  and  tap pin g  in t o  o the r  pe oples  n et work s  i f  the y  ar en ’ t  th e 

leader ,  wo ul d  need  to  de c ide  t o le rance s  of  wh at  i s  accep table  [P ar t i c ipan t  fur th er  e xpande d 

and  s t a te d tha t  the y  had h eard  abou t  th is  hap pen in g  on oth er  ap ps]   
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-[P1]  T he accurac y  o f  the  dat a  n eeds  t o  be  ne ar  pe r fec t .  Co ncerns  abou t  inc re as in g  con tac t  i f  i t  

i sn ’ t  wh ich  wou ld  d amage  ra t in gs  i f  the  ca l l  ce ntr e  was  e xper ie nc in g  a  h i gh er  ca l l  co nte nt .  

Could  b e  an  i ss ue  i f  pred ic t io ns  of  cos t  i s  to ta l l y  d i f fe rent  t o  the  cus tomers  b i l l .   

- [P2]  T he  l ack  o f  ince nt ive  to  us e  i t ,  t her e  n eeds  t o  be  a  b uz z  c r ea ted  ar oun d i t  for  peo ple  t o  

take  i t  o f f  an d run  wi t h  i t ,  such  as  a  b ig  marke t in g  c ampaign.   

- [P4]  The  co s t  o f  bu y ing  i t  –  i f  p eop le  wer e  to  p u rchase  i t  ther e  would  ne e d to  be  a  fas t  

payback  w i t h in  we eks  o r  month s .  On  t he  aver age  b i l l  £50  i s  qu i te  a  b ig  p or t io n  s o  i t  wou ld  h ave  

to  be  cheap,  f r ee  wo uld  be  he lp fu l !  

 

8 .  Which aspec t  o f  DA IAD in te res ts  you  t he  mo st?   

- [P2]  the  n ame and  mean ing  beh ind  i t .  

- [P1]  The  comp et i t i ve  and  communi ty  e leme nt  be hind,  th at  ther e  w i l l  be  an  app  wi th  soc ia l  

media  as pec ts  invo l ved   

- [P4]  The  ease  of  b e ing  able  t o  mo ni tor  t he  c onsu mpt io n and  ac t ua l l y  sho wing peo ple  wha t  

the y  are  us in g.   

- [P5]  G iv in g  th e  empo we r ment  to  cu s tome rs ,  s o  far  wa ter  e f f i c iency  has  been  base d  on  a  to p 

down app roach  o f  g iv in g  o ut  dev ices ,  th i s  i s  an oth er  rout e  fo r  cus tome rs  to  t ak e  p owe r  of  t he i r  

consumpt io n and  sub seq ue nt l y  tak e  ac t ion.   

- [P3]  The  ne w tech no log ie s  tha t  w i l l  come  o ut  o f  i t  and  a  d i f fe ren t  ap pro ach  t o  u nder s t and ing  

house ho ld  wate r  co nsump t ion   

 

9 .  What  conc erns  would  you  or  d o you th ink  cus tome rs  might  have  abou t  us in g  a  s ys tem s uch as  

DA IAD?   

- [P5]  T he radia t ion  f rom m eter s  and  hea l t h  co ncern s ,  kno w i t  h as  been  p roved  n ot  an  i ss ue  but  

the  aver age  p erso n m igh t  not  be  aware  o f  th i s .   

- [P3]  T hat  th e  met ers  th at  we ins ta l l  a t  h ouse ho lds  a ren ’ t  spec i f i c  for  the se  de v ic es ,  s o  

compat ib i l i t y  i ssu es .   

- [P2]  The  pr ivacy  an d cu s t omer  in form at ion,  t ha t  i t s  secure  a n d cant  be  acces se d o r  h acked .  

- [P1]  T her e  i s  a  l ack  o f  t r us t  o f  th e  wa ter  in dus tr y  and go ver nment ,  t h is  cou ld  be  see n as  an  

invas ion  in to  h omes.  Th is  i s  becom in g a  b igge r  are a  o f  co nte nt ion  for  pe op le .  

- [P4]  I f  the re  was  a  d isc r epanc y  b et ween  met er  re adin gs  f rom DAIAD an d o urs .  The re  h ave  

been  cases  (such  as  Ang l i an  Wat ers  in  h ouse  d is p lay  t ha t  d idn ’ t  work  becau se  of  accurac y  

i ssu es] .  The  mar g ins  o f  e r r or  need  t o  be  lo w an d over a l l  i t  ne eds  to  b e  s upe r  accurat e .   

 

10 .  Who d o you  t h ink  wo uld  u s e  i t ?   
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-[P1]  I t  wo uld  b e  co ol  for  f ami l ies  who  have  k ids  who  th en dr ive  t he  fami l y  to  us e  i t   

- [P3]  T here  ar e  d i f fe ren t  idea ls  w i th in  fam i l y  and t he  o ld er  gen era t ion  have  d i f feren t  

appr ec ia t ion  an d va lue s  ab out  what  i s  scare  and  wh at  i s n ’ t .   

- [P4]  I  th ink  i t  wou ld  mos t l y  b e  fami l ie s  us ing  i t  o r  you nge r  peo ple  wh o  ar e  p ar t  o f  t he  ap p 

gene ra t ion.  

 

7.2. Interviews 

7.2.1. Interview 1  
Next ,  t he  in ter v iew fo r  DA IAD requi remen ts  wi th  a  r ese arche r  in  t he  do main  of  wate r  su pp ly  an d 

was te wat er  t r ea tment  in  German y ,  execute d b y  F raun hofer ,  i s  p re se nte d.  

A f ter  a  sh or t  p rese nta t ion  of  the  DA IAD pr o jec t  and  t he  Amph iro  de v ic e  and i t s  in t ende d mo di f i ca t ion,  t he  

fo l lowin g  q ues t ions  were  d iscusse d:  

1 .  How can  smart  mete r in g  of  wate r  be  use fu l  in  ge ner a l ?  

i .  In  Ge rmany ,  wat er  s av in g  i s  no t  a  b ig  i s sue,  a t  leas t  n ot  f r om the  sup pl iers '  

persp ec t i ve .  The  l a t ter  eve n ar gue  th at ,  i f  t he  u ser s  reduce  wate r  cons umpt ion ,  the y  

have  to  f lush  t he  p ipes  w i t h  addi t ion al  f resh  wat er  to  avo id  hyg ien ic  pr ob lems.  

i i .  Load managemen t  ( i .e .  a ch iev in g  as  smoo th  a  f lo w as  pos s ib le ) .  B a s ic a l l y ,  the  

capac i ty  o f  p ip es  i s  la rge  en ough to  accus t om la rge  f lo ws,  more over  the r e  a re  

buf fer in g  capac i t i es ,  but  pumpin g la rge r  q uan t i t i es  req uir es  d is pro por t ion al l y  mor e 

ener gy  for  the  p umps.  A l s o ,  fo r  ne w s ys tems  the  p ip es  co uld  be  d imens ion ed  s mal le r  

( i . e .  less  cos t l y) .  But :  many s ys tems a ls o  se rve  as  f i re  wa ter  su ppl y  (wi th  h igher  

capac i ty  ne eds )  

i i i .  Leakage  ide nt i f i ca t io n:  I f  t he  sup pl ier  k no ws  e xac t l y  how much  and  when  he  su ppl ied  

wa ter  and  ho w much and when  th e  wat er  u sers  use d i t ,  he  can ca lcu la t e  w he re  t he  

d i f fe rence  was  los t .  The  s ame is  t r ue  w i th in  a  h ous e  o r  an  en ter pr ise  once  water  i s  

used  at  ver y  unus ua l  t imes  (e .g .  d ur ing  t he  n ight )  

a .  What  ar e  the  re qui reme n ts  a  smar t  me ter in g  d ev ice  h as  or  meets  for  t h is  pu rp os e?  

i v .  Load  managemen t  r equ ire s  deman d -s ide  managemen t    nee d t o  p ro v ide  fee db ack  to  

the  wate r  user s ;  t ime  r eso lut ion  h igh  en ough to  iden t i f y  peak s   

i .  Leakage ide nt i f i ca t io n  re qui res  a  compre hens ive  net wor k  o f  mete rs  co ver ing  a l l  

out le t s    a  p oint - o f -en tr y  mete r  i s  mo re  us efu l  t han  a  po int -o f -u se  met er ;  t ime  

reso lu t io n  h igh  eno ugh  t o  d is t in gu ish  d i f fer ent  t imes  of  th e  d ay  

 

2 .  Which of  th ese  us es  c an be  ser ve d b y  DA IAD/Amphiro ?  
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i .  Load  man ageme nt  as  t imel y  fee dback  i s  impor tant  

 

3 .  DAIAD/Amphiro  in tend s  to  co l lec t  da ta ,  e va lu ate  th e m and  re tur n  them to  th e  wate r  u sers .  T h is  

requ ire s  access  o f  a  t h i rd  par ty  to  t he  res pec t ive  u se r  d at a .  

a .  I s  t h is  e xchan ge  o f  da ta  ac ceptable ?  

i .  Yes ,  i f  d at a  are  us ed by  t he  wate r  s upp l ier  

b .  Which  in s t i tu t ion  cou ld  se rve  as  a  t h i r d  par t y?  (wa te r  s upp l ier ,  p ub l i c/p r i va te?  ( in depe nde nt )  

serv ice  pr ov ide rs?  sc ie nt is t s ?  N GOs? )  

i .  Water  sup pl ier ;  se rv ice  pro v id ers  an d sc ient is ts  to  the  ex ten t  t hat  th ey  sup por t  t he  

wa ter  sup pl ie r  

c .  Are  wat er  sup pl ie rs  in tere s ted  in  t he  t ype  o f  dat a  pro v id ed  by  DA IAD?  

i .  They  ar e  n ot  so  much  in te res t ed in  the  h igh  t ime r e so lu t ion;  a lso ,  DA IAD cove rs  

onl y  one  p ar t  o f  th e  con su med wat er  

d .  Who p ays?  Ho w much?  

i .  Wil l in gne ss  to  pay  fo r  mo st  wa ter  use rs  i s  ra the r  s mal l  (excep t ion:  mon i t or ing  

f re aks ) ;  dep end s  on  whet h er  user s  are  r ead y  t o  ch an ge the i r  wa ter  us e  beh av io r  a t  

a l l  

i i .  Wil l in gne ss  to  pay  amon g  wa ter  s upp l iers  i s  h i gh er ,  but  n ot  so  much  fo r  the  d ata  

supp l ied  by  DA IAD/Amphir o  d ev ice  

 

4 .  Eve ntu al l y ,  DA IAD a ims  a t  in ter ven in g  wi th  the  wat er  users '  beh av io r  o n  t he  bas is  o f  the  co l lec ted  

dat a  such  tha t  t he i r  wat er  u se  scheme  becomes  mo r e  sus t a inab le ,  sho r t age s  a re  be t te r  man age d 

or  peak s  are  f la t t ened .   

a .  I s  such  an in t er ven t ion  acceptable  f r om  th e  po int  o f  v iew o f  th e  wa ter  us ers?  

i .  Bas ica l l y ,  any  pr ice  or  b loc k  t ar i f f  rep rese nts  an  in t er ven t ion.   

i i .  I f  wat er  p r ice  res pon ds  t o  a  s i tu at ion  of  scarc i t y  (e . g .  d rou ght ) ,  h i ghe r  p r ices  are  

acceptable ,  but  t he  c ond i t ions  have  to  b e  t ransp aren t  

i i i .  In  s i tu at io n s  of  eme rge ncy  e ve n mo re  dr as t i c  me as ures  such  as  emb ar goe s  are  

adop ted  (e . g .  in ter d ic t io n  to  wa te r  the  l awn or  wash  a  ca r)  

b .  Which way of  in t ervent io n  i s  accept ab le?  (V ia  mob i le?  V ia  comp ute r?  V ia  Ma i l ? )  

i .  The c lose r  to  th e  po i nt  o f  (wa ter )  use  th e  bet ter  ( Amp hir o,  mo bi le  ph one )  
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7.2.2.  Interview 2  
Next ,  th e  in ter v iew fo r  DA IAD re qui remen ts  w i t h  a  c onsu l t ant  fo r  wate r  sup pl y  compan ies  in  Germany ,  

execu ted  b y  F rau nho fer ,  i s  prese nte d.  

A f ter  a  sh or t  p rese nta t ion  of  the  DA IAD pr o jec t  and  t he  Amph iro  de v ic e  and i t s  in t ende d mo di f i ca t ion,  t he  

fo l lowin g  q ues t ions  were  d iscusse d:  

1 .  How can  smart  mete r in g  of  wate r  be  use fu l  in  ge ner a l ?  

i .  Onl ine  wate r  met ers  a re  f reque nt ly  us ed in  th e  d is t r ibut io n  n et wor k  to  c on t r o l  fo r  

leak s .  In  ho useh olds ,  th ey  have  been  tes t ed  in  ser ies  o f  t r ia ls ,  but  i t  i s  s t i l l  unc lear  t o  

whic h  end  t hey  co uld  be  used.  Th ey  are  t oo  e xpe ns ive  fo r  the  b ene f i t  to  e xce ed the  

cos t .  In  th e  po we r  mark et ,  the re  i s  a  nee d for  dem and s id e  managemen t ,  be cause  

ener gy  c anno t  b e  s t ore d eas i l y .  In  the  wate r  sec t o r ,  b y  co n tras t ,  many d is t r ibu t ion  

sys t ems were  des igned an d bu i l t  a rou nd the  1970s ,  whe n inc re as ing  wa ter  d emand 

was  fore seen .  No w,  in  t im es  o f  decre as ing  demand,  these  p ipe s  h ave  a  r a th er  lar ge  

capac i ty  w i t h  no  nee d fo r  any  k in d of  so ph is t i ca t ed  lo ad managemen t .   

i i .  For  th i s  and ot her  re ason s  (e .g .  t he  ex is t ence  of  p lent y  o f  wa ter ) ,  th ere  i s  a l so  n o 

need  t o  save  wat er  or  to  he lp  wat er  us ers  d oing  so.  In  th e  ene rgy  sec t or ,  power  

supp l iers  sup por ted  p owe r  us ers  in  us in g  less  e lec t r i c i t y .  Th is  s t ren gth ene d t he  t ie s  

bet ween  s upp l ier  an d c us tome r  and  p revent ed  the  l a t ter  f rom  chan ging  to  a  

compet ing  sup pl ier .  In  the  wa ter  sec t or ,  by  con tras t ,  ther e  i s  n o  compe t i t ion  be twe en 

supp l iers ;  t here fo re ,  t her e  i s  n o  n eed  for  cus t omer -b indin g  measu res .  

i i i .  The  h ighe r  cos t  o f  sm ar t  meter s  d oes  p ay  fo r  l arge ,  ind ust r i a l  cus tomer s ,  wh o are  

b i l le d  for  t he  t o t a l  quant i t y  o f  wate r  us ed  and  t he  q uant i t y  p er  t ime  ( i . e .  s i ze  o f  t he  

f i x tu re )  

i v .  Compare d  wi th  ene rgy ,  a  h ouse ho ld 's  annu al  cos t  for  wa ter  i s  s o  sma l l  th at  mos t  

peop le  do n ot  c are  and  e ven  do n ot  kno w the  wa te r  pr ice .  As  a  con sequ ence,  pr ice  

d i f fe ren t ia t ion  wou ld  hard l y  b e  reco gni ze d and,  a l l  t h e  l ess ,  h ave  any  imp ac t .  

a .  What  ar e  the  re qui remen ts  a  smar t  me ter in g  d ev ice  h as  to  meet  for  th is  pu r po se ?  

i .  —  

 

2 .  Which of  th ese  us es  c an be  ser ve d b y  DA IAD/Amphiro ?  

i .  Gene ra l  we aknes s :  on ly  on e wat er  f lo w in  a  ho useh old  i s  me asur ed  

 

3 .  DAIAD/Amphiro  in tend s  to  co l lec t  da ta ,  e va lu ate  th e m and  re tur n  them to  th e  wate r  u sers .  T h is  

requ ire s  access  o f  a  t h i rd  par ty  to  t he  res pec t ive  u se r  d at a .  

a .  I s  t h is  e xchan ge  o f  da ta  ac ceptable ?  
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i .  Yes ,  the  i ss ue  i s  s ubjec t  to  th e  co nd i t ions  of  t he  contr ac t  be tween  t he  wa - ter  

supp l ier  an d  th e  wate r  us ers .  Min imum  s t and ard s  fo r  th i s  ar e  es t ab - l i she d  by  t he  

wa ter  sup pl ie rs '  assoc ia t io ns .  

b .  Which  in s t i tu t ion  cou ld  se rve  as  a  t h i r d  par t y?  (wa te r  s upp l ier ,  p ub l i c/p r i va te?  ( in depe nde nt )  

serv ice  pr ov ide rs?  sc ie nt is t s ?  N GOs? )  

i .  Water  sup pl ier ;  se rv ice  pro v id ers  an d sc ient is ts  to  the  ex ten t  t hat  th ey  sup por t  t he  

wa ter  sup pl ier ;  con di t io n s  nee d t o  b e  sp ec i f ie d  in  th e  con trac t  b et ween  b oth  

par t ie s  

c .  Are  wat er  sup pl ie rs  in tere s ted  in  t he  t ype  o f  dat a  pro v id ed  by  DA IAD?  

i .  Not  re a l l y  

d .  Who p ays?  Ho w much?  

i .  No wi l l in gne ss  to  pay  on  th e  p ar t  o f  wate r  s upp l iers  

 

4 .  Eve ntu al l y ,  DA IAD a ims  a t  in ter ven in g  wi th  the  wat er  users '  beh av io r  o n  t he  bas is  o f  the  co l lec ted  

dat a  such  tha t  t he i r  wat er  u se  scheme  becomes  mo r e  sus t a inab le ,  sho r t age s  a re  be t te r  man age d 

or  peak s  are  f la t t ened .   

a .  I s  such  an in t er ven t ion  accep table  f r om th e  po int  o f  v iew o f  th e  wa ter  us ers?  

i .  —  

b.  Which way of  in t ervent io n  i s  accept ab le?  (V ia  mob i le?  V ia  c omp ute r?  V ia  Ma i l ? )  

i .  — 

c.  What  i s  t he  wa te r  s upp l ier ' s  s t ance  t o  th i s ?  

i .  I f  i t  was  be ne f ic i a l  for  t he  wate r  supp l ier ,  t her e  wo uld  be  n o reas on  why  no t  to  

in t er fere  w i t h  th e  cus tom ers .  An y  change  o f  wat er  pr ice s  (or  pr ice  scheme s)  

repr esen ts  such  in te r fe ren ce.  But  a t  th is  moment ,  t he re  i s  no  ne ed to  in te r fere .  

 

7.2.3. Interview 3  
Next ,  t he  in t er v ie w fo r  D A IAD requi remen ts  wi th  a  repr ese nta t i ve  o f  a  Germ an p r i va te  wa ter  supp l ier ,  

execu ted  b y  F rau nho fer ,  i s  prese nte d.  

A f ter  a  sh or t  p rese nta t ion  of  the  DA IAD pr o jec t  and  t he  Amph iro  de v ic e  and i t s  in t ende d mo di f i ca t ion,  t he  

fo l lowin g  q ues t ions  were  d iscusse d:  

1 .  How can  smart  mete r in g  of  wate r  be  use fu l  in  ge ner a l ?  

i .  Sou rce  o f  mo re  in format ion  ab out  the  cus tome rs  o f  wat er  su pp ly ,  espe c ia l l y  w i th  

fu t ure  pe rspec t i ve .  Wat er  supp l ie rs  nee d to  p lan  the i r  in f r as t ruc tu re  req ui reme nts .  In  
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orde r  to  do  so ,  the y  need  to  kn ow t he  wate r  u sers  wi th  re gar d  to  demo gr aph y and  

soc io -econ omic  par amet ers  (e .g .  age,  in -come ,  e duca t ion ) .   

i i .  A  d i f f i cu l ty  in  t h i s  con te xt :  Learn ing  f rom u ser    Us er  p ays  mo r e  a t t ent io n  t o  wa ter  

usage    Use r  saves  wate r  (Th is  i s  n ot  the  supp l ier ’ s  a im) .  More  accep tab le :  Sav ing  o f  

hot  wa ter  in s te ad of  wate r  as  s uch.  Water  sav ing  not  on l y  fo r  econ omic  r eas on s ,  bu t  

in  ord er  to  h ave  e nv i r onme nta l l y  a  go od  consc ience.   

i i i .  There  i s  a  sma l l  gr oup  o f  wa ter  use rs ,  wh o lo ve  to  measure  and eva lu at e  e ve ry t h in g  

arou nd  them  an d u se  de v ic es  l i k e  Amph iro  t o  d o s o  (about  5  to  8  % o f  a l l  use rs) .  The y  

can eas i l y  b e  con v in ced  t o  par t i c ip ate  in  the  in for mat io n  e xchan ge  bet wee n  wa ter  

supp l ier  and  us er .  Wi th  a l l  o t her s  th i s  i s  much  mor e  d i f f i cu l t .  

a .  What  ar e  the  re qui remen ts  a  smar t  me ter in g  d ev ice  h as  to  meet  for  th is  pu r po se ?  

i .  In  addi t ion,  more  ind iv id ual  in format io n i s  necess ary .  Some in fo rmat ion  can be  

der ive d v ia  the  c ont rac t  b etween wa ter  sup pl ier  an d the  cu s t omer  (Where  i s  hous e  

loca ted?  H ow man y  in hab i tan ts? ) .  B ut  t he  cu s t omer  and  th e  user  are  o f t en  n ot  the  

same ( land lor d  v s .  t enant) .  Mor e  us er - spec i f i c  in fo rmat ion  can in  pr inc ip le  be  

co l l ec ted by  smar t  mete rs .  But  smar t  me - ter s  a re  s tup id;  in  ord er  to  ga in  in form at ion,  

the  da ta  nee d eva lu at io n.  Th is  re qu ires  h igh -r eso lut ion  dat a  and  a  c lose  in ter ac t ion  

wi th  th e  cu s t omer  to  lea r n  abou t  th e  me an ing  of  s pec i f i c  use  p ro f i les  in  t h e  f i r s t  

p lace .  

 

2 .  Which of  th ese  us es  c an be  ser ve d b y  DA IAD/Amphiro ?  

i .  Amphiro  can fac i l i t a te  th e  in form at ion  exch an ge bet ween  wat er  s upp l ier  and  wa ter  

user  o wing  t o  i t s  smar t  phon e -med ia ted  communicat ion  c apac i t y .  A lso  t he  h igh -

reso lu t io n  wa ter  mete r ing  i s  an  advant age.  Un fo r tu nate l y ,  Amph ir o  co ver s  o n ly  on e 

par t  o f  ho useh old  wa te r  us e  ( sho we r in g) .  

 

3 .  DAIAD/Amphiro  in tend s  to  co l lec t  da ta ,  e va lu ate  th e m and  re tur n  them to  th e  wate r  u sers .  T h is  

requ ire s  access  o f  a  t h i rd  par ty  to  t he  res pec t ive  u se r  d at a .  

a .  I s  t h is  e xchan ge  o f  da ta  ac ceptable ?  

i .  Most  o f  t od ay 's  smar t  me t ers  ar e  p oint  o f  ent ry  met ers  ( for  e nt i re  ho uses ) ,  which  i s  

a ls o  the  l imi t  fo r  th e  t radi t io na l  resp ons ib i l i t y  sp here  o f  wate r  sup -p l ie rs .  Oth er  

rec ip ien ts  o f  wate r  da ta  a r e  thos e  ser v ice  pro v ider s  who  measur e  and  s p l i t  (co ld  an d 

hot )  wa ter  con sumpt io n o f  ent i re  ho uses  t o  s pec i f i c  f l a ts .  

i i .  I f  d at a  a re  exch anged e lec t ron ica l l y  or  e v e n wire less ,  s t ro ng  da ta  pr ot ec t io n  

s tan dar ds  are  app l ied  to  avo id  mis use  of  th e  d ata .  O ther wise  bur g lars  c ould  f ind ou t  

f rom  wat er  us e  pr of i l es  wheth er  th e  in hab i t an ts  ar e  in  or  out ;  or  insu rance s  c ould  

der ive  in format ion ab out  t he  med ica l  co nd i t ion  o f  th e i r  cus t omers .  
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b.  Which  in s t i tu t ion  cou ld  se rve  as  a  t h i r d  par t y?  (wa te r  s upp l ier ,  p ub l i c/p r i va te?  ( in depe nde nt )  

serv ice  pr ov ide rs?  sc ie nt is t s ?  N GOs? )  

i .  See  ab ove  

c .  Are  wat er  sup pl ie rs  in tere s ted  in  t he  t yp e  o f  dat a  pro v id ed  by  DA IAD?  

i .  To  an al yze  th e  wate r  cons u mpt io n  an d  lear n  more  ab out  the  co nsumpt io n  be hav ior  

o f  spec i f i c  u ser  g rou ps :  yes .  To  sc r een  th e  ma jo r  p ar t  o f  a l l  wate r  use rs :  no.  

d .  Who p ays?  Ho w much?  

i .  To the  e xte nt  th at  wat er  s uppl ie rs  want  t o  le arn  ab out  th e i r  cu s tome rs  the y  wi l l  

pay .  T he  numbe r  of  cus t omers  th at  ar e  ready  t o  p ay  i s  ra the r  l im i te d (5  to  8  %,  s ee  

abo ve )  

 

4 .  Eve ntu al l y ,  DA IAD a ims  a t  in ter ven in g  wi th  the  wat er  users '  beh av io r  o n  t he  bas is  o f  the  co l lec ted  

dat a  such  tha t  t he i r  wat er  u se  sc heme  becomes  mo r e  sus t a inab le ,  sho r t age s  a re  be t te r  man age d 

or  peak s  are  f la t t ened .   

a .  I s  such  an in t er ven t ion  accep table  f r om th e  po int  o f  v iew o f  th e  wa ter  us ers?  

i .  To s ome e xt ent ,  t h is  in te r ference  a l re ad y  h app ens  b ased  on  pr ice  schemes.  Ot her  

ex i s t ing  in t e r ven t ion:  Pro h ib i t ion  o f  ga rde n i r r i ga t io n  and  car  was hin g  in  t ime s  o f  

drou gh t .  So,  in t er ven t io ns  are  commonp lace.   

i i .  The la t te r  t ype  of  in t erven t io n  i s  no t  e xe r te d by  th e  wate r  s upp l ier ,  bu t  by  lo ca l  

governme nt  (po l i t i ca l l y ) .  For  the  wa te r  su pp l ie rs ,  i t  wou ld  n ot  be  ad v is able  t o  

in t er fere  to o in te ns i ve ly  wi th  t he  cus tomer  (e .g .  comment in g  e ver y  aspec t  o f  

h is/ her  be hav iour ) .   

b .  Which way of  in t ervent io n  i s  accept ab le?  (V ia  mob i le?  V ia  comp ute r?  V ia  Ma i l ? )  

i .  V ia  mai l  and  compu ter  t h i s  i s  a l r ead y  s ta te  o f  the  a r t .  

c .  What  i s  t he  wa te r  s upp l ier ' s  s t ance  t o  th i s ?  

i .  In ter fe rence  wi th  a l l  us ers  indi v idu al ly  wou ld  b e  to o e xp ens ive .  Ho we ver ,  s oc ia l  

in t erac t io n  be t ween  use rs  could  be  e f fec t i ve  and less  c os t l y  and  wi t hou t  t he  

supp l ier ’ s  n eed  t o  in t er fer e  w i t h  a l l  o f  t hem.  

 

7.2.4. Interview 4 
Next ,  the  in t er v iew for  DA I AD req ui rement s  w i th  a  UK  Gove rnmen ta l  dep ar tment  re spo ns ib le  fo r  po l i c y  and  

regu la t ion  o n  en v i ronme nt a l ,  fo od  an d  ru ra l  i s sues ,  execu ted  b y  Water wi se ,  i s  prese nte d .  Th e i r  pr ior i t ies  

are  to  gro w the  r ura l  econ omy and  imp ro ve  and  s afe guard the  e nv i ro nment .   

In i t ia l l y  a  te le phon e in ter v iew was  con duc te d wi th  t wo  re pres ent at ives  f r om t he  d epar tme nt .  Th is  l as t e d 

for  30  minut es ,  o f  wh ich  10  of  t hose  were  t o  pro v ide  an  ove rv ie w abo ut  DA IAD and  is  a ims  and  t r ia l  
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scenar ios .  Fo l lowin g  go in g  thr ough th e  qu es t ion s  bo th  p ar t i c ipan ts  asked i f  th ey  cou ld  have  t he  l i s t  o f  

ques t io ns  to  con sul t  w i th  o ther  co l le agues  who  might  have  mo re  exper t i s e .   

 

1 .  Curren t l y  do you  th ink  th e re  i s  any th ing  miss in g  in  WDM tool s?  T h is  cou ld  b e  f rom bot h  o r  e i th er  

the  consume r  or  u t i l i t y  s id e?   

i .  Governme nt  we lcomes  inn ova t ion  in  t he  wate r  s ec to r  an d th i s  can  b e  e i t her  o n the  

consumer  o r  the  ut i l i t y  s id e.  

 

2 .  I s  t her e  a  p lace  for  smar t  meter ing  and  p ro jec ts  l i k e  DA IAD to  ass is t  in  the  WDM/ wat er  e f f i c ie ncy  

area?  

i .  Research  i s  a lways  use fu l .  Water  compan ies  a re  resp ons ib le  for  in t r oduc ing  sm art  

meter ing  wher e  i t  i s  need e d o r  i s  cos t  be ne f ic ia l .  

 

3 .  From yo ur  p ersp ec t ive ,  wh at  r equ ireme nts  wo uld  yo u l i ke  f rom  a  smar t  mete r ing  s ys t em,  such  as  

DA IAD?  Th is  can  re la te  t o  b ot h  Wat er  C ompan y  an d h o useho ld  s ide.   

i .  This  qu es t io n  wou ld  be  b et ter  d i rec t ed to  wat er  comp anies .  

 

4 .  What  type  an d reso lu t ion  d ata  d o you  t h in k  wou ld  b e  requ ire d/  yo u wo uld  l ik e  t o  se e?  An d wh y?   

i .  Again ,  th is  ques t ion  wou ld  be  b et ter  answere d b y  wat er  comp an ies .  

 

5 .  How d o you  t h in k  h av in g  h igher  r eso lut io n  dat a  wo uld  imp ac t  yo ur  wo rk?  WDM p erspec t i ve  

i .  Data  co l l ec t ion  i s  a  m at t e r  for  wa ter  comp an ies  –  governme nt  do es  no t  re qu ire  

ver y  g ran ular  d at a  f rom  water  comp an ies ’  cus t omers .  Da ta  co l lec t ion  by  water  

companies  c an be  fed in  t o  Wate r  Res ource  Man agem ent  P lans .  

 

6 .  Do you  th ink  p ol i c y  curr ent ly  enco urages  smart  mete r ing  techn olog ies  for  wat er?   

i .  There  i s  sc ope  wi t h in  WR MPs to  adop t  inn ovat ive  appro aches .  Governme nt  po l i c y ,  

v i a  t he  Water  Ac t ,  i s  in t r oduc ing  comp et i t ion  for  n on-h ous eho ld  user s  b y  20 17.  

Large  wa ter  us ers  might  lo ok  for  a  wa ter  su ppl ie r  th at  pro v ides  t hem wi th  be t t er  

dat a  on  th e i r  wat er  u sage ,  smar t  mete r ing,  on l ine  s uppo r t  and ad v ice  on wa t er  

e f f i c i ency  to  he lp  them  r e duce  wast e .  Th is  o f fers  ob v ious  en v i ro nment a l  bene f i t s  

as  wa ter  companies  seek  to  a t t rac t  new cus tomer s  thou gh  ne w wate r  e f f i c ien cy  

serv ices  an d ad v ice .  Fo r  e xamp le ,  in  Scot lan d a  wa t er  s upp l ier  he lpe d a  ca ravan 

park  re duce  th e i r  con sump t io n b y  20% th rou gh  in s ta l l in g  ra in water  harves t in g .  In  

ano ther  example ,  Bus ine s s  S t ream  es t im ates  the i r  wa ter  e f f i c iency  ser v ic es  in  

Scot lan d have  saved  cus t o mers  o ve r  £13  mi l l ion  and  save d 7 .4  b i l l ion  l i t res .   
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7 .  How d o you  t h in k  th i s  co uld  be  in f lu enced  in l ine  wi th  th e  smart  mete r ing  ad vancements?   

i .  The Water  Ac t  i s  c rea t ing  t he  en v i ro nment  wh ere  in n ova t ion  can p ush thr ou gh and 

inc re ase  up tak e  of  smar t  m eter in g.  

 

8 .  What  opp or tun i t ies  and barr iers  ar e  the re  for  smar t  meter ing  and  pr o jec ts  l i ke  DA IAD?   

i .  Respo ns ib i l i t y  for  smar t  meter in g  i s  a  mat ter  for  wat er  comp an i es .  

 

9 .  Do you  th ink  smart  mete r in g  wi l l  b ecome u biqu i to us  in  t he  fu tur e?   

i .  We do  n ot  have  an  answer  to  th is  que s t ion  a t  the  pr es ent  t ime.  

 

7.2.5. Interview 5 
This  in ter v ie w was  c onduc t ed o n t he  18/09 /2014  wi th  an  in di v idua l  f rom the  UK Water  Re gulat or .  The  ar ea  

of  exp er t i s e  for  th is  p ers o n is  in  th e  p ol i c y  and go ve rnment a l  a f fa i rs  b ut  h as  an  in  dep th  kno wled ge and 

leve l  o f  e xpe r ie nce  in  the  wa ter  sec to r  as  a  who le .  T he  qu es t io ns  wer e  t a i lo re d to  accommodate  th is  as  

inn ova t ion  i s  cu rren t l y  h i gh l y  r e levant  to  UK wa ter  u t i l i t ies  and the i r  bus in ess  p lan s  as  a  who le .  Th e  

in t erv ie w was  c ompose d of  8  q ues t ions  an d las ted  for  30  minut es .   

To  in t r oduce  DA IAD a  br ie f  10  min ute  over v ie w was  pro v id ed wh ich  o ut l in ed t he  pr o jec ts  a ims  and ho w 

these  wer e  go ing  t o  hap pe n as  we l l  as  i n format ion ab out  th e  t r ia ls .   

1 .  I s  t her e  a  p lace  for  smar t  meter ing  and  p ro jec ts  l i k e  DA IAD to  ass is t  in  the  WDM/ wat er  e f f i c ie ncy  

area?  

i .  Yes ,  th is  cur ren t l y  t ies  in  wi th  ap pr oach  for  PR14  an d b eyond  (PR14  is  a  la rge  repo r t  

tha t  i s  pro duced  by  ind i v idua l  wate r  companie s ,  i t  s e ts  o ut  h ow wate r  compan ies  a re  

go ing  to  kee p pr ices  a f for dab le  as  we l l  as  the  ser v ice  p ackage  t ha t  cus t omer s  w i l l  

rece i ve )   

i i .  We wan t  cus tomer s  to  en gage d i rec t l y  and unde rs t an d wh at  the y  wan t  whi ls t  b u i ld ing  

th is  in t o  ho w the y  wo rk  

i i i .  Want  th e  comp an ies  t o  ta l k  and  und ers tan d wh at  cu s tomer s  want  an d need  an d t ake  

an  inn ovat ive  app roach  t o  th is  commun icat ion .   

 

2 .  Curren t l y  do you  th ink  th e re  i s  any th ing  miss in g  in  WDM tool s?  T h is  cou ld  b e  f rom bot h  o r  e i th er  

the  consume r  or  u t i l i t y  s id e?   

i .  Gap  a t  the  moment  i s  we  a l l  have  smar t  pho nes  bu t  d on ’ t  h ave  wa ter  o n thes e.   
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i i .  There  i s  a  gap  b et wee n o ld  fas h ioned  engagement  and the  s oc ia l  wor ld  –  and  apps  

wou ld  he lp  t o  b r idge  t h is .   

i i i .  Need  for  wate r  to  ca tch  up  wi th  e ner gy  

i v .  Water  compan ies  ne ed to  dr ive  in no va t ion  for  cus t omers '  su pp ly  and  deman d an d 

the i r  m anagemen t .   

 

3 .  From yo ur  p ersp ec t ive ,  wh at  r equ ireme nts  wo uld  yo u l i ke  f rom  a  smar t  mete r ing  s ys t em,  such  as  

DA IAD?  Th is  can  re la te  t o  b oth  Wat er  C ompan y  an d h o useho ld  s ide.   

i .  Would  l ike  for  t he  wate r  co mpanies  to  be  able  t o  spe ak  t o  the  cus t omer  

i i .  Want  t he  k i t  (hard war e  -  r e la t ing  to  Amph ir o  de v ices)  fo r  ho useh olds  b ut  d on ’ t  

necessar i l y  wan t  e ve ry th in g  ( i . e .  in form at ion  an d d at a)  on  a  smart  ph one ,  migh t  wan t  

o ld  meth ods  o r  a l ter nat i ve s  t o  s ee  th is  in fo rmat ion   

i i i .  Where  i t  t ies  in  wi th  wha t  cus tomer s  want ,  so  i f  i t s  b ot tom  up  and  wha t  cus t omers  

wan t  and  wha t  wo rks  for  th em an d wan t  to  us e  i t   

i v .  Risk  in  the  wa ter  companies  a t t ached  to  demand  managemen t  –  d i f fe ren t  r i s ks  t ha t  

peop le  might  no t  kno w ab o ut   

 

4 .  What  type  an d reso lu t ion  d ata  d o you  t h in k  wou ld  b e  requ ire d/  yo u wo uld  l ik e  t o  se e?  An d wh y?   

i .  15 minu tes  so unds  r ight  b ut  i t  a lso  d epen ds  on  wha t  cus t omer  would  want   

 

5 .  Do you  th ink  p ol i c y  cu rr ent ly  enco urages  smart  mete r ing  techn olog ies  for  wat er?   

i .  Governme nt  po l i c y ,  th e  fac t  i t s  n ot  mand at ed but  the re  i s  sp ace  in  t erms of  b u s ine ss  

p lans  mean s  th at  wat er  co mpanies  no w can ,  i t  i s  n o t  up  t o  th e  wa te r  c ompan ies  to  

r i se  t o  i t   

i i .  Ofwat  re gulat e  –  space  for  compan ies  to  inno va te ,  w i th  t he  P r ice  Re v iew meth o ds  t hat  

have  b een  ru nn ing  for  a  co uple  o f  ye ars  

i i i .  Water  Comp an ies  d on ’ t  th ink  tha t  th ere  i s  sp ace  for  inn ova t ion  b ut  t he  barr ier s  h ave  

now gone  

 

6 .  What  opp or tun i t ies  and barr iers  ar e  the re  for  smar t  met er ing  and  pr o jec ts  l i ke  DA IAD?   

a .  Oppor tun i t y :   

i .  Throu gh the  P r ice  Re v ie w proces s  th ere  i s  the  op por t un i t y  t o  re ward the  wa ter  

companies  fo r  inn ovat io n,  wa ter  companie s  are  look ing  to  be  mor e  inn ovat ive   

i i .  There  ar e  more  amb i t ious  wa ter  e f f i c ienc y  p lans  –  have  t o  de l i ve r  wha t  th ey  have  

agr eed  as  t hey  a re  de pend ent  on  cus t omers  en gaging  w i th  t he  beh av io ur  chan ge   
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b.  Barr iers :   

i .  Sk i l l s  b ar r ie r  w i th  t he  peo ple  who  cou ld  de l i ver  i t  

i i .  Typ ica l l y  pe ople  in  companies  wo uldn ’ t  have  th is  a s  a t  o ne  t ime  t her e  was  a  ne ed  for  

eng inee rs   

i i i .  There  a re  d i f fer ent  sk i l l s  and ch al len ges  wi th  tha t  no w  

 

7 .  I f  th is  t ype  of  t echno lo gy  were  to  bec ome ma ins t re am,  who  sh ould  tak e  the  cos t  for  t h is ?   

i .  I t  wou ld  be  do wn  t o  the  wa ter  compan ie s  u nde rs t andin g  cu s tome rs  –  s ome water  

companies  m igh t  no t  p ay  and s ome wo uld  b e  wi l l in g  t o  p ay   

i i .  I t  wou ld  a lso  b e  d own to  t he  cus tomer s '  v ie ws  abou t  whe the r  the y  wo uld  wan t  t h is  

i i i .  For  example ,  Wesse x  wat er ,  in  the i r  b us iness  p lan  h a ve  commun i t y  scheme  whic h  

means  i f  the y  s ave  wa ter  t he  loca l  schoo ls  get  bo oks  for  t he  m one y.   

i v .  I f  the  communi ty  s ave  mon ey –  wa ter  company  save  money   

 

8 .  Do you  th ink  smart  mete r in g  wi l l  b ecome u biqu i to us  in  t he  fu tur e?   

i .  Yes ,  but  I  don ’ t  kn ow h ow long  i t  w i l l  tak e  ther e ,  even tua l l y  i t  wi l l  ge t  to  t ha t  s tage  

 

7.2.6. Interview 6  
This  in te rv ie w was  cond uc t ed wi th  a  r epr esen ta t i ve  f r om th e  En v i ro nment  Age ncy .  Due  to  ava i lab i l i t y  o f  th e  

par t i c ipan t  an  o ver v iew was  g iven  v ia  ema i l  an d ques t ions  ans were d in  th e  same  manne r .  

1 .  Curren t l y  d o  you  t h in k  th e re  i s  an yth in g  miss in g  in  (Water  Dem and  Manageme nt)  WDM  t oo ls?  Th is  

could  be  f rom  bo th  or  e i th er  the  cons umer  or  u t i l i t y  s ide?  

i .   I  th ink  the re  ar e  thr ee  m ain  t h in gs  miss in g:   

  The f inanc ia l  ince nt ive  –  e ven  th ou gh  th is  may  n ot  h ave  t o  be  b ig  -  so  l ink ed  t o  

tha t  i s ;  

  In fo rmat ion  for  p eop le  on  how much wat er  t he y  ac t ua l l y  use  wh ich  can on l y  be  

pro v id ed  e f fec t i ve ly  th rou gh mete r ing  an d poss ib ly  b y  a  sy s tem such  as  DA IAD  

  Unde rs t an din g  ho w much  wa ter  pe op le  rea l l y  use  t h emsel ves  i . e .  even i f  p eop le  

have  a  met er  do  th ey  re a l l y  u nde rs t and  ho w much  a  cubic  me ter  re a l l y  l ook s  an d 

fee ls  l i k e?  So  some fo rm of  e f fec t i ve  v isu al i s a t ion  t ool  or  p ic tur e  i s  ne ede d.  I  

don ’ t  th ink  th e  O lymp ic  s w imming poo l  an alogy  wo rks  a t  a l l .   

2 .  I s  t her e  a  p lace  for  smar t  meter ing  and  p ro jec ts  l i k e  DA IAD to  ass is t  in  the  WDM/ wat er  e f f i c ie ncy  

area?   

i .  Yes  
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3.  From yo ur  p ersp ec t ive ,  wh at  r equ ireme nts  wo uld  yo u l i ke  f rom  a  smar t  mete r ing  s ys t em,  such  as  

DA IAD?  Th is  can  re la te  t o  b oth  Wat er  C ompan y  an d h o useho ld  s ide.   

i .  Eas y  to  us e  for  cus tomer s  

i i .  Engag in g  en ough  so  the  n ove l t y  do esn ’ t  wear  o f f  and  pe ople  s t op  us in g  i t  whic h  I  

th ink  i s  common fo r  many  apps  

i i i .  The abi l i t y  to  do comp ar is ons  wi th  s imi lar  hou seh olds  so  i t  nee ds  t o  be  ab le  to  b e  

cus tomis ed  b y  ind iv id ua ls  t o  sh ow t he i r  f a mi l y  s i ze  e tc .   

i v .  Abi l i t y  for  ind iv idu al s  to  c ompare  the i r  own  use  ove r  t ime  and  maybe  au tomat ica l l y  

download  d at a  to  a  sp readshee t  in  Exce l  or  Numbe rs  –  maybe  t h is  i s  a  lo w pr ior i t y  

but  w i l l  ap pea l  to  th e  gee k s  amo ngs t  us  

v .  Leak  warn in gs  v ia  te x t  and emai l  

v i .  Targete d and  s imple  da ta  and in form at ion  r equ ireme n ts/p rov is ion  fo r  b ot h  comp anies  

and  cus t omers  

v i i .  Zero  m ain ten ance  fo r  cus t omers .  I t ’ s  n o  good  h av ing  to  c han ge the  ba t t er ies  l i ke  you  

do on an  Owl  ene rgy  me ter  

v i i i .  Low cos t  an d ma int enance  fo r  wa ter  compan ies ,  o the rwise  i t  won ’ t  be  fun ded  o r  th ey  

won ’ t  be  in te res ted  

ix .  Adapt ab le  so  i t  can  b e  eas i l y  ad ded  o n to  wate r  comp anies ’  e x is t ing  s ys tems  

x .  Rel iab le  –  for  bo th  c ompanies  and c us t omers  

4 .  What  type  an d reso lu t ion  d ata  d o you  t h in k  wou ld  b e  requ ire d/  yo u wo uld  l ik e  t o  se e ?  An d wh y?   

i .  Idea l l y  th e  use r  sho uld  be  able  to  cho se.  Da i l y  as  a  min imum  bu t  use rs  cou ld  se lec t  

even t  dr ive n dat a  esp ec ia l l y  as  ind iv idu al  appl iances  ar e  b e ing  mon i to red .  So  maybe 

i t  c ould  pro v ide  a  readou t  i f  someo ne uses  t he  sh owe r  for  mor e  than 5  m inute s .  

Perhaps  i t  cou ld  p ro v id e  1 5  minu te  or  app l i ance  le ve l  d at a  fo r  the  cur ren t  day  or  two  

days  the n  dr op  d own to  d ai l y  a f ter  tha t .  I f  the  sys te m s t ores  96  readings  (15  minute  

dat a)  per  day,  th is  c ould  add  up  to  a  huge amo u nt  o f  dat a  whe n you ge t  a  few 

thou san d h ouse ho lds  on to  the  sys tem.  I ’m  n ot  sur e  i f  wa ter  companies  wou ld  want  to  

hold  th is  much  da ta .  Ho wever  th e  abi l i t y  for  wa ter  companies  o r  con su l tants  to  grab 

h igh  reso lu t ion  da ta  for  sp ec i f i c  s tud ies  wou ld  be  ver y  u se fu l .  

5 .  How d o you  t h in k  h av in g  h igher  r eso lut io n  dat a  wo uld  imp ac t  yo ur  wo rk?  WDM p erspec t i ve  

i .  I t  wou ld  be  mo st  use fu l  for  sho r t  in d i v idua l  s tud ies  and u nder s t and ing  compo n ents  o f  

demand.  Samples  o f  h igh  r eso lut ion  d ata  cou ld  be  taken and  use d to  t r ack  chan ges  in  

wa ter  us e  beh av iou r  over  t ime and  in  res pons e  to  e ve nts  l i ke  d rou ght s  and  Temp orary  

use  b ans .  For  th e  EA ’s  wo rk  t h is  would  b e  for  spec i f i c  s tud ie s  an d wa ter  res o urces  

p lanning  r a th er  th an an  ongoin g  da ta  arch i ve .  We  would  pro bab l y  wan t  the  wate r  

companies  to  d o a  s i gn i f i cant  p ar t  o f  t h i s  work .  Th e  res u l ts  o f  thes e  s tud ies  wo uld  
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impro ve  d emand  fo recas ts  and  e nab le  d emand  man agemen t  mess age s  to  be  bet t er  

tar get ed.  

6 .  Do you  th ink  p ol i c y  curr ent ly  enco urages  smart  mete r ing  techn olog ies  for  wat er?  

i .  Not  d i rec t l y ,  bu t  wa ter  co mpanies  are  expec te d  to  look  a t  th e  cos ts  and  be ne f i t s  o f  

appr oach es  to  WR  p lann ing  inc lud in g  me ter in g  an d can  s e lec t  sm ar t  met ers  wher e  

these  a re  be nef ic i a l .  

7 .  How d o you  t h in k  th i s  co uld  be  in f lu enced  in l ine  wi th  th e  smart  mete r ing  ad vancements?   

i .  No commen ts  

8 .  What  opp or tun i t ie s  and barr iers  ar e  the re  for  smar t  meter ing  and  pr o jec ts  l i ke  DA IAD?   

i .  I f  the  sys tem  is  foun d to  b e  cos t  e f fec t i ve  t o  ins ta l l  and ma int a in  as  we l l  a s  d e l i ver in g  

rea l  wat er  sav in gs  f rom c us tome rs  then  i t  wi l l  be  u sed.  I f  i t  h i t s  th e  s wee t  s pot  fo r  

cus tomer s  then  t he y  may ask  for  i t .   

9 .  Do you  th ink  smart  mete r in g  wi l l  b ecome u biqu i to us  in  t he  fu tur e?   

i .  Dif f i cu l t  to  te l l .  I t  d epe nd s  on whe the r  mete r ing  be comes  ub iqu i t ous ,  wh eth e r  i t  i s  

sho wn to  be  cos t  e f fec t i ve  by  wa ter  compan ies  who a re  us in g  i t  no w and fu tur e  cos ts .  

I t  w i l l  a lso  d epen d  on  cus t omer  v ie ws.  Some  compan ies  have  foun d th at  cus tom ers  do 

not  want  smar t  mete r ing.  
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8. Appendix II 

The f in a l  and o p t i o na l  p a r t  o f  th e  on l ine  s ur vey  inc luded a  se t  o f  q ues t io ns  r egard ing  the  demo graphic  

charac t er is t i c  o f  t he  p ar t i c ip ant s ,  and the i r  b ro ad er  v ie ws  on e nv i ro nment a l  i ssu es  and techn ology  

recept i vene ss .  

 

 

Figure 79: Responses on "What is your age?" 

 

 

Figure 80: Responses on "What is the highest degree or level of school you have completed? If currently 

enrolled, highest degree received" 
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Figure 81: Responses on "What is your gender?" 

 

 

Figure 82: Responses on "What is your marital status?" 

 

 

Figure 83: Responses on "What is your total household income?" 
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Figure 84: Responses on "How many members are there in your household?" 

 
 
 

 

Figure 85: Responses on "Do you own or lease your residence?" 
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Figure 86: Responses on "In total, what is the total number of fixtures and appliances consuming water in 

your residence (e.g. faucet/tap, shower-head, dishwasher)?" 

 
 
 
 

 

Figure 87: Responses on "What is your opinion of environmental issues?" 
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Figure 88: Responses on "How well do the following statements describe your personality? I see myself as 

someone who:" 
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Figure 89: Responses on "Please rate how well the following statements describe you." 
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