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“ We can’t solve problems by  
using the same kind of thinking  
we used when we created them.”
Albert Einstein



Dear reader,

Realising that present and future water-related problems 
require out-of-the-box thinking and unusual business 
approaches, IHE Delft supports innovation in all our core 
activities of education, research and capacity development.

Our innovations are not just of a technological nature; 
they include new educational programmes and research 
findinJs� ,n all cases, their adoStion and use also has 
social, economic, environmental, governance, institutional 
and political dimensions. Research-based innovations 
originate from the six research themes of IHE Delft that are 
well aligned with relevant international and national science 
programmes, including the UNESCO science programme.

They cover core thematic areas of sustainability as well as 
cross-cutting themes, namely: 

• Safe Drinking Water and Sanitation 
•  Water-related Hazards and Climate Change 
•  Water and Ecosystems Quality
•  Water Management and Governance
•  Water, Food, and Energy Security
•  Information and Knowledge Systems
 
To celebrate the 60th anniversary of IHE Delft, we have 
selected 60 examples of innovation to feature in this 
second edition of the Innovations booklet. An important 
aspect of our innovation, and indeed of much of the activity 
at the Institute, is that ideas are created with our global 
partnership network to develop, implement and validate 
novel solutions that ultimately aim to improve the quality of 
life on our planet. 

Professor Eddy Moors
Rector



Innovations  
overview

Water Management & Governance

Water & Ecosystems Quality

Information & Knowledge Systems

Water-related Hazards & Climate Change

Water, Food & Energy Security

Safe Drinking Water & Sanitation

1 The Tiger Worm toilet

2 Ground Truth 2.0: Socio-technical approach for citizen observatories

3 SimBasin: A serious game for large river basins

4 The Shit Killer

5 eSOS Monitor and Sanitation Business Model Evaluator

6 Microbial desalination for producing cheaper drinking water

7 Complex coastline evolution simulation ‘for dummies’

8 Global Sanitation Learning Alliance

9 Sponge-based Anammox technology

10 Multiple water systems to cope with water scarcity

11 AfriAlliance: The Africa-EU innovation alliance for water and climate

12 Recirculation Aquaculture Systems (RAS)

13 MFI0.45: A more effective tool for fouling assessment in desalination

14 Leadership for city-to-city learning on adaptation

15 Free and open source software tools for urban water management

16 Global Partnership of Laboratories for Faecal Sludge analyses

17 Empowering innovation uptake through research

18 Wastewater reuse for food production

19 WA+: an emerging global standard for water accounting

20 Assessing BRP of fresh and saline water with flow cytometry

21 MFI for more accurate measurement of particulate fouling in desalination

22 ATP-based methods to better control biological fouling  

23 BEWOP: boosting the effectiveness of Water Operators’ Partnerships 

24 Utility Management Simulation Game (UMSG)

25 External scaling monitor to maximize recovery in BWRO systems

26 Rapid assessment of climate change on inlet-interrupted coasts

27 GPDPs: tailored e-learning opportunities for sanitation professionals

28 Algammox: a hybrid photo-activated sludge process

29 WeSenseIt: citizens as water sensors

30 eSOS concept

IHE Delft focus areas



31 Arsenic removal family filter 

32 Free remote sensing data

33 Alternative dam operations 

34 Arid land greening

35 Predicting storm surges

36 Evaluating groundwater in times of scarcity and of abundance

37 Wing monitors

38 Monitoring algal bloom in desalination plants

39 Extreme events and UNESCO heritage sites

40 SANI technology for tourism sector

41 Fluoride removal family filter

42 Seasonal hydrological drought forecasting

43 Sediment management in reservoirs

44 Forecasting floods

45 Dealing with uncertainties

46 Guidelines for road and drainage development in floodplains

47 Tidal irrigation and drainage

48 Water value maps

49 eSOS Smart Toilet

50 Predicting the shape of future deltas

51 Wamex

52 Predicting the coastal killer waves

53 Agent-based models of sociotechnical systems 

54 Turbo MBR

55 Drawing the line on coastline recession risk

56 Centralized arsenic removal IHE-Adart

57 A novel microorganism for sewage treatment

58 New MSc Programme in Sanitation

59 Smart toolbox for engaging citizens in a people-centric observation web

60 Accounting for Nile waters

Water Management & Governance

Water & Ecosystems Quality

Information & Knowledge Systems

Water-related Hazards & Climate Change

Water, Food & Energy Security

Safe Drinking Water & Sanitation

IHE Delft focus areas
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Locations: Eth io p ia ,  M y a nm a r ( B u r m a )  
Contact: C la ire F u rlo ng  ( c . f u rlo ng @ u n- ih e. o rg )
Partners: O x f a m  ( G B ) ,  B ill &  M elind a  G a tes F o u nd a tio n

T h e w o rld  is w itnessing  th e h ig h est lev els 
o f  f o rc ed  h u m a n d isp la c em ent o n rec o rd  
a nd  th e leng th  o f  d isp la c em ent is inc rea sing .  
H u m a nita ria n a g enc ies a re th eref o re 
lo o k ing  f o r m o re su sta ina ble sa nita tio n 
o p tio ns f o r c a m p  setting s.  O ne p o tentia l 
so lu tio n is th e T ig er W o rm  T o ilet,  a  sim p le 
vermifilter: a filter which contains composting 
w o rm s.  T h e w o rm s c o nv ert h u m a n w a ste 
into  w o rm  w a ste ( v erm ic o m p o st) .  T h e 
h u m a n w a ste is trea ted  in situ  lea d ing  to  a  
red u c tio n in th e v o lu m e o f  so lid s,  red u c ed  
em p t y ing  f req u enc y  a nd  ea sier em p t y ing  
( a s th e by - p ro d u c t is a  d r y h u m u s- lik e 
m a teria l w h ic h  is g enera ted  a t th e to p  o f  
th e sy stem ) .   

T h is c o nc ep t h a s been su c c essf u lly  tested  
a t a  h o u seh o ld  lev el in u rba n,  ru ra l a nd  
c a m p  setting s in six c o u ntries.  T h e tw o  
c u rrent p ro j ec ts a re d ev elo p ing  a nd  testing  
c o m m u na l to ilets,  p h a sed  a d d itio ns o f  th e 
w o rm s,  a  new  w o rm  sp ec ies a nd  d irec t 
d ro p  sy stem s,  in tw o  c a m p s in Eth io p ia   
a nd  M y a nm a r ( B u rm a ) .

1
The Tiger Worm toilet 
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Locations: T h e N eth erla nd s,  B elg iu m ,  S p a in,  S w ed en,  Z a m bia ,  K eny a  |  Contact: U ta  W eh n 
( u . w eh n@ u n- ih e. o rg )  |  Partners: H y d ro L o g ic  R esea rc h ,  Ak v o ,  T y g ro n,  V I T O ,  S ta rla b,  Altra n,   
C R EAF ,  S to c k h o lm  U niv ersity ,  G a v a g a i,  Ea rth w a tc h ,  T AH M O ,  U p a nd e,  W W F  Z a m bia

T h e G ro u nd  T ru th  2 . 0  a p p ro a c h  c entres o n 
rea l- lif e intera c tio ns betw een p eo p le a nd  
tec h no lo g y .  T h is inno v a tiv e so c io - tec h nic a l 
a p p ro a c h  is ba sed  o n L iv ing L a bs p rinc ip les.  
An inno v a tiv e c o - d esig n m eth o d  p ro v id es 
th e link betw een th e so c ia l d im ensio ns o f  
c itize n o bserv a to ries ( e. g .  sta k eh o ld er 
a na ly ses,  eng a g em ent stra teg ies,  a nd   
th e a na ly sis o f  d riv ers &  ba rriers f o r 
sta k eh o ld er p a rtic ip a tio n)  a nd  ena bling  
tec h no lo g ies f o r c itiz en o bserv a to ries.   
W ith  th is a p p ro a c h ,  lo c a l need s a nd  
g o v erna nc e g o a ls,  c u ltu res,  c u sto m s a nd  
la ng u a g es a re m a tc h ed  w ith  a p p ro p ria te 
f u nc tio na lities,  resu lting  in c u sto m iz ed  
c itize n o bserv a to ries th a t w ill h a v e th e 
env isa g ed ,  c a se- sp ec if ic  so c ieta l a nd  
ec o no m ic  im p a c ts.

 

G ro u nd  T ru th  2 . 0  is a  Eu ro p ea n U nio n 
H o riz o n2 0 2 0  p ro j ec t,  setting  u p  a nd  
v a lid a ting  six c itize n o bserv a to ries in rea l 
c o nd itio ns,  w ith  f o u r Eu ro p ea n a nd  tw o  
Af ric a n d em o nstra tio n c a ses in sp ec if ic  
a rea s o f  na tu ra l reso u rc e m a na g em ent.  
T h e a p p ro a c h  streng th ens th e f u ll f eed ba c k  
lo o p  in th e inf o rm a tio n c h a in,  f ro m  
c itize n- ba sed  d a ta  c o llec tio n to  j o int 
d ec isio n m a k ing  a nd  c o o p era tiv e p la nning .  
T h e u ltim a te o bj ec tiv e is th e g lo ba l m a rk et 
u p ta k e o f  th e c o nc ep t a nd  ena bling  
tec h no lo g ies.
 
G ro u nd  T ru th  2 . 0  h a s rec eiv ed  f u nd ing  
f ro m  th e Eu ro p ea n U nio n’ s H o riz o n 2 0 2 0  
R esea rc h  a nd  I nno v a tio n P ro g ra m m e 
u nd er g ra nt a g reem ent N o . 6 8 9 7 4 4

2

Project co-funded by the
EUROPEAN UNION

Ground Truth 2.0: S o c io - tec h nic a l  
a p p ro a c h  f o r c itiz en o bserv a to ries
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Location: C o lo m bia
Contact: G era ld  C o r z o  P erez ( g . c o r z o @ u n- ih e. o rg )
Partner: T N C  ( T h e N a tu re C o nserv a nc y )

S u sta ina ble ba sin m a na g em ent is im p o rta nt 
f o r bo th  p eo p le a nd  ec o sy stem s.  I nc rea sing  
sc ienc e p o lic y a nd  inter- sec to ra l d ia lo g u e 
is rec o m m end ed  a s a  m ea ns to  ba la nc ing  
c o m p eting  d em a nd s a nd  a c h iev ing  th is;  
h o w ev er,  th is d ia lo g u e is no t nec essa rily 
ea sy to  a c h iev e.  T o  o v erc o m e th ese 
o bsta c les,  th e S im B a sin g a m e h a s been 
d ev elo p ed .  T h e g a m e initia lly a im ed  to  
c o m m u nic a te th e c o m p lex tra d e- o f f s in 
riv er ba sins a nd  ena ble resea rc h  p o lic y  
d ia lo g u e in th e M a g d a lena - C a u c a  ba sin,  
C o lo m bia .  H o w ev er,  th e g a m e h a s no w  a lso  
been u sed  in o th er c o ntex ts,  a nd  o v er 2 0 0  
p eo p le h a v e p la y ed  th e g a m e w o rld w id e.   

P la y ers m a na g e a  f ic tio na l riv er ba sin o v er 
3 0  y ea rs a nd  th e im p a c ts o f  th eir d ec isio ns 
a re sim u la ted  u sing  W EAP  w a ter reso u rc es 
m o d elling  so f t w a re.  As w ell a s p ro v id ing   
a  d isc u ssio n sp a c e,  th e g a m e g iv es 
interesting  ex a m p les o f  c o m p u ter m o d els 
a nd  sta k eh o ld ers’  m enta l m o d els intera c ting  
w ith ,  a nd  enric h ing ,  ea c h  o th er.

3
SimBasin: A serio u s g a m e f o r la rg e 
riv er ba sins
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Location: W o rld w id e
Contact: T inek e H o o ij m a ns ( t. h o o ij m a ns@ u n- ih e. o rg )
Partner: T eh no biro  d . o . o .  ( S lo v enia )

S o lu tio ns f o r ef f ec tiv e a nd  su sta ina ble 
f a ec a l slu d g e m a na g em ent ( F S M )  rep resent 
a  sig nif ic a nt g lo ba l need .  T rem end o u s 
a m o u nts o f  f a ec a l slu d g e a re p ro d u c ed  
g lo ba lly o n a  d a ily ba sis f ro m  o nsite 
sanitation: 2.7 billion people worldwide are 
serv ed  by  o nsite sa nita tio n tec h no lo g ies 
a nd  th a t nu m ber is ex p ec ted  to  g ro w  to   
5  billio n by 2 0 3 0 .  F S M  p resents a  g lo ba l 
c h a lleng e.  A new  tec h no lo g ic a l c o nc ep t  
f o r steriliz a tio n a nd  d eh y d ra tio n o f  ex c reta  
( f a ec es a nd  u rine)  h a s been d ev elo p ed   
by I H E D elf t a nd  T eh no biro  d . o . o .  T h e 
tec h no lo g y m a k es u se o f  m ic ro w a v e 
g enera to rs th a t a re p a rt o f  a  sp ec ia lly 

d esig ned  u nit th a t c a n c o nv ert p a th o g enic 
h u m a n w a ste into  c lea n w a ter a nd  inert d r y 
f ertiliz er.  T h e c o nc ep t h a s been su c c essf u lly  
tested  in th e N eth erla nd s a nd  K eny a  a nd  a  
p ilo t d em o nstra tio n u nit is c u rrently u nd er 
c o nstru c tio n a nd  w ill be a p p lied  in J o rd a n.

4
The Shit Killer



5

T h e eS O S  M o nito r a nd  S a nita tio n B u siness 
M o d el Ev a lu a to r a re a  tw o - in- o ne to o l  
f o r th e o p era tio na l m a na g em ent o f  th e 
sa nita tio n c h a in a nd  f o r th e ev a lu a tio n o f  
d if f erent sa nita tio n bu siness m o d els a nd  
a sso c ia ted  c o sts,  resp ec tiv ely .  T h e eS O S  
M o nito r is a n o p era tio na l so f t w a re to o l to  
m a na g e th e entire sa nita tio n c h a in in a c tu a l 
c irc u m sta nc es a nd  rea l situ a tio ns.  I t h a s 
been su c c essf u lly  tested  in to u g h  f ield  
c o nd itio ns in T h e P h ilip p ines.   
T h e S a nita tio n B u siness M o d el Ev a lu a to r 
is a  d ec isio n su p p o rt to o l th a t c a n be 
a p p lied  to  bo th  a c tu a l c a ses a nd  a lso  f o r 
f u tu re o p tio ns ( e. g .  c h o ic e o f  sa nita tio n  
sy stem s a nd  bu siness m o d el) .  I t h a s been 
tested  in a  c a se stu d y in T h a ila nd .  

T h e eS O S  M o nito r is p a rt o f  th e  
a w a rd - w inning  inno v a tio n eS O S  S m a rt 
T o ilet a nd  is a t th e h ea rt o f  th e no v el eS O S  
c o nc ep t o f  I H E D elf t.  S h o rtly a f ter la u nc h  
o f  th e eS O S  M o nito r,  th e so f t w a re f ea tu res 
w ere a d o p ted  by  sev era l to ilet m a nu f a c tu rers 
w o rld w id e ( e. g .  I nd ia )  a nd  a re a lrea d y in 
u se in rea l lif e situ a tio ns.  

Location: W o rld w id e
Contact: D a m ir B rd j a no v ic  ( d . brd j a no v ic @ u n- ih e. o rg )
Partner: S Y S ET C H . ba  ( B o snia  a nd  H erz eg o v ina )

eSOS Monitor and Sanitation 
Business Model Evaluator
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I H E D elf t a nd  p a rtners a re d ev elo p ing   
a  rev o lu tio na r y  m ic ro bia l d esa lina tio n 
a p p ro a c h  w h ic h  red u c es th e energ y 
req u ired  to  p ro d u c e sa f e d rink ing   
w a ter.  T h e tec h no lo g y u ses m ic ro bia l  
d esa lina tio n c ells ( M D C )  a s a   
p re- trea tm ent f o r c o nv entio na l rev erse 
o sm o sis d esa lina tio n.  A p ilo t- sc a le 
p ro d u c tio n p la nt is u nd er d ev elo p m ent.   
T h e u se o f  elec tro a c tiv e ba c teria  in a   
M D C  u nit p o w ers th e p ro c ess u sing  
sig nif ic a ntly less energ y f o r d esa lina tio n 
a nd  w a stew a ter trea tm ent.  T h e new  
tec h no lo g y h a s g rea t p o tentia l to  be 
a p p lied  in w a ter- stressed  a rea s a s a   
m o re su sta ina ble w a ter trea tm ent o p tio n.  

T h e M I D ES  ( M I c ro nia l D ES a lina tio n)  
c o nso rtiu m  o f  resea rc h  a nd  c o m m erc ia l 
o rg a nisa tio ns h a s been c o lla bo ra ting  to  
f u rth er ex p lo re th e p o tentia l o f  M D C  
tec h no lo g y  by  inc rea sing  d esa lina tio n 
ra tes,  red u c ing  bio f o u ling  a nd   
sc a ling  o f  m em bra nes,  o p tim ising  th e  
m ic ro bia l- elec tro c h em ic a l p ro c ess a nd  
im p ro v ing  th e ec o no m ic f ea sibility o f  th e 
sy stem .  

Locations: C h ile,  S p a in,  T u nisia
Contact: S erg io  S a lina s ( s. sa lina s@ u n- ih e. o rg )  |  Partners: Aq u a lia ,  F U J I F I L M ,  I M D EA-  
W a ter,  L EI T AT ,  M ik ro lin,  O nc o ntro l T ec h no lo g ies,  S im T ec h ,  S G L  G ro u p ,  U niv ersity  o f  G a bes Project co-funded by the

EUROPEAN UNION

Microbial desalination for producing 
cheaper drinking water



F o r d ec a d es,  m o st resea rc h ers in c o a sta l 
p ro c esses h a v e f o c u sed  o n m a k ing  
inc rea sing ly c o m p lex m o d els to  c a rr y o u t 
m o re d eta iled  a nd ,  a t th e sa m e tim e,  lo ng er 
sim u la tio ns.  B u t no w  a nd  th en it c a n be 
refreshing to try the opposite: explain and 
sim u la te c o m p lex  beh a v io u r w ith  v ery 
sim p le m o d el c o nc ep ts.  A rec ent m o d el 
development has done just that: applying 
c o a stline m o d el c o nc ep ts f ro m  th e 1 9 5 0 s 
in a  new ,  u nrestric ted  f ra m ew o rk ,  w h ere 
th e c o a stline is rep resented  a s a  series o f  
‘ string s o f  p ea rls’ .   
 

T h e resu lt w a s a  v irtu a l w o rld ,  w h ere 
isla nd s c a n m o v e a nd  m erg e,  sp its a nd  
c a p es c a n d ev elo p  f reely a nd  th e ef f ec ts  
o f  h a rd  stru c tu res o r g eo lo g y  a re ea sily  
rep resented .  T h e c o nc ep t h a s been  
sh o w n to  w o rk in ex a m p les lik e th e f a m o u s 
D u tc h  S a nd  M o to r a nd  a lrea d y its serio u s 
a p p lic a tio n in p ro j ec ts is a bo u t to  beg in.   
T h e sim p lic ity o f  th e m eth o d ,  u nrestra ined  
g eo m etric  p o ssibilities a nd  u ser- f riend liness,  
m a k e it a ttra c tiv e f o r u se a t sc a les f ro m  
lo c a l ( 1 0  k m )  to  g lo ba l.
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Location: W o rld w id e 
Contact: D a no  R o elv ink  ( d . ro elv ink @ u n- ih e. o rg )
Partner: D elta res

Complex coastline evolution  
simulation ‘for dummies’



I H E D elf t a nd  p a rtners rec ently esta blish ed  
a n a llia nc e f o r ed u c a tio n in th e f ield  o f  
sa nita tio n.  T h e a llia nc e sta rted  w ith  a n 
e- lea rning  c o u rse o n F a ec a l S lu d g e 
M a na g em ent d ev elo p ed  in 2 0 1 6  a nd  th is 
h a s sinc e been ex tend ed  w ith  sev era l 
inno v a tiv e ed u c a tio na l o f f ering s su c h   
a s th e G ra d u a te P ro f essio na l D ip lo m a  
P ro g ra m  ( G P D P )  a nd  a  new  o ne- y ea r  
M S c in S a nita tio n.  Alth o u g h  I H E D elf t h a s 
d ev elo p ed  a nd  d eliv ered  d ista nc e lea rning  
f o r tw o  d ec a d es,  th e e- lea rning  c o u rse o n 
F a ec a l S lu d g e M a na g em ent is th e f irst 
ex a m p le o f  a n I H E D elf t e- lea rning  c o u rse 
th a t is j o intly d ev elo p ed  a nd  sim u lta neo u sly 

d eliv ered  by  p a rtners a t 6  d if f erent lo c a tio ns 
in Eu ro p e,  S u b- S a h a ra n Af ric a  a nd  S o u th  
Ea st Asia ,  th ereby  su bsta ntia lly  inc rea sing  
its rea c h .  T h e a llia nc e a lrea d y h a s 6 0 0  
m em bers w h o  enj o y its benef its a nd  it is 
still ex p a nd ing  w ith  new  d eliv ery p a rtners.  
T h ere is a  v ibra nt c o m m u nity o f   
p ro f essio na ls w h o  a re p a rtic ip a ting  in  
th is c o u rse a nd  o th er c o u rses a nd   
p ro g ra m s.  T h e sc o p e o f  th e a llia nc e w ill  
be ex p a nd ed  so o n by o th er ty p es o f  f a ec a l 
slu d g e c o u rses ( e. g .  M O O C s)  a nd  o th er 
rela ted  o nline c o u rses a nd  is so o n 
ex p ec ted  to  h o st sev era l th o u sa nd  
sa nita tio n p ro f essio na ls.  
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Location: W o rld w id e |  Contact: D a m ir B rd j a no v ic  ( d . brd j a no v ic @ u n- ih e. o rg )
Partners: B M G F  ( U S A) ,  Ea w a g  ( S w it z erla nd ) ,  U K Z N  ( S o u th  Af ric a ) ,  C S E ( I nd ia ) ,  AI T  ( T h a ila nd ) ,   
2 iE ( B u rk ina  F a so ) ,  B U ET  ( B a ng la d esh )

Global Sanitation Learning Alliance



I H E D elf t a nd  p a rtners tested  a  no v el 
sp o ng e- ba sed  tric k ling  f ilter th a t c a n bo o st 
th e g ro w th  o f  slo w - g ro w ing  Ana m m o x 
o rg a nism s f o r th e rem o v a l o f  nitro g en 
c o m p o u nd s f ro m  w a stew a ter in a  sh o rter 
tim e u sing  f resh  a c tiv a ted  slu d g e a s a n 
ino c u lu m .  F u rth erm o re,  th ro u g h  na tu ra l  
a ir c o nv ec tio n,  c o m p lete a u to tro p h ic  
a m m o niu m  rem o v a l o v er nitrite a s  
p erf o rm ed  by Ana m m o x  ba c teria  c a n  
be a c h iev ed  w ith  no  need  f o r ex terna l 
( a d d itio na l)  a era tio n.

T h ese f a v o u ra ble f ea tu res a nd   
c h a ra c teristic s m a k e sp o ng e- ba sed  
tric k ling  f ilters ec o no m ic a lly  ef f ec tiv e a nd  
a ttra c tiv e a s p o st- trea tm ent step s f o r 
a na ero bic w a stew a ter trea tm ent,  a s w ell  
a s a n interesting  o p tio n f o r p la nt u p g ra d es.  
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Location: T h e N eth erla nd s
Contact: C a rlo s M .  L o p ez  V a z q u ez  ( c . lo p ez v a z q u ez @ u n- ih e. o rg )  
Partners: D elf t U niv ersity o f  T ec h no lo g y ( T U  D elf t) ,  F ed era l U niv ersity o f  M ina  G era is ( U M F G )

Sponge-based Anammox  
technology



T o  c o p e w ith  f resh w a ter sc a rc ity in c o a sta l 
c ities a nd  reg io ns,  new  a nd  sm a rt so lu tio ns 
su c h  a s m u ltip le w a ter sy stem s c a n 
c o ntribu te to  o p tim iz ing  th e w a ter su p p ly 
netw o rk s a nd  inc rea sing  w a ter a v a ila bility .

T h e intro d u c tio n a nd  c o m bina tio n o f  th e 
u se o f  sea w a ter a nd  trea ted  w a stew a ter  
in th e u rba n w a ter c y c le c a n su p p lem ent  
by u p  to  6 0 %  th e su p p ly o f  d rink ing  w a ter 
p ro v id ed  by c o nv entio na l a nd / o r sea w a ter 
d esa lina tio n sy stem s.  T h is inc rea ses th e 
lif esp a n a nd  red u c es th e c o sts o f  th e la tter,  
since: (i) seawater can replace up to 30% 

o f  th e w a ter c o nsu m ed  in h o u seh o ld s f o r 
to ilet f lu sh ing ;  a nd  ( ii)  trea ted  w a stew a ter 
c a n p ro v id e u p  to  3 0 %  o f  th e w a ter 
req u ired  f o r c lea ning  a nd  irrig a tio n in  
u rba n settlem ents.
 
O v era ll,  th e c o m bina tio n o f  m u ltip le w a ter 
sy stem s c a n c o ntribu te to  m itig a ting  th e 
ef f ec ts o f  c lim a te c h a ng e o n w a ter sc a rc ity 
c a u sed  by d ro u g h ts w h ile m a inta ining  
c o st- ef f ec tiv eness.

Location: C u ba  |  Contact: C a rlo s M .  L o p ez  V a z q u ez  ( c . lo p ez v a z q u ez @ u n- ih e. o rg )
Partners: C U J AE ( C u ba ) ,  I N R H  ( C u ba ) ,  I I I A ( C u ba ) ,  H K U S T  ( H o ng  K o ng ) ,  T U  D elf t ( T h e N eth erla nd s) ,   
U C T  ( S o u th  Af ric a ) ,  U niV a lle ( C o lo m bia )
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Multiple water systems to cope  
with water scarcity



Af ric a  is o ne o f  th e reg io ns m o st in need  o f  
inno v a tiv e so lu tio ns f o r ta c k ling  w a ter a nd  
c lim a te c h a ng e c h a lleng es.  H o w ev er,  m a ny 
p a rts o f  Af ric a  a re su f f ering  f ro m  w id esp rea d  
institu tio na l f ra g m enta tio n.  Af riAllia nc e is 
a n initia tiv e in w h ic h  m a ny p a rtners a re 
j o ining  f o rc es to  su p p o rt c o o p era tio n w ith in 
Af ric a  a nd  betw een Af ric a  a nd  th e EU ,  in 
th e f ield  o f  inno v a tio n f o r w a ter a nd  c lim a te.

Af riAllia nc e’ s u ltim a te o bj ec tiv e is to  
inc rea se Af ric a n p rep a red ness f o r c lim a te 
c h a ng e c h a lleng es.  I t d o es so  by f o stering  
th e inno v a tio n p ro c ess th ro u g h  sev era l 
mechanisms and activities: AfriAlliance 
id entif ies a nd  m a tc h es so c ia l inno v a tio ns 
a nd  need s,  it h elp s im p ro v e w a ter a nd  

c lim a te m o nito ring  a nd  f o rec a sting  by  
d ev elo p ing  a  ‘ trip le senso r a p p ro a c h ’ ,   
f a c ilita tes k no w led g e sh a ring  a nd   
tec h no lo g y  tra nsf er th ro u g h  a  series o f  
f a c e- to - f a c e ev ents a nd  a n inno v a tiv e 
o nline p la t f o rm ,  a nd  ‘ a c tio n g ro u p s’  bring  
to g eth er Af ric a n a nd  Eu ro p ea n p eers w ith  
relev a nt k no w led g e a nd  ex p ertise to  w o rk 
j o intly  to w a rd s inno v a tiv e so lu tio ns.
 
Af riAllia nc e h a s rec eiv ed  f u nd ing  f ro m  th e 
Eu ro p ea n U nio n’ s H o riz o n 2 0 2 0  resea rc h  
a nd  inno v a tio n p ro g ra m m e u nd er g ra nt 
a g reem ent N o .  6 8 9 1 6 2 .

1 1

Locations: Af ric a ,  Eu ro p e |  Contact: U t a  W eh n ( u . w eh n@ u n- ih e. o rg )
Partners: W R C ,  W a ternet,  I C L EI  Af ric a ,  R I O B ,  G W P ,  Af W A,  W AS C AL ,  B o th End s,  Ak v o ,   
2 iE,  C S I R ,  W E& B ,  O I Ea u ,  I T C  U T ,  W ssT P Project co-funded by the

EUROPEAN UNION

AfriAlliance: T h e Af ric a - EU  inno v a tio n 
a llia nc e f o r w a ter a nd  c lim a te



T h e inno v a tiv e ex p erim enta l p ilo t- sc a le 
rec irc u la tio n a q u a c u ltu re sy stem  ( R AS )   
f o r Af ric a n c a t f ish  p ro d u c tio n h a s been 
d esig ned  a nd  d ev elo p ed  ( f eed  p ro d u c tio n,  
a  h a tc h ery a nd  a n o n- g ro w ing  sy stem )   
f o r o p tim iz a tio n a nd  rec o v ery o f  reso u rc es 
in th e f o o d  p ro d u c tio n c h a in in C u ba .   
I t inc lu d es nu trient retriev a l,  energ y 
rec o v ery ,  a nd  w a stew a ter reu se f ro m  R AS  
w a stew a ter trea tm ent sy stem s.  Af ric a n 
c a tf ish  d ensities o f  a p p ro x im a tely  1 3 0  k g / m 3  
w ere o bta ined  a t a  c a t f ish  p ro d u c tio n 
c a p a c it y  o f  a p p ro x im a tely  2 0  to ns/ y ea r,  
f o u r f o ld  m o re th a n th e c u rrent f ish  f a rm ing  
p ra c tic es in C u ba .   

S ev era l o th er f u ll- sc a le inno v a tiv e R AS  
sy stem s f o r intensiv e p ro d u c tio n o f  eel,  sea  
ba ss,  a nd  sea  brea m  h a v e a lrea d y been 
c o nstru c ted  in C ro a tia  u nd er th e lea d ersh ip  
o f  I H E D elf t.  
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Locations: C u ba ,  C ro a tia
Contact: H ec to r G a rc ia  ( h . g a rc ia @ u n- ih e. o rg )
Partners: H ES Y  Aq u a c u ltu re B . V .  ( T h e N eth erla nd s) ,  ED T A ( C u ba )

Recirculation Aquaculture Systems 
(RAS)
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I H E D elf t h a s been a t th e c entre o f  
im p lem enting  th e m o d if ied  f o u ling  ind ex  
( M F I )  to  m o re a c c u ra tely  a ssess p a rtic u la te 
f o u ling  in d esa lina tio n o p era tio ns.  T h e 
rela tiv e u np red ic ta bility o f  m em bra ne 
f o u ling  w ith  th e sta nd a rd  silt d ensity  ind ex  
( S D I )  h a s a lw a y s been a n im p ed im ent in 
rev erse o sm o sis a nd  o th er p ressu re- d riv en 
d esa lina tio n sy stem s.  

F irst p ro p o sed  in 1 9 8 0 ,  th e M F I  w a s f u rth er 
d ev elo p ed  a t I H E D elf t a nd  K W R  W a terc y c le 
R esea rc h  I nstitu te.  T h e tec h niq u e w a s 
a d o p ted  in 2 0 1 5  a s a  sta nd a rd  m eth o d  by 
AS T M  I nterna tio na l a f ter it w a s su bm itted  
by I H E D elf t ( AS T M  D 8 0 0 2  -  1 5 ) .   

P rev io u sly ,  o nly th e S D I  w a s u sed  to  
a ssess w a ter q u a lity in p ressu re- d riv en 
sy stem s.  

T h e M F I  p ro v id es m o re sta nd a rd iz ed  v a lu es 
in p red ic ting  ra tes o f  f o u ling  by c o nsid ering  
f o u ling  m ec h a nism s p ro p o rtio na l to  th e 
c o nc entra tio n o f  f o u la nts in w a ter,  a s  
w ell a s being  u na f f ec ted  by tem p era tu re 
v a ria tio ns.  T h ese M F I  q u a lities lea d  to  a n 
inc rea sed  sy stem  p erf o rm a nc e,  lo w er 
energ y  c o nsu m p tio n,  red u c ed  m a intena nc e,  
a nd  ex tend ed  m em bra ne lif e.    

Locations: W o rld w id e ( T h e N eth erla nd s,  I sra el,  C h ile,  C u ba ,  M ex ic o ,  Au stra lia ,  U AE,  O m a n,  K S A)  
Contact: M a ria  K enned y  ( m . k enned y @ u n- ih e. o rg )
Partners: K W R ,  Ak v o reg ia

MFI0.45: A m o re ef f ec tiv e to o l f o r  
f o u ling  a ssessm ent in d esa lina tio n



M ed iu m - size d  c ities a re f ind ing  th a t th ey 
a re u np rep a red  f o r th e new  d em a nd s o n 
w a ter reso u rc es,  p o llu tio n c o ntro l a nd  f lo o d  
p ro tec tio n.  M a ny o f  th ese c h a lleng es a re 
sh a red  by o th er c ities,  reg io na lly a nd  ev en 
g lo ba lly .  O f ten th ey h a v e c o m p lem enta r y 
streng th s a nd  w ea k nesses a nd  by 
c o o p era ting ,  th ey c a n o f f er rec ip ro c a l 
su p p o rt a nd  k no w - h o w .  I H E D elf t,  th e 
C enter o f  W a ter M a na g em ent a nd   
C lim a te C h a ng e a nd  th e Asia n I nstitu te  
o f  T ec h no lo g y in V ietna m  a im  to  a ssist  
c ities in d ev elo p ing  th e interna l lea d ersh ip   
( e. g .  sk ills,  k no w led g e a nd  netw o rks )  a nd  
c o m m o n v isio n need ed  to  enc o u ra g e 
lea rning  f ro m  ea c h  o th er.  T o  a c h iev e th is 
a im ,  th ey h a v e d ev elo p ed  a  tra ining  c o u rse 
o n ‘ L ea d ersh ip  f o r c ity - to - c ity lea rning  o n 
a d a p ta tio n’ .

T h e tra ining  c o u rse is intend ed  f o r m id - lev el 
c lim a te p ro f essio na ls f ro m  f o u r V ietna m ese 
c ities,  w ith  a  h isto r y o f  w o rk ing  to g eth er in 
p ro j ec ts.  T h ese p ro f essio na ls w ill p ro g ress 
th ro u g h  six m o nth s’  intensiv e w o rk a nd  
lea rning ,  inv o lv ing  tw o  3 - d a y  tra ining  
sessio ns a nd  a  c h a lleng ing  o n- th e- j o b 
g ro u p  a ssig nm ent to  im p lem ent c ity - to - c ity 
lea rning .  I n th is w a y ,  th e c o u rse w ill 
streng th en th e ex isting  c o o p era tio n 
betw een th ese c ities a nd  w ith  th e lo c a l 
k no w led g e/ ed u c a tio n institu tes.

T h e lea d ersh ip  c o u rse ta k es p la c e in ea c h  
o f  th e f o u r V ietna m ese c ities.  T h is no v el 
m o d el c a n be u sed  f o r tra ining  o th er c ity 
g ro u p ing s in d if f erent reg io ns a nd  c o u ntries.
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Location: V ietna m  |  Contact: B err y  G erso niu s ( b. g erso niu s@ u n- ih e. o rg )
Partners: C enter o f  W a ter M a na g em ent a nd  C lim a te C h a ng e ( V N U - W AC C ) ,  Asia n I nstitu te o f  T ec h no lo g y ,  
V ietna m  ( AI T - V N )

Leadership for city-to-city  
learning on adaptation
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I H E D elf t h a s a  lo ng  h isto r y o f  p ro v id ing   
a  ric h  c la ssro o m  ex p erienc e in h a nd s- o n 
lea rning  in th e w a ter sec to r.  C o ntinu ing  
w ith  th is tra d itio n,  a  nu m ber o f  inno v a tiv e 
so f t w a re to o ls h a v e been d ev elo p ed  th a t 
h elp  th e stu d ent to  ex p erim ent a nd  lea rn 
v a rio u s u sef u l tec h niq u es in th e d o m a in o f  
u rba n w a ter c y c le m a na g em ent.  T w o  su c h  
to o ls a re sh o w c a sed  h ere.  

S W M M 5 - EA is a  d esk to p  ed u c a tio na l  
to o l th a t h elp s no v ic e lea rners to  a p p ly 
D a r w inia n ev o lu tio n- ba sed  o p tim iz a tio n 
th eo r y  to  o p tim a lly  d esig n su sta ina ble 
d ra ina g e sy stem s ( S U D S ) .  T h is to o l h a s 
a lrea d y been su c c essf u lly u sed  in a  
nu m ber o f  M a sters a nd  P h D  resea rc h  
p ro j ec ts bo th  w ith in I H E D elf t a nd  w o rld w id e.

R R P AM - W D S  is a  d esk to p  to o l f o r sh o rt 
a nd  m ed iu m - term  renew a l p la nning  o f  
bu ried  w a ter p ip e sy stem s ( w a ter su p p ly ,  
d ra ina g e) .  D ev elo p ed  in 2 0 1 6  to  f ill a   
g a p  in th e a sset m a na g em ent tea c h ing  
c u rric u lu m ,  th e to o l h a s a lrea d y been 
intro d u c ed  bo th  in th e I nstitu te’ s  
c la ssro o m s a nd  o u tsid e tra ining  setting s 
a nd  w a s w ell rec eiv ed  by u sers.

Location: W o rld w id e 
Contact: Assela  P h a tira na  ( a . p h a tira na @ u n- ih e. o rg )  
Partners: V itens Ev id es I nterna tio na l,  W a terN et

Free and open source software 
tools for urban water management



F a ec a l S lu d g e ( F S )  c h a ra c teriz a tio n a nd  
ex p erim enta tio n is a n em erg ing  a rea  in  
th e f ield  o f  sa nita tio n.  L a bo ra to ries 
eq u ip p ed  w ith  f a c ilities f o r F S  a na ly ses 
h a v e entered  into  a  p a rtnersh ip  w ith  th e 
g o a l o f  sta nd a rd iz ing  m eth o d s o f  F S  
c h a ra c teriz a tio n a nd  d eliv ering  tra ining  
c o u rses f o r bo th  stu d ents a nd  sa nita tio n 
p ro f essio na ls.  

T h e new  F S  la bo ra to r y o f  I H E D elf t w ill  
be bu ilt eith er a t th e nea rby w a stew a ter 
trea tm ent p la nt H a rna sc h p o ld er,  o r a t I H E 
D elf t ’ s p rem ises.  I t w ill be u sed  f o r ba sic 
a nd  a d v a nc ed  tra ining  so  th a t tra inees c a n 
im p ro v e th eir sk ills a nd  em ba rk o n p ra c tic a l 
F S  w o rk w ith  inc rea sed  c o nf id enc e.   

I n a d d itio n,  it w ill serv e F S  resea rc h ers a t 
th e new ly esta blish ed  c entre o f  ex c ellenc e 
‘ D elf t B lu e I nno v a tio n’ ,  w h ic h  h a s its 
resea rc h  f a c ilities nea rby  a nd  w a s 
esta blish ed  in c o o p era tio n w ith  I H E D elf t.
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Location: T h e N eth erla nd s,  I nd ia ,  S o u th  Af ric a ,  T h a ila nd ,  Z u ric h  |  Contact: D a m ir B rd j a no v ic   
( d . brd j a no v ic @ u n- ih e. o rg )  |  Partners: B M G F  ( U S A) ,  Ea w a g  ( S w it z erla nd ) ,  U K Z N  ( S o u th  Af ric a ) ,  C S E 
(India), AIT (Thailand), Delfluent Services BV, Delft Blue Innovations (The Netherlands)

Global Partnership of Laboratories 
for Faecal Sludge Analyses



W h ile a p p lied  resea rc h  a c tiv ities c a rried  
o u t lo c a lly  o n p ilo t- sc a le d em o nstra tio n 
sy stem s o r c a se stu d ies m a inly led  by 
resea rc h  a nd  k no w led g e institu tio ns is 
c o ntribu ting  to  th e d ev elo p m ent a nd  
p rep a ra tio n o f  d esig n,  o p era tio n a nd  
m a intena nc e g u id elines,  th e inv o lv em ent  
o f  w a ter p ro f essio na ls su p p o rts th e 
a d a p ta tio n a nd  a d o p tio n o f  inno v a tio ns  
by th e lo c a l w a ter sec to r in a c c o rd a nc e 
w ith  lo c a l c o nd itio ns a nd  need s.

As rec ently d em o nstra ted  in C u ba ,  
lo ng - term  su sta ina bility  a nd  u p ta k e w a s 
enh a nc ed  by ( i)  th e intro d u c tio n o f  th e  
new  g u id elines a s lec tu ring  m a teria l in 

lo c a l u niv ersity c u rric u la ,  ( ii)  f o rm a tio n  
o f  h ig h ly q u a lif ied  w a ter p ro f essio na ls 
k no w led g ea ble o n th e inno v a tio ns ( a t B S c ,  
M S c a nd  P h D  lev el)  to  streng th en th e 
a c a d em ic  a nd  p ro f essio na l w a ter sec to rs,  
a nd  ( iii)  tra ining  c o u rses ta u g h t to  lo c a l 
w a ter p ro f essio na ls c o m bining  th e 
f u nd a m enta ls ( new  g u id elines)  a nd   
tec h nic a l a nd  p ra c tic a l a sp ec ts  
( k no w - h o w  o n th e p ilo t- sc a le sy stem s)   
o f  th e inno v a tio ns.
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Location: C u ba
Contact: C a rlo s M .  L o p ez  V a z q u ez  ( c . lo p ez v a z q u ez @ u n- ih e. o rg )  
Partners: C U J AE ( C u ba ) ,  I N R H  ( C u ba ) ,  I I I A ( C u ba )

Empowering innovation uptake 
through research



A m em bra ne bio rea c to r ( M B R )  tec h no lo g y 
h a s been d ev elo p ed  a nd  d esig ned  f o r th e 
trea tm ent o f  f o o d  p ro c essing  ind u stries’  
w a stew a ter in C u ba ,  to  reu se th e w a ter a nd  
rec o v er th e nu trients.  T h e trea ted  ef f lu ent 
a nd  slu d g e p ro d u c ed  by  th e M B R  sy stem  
h a v e been a p p lied  to  su p p o rt lo c a l  
a g ric u ltu ra l a c tiv ities a t a  d em o nstra tiv e 
sc a le.  T h e w a ter q u a lity  o f  th e M B R  
a llo w ed  a  sa f e a nd  c o ntinu o u s so u rc e o f  
w a ter f o r c ro p  irrig a tio n,  w h ile th e slu d g e 
w a s u sed  to  enh a nc e th e q u a lity o f  th e so il.   

T h e M B R  tec h no lo g y a nd  reu se o f  sa f e 
w a ter a nd  slu d g e in intensiv e a g ric u ltu re 
w a s f o r th e f irst tim e c o nd u c ted  in C u ba .
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Location: C u ba
Contact: H ec to r G a rc ia  ( h . g a rc ia @ u n- ih e. o rg )
Partners: I I I A ( C u ba ) ,  AL M ES  d . o . o .  ( C ro a tia )

Wastewater reuse for food  
production



T h e k ey q u estio ns in w a ter m a na g em ent 
are simple and yet hard to answer: is there 
su f f ic ient w a ter a v a ila ble f o r a ll u sers,   
a nd  f o r h o w  lo ng ?  Ef f ec tiv e m a na g em ent 
stra teg ies h ea v ily d ep end  o n relia ble d a ta  
w h ic h  is o f ten no t a v a ila ble.

O p en- a c c ess R em o te S ensing  d a ta  c a n 
o f f er c ru c ia l inf o rm a tio n in th is c o ntex t.  T h e 
W a ter Ac c o u nting  P lu s ( W A+ )  f ra m ew o rk ,  
j o intly d ev elo p ed  by I H E D elf t,  I W M I ,  F AO ,  
a nd  W W AP ,  p ro v id es a  q u ic k sc a n o f  w a ter 
reso u rc es c o nd itio ns in a  riv er ba sin u sing  
su c h  d a ta sets.   
 

T h e f ra m ew o rk ev a lu a tes w a ter  
c o nsu m p tio n,  w a ter p ro d u c tiv ity a nd   
g o es bey o nd  th e c la ssic a l w a ter ba la nc e 
a p p ro a c h ,  by link ing  la nd  a nd  w a ter 
m a na g em ent.  T h e W A+  rep o rting  is ba sed  
o n sh eets m ea nt f o r d ec isio n m a k ers,  
d eta iled  ta bles f o r tec h nic a l ex p erts,  a nd  
sp a tia lly - d istribu ted  m a p s.  W A+  h a s been 
a p p lied  in m a ny c o u ntries w o rld w id e a nd  
th e sy stem  is c o nsta ntly being  u p g ra d ed  
u sing  th e la test a v a ila ble tec h no lo g ies.  
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Locations: S o u th  a nd  S o u th - Ea st Asia ,  M id d le Ea st,  Af ric a ,  S o u th  Am eric a
Contact: Elg a  S a lv a d o re ( e. sa lv a d o re@ u n- ih e. o rg )
Partners: I W M I ,  F AO ,  W W AP

WA+: a n em erg ing  g lo ba l sta nd a rd   
f o r w a ter a c c o u nting



2 0

C u rrent m eth o d s o f  a ssessm ent o f  ba c teria l 
reg ro w th  p o tentia l ( B R P )  in f resh  a nd  sa line 
w a ter a re tim e- c o nsu m ing ,  c o stly ,  a nd  
limited to specific bacterial strains.

I H E D elf t,  in c o lla bo ra tio n w ith  th e W etsu s 
I nstitu te,  h a s d ev elo p ed  a  m eth o d  f o r 
m o nito ring  th e B R P  in sea w a ter sa m p les 
u sing  a  na tu ra l c o nso rtiu m  o f  m a rine 
bacteria and flow cytometry for bacterial 
c o u nting .  T h e u se o f  a  na tu ra l c o nso rtiu m  
ena bles a  m u c h  bro a d er a nd  d iv erse 
su bstra te ra ng e th a n a  sing le p u re c u ltu re 

a nd  th u s o f f ers a  m o re rea listic  interp reta tio n 
o f  bio f o u ling  o c c u rring ,  esp ec ia lly in S W R O  
m em bra ne sy stem s.  T h is m eth o d  is a lso  
f a ster th a n c o nv entio na l bio a ssa y s.

I n a d d itio n,  I H E D elf t to g eth er w ith  O a sen 
h a s f u rth er d ev elo p ed  a n esta blish ed  
m eth o d  f o r a ssessing  th e bio lo g ic a l sta bility 
o f  lo w - nu trient w a ters,  su c h  a s a f ter R O  
inc lu d ing  rem inera lisa tio n.  I t is ex p ec ted   
th a t th e nu m ber o f  d rink ing  w a ter p la nts 
u sing  R O  tec h no lo g y w ill c o ntinu e to  
inc rea se ra p id ly .

Locations: Au stra lia ,  U nited  Ara b Em ira tes,  O m a n,  T h e N eth erla nd s
Contact: M a ria  K enned y  ( m . k enned y @ u n- ih e. o rg )
Partners: O a sen D rink w a ter,  W etsu s

Assessing BRP of fresh and saline 
water with flow cytometry
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Locations: T h e N eth erla nd s,  S p a in,  F ra nc e,  U nited  Ara b Em ira tes
Contact: M a ria  K enned y  ( m . k enned y @ u n- ih e. o rg )
Partner: Ak v o reg ia

C o llo id a l a nd  o rg a nic  f o u ling  in sea w a ter 
rev erse o sm o sis ( S W R O )  d esa lina tio n 
sy stem s resu lts in p erm ea bility d ec rea se,  
h ig h er energ y c o sts,  inc rea sed  sa lt 
p a ssa g e,  a d d itio na l c lea ning ,  a nd  th e u se 
o f  c h em ic a ls.  I n p ra c tic e,  ind ic es lik e th e 
silt d ensity ind ex ( S D I )  a nd  m o d if ied  f o u ling  
ind ex ( M F I )  a re u sed  to  a ssess p a rtic u la te 
f o u ling ,  bu t th ese m eth o d s a re no t sensitiv e 
eno u g h  to  d etec t sm a ll p a rtic les a nd  d o  no t 
ta k e into  a c c o u nt th e d ep o sitio n o f  p a rtic les/  
c o llo id s in rev erse o sm o sis ( R O )  sy stem s.
 
T h e M F I  w ith  u ltra f iltra tio n m em bra nes 
( M F I - U F )  a t c o nsta nt f lu x w a s d ev elo p ed  
by inc o rp o ra ting  th e ef f ec ts o f  p a rtic le/
c o llo id a l d ep o sitio n a nd  f lu x .   

T h e resu lting  a ssessm ent o f  R O  f eed  w a ter 
q u a lity is m o re a c c u ra te.  T h e M F I - U F  c a n 
a lso  be u sed  to  p red ic t th e ra te o f  f o u ling  in 
R O  sy stem s.

T h is m eth o d  ena bles eng ineers,  p la nt 
o p era to rs a nd  sc ientists to  d esig n m o re 
ef f ic ient p la nts,  a s w ell a s to  im p ro v e th e 
o p era tio n a nd  m o nito ring  o f  o rg a nic  a nd  
p a rtic u la te/ c o llo id a l f o u ling  in S W R O  
sy stem s.

MFI for more accurate measurement 
of particulate fouling in desalination



T h e m o nito ring  o f  ba c teria l a c tiv ity  a nd  
ba c teria l g ro w th  in th e f eed  w a ter o f  
rev erse o sm o sis ( R O )  sy stem s is im p o rta nt 
f o r c o ntro lling  th e bio lo g ic a l f o u ling  o f  R O  
m em bra nes.  B io lo g ic a l f o u ling  c a u ses a n 
inc rea se o f  energ y  u se p er c u bic m eter o f  
d esa lina ted  w a ter a nd  a n inc rea se o f  sa lt 
p a ssa g e th ro u g h  R O  m em bra nes.

W ith  p rev io u s m eth o d s,  a d eno sine 
trip h o sp h a te ( AT P )  c o u ld  be m ea su red  
a c c u ra tely a t lo w  lev els in sea w a ter d u e to  
th e interf erenc e o f  sa lt w ith  th e lu c if erin/
lu c if era se rea c tio n,  w h ic h  inh ibits lig h t 
p ro d u c tio n a nd  AT P  m ea su rem ent.   

I H E D elf t,  w o rk ing  w ith  th e P ro m eg a  
C o rp o ra tio n,  h a s d ev elo p ed  tw o  m eth o d s 
to measure bacterial ATP in seawater: the 
d irec t m eth o d  a nd  th e f iltra tio n m eth o d .

Locations: Au stra lia ,  U nited  Ara b Em ira tes,  O m a n,  T h e N eth erla nd s,  S p a in,  U S A
Contact: M a ria  K enned y  ( m . k enned y @ u n- ih e. o rg )
Partner: P ro m eg a

2 2
ATP-based methods to better  
control biological fouling 



T h e c a p a c ity  d ev elo p m ent m o d el u nd erly ing  
th e W a ter O p era to rs’  P a rtnersh ip s is o ne 
w h ere c a p a c ity  d ev elo p m ent o c c u rs th ro u g h  
th e intera c tio n o f  sta f f  f ro m  t w o  o r m o re 
w a ter o p era to rs o n a  no t- f o r- p ro f it a nd  
so lid a rity  ba sis.  W ith in B EW O P ,  I H E D elf t 
is eng a g ed  in c rea ting  a nd  d ev elo p ing  
d id a c tic to o ls to  su p p o rt th e c a p a c it y 
d ev elo p m ent a c tiv ities c a rried  o u t in W O P s.  
T h is p ro c ess is inno v a tiv e,  a s it inv o lv es 
d ev elo p ing  th e to o ls in c o o p era tio n a nd  
c o nsu lta tio n w ith  w a ter o p era to rs –  th u s 
stric tly d em a nd - d riv en –  to  ensu re interna l 
u p ta k e a nd  c o v era g e o f  a c tu a l need s by 
th e to o ls.  T h e to o ls a re ex p ec ted  to  be 
d ev elo p ed  a s ‘ o f f - th e- sh elf ’  p ro d u c ts th a t 

c a n be u sed  ind ep end ently by w a ter 
o p era to rs d u ring  th eir W O P  p a rtnersh ip s 
a nd  bey o nd .  T h is a p p ro a c h  h a s th e a d d ed  
v a lu e o f  su sta ina bly  bu ild ing  c a p a c it y ,  a nd  
a nc h o ring  it f o r th e lo ng - term ,  by ensu ring  
th a t th e tra nsf er a nd  d ev elo p m ent o f  
k no w led g e o c c u rs betw een th e W O P  
m ento r a nd  m entee,  in term s a nd  to p ic s 
th a t a re o f  im p o rta nc e to  th em .  

Location: W o rld w id e
Contact: K la a s S c h w a rt z  ( k . sc h w a rt z @ u n- ih e. o rg )
Partner: U N - H a bita t

2 3
BEWOP: bo o sting  th e ef f ec tiv eness  
o f  W a ter O p era to rs’  P a rtnersh ip s 



T h e U M S G  is a n intera c tiv e ro le- p la y ing  
g a m e ( d ev elo p ed  u nd er th e B EW O P  
p ro j ec t) ,  w h ere p a rtic ip a nts ta k e th e ro les 
o f  g enera l,  o p era tio na l,  c o m m erc ia l,  a nd  
f ina nc ia l m a na g ers a nd  neg o tia te o n 
inv estm ent d ec isio ns f o r a  d rink ing  w a ter 
u tility .  P a rtic ip a nts d ec id e o n ta rif f  ra tes,  
inf ra stru c tu re ex p a nsio n,  h u m a n reso u rc e 
m a na g em ent,  m a intena nc e,  a nd  c a p a c it y  
d ev elo p m ent inv estm ents f o r a  ‘ g a m e y ea r’ ,  
a nd  th en rec eiv e f eed ba c k o n h o w  th eir 
d ec isio ns h a v e im p a c ted  th e relev a nt K ey 
P erf o rm a nc e I nd ic a to rs ( K P I s) .  T h e h ea rt 
o f  th e lea rning  ex p erienc e o f  th e U M S G  
lies betw een p ro m ises,  u nc erta inty ,  a nd  
neg o tia tio n.  

D u e to  th e c o m p lex inter- rela tio ns betw een 
d ec isio ns a nd  o u tc o m es,  th e U M S G  lea d s 
p la y ers to  c o ntinu o u sly  rec o nsid er h o w  th eir 
c h o ic es im p a c t th e u tility ’ s p erf o rm a nc e.  
T h is su p p o rts th em  in ref lec ting  a nd  
a na ly sing  w h a t c a u sa l rela tio ns c a n ex ist 
 in w a ter u tilities,  w h ic h  f a c ilita tes lea rning  
a bo u t th e c h a lleng es in m a na g ing  a  w a ter 
u tility .  T h ese inc lu d e th e inter- rela tio nsh ip  
betw een tec h nic a l a nd  c a p a c it y  
d ev elo p m ent inv estm ents,  a nd   
nec essita tes d isc u ssio ns a m o ng   
p a rtic ip a nts to  seek a  c o m m o n g o a l 
th ro u g h  c o nsensu s.

Location: W o rld w id e
Contact: K la a s S c h w a rt z  ( k . sc h w a rt z @ u n- ih e. o rg )  
Partner: U N - H a bita t

2 4
Utility Management Simulation 
Game (UMSG)
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Locations: T h e N eth erla nd s,  D enm a rk
Contact: M a ria  K enned y  ( m . k enned y @ u n- ih e. o rg )
Partners: G ru nd f o s,  O a sen D rink w a ter

M a x im iz ing  rec o v ery in bra c k ish  w a ter 
rev erse o sm o sis ( B W R O )  is essentia l in 
o rd er to  lim it bo th  th e p ro d u c tio n o f  brine 
a nd  sp ec if ic  energ y  c o nsu m p tio n ( k W h / m 3 ) .  
T h e p rinc ip le o f  th e sc a ling  m o nito r is ba sed  
o n c rea ting  a  sm a ll inc rea se in rec o v ery in 
a n ( ex terna l)  R O  elem ent w h ere no rm a liz ed  
p erm ea bility a nd  p ressu re d ro p  a re 
c o ntinu o u sly  m o nito red .

 

T h e c o m p a ny  G ru nd f o s,  in c o lla bo ra tio n 
w ith  I H E D elf t a nd  O a sen,  h a s d ev elo p ed   
a  sc a ling  m o nito r th a t c a n be u sed  to  
c o ntinu o u sly o p tim ize  th e req u ired  d o se o f  
a ntisc a la nt in rela tio n to  th e rec o v ery f o r 
d if f erent f eed  w a ter q u a lities.  T h is sc a ling  
m o nito r is c u rrently  being  a p p lied  a t O a sen.

External scaling monitor to maximize 
recovery in BWRO systems
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M o st c o a stlines a ro u nd  th e w o rld  a re  
interru p ted  by inlets c o nnec ting  th e o c ea n 
to  estu a ries,  la g o o ns,  a nd  riv ers.  C o a st-
lines in th e v ic inity o f  inlets w ill be a f f ec ted  
no t o nly by c lim a te c h a ng e- d riv en  
v a ria tio ns in o c ea nic p ro c esses ( e. g .  sea  
lev el rise)  bu t a lso  by  c lim a te c h a ng e- d riv en 
v a ria tio ns in terrestria l p ro c esses ( e. g .  
ra inf a ll/  ru no f f ) .  T h e c o m bina tio n o f  th eir 
sensitiv ity  to  sev era l c lim a te c h a ng e- d riv en 
v a ria tio ns in sy stem  f o rc ing  a nd  th eir h ea v y 
h u m a n u tiliz a tio n,  rend ers th e th o u sa nd s o f  
inlet- interru p ted  c o a sts a ro u nd  th e w o rld  
h ig h ly  v u lnera ble to  c lim a te c h a ng e im p a c ts.  

I H E D elf t h a s d ev elo p ed  a n inno v a tiv e,  
ea sy - to - u se m a th em a tic a l m o d el  
( S M I C - S c a le Ag g reg a ted  M o d el f o r I nlet 
interru p ted  C o a sts)  to  o bta in estim a tes o f  
lo c a l sc a le ( <  2 5  k m  a lo ng sh o re)  c o a stline 

c h a ng e d u e to  a ll relev a nt c lim a te c h a ng e 
im p a c ts.  M o d el a p p lic a tio ns in f o u r 
rep resenta tiv e sy stem s sh o w  th a t m eth o d s 
h isto ric a lly  u sed  to  a ssess c o a stline 
resp o nse to  c lim a te c h a ng e m a y be 
u nd er- p red ic ting  p o tentia l c o a stline 
rec essio n by u p  to  5 0 - 7 5 % .

T h e m o d el is being  f u rth er d ev elo p ed  f o r 
a ll ty p es o f  inlet sy stem s.  S o  f a r th e 
c a p a bility to  better rep resent th e ef f ec ts o f  
c lim a te c h a ng e a nd  h u m a n- ind u c ed  f u tu re 
v a ria tio ns in th e c a tc h m ent,  a nd  o n h o w  
c o a stlines a d j a c ent to  tw o  ( o f  th e th ree)  
m a in ty p es o f  c o a sta l inlets p resent a ro u nd  
th e w o rld  h a v e been a d d ed .

Locations: V ietna m ,  Au stra lia ,  S ri L a nk a ,  U S A
Contact: R o sh a nk a  R a na sing h e ( r. ra na sing h e@ u n- ih e. o rg )
Partners: D elf t U niv ersity o f  T ec h no lo g y ,  D elta res

Rapid assessment of climate 
change on inlet-interrupted coasts



T h e G ra d u a te P ro f essio na l D ip lo m a  
P ro g ra m  ( G P D P )  p ro g ra m m e is a  new  
ed u c a tio na l p ro d u c t o f  I H E D elf t th a t 
d issem ina tes sa nita tio n a nd  sa nita r y  
eng ineering  k no w led g e to  p ro f essio na ls 
u na ble o r no t w ish ing  to  p u rsu e a n  
M S c d eg ree in S a nita tio n a nd  S a nita r y 
Eng ineering ,  o r w ith  a n M S c D eg ree in  
a  rela ted  f ield ,  w h o  w ish  to  sp ec ia liz e 
p ro f essio na lly .  T h e p ro g ra m m e c o nsists o f  
a  seq u enc e o f  f o u r o r f iv e o nline c o u rses,  
reg u la r sh o rt c o u rses o r a  c o m bina tio n.  

T h e o nline c o u rses c a n be f o llo w ed  
p a rt- tim e,  w ith o u t interru p ting  a  d a y tim e 
c a reer.  I n o rd er to  ensu re th a t th e p ro g ra m  

f its th e p erso na l c irc u m sta nc es o f  th e 
a p p lic a nt,  c o u rses w ill be selec ted  a nd  a  
p erso na l stu d y p la n w ill be d esig ned  in 
c o lla bo ra tio n w ith  a  stu d y a d v iso r.  T h e to ta l 
d u ra tio n o f  th e p ro g ra m  d ep end s o n th is 
stu d y p la n,  w ith  a  m inim u m  o f  1 . 5  a nd  a  
m a x im u m  o f  4 . 5  y ea rs.  F o llo w ing  u p  o n th e 
su c c essf u l la u nc h  o f  th e f irst G P D P ,  I H E 
D elf t h a s d ev elo p ed  a nd  la u nc h ed  f o u r 
a d d itio na l G P D P s,  na m ely W a ter S u p p ly 
Eng ineering ,  W a ter a nd  W a stew a ter 
T rea tm ent T ec h no lo g y ,  F lo o d  R isk 
M a na g em ent a nd  U rba n W a ter N etw o rks ,  
a nd  C lea ner P ro d u c tio n a nd  R eso u rc es 
M a na g em ent.
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Locations: T h e N eth erla nd s,  w o rld w id e 
Contact: M a rtin M u leng a  ( m . m u leng a @ u n- ih e. o rg )  
Partner: B ill &  M elind a  G a tes F o u nd a tio n

GPDPs: ta ilo red  e- lea rning  o p p o rtu nities 
f o r sa nita tio n p ro f essio na ls



W a stew a ter trea tm ent by  th e p h o to - a c tiv a ted  
slu d g e p ro c ess c o m bines th e a d v a nta g es 
o f  th e c o nv entio na l a c tiv a ted  slu d g e p ro c ess 
w ith  th o se o f  h ig h  ra te a lg a e p o nd s.  I n su c h  
a  sy m bio tic ec o sy stem ,  a  c o nso rtia  o f  
a lg a e a nd  ba c teria  in w ell- settling  f lo c s 
ef f ic iently rem o v es a nd  rec o v ers nitro g en 
a nd  p h o sp h o ro u s a t m u c h  lo w er energ y 
inp u ts a nd  la nd  req u irem ents th a n o th er 
c o m p eting  tec h no lo g ies.  T h e la test 
inno v a tio n is th e inc lu sio n o f  Ana m m o x 
ba c teria  in p h o to - bio rea c to rs,  w h ic h  w e 
h a v e na m ed  th e Alg a m m o x p ro c ess.

Alg a m m o x is a n a c ro ny m  d eriv ed  f ro m  
a lg a e a nd  + Ana m m o x ,  in w h ic h  Ana m m o x 
is a  w id ely - a c c ep ted  a c ro ny m  f o r Ana ero bic  
Am m o niu m  O x id a tio n.  Ana m m o x  w a s 
d isc o v ered  in D elf t in th e 1 9 9 0 s.   

I H E D elf t a nd  p a rtners h a v e p ro v ed  th a t 
th e c o nc ep t w o rks ,  bu t w e need  to  test 
w h eth er th e m eth o d  is a s ro bu st u nd er 
c h a ng ing  c o nd itio ns a s in rea l lif e.

S u c h  a  c o m bina tio n o f  a lg a e a nd  ba c teria  
a s in th e Alg a m m o x tec h no lo g y ,  is c u rrently 
in th e d ev elo p m ent p h a se.  T h e tw o  
u nd erly ing  tec h no lo g ies,  na m ely   
a lg a e- ba sed  sy stem s f o r p ro d u c tio n bio g a s 
a nd  o th er bio f u els,  a nd  Ana m m o x sy stem s 
f o r a na ero bic  a m m o nia  c o nv ersio n,  a re 
c o nsid ered  w ell esta blish ed  tec h no lo g ies,  
a p p lied  a t f u ll sc a le.
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Locations: I sra el,  U S A,  Z im ba bw e
Contact: P eter v a n d er S teen ( p . v a nd ersteen@ u n- ih e. o rg )
Partners: Aq u a no s,  U niv ersity o f  S o u th  F lo rid a ,  U niv ersid a d e Ed u a rd o  M o nd la ne

Algammox: a  h y brid  p h o to - a c tiv a ted  
slu d g e p ro c ess



Locations: I ta ly ,  U nited  K ing d o m ,  T h e N eth erla nd s
Contact: L eo na rd o  Alf o nso  ( l. a lf o nso @ u n- ih e. o rg )  
Partners: C o nso rtiu m  o f  1 3  institu tio ns

G iv en th e la rg e d if f u sio n o f  m o bile p h o nes,  
c itize ns c a n c o m p lem ent th e o f ten 
insu f f ic ient d ensity a nd  reso lu tio n o f   
d a ta  c o llec ted  by  tra d itio na l m o nito ring  
netw o rks .  T h is is p a rtic u la rly h elp f u l f o r 
em erg enc y serv ic es a s w ell a s p o lic y 
m a k ers w ith  resp ec t to  c ritic a l ev ents su c h  
a s f lo o d s a nd  d ro u g h ts.  M o reo v er,  th e 
inv o lv em ent o f  c itize ns in d a ta  c o llec tio n 
p ro m o tes a  m o re a c tiv e ro le f o r lo c a l 
c o m m u nities w ith  reg a rd s to  u nd ersta nd ing  
a nd  ta k ing  c a re o f  th e env iro nm ent.  

C itiz ens c a p tu re h y d ro lo g ic a l d a ta  u sing  
Ap p s a nd  p h y sic a l senso rs th a t c a n 
c o nnec t to  p o rta ble d ev ic es su c h  a s 
sm a rtp h o nes a nd  ta blets.  R elev a nt d a ta   
is a lso  ex tra c ted  f ro m  th e intera c tio ns o f  
c itize ns o n so c ia l m ed ia  sites su c h  a s 
T w itter a nd  F a c ebo o k .  

I H E D elf t is d ev elo p ing  inno v a tiv e m eth o d s 
to  o p tim a lly d esig n new  g enera tio ns o f  
m o nito ring  netw o rks th a t inc lu d e sets o f  
d y na m ic  senso rs c a p tu ring  d a ta  w ith  
d iv erse sp a tia l a nd  tem p o ra l c h a ra c teristic s 
( e. g .  v ia  sm a rtp h o ne v id eo - ba sed  ra inf a ll 
rep o rts) ,  a nd  m eth o d s to  inc o rp o ra te th e 
h etero g eneo u s d a ta  c o llec ted  v ia  c itize n 
o bserv a to ries into  h y d ro lo g ic a l a nd  
h y d ra u lic m o d els.  

Also ,  th ro u g h  a n inno v a tiv e c o m bina tio n  
o f  g o v erna nc e a na ly ses a nd  sta k eh o ld er 
eng a g em ent,  I H E D elf t is a im ing  to  
m a x im ize  th e so c ia l inno v a tio n p o tentia l  
o f  c itize n o bserv a to ries in term s o f  
im p ro v ed  c o m m u nity  resilienc e a nd  
streng th ened  w a ter g o v erna nc e.  
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Project co-funded by the
EUROPEAN UNION

WeSenseIt: c itiz ens a s w a ter senso rs
 



T h e inno v a tiv e eS O S  ( em erg enc y  S a nita tio n 
O p era tio n S y stem )  c o nc ep t is d esig ned  to  
p ro v id e a  su sta ina ble,  inno v a tiv e,  h o listic  
a nd  a f f o rd a ble sa nita tio n so lu tio n f o r 
em erg enc ies bef o re,  d u ring  a nd  a f ter 
d isa sters.  eS O S  no t o nly reinv ents th e 
( em erg enc y )  to ilet a nd  trea tm ent f a c ilities,  
bu t a lso  u ses ex isting  inf o rm a tio n a nd  
c o m m u nic a tio n tec h no lo g y to  bring   
inno v a tio n a nd  p o tentia l c o st sa v ing s to  
th e entire sa nita tio n o p era tio n a nd  
m a na g em ent c h a in,  a nd  m o st im p o rta ntly ,  
is ex p ec ted  to  im p ro v e th e q u a lity o f  lif e o f  
p eo p le in need .  

S ev era l c o m p o nents o f  th e eS O S  c o nc ep t 
su c h  a s th e eS O S  S m a rt T o ilet,  eS O S  
M o nito r,  S a nita tio n B u siness M o d el 
Ev a lu a to r a nd  S h it K iller h a v e p a ssed  th e 
ex p erim enta l a p p lic a tio n a nd  a re c u rrently 
u nd er f u rth er d ev elo p m ent a t a  p ilo t lev el 
w ith  th e u ltim a te g o a l o f  entering  into  
c o m m erc ia l ex p lo ita tio n in th e nea r f u tu re.  
B ring ing  th ese tec h no lo g ies u p  to  th is 
rea d iness lev el ( R T L  9  a s d esc ribed  by 
N AS A)  w ill ena ble eS O S ’ s tra nsf er f ro m   
a  c o nc ep t to  rea l- lif e a p p lic a tio n.

3 0

Location: W o rld w id e
Contact: D a m ir B rd j a no v ic  ( d . brd j a no v ic @ u n- ih e. o rg )
Partner: B ill &  M elind a  G a tes F o u nd a tio n

eSOS® concept



H u nd red s o f  m illio ns o f  p eo p le,  m a inly in 
ru ra l a rea s o f  d ev elo p ing  c o u ntries,  a re 
ex p o sed  to  h ig h  a rsenic  lev els in d rink ing  
w a ter o n a  d a ily ba sis.  Arsenic is a  h u m a n 
c a rc ino g en,  a nd  its p resenc e in d rink ing  
w a ter inc rea ses c a nc er m o rta lity  risk   
a nd  c a u ses liv er f a ilu re,  a s w ell a s  
c a rd io v a sc u la r,  neu ro lo g ic a l a nd  sev era l 
o th er d isea ses.  

T h e I H E Arsenic R em o v a l F a m ily F ilter is 
ba sed  o n a  lo w - c o st a d so rbent a nd  h a s 
been d em o nstra ted  to  ef f ec tiv ely rem o v e 
a rsenic f ro m  d rink ing  w a ter.  T h e f ilter c a n 
p ro d u c e eno u g h  a rsenic - f ree d rink ing  
w a ter f o r a  w h o le f a m ily .  T h e f ilter is sim p le 
to  o p era te,  d o es no t req u ire elec tric ity a nd  
c a n be p ro d u c ed  lo c a lly .  
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Location: B a ng la d esh
Contact: B ra nisla v  P etru sev sk i ( b. p etru sev sk i@ u n- ih e. o rg )    
Partner: V itens

Arsenic removal family filter 



F reely a v a ila ble rem o te sensing  d a ta  h a v e 
m a d e a  j u m p  in bo th  a v a ila bility  a nd  q u a lity  
in th e la st tw o  y ea rs,  w ith  th e a d d itio n o f  
ES A S entinel P ro g ra m m e d a ta sets to  th e 
f a m ily o f  f reely a v a ila ble rem o te sensing  
d a ta .  Also ,  th e O p en S o u rc e so f t w a re th a t 
c a n be u sed  to  ex tra c t inf o rm a tio n f ro m  
th ese d a ta sets h a s c o m e o f  a g e.  At I H E 
D elf t w e a re p ro m o ting  a nd  tra ining  in th e 
u se o f  su sta ina ble O p en Ac c ess d a ta sets 
a nd  O p en S o u rc e g eo sp a tia l so f t w a re  
a nd  w e a re a lso  a ssisting  p a rtners in  
th e im p lem enta tio n o f  sem i- o p era tio na l 
sy stem s ba sed  o n f ree d a ta .  T h is a llo w s 
sta k eh o ld ers to  m o nito r th e d y na m ic s  
o f  riv ers a nd  la k es th ro u g h o u t th e  
h y d ro lo g ic a l y ea r,  a t a lm o st no  c o st a nd  
w ith  no  need  f o r m a intena nc e lic enc es.  

T h is inf o rm a tio n,  c o u p led  w ith  th e f ew  
ex isting  g a u g ing  sta tio ns,  w ill a llo w   
f o r a  lo w - c o st,  a nd  h o p ef u lly sh a red ,   
h y d ro lo g ic a l ba seline th a t c a n be a c c essed  
by u niv ersities,  lo c a l a nd  na tio na l bo d ies,   
a nd  ind iv id u a l u sers.
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Locations: K eny a ,  M o z a m biq u e,  T a nz a nia
Contact: P a o lo  P a ro n ( p . p a ro n@ u n- ih e. o rg )
Partners: R a m a ni,  iM M AP

Free remote sensing data



T h e inc rea sing  d em a nd  f o r f o o d  a nd  
energ y h a s sp a rk ed  a  rev iv a l o f  la rg e d a m   
c o nstru c tio n in th e G lo ba l S o u th .  I n th e 
w a k e o f  th is new  era  o f  d a m  bu ild ing ,  
lea rning  f ro m  ex isting  d a m s w ill p ro v id e 
o p p o rtu nities to  p la n,  o p era te a nd  g o v ern 
new  d a m s in a  m o re eq u ita ble a nd  
su sta ina ble w a y .  

T h ro u g h  inno v a tiv e w a ter sy stem s 
m o d elling ,  a lterna tiv e d a m  o p era tio ns 
c a n be tested  to  ensu re th e ec o no m ic 
d ev elo p m ent is c o m bined  w ith  a  m o re 
eq u ita ble u se o f  th e reso u rc es o f  p eo p le 
a nd  ec o sy stem s ( ec o sy stem  serv ic es) .  

D a m  o p era to rs need  to  be inv o lv ed  in 
c o - c rea ting  th ese a lterna tiv e d a m  o p era ting  
p o lic ies.  T h e a p p lic a tio n f o r th e L o w er 
Z a m bez i in M o z a m biq u e sh o w ed  th a t 
o p era ting  th e p la nned  M p h a nd a  N k u w a  d a m  
in c o nj u nc tio n w ith  th e ex isting  C a h o ra  
B a ssa  d a m  w ill be benef ic ia l.  T h is is in 
term s o f  d a m  sa f ety a nd  d o w nstrea m  w a ter 
lev el f lu c tu a tio ns,  a s less w a ter is sp illed  
d u ring  f lo o d  situ a tio ns a nd  stea d y relea ses 
a re p ro v id ed  by M p h a nd a  N k u w a   
th ro u g h o u t th e d a y .  L ess h y d ro p o w er w ill 
be p ro d u c ed  f o r C a h o ra  B a ssa ,  bu t th is w ill 
be c o m p ensa ted  f o r by M p h a nd a  N k u w a .  
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Location: M o z a m biq u e
Contact: P ieter v a n d er Z a a g  ( p . v a nd erz a a g @ u n- ih e. o rg )
Partners: U niv ersid a d e Ed u a rd o  M o nd la ne,  H id ro elé c tric a  d e C a h o ra  B a ssa ,  W a terN et ( S o u th ern Af ric a )

Alternative dam operations 



T h ere is w id esp rea d  u nu tiliz ed  a llu v ia l 
a q u if er p o tentia l in m a ny  sem i- a rid  a nd  a rid  
la nd s in Af ric a .  W e h a v e a lrea d y p ro v en 
th a t in th e M z ing w a ne C a tc h m ent in a rid  
so u th ern Z im ba bw e th ere is su f f ic ient w a ter 
sto red  in th ese d r y  riv erbed s to  su p p o rt 
1 , 0 0 0  to  3 , 0 0 0  h a  o f  irrig a tio n y ea r- ro u nd .  

T h e new ly  la u nc h ed  A4 L a bs a c tio n resea rc h  
w ill test th e a p p lic a tio n o f  im p ro v ed  
a bstra c tio n a nd  irrig a tio n tec h no lo g ies  
w ith  f a rm ers,  lo c a l a u th o rities,  u niv ersities,  
N G O s a nd  th e p riv a te sec to r.  B y w o rk ing  
to g eth er w ith  d if f erent sta k eh o ld ers in th e 
f ield ,  A4 L a bs is a im ing  to  c o - c rea te a nd  
test inno v a tiv e so lu tio ns th a t a re a p p lic a ble 
in th e lo c a l c o ntex t.   
 
 

W o rk ing  in th ree d if f erent riv er ba sins 
( M z ing w a ne in Z im ba bw e,  L im p o p o  in 
M o z a m biq u e a nd  T ek ez e in Eth io p ia )  
enc o u ra g es S o u th - S o u th  lea rning .
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Locations: Eth io p ia ,  M o z a m biq u e,  Z im ba bw e
Contact: P ieter v a n d er Z a a g  ( p . v a nd erz a a g @ u n- ih e. o rg )
Partners: M ek elle U niv ersity ,  O x f a m ,  D a ba ne T ru st,  Ac a c ia  W a ter a nd  m a ny o th ers

Arid land greening



3

N o v el m eth o d s f o r m o re a c c u ra te 
p red ic tio n o f  o c ea n su rg es h a v e been 
d ev elo p ed ,  a nd  im p lem ented  in so f t w a re 
to o ls.  T h ese m eth o d s a re ba sed  o n th e 
m eth o d s o f  no nlinea r d y na m ic s,  c h a o s 
th eo r y ,  sta tistic s a nd  a rtif ic ia l neu ra l 
netw o rks ,  d ev elo p ed  in th e f ra m ew o rk o f  
h y d ro inf o rm a tic s.  S ev era l enh a nc em ents 
a nd  inno v a tio ns h a v e d em o nstra ted  th a t 
th is p red ic tiv e c h a o tic m o d el c a n serv e a s 
a n ef f ic ient to o l f o r a c c u ra te a nd  relia ble 
sh o rt- term  p red ic tio ns o f  sto rm  su rg es,  in 
o rd er to  su p p o rt d ec isio n m a k ers in c o a sta l 
f lo o d  p red ic tio n a nd  sh ip  na v ig a tio n.   

T h is a p p ro a c h  h a s been th o ro u g h ly tested  
in p red ic ting  th e N o rth  S ea  su rg e a t  
H o ek v a n H o lla nd  in th e N eth erla nd s  
a nd  h a s ex c ellent p o tentia l to  bec o m e  
a  c o m p lem enta r y m eth o d  u sed  by 
p ra c titio ners a lo ng  w ith  th e tra d itio na l 
nu m eric a l o c ea n m o d els.

Location: T h e N eth erla nd s
Contact: D im itri S o lo m a tine ( d . so lo m a tine@ u n- ih e. o rg )  
Partners: D elta res,  D elf t C lu ster

3 5
Predicting storm surges
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Location: C o lo m bia  |  Contact: M ic h a  W erner ( m . w erner@ u n- ih e. o rg )  
Partners: D elta res,  C o rp o ra c ió n Au tó no m a  R eg io na l d el V a lle d el C a u c a  ( C V C ) ,   
U niv ersid a d  d e Antio q u ia  ( M ed ellin) ,  U niv ersid a d  d el N o rte ( B a ra nq u illa ) ,  C enic a ñ a

I m p ro v ing  th e k no w led g e o n g ro u nd w a ter 
reso u rc es in th e V a lle d el C a u c a  in 
C o lo m bia  a nd  th e intera c tio n betw een 
g ro u nd w a ter a nd  su r f a c e w a ter,  bo th   
in tim es o f  w a ter sc a rc ity a nd  o f  w a ter 
a bu nd a nc e,  w ill h elp  th e lo c a l env iro nm ent 
a g enc y  in c h a rg e to  m a na g e th e reso u rc e 
su sta ina bly .  

I n c o lla bo ra tio n w ith  D elta res a nd   
C V C  ( R eg io na l Env iro nm ent Ag enc y in  
C o lo m bia ) ,  I H E D elf t is resea rc h ing  th e 
d y na m ic s o f  g ro u nd w a ter in th e V a lle d el 
C a u c a ,  a n a rea  o f  k ey so c io - ec o no m ic 

im p o rta nc e in th e c o u ntry .  I m p ro v ing  bo th  
th e k no w led g e a nd  c a p a c ity  o n g ro u nd w a ter 
reso u rc es a s w ell a s th e intera c tio n w ith  
su r f a c e w a ter th ro u g h  f ield  resea rc h  a nd  
m o d elling  w ill a llo w  th e c o m bined  u se o f  
su r f a c e w a ter a nd  g ro u nd w a ter to  be  
im p ro v ed ,  a s w ell a s h elp  u nd ersta nd  th e 
ro le o f  g ro u nd w a ter in f lo o d ing .

3 6
Evaluating groundwater in times  
of scarcity and of abundance



M o nito ring  w a ter a nd  ec o sy stem  q u a lities 
a nd  q u a ntities is o f ten d o ne u sing   
p o int- sa m p ling  a p p ro a c h es,  w ith  rela tiv ely  
lo w  rev isit f req u enc y ,  d u e to  lo g istic s a nd  
c o st c o nc erns.  At I H E D elf t w e a re m a k ing  
u se o f  rem o tely p ilo ted  a eria l sy stem s su c h  
a s d ro nes ( o r u nm a nned  a eria l v eh ic les -  
U AV )  a nd  k ite a eria l p h o to g ra p h y  ( K AP )   
to  ex p a nd  th e p o int sa m p ling  to  a  ( g eo )
sp a tia lly  ex p lic it sa m p ling ,  w ith  h y p er- sp a tia l 
reso lu tio n a nd  th e p o tentia l f o r a  v ery h ig h  
rev isit.  

T h is a p p ro a c h  is no t o nly bring ing  new  
k no w led g e a bo u t th e na tu ra l sy stem s su c h  
a s th e M a ra  R iv er W etla nd  in T a nz a nia ,   
o r th e L im p o p o  R iv er in M o z a m biq u e,  bu t 

a lso  a bo u t th e intera c tio ns betw een na tu ra l 
a nd  a nth ro p ic d y na m ic s,  th a t h elp s c rea te 
a  better a nd  tim ely u nd ersta nd ing ,  a s w ell 
a s m a na g em ent o f  na tu ra l reso u rc es a nd  
h a z a rd s.  

W e a re a lso  ex p erim enting  w ith  U AV  
tec h no lo g ies in a n u rba n c o ntex t,  m a p p ing  
lo w - inc o m e d istric ts o f  M a p u to ,  to   
u nd ersta nd  th e v a r y ing  d istribu tio n o f   
w a ter q u a lity better a nd  to  a d v ise o n th eir 
m a na g em ent.
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Locations: M o z a m biq u e,  T a nz a nia
Contact: P a o lo  P a ro n ( p . p a ro n@ u n- ih e. o rg )
Partners: B ird L if e I nterna tio na l ( T a nz a nia ) ,  N a tio na l W a ter D irec to ra te,  U EM  a nd  F I P AG  ( M o z a m biq u e)

Winged monitors



S ea w a ter d esa lina tio n tec h no lo g y  is 
c a p a ble o f  so lv ing  w a ter sc a rc ity in a rid  
reg io ns o f  d ev elo p ed  a nd  d ev elo p ing  
c o u ntries.  An em erg ing  th rea t to  th is 
tec h no lo g y a re a lg a l blo o m s,  w h ic h  c a n 
c a u se th e sh u td o w n o f  d esa lina tio n p la nts,  
d u e to  o p era tio na l p ro blem s c a u sed  by 
a lg a l - d eriv ed  su bsta nc es k no w n a s 
tra nsp a rent ex o p o ly m er p a rtic les ( T EP ) .  
I H E D elf t h a s d ev elo p ed  a  new  m eth o d  to  
m o nito r T EP  d u ring  a lg a l blo o m s,  to  p ro v id e 
eng ineers a nd  o p era to rs w ith  a  to o l f o r 
d ev elo p ing  stra teg ies to  m itig a te o p era tio na l 
p ro blem s in d esa lina tio n p la nts.  
 

T h is m eth o d  h a s been tested  in p ilo t a nd  
f u ll- sc a le d esa lina tio n p la nts in sev era l 
c o u ntries.  
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Locations: T h e N eth erla nd s,  S c o tla nd ,  S p a in,  C y p r u s
Contact: M a ria  K enned y ( m . k enned y@ u n- ih e. o rg )  
Partners: W etsu s,  P EN T AI R ,  Ev id es 

Monitoring algal bloom in  
desalination plants



A new  a p p ro a c h  to  f lo o d  risk a ssessm ent 
a nd  th e d ev elo p m ent o f  o p tim a l  
g reen- g rey - blu e inf ra stru c tu re m ea su res  
a t h erita g e sites,  p ro p o sed  by I H E D elf t 
a nd  AI T ,  a im s to  p ro tec t th e a nc ient w o rld  
h erita g e c ity o f  Ay u tth a y a  I sla nd .  T h e 
resu lts o bta ined  so  f a r h ig h lig h t th e 
im p o rta nc e o f  th e inno v a tiv e selec tio n a nd  
d esig n o f  g reen- g rey - blu e inf ra stru c tu re,   
in o rd er to  a c h iev e th e a d a p tiv e c a p a c it y o f  
f lo o d  p ro tec tio n m ea su res,  w h ile p reserv ing  
th e h erita g e c h a ra c ter o f  th e a rea .

T h e new  a p p ro a c h ,  w h ic h  c o m bines 
g reen- g rey - blu e inf ra stru c tu re m ea su res,   
is th e resu lt o f  f o u r y ea rs’  resea rc h  into  
ex trem e f lo o d  ev ents u nd er P EAR L  

a c tiv ity .  T h e new  a p p ro a c h  a d d resses th e 
risk o f  ex trem e ev ents in a  h o listic  m a nner 
a nd  h a s th e p o tentia l to  p ro v id e m u ltip le 
c o m m u nity benef its,  to  f a c e new  th rea ts 
a nd  to  enh a nc e resilienc e.
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Location: Ay u tth a y a ,  T h a ila nd
Contact: Z o ra n V o j ino v ic  ( z . v o j ino v ic @ u n- ih e. o rg )  
Partner: AI T  ( T h a ila nd )

Extreme events and  
UNESCO heritage sites
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T h e S u lp h a te R ed u c tio n,  Au to tro p h ic 
D enitrif ic a tio n a nd  N itrif ic a tio n I nteg ra ted  
( S AN I )  p ro c ess c a n red u c e sew a g e slu d g e 
p ro d u c tio n by u p  to  9 0 % ,  m inim iz ing  
energ y c o nsu m p tio n,  a s w ell a s o d o u r a nd  
g reenh o u se- g a s em issio n.  I n a d d itio n,  it 
c a n red u c e th e c o st o f  sew a g e trea tm ent 
a nd  sp a c e req u irem ent by u p  to  5 0 %  a nd  
a lso  inc rea se p a th o g en rem o v a l.  T h ese 
c h a ra c teristic s a nd  p erf o rm a nc e m a k e  
it su ita ble to  be u sed  in c o a sta l z o nes,   
eith er f o r trea tm ent o f  u rba n w a stew a ter,  
w a stew a ter g enera ted  f ro m  th e to u rism  
sec to r,  o r sa line w a stew a ter g enera ted  by 
u sing  sea w a ter f o r to ilet f lu sh ing  o r d u e to  
sa line w a ter intru sio n.   

I t c a n a lso  su p p o rt th e u se o f  sea w a ter f o r 
to ilet f lu sh ing  ( th ro u g h  th e trea tm ent o f  th e 
sa line w a stew a ter g enera ted ) ,  c o ntribu ting  
to  sa v ing  f resh  w a ter a nd  th u s inc rea sing  
w a ter a v a ila bility .  I H E D elf t a nd  p a rtners 
p io neered  th e f irst a p p lic a tio n o f  th e S AN I  
tec h no lo g y a t th e to u rist lo c a tio n V a ra d ero  
in C u ba .

Location: C u ba  |  Contact: C a rlo s M .  L o p ez  V a z q u ez  ( c . lo p ez v a z q u ez @ u n- ih e. o rg )  
Partners: T ec h no lo g ic a l U niv ersity  o f  H a v a na  ( C U J AE) ,  N a tio na l W a ter R eso u rc es I nstitu te,   
F o o d  R esea rc h  I nstitu te,  H o ng  K o ng  U niv ersity  o f  S c ienc e a nd  T ec h no lo g y  ( H K U S T ) ,  T U  D elf t Project co-funded by the

EUROPEAN UNION

SANI® technology 
for tourism sector



M illio ns o f  p eo p le in Af ric a  ( S u d a n,  
Eth io p ia ,  U g a nd a ,  U nited  R ep u blic  o f  
T a nz a nia ,  G h a na ,  K eny a ,  Z im ba bw e,  
M o z a m biq u e,  etc . ) ,  Asia  ( J o rd a n,  C h ina ,  
P a k ista n,  I nd ia ,  T h a ila nd ,  S ri L a nk a ,  I ra q ,  
I ra n,  M o ro c c o ,  Alg eria ,  etc . ) ,  Eu ro p e,  
Am eric a  a nd  Au stra lia  a re ex p o sed  o n a  
d a ily ba sis to  h ig h  f lu o rid e lev els in d rink ing  
w a ter.  L o ng - term  ex p o su re to  elev a ted  
f lu o rid e c o nc entra tio n in d rink ing  w a ter is 
resp o nsible f o r d enta l a nd  sk eleta l f lu o ro sis,  
a nd  inc rea ses inc id enc e o f  o th er d isea ses.

T h e I H E F lu o rid e R em o v a l F a m ily F ilter,  
ba sed  o n lo w - c o st,  lo c a lly a v a ila ble 
m a teria l,  c o a ted  w ith  a lu m inu m ,  h a s been 
d em o nstra ted  to  ef f ec tiv ely  rem o v e f lu o rid e 
f ro m  d rink ing  w a ter.  T h e f ilter is sim p le to  
o p era te,  d o es no t req u ire elec tric ity ,  a nd  
c a n be p ro d u c ed  lo c a lly .  
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Location: G h a na
Contact: B ra nisla v  P etru sev sk i ( b. p etru sev sk i@ u n- ih e. o rg )  
Partner: V I A W a ter

Fluoride removal family filter
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A new  a p p ro a c h  to  p ro v id ing  d ro u g h t 
f o rec a st inf o rm a tio n th a t c o u p les sea so na l 
m eteo ro lo g ic a l f o rec a sts a nd  h y d ro lo g ic a l 
m o d elling  f o r w a ter u sers in d ro u g h t- p ro ne 
a rea s h a s been d ev elo p ed  by  resea rc h ers 
a t I H E D elf t.  T h is m eth o d o lo g y p ro v id es 
k ey inf o rm a tio n o n th e o c c u rrenc e o f  d r y 
sp ells,  lo w  so il m o istu re c o nd itio ns a nd  
reserv o ir lev els.  T h e resea rc h  w a s 
d ev elo p ed  in th e c o ntex t o f  a  Eu ro p ea n  
7 th  F ra m ew o rk resea rc h  p ro j ec t f o c u sing   
o n d ro u g h t f o rec a sting  a nd  w a rning  th a t 

w a s c a rried  o u t in c lo se c o lla bo ra tio n  
w ith  p a rtners a c ro ss Af ric a  a nd  Eu ro p e.   
I n so m e c lim a tic  reg io ns o f  Af ric a ,  f o rec a sts 
w ere f o u nd  to  be relia ble f o r selec ted  
ind ic a to rs o f  d ro u g h t u p  to  lea d  tim es o f  
3 - 4  m o nth s,  a llo w ing  u sers su c h  a s 
ra in- f ed  f a rm ers,  irrig a ted  f a rm ers a nd  
reserv o ir o p era to rs to  ta k e tim ely a c tio n  
to  red u c e th e im p a c ts o f  d ro u g h t ev ents.

Location: Af ric a
Contact: S h reed h a r M a sk ey  ( s. m a sk ey @ u n- ih e. o rg )
Partners: C o nso rtiu m  o f  1 9  institu tio ns Project co-funded by the

EUROPEAN UNION

Seasonal hydrological 
drought forecasting



R eserv o ir inf illing  is still a n u nd erestim a ted  
issu e in m a ny  p a rts o f  th e w o rld ,  bo th  d u ring  
th e d esig n a nd  o p era tio n th a t lea d s to  
red u c ed  reserv o ir c a p a c it y a nd  a ltera tio n 
o f  th e o rig ina l o p era tio n sc h em es.  S ed im ent 
p ro v ena nc e stu d ies h a v e so  f a r been 
c o nd u c ted  m o stly  w ith  a  m o no - d isc ip lina r y  
a p p ro a c h ,  eith er f ro m  th e m inera lo g ic a l 
p o int o f  v iew  o r f ro m  th e h y d ra u lic  m o d elling  
p o int o f  v iew .  I H E D elf t h a s d ev elo p ed  a  
c o m bined ,  m u ltid isc ip lina r y  a p p ro a c h ,   
to  g a in m o re rea listic insig h ts into  th e 
sed im ent so u rc e a rea s a nd  th eir tra nsp o rt 
a nd  d ep o sitio n,  p ro v id ing  m o re u sef u l 
sed im ent m a na g em ent to o ls to  d a m  
o p era to r a g enc ies.   

T h is no v el a p p ro a c h  inc lu d es 
m u ltid isc ip lina r y a ssessm ent o f  sed im ent 
so u rc es in reserv o irs,  by c o m bining  
m inera lo g ic a l f ing erp rinting  w ith  2 / 3 D  
m o rp h o d y na m ic  m o d elling .

4 3

Locations: M o z a m biq u e,  S u d a n |  Contact: Alessa nd ra  C ro sa to  ( a . c ro sa to @ u n- ih e. o rg )  
Partners: H y d ra u lic s R esea rc h  C entre ( H R C - S u d a n) ,  M inistry o f  W a ter R eso u rc es a nd  Elec tric it y  
o f  S u d a n

Sediment management in reservoirs
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S ta te- o f - th e- a rt f o rec a sting  m eth o d s to  
p ro v id e o p era tio na l f lo o d  f o rec a sting  in 
C o lo m bia  h a v e been p ilo ted ,  c o m bining  
h y d ro m etric rea l- tim e g ro u nd  d a ta  w ith  
m eteo ro lo g ic a l a nd  h y d ro lo g ic a l m o d els.  
P ilo t a p p lic a tio ns in th ree ba sins in 
C o lo m bia  sh o w  th e p o tentia l f o r p ro v id ing  
o p era tio na l f o rec a sts to  c o m m u nities a t 
risk ,  to  red u c e f lo o d  d a m a g e su c h  a s  
th a t c a u sed  by th e d estru c tiv e f lo o d s o f  
2 0 1 0 - 2 0 1 1 .  I H E D elf t h a s been w o rk ing  in 
c o lla bo ra tio n w ith  D elta res a nd  I D EAM ,  th e 
C o lo m bia n H y d ro m eteo ro lo g ic a l a g enc y ,  a s 
w ell a s reg io na l institu tio ns,  o n esta blish ing  
a n o p era tio na l f lo o d  f o rec a sting  serv ic e.  

T h ro u g h  j o int d ev elo p m ent in th ree p ilo t 
ba sins,  k no w led g e a nd  c a p a c it y  h a v e been 
esta blish ed ,  a nd  I D EAM  is no w  w o rk ing  
to w a rd s p ro v id ing  th e serv ic e a t a  na tio na l 
lev el to  a ll th e c o m m u nities a t risk in  
th e c o u ntry .

Location: C o lo m bia  |  Contact: M ic h a  W erner ( m . w erner@ u n- ih e. o rg )  
Partners: D elta res,  I nstitu to  d e H id ro lo g í a  M eteo ro lo g í a  y  Estu d io s Am bienta les ( I D EAM ) ,  C o rp o ra c ió n 
Au tó no m a  R eg io na l d el V a lle d el C a u c a  ( C V C ) ,  C o rp o ra c ió n Au tó no m a  R eg io na l d e C u nd ina m a rc a  ( C AR )

Forecasting floods



U sing  th e inno v a tiv e sta tistic a l a nd  m a c h ine 
lea rning  m eth o d s o f  d ea ling  w ith  u nc erta inty ,  
a  m o d el- ba sed  m eth o d o lo g ic a l f ra m ew o rk  
a llo w ing  f o r f lo o d  inu nd a tio n/ h a z a rd  
m a p p ing  h a s been d ev elo p ed .  I t w ill be 
u sed  to  a ssist th e M a la y sia n g o v ernm ent  
in m a k ing  a p p ro p ria te d ec isio ns f o r th e 
a ssessm ent a nd  m a na g em ent o f  f lo o d  risk 
ba sed  o n f lo o d  m a p p ing  u nd er u nc erta inty ,  
w ith  a p p lic a tio n to  th e J o h o r R iv er ba sin.  
T h e new  a p p ro a c h  h elp s to  u nd ersta nd  
h o w  th e u nc erta inty a sso c ia ted  w ith  

to p o g ra p h ic so u rc es o f  d ig ita l elev a tio n 
m a p s ( D EM s,  c ell size  f o r g rid s,  sp a c ing   
o f  riv er c ro ss- sec tio ns) ,  h y d ro lo g ic a l d a ta  
( erro rs in o bserv a tio n d a ta )  a s w ell a s 
m o d el stru c tu res ( 1 D ,  2 D  o r 3 D )  a nd  
p a ra m eters,  a f f ec ts th e f lo o d  inu nd a tio n/
h a z a rd  m a p s.

4 5

Location: M a la y sia
Contact: D im itri S o lo m a tine ( d . so lo m a tine@ u n- ih e. o rg )  
Partner: D ep a rtm ent o f  I rrig a tio n a nd  D ra ina g e M a la y sia

Dealing with uncertainties
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T h e ec o no m ic d ev elo p m ent o f  riv er d elta s 
req u ires g o o d  tra nsp o rt c o nnec tiv ity  a nd  
ro a d s p la y a n im p o rta nt ro le in th is.  
H o w ev er,  ro a d s f ra g m ent th e v a lu a ble 
f lo o d p la in sy stem s a nd  c h a ng e th eir 
na tu ra l d y na m ic s a nd  ec o lo g y a nd  a t th e 
sa m e tim e,  a re reg u la rly d a m a g ed  by 
f lo o d s,  resu lting  in c o stly rep a ir w o rk s.   
T o  a d d ress th ese issu es,  im p ro v ed  
c o o rd ina tio n is need ed  betw een th e 
a g enc ies inv o lv ed ,  a s w ell a s th e  
intro d u c tio n o f  a d eq u a te ro a d  p la nning  a nd  
design options. Two basic options exist: 
m o re c lo sed  ro a d  d esig n o r m o re o p en 
ro a d  d esig n,  th e la tter a im ing  to  m a inta in 
th e na tu ra l f lo o d p la in d y na m ic s a s m u c h   
a s p o ssible th ro u g h  c u lv erts a nd  brid g es.  
B o th  o p tio ns h a v e d if f erent im p a c ts o n 
tra nsp o rt,  ec o lo g y ,  a g ric u ltu re,  f lo o d  
p ro tec tio n a nd  f ina nc e.   

T h e R o a d s a nd  F lo o d s p ro j ec t ( I H E D elf t 
w ith  D elta res a nd  W W F )  h a s d ev elo p ed  a  
set o f  inno v a tiv e best p ra c tic e g u id elines 
f o r ro a d  p la nning  a nd  d esig n in v u lnera ble 
f lo o d p la ins,  ba sed  o n a n ex tensiv e stu d y  
o f  th e intera c tio ns betw een ro a d s a nd  
f lo o d s in th e M ek o ng  d elta .  T h e stu d y  
w a s c o m m issio ned  by th e M ek o ng  R iv er 
C o m m issio n,  a nd  g u id elines h a v e been 
a d o p ted  by  its f lo o d  m a na g em ent  
p ro g ra m m e a nd  th e C a m bo d ia n a nd  
V ietna m ese N a tio na l M ek o ng  C o m m ittees.

Location: V ietna m
Contact: W im  D o u v en ( w . d o u v en@ u n- ih e. o rg )
Partners: M ek o ng  R iv er C o m m issio n ( M R C ) ,  D elta res,  W W F

Guidelines for road and drainage 
development in floodplains



T h e id ea  is to  u tilize  h ig h  tid es f o r irrig a tio n 
a nd  lo w  tid es f o r d ra ina g e a nd  f lu sh ing ,  
instea d  o f  u sing  h y d ra u lic  stru c tu res  
( e. g .  a  w eir,  d a m  o r p u m p s) .  T h is inno v a tiv e 
th ink ing  is insp ired  by B a nj a rese a nd  
B u g inese p eo p le in K a lim a nta n a nd  
S u m a tra ,  w h o  rec la im ed  a lrea d y tid a l 
lo w la nd s by  u sing  sim p le tec h no lo g y .   
 

O p tim iz ing  tid a l irrig a tio n by u sing   
k no w led g e a nd  tec h no lo g y h a s resu lted   
in im p ro v ed  a g ric u ltu ra l d ev elo p m ent a nd  
su p p o rted  f o o d  sec u rity p ro g ra m m es in 
I nd o nesia .  T h e c o u ntry h a s la rg e lo w la nd  
a rea s w ith  a n estim a ted  a rea  o f  a bo u t  
3 4  m illio n h a ,  o u t o f  w h ic h  a bo u t  
2 0  m illio n h a  is tid a l lo w la nd .  
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Location: I nd o nesia  
Contact: S u r S u r y a d i ( f . su r y a d i@ u n- ih e. o rg )  
Partners: M inistry o f  P u blic W o rk s I nd o nesia ,  S riw ij a y a  U niv ersity 

Tidal irrigation and drainage
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B a sed  o n a  d eta iled  la nd  u se m a p ,  a nd  
c o m bining  inf o rm a tio n o n th e f u nc tio n o f  
ea c h  la nd sc a p e elem ent in a  riv er ba sin,   
in ec o no m ic ,  so c ia l a nd  ec o lo g ic a l term s,  
w ith  inf o rm a tio n o f  a c tu a l ev a p o tra nsp ira tio n 
a nd  bio m a ss p ro d u c tio n,  it is p o ssible to  
d ev elo p  w a ter v a lu e m a p s o f  riv er ba sins.  
T h e a m o u nt o f  bio m a ss p ro d u c ed  is a  
m ea su re f o r eith er th e ec o no m ic v a lu e o f   
a  c o m m erc ia l c ro p  ( if  th e la nd  u se is 
c o m m erc ia l a g ric u ltu re) ,  o r im p ro v ed  
liv elih o o d  ( if  th e la nd  u se is su bsistenc e 
f a rm ing )  o r a n inc rea se in th e v a lu e o f  
ec o sy stem  g o o d s a nd  serv ic es ( if  th e la nd  
u se is na tu ra l) .  

T h e v o lu m e o f  w a ter tra nsp ired  is a  
m ea su re o f  th e env iro nm enta l im p a c t.  
I nf o rm a tio n o n th e o rig in o f  th e w a ter 
c o nsu m ed ,  eith er d irec tly f ro m  ra inf a ll,  o r 
f ro m  g ro u nd w a ter o r riv ers a nd  la k es,  a d d s 
v a lu a ble inf o rm a tio n o n th e o p p o rtu nity 
c o st o f  th e tra nsp ired  w a ter.  S u c h  a  m a p   
is u sef u l f o r p la nning  a nd  d ec isio n- m a k ing  
in riv er ba sins,  in p a rtic u la r w h en c o u p led  
w ith  a  h y d ro lo g ic a l m o d el,  w ith  w h ic h  
sc ena rio s o f  h u m a n a nd  c lim a te- ind u c ed  
c h a ng es c a n be sim u la ted ,  a nd  h enc e 
c h a ng es in ec o no m ic ,  so c ia l a nd  ec o lo g ic a l 
v a lu es p ro d u c ed  in a  riv er ba sin.

Locations: T a nz a nia ,  K eny a  |  Contact: P ieter v a n d er Z a a g  ( p . v a nd erz a a g @ u n- ih e. o rg )
Partners: J o m o  K eny a tta  U niv ersity o f  Ag ric u ltu re a nd  T ec h no lo g y ( K eny a ) ,  Eu ro p ea n S p a c e Ag enc y 
( T ig er B rid g e p ro j ec t)

Water value maps



I n d isa ster a rea s w h ere m a ny p eo p le liv e 
to g eth er in p o o r c o nd itio ns,  d isea ses a re 
lu rk ing .  S a nita tio n p la y s a n im p o rta nt ro le 
–  a  h o le in th e g ro u nd  o r o v er f lo w ing  
em erg enc y to ilets a re breed ing  g ro u nd s f o r 
ba c teria  a nd  v iru ses.  I f  th e f lo w  o f  w a ste is 
better m a na g ed ,  th e risk w ill be red u c ed  
a nd  th e q u a lity o f  lif e w ill im p ro v e  
c o nsid era bly .  T o  a d d ress th is issu e I H E 
D elf t a nd  p a rtners h a v e env isio ned  a n 
a w a rd - w inning  eS O S  S m a rt T o ilet,  o ne  
th a t is no t o nly h y g ienic ,  sa f e a nd   
a f f o rd a ble,  bu t a lso  serv es a s a  so u rc e  
o f  inf o rm a tio n a bo u t th e situ a tio n in th e 
a rea  w h ere it is lo c a ted .   
 

T h e ex p erim enta l v ersio n o f  eS O S  to ilet 
w a s su c c essf u lly tested  in th e P h ilip p ines 
f o r f u nc tio na lity  a nd  a c c ep ta nc e.  T h is 
lig h t w eig h t,  ea sy - to - m a inta in to ilet is 
eq u ip p ed  w ith  senso rs th a t c o llec t th e 
relev a nt d a ta  u sing  sp ec ia lly  d esig ned  
m o nito ring  so f t w a re.  B a sed  o n th is  
inf o rm a tio n,  th e o p era tio n a nd   
m a intena nc e o f  to ilets c a n be sig nif ic a ntly 
im p ro v ed  m a k ing  th e entire sa nita tio n 
c h a in m o re su sta ina ble.  A p ro to t y p e o f   
th e eS O S  S m a rt T o ilet is c u rrently being  
d ev elo p ed  a nd  w ill be tested  in N a iro bi,  
K eny a .
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Locations: T h e N eth erla nd s,  P h ilip p ines,  K eny a
Contact: D a m ir B rd j a no v ic  ( d . brd j a no v ic @ u n- ih e. o rg )
Partners: F L EX  D esig n ( T h e N eth erla nd s) ,  S Y S T EC H . ba  ( B o snia  a nd  H erz eg o v ina ) ,  S a nerg y  ( K eny a )

eSOS® Smart Toilet



I n c o u ntries lik e B a ng la d esh ,  f u tu re 
c h a ng es in la nd  u se,  sea  lev el rise a nd  
u p strea m  c h a ng es in th e f lo w s o f  w a ter 
a nd  sed im ent w ill h a v e a  serio u s im p a c t o n 
th e d ev elo p m ent o f  riv ers,  estu a ries a nd  
c o a sts.  T h e m a na g em ent o f  em ba nk m ents 
a nd  o th er f lo o d  p ro tec tio n m ea su res a nd  
th e d ev elo p m ent o f  c h a rs ( p o ld ers)  m a y 
g rea tly a f f ec t ero sio n a nd  sed im enta tio n 
p a tterns a nd  ex trem e f lo o d  lev els  
th ro u g h o u t th e d elta .  T o  p rep a re f o r th is,  
p la nners u rg ently  need  a  to o l to  p red ic t 
na tu ra l d ev elo p m ents a nd  th e ef f ec ts o f  th e 
m ea su res,  a t th e sc a le o f  th e w h o le d elta  
sy stem ,  y et su f f ic iently d eta iled  to  a llo w  a n 
ev a lu a tio n o f  lo c a l w o rks ( e. g .  c ro ss d a m s) .   

I n c o lla bo ra tio n w ith  lo c a l p a rtners,  I H E 
D elf t h a s d ev elo p ed  a  m eth o d o lo g y to  
sim u la te su c h  lo ng - term  m o rp h o lo g ic a l 
d ev elo p m ents u sing  D elf t3 D  so f t w a re.  
T h o u g h  m u c h  f u rth er v a lid a tio n a nd  
ref inem ent is need ed ,  th e p ilo t a p p lic a tio n 
h a s p ro v id ed  a  p ro o f - o f - c o nc ep t f o r 
p red ic ting  th e f u tu re sh a p e o f  d elta s.  

R ec ent a p p lic a tio ns inc lu d e th e S a n 
F ra nc isc o  B a y a nd  d elta  a nd  th e L a g u ne 
d ’ É brié  nea r G ra nd  B a ssa m  in I v o r y C o a st,  
th e C o a sta l Em ba nk m ent I m p ro v em ent 
P ro g ra m m e in B a ng la d esh  a nd  th e c o a sta l 
ev o lu tio n nea r S t L o u is,  S eneg a l.  

5 0

Location: B a ng la d esh  
Contact: D a no  R o elv ink  ( d . ro elv ink @ u n- ih e. o rg )  
Partner: I nstitu te f o r W a ter M o d elling  ( I W M )

Predicting the shape of 
future deltas



T h e Asia n D ev elo p m ent B a nk ( AD B ) ,  
to g eth er w ith  I H E D elf t,  h a s d ev elo p ed  
W AM EX  a s a  no v el a nd  intu itiv e to o l th a t 
a im s to  h elp  d ec isio n m a k ers a nd  p la nners 
d ev elo p  o p tio ns f o r a d d ressing  v a rio u s 
sc ena rio s rela ted  to  w a stew a ter a nd  
sa nita tio n m a na g em ent.  T h is to o l is u sef u l 
f o r th e p la nning  o f  new  sy stem s,  u p g ra d ing  
o f  ex isting  sy stem s a nd  p rep a ring  bu d g ets 
a nd  c o st estim a tes.  I t a lso  a llo w s u sers to  
bu ild  th eir o w n ‘ w h a t- if ’  sc ena rio s,  ena bling  
th em  to  ex p lo re m a ny d if f erent w a stew a ter 
sc h em es a nd  sa nita tio n o p tio ns.   
 

T h e so f t w a re to o l c o nta ins a  series o f  
c o nv entio na l a nd  em erg ing  tec h no lo g ies 
c o nsistent w ith  th e AD B ’ s th ru st o f  
p ro m o ting  inno v a tio ns in sew a g e c o llec tio n,  
w a stew a ter trea tm ent a nd  sa nita tio n.  I t a lso  
h a s a n intu itiv e bu ilt- in G I S  f u nc tio na lity  
th a t ena bles u sers to  set u p  a nd  a ssess 
d if f erent w a stew a ter retic u la tio n o p tio ns 
a nd  f ind  th eir o p tim a l so lu tio ns.
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Location: W o rld w id e
Contact: Z o ra n V o j ino v ic  ( z . v o j ino v ic @ u n- ih e. o rg )
Partner: AD B

Wamex



M o st p eo p le rea lize  th a t sto rm s c a n 
g enera te su rg es a nd  big  w a v es,  a nd  th a t 
th ese m a y  inu nd a te lo w - ly ing  c o a sts.  
Ex isting  f o rec a sting  sy stem s d u ly p red ic t 
su c h  ef f ec ts,  a nd  sa f ety a ssessm ents o f  
c o a sta l d ef enc es ta k e th em  into  a c c o u nt.  
W h a t is f a r less w ell k no w n is th a t g ro u p s 
o r sets o f  w a v es c rea te m u c h  lo ng er w a v es,  
w ith  lo ng  p erio d s o f  u p  to  sev era l m inu tes 
th a t d o  th e rea l d a m a g e.  O n c o a sts su c h  
a s th o se o f  W est- Af ric a ,  su d d en sw ell 
ev ents c a n c a u se w id esp rea d  inu nd a tio n 
and erosion because of this phenomenon: 
d u ring  T y p h o o n H a iy a n in th e P h ilip p ines,  
entire v illa g es,  th a t w o u ld  h a v e been 
c o nsid ered  sa f e a c c o rd ing  to  c o nv entio na l 
f o rec a sting  sy stem s,  w ere w ip ed  o u t.  T h e 
g o o d  new s is th a t su c h  ‘ su r f bea t’  w a v es a s 
w ell a s th eir im p a c ts o n v a rio u s ty p es o f  

c o a sts c a n be relia bly p red ic ted  by th e 
o p en- so u rc e X B ea c h  m o d el,  d ev elo p ed  by  
I H E D elf t in p a rtnersh ip  w ith  D elta res,  T U  
D elf t a nd  o th er p a rtners.  C o nnec tio ns h a v e 
been m a d e to  link th is m o d el w ith  ex isting  
f o rec a sting  sy stem s,  e. g .  in th e EU  p ro j ec t 
R I S C K I T .  As it is inc rea sing ly p o ssible to  
see sto rm s a nd  sw ell sy stem s c o m ing ,  th is 
m ea ns th a t m u c h  better w a rning s c a n be 
g iv en to  v u lnera ble p o p u la tio ns.

N o w a d a y s X B ea c h  h a s bec o m e a  d e f a c to  
sta nd a rd  f o r c o a sta l sto rm  im p a c t p red ic tio n,  
w ith  d ev elo p ers,  u sers a nd  benef ic ia ries 
f ro m  a ll o v er th e w o rld .

5 2

Location: South Pacific
Contact: D a no  R o elv ink  ( d . ro elv ink @ u n- ih e. o rg )  
Partner: Secretariat of the Pacific Community

Predicting the coastal killer waves



I H E D elf t a nd  T U  D elf t h a v e been  
d ev elo p ing  Ag ent- B a sed  M o d els ( AB M )  o f  
so c io tec h nic a l sy stem s f o r th e p u rp o se o f  
u nd ersta nd ing  h o w  d if f erent institu tio na l 
p o lic ies c a n inf lu enc e th e c rea tio n a nd  
p ro p a g a tio n o f  v u lnera bilities in u rba n 
a rea s.  S u c h  m o d els p ro v id e inv a lu a ble 
m ea ns f o r u nd ersta nd ing  th e beh a v io u r  
o f  a c to rs in o rd er to  d ev elo p  a d a p tiv e risk 
m a na g em ent stra teg ies a nd  p o lic ies.

An a g ent c a n be a n a c to r in a   
so c ia l/ institu tio na l netw o rk ( e. g .  a  h u m a n 
being ,  a n o p era to r d ec id ing  to  sh u t d o w n  
a  p u m p ing  sta tio n,  o r a  c o m m u nity  m em ber 
w h o  liv es in a  f lo o d - p ro ne a rea ) .  I t m a y  a lso  
rep resent a n institu tio n,  f o r ex a m p le a  
w a ter u tility c o m p a ny w h ic h  w a nts to  

im p lem ent f lo o d  p rev entio n m ea su res o r  
a  g o v ernm ent d ec id ing  o n a  new  la nd  
d ev elo p m ent p o lic y ( o r a  d esig n sta nd a rd )  
f o r f lo o d  p ro tec tio n.  T h e f o c u s o f  th ese 
inno v a tiv e m o d els is o n intera c ting  a g ents 
a nd  h o w  th eir intera c tio n c a n lea d  to  
c rea tio n a nd  p ro p a g a tio n o f  v u lnera bilities 
a nd  risk .  T h e id ea  beh ind  AB M  is to  
em u la te,  ra th er th a n to  c a lc u la te,  ( o p tim a l)  
sta tes o f  th e sy stem  a nd  to  ex p lo re th e 
p o ssible d ev elo p m ent p a th s ( i. e.  p o ssible 
sta tes o f  th e sy stem  o r p o ssible f u tu res) .  
T h is in tu rn is th en u sed  to  ev a lu a te w h ic h  
d ev elo p m ent p a th s a re a c c ep ta ble f o r new  
p o lic y  f o rm u la tio n.  T h e m o d el d ev elo p ed  
h a s been ev a lu a ted  in Eu ro p ea n a nd   
I nterna tio na l c a se stu d ies.
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Location: S t.  M a a rten
Contact: Z o ra n V o j ino v ic  ( z . v o j ino v ic @ u n- ih e. o rg )
Partner: T U  D elf t

Agent-based models of  
sociotechnical systems 



T h e T u rbo  M B R  ( m em bra ne bio - rea c to r)  
c o m bines h ig h  ra te bio lo g ic a l trea tm ent 
w ith  u ltra f iltra tio n m em bra nes f o r trea ting  
w a stew a ter.  T h is p ro d u c es a n ef f lu ent  
o f  su p erio r q u a lity ,  su ita ble f o r reu se  
in d ec entra lize d  setting s,  d ra m a tic a lly 
red u c ing  th e p la nt’ s f o o tp rint.  T h e sy stem  
o p era tes a t elev a ted  bio m a ss c o ntent 
w h ic h  a llo w s a  red u c tio n in th e req u ired  
u nit v o lu m e,  su p p o rted  by h ig h ly ef f ic ient 
a era tio n d ev ic es ( S D O X  a nd  S p ec e C o ne) .  

T h e T u rbo  M B R  is c u rrently being  tested   
in th e N eth erla nd s a nd  sh o w s a  h ig h  
p er f o rm a nc e a t ex trem e lo a d ing  ra tes.   
I t c a n lo a d  u p  to  th ree tim es f a ster th a n 
c o nv entio na l sy stem s.
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Location: T h e N eth erla nd s
Contact: H ec to r G a rc ia  ( h . g a rc ia @ u n- ih e. o rg )
Partners: O V I V O ,  B lu e in G reen,  EC O 2 ,  J C I  I nd u stries

Turbo MBR



C lim a te c h a ng e a nd  th e g ro w th  o f  c o a sta l 
c o m m u nities w ill sig nif ic a ntly  inc rea se  
th e so c io ec o no m ic  risks  a sso c ia ted  w ith  
c o a stline rec essio n ( i. e.  lo ng - term  net 
la nd w a rd  m o v em ent o f  th e c o a stline) .  
C o a sta l setba c k lines a re a  c o m m o nly 
a d o p ted  m a na g em ent/ p la nning  to o l to  
m itig a te th ese risk s.  W h ile it is w id ely 
rec o g nize d  th a t p la nning  d ec isio ns  
sh o u ld  be risk - inf o rm ed ,  setba c k lines a re 
p resently  d eterm ined  u sing  d eterm inistic 
m eth o d s th a t c a nno t be rela ted  to   
c o nsid era tio ns reg a rd ing  th e to lera bility   
o f  risks .  I H E D elf t,  in p a rtnersh ip  w ith  
interna tio na l a nd  D u tc h  resea rc h ers,  h a s 
rec ently d ev elo p ed  a  risk a ssessm ent 
a p p ro a c h  f o r q u a ntif y ing  th e risk p o sed  by 
c o a stline rec essio n a nd  sh o w ing  h o w  it  

c a n be u sed  to  d eriv e ec o no m ic a lly  o p tim a l 
setba c k  lines.  T h e a p p ro a c h  h a s been 
d em o nstra ted  a t N a rra been B ea c h ,  
S y d ney ,  Au stra lia  a nd  ind ic a tes th a t th e 
p resently a d o p ted  d eterm inistic m eth o d s  
o f  d ef ining  setba c k lines m a y lea d  to  
ec o no m ic a lly su b- o p tim a l string ent 
la nd - u se p la nning  d ec isio ns.

T h is m o d el is no w  being  a p p lied  in a  
c o m m erc ia l p ro j ec t in S ri L a nk a  to  
d eterm ine ec o no m ic a lly o p tim a l setba c k 
lines f o r sp a tia l p la nning  by  th e S ri L a nk a  
c o a st c o nserv a tio n d ep a rtm ent a lo ng   
th e ea st c o a st o f  S ri L a nk a .  P o ssible  
a p p lic a tio ns in J a p a n a nd  T h a ila nd  a re 
u nd er d ev elo p m ent.  
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Locations: Au stra lia ,  S ri L a nk a  |  Contact: R o sh a nk a  R a na sing h e ( r. ra na sing h e@ u n- ih e. o rg )  
Partners: J o g ej a n R isk M a na g em ent C o nsu lta nts,  D elf t U niv ersity o f  T ec h no lo g y ,   
U niv ersity  o f  Q u eensla nd

Drawing the line on coastline  
recession risk



Arsenic is a  h u m a n c a rc ino g en,  a nd  its 
p resenc e in d rink ing  w a ter inc rea ses 
c a nc er m o rta lity risk a nd  c a u ses liv er 
f a ilu re,  a s w ell a s c a rd io v a sc u la r,   
neu ro lo g ic a l a nd  sev era l o th er d isea ses.  
T h o u sa nd s o f  bo th  sm a ll a nd  la rg e  
w a ter su p p ly sy stem s th a t m a k e u se o f  
a rsenic - c o nta m ina ted  g ro u nd w a ter c a nno t 
p ro v id e th eir p o p u la tio n w ith  a rsenic - f ree 
w a ter d u e to  p o o r ef f ic ienc y o r h ig h  c o sts 
o f  a v a ila ble a rsenic rem o v a l tec h niq u es.

T h e I H E- Ad a rt a rsenic rem o v a l tec h no lo g y 
is ba sed  o n a rsenic a d so rp tio n o n lo w  c o st 
a d so rbent,  a  by - p ro d u c t f ro m  th e d rink ing  
w a ter ind u stry ,  a nd  is a  p a tented  in situ 
reg enera tio n p ro c ed u re.  I H E- Ad a rt h a s 

d em o nstra ted  th e p o tentia l to  p ro d u c e 
a rsenic - f ree d rink ing  w a ter f ro m   
g ro u nd w a ter w ith  v ery h ig h  a rsenic 
c o nc entra tio n,  w h ile th e g enera tio n o f  
w a ste strea m s is h ea v ily red u c ed  in 
c o m p a riso n w ith  o th er a rsenic rem o v a l 
tec h no lo g ies.  T h e f ilter is sim p le to  
o p era te,  d o es no t req u ire elec tric ity a nd  
c a n be p ro d u c ed  lo c a lly .  T h e I H E- Ad a rt 
p ro c ess is ro bu st,  sim p le to  o p era te a nd  
a f f o rd a ble f o r d ev elo p ing  c o u ntries.   
T w o  f u ll- sc a le p la nts ba sed  o n I H E- Ad a rt 
h a v e been su c c essf u lly o p era ting  f o r 
sev era l y ea rs in J a bir ( J o rd a n) ,  a nd  B a c k i 
V ino g ra d i ( S erbia ) .

5 6

Locations: H u ng a r y ,  R o m a nia ,  G reec e,  J o rd a n,  S erbia  
Contact: B ra nisla v  P etru sev sk i ( b. p etru sev sk i@ u n- ih e. o rg )  
Partners: V itens,  W a ter Au th o rity J o rd a n ( W AJ ) ,  P U C  S u bo tic a  

Centralized arsenic removal  
IHE-Adart



T h e a p p lic a tio n o f  T h io th rix  c a ld if o ntis 
c o u ld  p o tentia lly red u c e th e f o o tp rint o f  
w a stew a ter trea tm ent p la nts ( W W T P s) ,  
besid es o f f ering  th e o p p o rtu nity to  rec o v er 
p h o sp h o ru s a nd  su lp h u r f ro m  th e a c tiv a ted  
slu d g e bio m a ss.

R esea rc h ers o f  I H E D elf t a nd  T U  D elf t 
believ e th a t su lp h id e p resent in sew a g e 
m a y be u sed  a s a n energ y so u rc e by th is 
m ic ro o rg a nism ,  to  rem o v e c a rbo n,  nitro g en 
a nd  p h o sp h o ru s in a  no v el su lp h u r- ba sed  
m eta bo lism .  T h is d isc o v ery m a y c h a ng e 
th e neg a tiv e p erc ep tio n o f  f ila m ento u s 

ba c teria  w h ic h  a re c o nsid ered  a  nu isa nc e 
a t W W T P s.  I n c o m bina tio n w ith   
bu lk ing - to lera nt so lid - liq u id  sep a ra tio n 
sy stem s,  it m a y a lso  ena ble th e  
d ev elo p m ent a nd  a p p lic a tio n o f  su lp h u r 
c y c le- ba sed  sew a g e trea tm ent p ro c esses 
f o r th e ef f ic ient rem o v a l o f  nu trients f ro m  
su lp h id e- ric h  ( sa line a nd  ind u stria l)  
w a stew a ters,  w ith  red u c ed  slu d g e  
p ro d u c tio n a nd  inc rea sed  energ y rec o v ery .  
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Location: T h e N eth erla nd s
Contact: F ra nc isc o  J a v ier R u bio  R inc o n ( f . rinc o n@ u n- ih e. o rg )  
Partner: T U  D elf t

A novel microorganism  
for sewage treatment



I H E D elf t a nd  p a rtners h a v e rec eiv ed  a  
g ra nt f ro m  th e B M G F  f o r esta blish ing   
a nd  im p lem enting  a  new  M S c P ro g ra m   
in S a nita tio n.  I t is a  new  a nd  u niq u e,  
interna tio na lly rec o g nize d ,  f u lly a c c red ited  
p ro g ra m  d esig ned  f o r c o m p letio n in 1 2  
m o nth s.  T h is elite p ro g ra m  w ith   
sc h o la rsh ip s f o r to p  ta lents a t I H E D elf t is 
D elf t- ba sed  w ith  th esis w o rk a bro a d ,  w h ile 
a t th e sa m e tim e th e p ro g ra m  ( o r p a rts o f  it)  
w ill so o n be d eliv ered  by  d o ze ns o f  p a rtner 
u niv ersities f ro m  Asia ,  Af ric a  a nd  L a tin 
Am eric a .  S ta te- o f - th e- a rt c o ntent h a s been 

d ev elo p ed  a nd  p ro v id ed  by  th e w o rld ’ s to p  
ex p erts f ro m  bo th  a c a d em ia  a nd  p ra c tic e.  
T h is d em a nd - d riv en a nd  p ra c tic e- o riented  
p ro g ra m  y ield s g ra d u a tes w ith  th e  
f u nd a m enta l u nd ersta nd ing ,  k no w led g e 
a nd  sk ills nec essa r y  f o r c rea ting  a n im p a c t.  
T h eir g eneric sk ill d ev elo p m ent a nd  
p rep a ra tio n o f  a n a p p lied  resea rc h  th esis  
is em bed d ed  f ro m  th e sta rt u nd er ind iv id u a l 
c o a c h ing  a nd  ta ilo r- m a d e g u id a nc e.  T h e 
new  p ro g ra m m e w ill be la u nc h ed  o n 2 3  
Ap ril 2 0 1 8 .
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Locations: D elf t,  w o rld w id e |  Contact: M a risk a  R o ntelta p  ( m . ro ntelta p @ u n- ih e. o rg )  
Partners: B I T S  ( I nd ia ) ,  K U ET  ( B a ng la d esh ) ,  2 iE ( B u rk ina  F a so ) ,  U N I V AL L E ( C o lo m b,  AI T  ( T h a ila nd ) ,  
C EP T  ( I nd ia ) ,  T S U AB  ( R u ssia ) ,  M U J ( I nd ia ) ,  K U  ( N ep a l) ,  U K Z N  ( S o u th  Af ric a ) ,  C D D  ( I nd ia ) ,  U o Z  
( Z a m bia ) ,  EU  ( K eny a ) ,  F U T R AS AF O D E ( Arg entina )  

New MSc Programme in Sanitation



T h e m a j o rity o f  c itize ns,  bo th  a s ind iv id u a ls 
a nd  a s g ro u p s,  o f ten f eel d iseng a g ed  f ro m  
inf lu enc ing  env iro nm enta l p o lic ies.  T h ey  
a lso  rem a in u na w a re o f  p u blic ly a v a ila ble 
inf o rm a tio n.  T h e S C EN T  p ro j ec t w ill 
a llev ia te th is ba rrier.  I t w ill ena ble c itize ns 
to  bec o m e th e ‘ ey es’  o f  th e p o lic y m a k ers 
by  m o nito ring  la nd - c o v er/ u se c h a ng es in 
th eir ev ery d a y a c tiv ities.  

T h e S C EN T  to o lbo x c o nsists o f  lo w - c o st 
a nd  p o rta ble d a ta  c o llec tio n to o ls,  a n 
inno v a tiv e c ro w d - so u rc ing  p la t f o rm ,  

serio u s g a m ing  a p p lic a tio ns f o r a   
la rg e- sc a le im a g e c o llec tio n a nd   
sem a ntic  a nno ta tio n,  a  p o w er f u l  
m a c h ine- lea rning - ba sed  intellig enc e 
eng ine f o r im a g e a nd  tex t c la ssif ic a tio n,   
a n a u th o ring  to o l f o r ea sy c u sto m iz a tio n  
by p o lic y m a k ers,  a nd  nu m eric a l m o d els  
f o r m a p p ing  la nd - c o v er c h a ng es to  th e 
q u a ntif ia ble im p a c t o n f lo o d  risks .
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Location: W o rld w id e |  Contact: And rej a  J o no sk i ( a . j o no sk i@ u n- ih e. o rg )  |  Partners: I C C S   
Ath ens,  H ellenic  R esc u e T ea m  Attic a ,  U - H o p p er,  X T ea m  so f t w a re so lu tio ns,  I B M  R esea rc h   
H a if a ,  D a nu be D elta  N a tio na l I nstitu te,  R o m a nia n O rnith o lo g ic a l S o c iety ,  C . C . I . C . C . Project co-funded by the

EUROPEAN UNION

Smart toolbox for engaging citizens  
in a people-centric observation web



W a ter a c c o u nting  tra c ks sets o f  ind ic a to rs 
a nd  p resents d a ta  in a  nu m ber o f  sta nd a rd  
rep o rting  sh eets.  T h ro u g h  th e Ac c o u nting  
f o r N ile W a ters p ro j ec t,  I H E D elf t is m a k ing  
w a ter a c c o u nting  c o ntex tu a lly relev a nt by 
inc lu d ing  so c ia l,  g end er a nd  ec o lo g ic a l 
d im ensio ns.  T h e g o a l is to  u nd ersta nd   
h o w  new  irrig a tio n p ro j ec ts a lo ng  th e  
N ile in Eth io p ia ,  S u d a n a nd  Eg y p t a re 
re- c o nf ig u ring  g end ered  la bo u r a nd  tenu re 
rela tio ns,  a nd  w h a t th is m ea ns f o r eq u ity 
a nd  su sta ina bility .  

B y ex p erim enting  w ith  d if f erent th eo ries 
a nd  m eth o d o lo g ies o f  rep resenting  riv er 
ba sin d ev elo p m ent ex p erienc es ( e. g .  
rem o te sensing ,  sto r y telling ,  p h o to  v o ic e) ,  

w e a re bring ing  into  th e c o nv ersa tio n 
c o m m o n a nd  less c o m m o n p ersp ec tiv es 
o n th e ra p id  tra nsf o rm a tio n o f  w a ter 
d istribu tio n o f  th e N ile riv er a nd  th e 
d if f erenc es betw een its u sers,  m a le a nd  
f em a le,  su bsistenc e a nd  c o m m erc ia l 
f a rm ers a nd  f a rm  w o rk ers.  I n th is w a y  
w e a re o p ening  u p  d eba tes betw een p o lic y 
m a k ers,  w a ter p ro f essio na ls,  stu d ents  
a nd  o th ers interested  in so c io ec o no m ic 
d ev elo p m ents in th e N ile ba sin.  T h e N ile 
W a ter L a b w ebsite v isu a lize s th e  
rea rra ng em ents o f  N ile w a ter f lo w s.
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Locations: Eth io p ia ,  Eg y p t,  S u d a n |  Contact: H erm en S m it ( h . sm it@ u n- ih e. o rg )
Partners: I W M I ,  F o r u m  f o r S o c ia l S tu d ies,  U niv ersity o f  K h a rto u m ,  R esea rc h  I nstitu te f o r S u sta ina ble 
Env iro nm ent,  H R C ,  EN T R O ,  N B C B N ,  M inistry  o f  Ag ric u ltu re

Accounting for Nile waters
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IHE Delft Institute for Water Education 
(formerly UNESCO-IHE) is the largest 
international graduate water education 
facility in the world and is based in Delft, 
The Netherlands. The Institute confers fully 
accredited MSc degrees and PhD degrees in 
collaboration with partners. Since 1 9 57  the 
Institute has provided graduate education to 
more than 1 5,000 water professionals from 
over 1 60 countries, the vast majority from the 
developing world.

The mission of IHE Delft is to contribute to 
the education and training of professionals, 
to expand the knowledge base through 
research and to build the capacity of sector 
organizations, knowledge centres and other 
institutions active in the fields of water, the 
environment and infrastructure in developing 
countries and countries in transition.

IHE Delft 
Institute for Water Education
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2601  DA Delft
The Netherlands
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