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R&D Roadmap

The need for a Research Road Map

Short and long-term business needs within the water
and wastewater sector requirestargeted investment
inresearchandinnovation.

The Barriersto Innovation Report (2007)
commissioned by UKWIR, Defraand Ofwat
identified amisalignment of expectations between the
supply-chain and the water companies, regul ators
andgovernment.

It recommended “to replace fragmented, ad-hoc or
short-term strategies with an aligned multi-
stakeholder vision, strategy and implementation
plan for the UK water industry’ s innovation needs
and priorities’.

Thesix largest UK
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Drivers for Innovation and Research

The contour maps show that the greatest investment
isassociated with Asset Sewardship and that thisis
consistent acrossall AMP periods. The changing
responseto the key regulatory directivesisapparent:
Drinking Water Directivein 1984-1999, Urban
Wastewater and Bathing Directivein 1995-2004,
Cryptosporidium regulationsin 2000-04.

Projecting forward, the key issuesrelate to the Water
Framework Directive, metering, ageing assets (those
installedin AMP1 and AMP2 in addition to the pre-
existing underground infrastructure), energy and
carbon emissions, sustainability and climate change.
Thisview accordswith UKWIR'’ s set of high level

driversfor the next 20 years, some of these are more
certain than others.

water utilities, acting as
the Research Foresight
Partnership (RFP) with
WRc, have devel oped
somehighlevel R&D

Energy Management

ROAD MAP THEMES

Energy-optimised conventional treatment and
networks new carbon-neutral and carbon-negative

Thirty specificissueswere
identified by the RFP, and
fiveprioritised themeshave
been devel opedinto detailed

roadmaps and asked pifzeEsz= Research Road Maps.
UKWIRto buildon Underground Assets They show businessfocused
them to produce a Real-time condition monitoring and early warning of | gutcomesthat can be
strategic view for the failure with full 3D location and mapping. achievedthroughinvestment
industry. Leakage inresearch over the next 25
UKWIR’s Localisation and repair of leaksin live systemswithin| years (seefigures 1to5).
Research an agreed ‘ sustainable-level-of-leakage’ regulatory The strategic view —
Strategy framework. what next?

UKWIR has captured
themajor challenges
faced by theindustry in

Intelligent Metering

twelvethemesthat consumption.
ooa_uzwmm_x vertical Chemical Free Treatment
busi ness processes of

the water industry and
six ‘horizontal’ (cross-

Universal metering with tariff structures that support
demand management and provide real-time data on

Biological nutrient removal from wastewater at all
scales, ‘chemical-free’ production of drinking water
and accepted direct re-use of wastewater.

These maps set out a new
sharedindustry vision: a
framework that provides
directionfor the supply
chain and theresearch
community that leadsto the
water utilities medium and
long term needs.

cutting) issues.

Relationshi ps between these twelve strategic research
themes are presented as a matrix, shown overleaf
with the UKWIR Board’ s strategic intent.

Thismatrix has been used to provide an overview of
theindustry’ sinvestment during the past AMP
cycles, which have then been projected forward to
2030.

Government can use them to target research and
innovation platformsthat support the devel opment of
new technologiesand systemsthat can directly
benefit the UK.

Theseroadmaps, if appropriately supported, can help
both the research community to target their efforts
and the supply chainto provide the required

technol ogies and systemswhen they are needed.

UK Water Industry Research Limited, 1 Queen Anne's Gate, London SW1H 9BT, UK
tel: +44 (0) 20 7344 1807 fax: +44 (0) 20 7344 1859 email: mail@ukwir.org.uk, web: www.ukwir.org



Knowledge Integrated Communities

This coherent view of need will help to provide a
focus to enable stakeholders to work together to
agree plans and strategies. There are examples of how
this approach isworking.

TheVISTA programmeisdevel oping the software
and systems to enable 3D mapping of the
underground asset base, it has mobilised £2.9m (E1m
from DTI) and has brought together universities,
utilitiesand their supply chain.

TheFatsOilsand Greases (FOG) programme will
reduce the problems created by disposal of Fats, Oils
and Greases to sewer, currently costing the UK £20
million ayear. It has brought together Government,
universitiesand utilitiesand hasmobilised £1.3m.

These aspirational programmes have defined
outcomes linked to improved operational and capital
efficiency. The focus on climate change, and the UK
Government’ s aspirations may well lead to aneed for
further expansion of the Road Maps to include:

Reduced per capita ‘Water footprint’

* improved location and repair of leakage
* intelligent use of metering and tariffs

* increased reuse and recycling

* water efficient home appliances.

These Road Maps are a starting point. They will
be used to stimul ate debate and will be further
devel oped and updated in discussion with
regulators, government, the research community
and the supply chain.

Additional background to the RFP
Maps

The maps shown in Figures 1 to 5 were
developed by the RFP following a series of
workshops attended by operational, planning,
procurement, managers and scientists, academics
and representatives from the supply chain.

The maps represent the views of the Utilities
R& D community and set out the likely pressures
on the water sector over the next 25 years.

They definethe required outcomes and identify
where benefits could be obtained from investment
in research and innovation by the water utilities,
the supply chain and the research community.
They provide acoherent medium and long-term
term research road map for the water industry to
2030.

UKWIR Strategic Matrix and
overview of industry spend/need
from 1990 to 2030

Figure 6 shows
Reduced ‘Carbon , :
Eootoring UKWIR Strategic Matrix each regulatory
ootprin THEMES Water | Water | Water |Sewerage |Wastewater| Waste period with a
* new energy resour ces |treatment |distribution treatment |management forecast to 2030.
@gmm—._ 3@._" Asset Stewardship _om_.ﬁw%msom OFWAT ﬂmﬁozm
& levelsof
processes for Cudoma Service lovelso :mﬁ com.: used to
waste and Surface build apicture of
wastewater BalancingSupply Dﬂs%ha- 3<Mwhw the capital and
treatment & Demand research ment operational spend
i Environmental & Integrated Water Integrated
*real-ti 3.® network PublicHealth Safety Plansand &%Bma over each of the
& pumping Protection DOMS management| Biosolids | past regulatory
.. . lingt . .
optimisation Sustainable Climate change and asset onwﬁ_du@ ° Um_._OQ_ which has
. -BU—.O<®Q location Development performance; Carbonfootprinting then been
and _.mbm__. of Regulation Simplifying regulationsand bal ancing sustainability obligations distributed across
leakage the UKWIR
* energy efficient matrix.

treatment processes.

Reduced disruption dueto failure

* accurate real-time condition, performance and
control of underground assets

* intelligent assets, accurately mapped, easy to locate

* robust, resilient, and responsive materialsfor
replaced assets

* Jow/no-dig for asset repair and replacement.

The pictures can be viewed as contour maps,
with peaks representing the greatest spend. The
future projections are based on industry views of
the pressures that the industry may face.

Each map isasummary of the main driversthat
shape the pattern of investment, an indication of
the main technology areas of capex/opex spend
and an estimate of annual total spend on R&D by
theindustry.



Figu re 1. STRATEGIC MAP: ENERGY Size of blot approximates level of importance/activity/spend (high, medium, small)
THEMES Water Water Water | Sewerage Wastewater| Waste Water Water Water | Sewerage |Wi Water Water Water | Sewerage [Wastewater| Waste Water Water Water  |Sewerage|Wastewater| Waste
resources |treatment |distribution treatment |managem't| [resources| treatment |distribution: treatment | managem'{ |resources |treatment |distribution! treatment |managem't| |resources | treatment |distribution treatment | managem't
Asset Stewar dship L4 o d o ®
Customer Service
Balancing Supply
and Demand
Environmental & Public ° . .
Health Protection . .
SustainableDevelopment _.— _.—_.— - ' . ‘ ' . .—_.-
& Climate Change
Regulation
KEY REQUIRED OUTCOMES
2004 2005 | 2006 | 2007 | 2008 2009 [[ 2010 | 2011 | 2012 | 2013 | 2014 2015 2016 2017 2018 | 2019 2020 | 2022 | 2024 | 2026 | 2028 | 2030
Full understanding of current L1 ;
energy consumptionwastage Awarenessof emerging
Process-level benchmarkto | | technologiesintermsof
IAI\\l,zg ?(II\E/I'\LI%I'SISO?\I ND compareonsite-specificbasis energy efficiency ‘ Ongoing awarenessand communicationsof devel opmentsand technol ogy solutions ‘
: calions
EXCHANGE Defined optimum energy for minimising energy use
efficiency of existing systems
I ~ Full understanding of water
industry car boglefdod(gg” nt: direct Fully optimised conventional
| e”";’;gﬂ;;‘;we emi g,*};f,‘;‘ ons treatment interms of energy use
| Full understanding of optionsto ‘ and generation.
| maX|mlse?nerg)':p;oductlonfromwaste Increasing availability of low-
Toolsfor Methodstorecover energy Optimised conventional treatment intermsof energy or energy generation.
| monitoring energy fromoperational activities: cgrlbolnfootpri\:n: nleutrdlnegativelprocesses e ; ;
TECHNOLOGY consumption e.g. hydro power M aximised biogasproduction
SUPPLY-CHAIN | without sub- | | Development of low net energy treatment: hightech: fuel cells | | and carbon-neutral and carbon
metering Improved methodsfor biogas ‘ . - i H
Toolsto ar productionanduse Development of low net energy treatment: low tech: negativetreatment generation
activitiesintermsof GHG small & local
/et Env Im List of current low } ; I
P energy /low carbon || Ongoing devel opment of low energy units: pumps, blowers, etc. |
| processesand
equipment
I
Understanding of long- Definedlong-termstrategy.
t market Wastetreatment or waste icai
IMPACT ONW.Co. emenergyimar managementandenergy | s e
SYSTEMSAND I production, sludgeaswaste 9
PROCESSES | or asenergy source
| Established national water
I industry energy policy
;Egbst:'ﬁlgh’j\l & I Understanding of roleof water industry in
I meeting CO, targets, scopefor renewables,
recovery, trading, etc (prior to 2012)
STAKEHOLDER I
INTERACTION I
2004 2005 | 2006 | 2007 | 2008 | 2009 || 2010 | 2011 | 2012 | 2013 | 2014 2005 | 2016 | 2007 | 2018 | 2019 || 2020 | 2022 | 2024 | 2026 | 2028 | 2030




Figure 2. STRATEGIC MAP: UNDERGROUND ASSETS - Condition, location, risk management

Size of blot approximates level of importance/activity/spend (high, medium, small)

THEMES Water Water Water | Sewerage Wastewater | Waste Water Water Water | Sewerage |Wastewater| Waste Water Water Water | Sewerage |Wastewater| Waste Water Water Water | Sewerage Wastewater| Waste
resources | treatment |distribution: treatment| |managem't| resources | treatment |distribution treatment| jmanagem't |resources | treatment [distribution treatment| |managem't | resources | treatment |distribution treatment
— 00 00 1) 0
Customer Service [ ) . . o o
Balancing Supply
and Demand .
Environmental & Public
Health Protection . .
SustainableDevelopment
& Climate Change . . . . . .
Regulation
KEY REQUIRED OUTCOMES
2004 2005 | 2006 | 2007 | 2008 2009 || 2010 | 2011 | 2012 2013 2014 || 2015 | 2016 2017 2018 2019 || 2020 [ 2022 | 2024 | 2026 2028 | 2030
Defli r;ed ‘leadindicators’ of ‘ On-going awarenessand communi cation of devel opmentsand technol ogy solutionsfor locating, monitoring and ‘
I deteriorationfor predictive assessing underground assets
AWARENESSAND modellingandfull
INFORMATION understanding of regional
EXCHANGE Understanding and granularity
awarenessof \ Failure database for sewersand water mains: old and new assets: continuously updated
technologiesand systems | L1
applied by other owners Deterioration andfailureand consequencemodels:
of underground assets continuously updated
Methodstolocateandidentifying ‘ ; : AT * Real-timeconditionmonitoring
| Softwareto ‘ neighbouring assets |Embedded sensorsreporting on real time condition of assets| and early warning of failure
generate3-D
| imagesat * accuratelocation of all assetsin
| Stree“e"?'l [ Ground probing radar abletolocateplasticpipes | 3-D from abovetheground
TECHNOLOGY T - . L.
SUPPLY-CHAIN | Passive/intelligent assetsand 3-D visualisationsat
aﬁm“\egzgglﬁexif{ﬁm Methodsfor on-line ‘ streetlevel
inspection of water mains . Lo
| data%’;lseler;bedded P Viethodst T Sestructivetesinaof * risk-based prioritisation based
information Integration of odsfor on-linenon destructivetesting of the
| Robust Capex a’;f&;é%‘é’s condition of sewersand water (esp trunk) mains gglrt??miztgeﬁgf:t%figd ols
| and Opex models (Galileo-2012)
. . .
| ‘I diot-proof’ and future- consistent risk management
proof’ commonformat acrossall assets
I dataacquisitionand \ Recordsand mapsof underground assetsin 3-D
| storagesystems
T
Robust forecastingtools,
Ish\cg?ECJSO/'_\\II\Y\éCO I KPlsanddeterioration
leadindicators
PROCESSES I |
Robust whole-life
| costingandrisk
management
I
I Strategic optimisation —
| andinvestment tools ‘ Effectiverisk management strategy and ‘
LEGISLATION& understanding of risk tactics
REGULATION I
STAKEHOLDER I Full co-operation and co-ordination with other asset users, to
INTERACTION . common format and datasource -
2004 2005 | 2006 | 2007 | 2008 | 2000 || 2010 | 2011 | 2m2 | 2013 [ 2014 || 2015 | 2016 | 2017 | 2018 | 2019 || 2020 | 2022 | 2024 | 2026| 2028 | 2030




Figure 3. STRATEGIC MAP: SUSTAINABLE LEAKAGE

Size of blot approximates level ofimportance/activity/spend (high, medium, small)

THEMES Water Water Water | Sewerage Wastewater| Waste Water Water Water | Sewerage|Wastewater| Waste Water Water Water | Sewerage|Wastewater| Waste Water Water Water  |Sewerage| Wi Waste
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SustainableDevelopment
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Regulation
KEY REQUIRED OUTCOMES
2004 2005 | 2006 | 2007 | 2008 | 2009 [| 2010 | 2011 | 2012 | 2013 | 2014 2005 | 2016 | 2017 | 2018 | 2019 || 2020 | 2022 | 2024 | 2026 2028 | 2030
I Full understanding of
I thecapabilitiesof
AWARENESSAND currenttechnol ogy for
INFORMATION | qugaﬁl’flg?:t;?gr?gn g
2XCERANEE | repair ondistribution
| andtrunk mains
' - Non-intrusiveleak repair systemsfor large ‘
| F“”aalsggaﬁ(?'c‘gug&the Improvedinstallation of plastic diameter mains Sustai nableleakage management
leakageinplasticoines | P! pesby contractorstoreduceleak I . delivering:
| bt (7P S e, -
| servicepipes * real time detection of leaksat
TECHNOLOGY | sub-DMA level
SUPPLY-CHAIN Understanding of the Methodstolocaliseleaksat sub-DMA e fanti .
acoustic characteristicsof level: distributes(widearea) Imprﬂ;/a?(dleff;? ency of * localisation and 'ePa' r of lesks
| leaks: locationand monitoringand other non-invasive ocation at sub-DMA level inlive
| quantification methods systems
Methodsfor . .
| quantifyingleak size use of sustainablelevel of
prior for excavation i leakageinstead of economic
! g ke = Re timeceectionoflesksdt |l eyt o eckege
Understanding of impact of Understanding of pinp egfﬁdency g 'melt”OVed Eflfelgil(mcy and sub-DMA level ag
mainsrehab onleakagelevels impact of DMA Hrouohmoreetiaa e I * reduced |eakagein new assets
IMPACT ONW.Co. meter failureon grioritmion Methodstolocaliseand
SYSTEMSAND | leakagelevels repair leaksat sub-DMA
PROCESSES Understanding and awareness level inlive systems
of thetrueimpact of pressure
management
I Intelligent boundary valve
| management
LEGISLATION& | Sustainablelevel of leakage
REGULATION Understanding of leakagein concept acceptableto
| thecontext of sustainability: regulators
energy costs, TMA, climate
I change, cgréxonfo;)tt_prl n, Acceptanceby customersof the
STAKEHOLDER | mansdeterioration sustainablelevel of |eakage
INTERACTION I concept
2004 2005 | 2006 | 2007 | 2008 | 2009 || 2010 | 2011 | 2012 | 2013 | 2014 2015 | 2016 | 2017 | 2018 | 2019 || 2020 | 2022 | 2024 | 2026 [ 2028 | 2030




Figure 4. STRATEGIC MAP: INTELLIGENT METERING

Size of blotapproximates level ofimportance/activity/spend (high, medium, small)
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Customer Service ) . . . .
Balancing Supply
and Demand . . . .
Environmental & Public
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& Climate Change °
Regulation . °
KEY REQUIRED OUTCOMES
2004 2005 | 2006 | 2007 | 2008 | 2000 || 2010 | 2011 2012 2013 | 2014 2015 2016 2017 2018 2019 2020 | 2022 | 2024 | 2026 | 2028 | 2030
I Full understanding of the
I technical capahilitiesof | Ongoingawarenessand communicati on of developmentsand technol ogy solutionsfor metering acrossutility sector |
AWARENESSAND e %;Qggggr‘fe:] legration
INFORMATION I technology fromoversess,
EXCHANGE I and gasand el ectricity sectors
| User specificationsfor ‘ Ongoing steering of development/ ‘ _ _
| _meter systems, improvement Cost-effective, universal customer
including date& Agreedstandards | | metering delivering:
I functional requirements ] -
On-going technol ogy devel opment/improvement ‘ * tariff structureswhich support
TECHNOLOGY I Listof demand management, are
SUPPLY-CHAIN | development/ equitabl eand address
adaptation needs affordability issues
I * wider benefit for network
operators
: Delivery of cost effectivesolutions per
Cost-benefit
I models
I Added Full integrationand
IMPACT ONW.Co. benefits implementation of new
SYSTEMSAND | idertife company systems
PROCESSES s
| quantified Universal Fully tested tariff and
I metering funding chargingmodelsto
agreedwith replacerateablevalue
I OFWAT
LEGISLATION& I
REGULATION Full understanding of
I customer attitudes,
I affordability andsocial
Issues g . « L EE: . .
Identified solutionsfor ‘ difficult Education campaignfor customersto
STAKEHOLDER | ‘ flatsetc ‘ o et v e Full acceptanceby customersof
INTERACTION | metering wider metering
1]
2004 2005 2006 | 2007 | 2008 2009 2010 | 2011 2012 2013 | 2014 || 2015 2016 | 2017 | 2018 | 2019 2020 | 2022 | 2024 | 2026 | 2028 | 2030




Figure 5. STRATEGIC MAP: (CHEMICAL FREE) TREATMENT

Size of blot approximates level ofimportance/activity/spend (high, medium, small)
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SustainableDevelopment
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Regulation
KEY REQUIRED OUTCOMES
2004 2005 | 2006 | 2007 | 2008 | 2009 [[ 2010 | 2011 | 2012 | 2013 | 2014 2005 | 2016 | 2017 | 2018 | 2019 || 2020| 2022 | 2024 | 2026] 2028 | 2030
I \ " Detailedunderstandi ngof coagulation |
T
I Detailed understanding of iron * i i
AWARENESSAND ‘ chemistry inscience ‘ fuIIyopt_lmlssd
INFORMATION I IU d dinaof ont Detailed understanding of capabilities conventional treatment
EXCHANGE nderstanding of options of oxidation/ biodegradation with automatic operation
I ‘ forre-useof sudge treatment for drinking water ) p )
I Improved :Jnderstandin of biological [ * non-chemical /minimum
‘ pnutri entremoval, Sgu\,itee?cg | Knowledgebasefor new processoperationand management | chemical drinkingwater
| : treatment processes
Small workspracticefor Premoval ‘ -
— l \ Cost-effectiverecovery of metal coagul ant\
Drinkingwater Instrumentati on/sensorsfor Pand - :
| Femeasurement ‘ Alternative, organlc!degradablecoagulants‘
I .
| Improveddosingand Optimisationsludge * added-valuedisposal of
TECHNOLOGY Wastewater mixingtechnologies treatment/biogas — wastesludge
SUPPLY-CHAIN | production Efficient _ o
| | ‘ Wastewater treatment processes, | productionof * productionof drinking
Increased automation Processesfor small that producelesssludge drinkingwater water fromwastewater
| ‘ andreal timecontrol worksfor N/P fromwastewater
removal
| Understandthe Alternativeadded-valueroutes
Longterm view of sustainability of for thedisposal of sludge % q .
l t%e supply/ chemicalsand cost effectivenutrient
| market for materials(GAC) used removal at all scales
IMPACT ONW.Co. chgne?tcggn;p andtpégtcri#;idm * |Jow sludgeproduction
SYSTEMSAND I ironandchlorine biological treatment
PROCESSES I
I ~ Understandlongterm Alternativeadded-valueroutes
implicationsof disposal of for sludge and wastes use of
LEGISLATION& I sludge, especially with struvitebulking material
REGULATION I respect to metal content
I | - Increased useof ‘
mprove grey-water
SIAEOLEIER I understanding of \ Reductionin Pinwastewater \ —
INTERACTION | sourcesof P | Acceptanceof wastewater re-usefor drinking |
2004 2005 | 2006 | 2007 | 2008 2009 2010 | 2011 [ 2012 2013 | 2014 2015 | 2016 2017 2018 | 2019 2020 | 2022 | 2024 | 2026 | 2028 | 2030
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Figure 6. Percentage of total spend allocated to each cross cutting theme

Asset Stewar dship

Customer Service
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2%

AMP1 1989-1994 Total Spend c £25bn

Principal drivers: EU Drinking Water Directive

Sustainable Development &
Climate Change

Regulation

14%

0%

<
% Balancing Supply & Demand 15% GAC, Ozone, Coagulation
o)
S} | Environmental & Public Health 40, | 1mProved (new) wastewater treatment
Protection
Sustainable Development & 0% R&D mvmag £36m pa: AMP 1& 2
Climate Change technologies
Regulation 0%
AERIEEIECED 57% | AMP2 Total spend ¢ £30bn
Customer Service 1% | Principal drivers: EU Urban Wastewater
Treatment / Bathing Water Directives, DWQ at
o Balancing Supply & Demand 11% | customer’ stap
o)
%_ Environmental & Public Health 319 | Mainsrehabilitation, replacement, leakage
WJ_ Protection
Sustainable Development & 0% Wastewater disinfection, sludgetreatment
Climate Change
. . R& D spend £40m pa: AMP2&3
Regulation 0% | technologiesand systems
Asset Stewar dship 60% | AMP3 Total spend ¢ £31bn
SRR S5viEa 5% | Principal drivers: O_u<<.>._. costefficiencies,
L eakage, Cryptosporidium,
: 9%
g Balancing Supply & Demand Water treatment-membranes
o |Environmental & Public Health 26% f :
m et L eakage, water mains, operating systems
Sustainable Development & 0% | Nutrientremoval, sludgedisposal
Climate Change
. 0% | R&D spend £30m pa: AMP 3 cost saving,
Regulation AMP 4 Capex
Asset Stewar dship =P o500 | AMP4 Total spend £32.6bn
) 7% | Principal drivers: Sewer Flooding, Capital
Customer Service Maintenance, Common Framework,
0,
o Balancing Supply & Demand 9% Energy efficiency,
& |Environmental & Public Health 19% | |_eakage, mainsrenewal
m Protection i
Sustainable Development & 1% | Sludge, wastedisposal
Climate Change
& 0% | R&D Spend £24m pa: AMP 4 Opex PR09
Regulation submission
Asset Stewardshi == AMPS Total spend £33.6bn
sset Stewar dship 49% | princi pal drivers: WFD, supply- demand
c Servi 305 | Management, universal metering, AMP 1 asset
ustomer Service renewal
A Gl Gl 2, Bene 11% _.mm_@@@ metering, strategicrenewal o:E:_A
S mainsand |argediameter sewers, adopting
m Environmental & PublicHealth 269, | Privatesewers
~ [aetection Water/wastewater asset renewal, energy
Sustainable Development & 119 | €fficiency, carbonemissionsreduction, waste
Climate Change disposal
Regulation 0% | R&D spend £40m pa: energy from waste,
smart assets
AMP 6/7 Total spend £36.5bn (@ AMP)
Asset Stewar dship 44%
Principal drivers: carbon emissions, supply
Customer Service 4% | demand management, smart meters and tariffs,
water and waste recovery and recycling, energy
& |Balancing Supply & Demand 10% fromwaste
T} } ) Strategic asset renewal, next generation
& |Environmental & Public Health treatment, e.g. energy efficient desalination, real
Y ; 27%
Protection

time asset control and condition monitoring,
intelligent urban networks (multi-utility)

R& D spend: £50m pa: fuel cells, energy from
waste




