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and the need for greater uptake
and Implementation in the UK

An Engineer’s Perspective
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| dierriewhead Righeriow
Sites,Which tend to rely onreaction’ rather than impulse“machimes.

Reaction machines develop torque by reacting to the weight and low
npressure efiwaterand are lighter and cheaper to manufacture.

Impulse machines develop torque from high pressure high velocity jets

and therefore require casings (Pelton, Turgo, Ossberger Crossflow,

Motor Pump Sets). Crossflow turbines are also suitable for low heads.
= Reaction machines which are suitable for rivers and beck's include:-

— Traditional Waterwheels (overshot, midshot, undershot, backshot)

— Propeller (Kaplan, Francis, compact axial, bulb type, stratflo, H&VAWT)
— Archimedean Screw Turbines (old but proven technoelogy)

— Optimisations, of these machine types to increase efficiencies and others:-
= Zuppinger (German), Sagebien and Poncelet (Erench)

= Venturil(suction)effect torreducemetheadiorSiphon device (water to air)

" Floating_\-/-vheel (much less efficient but no civil & lew.envirenmental effects)

= Other novel turbine devices (e.g. conveyor, gravity wheel, contra rotating)

= Darius & Gorlov turbines (developed for deep rivers and tidal streams/estuaries)
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Classification of hydrepewer and nUmbErS, of

ooterntal U siies wriicr could ne developead.

= ~: More than 100/ MW n“UHIing'Jnto.a_lar,g_e -
electricity grid' (only a few potential sites left to developrinrthe UK)

. 15 - 100 MW - usually grid connected (5-15 new sites)
:1-15 MW - usually grid connected (20-80 new sites)

= Mini-hydro: Above 100 kW, below 1 MW; most often grid connected
(100 - 150+ potential sites)

= _Micrso-hydro: From SkW up to 100 kW; usually provided power for a
s mall communities but many now being grid connectedi(thousands)

—

4 Pico-nycros From 200 watts up to 5KW' (usually stand-alene) but some
small"'systems have been successfully grid connected (10 - 50,000+)
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Pelton wheel
or Turgo wheel

Francis turbine

Crossflow turbine
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Examples of Zuppinger undershot waterwheels
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Modenn efficient watenwheels,— showing| how.
oririclioles arid rroderr) tecriniologias cair
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Clean and efficient hydro power generation
frorn sirmple iesis |
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One selution for rver and Welirs: fior low. head
airicl rriocleraie flow conditlons: Sageoler
faela) Weiispwrizel grocll cmg l vv

. .
piral Casing
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http://perso.orange.fr/michel.fonfrede/63cf/ROUERM.htm
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Several etnermiciorhyeie selutiens using
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\Watermills and the need te restore existing
sites ard rleveloo f1ew ru) Or river sysierms (

S ——
e ————
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—

That waternwheels aﬂd otherlowhead
deviCes are Inefficient and unreliable for generating electrical pewer.
This Is not true using modern technoelegy and control systems on
Suitable sites. Costs have fallen to (£3 - 6K/kWe).

A combination of over-regulation and water pricing
combined with cheap fossil fuel power sources in the 1960-80’s killed
off many small hydro plants and led to the run down efumany. Mill sites.

. There used to be over 30,000 working millsiin the UK
(1850). The number of working mills is now less than 400 and whilst
many are now Visitor attractions, less than 100 mill'sites are generating
clean electrical pewer. lLargest EP o/shot wheel at Aberdulais, 25kW.

—

- Manyrexistinglow:headsites caniderised (0 generate clean’
ene

_-electrlcal POWEINCOST ctively (PB'<<'solar or micro-wind <6y-12y).

- Some reaction machines are very fish friendly and have
negligible to positive environmental impact (multiple studies).
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Watermllls and the need te restene existing
iricl develop new rur of river sysierrs (2

E———

Improvements mtechnlogy éh'd‘E'CEI combinediwiths

higherenergy cests, climate change issues and co-eperation by all
stakeholders could bring about a renaissance of low head hydro (D).

_ : Educating people of the benefits and winning ‘hearts and
minds’ IS key to the success for a micro-hydro revolution to occur.

Raising awareness of micro hydro benefits needs to be
better communicated by developers with councils, local authorities, the
DNOs, RECs, government and the environment agencies;to;ensure
that the process becomes simpler, more proportional & fit for purpose.

Too much emphasis has gone on micro wind and solar PV
without understanding the benefits hydro provides (higher efficiencies,
lLEsrand therefere RPB’s with low environmental impacts).

Altheughnwatenwheels ane largeitiiey can produce reliable”
L pewer athighrefficiencies (Wi efficiencies'up to 80% and LF=0.9) for
o/shiet, although 65% and 0.7 are more common for LH. (P= 6.0Q.H)

- . Francis, Crossflow & others are proven for MH-LH sites.
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BHA AC 2007

TURBIME EFFICIEMCY (%)
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KAPLAN TURBINE EFFICIENCY CURVE
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Recent installation of Archimedes screw
turbine on the River Dart Country Park
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ZeroandUliradeowiHead . Devices

Carponcoricepts and

temyresl oo zal)
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Dico hydro-power olant, fully subrmsrsible, of LB
LS00V atisieaione iy
Workinaawithiarflow of Detween S5 M4 SHILrEs
O Walter /'secondl
with heads between 1.5 meter and' 3 meters.
power supplied:: 110V 60Hz or 230V

50Hz. operating at constant power &
freguency.

body material : moulded plastic

(total weight = 7 kg for the complete turbine)
—— - .
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= Motors (Permanent magnet, SE Induction Motors)
Variable speed reduction drives
Electronic load controllers (regulators)
Grid Connection Inverters (G83 complaint)

Deep cycle Batteries and UPS systems
= Flywheels for mechanical sterage
=R SUpercapacitors for electrical energy storage
"L CompressedrAIrSYystems (AlrMotor)
= Heat Pumps (C.o.P up to 5) i.e. 5kW heat per 1kW
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“OppOJtunities
DEFRA / BERR' state that 1i-many: rivers, streams and canals could'be
tapped, this could provide 10,000GWh/year = 3% of total UK demand.

Thisincludes rivers and weirs with less than 2 - 3m head which have been
ignored in previous studies done. Civil costs vary from low to high.

The resource amounts to over 600 - 1000 MW in the UK.
Learning from experience of best practice installations at home / overseas.

Challenges
Raising the awareness of the benefits that micro hydro power can offer.

Obtaining envirenmental consents (especially:for pico. hydre).can be
lengthy, WED. needs,to be applied more propeitionally’and consiStemtly: ===

Reducingtotalinstallation’costs; securing finance, PPA, ROCs, land and
Site' ownership and' reducing cost uncertainty withrconnection charges.

Total capital costs are still too high for developing some low head sites.
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= \/ia-local knowledge, surveys and studies, and assistance
from the EA, LUREG and Joule project (weirs and dams)
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4, Respurece: Noh\WestEngland:-

A vasi resource and untagoed resource for riydro,
el aweve cigieliiclal gowarfor 2007-2050-+

= : -l
=

-
o

a Masterplan for
West Cumbria—
executive summary
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Basin details

Basin area:

Rainfall (average annual):
“Potentiallevaporations(average annual): 471 mm

Runoff (average annual): 1467 mm

Base-Flow Index: 0.45

Natural low-flow summary Interval
Mean Flow (m3/s) Q95 (m?/s)

Annual 2.148 0.304

Jan 3.507 0.700

Feb 2.620 0.534

Mar 2.580 0.541

Apr 1.629 0.452

Viay/ 1.450 0.396

Jun 0.955 0.272

Jul - 0.864 0.228
= Aug 1.180 0.207
= Sep 1.599 0.257
= QOct 2.583 0.391
=  Nov 2.861 0.546
= Dec 3.954 0.767
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= UG Ml &nl — UG MNilJan — UG NilFeb — UG Nl Mar
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5, Planningi&Enviennmenialllssues -

Irnproved guidance & and a sirnplifizd process?

T —

e . e ——— -

\Whilst |mportant to have legisl [ation on aﬁ)‘/"p'dW'é_T‘genET.anon_prqect
terdevelop them inran envirenmentally Wise manner, the pProcess needs
to be applied proportionally With respect to size. (SMW IS not 5kWW1)

Especially’the case when refurbishing existing sites for domestic &
small'scale use, should be much simpler than developing a larger site.

Exemptions from lengthy consents and EIA needed for pico systems as
effects are low to negligible, e.g. floating waterwheels do not abstract,
Impound, increase flood risk or adversely affect river life.

PPS22 is still overly complicated and dispropertienate for low head
Pico/micro hydro systems, although planning acceptance Is improving.

Some pico hydro projects have become unviable based on overly
stiingent.and inconsistent grounds e.g. why.should reinstating
undershot wheels reguire expensive fish Screens and Passesi(E40FK)2

= IS iepedithaitieNaticihreirthe new EA good practice guides together

Wyl lmproved awareness by all stakeholders oefithe issues, will help
streamline the process for developers to install more pico & micro
hydro. For instance, exemptions (as for micro wind) or at most a Self

Assessment route (BMH) and a simplified ES may be way forward?.
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6, Main. Eindines iem eview,

| r\ Micro=gjeneraition revolutiorn? jr_ll_ed Mlziny veioers cinel siraiizagies

ey ———

Ui PeeICElIVER, Party eNtergeVermERFaIdNRFRDEID anESIBIE

—

* [ ots on media coverage and support for energy efficiency and Iilg
especially wind, solar, CHP, HPs but much less for micro-hydro?

Poor recognition and understanding (by policy makers and the public)
of the benefits that micro hydro does & can bring and too much hype
and misinformation about wind & solar (giving the wrong perceptions).

There Is great potential for much more pico, micro and mini hydro to be
Implemented on many suitable UK sites, however still' low awareness.

Good technology and some excellent installations in the UK to learn
best practice from, however, the profile needs to be raised with policy:
makers and best practices need to be better communicated to all.

SR HEadlis bestbut flowsis.alsol. Low head YydreN (015 tor 3m) have BEeen ==
Wldely rejectediunifrecently asiheing toe |neff|C|ent & expensive but s
Sethe case with'right technology, but does the will te/implement them

= |f other countries can implement much more pico, micro and mini-hydre
then why not in the UK with its abundance or rain, rivers and coastline?
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/.. Jlowandsimplenmenting Lew.iHead Hydre:-

Trne Fuilre 2007 to 2020

-_—l e — -

= anaimicro-generation are important par Stef energy mix to help®
achieve energy,, climatic and environmental targets. Eowever, a beer
understanding of scale & effect Is needed to get a more balanced view.

“The technology exists now for extending the use of micro-hydro but is
the will'there from government and the environment agency to work to
help achieve this, as being done more for wind & solar technologies?.

Simplifying the consent process for pico and micro would offer
significant manufacturing opportunities in the UK, although it is a highly
competitive market and more government funding for technology
transfer, RD&D and training people are needed to' make it work.

= \We should be developing many more existing mills, canal locks and
Welnsites that.are available now, subject to getting a more simplified
S proecess, and obtaining grants to make themimore financiallyaviable:

= Tidalland WayvepeweiNsinew moeving towards commercialisation and

SilIRvECome mainstream by 2020 to compare favourably with offshore
wind, utilising river estuaries and coastal strips. Tidal lagoons, tidal
energy bridges (Morecambe Bay, Solway Tidal, Severn Barrage).
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4 Poieniial is v nign, Irnolementation v slow (DTI, B&Y, BrA, BWEA, Gé&rl)
Ausifiees 8% (S SGWA el 8% (LS L) Roneifize29% (.86,
IErance>13% (25GW), Germany>5% (4.6GW); UK(Iess thani2%) -4 G
Highrhead!is best but-many: low:head moderate flow sites viable (P < 7.Q.H).

[EowiHead sites.are. not being developed due to a lack of awareness of
technologies, perceived costs and disproportionate regulation.

Many UK feasibility studies in recent years are positive but the majority never
seem to get implemented, (like onshore wind), but the situation is improving.

Much can be learned from best practice schemes in the UK and overseas, to

— ey

understand technologies & get a balanced view of energy. & envirenment.

Still a slow uptake in micro-hydro but this can be reselved by using the right
technologies, a more fit-for-purpose approach and simplified consents.

Whilst some improvements have been made, much more needs to be done by
stake:-hoelders toneduce legislation, integrate technologies and reduce costs.

= Jiechnologies are available now for many head and fiew combinatons aneai s

—

1000's of sites; aresfinanciallyaviable (&3 6/KWE)WIth PE of around 10 years.

S Butistheirenotghwill; resource, all round interest and government support for
dcademia, manufacturers, and specialists to deliver a micro hydro revolution?
It Is happening for solar and wind. Hydro in small pockets in a disjointed way.
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