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GLOSSARY 

Head The potential energy of the water at a site, measured in metres. 

Gross Head For a weir, this is defined as the difference between the upstream and 
downstream water levels at zero or low flow. 

Net Head The potential energy available after friction losses through the intake to the 
turbine and trash rack. 

Headrace The channel that forms the inlet to a turbine. 

Tailrace The channel that takes flow away from the turbine outlet. 

Trashrack A protective screen that prevents large branches, tree trunks and other 
debris from entering and damaging the turbine. It usually consists of 
vertical bars spaced between 30-1OOmm apart. The screen is typically 
cleaned by an automatic rake which removes the debris, either to a 
platform or to be flushed into the river. 
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EXECUTIVE SUMMARY 

This report presents the results, of a study undertaken by IT.. Power Ltd, on .behalf of the 
Environment Agency, to investigate the potential for the generation of hydro-electricity 
from existing weirs in the Anglian Region. This is the second study. that has been carried 
out by 1T:Power Ltd on the potential applications of renewable energy for the Environment 
Agency. The first study, “Alternative Energy Sources for Navigation Services” (National 
R&D .Project E01(95)03), investigated the use of stand alone solar, wind ‘or.-hydro power 
for low power applications. such as lock gates, sewage pump .out units,’ boat battery charging 
and emergency telephones. This second study has focused on the.potential of larger scale 
hydro projects of up to .lOO kW,’ connected to the local grid. ~ In particular, the study has 
tried to link possible hydro developments with the weir/sluice refurbishment program, to 
identify areas where civil engineering.cost savings may be made. 

The study is aligned with-- the. Environment Agency strategy on climate change, which. 
commitsto: 

- “help ensure the Government’s greenhouse gas reduction targets are met” 
- “reduce .intemal consulnption of energy and fossil fuels ” 
- “supper? the use of energy from sustainable renewable resources ” 

Investing in hydro schemes can help to meet these commitments by effectively displacing 
some of the energy bought in from the National, Grid; the majority of which is generated 
from conventional fossil fuel power sources. 

Fifteen sites were identified as having., a head greater than-l .7m and therefore- being the 
most likely to prove economic., -Each of these sites was surveyed and analysed, and ranked 
in order of attractiveness for development. The ranking was based on capital -cost, 
estimated income, ease .of grid connection and possibility of installation as part of the weir 
refurbishment program.. 

The five most attractive sites were chosen for a more detailed analysis. These were: 

l Castle Mill, St Neots and St Ives on the River Ouse, and 

l Elton and Irthlingborough on-the River Nene. 

In- the main; these five sites would require minimal civil works for installation of a hydro : 
scheme, even if installed onto the existing structures. If installed as part of a refurbishment 
of these structures, it is estimated .that there would only be -around 10 - 20% additional 
costs associated with the hydro scheme civil component. 

The most attractive option for sale of the generated electricity:is through-“Netting Off’: or 
“Use of System”.. This .&where the units generated -by the hydro scheme are deducted 
from- the units consumed by a large office, most suitably. Kingfisher House. This. produces 
a typical income of around 20% greater than selling directly to the Regional Electricity 
Company. 
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The technical and economic summary of the potential available at these 5 sites is as follows: 

None of the sites investigated would be economically viable at the current charge rates laid 
down by the Regional Electricity Companies (RECs) and given the economic criteria set by 
the Environment Agency at 6% internal rate of return (above inflation) and 20 years design 
life. However, 20 years is a rather pessimistic design life for a hydro scheme. Most 
schemes will operate for up to 50 years with relatively little maintenance. Assuming a 30 
year design life and 2% annual Operation and Maintenance cost, several of the schemes are 
closer to becoming feasible. 

Although the current tariffs available for generated electricity are not attractive, this may 
not always remain so. In the near term it may be possible to obtain a Non Fossil-Fuel 
Obligation (NFFO) agreement to obtain a higher tariff for a particular scheme. Another 
alternative would be to negotiate a contract with a Renewable Energy Trading company. In 
the longer term, government policy may change to favour renewable energy schemes, in the 
form of a carbon tax or other mechanism. It is therefore recommended that the most 
favourable sites be reassessed at some future date, dependent upon opportunities that arise 
and changes in available tariff rate. 

There would be significant intangible benefits from the installation of a Hydro scheme at 
one of the sites, most notably the PR value of the Environment Agencies commitment to 
addressing climate change. The scheme could be regarded as a Research and Development 
site, with the experience being used to good effect in other schemes, should a suitable tariff 
rate be obtainable. 

It is worth noting that some of the most favourable sites would become feasible at a 
relatively small increase in tariff rate. This is despite the fact that the Anglian Region is 
probably one of the least promising areas in the UK for hydro schemes. The flat 
topography means that most weirs are of relatively low head and the’ rivers have low flows 

due to the small annual rainfall. Other regions of the country will certainly be more 
promising and would be worthy of investigation for exploitation in the near term. 

The Environment Agency has already become involved with one hydropower scheme in the 
region at Houghton Mill, where the National Trust are proceeding with a new 18.5kW 
hydro-electric scheme as part of a major refurbishment of the Mill. The system is expected 
to generate 116 MWh/year from a design head of 1.37m. The Trust intend to consume the 
power in its properties in the region. 
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1. INTRODUCTION 

This report .presents the results of a study. undertaken by IT -Power. Ltd, on behalf of the 
Environment Agency, to -investigate the potential. for the generation of hydro-electricity 
from existing weirs in the .Anglian Region. This is the second study that has been carried 
out by IT Power Ltd on the potential applications of renewable energy for the Environment 
Agency. The first study, “Alternative Energy Sources for :Navigation Services” (R&D 
Technical Report W143), investigated &use of stand alone solar, wind or hydro-power for 
low power applications such as ,lock gates, sewage pump-out units, boat battery charging 
and emergency telephones. -This second study has-.focused on the potential of larger-scale 
hydro projects of up to -100 kW, connected to the local grid. 

The study is aligned with the Environment Agency strategy- on energy use and climate 
change, which is committed to: 

- “help ensure the Government’s greenhouse gas reduction targets,are met” 
- “reduce internal consumption of energy and fossil fuels ” 
- “support- the use of energy from sustainable renewable resources ” 

Investing in hydro schemes can help to meet these commitments by effectively displacing 
some of. the energy bought in from the:National Grid; the majority, of which is generated 
from conventional-fossil fuel power sources. 

In the medium to long term,, hydro projectscan also offer significant cost savings. Schemes 
can have a life .time of-,at least 30 years and often more than 50 years, with very little 
maintenance and operational costs. 

1.1 Objectives 

The objectives of the study were.to: 

0 identify weirs with sufficient head and flow to constitute significant hydropower 
potential (typically more than 25kW). 

l calculate the practical electricity output’available annually’ from the more,promising 
weirs. 

l clarify which weirs in the AnglianRegion are due for refurbishment in the next 5-10 
years, and the approximate programme-of works scheduled to be carried out: : 

0 estimate-the capital costs for each potential site and, where applicable, the additional 
costs for incorporation of a hydropower. scheme within the weir refurbishment 
activities. 

0 draw conclusions on the net cost of the energy generated and hence the economic 
viability of retro-fitting hydro-electric plant into. weirs in the Anglian region. 
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1.2 Methodology 

The study has involved the following specific activities: 

1. Discussions with the relevant Environment Agency departments to establish: 

0 the priority list of weirs due for refurbishment in the Anglian region. 
0 existing plans for the refurbishment of specific weirs. 
l constraints imposed by the Agency’s statutory obligations towards flood defence, 

fisheries, navigation, environmental impact, etc. 

2. Collection of basic data for the priority list of weirs to determine their attractiveness for 
hydropower generation (e.g. head, mean flow, distance to a grid-connection). 

3. Site visits to the most promising weirs to evaluate the site-specific details and constraints, 
covering 15 weirs. 

Selection of the 5 most feasible weirs for more detailed data collection and analysis, in 
particular the production of flow duration curves, estimate of seasonal head variations, 
and the size and electrical output of a hydropower unit to exploit the available energy 
resource. 

Discussions with Regional Electricity Companies (RECs) regarding the net monetary 
value of electricity under the new trading arrangements possible within the Electricity 
Act of 1989 and subsequent developments. 

6. Proposals for the technical arrangements for the installation of turbine units within the 
civil structures. These proposals are of sufficient detail for preliminary cost estimates to 
be completed, based on the use of ‘off-the-shelf’, commercially-available equipment. 

7. Calculations to establish the net cost of the energy generated, relative to its potential 
value to the Environment Agency, and hence the overall viability of installing the 
hydropower schemes. 
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2. SITE SURVEYS 

A list of the weirs on the navigable:stretches- of the Nene and Ouse was obtained from the 
Environment Agency, together with standard water level data that allowed the ~estimation of 
the head available:‘at each site. Hydro schemes are rarely economic at very low heads - 
hence for this study; all sites with ‘a gross head of less than -1.7 m were disregarded. This . . 
left a total of 15 sites that were deemed worthy of further investigation, as follows: 

River Ouse River Nene 
Cardington Wollaston 
Castle Mill Ditchford 
Willington Irthlingborough 
St Neots Islip 
St Ives Cotterstock 

Elton. :. 
Yarwell 
Wansford 
Water Newton 
Alwalton 

A further site at Houghton Mill on the. Ouse .is already under development for a small 
hydropower scheme.. Each of the above 15 sites was visited during May and,:June 1998 in 
order to .assess the potential for installation ‘of a small hydro scheme. Factors such as 
suitability of existing, weir structures, site layout,.: effect on navigation and flow. control 
capacity were. considered. The results.:of, these site surveys. are. sunnnarised below, listed 
upstream to downstream for each river: Pictures of each site are included in Annex A. 

2.1 River Ouse 

2.1.1 Cardington d 

The measured head at Cardington lock was 1.83m (although the maximum calculated head 
(from Environment- Agency. records) is 1.70 in). 

There are two potential sites- for a hydro scheme: 

1) Cardington Sluices 

There are two large sluice gates, located on the former., site of .-the old-, mill (now 
demolished) .a This is the most.promising site at Cardington for a hydro scheme. 1t:would be. 
possible to install a turbine in one of the sluice. bays. There is a gradual slope on the sluice 
channel; after the sluice gate, which runs under the bridge. If the turbine was situated 
upstream of- this sloping, channel, the channel. would have to be excavated to.-remove the, 
slope and ‘maintain the available. head. The turbine would therefore probably sit on the 
downstream side of the.bridge; A wall.would be constructed across the channel outlet such 
that the channel would run full at. the upstream level up to th.is:point. 

Major works are planned on the sluices within the next lo-15 years. Installation of a turbine 
on, one of the: sluice channels would reduce the capacity of the: sluices, and to mitigate this 
effect, it may.be possible to install a smallerside sluice adjacent to the turbine. 
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The electricity grid is available at the sluices, used to power the sluice gates. This would 
require further investigation to determine the infrastructure capacity for absorbing generated 
power from a turbine. 

2) Small Spillway marked as Spillway 2 on drawing) 

The small spillway is due for refurbishment within the next 5 years. The measured head at 
this point was only 1.6 m. This is the less suitable of the two sites for the following 
reasons: 

l The nearest available electricity supply for grid connection appears to be back at the 
sluices which is over 500m away. 

l The downstream channel from the spillway is overgrown and full of vegetation. This 
would need to be dredged to prevent the flow backing up and reducing the available 
head. 

l There is a public footpath over the spillway. There would need to be substantial civil 
works to install a turbine while maintaining access. 

Spillway 1 is used as a canoe slalom course. Unfortunately, the available head here is only 
of the order of lm due to the slope of the downstream channel. 

Cardintrton 

Figure 2.1 Schematic of Cardington Site and Sluices 
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2.1,2 Castle Mill. . . 

Castle Mill is theoretically the most attractive site on the River Ouse with a measured head 
of approximately 3m. (Maximum head from. Environment Agency records is 2.8 m). The 
sluice gates, are operated electrically - hence there. .is potential “for grid connection. 
However;the capacity.of the infrastructure to absorb generated power would require further 
investigation:. 

Possible. Method of Installation. : 

A wall would be built across one of the,.weir bays, downstream of the tilting .gate. The 
turbine(s) could then be installed in this wall.: 

Constraints 

One .of the tilting. weirs would become.redundant, reducing the- total capacity of the weir: 
This could be mitigated to some, extent by installing a side weir in the wall adjacent to the 
turbine(s). There are no refurbishment plans for another 50 years; 

There were many medium to-:large fish seen swimming downstream of the weir.. No -fish, 
pass is currently installed, however. 

I- 

Castle Mill 

- 
- 

\ Floating Boom 
I 

G-+ 

ock: 

@=++ 

f-7 
Sluice ,,-.\ 
Gates 1 1 

I 
\ I 

Road 
i Bridge 

Cross Section of Sluice 

Figure 2.2 ‘. Schematic of Castle Mill Lock, and Sluices : 
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2.1.3 Willington 

Willington weir consists of a fixed concrete sill with a long sloping spillway on the 
downstream side. The measured head at the lock was 1.84 m (Head from Environment 
Agency records is 1.9m). Coupled with this relatively low head, it is unlikely that this site 
would be economically attractive for hydro development, for the following reasons: 

l The existing spillway would need substantial excavation and modification to obtain the 
full head over a distance suitable to install a turbine. 

l There are no suitable places to install a turbine around the side of the weir or lock. 
l There is no power supply to the site, although the grid is available at houses, 

approximately 300m upstream of the weir. 
l There is no renovation planned for another 50 years. 

Willinaton 

Lock 
Floating Boom 

-25 m 

Fixed Concrete Weir 

Figure 2.3 Schematic of Willington Lock and Weir 

2.1.4 St Neots 

St Neots consists of 3 vertical sluice gates and a lock, either side of a paper mill. The 
measured head was 2.3 m. (Head from Environment Agency records is 2.37 m). There are 
also 4 small vertical sluices that control water flow through the mill itself. It is understood 
that there are some turbines installed inside the mill. These were still used occasionally 
until the paper mill closed down four years ago. 

There may be an opportunity to install new turbines in the old mill. This is unlikely to be 
an option for the Environment Agency, but possibly for the owner of the mill. There are no 
suitable places to install a turbine around the side of the lock. 
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A good potential site is at the three large vertical sluice gates. A turbine could be installed 
in place of, or downstream of, one of the sluices, provided that the.reduction in capacity is 
acceptable to the Environment Agency. The mechanical and electrical equipment. on the 
sluices are due for refurbishment ,now.. The civiLworks .have an expected life of a further 
50 years. There is a local power supply available to power the sluices. The old paper mill 
is also likely to have.a substantial power supply. 

St Neots Lot k 

Paper Mill 

Mill Pond 

Figure 2.4 Schematic of St Neots Lock and-,Paper Mill 

St Neots Sluices 

II n Road 

-4.5 m 

Section of.. 
Sluice 

Figure 2.5 Schematic of St NeotsSluices 
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2.1.5 St Ives 

The measured head at St Ives was 1.90m (Head from Environment Agency records is 1.78 
m). A suitable site for a turbine would be on the downstream side of the footbridge, since 
there. is insufficient room between the sluices and bridge on the upstream side. It may be 
possible to construct a wall across the outlet of one of the bridge arches and through which 
a turbine could be installed. The sluices are scheduled for refurbishment in 15 years. There 
are no suitable places to install a turbine around the side of the lock or sluices. 
Construction has just finished on widening the lock. 

There is local power available at the newly refurbished vertical lock gate - the capacity of 
the network would need further investigation. 

St Ives 

Bridge 

Figure 2.6 Schematic of St Ives Site 

2.1.6 Houghton Mill 

Houghton Mill and Lock were not included in the site surveys since the maximum head 
available is only 1.49m. However the National Trust are proceeding with a new 18.5kW 
hydro-electric scheme as part of a major refurbishment of the Mill undertaken with Heritage 
Lottery funding. The Environment Agency are also contributing &70,000 to upgrade some 
of the associated sluices and river structures. The system is expected to generate 
116 MWh1yea.r from a design head of 1.37m. The Trust intend to consume the power in its 
properties in the region under a ‘netting off’ agreement with Eastern Electricity (see Section 
5.2). Experience from this scheme may be relevant in considering the opportunities and 
problems associated with the sites investigated in this study. 

R&D Technical Report W186 



2.2 River Nene. 

2.2.1 Wollaston.. 

Wollaston Lock .has a maximum fall of 1.98m, although -on the site visit ,during. low- flow- 
conditions, the head was measured at .I .7m. -The -layout of the site at Wollaston does not 
offer any obvious opportunities .for fitting :a hydro-scheme into existing civil works.. The 
river divides into a lock cut .and a mill cut immediately upstream of the lock,::such that 
Wollaston Lock is almost opposite the old mill building. Hence there is no opportunity for 
channelling water from upstream to downstream through a hydro-plant..without running a 
new channel to bypass the full length of the. lock or mill building. The only. existing fall is 
under the; mill -building. (now private housing) which would be ‘difficult to make use of. 
Access to the site is excellent, and the grid is on-site to service. the mill buildings. 

Wollaston ‘: 

Road 

Figure 2.7 Schematic of Wollaston Lock. 

2.2.2 Ditchford 

The measured head : at Ditchford was 1.85 m. (The maximum .head from .Environment 
Agency, records is 2.16 m) 

This site has recently. had the sluices refurbished, hence there is no immediate potential for 
incorporating ,a turbine as part of a.refi.rrbishment project. However, it may be possible to ” 
install a turbine downstream of one of the sluices, installed in new wall built-across the end 
of one. of the sluice channels. The extra civil works, combined with a relatively moderate 
head; probably.makes this site uneconomic for the near future, but it may be possible as part 
of any long ,term development: 

The sluices are .operated electrically. and, are connected to- the:grid. - it is unlikely however, 
that the infrastructure would be sized to:take the power output from a turbine. 
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Ditchford 

Bridge 

Sluices 

Iri 
4!2 m 

I 

L&k 

Figure 2.8 Schematic of Ditchford Lock 

2.2.3 Irthlingborough 

The measured head at Irthlingborough was 2.5m (The maximum head from Environment 
Agency records is 2.34m) 

Spillway weir number 1, located approximately 120m upstream from the lock, was 
identified as a potential site for a turbine. The weir would require some excavation to 
incorporate a turbine; this may be possible as part of the weir refurbishment program, as it 
has been assessed as “fair”, i.e. requiring renovation works within 5 years. Possible 
installation arrangements are discussed in Section 7. 

lrthlinqborounh 

Section Throuah SDillwav 

Figure 2.9 Schematic of the site at Irthlingborough 
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2.2.4 Islip 

Islip has .a maximum head. of only 1.7m; but has a convenient layout for a hydro-scheme. 

The site at Islip has all the, civil structures grouped relatively close to each other: a 6.4m 
wide fixed weir taking .flow which bypasses the lock into- the .main river; a powered sluice 
gate. in its own channel operated automatically for,flood control purposes, the lock, and the 
old ‘mill building-. 

The most attractive opportunity for hydro-generation would be a plant situated on or next to 
the fixed weir, installed at a time when the -weir was undergoing major refurbishment (the 
weir is rated as ‘poor’ with- a residual life of less than. 1 year). The weir has a bridge of 
vehicle-width crossing it, and. is divided in 2 halves by the, central pier supporting. the 
bridge. One half of the weir .could- be utilised for installing. an intake sluice and .hydro- 
turbine j leaving the other -half as a spillway. .Access to the site is good right up to the fixed 
weir; along dirt/gravel tracks. 

An alternative option is .to utilise the channel holding- the automated sluice gate. The sluice 
has been surveyed as ,having less than ,5 years of residual life. It seems unlikely, that the 
flood control function of this channel. could be compromised by the installation of a hydro- 
plant, but this option should certair@be.revisited when the existing sluice is planned to be 
refurbished. 

A grid supply is fed to the control hut of the automatic sluice via overhead cables from the 
mill-house. The same pylons. could. be used to carry a power cable --away from ‘a hydro- 
scheme. 

lslip. 

Road 

Figure 2.10 Schematic of Islip Lock 

2.2.5 Cotterstock 

Cotterstock Lock is not well laid out for a new hydro-scheme and has a relatively.low head 
(maximum 1.7 metres). 
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The lock cut separates from the river at a weir 700m upstream of the lock. The river and the 
mill cut are then separated by a significant distance, never less than 40 metres, except at the 
lock itself, until they rejoin below the old Cotterstock Mill (now residential) 300m 
downstream of the lock. Hence a new scheme utilising this head difference would have to 
cut a long channel from the lock cut to the river across private land, which will be 
prohibitively expensive and politically difficult. The nearest grid-points are at a pumping 
station 200m across the main river from the lock, or at the old mill. 

The only realistic hydropower opportunity would be adjacent to the old mill building where 
the remains of a sluice and derelict building can still be seen, and the grid is not far away 
for making a connection. If this sluice is ever re-activated for flood control purposes, then 
an adjacent hydro-scheme should also be considered. 

Cotterstock 

Road 

River 

Figure 2.11 Schematic of Cotterstock Site 

2.2.6 Elton 

The measured head at Elton lock was 2.10m. (The maximum head from Environment 
Agency records is 2.28 m.) 

Weir number 1 is located 500m upstream of the lock and is unlikely to be an economic site 
for development, despite being classified as poor and needing refurbishment within a year. 
The principal reason is that there is only approximately 1.5 m difference between the up and 
down stream water levels. The rest of the head is dissipated in the downstream channel, 
which would need substantial dredging to lower the level. The fall over the weir is also 
over a distance of 5m, so some substantial excavation would be required. 

The best potential site at Elton is at the sluices, just upstream of the lock. Possible 
installation arrangements are discussed as part of the detailed examination of the most 
promising sites in Section 7. 
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Figure 2.12 Schematic of-Elton Lock 

2.2.7 Yarwell 

The measured head. at Yarwell was 2.05 --m.: (The -maximum head from.. Environment ‘. 
Agency records is 1.95m). : The higher head recorded .at the lock is probably- because the 
lock gates are set at -a lower. level than the crest of the,-weir, hence there was a significant 
head above the top of the lock gates. 

Three sites were considered; of.which two -would be relatively difficult to develop. Sluice. 
1, that runs under. the mill, has very restricted access and would require substantial civil 
works to install- a scheme that utilises the full head .available. The. small sluice. (sluice 2)) ‘is :. 
covered .by ‘a bridge which gives access to caravan sites. It would be possible to build a box 
weir on the.downstrea.mside of the bridge and install .a turbine within the weir - ,however, 
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the downstream channel is very restricted and overgrown and would need to be cleared. 
This may be aesthetically unacceptable to the caravan park and public in general. 

The third site is on the large concrete spillway, which is potentially the most promising. 
This has been classified as requiring work within the next 5 years; hence it may be possible 
to install a turbine, embedded into the refurbished weir. The downstream channel is 
overgrown and would need dredging to lower the downstream level. 

Yarwell 
I 

Figure 2.13 Schematic of Yarwell Lock 

2.2.8 Wansford 

The measured head at Wansford was 1.6m (the maximum head from Environment Agency 
records is 1.86m). 

The most suitable site for a turbine would be at the 3.7 m wide sluice. The actual head at 
the sluice is only of the order of lm, followed by a long sloping channel down to the 
downstream. water level. In order to recover the head over the channel, it would be 
necessary to either excavate the channel or install the turbine in a newly constructed weir 
wall at the end of the channel. The channel would then effectively act as the headrace to 
the turbine. 
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The condition, of the sluice was classified as fair, i.e. less than 5 years 1ife:remaining. The 
nearest grid point .appeared.to be at the lock gate, approximately 150m away. It is likely- 
however, that-substantial reinforcement of. the infrastructure would be required, since the 
supply to the sluice gate would only. be of the order of a few kilowatts.. 

A turbine sited on the .main weir would require substantial civil works due to the gradual 
fall of the spillway which dissipates the head. It is therefore unlikely to prove economic. 

Wansford 

I I 

Figure 2.14.Schematic.of ,Wansford Site 

2.2.9 Water Newton.. 

The measured head was 1.55 m.. (The maximum head from :Environment .Agency records:is 
1.77m). 

There was no obvious site for the .location of a turbine around the. lock due to a very 
restricted land area. Installation of a scheme around the lock,. .to take advantage of the 
maximum head would require substantial civil works. It is also envisaged that -it would.be 
difficult to obtain planning. permission given the close proximity of the flats that have been 
developed from the old mill building. Coupled with the low head available, it is highly. 
unlikelythat this would be an economic site for. a turbine. 
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Water Newton 

Figure 2.15 Schematic of Water Newton Site 

2.2.10 Alwalton 

Alwalton has a maximum fall of 2.1 metres and has a sluice that could be utilised for hydro. 

The mill building formerly on this site has disappeared and the tail-race largely filled in. 
The mill-cut is now a backwater occupied by moored boats. A 3.7m wide sluice cuts 
through from the mill-cut to downstream of the lock, which is easily accessible and would 
be a convenient location to place a hydro installation if the sluice were to be refurbished. 
The sluice condition has been surveyed as ‘fair’, with a residual life less than 5 years. The 
main drawbacks would be the potential reduction in flood-control capacity of this sluicej 
and the disturbance to boats by the introduction of a current along the mill-cut and 
downstream of the lock. 

It would also be possible to re-activate the site of the old mill by clearing and dredging the 
old tail-race. This would involve significant civil engineering work, including the felling of 
s.ome trees, and is unlikely to be cost-effective unless a new flow-path was also required for 
flood defence purposes. 
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The grid is nearby, across the .millcut opposite the sluice, with. an-, 1lkV transformer 
serving a pumping station...However, the,.electricity company had estimated that bringing a 
grid;‘connection to theJock or sluice9 would be a difficult. operation <and likely to be costly 
(greater than &2Ok), which made Alwalton economically less attractive. In the light of costs 
quoted later for other sites, the. consultants believe this figure could be. heavily over- 
estimated.and should be reviewed again .with the electricity company.. 

Alwalton 

Sluice 

Figure 2.161Schematic of Alwalton Lock 
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3. HYDROSOFT FEASIBILITY ANALYSIS 

All fifteen sites have. been appraised using the HydroSof -low-head hydropower analysis 
program. .,This is a software package running under .Microsof&Excel- that has. been jointly.. 
developed by IT Power --(UK), Stroom Lijn (Netherlands). and IEE University. of,Kassel 
(Germany) ‘to support a rapid. pre-feasibility evaluation of low ,head hydropower .resources 
(generally. less than 5m head). 

3.1. Background&o HydroSoft ‘.. 

A lot of time (and money) can be spent making:a preliminary judgement on the feasibility of 
a hydropower site. This effort carmot..be sustained- if a large number of investigated sites 
turn. out- to be .unfeasible;- which can often -be the case for. low head hydro. ,:HydroSoft is 
therefore intended as a tool .to support a rapid pre-feasibility evaluation,~ offering. the 
possibility of narrowing down the most promising sites before starting more costly research:., 

The package enables users to ‘analyse a single low-head site or a group’of sites in a region; : 
arriving, at immediate conclusions regarding the optimum- design flow and. economic rate of 
return -at a specific site, and. the size of the, regional economic resource given the. available 
electricity price. The model can be used as an analysis tool for carrying out a wide:‘range.of 
sensitivity analyses depending on-the technical and. economic ,boundary : conditions -used. 

Only limited data inputs are necessary for an evaluation., For each hydropower. site, the user 
only. needs. to have information on: 

l Maximum head (head at low flow) 
l Median flow (Q~50 %), the flow exceeded .for ,50 % of the year. 
l An indication of the shape of the flow and head duration curves. ’ 

For each site;- the-software carries out an economic optimisation by -varying the design flow 
and calculating the economic return on the investment; ,Based on the best achievable internal 
rate of ,return; sites are classified as feasible, unfeasible or borderline. Promising sites can 
then be analysed in more depth on an-individual basis. Or; for a group of sites; the software 
includes a routine to present the’feasible resource as a function of the kWh,value (i.e. the 
available electricity price). 

HydroSoft was designed to.be used throughout the EU, hence .the currency .used is the ECU; : 
The ECUSterling exchange rate at the time of writing is close .to 1.5. 

3.2 Input Data- ..- 

The key input data to run the model- is as follows: 
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Technical Parameters 

Gross Head - This was obtained for each site from data supplied by the Environment 
Agency, on the recorded water levels at each weir structure. 

Flow - Where possible, flow duration curves (FDC’s) were obtained from the Environment 
Agency for 4 years, 10 years and long term ( > 20 years). Analysis of the data showed a 
slight fall in the mean flows. in the river from the long term to the recent 4 year period. 
This could be due to changes in rainfall or greater abstraction. The ten year flow data was 
selected as the basis for input to the model, since this reflects recent flows but over a 
sufficiently long period to average out natural fluctuations. 

The FDC’s obtained were for the flow gauging stations at Bedford, Roxton and Offord 
(Ouse) and Orton (Nene). On the Ouse, there appears to be little variation in the median 
flows at the various points on the river, hence a flow of 5 cumecs was used as an 
approximation for Qjo for all the potential sites on the Ouse. 

For the Nene, the Environment Agency had provided estimates of the mean flow at various 
locations between the gauging stations. For the individual sites an estimate of the mean 
flow was obtained by interpolating between the estimated figures. I 

Having obtained an estimate of the meaiz flow at each site, this needed to be converted to a 
median flow for input to HydroSoft. The ratio (median flow : mean flow ) tends to be 
similar at all sites along the same river. This ratio could be determined at the gauging 
stations at approximately 50 % . This ratio was then applied to the mean flow estimates for 
each individual site to arrive at the median flow. 

Flow and Head Duration Curves - HydroSoft has a standard range of 5 flow duration and 4 
head duration curves to suit different catchments and weir structures. The chosen flow 
duration curve in the software was that which most closely matched the ten year flow 
duration curve for each river. 

The head duration curve describes how the head available across a weir will change with the 
flow across it. For example, at low flows the head is often near the maximum, whereas at 
high flows the weirs can become partially or fully drowned, with a significant loss of head. 
There was insufficient data available to examine head variation for any of the sites. 
However, data and experience from other low head schemes allowed a reasonable estimate 
of the most suitable head duration curve to be selected, appropriate for this level of analysis. 

Best Eficiency - the optimum efficiency of the turbine, gearbox and generator combined, 
when operating at the design point. 

Mean Eflcienq - the average efficiency for the system across the operating envelope of 
head and flow. 

Number of Turbines - the number of turbines can be selected at the discretion of the user. 
Fewer, larger turbines will lead to a lower capital cost, but are not always realistic for a 
specific site, especially at low head where space is restricted. 
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Mean ,Head Loss - the head loss that occurs through the turbine intake and trash rack. 
This is subtracted from the gross head -to give the. operating head for the turbine, on which 
the energy calculations are based.- 0.2m is a standard value ;.for head loss at small 
hydropower intakes. 

Economic Parameters 

Inflation T This was set at the current value for inflation of around, 2.9 %. 

Rate of Interest/ Real Rate of Interest 
The Environment Agency reported that the Internal Rate of Return used for-assessing capital 
projects is 6.0%,. The rate of interest input to the model is thus set at a level to give a real 
rate of interest of 6 % , above inflation. In other words, this takes into-account the increase 
in the value.of the investment had the money been- left in the-bank, rather than invested in 
the hydro scheme. 

Real Growth Rate Yearly - this takes into account the expected rise in the price of electricity 
above inflation. At the,moment, the .forecasts are that pool prices remain at a similar level, 
hence the growth rate value -is input at 0 % . 

Capital-- C&t Scale Factor - An estimate- of the-. capital costs for .each : site can .be 
approximated from. established. .empirical trends. Analysis of the costs of. hundreds:,of 
completed installationshas allowed the capital costs for a hydra, scheme to be expressed as a 
function of the installed. capacity in kW: 

There are obviously many site specificfactors that affect the relationship, most notably the 
head available:, The model takes this into account automatically.’ Another factor can be the 
country in which the scheme-is to be located and the existing infrastructure (if any). These 
factors can be taken into account by a simple scale factor. Analysis of the cost of schemes 
within the .UK has shown that a capital- cost scale factor of 60 % as the- input .to the model 
gives a good approximation.for this.pre-feasibility level of analysis.. 

Operation & Maintenance, Costs (annual) - These are. input, as a percentage of the capital 
costs. Experience has shown that these are typically of the order. of 2-4 %/year for small 
schemes. The input to the model was set as 3 % . This also takes into -account the 
administration. costs involved with selling. power to the Regional Electricity.. Company, as 
described in Section 5. 

3.3 Results 

The fifteen. sites were analysed by HydroSoft so as to rank them in order of. economic 
attractiveness (highest internal rate of return). This initial .analysis was completed without 
making any. site-specific adjustments - in. particular, the same. capital. cost scale factor of 
60 %- was used., 

A summary of the results is shown below in Table 3.1. The Internal Rates of Return are 
based on. an average income. value of approximately. 5 pence.. per kWh 
(7.5 ECU centslkWh). This is,not necessarily the value. that could be obtained for the sites, 
but it enabled a relative comparison of the feasibility: of the sites to be made; 
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Table 3.1 Summary of HydroSoft Analysis 

Site Name River Hmax QSO% Qdesign Capacity output Investment IRR- 
[ml [m3/s] [m3/s] WCI [GWh/yr] II&l max 

Castle Mill Ouse 2.8 5 3.7 72.6 0.4 168,912 5.30% 
St Neots Ouse 2.37 5 3.7 60.6 0.3 157,706 3.50% 
Elton Nene 2.28 3.44 2.6 40 0.2 118,192 1.50% 
Irthlingborough Nene 2.34 2.82 2.1 33.7 0.2 103,393 1 .OO% 
St Ives Ouse 1.78 5 3.7 44.1 0.2 139,854 0.40% 
Willington Ouse 1.9 5 3.7 47.5 0.2 143,779 1.10% 
Alwalton Nene 2.1 3.44 2.6 36.5 0.2 114,224 0.60% 
Cardington Ouse 1.7 5 3.7 41Y9 0.2 137,135 -0.10% 
Yarwell Nene 1.95 3.44 2.6 33.6 0.2 110,738 -0.20% 
Ditchford Nene 2.16 2.61 2 28.6 0.1 94,562 -0.20% 
Wansford Nene 1.86 3.44 2.6 31.9 0.2 108,558 -0.70% 
Water Newton Nene 1.77 3.44 2.6 30.2 0.2 106,304 -1.20% 
Cotterstock Nene 1.7 3.23 2.4 27.1 0.1 99,825 -2.00% 
Wollaston Nene 1.98 2 1.5 19.9 0.1 75,192 -2.30% 
Islip Nene 1.7 2.89 2.2 24.2 0.1 92,086 -2.40% 

The fifteen sites are listed on order of attractiveness based on Internal Rate of Return and 
some site specific factors. Willington and Alwalton actually show slightly higher rates of 
return than Irthlingborough and St Ives. However, Willington would require considerable 
excavation to install a turbine. Hence, development of this site would probably only be 
feasible as part of a refurbishment program, which is not due for 50 years. The high 
estimated cost of grid connection for Alwalton makes this site less attractive. 

Hence, the combination of the site surveys and the HydroSoft analysis identified the five 
most promising sites for the installation of a small hydro scheme. These are the top five 
sites in the table above, which are examined in more detail in Section 7. 

3.4 Feasibility against Tariff Rate 

The current prices that can be obtained for electricity generated from small hydro schemes 
can make many schemes economically unattractive. However, it may be possible to obtain 
higher prices for the generated electricity, either through NFFO schemes, or. through Green 
Electricity trading companies. Such companies already exist, such as Green Electron and 
The Renewable Energy Company. Customers who wish to support renewable energy 
generation can purchase their electricity from these companies at a higher price. This 
produces a higher tariff for the generator of the renewable electricity. 

There is also considerable pressure building on the government to introduce a-carbon tax for 
fossil fuel power generation. If this is introduced, this could have a significant positive 
effect on the viability of many small hydro schemes. 

Hence, it would be useful to know at what tariff a small hydro scheme would become 
economically viable. The HydroSoft model is able to provide this information, by 
calculating the IRR at a range of tariffs. This is indicated on the following three figures. 
Since the estimate of capital cost has a large impact on the feasibility of a site, three 

R&D Technical Report W 186 22 



different scale factors have been used. The baseline is 60% (Figure .3.2), with 50% used 
for an optimistic scenario (Figure.3.1) and--70% for pessimistic (Figure 3.3). :: 

The. table in each figure indicates the number of sites -which become feasible, as the tariff is 
raised from 2.0 ECU-cents/kWh-to ,lO;O ECU-cents/kWh in increments of 0.5 ECU-cents.: 

Because the analysis is relatively approximate, 3 classifications of feasibility are used, as 
follows: 

Classifications 

l A site classified as feasible has a calculated IRR of 7% or greater (1% or- more over the 
target value). 

l A site classified as borderline; has a calculated IRR of between 5 and 7% ‘( 1% either 
side of the target value). 

l A site classified- as unfeasible has a calculated IRR of less than 5%. 

For. each :,tariff, HydroSoft determines how ,many sites are feasible, borderline and 
unfeasible,. and quantifies the annual energy potential available from the feasible and 
borderline sites, given in GWh/year: The -installed capacity is also .provided in MW of 
electrical power. 

Hence, for example,, in the first table (optimistic analysis), at a tariff of 6.0 ECU centslkwh 
(4 pencelkwh);: all of the-,, 15 sites are deemed unfeasible At., 9.0 ECU cents/kWh 
(6 pence/kWh), 3 sites become feasible with a further -7 shown as borderline. These amount: 
to 1.5 GWh/yea.r of- feasible potential and 1.1 GWh/year borderline, generated from .0.4 
MW feasible capacity (plus 0.2 MW borderline). 
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Figure 3.1 Economic Potential and Capacity vs kWh value - low capital cost assumption 
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Figure 3.2 Economic,Potential andCapacity vs kWh value - base-linexapital cost assumption 
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Figure 3.3 Economic Potential and Capacity vs kWh value - high capital cost assumption 
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4. GENERAL ISSUES AFFECTING INSTALLATION OF 
HYDRO GENERATORS ON EXISTING WEIRS 

4.1 Flow .Control I : : 

At low river flows, the turbine will pass all the flow that would have spilled over the -weir 
or through the sluices, except for a minimum..~residual’ h flow required to pass- over the .. 
weir(s), determined by analysis of the ecology at each site. At higher flows, water not taken, 
by the turbine .willpass over the weir(s), ,locks, and sluices as normal. There will also be .. : 
times when the turbine .is shut down, either through- lack of flow; or for maintenance 
purposes, when no flow will pass through the turbine. 

If the turbine is installed on an existing. weir or sluice, there will .usually be some loss of 
flow capacity of the existing structure. On a.;weir spillway, this loss -of-capacity is likely to 
be less significant,- since the flow area taken up by the turbine can be relatively small 
compared to the weir width. For a sluice, this will vary from site to site, depending upon 
the width’of the existing structure and the number of sluice gates:. As an example; there are 
seven sluice gates at St Ives - hence installation of a turbine- in one ,of the sluice bays only. 
affects a small proportion of the capacity. It may also be the case that there is over capacity 
at some sites, in which case the loss of a sluice bay may not cause an adverse effect. r:.The 
loss of capacity can be. mitigated to some. extent by incorporating spillways and.sluice gates 
into the new walls. forming the intake-to the turbine. 

The installation of a turbine can also have a positive effect in terms. of level- control..:: :The 
turbine -,will be. controlled so as to maintain :a constant -upstream water level. automatically. 
Hence, at flows up to the turbine maximum capacity,. there will .effectively be automatic 
level control at the weir. 

4.2 Navigation 

The existing water levels. willremain.unchanged with the installation of a turbine. In some 
instances there may be -a slightly., higher flow velocity in some channels--and-locally to the 
turbine intake - however, this is unlikely to be significant. :. Sluices and weirs that are not 
already protected could quite ,easily be fitted with a floating ‘boom I to prevent boats from : .’ 
approaching the intake. This would be an essential component of a turbine.installation in 
any event, to’exclude large floating debris and protect the trashrack and turbine; 

4.3 Fish 

None of the sites investigated had. any fish passes installed - hence the installation of a 
turbine would have no effect on the passage of any migratory fish. 

It is probable ! however C that there would : be some fish- mortality associated with the 
installation of a turbine.‘;. The trash rack bar’spacing would be of the order of 30-4Omrn, 
hence larger fish would- be. excluded, provided the intake velocities were maintained low 
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enough to allow them to escape. Smaller fish would be able to pass through the trashrack 
and turbine. However, smaller fish are more likely to pass through the turbine without 
injury, especially as the turbines operate at a relatively low speed. 

There have been a limited number of studies carried out on fish mortality rates in hydro 
schemes. However, it appears that a significant percentage of deaths are caused by ruptured 
swim bladders as a result of pressure changes through the turbine. In this regard, there is a 
lower risk posed to fish through ultra-low head schemes such as would be installed in the 
Anglian region. The head is only of the order of 2 - 2.5m, hence the pressure changes 
through the turbine are less severe. Mortality rates for propeller-type turbines at low heads 
are typically less than 10 % of fish entering the turbine. 

An analysis would need to be undertaken by a fisheries expert on a site-by-site basis in 
order to assess the likely effects on fish and the measures needed to minimise such effects. 

4.4 Grid Connection. 

Budget prices were obtained from Eastern Electricity for St. Neots, Elton, Castle Mill and 
St Ives. They initially stated that all of these sites would have to be connected at 11 kV 
because the local LV connections were not adequately sized and the local LV mains would 
not be able to stabilise the voltage fluctuations that would occur during the output swings of 
the generator. However, a second assessment made by a different office of Eastern Electric 
concluded that the hydro schemes could feed into the LV system, hence much lower costs 
would be involved. It is these lower costs which have been assumed in the following 
assessments. 

For Irthlingborough, which is the smallest proposed site, the connection could be at low 
voltage, with the cost estimated by East Midlands Electricity. 
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5. REVENUE FROM. GENERATED ELECTRICITY 

The most important issue. when considering the viability of a scheme is the .economic value 
of the energy produced. Extensive discussions have been conducted with ‘Eastern-Electricity 
and East Midlands’ Electric, who are. the two Regional -Electricity Companies (REC’s) that 
operate in the regions where the proposed sites are located. .For this study it is assumed that 
Non Fossil Fuel Obligation (NFFO) subsidies .have not been negotiated. There are then two 
remaining. options for obtaining revenue :for the electricity generated by the hydropower 
schemes, as described below . . 

5.1 Option 1 : Selling Directly.to the REC?s. 

The -:REC’s buy- their. electricity from. the. National Grid at a price called the Customer 
Selling -Price (CSP) or Pool- Selling Price (PSP). This is typically a total.,of 5.4% higher 
than the Pool Purchase Price (PPP), which. is the price that the generators that are pool 
members (eg. National Power etc.) are paid::. The difference in pr,ice takes into account the 
distribution: and transmission costs of supplying the -power from .the power stations to the 
regional areas. 

The REC’s are therefore interested to buy electricity from-small embedded generators. (such 
as a hydro scheme) in the network, because they can avoid paying part of. this 5.4% charge.- 
Additionally, embedded generators reduce the distribution losses that occur when .power is 
transmitted from the National Grid through the network to each customer. These losses -are 
typically between 8 and 10%. 

The.advantage to. the generator in selling, directly to the -REC’s, is that the REC’s ‘will offer 
50%., of these benefits in the price they quote; A further benefit to a renewable scheme; is 
the avoidance of the Non Fossil Fuel Levy, currently at. 0.9%; of which the.- generator . . 
receives 90%) i.e 0.81%. (NB.. the levy is forecast to rise as a result of the recent NFFO-5 
round of contracts). 

Hence to summarise, the actual income per kWh generated would be: 

PoolPurchase Price. + 0.5-x (5.4% + 8%) + O.Sl.% 

or: PPP + 7.51%. 

The average pool purchase price for.the previous.year (1997-1998) was 2.59 pence/kWh. 

Hence the.average purchase price the REC would be prepared to offer would be 
approximately:2.79 pence/kWh. 

An additional benefit offered by the RECs is between .70% and 80% of the profitsiachieved 
at the triad.1 points. These are the three .half hourly periods in a year when. .national ” 
consumption peaks, where the. pool-price of electricity can be in ‘terms of pounds per. unit. 
rather than pence. This is-an income.that cannot be relied on however, as nobody can know 
in advance when they. will occur. and at what value they will. be priced. 
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Fixed annual charges would also occur of around &lOOO/year, as summarised in Section 5.2 
below. 

5.2 Option 2 : Use of System (Netting Off) 

Netting Off is the term used to describe the new system available since the 1989 Electricity 
Act, whereby the units of electricity fed into the grid at a generating site can be subtracted 
from those consumed by a load anywhere else in the region. In this case, metering would 
occur at both the generator site and the load site - let us assume an office of the 
Environment Agency. For each half-hour period, the generated units would be subtracted 
(‘netted off’) from those used by the office. Metering has been proposed on a 6 rate 
system, the tariff available dependent upon the month, day of the week and time of day. 

The REC will not buy any units that are generated in excess of those consumed at the 
nominated site. It is therefore important to nominate a site that will consume all the power 
generated at all times. After investigation of several Environment Agency offices within the 
Anglian region, the only suitable site located was Kingfisher House. From the data 
available, the power consumption at the site does not fall below approximately 75 kW. This 
is larger than any of the proposed turbine sites and is thus suitable as a nominated site of 
consumption. 

5.2.1 Pricing example : Kingfisher House 

‘As an example, Eastern Electricity have provided a quote to supply Kingfisher House 
(currently supplied by Northern Electricity). Eastern Electricity would subtract the value of 
the units generated by the hydro scheme from those consumed at the office. 

Supply of Electricity would be under the 6 rate system as follows: 

TIME-BAND TARIFF 
Monday to Friday Inclusive: 

1 November and February Peak Units (1600-1900) 15.533 p/kWh 
2 November and February Shoulder Units (0730-1600 and 1900-2000) 4.876 p/kWh 
3 December and January Peak Units (1600-1900) 22.342 p/kWh 
4 December and January Shoulder Units (0730-1600 and 1900-2000) - 5.702 p/kWh 

5 Night Units (0030-0730) 1.979 p/kWh 

6 All other times 2.861 p/kWh 

Added to these would be the distribution ‘use of system’ charges which account for the 
losses in the distribution system and the O&M costs of the distribution infrastructure. These 
are as follows: 

USE OF SYSTEM CHARGE 
Day Units 
Night Units 

TARIFF 
1.38 p/kWh 
0.4 n/kWh 
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The distribution charges would always be incurred, whether the. Environment -Agency 
bought from the .grid or netted off the power generated by a hydro scheme. Therefore the 
use of system charges can effectively -be ignored in calculating the value .of. ‘netted off? 
electricity. Each generated kWh from a hydra. scheme would have a value equivalent to the 
supply ‘rates shown in the 6 rate system above. Table -5.1 tabulates the calculations for I- 
working out the average.value-per kWh over one year. 

If the hydro generator operated continuously throughout the year (100 %. capacity factor), 
the average,riet savings -would amount to approximately 3.31 pence/kWh (figure confirmed .: 
by Eastern Electricity). This is a more attractive- rate than for selling directly to the 
Electricity company at the average price of 2;79 p/kWh; 

In practice, the hydro generator would not be able to produce power continuously. There 
will be times when there is insufficient. flow. or. too much flow (which drowns the. weir), 
when no power will be. produced. “. There will also be. down time. for maintenance. 
Generally, the capacity factor -will ‘be- around 60-65 % for the -types -of installation considered :I 
for this study: 

To account for these variations in output, a simple first-order assumption--of the profile of 
energy production from a hydro ‘scheme has been used to- estimate the revenue -for each .of 
the five most economical sites; The profile is as follows, giving a 62.3 % load factor for the 
whole year: 

April, May, June, October, November - 100% .production.. 
January, February, March, September, December - 50 %- production 
July, August - Zero production .” 

This- generated energy- profile is then matched in Table 5.1 against the income from the 6 
rate tariff. system. described above. On average, netting off ‘results in a saving of 
3.28’ p/kWh: -This is compared to 2.79 pence/kWh which could be received from direct sale 
to the REC 

Table 5.1 Calculation of the,net value of ‘netted off’ electricity .’ 

1 100% CAPACITY FACTOR(62.3 % CAPACITY FACTOR- ’ 
Time Tariff Capacity Income : Capacity Iricome 
Band p/kWh Hrs/day~ Days/yr Factor Hrs/yr p/yr/kW Factor Hrs/yr p/yr/kW 

1 15.533 3.00 41.43 1.0 124.3 1931 0.750 93.2 1448 
2 4.876 9.50 41.43 1.0 393;6 1919 0.750 295.2 1439 
3 22.342 3.00 44.29 1.0 132.9 2968 0.500 66.4 1484 
4 5.702.: 9.50 44.29 1.0 420.7 2399 0.500 210.4 1199 
5 1.979 7.00 365.00 1.0 2555.0 5056 0.623 1592.5 3152 .. 
6 2.861 Rest 1.0 5133.6 14687 0.624 3202.3 9162 

TOTAL 1.0 8760.0 ‘. 28960 0.623 5460.0. 17884 , 

MEAN TARIFF: “. 3.31 p/kWh 3.28 p/kWh 
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Additional Charges 

There are additional charges that apply to both the schemes outlined above. These are as 
follows (Eastern Electricity figures) : 

One off registration payment - 5100 
Administration fee - &600/year 
Settlement - &200/year 
Metering Fee, - &200/year 

Hence the total ~anuual charges amount to approximately 51000 per year. Some of these 
charges are estimates at this stage and have yet to be confirmed by the REC’s. These 
charges have been accounted for in the annual Operational and Maintenance costs of the 
HydroSoft programme. Unfortunately these recurrent administrative charges can have a 
significant impact on the economics of the smaller schemes. A comparison of tariff 
available and tariff required for 6% IRR is shown for each of the five most promising sites 
and is detailed in Section 7. 

5.3 Conclusions 

The highest economic benefit from a new hydropower plant would be obtained from the 
Netting Off scheme, showing around 17% more value for the generated electricity over 
selling directly to the REC. This assumes that all the energy generated by the scheme is 
absorbed by the load site in every half-hour period during the year; any surplus energy (or 
“spill”) would be absorbed by the grid but would count as zero in the netting off 
calculations. 

The generator site and the importing office (proposed as Kingfisher House) would have to 
be linked to the same REC. This does not have to be Eastern Electricity - any of the REC’s 
could. be approached to provide terms to supply the office and net off the output from the 
hydro scheme. This- would be part of a detailed feasibility study for a particular site, to 
determine the best offer. 

._ 

The revenues for each particular site using this scheme are contained in the detailed site 
reports in Section 7. 
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6. TURBINE INSTALLATION ARRANGEMENTS 

There are numerous. arrangements that -could .be considered for installation .of a turbine at a 
low head site. 

Of these arrangements, three of. the -potentially most suitable. designs were selected from 
THEE of France and Waterpumps OY of,Finland.. These have been selected on the basis of 
cost and simplicity; thus.enabling them to be incorporated. into existing weirs or sluices .with :. 
the minimum of civil works. 

Each, of the three designs -is outlined. below, with. a brief. discussion of. the associated 
advantages and limitations.. 

6.1 THEE Turbines 

These machines are very economically priced,. offering. turbines with-,variable .pitch runner 
blades for operation at a range of flows and heads, without significant loss of efficiency.. 
They also:. require : very limited civil works, in -comparison to most other turbine 
manufacturer ’ s -designs. 

THEE Turbine - Layout -1.’ 

Sluice 

Figure 6.1 Typical.THEE ,Turbine Installation,, Type 1 

The turbine is installed -in the end wall of a channel, downstream of an isolation valve and 
trashrack. The design involves minimal civil works and is ,well suited to installation ,in an 
existing sluice channel, typically only involving the- constructionof a. new weir wall across 
the bay. 
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The only potential drawback with this design is the relatively low position of the generator, 
which would be vulnerable to water damage if the site experiences high flood levels. Hence 
the suitability of this design is relatively site specific and dependent upon the local 
catchment topography and hydrology. 

THEE Turbine - Layout 2 

Trashrack 

Generab 

Figure 6.2 Typical THEE Turbine Installation, Type 2 (Siphon) 

This is essentially the same turbine with a different intake arrangement, which operates as a 
siphon. The siphon is primed by a small vacuum pump. There are several advantages to 
this design: 

l The generator sits higher than in the previous design and is less vulnerable to 
flooding. 

l Isolation is achieved by breaking the siphon vacuum - this eliminates the need for an 
isolation valve or sluice gate, making the electromechanical costs cheaper than for the 
Type 1 design. 

One disadvantage may be a slightly higher civils cost - again, this can be site specific, 
depending upon the existing structure, 

6.2 Waterpumps Turbine 

Similarly to the THEE type design, the turbine is installed in an end weir wall. There are 
several advantages to this design: 

l Installation of the turbine requires the minimum of civil works - the turbine is 
supported within the end weir wall. 

0 Isolation of the turbine is via an integral cover which rotates over the turbine opening 
- hence there is no need for an additional sluice gate. 
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l The generator is integrated into the turbine within a waterproof.housing - hence the 
whole unit is completely submerged with no risk of damage to the generator; This 
makes this, design well suited to areas which may experience high flood levels. 

l The smaller units offered by this company are.of a similar price to .those-offered by 
THEE. 

A disadvantage is that these designs have a fixed runner and guide vanes. The result is a 
lower efficiency when operated away from- the design head- and flow. Hence j to operate 
over a variable flow range and extract the maximum energy available, ideally there would 
need to be- two or more turbines,- which increases the unit,costs. 

The drawings supplied also indicate a relatively short draft-tube, which implies a significant- 
loss of energy in the velocity of the outgoing water. This aspect would need clarification in 
pursuing a firm quote with Waterpumps. 

-. - 

n 
n 

Figure 6.3 Typical Waterpumps ,Turbine Installation 
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7. DETAILED SITE ANALYSIS 

The five most attractive sites were selected from .the sitesurveys and HydroSoft analysis 
detailed. in Section 3. In this section, these five sites will be investigated in more depth. The 
analysis will include:- 

0. Typical installation drawings for a hydro scheme at each site. 
l Constraints affecting .a potential installation, including flow control, navigation and- 

grid connection. 
0 Analysis of capital cost data, electricity tariffs and revenues. 
l Individual HydroSofl analysis of each site (included in-Annex B). 

7.1 -Capital Costs 

In the initial analysis -of Section 3, all-the sites were assessed using the same capital cost 
scale .factor. In this more detailed analysis, these estimates were refined to make them more 
site specific.. Equipment manufacturers have been approached to obtain budget quotes for 
electro-mechanical equipment and the relevant.. Regional Electricity Companies have been 
asked to supply- budget quotes for grid.connection. : Civil cost estimates. have been discussed 
with Tom,Youdan of the Environment Agency and adapted to take into account the ease of 
installation of a scheme into an existing structure and whether. the ,installation could. be part 
of .a weir/sluice. refurbishment ..program: A budget has been drawn up for each site, 
including all material and labour costs. The capital cost scale factor, .input to the HydroSoft 
model, was-then adjusted .to incorporate the more refined estimates. 

7.2 Individual HydroSoft Analysis 

The more detailed cost data is input for each site individually: : The HydroSoft package can ‘... 
then be .used to identify !the necessary value of the. generated electricity, to make- that-: site 
feasible.. Hence, for each site, the. software will generate the.. required value of the 
electricity. to ensure an Internal ‘Rate of Return of 6 % . It also -determines the size of the 
installation required to achieve’this. 

The assumptions for annual Operation and Maintenance (O&M) costs and the design life of. 
the turbines can have a significant effect on the economics of a scheme. The’baseline input 
to the model is 3 % of capital cost.as annual O&M costs and -20 years’ design life. However, 
these may be pessimistic, since the Environment -Agency already have .maintenance staff 
available who might ‘incorporate plant maintenance into their existing duties, and the design 
life of a turbine is typically :much greater than -30 years. Hence, a more- optimistic analysis 
was carried out, with’2% O&M costs and a 30 year ,design life. The tariff-required-for a 
6 % IRR was then calculated for the more optimistic input data., 

The detailed HydroSoft analysis data is contained in Annex.-B. 

A summary of the key technical and economic parameters is contained within each of the 
detailed reports, shown below. 
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7.3 Castle Mill 

A possible layout for the turbine installation at Castle Mill is shown in Figure 7.1. 

Castle Mill Sluices 
Proposed Turbine Installation Schematic 

[in sluice bay adjaceni to Lock) 

Trashrack 

--New Wei 

Figure 7.1 Possible Turbine Installation Diagram for Castle Mill 

A box weir would be constructed out from the sluice gate closest to the lock, as shown. 
The operation of the sluice gate would be unaffected by the new weir, although it would 
now be used for isolation of the turbine rather than flow control. A side spillway would be 
incorporated in the new weir wall to take some of the excess flow. 

Debris from the trashrack could be discharged into the downstream channel or dropped onto 
a platform for manual removal, if required. 
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Flow Control 

Installation of a turbine would have a significant effect on flood control;- since one third. of 
the weir capacity would be removed. This could be mitigated to some. extent by installing. a. 
new sluice gate as part.of the-new weir. 

Refurbishment .Program : .,. 

This-site has been classified as having a residual life of 50 years. Hence it is unlikely that a 
turbine could be installed as part of a refurbishment. program. However, the site has the 
highest available head (2.8 m) and- is technically the most ‘attractive. At this stage, it seems 
unlikely that the civil works would involve major costs - hence if a suitable tariff! could be .. 
obtained .for the generated electricity, the. site ,may become feasible.-for development at an 
earlier stage; 

Navigation : . 

Flow velocities entering the sluices would ,remain -unchanged from those at present. ‘. The’ 
sluices are already protected by a floating boom; hence the development-of this site should. 
not pose a problem for passing boats. 

Grid Connection 

The -grid connections costs for a low -.voltage connection’ were estimated by Eastern 
Electricity at 27250 ;t VAT. 

Technical. and Economic Analysis 

The economics’ for the installation of a hydro scheme at this site have been analysed using:. 
the HydroSoft program. The output from the program is shown in,Aimex B. 

Since this site -is not due for refurbishment for 50 years, costs have been included for a 
scheme thatis not part of a refurbishment program. A summary of. the key parameters is as 
follows: 

Table 7.1 Key-parameters f0r.a hydro installation atCastle Mills : 

Parameter Installation as part of Independent 
Refurbishment .. Installation 

Design Flow 
Design Head .- .. 
Generator Output. 
Annual Energy Supplied 
Guideline Total Cost 
Annual Operation and -Maintenance 

3.7 cumecs 
2.6 m 
72 kW. 

370 MWh/year 
&140,000 
24,200 

3.7 cumecs 
2.6 m 
72kW. 

370 MWhlyear 
m30,000 : .. 
24,200 

cost (3 W) 
Average Tariff -Required .for 6 %. IRR 
Average Tariff Required for 6 %:IRR 
at 2-% O&M and 30 year life 

4.15.pencelkWh 5.37 pence/kWh ‘: 
3.29 pencelkwh 4.25 pence/kWh 

Average Tariff Available via Netting 
off. ‘: 

3.28 pence/kWh. 3.28.pencefkWh 
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Conclusion 

In purely economic terrns, this site would not be feasible at the current tariff available. 
However, it is technically the most attractive and could become feasible under a NFFO 
agreement (where 15-year contracts have been in the range 3.8 - 4.2 p/kWh). Even without 
the savings associated with a refurbishment program, the tariff required for a 6% Real Rate 
of Return is not particularly high at 4.15 pencelkWh. Using the more optimistic input data 
gives a tariff that is close to that available from the REC’s. 

Hence, the site would be worthy of reappraisal at some future date, particularly if a higher 
tariff could be obtained, either through government policy or through a Renewable 
Electricity Trading company. 

7.4 St Neots 

The proposed installation diagram for the turbine is shown in Figure 7.2. A new weir wall 
would be constructed on the downstream side of the bridge. The turbine would then be 
installed within this new wall. It would be advantageous to leave the existing sluice gate in 
position. This should allow construction of the new weir wall without constructing a 
downstream cofferdam, which should reduce the civil costs. It also eliminates the need for 
an isolation valve for the turbine. 

The trashrack would be installed immediately upstream of the turbine. This would also be 
isolated by the existing sluice. The debris removed by the trashrack could be flushed into 
the adjacent sluice channel or removed manually. 

There is an existing Environment Agency building adjacent to the sluices which may have 
the potential to house some of the control equipment for the turbine, depending upon space 
available. 

It should be possible to install either the THEE type turbine or Waterpumps type turbine. 

Flow Control 

The installation of the turbine would reduce the capacity of the sluices by up to 33 %. If 
necessary, this could be mitigated by installing a side sluice adjacent to the turbine, as the 
turbine(s) would not take up the full width of the channel. A cheaper option may be to 
install stop logs that could be removed in times of severe flooding. 

Navigation 

There are no -issues affecting navigation by installing a turbine at this site, since all river 
traffic is diverted down the lock cut, which branches away several hundred metres from the 
sluices. 

Grid Connection 

The grid connection for this site would be at 440V for which the cost has been estimated by 
Eastern Electric as 2800 + VAT. 
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luice(Exkiing) 

St Neots Sluices 
Proposed Turbine Installation Schematic. 

New Weir Wall 

Figure.7.2 Possible Turbine.Installation Diagram for St. Neots . 

Economic Analysis . . 
The output from HydroSoft is shown. in Annex B.. A summary of the key parameters is as 
follows :. 
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Table 7.2 Key parameters for a hydro installation at St Neots 

Installation as part of Weir Refurbishment 
Design Flow 3.7 cumecs 
Design Head 2.17 m 
Generator Output 61 kW 
Annual Energy Supplied 300 MWhlyear 
Guideline Total Cost 5132,000 
Annual O&M Costs at 3 % 
Average Tariff Required for 6% IRR 
Average Tariff Required for 6% IRR at 
2% O&M and 30 year life 

&3,960 
4.28 pence/kWh 
3.38 pence/kWh 

Average Tariff Available via Netting Off 3.28 pence/kWh 

Conclusion 

In practical terms, this could be the most attractive site, since a refurbishment is due in the 
very near future. Using the more optimistic design life and maintenance costs, the site is 
close to being economically feasible at today’s tariffs. 

7.5 Elton 

A possible installation arrangement for the turbine is shown in Figure 7.3. There are two 
existing sluices, located side by side, in a channel adjacent to the lock. The sluices are 
unequal in width, being split approximately 3m wide and lm wide. 

The cheapest solution for installation of a turbine may be to build a box weir downstream of 
the larger sluice and install the turbine in the end wall as indicated in the diagram. The 
smaller sluice could then be retained for flow control. It would be advantageous to leave the 
existing large sluice gate in position. This should allow construction of the new weir wall .. 
without constructing an upstream cofferdam, which should reduce the civil costs. It also 
eliminates the need for an isolation valve for the turbine. 

The trashrack would’be installed immediately upstream of the turbine. This would also be 
isolated by the existing sluice. The debris removed by the trashrack could be flushed into 
the adjacent smaller sluice channel or removed manually, as required. 

It should be possible to install either the THEE type turbine or the Water-pumps type 
turbine. However, given the larger potential capacity of this site, it may be more 
economical to install the single THEE turbine rather than two smaller Waterpump turbines. 
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Elton Sluices 
ProposedTurbine Installation Schematic 

/I 
Sluices-(Exiting) 

Existina sma” sluice to 
cperaTe u&hanged 

Figure 7.3 Possible .Turbine Installation Diagram for Elton 

Flow Control 

The installation of the turbine :would:reduce the capacity of the sluices by-up to-75 % . If this 
was seen to be a significant,.problem, there are several options possible .to compensate for 
this loss in capacity.. 

1) Install a sluice,on the new side wall, adjacent to the turbine. A cheaper option may be to 
install stop logs that could be.removed in times of severe flooding. 

2) Install small tilting weir gates on the .weir adjacent to the sluices. This- option could be 
considered as part of the weir refurbishment, which is due within the next 5 years. 

3) Install a sluice in the old mill to compensate for the loss of capacity. The channel 
through the mill,. which is currently blocked by a wall, could possibly-be modified to 
incorporate a sluice. This would require negotiation with the owners of the mill, .Elton 
Estates. 
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In discussion with Tom Youdan, it would seem that options 1) and 2) would be the most 
feasible and relatively straightforward. It also avoids the complications of liaison with other 
parties; as the Environment Agency would own both these structures. 

A second issue with flow control is that the crest of the lock gates is lower than the sluice 
gates, such that a significant amount of flow passes through the lock. The Environment 
Agency are currently considering the possibility of adapting the lock gates to rectify the 
situation. This would be critical for a hydro scheme, since at lower flows all the available 
flow needs to be taken by the turbine. 

Refurbishment Program 

Both the sluices and the adjacent weir are classified as having a residual life of less than 5 
years. Hence it would be feasible to consider a hydro scheme at this site within the near 
future. 

An inspection is currently planned for the downstream side of the sluices (October 1998). 
The downstream channel will be dammed and the section of channel immediately below the 
sluices will be pumped out. The results of this inspection should indicate the extent of the 
refurbishment required and how soon this needs to be carried out. It should also indicate 
the suitability of the existing structure to incorporate a turbine installation. 

Navigation 

The flow of ,water through the turbine would not be dissimilar to the flows that currently 
occur through the existing sluices. The intake velocity to the sluice channel would only be 
of the order of 0.3 metres/second, hence this should not present a major problem to passing 
boats. The entry to the sluices could also be protected with a floating boom. 

Grid Connection 

The budget price obtained from Eastern Electric for this site was &8750 + VAT, assuming -_. 
a low voltage connection. There was initially some doubt as to whether the LV supply could .. 
cope with the hydropower unit, in which case an 1lkV connection was quoted at &21,500. 

Economic Analysis 

The output from HydroSoft is shown in Annex B. A summary of the key parameters is as 
follows : 
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Table 7.3 Key parameters for a hydro installation at Elton- 

Installation as part of -Weir Refurbishment 
Design Flow 2.6.cumecs 
Design Head 2.08 m 
Annual. Energy Supplied 210 MWhlyear I 
Generator Output, 40 kW 
Guideline Total Cost &118,000 .-,, 
Annual O&M Costs at 3%. &3,540 
Average Tariff Required for 6 % IRR..’ .’ 5.91 pence/kWh 
Average TariffLRequired for 6 % IRR.at 4.67 pence/kWh 
2% O&M and 30 year life 
Average Tariff Available via Netting Off. 3.28 pencelkWh ‘. 

Conclusion. 

Although economically not attractive as St Neots;this.-is one of the simplest sites at which a 
turbine could-be.installed, with most of the-infrastructure already in place. 

7.6 Xrthlingborough, 

A possible installation arrangement for the turbine is shown in Figure 7.4. A section of. the 
weir. would,-:be excavated and a box <weir installed, with. a turbine in the I end wall. 
Depending upon the type of turbine installed, it may be necessary to install ‘a sluice gate 
immediately upstream of the turbine for isolation. It may therefore,be more economical to : 
install. a Waterpumps type turbine, with integral sluice gate, or the. siphon type turbine:that- 
does not require a sluice gate. 

A trash rack would be installed upstream.of the turbine. Debris from: the trashrack could be 
flushed, sideways onto the weir or onto a platform to be .removed manually. Isolation of the 
trashrack is not normally .an emergency: operation and could be effected by stop logs in the 
inlet. channel. 

This site would probably. involve more.substantial civil .works. The extent of.-these works 
would depend upon the existing weir structure and the ease of excavation. 

Flow Control 

The installation of the turbine on the weir, is unlikely to have a major impact. on flood 
control, since the-turbine inlet will only ,take up about 20% of the:existing weir width., Side 
sluices could;also b&installed to further mitigate this: effect. 

Refurbishment Program . 

The weir is classified as being due for refurbishment within the next 5 years. Hence, it may 
be possible to install a hydro.scheme as part of this-programme. 

Navigation. 

The turbine-would. abstract. water from the lock cut. Given the -low flows involved, of I the 
order. of 2 cumecs, the velocity in the lock cut should .not exceed 0.1 ,metres per second; 
The velocity! would increase around the turbine intake, but only up to around 0.3’metres per. 
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second. The intake would be protected by a floating boom. Hence this should not pose a 
problem for passing boats. 

Grid Connection 

The grid connection costs at Irthlingborough have been estimated by East Midlands Electric 
at &6000 + VAT. This is relatively cheap, since the power output is smaller than the other 
sites and the connection can be at low voltage, thus avoiding the need for a transformer. 

lrthlingborough Weir No, 1 
Proposed Turbine Installation Schematic 

Figure 7.4 Possible Turbine Installation Diagram for Irthlingborough 
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Technical ,and Economic Analysis 

The output from HydroSoft is shown in Annex B. .,A summary of the:.key parameters is as 
follows: 

Table 7.4 Key parameters for a hydro installation at Irthlingborough 

Installation as part of Weir Refurbishment 
Design Flow 2.1 cumecs 
Design Head 2.14m 
Generator Output 34 kW 
Annual, energy Supplied 170 MWhiyear 
Guideline Total Cost &112,000: 
Annual. O&M Costs at 3 % &3,360; 
Average Tariff .Required for 6 % IRR 7.45 pence/kWh 
Average Tariff Required for 6% IRR at 5.90 pence/kWh 
2% O&M and 30 year life 
Average Tariff Available-via .Netting Off 3.28 pence/kWh 

Conclusion . . . 

This is probably the.-least attractive of the five sites, given the added civil- work. involved 
and the low design flow available. The fixed costs involved with obtaining..revenue from 
the generated electricity have a larger impact on the available’ tariff than for the larger sites. 

7.7 Stanwick Sluices 

Discussions-with Tom Youdan at Kettering led .to the. possibility. of another; potentially 
more attractive site at Stanwick sluices, near to-Irthlingborough .Lock. There .appears to be 
several’advantages to using this site: 

l There are two existing sluices that are both due for .refurbishment within the next 5 
years, possibly much sooner. One of these sluices could be .refurbished to incorporate 
a turbine, probably with.only a marginal increase to the’civil costs. 

l The flow capacity would.not be affected significantly, particularly if the turbine 
installation included a sluice gate. 

l Most of the flow through the Nene at Irthlingborough flows through Stanwick Sluices 
and the adjacent weir. This is because the weir adjacent to Irthlingborough Lock is 
set higher and only spills water at higher river flows. 

Unfortunately, this potential site only, became apparent after the site surveys were,.finished. 
However, the installation,of a hydro scheme on the.‘sluices is likely to be similar to those at 
other sites such as Eltoh; St Neots and St. Ives. It is recommended that this. site, be 
investigated -as -part of any more detailed-.studies that follow on. from this project. Since 
large savings could potentially be made on the civil cost element as part of a refurbishment, 
the economics for this site could look much more attractive. 
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7.8 St Ives 

A possible installation arrangement for the turbine is shown in Figure 7.5. The cheapest 
solution for installation of a turbine may be to build a box weir downstream of the first 
sluice and install the turbine in the end wall as indicated in the diagram. The remaining 
sluices would be retained for flow control. It would be advantageous to leave the first sluice 
gate in position. This should allow construction of the new weir wall without constructing 
an upstream cofferdam, which should reduce the civil costs. It also eliminates the need for 
an isolation valve for the turbine. 

The trashrack would be installed immediately upstream of the turbine. This would also be 
isolated by the existing sluice. The debris removed by the trashrack could be flushed into 
the downstream channel or removed manually, as required. 

It should be possible to install either the THEE type turbine or the Waterpumps type 
turbine. However, given the larger potential capacity of this site, it may be more 
economical to install the single THEE turbine than two smaller Water-pump turbines. 

St Ives Sluices 
Prbposed Turbine Installation Schematic 

(installed in Sluice Bay adjacent to Lock) 

Sluices (Existing) 
1 Trashrack 

g 
Q 
5 
2 

SKAIWCW , Debris 

-. 

Figure 7.5 Possible Turbine Installation Diagram for St. Ives 
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Flow Control i 

The installation of the’ turbine ,would only reduce the capacity of the sluices by up to 15 % , 
which seems unlikely to present a significant problem in terms of flow control. However, a. 
small sluice could. be installed at low level within the new intake walls :for the turbine, if 
extra capacity was deemed necessary. 

Refurbishment Program .’ 

The sluices have. been assessed as having a residual -life. of up to -15 years; Hence, any 
turbine installation as part of a refurbishment ~programme-.would occur in the,.medium.to 
longer term. 

Navigation 

There are no issues. affecting navigation by installing a turbine at this site, since all river 
traffic is diverted down the lock. cut, : which. branches away upstream from the sluices. The- 
flow taken .by the- turbine would be the same as that passing through the sluices currently, 
hence the velocities around the.lock and sluices would remain unchanged. The sluices are 
also protected by an’ existing floating boom. .’ 

Grid Connection,. 

The LV grid connection. costs for St: Ives have been estimated ‘by Eastern Electricity: at 
&7300 + VAT; .:. 

Economic Analysis 

The output from HydroSoft is shown in Annex-B: -Since the site has been identified as not 
needing refurbishment. for 15 years,. costs have been included for installation separately 
from any refurbishment program. A summary of the key parameters is as follows:. 

Table 7.5 Key parameters for a bydro installation at St Ives 

Parameter .< I’ 

Design Flow 
Design Head 
Generator Output. -. 
Annual .Energy Supplied 
Guideline Total Cost 

Installation as part of Independent: 
Refurbishment Installation 

3.7 cumecs 3.7 cumecs. 
1.58 m 1.58 m 
44.kW 44 kW 

220 MWhlyear 220. MWhf year 
&129,000 &158,000 

Annual Operation-and Maintenance Cost (3 %) 
Average Tariff Required for. 6% IRR 
Average Tariff Required for 6 % IRR at 2 % 
O&M and 30 year life 
Average Tariff Available :via Netting Off 

23,870 24,740 
6.13 pence/kWh i 7.7 pence/kWh : ‘1 
4; 87 pence/kWh : 6.10 pence/kWh: 

3 -28 pence/kWh : 3.28 pence/kWh 

Conclusion. . . 

Although economically unfeasible against,the chosen criteria, the site would be one- of the 
most simple to develop; with most of the infrastructure required -being. already in place. 
Development of. this. site would -have almost negligible impact on flow control. of the existing ‘. 
sluices. It is recommended that this site is reassessed in the future, particularly near .the 
time of refurbishment or if any changes to thezavailable tariffrate emerge. 

R&D Technical Report W186 49 



R&D Technical Report W186 50 



8. CONCLUSIONS 

Fifteen sites on the Nene and Ouse were identified as having potential of greater. than 
25 kW, with .a gross head of greater. than 1.7 ‘m.-. Of: these, the five most attractive 
sites were chosen for a more detailed ,analysis. These were. Castle Mill, St Neots and. 
St Ives on the River: Ouse and Elton and Irthlingborough on the River Nene. In 
retrospect, Alwalton and Stanwick Sluices (Irthlingborough) on’the Nene would- also 
be worth considering for more detailed investigation. 

Nearly all of the. five sites .would need minimal civil works for .installation of a hydro 
scheme, even if installed as a stand-alone project. However. all schemes would affect 
flood control capacity to some. extent. If installed as part of a weir refurbishment 
program, it is estimated that there would only be. around 10 - 20% additional costs 
associated with .the hydro scheme civil component.. . . 

The most attractive option for sale of the generated electricity is through “Netting 
Off:’ or “Use of System”.;, This is where the units generated by. the hydro scheme are 
deducted from the units consumed by a large office, most suitably Kingfisher House;- 
This produces a value ,of around 3.28 p/kWh, 17% greater. than selling directly to the 
Regional Electricity Company. 

None of the sites investigated -would be feasible ‘at the current tariff rates available or 
the economic criteria set. by the:Environment Agency (IRR 6 % above inflation and 20 
years design, life). However, 20 years is a rather pessimistic design life .for a hydro 
scheme. Most schemes will . . operate for up to 50 ..years.. with relatively little 
maintenance. Using -more optimistic figures .of 30 year design life and. 2% annual 
Operation ..and Maintenance costs, several .of the schemes,- are .close to .becoming 
feasible. 

.I 

Although the current ,tariffs available for. generated electricity, are not attractive,. this 
may not always remain so. Inthe near term -it may be possible :to 0btain.a Non Fossil 
Fuel: agreement to obtain a higher tariff for a particular scheme (NFFO-5 -offered up to 
4.35p/kWh). Another alternative, would be-.to negotiate a contract with,a Renewable 
Energy Trading company. In .the longer term, government policy may change to 
favour renewable ‘energy .schemes, in the form of a carbon tax or other, mechanism.- 
It :is therefore recommended that the most favourable. sites be reassessed at some 
future date, dependent upon opportunities that arise and changes in available tariff 
rate. 

It.is worth noting that some of the most favourable sites would become feasible .at a 
relatively small, increase in tariff rate. This is despite-the fact that the Anglian Region 
is probably one of the least promising.areas in the UK for hydro schemes. The flat 
topography means that: most weirs are of relatively low. head. and the rivers have low 
flows due to the small annual rainfall. Other regions of the. country will certainly be 
more promising, and would -be worthy of investigation. 
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ANNEX A 

SITE PHOTOS 

R&D Technical Report W 186 



R&D Technical Report W186 















ANNEXB 

HYDROSOFT .ANALYSES FOR INDIVIDUAL SITES 
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/Individual Site: Castle Mill - A~bsf-lh~T : Input Data Sheet1 
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(Individual Site: Castle Mill - (2ffd-6~ S~/L\LWT Output Data Sheet] 
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Individual Site: Castle Mill - 3’TA+D- kLcuvE sc.t-(EAhzE Input Data Sheet] 
: ..: : :. . .: _’ 
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[Individual Site: Castle Mill - ST..~-A-LOMC SC..I-IE~E Output Data Sheet1 
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Iltidividual Site: St Neots - pa=b$gIS~l/h(~JVl- Output Data Sheet1 
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IIndividual Site: Elton - P~U?.&SWG-J ‘_ :. _ Input Data Sheet] 
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IIndividual Site: lrthlingborough -(r~~m++~- Input Data Sheet1 
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IIndividual Site: Irthlingborough - (LEF-~UWW-GW- Output Data Sheet1 

Technical Potential 
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[Individual Site: St Ives - e+Q-J-& 8-04 f-d7 . Input Data Sheet1 
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kWh Value ‘tear of Commissioning [yr] 1 1998 O&M eo&ts [% of capital cost] 3.0% 
ECUct/kWh I 9.2 Real Rate of Interest [%] 6.0% 
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1 Individual Site: St Ives - 12cv-b eGtS17h&A/7 Output Data Sheet1 

Technical Potential 

(GWh/yr) 0.4 

Most Feasible Potential Economic Potential 

IRR 6.0% IRR -- 

Output [GWhlyr] 0.2 Output [GWhlyr] -- 

for Qdesign [m3M 3.7 for Qdesign [m”/s] -- 

Installed Capacity [kW] 44.1 Installed Capacity [kW] -- 

Capital Costs 180,412 ECU Capital Costs -- 

IRR as a function of O.daign 
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IIndividual Site: St Ives -- STW b - pn.oh/c sw~-4 input Data Sheet] 

Parameter: Individual 
,::.: “: 

Site specific parameters I I Technical parameters I L Economic parameters 

II H,,, wdml 
Q5& [m”/s] 

Rate of interest 

(IType H-d curve (l-4) 1 2 Number‘of turbines ‘1 

Mean head loss [m] 0.20 

Year of Commissioning [yr] 1 1998 

keal growth rate yearly [%/yr] 

Ecotiomic span of life [yr] 

Capital Cost Scale Factor 

O&M dosts [“XJ of capital cost] 

Real Rate of Interest rO/nl 

II 
9.1% 

2.9% II 
Oil% 
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I 6.0% 

:-..: ,. 
” “‘C&Mated Q-d curve Calculated H-d curve 
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IIndividual Site: St Ives - STA-W~- 4~4 smf*~ Outtmt Data Sheet1 

/I 
/ 

Technical Potential 

(GWh/yr) 0.4 

Most Feasible Potential 

IRR 6.0% 

Output [GWhlyr] 0.2 

for Qdesign [m3/sl 3.7 

Installed Capacity [kW] 44.1 

Capital Costs 226,214 EC& 
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Summary Table of Flood Dcfcnce Asset Survey 

-- 

Name of Structure TYPO Year.Builr National Cd 
Ref. 

Asset 
Value 
(f000) 

S 

S 

1950 ‘. 

not known 

7-L 389 745 

l-t 7103 7425 

1949. 

m04000 

‘IO0455 

400450 

220 

180-200 

700-750 

100 

i 
S&W TL3j605455 

W not knoven 7-L 505 426 

I S not ?ulovln I-L 6764 8505 + 
t 

Culvert & S nor known I’F 612U 2440 

s 1955 l-F77089655 

I 
S&L 1837 rL31407055 1500-5500 

W 1837. R31467102. 380-200 15 

t 
s not howl l-L28207197 700-750. IO-15 

S 1930 n 2440 7053 650-700 I j-20 

L S 1839 It 223 706 400350 is-20 

: 

w 1837 D.2155 6696 1 1 SO-200 10 

W 1937.. -L 2 166 6695 / 180-200 

S 1932 :L 1566 6187 650-700 15 

s 1959 z 0788 4887 !- 6%700 IO-15 
c --- 

L w not known 10764 4871 
L 

60-80 5. 

S 1954 ;? 9383 5220 500450 20 800 
_- 

‘s 
4 

I 1954 IP 9052 5247 /-600-550- IO-15 3,000 

S 
I 
/ I lot know IP 8547 4860 

I 
160-l Xl.-- 5 

10-15 I 

---T-+57 -- 

c 

5-10 

f 1 --J--I t ‘- I 1 
- 

1 

IS,000 110.000 

-7,500 

--;:q-g-p 

8.000 ai: 5w ’ - 7.000 12.300 -Fq&- 
.-. . 

3,500 31.9nn 

2,suo 7,000 

1 

.,.;:;;+;~ 

5,000 '. n/a 1,500 1 6,500 

-F- 

2 
. . 

I 

---,~- ~ 
ILh Ilk ~1.5UO 4,500 

-1,500- GG- -+--- 29.8011 1 : ; 

9,600 
I 

10,000 
I 

I.OOlj~ f 20,600 
i I 

! 

s 

W 

s 

H 

W 

2s 

w 

W 

1 SP85394508 .130-160 .I IO-15 

195 1 SP 7856 4006 ‘500-550 

1944 IP 752364 200-220 

1959 7L 1480 3943 ,220~240 

1965. SP 880 44 1 0 

I 

not know-r SF 8839 4259 60-100 

1950 TL 2372 7129 160.180. ~. 
1900 SP 197 434 ZOO-240 

not known TL 1576 5303 120-140 5-20 

1 Total 1 f164,OOO 1 5408,440 1 L81.700 1 E660.940 1 

F&ith Sluice 

Mildenhall Gas Pool 
Sluice 

Byrons Pool Sluices 

Great Chcsarford 
Gauging Station 

_I_. 
Lakenheath Lode. 
Sluice. 

Babingley Outfalls 

Northwold Sluice& 
Gauging Sation 

Chub Stream Weir 
St. Ives 

Houghmn .. 

Godmnnchester 

Brampron 

Offord No 2 

&ord No 3 

‘St. Neots Paper Mill 

Cardingron Sluice 

Cardington Overspill 

Tnrwy Sluice 

Lavendon Sluice 

Rave&one Mill 
SIUiCZ 

Ravenstone Radial. 
Sluice 

Ravenstone Engine 
HOW93 

Gsyhursf \Veir 

Stony Stratford 

TIonlton Weir 

Shefford Mill 

Newport Pagnell 
Cemem Recorder 
House 

Cafdecote Mill it/s 
RigJn Bank Weir 

Garkies Mill 

Cosgove Mill 
Middle Weir 

Tempsford 

Ref P:\97AOIOWO I 

TOT;-~L. .p .‘a2 



_.. r 

e 

Whistan Weir 9.30 mf2 

White Mills Sluic=3 3.23 c;Obb 

8WtOfl Weir 4.70 WML 

Wollaston Weir No. 1 4.30 #+l(z 
r 

Weir No. 1 17.85 
lrthlingborough 

FmL 

Weir No. 2 l&ix rc 

Sluice No. 1 3.m 
S*antiick 

G4rR a- 

Sluics No. 2 2s W-K 

Genford Weir 13.4u FDd. 

Weir No. 1 2om 
Cotterstock - 

Fhz 

Weir No. 2 16.80 R-2 

Psrio Weir 3.35 FAi$ 
Weir No. 1 I 7.f.z 

Elton 

, PC& 

Weir No. 2 2u.Kl I l=a-lg 

Broadreach Weir 24.50 FA& 

Wansford SllliCS C&lb 

Pdwaltorl Sluice 3.70 T-Ale 

I 6.15 
Orton Sluice 6.15 

5.10 
Gmb 

L 

6 



:-,, 
.._ .’ 

Site 

Nene Lock 

Nene Lock 

3 Nene Lock 

4 Northampton Washlands 

5 Northampton Washlands 

6 

7 
8 
9 

IO 

I1 
12: 
13 

14 

I5 
I6 

17 

18 
19 

!O 

!i. 

?2 
!3 
!4 
!5- 

!6 

!7 

!8 
!9. 

jOi 

Ii 

12 

13 
14 

15 

16 

17. 
18 
89 

.O 

,l 

2 

3 
4 

5. 
6 
7 

a 
9 

0 

1 

2. 
7 

Clifford Hill 

Billing 
Cogenhoe 

Cogenhoe 
Whiston 

White Mills 

Barton 
Barton 

Wollaston 

Wollaston 
Upper Wellingborough 

Lower Wellingborough 

Ditchford 

Ditchford 
Higham Ferrers 

Higham Ferrers 
Upper Ringstead 

Upper Ringstead 
Lower Ringstead 

Woodford 
Woodfcrd : 

Denford 

l%hmarsh 

Wadenhoe 

Lilford 
Lilford 

Lilford 

Lilford ’ 

Liifcrd 

Lilford 

Upper Eiarnwell : 

Upper Samwell 

Lower Barnwell 
Ashton 

Ashton 

Pen’0 Mill 

Pen0 Mill 
Perio Mill 

Warmington 

Warmington 

Warmington 

Warmington 

YawelI Mill 

Wansford 

Water Newton 

Water Newton 

Stanground 
d Dog-in-a-Doublet 

RIVER NENE STRUCTURE SURVEYS : Volume II 
Schedule of Structures ClasslfTed as GOOD 

(Residual life assessed as greater than 5 years1 

Structure 

Sluice 1 

Sluice 2 

Weir 1 
Sluice 1 

Sluice 2 
Weir 

Weir 
Sluice 1 

Sluice 2 
Sluice 

Weir 2 

Sluice 1 
Sluice 2 
Weir 1 

Weir 3 

Sluice 

Weir. 

Sluice 

Weir 
Weir 2 

Sluice 
Sluice 

Weir 
Sluice 

Sluice 
Weir 1 

Siphon 

Sluice 

Sluice 2 

Weir 1 
Weir 2 

Weir 3 

Weir 4 

Weir 5. 

Weir 6 

Weir 2 

Siphon 

Weir 
Weir 1 

Sluice 

Weir 1 

Weir 2. 

Weir 3 
Sluice 1 

Sluice 3 

Weir 1 

Weir 2 

Sluice 2 
Weir 

Weir 

Sluices 1& 2 

iluice 2 Weir 
Sluices 1 & 2 

Mdt 

0-n’ I 

8.1 

20 
a 

a 

20 
36 

52 

7.4 
3.6 
6.8 

3.3 
3 

1.9 
5 

7.8 

7.4 

36 

9.1 

15.5 
6.8 

5.5 
3.7 

26 
11.6 

6. 
20 

7.5 

1.8 

3 

6 
6 

3 

a 

5 

6.1 
16 

9.5 

3 
6.6 

5.5 

22 

9.4 

21. 

6 

2.8. 
5.3 

9.3 

2.4 
10. 

19.9 

5.4 

20.6 
17 - 

rotal - 

- 

. 

, ., 



I Site 

~ 
Cogenhoe 
White Mills 
Doddington 
Wokton 

Upper Wellingborough 
Denford 

lslip 
Petio Mill 

91 Perio Mill 

RIVER NENlk STRUCTURE SURVEYS : Volume I1 
Schedule of Structures Classified as POOR 
1Residual life assessed as less than 1 year1 

Structure 

Sluice 3 2.4 
Weir 1 12.3 
Weir 4.7 

Weir 2 5.5 
Weir IO 

Weir 2 5.7 
Weir 6.4 

Weir 5 9.8 
Sluice 4.9 

Nidth 
(m) 

Total 

l 

Strlist3.xls 



Site 

-1 Nene lock- 

.’ 2 Weston favell 
3 Clifford Hill 
4 Cogenhoe 
5 Doddington 
6 Higham Ferrer: 
7 Denford 
8 lslip 
9 Titchmarsh 

10 Wadenhoe 
11 Wadenhoe 
12 Lilford 
13 Upper Barnwel 
14. Ashton- 
15 Perio Mill. 
16 Warmington 
17 Elton 
18 Yarwell Mill 
19 Yarwell Mill 
20 Wansford 
21 Alwalton : 

Structure Width 
(m) 

Weir 2 3.6 
Sluice 3.8 
Sluice 9.2 
Weir 7.4 

Sluice. 6 
Weir 1, 18 
Weir 1 12 
Sluice 7.2 
Weir 5 

Sluice 1 2.1 
Weir 11.8 

Sluice 5.5 
:Weir 1 3:5 
Weir 2 11 
Weir 4 17 

Sluice 2 1.6 
Sluice 4.1 

Sluice .l 3.4 
Weir 23.5 

Sluice 3.7 
Sluice 1 6 

RIVER NENE STRUCTURE SURVEYS : Volume II- 
Schedule of Structures Classified as FAIR 

{Residual life assessed as less than 5 years.1 

.‘L 
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ANNEX-D 

ELECTRICITY CONSUMPTION PROFILE AT KINGFISHER 
HOUSE 
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ELECTRICITY TARGETING AND ANALYSIS 
@Y” 

ENVIRONMENT AGENCY 
lViet&- LD:Q;OO8-$4 13bCkEOOiO89 

! ,/. i 

: .’ 

FAO: MR M. PI-IT 
ENVIRONMENT AGENCY 
KING’FISHER HOUSE 
GOLdHAY WAY 
ORTON GOLD HAY 
PETERBROUGH 
P52 5ZR.: 

- 

- 

Totals for this month: 
‘Day units = 64554kWh 
Night units = 17016kWh 
Maximum Demand = 196kW 

Key : Mon-Fri day unils 
t’,[:113~~~~~.iu,::‘~:~~,~ Evening 8 weekend unils 
1-f Mon-Fri Peak unils 
~;‘-:gi!;!~~~~!l..~,~~~~~~:~ Night units 
f~:~$~:~~~~~ Estimated units 

Monthly Maximum Demand level 
Expected Consumplion level 

Monday Tuesday Wednesday Thursday Friday 
200 5: 

150 

100 
I 

50 

n 
.  .  .  . . - - . - -  _ I -  
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J 

200 

150 I 

100 
I 
I 

50 

0 

1 

-. -_.--. -I 
Ttils IS not en mvolce 

Printed or. 8-98 al 9:47 

In the event of any query, call the VECTA Hotline 
on 0345 091091 or fax 0345 12591’9, 
(All calls charged at local rate) 

.’ 
Ml1 19GR3 

NORTHERN 
ELECTRIC 

i ‘, 


