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INTER HYDRO TECHNOLOGY

LIMITATIONS AND LIABILITY

This report was produced by Inter Hydro Technology for The Yorkshire Dales National Park
for the specific purpose of a feasibility study report.

The content of the report represents the views of Inter Hydro Technology and will not be
binding on the Yorkshire Dales National Park Authority in the determination of any
subsequent planning application which would be judged on the merits of any scheme that

comes forward.

This report may not be used by any person other than The Yorkshire Dales National Park
without their express permission. In any event, Inter Hydro Technology accepts no liability for
any costs, liabilities or losses arising as a result of the use of or reliance upon the contents of
this report by any person other than The Yorkshire Dales National Park.

The Environment Agency comments included in this report do not prejudge any decision or
guidance on licensing.

All landowners should be fully aware that further assessment will be required before the site
and its suitability are fully understood.

H25044/CDV



Small Scale Hydro Feasibility Report “

Yorkshire Dales National Park Authority B R s o

LICENCE

All digital mapping reproduced from Ordnance Survey digital map data ©Crown Copyright.
All rights reserved 2008. Licence Number 0100031673.
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1.2

INTRODUCTION

Introduction to Inter Hydro Technology

Inter Hydro Technology was formed as a division of parent company R G Parkins &
Partners Ltd in 1994. The parent company's 30 year standing has seen a growing
interest in water-related projects, and specialisation in the design and project

management of hydroelectric generation projects was a natural progression.

The division satisfies an increasing demand for hydroelectric projects in an important

sector as the global commitment to renewable energy sources increases.

Inter Hydro Technology is strategically located in Kendal, Cumbria, UK, on the edge of
the English Lake District, which itself has several operating hydroelectric projects. The
company's reach continues to be global, with projects and studies completed and

underway for clients in the United States, Europe and Asia.

Introduction to Hydropower

A hydro scheme is a system that harnesses energy from water, normally including a drop
in elevation. This change in elevation is termed the ‘head’. Water that is restricted in a
sloping pipe will build up a head of pressure at the bottom (i.e. in a pressure pipe). This
pressure is used to drive a turbine. Where there is less head (or a non-pressurised pipe),

more water (or flow) is required. A higher flow will require a larger turbine.

A destination, or load, for the power generated is also required, usually the national grid.
Grid connection and line costs are often the most significant costs of a scheme, and
therefore distance from the grid, or suitability of the grid for connection, may be the
deciding factor of scheme viability. Investigations must be made into the capacity of the
local grid. The issue of access to distribution and transmission networks is facing
significant change. It is hoped that the relaxation of distribution network charges and the
Transmission Network Use of System (TNUoS) charges (paid by generators and
suppliers making direct use of the grid) in the future will make the whole process more

attractive to would-be investors in hydropower.

It is not possible to use all the water from a stretch of watercourse to power a hydro

scheme. A proportion of the total must be left in the river or stream. This depleted flow is
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1.3

1.3.1

1.3.2

termed variously a reserve flow, residual flow or environmental flow. The amount of flow
used by a hydro scheme will fluctuate with rainfall through the year, unless a storage dam
is employed. This will affect the scheme’s overall efficiency. Different turbines have
different responses to such variations in flow, and this has been taken into account both

when choosing a turbine, and when predicting the available energy.

Current Turbine Technology

Overview

All hydro turbines convert the energy from falling water into rotating shaft power, but
there is often confusion as to which type of turbine should be used in different
circumstances.

The selection of the turbine depends upon the site characteristics, principally the head
and flow available, plus the desired running speed of the generator and whether the
turbine will be expected to operate in reduced flow conditions.

Classification

Turbines can be crudely classified as high-head, medium-head, or low-head machines,

as shown in the table below.

Impulse and Reaction Turbines and Turbine Type Head Classification

Turbine type Head Classification
High (>50m) Medium (10-50m) Low (<10m)
Impulse Pelton Crossflow Crossflow
Turgo Turgo
Multi-jet Pelton Multi-jet Pelton
Reaction Francis (spiral case) Francis (open
Flume)
Propeller
Kaplan
Other Hydrodynamic screw
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Electricity generation usually requires a shaft speed as close as possible to 1500 rpm to
minimise the speed change between the turbine and the generator. Since the speed of
any given type of turbine declines with head, low-head sites need turbines that are

inherently faster under a given operating condition.

Turbines are also divided by their principle of operation and can be either reaction or

impulse turbines.

The rotor of the reaction turbine is fully immersed in water and is enclosed in a pressure

casing.

The runner blades are profiled so that pressure differences across them impose lift
forces, just as on aircraft wings, which cause the runner to rotate. The two main types of

reaction turbine are the propeller (with Kaplan variant) and Francis turbines.

In contrast, an impulse turbine runner operates in air, driven by a jet (or jets) of water.
There are 3 main types of impulse turbine in use: the Pelton, the Turgo, and the

Crossflow (or Banki) turbines.
The approximate ranges of head, flow and power applicable to the different turbine types
are summarised in the chart below (up to 500 kW power). These are approximate and

depend on the precise design of each manufacturer.

Head-flow ranges of small hydro turbines
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. __— Turgo Turbine
200 "~
100+
"‘E’ Francis turbine
g 20 477’ Q ) Crossflow turbine
(30 -
101 4‘;. ;/ Propeller, Kaplan
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05 1 5 10 20
Discharge (m¥/sec)
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Types of Turbine

Impulse Turbines

The Pelton Turbine consists of a wheel with a series of split buckets set around its rim; a
high velocity jet of water is directed tangentially at the wheel. The jet hits each bucket and
is split in half, so that each half is turned and deflected back almost through 180°. Nearly
all the energy of the water goes into propelling the bucket and the deflected water falls

into a discharge channel below.

The Turgo Turbine is similar to the Pelton but the jet strikes the plane of the runner at an
angle (typically 20°) so that the water enters the runner on one side and exits on the
other. Therefore the flow rate is not limited by the discharged fluid interfering with the
incoming jet (as is the case with Pelton turbines). As a consequence, a Turgo turbine can

have a smaller diameter runner than a Pelton for an equivalent power.

The Crossflow Turbine has a drum-like rotor with a solid disk at each end and gutter-
shaped “slats” joining the two disks. A jet of water enters the top of the rotor through the
curved blades, emerging on the far side of the rotor by passing through the blades a
second time. The shape of the blades is such that on each passage through the
periphery of the rotor the water transfers some of its momentum, before falling away with

little residual energy.

Reaction Turbines

Reaction turbines exploit the oncoming flow of water to generate hydrodynamic lift forces
to propel the runner blades. They are distinguished from the impulse type by having a

runner that always functions within a completely water-filled casing.

All reaction turbines have a diffuser known as a ‘draft tube’ below the runner through
which the water discharges. The draft tube slows the discharged water and reduces the

static pressure below the runner and thereby increases the effective head.

Propeller-type turbines are similar in principle to the propeller of a ship, but operating in

reversed mode.
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Various configurations of propeller turbine exist; a key feature is that for good efficiency
the water needs to be given some swirl before entering the turbine runner. With good
design, the swirl is absorbed by the runner and the water that emerges flows straight into
the draft tube. Methods for adding inlet swirl include the use of a set of guide vanes
mounted upstream of the runner with water spiralling into the runner through them.
Another method is to form a “snail shell” housing for the runner in which the water enters

tangentially and is forced to spiral in to the runner.

When guide vanes are used, these are often adjustable so as to vary the flow admitted to
the runner. In some cases the blades of the runner can also be adjusted, in which case

the turbine is called a Kaplan.

The mechanics for adjusting turbine blades and guide vanes can be costly and tend to be
more affordable for large systems, but can greatly improve efficiency over a wide range

of flows.

The Francis turbine is essentially a modified form of propeller turbine in which water flows
radially inwards into the runner and is turned to emerge axially. For medium-head
schemes, the runner is most commonly mounted in a spiral casing with internal

adjustable guide vanes.

Since the cross-flow turbine is now a less costly (though less efficient) alternative to the
spiral-case Francis, it is rare for these turbines to be used on sites of less than 100 kW

output.

The Francis turbine was originally designed as a low-head machine, installed in an open
chamber without a spiral casing. Thousands of such machines were installed in the UK
and the rest of Europe from the 1920s to the 1960s. Although an efficient turbine, it was
eventually superseded by the propeller turbine which is more compact and faster-running
for the same head and flow conditions. However, many of these ‘open-flume’ Francis
turbines are still in place, hence this technology is still relevant for refurbishment

schemes.
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1.4.3  Hydrodynamic Screw Turbine

In the form of the Archimedean screw, the water extraction screw has been known since
ancient times. More recently inversion of the energy flow in its operation turns the

Archimedes’ screw trough pump into a power generator for the extraction of energy.

The manufacturing effort required for a hydrodynamic screw is small compared to that
required for a conventional turbine. This machine type is available in a number of forms.
The machine can be purchased with or without a trough and is also available as a pre-

assembled machine to further simplify the installation process.
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1.5 Turbine Efficiency

1.5.1 Relative Efficiencies

A significant factor in the comparison of different turbine types is their relative efficiencies
both at their design point and at reduced flows. Typical efficiency curves are shown in

Figure 3.

An important point to note is that the Pelton, Kaplan and Hydrodynamic Screw turbines
retain very high efficiencies when running below design flow; in contrast the efficiency of
the Crossflow and Francis turbines falls away more sharply if run at below half their
normal flow. Most fixed-pitch propeller turbines perform poorly except above 80 % of full
flow.

1.6 Turbines Suitable for use in the Yorkshire Dales National Park

Any of the turbines describe may be suitable for a site within the Yorkshire Dales National
Park.

If a site has been surveyed and the available head established as say 20 m and the

available flow determined as 0.5 m*/s then the turbine type can be selected
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In the above case the turbine type is likely to be a Crossflow turbine. If the available flow
were to increase to 1.0 m*/s then the turbine type would change to Francis but with the

Crossflow as an alternative.

Turbine selection for a particular site is a specialist skill and the developer would be well
advised to take advice as the type of turbine chosen will affect other aspects of the

project design.
River Flow

Flow data was obtained through FEH (the Flood Estimation Handbook) and LowFlows.
These sources suggest the proportion of rainfall that reaches a watercourse. This
information is used to define a flow duration curve, which illustrates how the flow changes
over time. The mean flow, or Q3p, was taken as the design flow in all schemes for this
study. The optimal design flow would be constrained with further study of hydrology and
turbine options. Many of the watercourses of interest are not within gauged catchments,

or are too high up in a gauged catchment for data to be reliable.

Our flow data software only models surface flow, and does not model infiltration,
groundflow and springs. However, any effects on flow from these features will be
measured by in situ flow monitoring equipment on the sites deemed suitable for the next

level of investigation.

More detailed information on the hydrology of the watercourses involved in this study is
included in the appendix. This LowFlows report details the statistical flows for each month

of the year, presented in tabulated form and graphical form.

H25044/CDV



Yorkshire Dales National Park Authority

Small Scale Hydro Feasibility Report Ie

1.8

Preliminary Design

The Park Authority compiled a list of nearly 50 potential sites, with help from the
Yorkshire Dales Rivers Trust, most having a history of milling. Inter Hydro Technology
then made investigations into the hydrology, topography, infrastructure and power

potential at each of these sites.

For each potential hydro scheme, powerhouse and intake position were considered
primarily whilst on location. These often have to work around, or with, existing

infrastructure.

Each turbine type was determined by the relationship between head and flow, using the
corresponding efficiency curves. Typical values were used for the efficiency of the

generator, transformer losses and other parasitic energy losses.

The presence of natural heritage designations such as SSSIs, SACs and SPAs would
normally imply more detailed environmental studies, a longer planning process, higher
mitigation costs, and possibly a smaller scheme than might otherwise have been
installed. In areas subject to the most stringent reviews, development would only be
allowed to go ahead if there are shown to be imperative reasons of over-riding public
interest. Of course, not all land designations are water-related, and therefore may not
have any impact in practice. Not all information on conservation areas and historical
interest has been included in this study, and the majority of these sites have not been
studied by the Environment Agency or the Yorkshire Dales National Park Authority
planners. There may be additional constraints pertaining to the sites which have not been

identified In this report.

The top 15 sites were identified by rating the sites according to simple payback time and
CO, emissions offset per year, and these sites were briefly examined by both the
Yorkshire Dales National Park planners and the Environment Agency. Their initial

comments are included in the conclusions.
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Note on Revenue

In the event of any of these schemes being developed, the client can either sell the
energy to the grid, or use the energy on site. The value of energy developed by a
renewable generator consists of the value of the electricity (i.e. sold to a distributor or
used on site by the business) and the government supported Renewable Obligations
Certificate (ROC) scheme. At the time of writing, it is possible to achieve a purchase price
for electricity sold to a distributor of £560/MWh. In 2008/2009, the UK the government
supports renewable generation under the ROC fund scheme. Under this scheme
renewable generators registered with OFGEM receive one ROC certificate for each MWh
of generation produced in the preceding quarter. Under the scheme a base or buy-out
value is set, guaranteeing the minimum value of a ROC. In reality, there are insufficient
ROCs in the market to satisfy demand. This results in a higher value for each ROC
certificate being sold in the market place. In late 2008, ROCs were selling for
approximately £45/MWh. Government is presently reviewing the ROC legislation and has
announced that generators below 50kW installed capacity will receive two ROCs for each
MWh produced.

In order to stimulate the take-up of energy from green sources, UK government also
impose fines on businesses that use a large amount of electricity, through the taxation
system. Businesses can offset some of this burden through the Levy Exemption
Certificates (LECs) scheme. The value of one LEC is set by the government and
increases annually in line with inflation. The value of one LEC in 2008 is £4.70/MWh. The
energy value stated for each scheme is calculated according to the client selling all the
energy produced to the grid. It follows that the payback time is the budget estimated cost,

divided by the annual revenue.

Alternatively, the client may wish to use the electricity on site. In this case, there is no
advantage in producing any more energy than will be required on site. The amount of
power produced can be controlled either by controlling the amount of water through the
turbine, or by ‘dumping’ excess electricity on site (e.g. via a heating system or a
swimming pool), according to how much energy is required. The total value of the power
generated a year will therefore vary according to how much has been offset. In the case
of excess power being produced and then ‘dumped’, then the client may be able to claim
ROCs for this energy produced. If the power output is controlled by how much water is

taken through the turbine, then the client will only earn ROCs for the usable power
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consumed on site. The payback time in this scenario would be calculated according to
any ROCs earned plus the value of the electricity (according to the rates of the local

power company) saved.

Note on Methods

A good example of a site report is shown in the A3 pull out, with brief explanations of
terms. Information on grid connection costs was not available for all of the sites at the
time of this report going to print. Where no information was available, a fixed fee of
£30,000 was assumed. Where this figure has been used, it has been clearly stated in the

site report. The fees and costs stated do not include professional fees.

The potential of some sites may be improved by modelling multiple intakes. This is
particularly relevant in the upper reaches of a catchment, where lower flows are

predicted.

Road and railway proximity was taken into account through the selection process.
Locations of transport routes relative to potential hydro schemes were deduced from OS
maps and site visits. Proximity to transport routes can decrease construction costs, but

engineering works close to road and rail will increase costs significantly.

The sites were rated according to payback time and CO, emissions offset per year. The
top 15 sites were then forwarded on to both the Yorkshire Dales National Park Authority
Planning team and the Environment Agency, for preliminary comments. This initial

feedback is included in Appendices Il and IV respectively.

A summary table of the results of all the sites is included in Appendix V. This includes

the potential carbon dioxide emissions offset annually for each scheme.
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