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1. Introduction

The objective of the REDAWIKbject is to reduce the energy dependence of water networks

in the Atlantic area (AA), improving the energy efficiency of water networks through the use
of micro hydropower (MHP) technology. The energy consumption linked to the water industry
is such thatit is responsible for significant contributions to climate change, thus, some
measures are needed to transform the sector into a more sustainable system. Potential
energy recovery from Micrbiydropower plants (MHP), using smsadlale traditional turbines

and pump as turbines (PATS), present an option to reduce this energy consumption. These
are being assessed in the REDAWN project across public drinking water networks, private
industrial water networks, waste water networks, and irrigation networks arestigated.

The introduction of MHP in water networks will have an economic impact in the water
activity. This effect not only suppose a potential reduction of costs due to-a@sumption

of the electricity generated but also a potential increase in ttmanpetitiveness of the
management of the network thanks to the access to electricity in isolated areas where could
be used electrical devices to improve the management of the grid. The content of this report
triesto give some indications to the owneracdimanagers of the water networks related to
the economic benefits that the installation of MHPs could have for the water companies.

More specifically, this report of economic feasibility assessment will comprise three parts.
The first part is a summary die analysis of the energy potential in the main hydraulic
infrastructures located in countries in the Atlantic Area, including an identification of optimal
sites to install micrénydro devices. Those infrastructures are:

1 Urban and industrial wastewateretworks, including sewageeatment plants.
1 Drinking water supply networks.

1 lIrrigation infrastructures.
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A duice gate in an irrigation canal
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The second part is an evaluation of economic conditions that can affect the viability of a MHP
in order todefine their economic profitability.

The third part is @uantification of the potential economic impact of the exploitation of the
availablesitesidentified for hydropower exploitation in the projecthe work will include the

impact of MHP energy recomeon the operating energy costs of water supply, waste water
treatment, irrigation, and process industry.

An irrigation system
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2. Potential water resources and water

network components database in AA
2.1. Ireland

Table 1 summarises the data collected on MHP potential in water networks in Ireland,
including the number of existing sites identified, an estimate of thewer potential and an
extrapolation of tlat potential, in terms of energyto the entire region oflreland.
Extrapolated data was conducted on the basis of the relationship between population and
energy productionestimationsfrom the existing sites. These extrapolations are subject to
significant uncertainties.

Table 1. MHP potential in Ireland measured and estimated in the REDAWN project

Data Description DVr\i/r;I:(iar;g Irrigation | Wastewater | Industry Total
Number of sites identified 44 0 535 22 601
Theoretical Power Potential (kW 668 0 219 212 1099
Extrapolated Energy* (GWh) 13.7-30.4 0 1.8 2.3 17.834.4

*Annual potential

The drinking water sector in Ireland was estimated to heichanualpotential between 13.7
and 30.4GWhof available energyor MHP installations. This estimate is on the basis of
extrapolation of data from 779 sites in thecountries included in the area of intereahd a
ratio of energy potentialo population serverdased on different assumptions, including the
average andhe median for the individual ratios of all countries with data, and the individual
ratio for Irelandof 0.35 kW/100Qpeople.

No irrigation potential was identified in Ireland as such infrastructure is not common or not
required in this climate.

Data on535 wastewater treatment plants was collected and an estimhi& GWhwas
determined for the full countras annual energy recovery potential in this sector

Data was collected from a limited number of large industrial water users with a potential for
MHPof 212 kW. Extrapolatiorwas then carried out based on information about wastewater
discharges for industries in Spain, and the gross domestic product related to the industrial
activity for each country, estimating an annual energy potential for Iretandnd 2.3 GWh
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A turbine in a water treatment plant near Dublin

2.2.  United Kingdom

Table 2 summarises the data collected on MHP potential in water networks in the UK,
including the number of existing sites identified, an estimate of theiwer potential and an
extrapolation of that potentiglin terms of energytp the entire region othe UK. Extrapolated
data was conducted on the basis of the relationship between population and energy
productionestimationsfrom the existing sites. These extrapolations are subject to significant
uncertainties.

Table 2. MHP potential in the UK measured and estimated in the REDAWN project

Data Description Dvr\i/r;lgr:g Irrigation | Wastewater | Industry Total
Number of sites identified 7684 0 0 0 7684
Theoretical Power Rential (kW) 24637 0 0 0 24637
Extrapolated Energy (GWh) 191.2508.9 0 25.7 15.2 232.0549.8

*Annual potential

The drinking water sector in the UK was estimated to haldmnualpotentialbetween 191.2

and 508.9GWhof available energy for MHP instaltans. This estimate is on the basis of
extrapolation of data from 775sites inthe countries included in the area of interest and a
ratio of energy potential to population served based on different assumptions, including the
average and the median for ¢hindividual ratios of all countries with data, and the individual
ratios for Scotland2.89 kW/1000 people), Wales (0.25 kW/1000 people) and Northern
Ireland (0.47 kW/1000 people)No individual ratio was obtainedfor Englandas no
information about potemial sites was collected for this country
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No irrigation potential was identified in the UK as such infrastructure is not common or not
required in this climate.

The waste water sector in the UK was estimated to hold the potentia@rfoual MHP energy
recovery of25.7 GWh This was estimatedsing a linear correlation between the power
potential for MHP and the population served based on information about wastewater
discharges for Irish and Spanish plants

The extrapolation for the industry sector, baken data about the industrial wastewater
discharges in Spain, amounted to a total energy potential of 15.2 GWthéolJK.This
extrapolation was based on information about wastewater discharges for industries in Spain,
and the gross domestic product réda to the industrial activity for each country.

Turbine installation in UK water treatment works

2.3. France

Table 3 summarises the data collected on MHP potential in water networks in France,
including the number of existing sites identified, an estimate of thewer potential and an
extrapolationof that potential in terms of energytp the entire region of France. Extrapolated
data was conducted on the basis of the relationship between population and energy
productionestimationsfrom the existing sites. These extrapolations are subject tofgignt
uncertainties.

Table 3. MHP potential in France measured and estimated in the REDAWN project

Data Description Dvr\i/r;lt((ier:g Irrigation | Wastaevater | Industry Total
Number of sites identified 2 0 0 0 2
Theoretical Power Potential (kW) 0 0 0 0 0
Extrapolated Energy (GWh) 188.0416.0 0 25.3 14.4 227.6455.7

*Annual potential
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The 2 potential sites identified for the drinking water sector in France did not presented
enough power to be considered viable (nmmim of 2 kW), being not included in the total.
For that reason, the estimations for this country, for the diferent sectors, were based on the
relation found between the energy potential and population served in countries in which data
was available, follomg different assumptions. Thus, a total annual eneegypvery potential
between 188.0 and 416 BWh was estimated for the drinking water sector.

The estimation for the irrigation sector was not finally included for France, as no information
about the suface with similar irrigation networks to those included in the analysis of the 18
pressurized irrigation networks for Southern Portugal and Spain was found.

The estimations for the wastewater sector were based on the correlation between the power
potential and population served extracted from the Irish and Spanish treatment plants,
accounting to a total of 25.3 GWh for France.

For the private industry sector a total of 14.4 GWh of potential energy recovettableghout
the yearwas estimated, based on wastvater discharges licenses of private industries
included in the database analysed for Spain.

2.4.  Spain

Table 4 summarises the data collected on MHP potential in water networks in Spain, including
the number of existing sites identified, an estimate of thpmwer potential and an
extrapolation ofthat potential, in terms of energyto the entire region of Spain. Extrapolated
data was conducted on the basis of the relationship between population and energy
production from the existing sites. These extrapolations are subject to significant
uncertaintes.

Table 4. MHP potential in Spain measured and estimated in the REDAWN project

Data Description Dvr\ilglg;g Irrigation Wastewater Industry Total
Number of sites identified 34 173 343 87 637
Theoretical PowePotential (kW) 95 2946 982 1403 5426
Extrapolated Energy (GWh) 135.7300.3 221.4 18.2 12.3 387.6552.2

*Annual potential

The drinking water sector in Spain was estimated to hold an arpuiahtial between 135.7

and 300.3GWh of available energy for NfHinstallations. This estimate is on the basis of
extrapolation of data from 7775 sites in the countries included in the area of interest and a
ratio of energy potential to population served based on different assumptions, including the
average ratio andhite median for the individual ratios of all countries, and the individual ratio
for Spain of 0.09 kw/1000 people
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The irrigation sector extrapolations were based on the potential found for the pressurised
irrigation networks analysed in the south of Pagal and Spain, as well as the information
about the localised irrigation surface and the ratio between the surface water and total water
used for irrigation. The total extrapolation reached 221.4 GWh for energy recovery potential
for irrigation in Spain.

Data of the discharge licenses for 343 wastewater treatment plants were collected in Spain,
and together with the Irish data, a linear correlation between the power potential and the
population served was found. This correlation determined a total energyvery potential

for the wastewatersector in Spain of 18.2 GWh.

The industry sector was examined considering the annual wastewater discharge volumes for
the set of industries included in the database of wastewater licenses of the country,
amounting to a otal annual energyecovery potential of 12.3 GWh.

Wastewater treatment plant in Spain

2.5. Portugal

Table 5 summarises the data collected on MHP potential in water networks in Portugal,
including the number of existing sites identified, an estimate of thewer potential and an
extrapolation of that potentigl in terms of energyto the entire region of Portugal.
Extrapolated data was conducted on the basis of the relationship between population and
energy productionestimationsfrom the existing sites. These extrapolations awdjsct to
significant uncertainties.
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Table 5. MHP potential in Portugal measured and estimated in the REDAWN project

Data Description D\/r\i/r;l:ér:g Irrigation Wastavater Industry Total
Number of sites identiéid 11 4 0 1 16
Theoretical Power Potential (kW 34 49 0 10 93
Extrapolated Energy (GWh) 29.665.5 23.9 4.0 2.6 60.1-96.0

*Annual potential

The drinking water sector in Portugal was estimated to hold a poteb&dleen 29.6 and
65.5 GWh of available enggy for MHP installations. This estimate is on the basis of
extrapolation of data from/7775 sites identified in the countries included in the area of
interest and aatio of energy potential to population servdxhsed on different assumptions,
including tre average ratio and the medidar the individual ratios of all countrieand the
individual ratio forPortugal of 0.31 kW/1000 people

Irrigation potential extrapolation was based on the potential found for the pressurised
irrigation networks analysedh the south of Portugal and Spain, as well as the information
about the total surface in the region with similar irrigation networksités were found in
the assessment of théboro network. The extrapolated energy potential for Portugal was
then identfied as 23.9 GWh.

The waste water sector in Portugal was estimated to hold the potential @Yvhof energy

throughout the year This was estimated on the basia the population and the linear
correlation found between the potential for MHP in the waster treatment plants

analysed and the population served in Ireland and Spain.

Data was collected for the industry sector in Portugal from the pilot plant at Renova S.A.
Extrapolationwas then carried out based on information about industrial wastewater
discharges in Spain, estimating an annual energy potential for Portugal around 2.6 GWh

Page9 of 29 REDAWN WP5 Report: Economic Feasibility Assessment Saved29/07/2020




3. Conditions of economic feasibility
assessment of a MHP

In assessing the economic viabildf/ the installation of aviHP in water infrastructurgin
operation (supply, wastewater treatmenindustrial water and irrigation) is necessary to
consider various parameters.

As in any economic analysstarts on an evaluation of the benefit of the investment
Depending on the outcome of this assessihyoucan calculate the paybagleriod of the
investment required and, therefore, the viability of the installatidine benefit will be the
result of the difference between the incomes and costs of the installatieshould be noted
that income refers to theeconomic revenue for the electricity generated, either for sale to
the gridor as a reduction of energy consumption co&g.other hand, the costs are not only
the operation and maintenance costs but also the depreciation costs of the equipment.

In orderto assess the incomét hasto be taken into account a number of variables that
significantly influencen its generation.

Firstly, a key factor is the available resource that defines the capacity of power generation of
the system. The available resouraed its energy potential depend on two parameters, flow
and head The electrical energy that is capalite produe the MHP device in a year is
determined in tle followingway:

E=-g-h-Q--t
Where
E Energy, in kWh/year
Water densityin kg/dm?

g Acceleration of gravity, in m?s

h Net head in m

Q Average flowin m¥/s

' Performance of the mechanical and electrical equipment
t Annual hours of operationn h/year

Knowledge of the flow regime is essential for the determination offtbe of the turbine
design. In pipes of water, as opposedtaturalflows, such as rivers or streams, this is easier
to determine.

As for the headthe really important parameter is the néiead that is, the difference in
dimensions betweeihe hydrantpoint and the point of discharge after discounting the load
losses along thpipelines.
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Head and water flow in a MHBource: US Department of Energy

A second key aspect is the choice of the type of technology antlithme (power) size. The
efficiencyof the installation affects the generation of electricity and, therefdhes revenues

of the plant. Hydraulic turbine is the kepddistinguishingelementin this type of plants since

the rest of the equipment is relatively similar, regardless of thehtwlogy employed. The
operating range of the different turbine technologies available on the market is defined by
the conditions of the two metioned parameters, flow and head
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Operating range of hydraulic turbineSource IDAE
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Hydraulic turbines are classified into two groups: action turbines and reaction turbines. In an
action turbine the water pressure becomes first into kinetic energy. In a reaction turbine
water pressure acts as a force on the surface of the fan blades ar@éat®es as it moves
towards the exit. Pelton, Turgo and Ossberger turbines are atiitaines while the Francis

and Kaplan are reacticarbines

In general, the criteria ofs use, according to the figure above, wouldthe following: Kaplan
for smallheadsand mediunmthigh flows, Francis for higher headsd medium flows, and

Pelton or Turgo for large headsth low flows and low-medium respectively.Theturbine

Ossberge(cross flow)is the turbine with wider range of application.

Detail of aPelton wheel turbine. Source: Rickly Hydro

These are the turbines with greater presence in the market but they are not the only ones. As
regardsto the hydraulic infrastructures in operation, it is possible to acces$s other
technologies usually for vegpecific uses, as the turbines based on scréwrehimedes, of
gravitational wrtex, the waterwheels or theumps as turbine§PATS The PATs are pumps
that act as turbines, generating electricity instead of consuming it. It's simpler and more
compact han traditional turbines devices and usually are designed to work on pipes. They
are more sensitive to variations in flow and pressure, malkiagleal applications those
where the flow of incoming water conditions egnot vary too much. Its advantageseaits

low cost and easy maintenance.

The choice of machin® 2 S adgp@nd onlyon the technical criteria (conditions of the
location, headand flow), but also economic criteria such as investment, operation and
maintenance costs.

Therefore, as stated, th@ower generation capacity of MHP and, therefore, revenue
production, is influenced by the headby the flow rate which also influences the number of
operating hours; and by the technology that definessperformance.
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3D model of AT

To quantify the level of income, the analysis is different depending on the concept proposed
for the use ofenergy If the option isa gridconnected MHP, the income is the result of the
sale of electricity to the grid. The selling price of this energlifisrent depending on the
market in which it is traded. The average values of these prices are shomegraphicbelow

with the different markets in the Atlantic Area (year 2017):

Average price of selling electricity (€/kWh)

0,05610
i . i i

Ireland United Kingdom France Spain Portugal

Average price of selling electricityithout taxes)oy country

In ase of selconsumption, the introduction of MHP devices into hydraulic infrastructures
contributes to the reduction of their energy operating costs. The income from the energy
generated is counted as a reduction in the variable £oéthe electricity aquired from the

grid. The billing of this energy term will depend on the consumption and price of the kWh set
in the contracted rate. As for the price of kWh, these are the average rates of the countries
of the Atlantic Area (year 2017):
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Average price of electricity (€/kWh)

0,13830
0,12090
0,08650

Ireland United Kingdom France Spain Portugal

Average price oglectricity (without taxes)oy country
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power which does not depend on the operating regime of the installations and which, usually,

it is not possible toeduce by seftonsumption. This fact means that the share of reduction

in the costs that it is possible achieve with a MHP with-aifsumption is lower than the

share of reduction in the consumption of energy.

We must take into account that the previoassessment considers only the direct economic
benefits of the installation of a MHP in a water network but, in some cases, there are other
indirect benefits. Some of these additional benefits that could be evaluated as potential
incomes are mentioned belaw

1 A reduction of investment costs in reducing press valves and similar equipment
because these devices can act as pressedeicing elements.

1 Electrification of water networks that allows the access to the electricity in isolated
areas. In this way, it gossible the use of sensors and electrical devices of control that
allows the monitoring and remote operation of the network and, in this way, an
increase in the quality of the water and an optimization in the consumption of water.
Some of the servicesqvided are leak detection, monitoring of hydraulic parameters,
pressure regulation, demand measurement, reading of water quality parameters
OOKE 2NAYSS t1 03X 61 0GSNJI OKEt 2NAY Il GA2YX C¢KAA
quickly identifying network faiires, evaluating their causes, offering an immediate
resolution and preventing future problems before they can happen. The optimization
in the operation of the network means a reduction in the consumption of water and
in the maintenance tasks what will meaa reduction in the energy demand and
operational and maintenance costs. Taking into account the results of other best
practices, these benefits could be estimated #¥5% reduction in consumption of
water; 1520% reduction in energy consumption and%in operational costs of the
network (source: EFINET project).
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For the expenses to be assessed, the costs presented by an MHP are the operating and
maintenance costs and the depreciation cost of the equipment. In relation to operating costs,

it should be wted that MHPs are currently fully automated, not demanding the presence of
specific personnel for their control. The required actions are limited to occasional operations
and monitoring of energy levels generated, electrical billing and other adminigtrtdsks.

That is why it is not necessary to hire additional staff, so the costs attributable to the
operation are considered despicable.

In terms of maintenance, MHPs must follow a preventive maintenance schedule to ensure
acceptable performance througlit their lifetime. This program defines a series of
operations and recurrences. Usually, the maintenance service is contracted externally to a
specialized company.

Related to the depreciation costs, like other equipment, the devices of the MHP have an
annual depreciation that it must be taken into account in the economic assessment of the
feasibility of the installation. The period of depreciation will be different depending of the
depreciation rules of each country but a period of 10 years could be rehton

Known the profit obtained from the balance between income and expenses, the economic
viability of the plant can be evaluated by calculating the payback on the initial investment.
With regard to this investment, it should be kept in mind that it deds on the chosen
technology, the conditions of the settlement and the equipment required. A typical
distribution of investment costs for a mediugized plant is as follows:

1 Turbo generator group: 30%

1 Rest of electrical equipment: 22%

71 Civil works: 40%

1 Engneering and construction management: 8%

When it comes to technologies, the Kaplan are the most expensive and the Pelton and PAT,
due to their simplicity, the most economical.

The conditions of the settlement define the volume of work to be carriedaogt, with it, the
cost of the project.

Ly 3ASYySNIfs> (KS aSiaAy3a dzLl 2N O2y a G NHzOGA2Y
following actions:

1. Conditioning of roads.

Mulching and earthworks (depending on work size).

Placement of pipes and constriumt of manholes.

Laying of electrial line.

Filling of excavation holes.

Construction of buildings to house electromechanical equipment.
Transport, storage and assembly of electromechanical equipment.

Nogobkwh

The integration of an MHP plant into any hydrauhérastructure only requires from the
above steps 3 to 7 and in a much smaller dimension, which means lower expenses during the
assembly phase&Costs are minimized as a result of reduced digging and earthmoving volume,
andareduced use of heavy machinery.
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In addition, the type of use given to the MHP can conditigithe necessary equipment and
thus the investment costs. The commitment to grid or selhsumption of the energy
generated define the need to invest in one kiraf equipment or another. As aexample, a
selfconsumption installation may require an accumulation system (batteries), which slightly
makes the investment more expensive ahi$inot necessary ingrid connectednstallation.

A traditional hydro plant
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4. Potential of economibenefits of MHP In
water networks in AA

Taking into account theonditions for the economic analysis identifiedsection3, assessed
belowis the reduction in costs for the water sectasingthe potentialof MHP identified in
section2. In order not to introduce excessive complexity in the analysis, only the installation
of MHP in seltonsumptionuseis considered, which is also usually the most economically
advantageous alternative.

4.1. Ireland

ke m
m /
— >
~ & e Se—

—_—

ELECTRICAL CONSUMPTION WATER SECTOR ESTIMATED PRODUCTION MHP
(MWH/YEAR) (MWH/YEAR)

® Drinking Water ®m Waste Water (urban & industrial)  m lrrigation

Electri@l consumption in water netwdks of Ireland and estimated potential for electiproduction as
consequence of the installation of MHP (by infrastructure type)

The sources of the electatconsumption and water volume data have been mainly the
Sustainable Energy Authority of Ireland (SEAI) and Irish Wiaferdetailed in the Redawn
NBLEZ2 NI &9y JANRYSYy (i The cost Yaluits Gséd arePprizssrited v he/sactian
3 of this document.
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s

VARIABLE ELECTRICAL COSTS WATER SECTOR ~ REDUCTION OF ELECTRICAL COSTS MHP
(M€/YEAR) (M€/YEAR)

® Drinking Water ~ m Waste Water (urban & industrial) = Irrigation

Gostsof electricityin water networks ofrelandand theirestimatedreductionas consequence of the
installation of MHRby infrastructure typg

In Ireland, the highestlectrical coststake place in wastewater network3he country's
climate conditions make irrigation of crops unnecessary, so there is no potential to exploit
this type of infrastructureln this casethe greatest potential for cost reduction lies in water
supplynetworks aaording to the detected MHP potential

4.2. United Kingdom

805.239 5
ELECTRICAL CONSUMPTION WATER SECTOR ESTIMATED PRODUCTION MHP
(MWH/YEAR) (MWH/YEAR)
® Drinking Water ~ m Waste Water (urban & industrial) = Irrigation

Electri@l consumption in water networks @A UKand estimated potential for electréd production as
consequence of the installation of MHP (by infrastructure type)
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The Alantic Area(AA)in UK includes entire North Ireland and Wales and the following
departments of England and Scotland (according to Eurostat 12 Trnwall and Isles of
Scilly; Devon; Dorset and Somerset; Gloucestershire, Wiltshire and Bristol/Bath Area;
CheshireGreater Manchester; Merseyside; Lancashire; Cumbria; Highlands and Islands; West
Central Scotland and Southern Scotlgexcluding Scottish Borders).

Atlantic Area in UK (green)

The sources of the electabconsumption and water volume data have been mainly the Office

for National Statistics (ONS) and Water UK. The AA consumption data have been estimated
from available population figures (national and regional) obtained from Eurostat and ONS
Thisinfoisdeli At SR Ay GKS wSRI gy NB L2 NTheadtyaduasN2 Y Sy i
used are presented in the section 3 of this document.
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