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1. Summary

This handbook comprises the printed proceedings of the International Symposium “Harvesting energy in
municipal and industrial water cycles” which took place in Warsaw on October 27t, 2022 as a part of the
annual HYDROFORUM event . The Symposium was organised within the framework of the Life NEXUS
Project Action B4 “LIFE NEXUS boosting at European level and exploitation” (Sub-Action B4.1: Training
seminars for pilot operators, maintenance workers and host facilities owners). Life NEXUS is a project co-
funded by the European Commission under the LIFE Environment and Resource Efficiency Programme
(contract LIFE17 ENV/ES/000252). The key project objectives are developing the European database of
hydropower potential in the municipal water networks and promotion of utilising this potential by means
of micro-hydropower technology. The promotion activities include building an innovative micro-hydro-
power plant which would use hydropower potential at the entrance to Porma Drinking Water Treatment
Plant in Spain, developing prefeasibility studies for a number identified potential sites where Porma ap-
proach could be replicated and conducting or attending a number of promotive/educational — meetings
workshops/seminars/symposia/conferences.

The Symposium brought together over 50 representatives of various stakeholders. Out of 11 contributions
delivered, seven contributions were directly related to the Life NEXUS project scope. Extended abstracts
or full texts of all contributions were published in the original language (Polish or English) in HYDRO-
FORUM 2022 Book of Abstracts, now available from the https://www.tew.pl/index.php/en/conferences-
seminars website of the Polish Hydropower Association alongside with almost all pdf versions of the HY-
DROFORUM presentations. Please note the LN symbol which is used for all the Life NEXUS Symposium
documents.

The present handbook comprises English version of all seven documents mentioned, including two con-
tributions to Session I, four contributions to Session Il and one contribution to Session Ill. The first contri-
bution summarises the work on European inventory of hydropower potential in the municipal water net-
works. The web based database and the geomap are presented. This work was done mainly by the Lith-
uanian and Spanish teams. The second contribution summarises results of detailed analysis of hydro-
power potential in Lithuania including concepts of developing prospective energy harvesting sites and
methodology applied to assess and rank their technical and economic attractiveness. Session Il was
planned as the Training Seminar as envisaged by the Life NEXUS Sub-Action B4.1 schedule. The Ses-
sion started with an introductory lecture on some technical aspects of selecting hydraulic units, and es-
pecially PATs, for energy recovery installations. The next lecture delivered dealt with various examples of
hydraulic energy recovery in Polish municipal and industrial water circuits. The lecture summarisation text
as submitted by the authors has been supplemented by the Editor by extensive excerpts from the presen-
tation, including authors notes. Particular attention is to be paid to very important practical conclusions
addressed to the investors and developers of hydraulic energy recovery installations. The third lecture
describes the pilot energy recovery installation at inlet to Porma Drinking Water Treatment Plant in Spain.
Full text of the lecture is provided. The final contribution to the Training Session describes a PAT based
energy recovery installation in Cracow Municipal Heating Utility. The last abstract of this handbook refers
to an advanced research work - a CFD study on hydrodynamic phenomena taking place in a PAT flow
system.

The Symposium Organisers expect that the present volume will appear useful for all those interested in
development of energy harvesting technology from both municipal and industrial water circuits. Further-
more, the readers are invited to consider this handbook a guide to the presentations to be downloaded
from the aforementioned TEW website.
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2. Introduction

The idea of exploiting hydropower potential naturally available or artificially cumulated in some drink-
ing water intake structures and delivery conduits is not new. It is enough to mention that the largest Eu-
ropean hydropower installation using the drinking water scheme was erected as early as in 1950-ies. The
use of water retention and flood protection dams as well as other multipurpose hydraulic structures for
hydropower purposes has been considered obvious for even longer time, showing tradition dating back
to the beginnings of previous century. Since mid of the previous century one can observe also high interest
in recovery of energy lost in some industrial installations where abrupt lowering of liquid pressure is nec-
essary due to technological reasons or the energy of liquid leaving the industrial installation is considered
a by-product of the technological process, sometimes named “waste energy”.

What has really changed in recent decades, it is the value attributed to such aspects of electricity gener-
ation technology as environmental impact, grid stability impact and supply safety. Efficient use of energy,
including lost energy recovery, is probably the most environmentally friendly approach to the energy econ-
omy possible, contributing substantially to the energy supply safety as well. Due to this reason recent
decades have seen rising interest in recovery of hydraulic energy lost also at the outlets of Waste Water
Treatment Plants, storage tanks and some other water network spots of potentially lower capacity.

Despite rising electricity prices and the EU policy oriented on development of renewable and emission-
free energy sources, developing micro- and mini- hydropower installations is always a matter of techno-
economic compromise. The hydraulic energy recovery installations are generally expected to represent
highly profitable projects with short pay-back time. The main reasons include very limited, if any, scope of
civil engineering works and highly predictable, sometimes stable, hydraulic conditions. The main costs
are related to the hydraulic unit, rearranging the piping at the site, mounting the necessary hydraulic,
mechanical and electrical equipment, developing the control system, including the control software. A
significant constraint remains quite often the space available for erection of the energy recovery installa-
tion.

Small hydropower installations are usually divided into small-, mini-, micro- and pico- categories. Due to
practical reasons, power capacity is generally used as a criterion for this categorization. Most of energy
recovery installations can be classified as micro- and mini- plants. However, it is technology applied which
really means in case of any technical assessments.

Eventually, the technological choice depends in greater extent on the economic aspects. Therefore, in
case of energy recovery plants with capacity above 100 kW, a classic unit taken “out of the shelf” may
appear a reasonable option. In case of lower capacities, some simplified or specialized designs may be
recommended, just to mention the well-known in-conduit designs — e.g. spherical and bulb ones- which
are especially well suited for low head applications.

Another well justified compromise between the hydraulic unit price and performance can be also reached
by using an impeller pump in turbine mode of operation (Pump As Turbine, PAT) instead of a classic
hydraulic turbine. Some pump manufacturers noticed a chance of expanding their markets by offering
their products for such application already a long time ago. The most consequent approach has been
shown by KSB AG, leading pump manufacturer having tested comprehensively two series of centrifugal
pump types in turbine mode of operation. Today, a potential KSB customer is offered a PAT type selected
by the company specialist according to the wished installation operation point together with performance
characteristics comprising head, power and efficiency curves as plotted vs the discharge. Although KSB
centrifugal pump based PATs are most widely used and most extensively investigated by numerous in-
ternal and external researchers, there exists still substantial interest in products of other manufacturers,
such as Sulzer and Caprari. Also some other pump manufacturers and research institutions continue their
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efforts to develop new series of PAT and micro-turbine types with modified flow system (usually pump
casing with newly designed runner).

Due to lacking or difficult access to pump characteristics in turbine mode of operation, establishing rela-
tionship between best efficiency points in both regimes was a topic of numerous research activities al-
ready in the end of seventies. For almost two recent decades ever more projects have dealt also with
methodology to determine the expected course of PAT performance curves. Unfortunately, the research
results are often ambiguous and should be applied generally to pumps of similar design or at least similar
specific speed. Nevertheless, they may appear highly helpful at the preliminary stage of prefeasibility
studies. Some examples are presented in this handbook.

The well-known disadvantage of most pumps and modified pumps used as turbines is lack of internal
regulation mechanism which results in steep efficiency characteristics and problems with matching the
unit operation point to the available operation parameters. In case of centrifugal pumps the only reason-
able regulation technique is a combination of flow throttling and bypassing. This requires using a system
of regulation valves which price is often comparable or even higher than that of a PAT unit itself.

Another problem often encountered in energy recovery installations, especially those located at the end
of water delivery conduits, is the waterhammer risk due to load rejection — an emergency transient state
which can lead to swift unit runaway and discharge reduction. Various counter-measures - such as fly-
wheels used to increase the rotating assembly inertia, advanced control valves and valve-stroking tech-
niques are deployed to mitigate the hydraulic transient course. Emergency feeding of the monitoring and
control system is of high significance and has to be carefully considered at the installation planning stage.
In numerous cases detailed hydraulic transient analysis incorporating characteristics of all relevant flow
system components is also required.

Modern technology offers a number of tools allowing not only to cope with installation safety challenges,
but also with optimizing the electricity generation and consumption process — e.g. by means of the energy
storage techniques. Planning the use of these opportunities is typically a task of the designer, but some
essential assumptions have to be considered in detail even at the earlier stage of the project both from
the technical and economical point of view.

As it can be seen even from the above brief overview, responsible planning of an energy recovery instal-
lation in @ municipal or industrial water circuit may require coping with quite a number of detailed problems.
Due to significance attributed by the European Commission and EU Member States to energy recovery
and development of dispersed renewable energy sources some of these challenges are topics of the EU
funded research and research & development projects.

Quantitative assessment of total usable hydropower potential in municipal water cycles in individual EU
Member States has been attempted on numerous occasions. One of such attempts has been planned
within the Life NEXUS project

Boosting sustainability of the urban water cycle:
energy harvest in water industry using micro-hydropower technology

The aims of the project include:

¢ identifying the hydropower potential associated with the dissipation of hydraulic energy
in water supply networks and in industrial installations,
o promotion of the use of this potential by means of micro-hydropower technologies.

The project is being implemented within the framework of the European Union Life programme basing on
the LIFE17 ENV/ES/000252 contract between the European Commission and a consortium consisting of
the following members:
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e CARTIF Foundation, Valladolid, Spain (consortium leader and project co-ordinator);
e Sociedad Mixta Aguas de Leoén, S.L., Leon, Spain;

e Aquatec, Proyectos para el sector del agua s.a.u., Madrid, Spain;

e \/ytautas Magnus University, Kaunas, Lithuania;

e Robert Szewalski Institute of Fluid-Flow Machinery of the Polish Academy of Sciences
(IMP PAN), Gdansk, Poland.

The pivotal task of all project activities aimed at promotion of energy harvesting in the urban water cycles
is development of a pilot installation at the Porma Drinking Water Treatment Plant in direct neighbourhood
of the city of Leon (Spain). The electricity produced here is used for the internal purposes and therefore
an energy storage facility has been planned in order to accumulate energy in the periods of generation
excessing the demand and to feed the local grid in periods of increased demand. A significant number of
replication prefeasibility studies have been prepared in Spain, Lithuania and Poland in order to promote
developing similar installations throughout Europe.

A significant portion of project activities includes a series of workshops oriented on informing the prospec-
tive stakeholders about the existing opportunities and potential existing in their countries, available tech-
nologies and experience following from exploitation of the existing installations and the conducted prefea-
sibility studies. Providing a suitable platform for exchange of relevant information, opinions and expertise
between

e designers and developers of hydraulic energy recovery installations,

o potential investors including municipal water supply and sewage network companies
e policy makers and relevant administrative institutions

o providers of relevant equipment, especially hydraulic machinery and armature

e relevant research and research & development entities

was the main goal of the Life NEXUS Symposium held in Warsaw on October 27t 2022. The symposium
was organised as a part of the HYDROFORUM 2022 event, which allowed to bring together also numer-
ous representatives of Polish hydropower sector. HYDROFORUM is the shortened naming of two- or
three-day Polish Hydropower Conferences, which are organised annually by the Polish Hydropower As-
sociation together with the Institute of Fluid-Flow Machinery of the Polish Academy of Sciences and the
Polish Association for Small Hydropower Development. In 2022 we used the formula with HYDROFORUM
event encompassing the Polish Hydropower Conference on the first and the Life NEXUS symposium on
the second day, respectively. This was followed by a study tour to the Debe hydropower plant located
within 1 hour drive distance from Warsaw.

The debates of the Life NEXUS Project Symposium were opened by the introductory information delivered
by the author of this text and the speech by Mr. Pawet Sikorski, an expert of the "Polish Waterworks"
Chamber of Commerce [IGWP], who welcomed the delegates on behalf of the Chamber President,
Mr. Krzysztof Dabrowski, and his own. The speaker presented also the profile of IGWP activities and
congratulated the Polish Hydropower Association its XXXth anniversary. On this occasion, he presented
the TEW Board a statuette engraved with anniversary congratulations.

The subsequent sessions focused on the following topics

Session [ Assessment of the hidden potential
Session II: Technology — fundamentals and examples
Session IlI: Research activities and innovative technologies

LIFE NEXUS (LIFE17 ENV/ES/000252) 6
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Session LN1 was opened by Dr Raquel M. Lopez, Life NEXUS project co-ordinator, who provided an
extensive information about the project and the inventory of micro-hydroenergy recovery potential in the
water industry. The crucial part of the work was conducted by CARTIF and the Lithuanian team headed
by Professors P.Punys and A.Radzevicius who developed the web based map of existing and potential
energy recovery sites. The Lithuanian colleagues delivered also on their extensive studies on installations
replicating the pilot plant, as well as an assessment of the available potential. A special methodology of
ranking the potential sites according to different techno-economic criteria has been presented.

Session LN2 has been planned as a training one. The session was opened by a 45 minutes lecture on
some technical aspects of selecting hydraulic units, and especially PATs, for energy recovery installations.
The material for the lecture was prepared by the IMP PAN team and the lecture itself was delivered by
the author of this document.

The introductory lecture was followed by 3 case study presentations:

LN2.2 M. Kaniecki, M. Lewandowski, A. Kaminski, S. Lewandowski:
Recovery of energy lost in technological processes of industrial enterprises.
Practical examples

LN2.3 J. Samaniego, L.A. Bujedo, R.M. Lopez Fernandez, V.I. Serna Gonzélez, M. Mirete, J. Page:
Energy recovery in a DWTP using an innovative micro-hydropower system
based on the integration of a Pump as Turbine and an energy storage

LN2.4 M. Piekos: Water turbine application in MPEC Cracow heating networks.

The final session dealt with various innovations in the field of small hydropower. Attention is to be brought
to the work of a team from Wroclaw University of Technology who reported on their CFD study of centrif-
ugal PATs.

The extended abstracts of all Life NEXUS Symposium contributions have been included in the HYDRO-
FORUM Book of Abstracts which can be downloaded together with most of presentations from the follow-
ing website of the Polish Hydropower Association (TEW):

https://www.tew.pl/index.php/en/conferences-seminars.

Due to promotional and training character of the Symposium, the contributors to sessions LN1 and LN2
were invited to submit texts with size exceeding the limit recommended for most authors of HYDRO-
FORUM Proceedings.

The English version of all mentioned text contributions (extended abstracts and papers) has been included
in this handbook. In case of paper LN2.2 the abstract was supplemented by excerpts from the respective
presentation with the notes by the authors included. The Symposium Organisers expect that the present
volume will appear useful for all those interested in development of energy harvesting technology from
both municipal and industrial water circuits. Furthermore, the readers are invited to consider this handbook
a guide to the presentations to be downloaded from the aforementioned TEW website.
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3. Potential

3.1.  LIFE NEXUS: First European inventory
of micro-hydroenergy recovery potential in the water industry

Introduction

Water and energy are two of the most important resources of the 21st century. In particular, cities
are a framework where this water-energy nexus is becoming critical due to demographic movements,
economic growth and global change pressures. The current con-text of water scarcity and need for low
carbon intensity solutions is making it a challenge to continue to deliver core urban water services without
increasing the impact on the environment. LIFE NEXUS Project pro-poses a breakthrough by considering
urban water networks as a source of renewable energy. Despite the odds, to date limited analyses have
been carried out to identify the energy recovery potential in the urban water cycle (UWC) [1-4].

Supply water is transported by pressured piping grids, while drain and sewage systems are usually gravity
fed. Both types of grids may hold untapped energy deriving from abundant pressure (water head) or the
kinetic energy (water flow). Usually, these points with excess of energy are located in:

1)  Storage/service reservoirs (SRV) gravity fed or water treatment works in the raw water network
located in upland areas and feed into Drinking Water Treatment Plants (DWTPs), either at catch-
ment or distribution stages,

2) Wastewater systems, either upstream or down-stream of Waste Water Treatment Plants (WWTPs),
collection or discharge stages,

3) Pressure reducing values (PRVs), are hydraulic devices that maintain pre-set pressure ranges and
are installed to relieve the excess pressure and release it as waste heat,

4) Break pressure tanks (BPTs), whereby the pressure, kinetic and potential energy within the flow
are dissipated to the atmosphere.

with in pipe generators, maintaining the same control on water flow and pressure whilst producing usable
electricity (“green electricity”). It is important to mention that recovering energy at these locations will have
no impact on the flow or pressure to downstream consumers. Furthermore, the pressure reduction is
correlated to a decrease in the water leakages [9].

LIFE NEXUS Project is evaluating the technical / economic and environmental feasibility of the energy
recovery in water networks by means of Small Hydropower Plants (SHP). Among the different available
machines (traditional turbines or adapted machines), LIFE NEXUS demonstration will be focus on the
innovative Pump as Turbine (PaT), a type of adapted ma-chine, that is becoming the technological solu-
tion for micro-hydraulic projects (< 100 kW) [6-8]. The main advantages of these machines are their im-
mediate availability for installation and lower cost compared with conventional machines. A cutting-edge
integration of a PaT machine together with battery storage is being carried out to enhance the possibilities
of the energy management. This innovative system will be installed at the entrance of the Porma Drinking
Water Treatment Plant (DWTP) located in Valdefresno, a small village nearby the city of Leon (Spain).
Once they will be fully operating the energy generated will cover the total energy demand of the installa-
tion.

In parallel to the previous demonstration of the PaT technology, LIFE NEXUS has carried out the 1st
European inventory of the energy recovery locations, including both new sites and existing hydropower
plants. Although the catalogue was initially intended to harbor urban sites, finally it also has included
industrial and irrigation locations, in order to boost energy harvest in other sectors. This abstract is focus
on this LIFE NEXUS inventory and describes the min out-comes obtained so far within the Project.

LIFE NEXUS (LIFE17 ENV/ES/000252) 9
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Methodology

The information contained in the catalogue is georeferenced, mapped in layers according to their location
and is accessible through a web platform. For data collection, a questionnaire based on an Excel platform
was created, which contains 16 or 19 questions de-pending on the type of location. This questionnaire for
data collection is available through the LIFE Project website in the Community Menu [9]. For the imple-
mentation of the online survey, the LimeSurvey open source Tool was used.

The information has been published as a geo-referenced database [10]. The main characteristic of a GIS
(Geographical Information System) is that it is possible to work with data located in space with reference
to a geographic coordinate system, which allows us to generate georeferenced maps. Leaflet is used as
the web map client. It is an open-source JavaScript library for mobile-friendly interactive maps. The main
principles of Leaflet are the simplicity, performance and usability. It is well-documented and there are a
wide variety of plugins that enables to extent the tool functionality. Leaflet is used to show the data con-
tained in the json in a map.

Regarding the base map, in our case OpenStreetMap (OSM) and Mapbox will be used. OSM is created
by a collaborative community for sharing free geographical data around the world in a free editable map
of the world. This community add, verify and update the data using aerial images, GPS, maps and another
free data so it is very complete. Map box is also an open source mapping platform for custom designed
maps that contains data based in OSM. The visualization module is available through the Project website:

CARTIF and AQUATEC have been responsible for the contacts in Spain. Then, IMP PAN and ASU were
in charge of Poland and Lithuania, respectively.
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Results

At this moment, the inventory contains 104 energy recovery locations (71 potential and 33 existing Hy-
dropower plants) from 10 different European Countries: Spain, Lithuania, Poland, Austria, Belarus, Czech
Republic, Germany, Italy, Slovakia and Switzerland.

Potential locations

LIFE NEXUS inventory has 71 potential locations, located in Lithuania (25), Poland (23) and Spain (23).
The approximate power capacity derived from these locations, assuming a generation efficiency of 75%,
is 2.97 MW. The theoretical annual electricity generation is 11.87 GWh/year assuming 4000 hours of
operation per year.

Regarding the type of locations, 52 sites are located in the UWC, 18 are placed in irrigation channels and
one is a “mixed” site for urban water supply and irrigation.

37 of the potential locations are located at a WWTP (downstream or upstream), 22 are SRVs located at
the entrance pipeline of a DWTP. Finally, there are nine PRVs and three BPTs, all of them located at the
en-trance to the distribution network.

Regarding the theoretical approximate power capacity (considering 75% of efficiency in the turbine), eight
of them are Mini-hydraulic (< 1 MW), and the rest are Micro-hydraulic (< 100 kW).

80

N. of
sites 70
Mini-HP
60 ES Irrigation
~Qther WWTP
50
40
PL i
30 Micro-HP
uwc SRV
20 i
10 i BPT
: PRV
Country Location Location type Capacity

Fig.2. Characteristics of the potential energy recovery locations in the LIFE NEXUS inventory
Assessment of potential locations at country level

Lithuania: Due to the country’s topographic conditions — a purely lowland country, only sewage
(wastewater) networks with free gravitational flow can be attractive for the harvesting water energy. Drink-
ing water distribution systems are artificially pressurised and cannot be used for energy recovery. Only
one site was spotted in the drinking water distribution network with a pressure-reducing valve. The urban
water networks of the two largest country’s cities - the capital Vilnius and Kaunas were studied in depth
along with a dozen smaller towns. So far, some 25 potential sites with their main characteristics were
identified upstream or down-stream waste water treatment plants (WWTP). All of the power capacities
are below 100 kW (eight of them below 10 kW) [11].

Poland: Potential sites are located in the sewage net-works and in WWTPs with free gravitational flows.
Most of the power capacities are below 100 kW (five of them bellow 10 kW). However, there are two
potential sites very promising with 201 kW and 525 kW located in a WWTPs and in a SRV respectively.
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Spain: four of the sites identified are located at the entrance of urban water distribution networks, being
three of them PRV devices, while the other is a BPT. Approximate power capacities are in the interval 36
— 74 kW. The rest of the locations in Spain are located in irrigation channels, being one of them a “mixed”
site for urban water supply and irrigation. Most of these locations are secondary storage reservoirs (SRVs)
and show very different capacities: 11 sites bellow 10 kW and four sites with capacities above 150 kW.

Replication studies in potential locations

Thirty-five locations out of the total 71 have been selected for the so-called “replications studies”, where
the technical-economic viability of new mini-hydraulic projects is being assessed, considering the regula-
tory and policy context of each country.

In Lithuania, the viability of SHP energy recovery was performed at eight potential locations: three
WWTPs, four wastewater collectors (upstream of WWTPs), and one site in the drinking water network.
The latter represents a separate case.

Existing installations

The 33 existing hydropower plants are located in nine different European countries: Belarus (1), Slovakia
(1), Germany (1), Italy (1), Switzerland (3), Austria (4), Czech Republic (6), Poland (6) and Spain (10).
The total installed power output of these installations is 14.82 MW and the annual electricity generation is
73.8 GWhlyear.

Thirty of the installations are placed in the UWC and the other three are located in several industries:
metallurgy, power plant and oil refinery.

Regarding the location in the UWC; one turbine is located in the cooling system of a metallurgical industry
and other one is located in a desalination plant. Then, seven turbines are located at the entrance of a
DWTP, nine are in the downstream of a WWTP and finally 15 are at the entrance of a drinking water
distribution network.

Regarding the type of turbine, there are two others (cross-flow or pressure exchanger), four Kaplan, eight
Pelton, nine Francis and ten PaTs.

Finally, regarding the hydropower plant capacity, there are three SHPs (1-10 MW), 17 mini-hydraulic
plants (100 kW — 1 MW) and 13 micro-hydraulic plants (< 100 kW).
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Assessment of existing installations at country level:

Lithuania: No existing hydropower plants operating in water and waste water infrastructure have been
identified so far in this country. The same is for other Baltic countries.

Poland: six hydraulic energy recovery installations are currently under operation in Poland. Four of them
operate in the UWC and the other two are located downstream the WWTPs of the PKN Orlen Qil Refinery
(130 kW Francis turbine) and the Skawina Hydropower Plant (1.4 MW Kaplan turbine)

Spain: A number of ten hydraulic energy recovery installations are operating in the country and all of them
operating in the UWC. Nine of the facilities are micro-hydropower installations (power capacity in the
range of 11-90 kW), involving seven PaT machines, one Francis turbine and one cross flow turbine. Fi-
nally, there is an energy recovery device (Pelton turbine) in a desalination plant with a power capacity of
514 kW.

Replication studies in existing installations:

One hydropower plant out of the total 33 has been selected for the so-called “replications studies”. It is
rehabilitation of a decommissioned energy recovery installation in the PKN Orlen Oil Refinery in Poland.
Several alternatives for the substitution of the Francis turbine by other turbines located in different loca-
tions of the plant are being studied.

(1) Micro-hydropower plants are an appropriate solution to recover the untapped energy existing in water
networks, and thus, they can support the clean energy transition in the European water industry.

(2) LIFE NEXUS inventory has mapped 71 potential locations along Poland, Lithuania and Spain, which
all together lead to an approximate "sleeping" potential of 2.97 MW. The energy generated can be
used on site, as for the case of the LIFE NEXUS demosite, where the energy harvest by means of
the PaT will cover the total demand of the installation.

(3) Most of the potential locations included in the inventory have a capacity below 100 kW (micro-hydro-
power) and are located mainly in WWTPs (downstream or upstream) or in SRVs located at the en-
trance pipeline of DWTPs.

(4) LIFE NEXUS inventory has mapped 33 existing Hydropower plants along Europe, with a total in-
stalled power output of 14.82 MW. Most of the installations are located in the UWC, mainly at the
entrance of a DWTP, at the entrance of a distribution network, or downstream of a WWTP. PaTs are
the most installed machines in this energy recovery plants, followed by Francis and Pelton turbines.
Regarding the capacity, almost have of them are mini-hydropower plants and the other half are mi-
cro-hydropower plants.
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3.2.  Assessment of Hydropower Potential in Wastewater Systems
in a Lowland Country, Lithuania

Introduction

The untapped potential of small, mini, and micro hydropower (MHP) systems in engineered water con-
duits of urban areas has largely remained unexplored. This alternative energy source is receiving more
attention from regulators in several countries [1-4]. While other European countries have widely invested
in this technology, Lithuania and other Baltic countries are still behind in their potential development rate.

Assessment of wastewater resources for hydropower generation is a crucial task. Knowing the amount of
wastewater and its flow rate and distribution over time is essential. Flow rate frequency analysis must be
per-formed to construct the flow duration curve (FDC), which is a key element for estimating hydropower
energy. A big issue is accounting for wastewater flow in the collection network, i.e., upstream of the
wastewater treatment plant (WWTP). A methodology is needed to construct the FDC for ungauged sites
[4].

Lowland or low-lying areas of a country represent challenges for installing hydro turbines in urban water
networks compared with regions with a steep topography surrounded by mountains. The accuracy and
completeness of the hydraulic data are crucial, espe-cially when evaluating low- and ultralow-head sites.

The specific objectives of this study were as follows: (1) To review the available best practices of energy
recovery in wastewater systems and identify method-ology based on local conditions; (2) To search for
the potential sites for the installation of hydro turbines and to evaluate wastewater resources for harness-
ing hydropower; (3) To review and propose tools to facilitate preliminary and/or feasibility analysis of
hydro schemes and to review turbines and their installation layouts in wastewater systems; (4) To show
best practice in performing multicriteria analysis for the selection of optimal sites.

Materials and Methodology

The study area was the urban water network with po-tential micro-hydro sites to be deployed in Lithuania.
Due to the country's topographic conditions, mostly sewage (wastewater) networks with a free gravita-
tional flow are attractive for harvesting water energy. More than 20 potential sites for installing hydropower
tur-bines were identified [5]. Most of them were located in the sewage network, while only one site was
spotted in the drinking water distribution network with a pressure-reducing valve.

This study examined the opportunities for MHP energy recovery at three WWTPs, four wastewater col-
lectors (upstream of WWTPs), and one site in the drinking water network. The layouts of water network
systems, their engineering drawings, and spatial information (GIS data) from water companies were an-
alysed [6]. In contrast, the assessment of the head did not present any difficulty.

Sewage volume data were obtained in various temporal formats from WWTPs and water utility compa-
nies. Additionally, measurements of wastewater-level fluctuations at the outlets of WWTPs and key struc-
tures of the collection network (upstream of the WWTP) were conducted to reveal the pattern of
wastewater flow. Spot measurements (from 1 to 3 months) using data loggers at a 30 min intervals were
also performed. The recordings obtained were trans-formed into volumetric discharge values.

The following tools were tested: (1) RETScreen Expert, (2) In-Conduit Hydropower Project Screening
Tool, and (3) Business Case Assessment Tool. RETScreen Expert was identified as the most compre-
hensive tool for assessing the feasibility of eight potential sites.

The multicriteria analysis of siting potential micro-hydro facilities in urban water networks was carried out
using the software HYPSE. Collected field data and data generated by RETScreen Expert software were
used as the input for a two-dimensional impact matrix, including alternatives or scenarios (e.g., projects
or actions) and their criteria according to which the other options must be evaluated.
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Results

The analysis of the mean annual wastewater flow at the outlets of the 56 collected WWTPs operating in
the country showed that it correlates quite well with the population equivalent (PE) and wastewater col-
lection (service) network area (A, km2). The proposed methodology allowed for establishing a flow dura-
tion curve for an ungauged site using only three parameters.

A selection field for classical turbines is relatively narrow in a flat terrain where elevations and flows are
relatively low. This can be explained by the low flow rates and small size of turbine units, which increases
the unit price of turbines (EUR/kW) compared to the larger capacity of hydro turbines. Only reaction-type
turbines can be used at low-head schemes, e.g., propeller, Kaplan, seldom crossflow, and Francis. The
development of compact and modular turbines is a recent trend in turbine technology, e.g., a generator
unit using a propeller turbine in an axial flow design. A submersible turbine and a generator are combined
in one unit; therefore, the need to use a powerhouse is eliminated, and installation costs are reduced.
Turbine costs com-prise approximately half of the conventional hydropower project development costs.
To offset this drawback of conventional turbines, low-cost generators, e.g., pumps as turbines (PaTs),
have been suggested. In contrast to an axial propeller (or Kaplan) turbine, PaT units are much more
sensitive to clogging issues when operating in effluents charged with suspended particles.

RETScreen software, a conventional hydropower project tool, requires a great deal of engineering prep-
aration before it can be used to assess hydropower schemes in municipal water distribution systems. Its
technical level is much higher than other available screening tools; it can be easily adapted to complete
feasibility studies and preliminary design of in-conduit hydro schemes.

No studies have been performed in Lithuania on the impact of wastewater quality on the operation of
hydraulic machines and their clogging. Available data from water companies show that the average con-
centrations of TSS in raw effluent can reach 500 mg/L. After treatment, they decrease at least 25-fold,
down to 20 mg. Large solids, rags, and other fibrous materials from wastewater can be severe for oper-
ating turbines if not monitored. This harsh environment can be considered when installing turbines in such
locations.

In total, 17 criteria were used for the multi-criteria analysis (Table ). Twelve criteria were to be maximised,
while five were to be minimised. Their grouping was as follows: (1) technical-related (TEC; layout, turbine
type, design flow, gross head, etc.), (2) economic-related (ECO; investment costs, electricity generated,
simple payback, etc.), and (3) environmental-related (ENV; GHG reduction and use of electricity).

The following conclusions were drawn up: (1) While the potential of energy recovery from wastewater
systems using micro-hydro plants (MHPs) is an appropriate solution to improve the energy efficiency of
the municipal water sector, it has seen no exploitation due to a number of technical and non-technical
issues in low-lying countries. Non-technical problems include a lack of awareness about the scale of the
existing resources available in water networks; (2) The potential in low-land areas in terms of power ca-
pacity resulting from mostly low-head sites cannot be compared to that of elevated topography. In addi-
tion, for flat terrain, the selection field for turbines is relatively narrow; moreover, the low flow rates and
small size of turbine units increase the unit price of turbines; (3) A methodology was developed to quantify
the potential and identify conduit hydropower sites in a lowland country's wastewater systems, including
resource assessment, suitable tools to make a preliminary assessment of potential sites, and choice of
turbines and their operating parameters in a harsh environment. The lack of in-depth studies on
wastewater quality's impact on hydro turbines, particularly the risk of clogging them in sew-age networks
upstream of WWTPs, can be a severe problem; (4) A conventional multi-criteria analysis can help select
the most appropriate site for constructing MHPs in urban water areas to achieve energy recovery. There
are plenty of multi-criteria tools available on the market for solving any real-world issue. However, at least
preliminary site assessments and design procedures must be accessible beforehand for this analysis.
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. Criterion Unit of Measure

K3 W1 V2 V3 A1 A2
n Layout Score: [1, 2] Max 588 TEC 1 1 2 2 2 2 2 2
n Turbine type Score: [1, 3] Max 588 TEC 2 2 3 3 3 2 2 2
“ Design flow mé/s Max 588 TEC 036 014 100 180 180 017  0.17 0.17
“ Gross head m Max 588 TEC 35 21 4 2 29 53 155 10
“ Substation Score: [0, 1] Max 588 TEC . 0 0 0 1 1 0 1 1
n Transmission line km Min 588 TEC 0.05 0.05 0.1 0.05 0.05 0.05 0 0.4
Power capacity kW Max 588 TEC 98 29 28 20 34 73 20 13
“ Capacity factor % Max 588 TEC 43 40 76 65 64 73 39 38
“ Tailwater effect % Min 589 TEC 0 0 25 0 20 0 0 25
n FDC type Parameter Max 589 TEC 047 042 056 06 06 057 062 062
“ Total initial costs k€ Min 588 Econ 1011 617 763 508 809 473 187 14.0
n Electricity generated MWh Max 5.88 Econ 367 102 185 111 189 331 69 43
Simple payback yr Min 589 Econ 29.42 43 155 55 73 58 16 44 6.7
“ 08M costs k€ Min 588 Econ 135 62 46 42 49 38 26 26
“ Electricity revenue k€ Max 589 Econ 36.7 102 185 111 18.9 33.1 6.9 43
“ GHG reduction tCO/MWh Max 588 ENV a7 99 28 50 30 51 89 19 12
Use of electricity Score [1, 2] Max 589 ENV 1 1 1 2 2 1 2 2
Total (%) 100 100
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4. Recovery of energy dissipated in the municipal and industrial water cycles
— selected technological aspects

Introduction

According to data from the Polish Central Statistical Office, the national consumption of electricity for
water supply and waste management amounted in 2020 to approximately 3100 GWh, which accounted
for nearly 2 % of total electricity consumption in Poland [1]. However, it is believed that in many developed
countries the wastewater treatment sector alone consumes 3 to 5 % of national electricity consumption
[2, 3]. Therefore, for a long time, the prospect of energy balancing the water and sewage sector by using
the energy potential hidden in the technological line has been extremely attractive

It is worth noting that in addition to energy recovered from the technological cycle, some water and sew-
age plants use independent RES sources, e.g. solar panel farms or hydroelectric power plants, located
outside the water supply network. Ultimately, a number of such plants and their individual installations —
such as water treatment plants (DWTP) or wastewater treatment plants (WWTP) — are able not only to
cover their own needs, but also to be a source of energy necessary for the needs of others - especially
municipal. The rational management of electricity produced for own needs is facilitated by equipping such
installations with energy storages, as foreseen in the pilot installation of the Life NEXUS project in Porma

[4].

The best possibilities of using hydraulic energy are usually created by water intakes and pressure reduc-
tion chambers at the inlet to water treatment plants, pressure reservoirs or inlets to individual fragments
of the municipal network. This is particularly important in mountainous and sub-mountainous areas. A
good example is the Mihlau hydroelectric power plant, operated since the beginning of the 50s by the
IKB Municipal Works in Innsbruck. The power plant is located 450 m below the water intake for the city
and the surrounding area. It is equipped with 2 hydraulic units with Pelton turbines of 6 MW total capacity
and annual production of 34 GWh [5]. On a large scale, the hydropower potential of municipal water
supply network is used in Quito - the capital of Ecuador. The annual production of electricity of the local
company EPMAPS hydropower plants amounts to over 200 GWh [6]. There are only a few installations
in Poland that use the hydropower potential of drinking water and have a power in the range of 100 to 400
kW, e.g. [7]. The vast majority of these are installations. not exceeding several dozen kilowatts

In the case of wastewater treatment plants (WWTP), the most important source of useful energy today is
methane obtained as a result of fermentation of communal sludge [2]. In some cases, however, energy
associated with the discharge of purified water from water treatment plants can make a significant contri-
bution to meeting one's own electricity demand [3, 8]. Typical places of hydraulic energy recovery in the
water and sewage cycle are shown after [9] in Fig. 1.

[Dam] g, \
- =

R [Residential and |

| Industrial

[wastewater
JTvea!menl Plant

Fig.1 Typical sites of hydraulic energy recovery in the municipal water and sewage circuit. 1 — water intake;
2 - DWTP, 3 - water reservoirs, 4 - consumers; 5 — discharge from the wastewater treatment plant [8]
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Available technologies of hydraulic energy recovery

For techno-economic reasons, the most desirable approach is the use of hydraulic energy available at
water intakes and in pressure reduction chambers upstream water treatment plants or storage reservoirs.
Itis here where the highest heads and raw powers may be expected. When the raw power exceeds about
90 kW, and the head — 60 and 20 m respectively, Pelton and Francis turbines can be taken into consid-
eration. With power and head values at the lower end of this range and even below it, turgo turbines and
cross-flow (Banki-Michell) ones are economically viable, while for power values below 100 kW and heads
in the range of 10 to 100 m, also single-stage pumps in turbine motion (PaT) can be recommended. With
heads of several dozen meters and high discharge variability, hydraulic units with diagonal turbines de-
veloped by the Swiss company MhyLab can be a solution. The typical range of applications of some
classical water turbines and PaTs is shown in [10] in Fig. 2. More up-to-date information can be found,
among others in the review by A.Cholout, V.Denis and P.Punys [11].

1000 1 I
E\lOO 200 - 500 = 1000 kW —— single stage pumps
1 50 == cross-flow turbines
: 20 Pelton === Francis turbines
Kaplan turbines
100 ] \ === Pelton turbines B
S
T
pumps
10 3 \ i N ———
] Francis Y

] l\ N L\
1 T LI ||1:I\ 2! T l5| T ||]|-!O\ T T Ann ||\l\i\ LI B N B B |
1,0E-02 1,0E-01 1,0E+00 1,0E+01 1,0E+02

Q, m¥/s

Fig.2 Application range of some classic turbines and pumps in turbine motion used in microhydropower
and energy recovery installations, according to [10]

Over the last few decades, there has been a clear increase in interest in hydraulic energy recovery in low-
head locations, which definitely dominate in the case of water discharges from wastewater treatment
plants. High-speed Francis turbines are still used here [8], but in many cases tubular turbines in various
configurations are a good solution (Fig. 3, 4), and at the lowest heads — also some gravity and hydrokinetic
units [12, 13]. The last ones are particularly well suited for open channel applications.

Particularly noteworthy are hydraulic units installed inside the pipelines ("in-conduit"), which include pri-
marily compact tubular units with a "wet" synchronous or asynchronous generator. In the first case, rotors
with permanent magnets (e.g. neodymium) are often used. Typically, these are units with adjustable ro-
tational speed and a turbine equipped with fixed guide vanes and runner blades (Fig. 5)
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Fig.3 Hydraulic with an elbow tubular turbine proposed for energy recovery in the outflow channel
of one of the Polish wastewater treatment plants (courtesy of TG DNALOP Sp. z 0.0.)

Fig.4 Hydroelectric unit with tubular microturbine manufactured by Fuji [12]

Fig.5 Tubular compact microhydro unit with a wet generator manufactured by MEW Sc
in cooperation with the KOMEL Institute (with manufacturer’s consent)

LIFE NEXUS (LIFE17 ENV/ES/000252)

21



ENEQUS Deliverable D25. Handbook with results of Poland Seminar

Another interesting "in-conduit" solution are hydraulic units with turbines equipped with vertical Gorlov
runners, manufactured by the American company Lucid Energy under the trade name Lucid Pipe Power
System [12+14]. According to the manufacturer's information, the turbines use pressure differences be-
tween 0.7 and 3.5 m H20, therefore they are installed in series in packages consisting of up to 3 modules

(Fig. 6).

Fig.6 Lucid Pipe Power System energy recovery unit [14]

The basic condition to be met by any energy recovery installation in a municipal or industrial hydraulic
circuit is to ensure reliability and the ability to maintain the existing or previously assumed parameters of
liquid flow in the place where energy recovery is planned. If in this place the liquid flows through a pipeline
with a dissipation device (e.g. a pressure reduction valve), the recovery should be carried out on a parallel
(bypass) pipeline — so as to ensure quick redirection of flow to the section with the previously used or
backup dissipation device in case of an emergency (Fig. 7)

Fig.7 Typical configuration of the hydraulic energy recovery system
with a small Francis turbine at the control valve bypass [8]

If the existing or planned parameters of fluid flow (pressure and flow rate) are variable over time, it may
be necessary to equip the installation with an appropriate control system. Appropriate safeguards and
regulatory measures should be maintained also in case of open flow channels.

Pumps in turbine mode of operation

The possibility of using pumps in turbine mode of operation in micro-hydroelectric power plants, and es-
pecially in energy recovery installations in industrial technological lines and municipal water circuits, be-
came the subject of intensive research and development works in the 70s. Representatives of KSB AG
showed particularly great commitment. Their numerous reports on this subject can be found in the pro-
ceedings of the Pump Congresses held until the 90s Karlsruhe, e.g. [10, 15+17]. At the turn of the 70's
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and 80's, other pump manufacturers joined the trend of this work, and above all numerous scientific and
research and development centres. In Poland, such work was carried out until the 90s primarily by the
teams of Prof. M. Zarzycki (Silesian University of Technology) and K. Steller (Institute of Fluid-Flow Ma-
chinery of the Polish Academy of Sciences in Gdansk) [18 +24].

In the West European countries, this interest was based on the increase in prices of traditional energy
carriers, mainly conditioned by the situation in the Middle East. In some countries of the Eastern Block,
which still preferred development of the energy-intensive sectors of the economy, difficulties have arisen
in balancing the power in the national power system and providing it with proper operating parameters.
The problems concerned especially the peripheral areas of the electrical grid.

One of the reactions to the above-mentioned challenges was a return to the development of small hydro-
power. A significant obstacle on this route appeared low availability of electromechanical equipment, de-
termined primarily by the limited — and in Eastern Europe often liquidated — production potential of small
capacity water turbines. In this state of affairs, the use of pumps available "off the shelf" in turbine mode
of operation turned out to be a fully justified solution.

This statement remains valid even today, when much more easily accessible water turbines with a ca-
pacity of several tens of kilowatts can still hardly compete economically with pumps in turbine motion.
Modern PaT machines have also achieved a significant increase in efficiency. Particularly interesting re-
sults are obtained by replacing the original pump impeller with a turbine impeller and possibly making
additional changes in the flow system (Fig. 8). In the 80's and 90's reconnaissance works in this direction
were carried out at the IMP PAN. Currently, intensive research and development works on the PaT series,
built on the basis of centrifugal pump housings equipped with Francis impellers, are carried out by a
consortium consisting of HydroVacuum SA company located in Grudzigdz and Wroctaw University of
Science and Technology (the team of Dr P.Szulc).

Fig.8 Cross-section through the 400 UM 250 mixed-flow pump and proposals for modification of its flow system
as considered in the IMP PAN in the 80s [18]

The comprehensive flow characteristics of each hydraulic turbomachine are usually plotted in the (Q, n)
or (Quo, nHp) plane where Q and n denote the discharge and rotational speed, respectively, and the sub-
scripts H and D - reduction to the unit head and the impeller reference diameter (Fig. 9). The H>0 (H<0)
note indicates operation at the differential pressure at the pump inlet and outlet consistent (inconsistent)
with the design assumptions. From the practical point of view, the pumping and turbine operation in areas
(a) and (c) are of interest.

The four-quadrant performance characteristics of the rotodynamic machine plotted in such a plane clearly
indicate that at each speed the optimum working area in the turbine motion is shifted towards higher
values of Q and H relative to the optimum operating point in pumping mode of operation (Fig. 10). Ac-
cording to E.Schmiedl [16], the following relationships between parameters in pump (p) and turbine (t)
regime should be expected:

Q/Qp=15+24 and HyH,=1.7+3.7.
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These relationships are of fun-
damental importance when se-
lecting a pump for turbine oper-
ation basing on its characteris-
tics in pump motion. Unfortu-
nately, they depend signifi-
cantly on the pump design fea-
tures of the pump and therefore
show a very large differentia-
tion [20]. A relatively new over-
view of recommended relation-
ships can be found in the work
of M. Pérez-Sanchez et al. [25].

Pressure reduction nodes in
the water supply network often
operate with variable discharge
and for this reason the regula-
tory properties of PaT are ex-
tremely important. ~ Unfortu-
nately, in the case of centrifu-
gal pumps (Fig. 11), the possi-
bilities of speed control are
very limited. It should also be
noted that, as in the case of
Francis turbines, an increase in
rotational speed at fixed head
leads to a decrease in the dis-
charge. According to the anal-
yses carried out by the authors
of this text, in many cases a
more advantageous solution
than speed control may be
shown by the use of control
valves in serial or parallel con-
figuration (Fig. 12)

The situation is different in
case of pumps with higher spe-
cific speed — i.e. mixed-flow
(Fig. 13), diagonal, and even
more so — propeller. Due to the
operating range limited to low
heads, their use in energy re-
covery systems concerns
mainly water outlets into open
reservoirs.
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Fig.11 Efficiency hill diagrams of the 150 PJM 250 (Leszno Pump Manufacturers) centrifugal pump
in the pump (a) and turbine (b) modes of operation [21]
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Fig.12 Schematic diagrams of throttling regulation of a hydraulic energy recovery unit
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Fig.13 Efficiency hill diagrams of the 400 UM 250 (Leszno Pump Manufacturers) five-blade mixed-flow pump
in pump (a) and turbine (b) modes of operation [18]
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Selection of a pump for turbine operation
General approach

The selection of a machine for energy recovery in a hydraulic system always begins with the identifying
the available hydropower potential and the installation conditions at the planned place of energy recovery.
As in the case of preliminary studies of all hydroelectric power plants, the basis is a flow duration curve
determined on the basis of measurements lasting a sufficiently long time — preferably not less than one
year. An example of such a curve is shown in Fig. 14.

The selection of a recuperation machine is not possible without information about the useful head, which
should be expected at different flows (Fig. 15). In the case of pressure reduction chambers, e.g. located
upstream of the water treatment plant or at the inlet to the storage reservoirs, the conditions at the water
intake, hydraulic losses and pressure requirements below the energy recovery point are essential. Where
recovery occurs at the discharge of water into an open reservoir, the water level in that reservoir may be
crucial. Sometimes the same remark refers also to flow-dependent hydraulic losses in the section up-
stream the water outlet.

In fact, the situation may be quite complex — inlet conditions can change, hydraulic losses can reach tens
of meters, pressure at the outflow may depend on a number of additional factors. The authors are familiar
with the situation in which, with the same flow, the useful head on the reducing valve varies from a few to
several dozen meters. Diagrams of head fluctuations or pressure and flow rate can help to understand
these peculiarities (Fig. 16), as well as calculations of head losses in the pipelines.

350
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Flow Duration Curve
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Fig.14 Flow duration curve of the MPGK Krosno pressure reduction chamber in Iskrzynia
(basing on the data of 2022)
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Fig.16 Inlet pressure and discharge fluctuations in the MPGK Krosno pressure reduction chamber in Iskrzynia
(March 2019)
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The information above is usually the basis for the indication of the design operating point of the energy
recovery machine (PaT). In the simplest approach, the median discharge following from the flow duration
curve can be taken as the design flow rate, and the value resulting from the course of the Q-H graph trend
line (Fig. 15) as the design head. The design operating point chosen in this way is usually close to optimum
one and can be the starting point for advanced optimization, which already requires creation of an appro-
priate goal function that takes into account the characteristics of the recuperation machine and the
adopted hydraulic unit control method. These issues will not be considered further.

PaT selection basing on the turbine mode operation characteristics

The rising interest in the use of pumps in turbine motion for the needs of microhydropower and recovery
of hydraulic energy in industrial installations and municipal water and sewage networks has encouraged
some impeller pump manufacturers to test performance of the entire series of PAT types. In addition to
the already mentioned KSB AG, one should also mention such European companies as Sulzer (Switzer-
land) and Caprari (Italy), and in Poland - the HydroVacuum SA company located in Grudzigdz. The result
of their work are nomograms or collective diagrams of characteristics of PaT type series in the (Q-H) plane
(Fig. 17). These diagrams may be available for one (synchronous) rotational speed, but deriving charac-
teristics for other speeds requires only the use of

Q

discharge: p=— and (1)
n
head: Y= % factor. (2)

The collective characteristics should be considered approximate ones. They can only be used to pre-
select the type of PaT from a specific family. Therefore, for the purpose of final selection, it is always
necessary to contact the manufacturer's representative, who should be able to provide the operational
characteristics of the finally selected machine. This contact is recommended also at an earlier stage.

An example of the above-mentioned operational characteristic PaT designed to operate at a constant
rotational speed is shown in Fig. 18. This characteristic consists of a flow and energy part. In the Q-H
plane the following curves are shown vs discharge:

head at overspeed (M = 0; n = var);

head during the standstill (M = var; n = 0);

head during normal operation (M = var; n = const),
with M denoting the torque at the shaft.

In the energy part, the curves of efficiency and power at the shaft have been plotted. All charts show also
the design operating point. These characteristics, together with the characteristics of the motor in gener-
ator mode, can be already directly used to forecast electricity production.
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Fig.17 Collective characteristics of PaTs based on KSB centrifugal pumps of the Etanorm and Omega series
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PaT selection basing on their characteristics in the pumping regime

Access to the flow and performance characteristics of the entire series of pumps in turbine operation is
possible with machines supplied by few manufacturers, and even then it is often quite limited. Therefore
there exists quite substantial interest in the relationship between the characteristics of pumps in both
operation modes and in the procedures for selecting a pump for turbine operation based on the charac-
teristics in the pumping mode. A typical procedure consists of the following steps:

a) determination of the optimum operating point of the sought machine in pumping mode basing on
the parameters of the design operating point in turbine mode and approximate formulas;

b) selection of the pump from the nomogram and characteristics in pumping mode basing on (a)
(Fig. 19);

c) determination of characteristics in turbine operation basing on the approximate formulas;

d) assumption of the energy recovery installation regulation technique
and analysis of its operational characteristics.

Of course, it is crucial to know the relationship between the performance parameters at the optimum
operating point in both modes of operation. In general, there is a consensus that simple formulas contain-
ing only constant coefficients, and sometimes efficiency in pump motion, should be used for machines
with flow system of the similar shape. More universal formulas require consideration of differences in the
geometry of the flow system. This condition is most easily met by using the specific speed parameter
(sometimes also called the shape number).

During the Life NEXUS project preliminary studies on selection of pumps from the Etanorm (KSB) series
for energy recovery in selected water supply networks in Poland, the authors used the following formulas
resulting from an analysis of 19 Etanorm pumps recently conducted by S.Fontanella et al. as a part of
the REDAWN project [27]

9o —1,3595 2 (3)
Qpb p
H n 2
—t =1,4568 (—f) (4)
Hpb np

3
P _ 10403 (E) ®)
Ppb np

In these formulas, the b subscript denotes the optimal operating point. The accuracy of calculations based
on the above formulas is limited. An example is selection of PaT from the Etanorm series for the K20
chamber at the WTP Iskrzynia owned by MPGK Krosno (table 1).

The starting point were the parameters Q = 240 m3/h and H =50 m, determined basing on the analysis of
data provided by MPGK Krosno. Using formulas (3, 4), the expected pump parameters in pumping mode
of operation were determined, and then, using the nomogram (Fig. 19), the type of pump meeting these
expectations was selected in the first approximation. The impeller diameter and the optimal operating
point in the pumping regime were determined from the available characteristics of the selected type. Since
the optimal operating point in the pump mode of operation was only close to the assumed one, the for-
mulas (3, 4) were used again to determine the resulting operating point in the turbine mode. Finally, a
pump Etanorm 125-100-315 with an impeller of & 318 mm diameter, operating at a rotational speed of
1550 rpm was selected. A pump of the same type was identified by the KSB specialist, based solely on
the output data and the available characteristics of pumps in turbine operation. However, he has selected
a pump with an impeller of larger diameter and indicated a significantly higher efficiency than that following
from formula (5).
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nomogram and operating characteristics [26]
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Table 1. Comparison of PaT selection results based on pump operation characteristics and formulas (3+5)
and turbine operation characteristics (KSB)
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quantity pump turbine
calculation| reading | calculation| KSB
D, mm 318 318 334
n, rpm 1450 1450 1550 1520
Q, m3h 167 185 267 240
H, m 30,57 30,00 49,11 50,00
n, % 81,1 64,8 80,0
P, kW 18,6 23,1 25,0

It is also worth noting that when selecting a PaT basing on the characteristics in the pump mode of oper-
ation, the same motor/generator slip in both rotation directions was assumed (incorrectly). It is also to be
noticed that carefully selected approximate formulas can be successfully used for preliminary analyzes.
When making the final selection, however, it is always worth seeking access to characteristics determined
experimentally for the pump in turbine mode of operation. The best idea is always to consult your supplier
on this issue.

The large amount of experimental data having appeared in recent decades has also encouraged efforts
to derive numerous empirical relationships describing the course of basic motor characteristics of PaT. In
addition to the works already mentioned [25, 27], it is worth mentioning the frequently cited analyses of
S. Derakhshan and A. Nourbakhsh [28], P. Singh and F. Nestmann [29], and recently also F.J. Lugauer
et al. [30]. Despite the limited accuracy, these formulas allow to make a preliminary forecast of the oper-
ational properties of the installation. Of course, attention should be paid to using formulas based on the
analysis of PaT properties with a structure similar to PaT under consideration. In the case of machines
selected for the Life NEXUS project, the authors used the following formulas proposed by S.Fontanella et
al. [27]:
Hy

2L =1+40.9633 (2 -
H Q

tb tb

1)2 + 1.4965 ((f—t - ) (6)

tb

1)2 — 0.2405 + 0.03499 (QQ—f - 1)4 (7)

tb

2 =1+27071 (QQ—t - 1) +1.4326 ((f—t -

tb tb tb

for 0.33 < QQ—t < 6.25

tb

These formulas were used, among others, to assess the effectiveness of PaT speed control. As it can be
seen from Fig. 20, the speed control capabilities are very limited when using the Etanorm 125-100-315
pump in the aforementioned K20 SUW Iskrzynia chamber. A similar conclusion was reached by the anal-
ysis of the operation of the Etanorm 150-125-510 pump for this object, as well as studies carried out for
other objects analyzed by the authors as part of the Life NEXUS project. The final argument in each case
turned out to be the power curves on the shaft and efficiency indicating a very dubious advantage of
speed control in the optimal working area. Quite simple considerations lead to the conclusion that if it is
necessary to obtain large changes in flow rate at a certain head, the use of throttling control, both parallel
and serial, becomes necessary.
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Final remarks and conclusions

1) Due to their price and availability, pumps in turbine motion (PaT) are an attractive replacement for
classic water turbines in many hydropower micro-installations. This applies primarily to energy re-
covery systems in municipal and industrial hydraulic circuits.

The disadvantages of this solution include relatively low efficiency, steep course of some perfor-
mance curves, and often - the lack of information about these curves.

2)  In the case of equal or similar rotational speeds, the optimum operation point in turbine mode is
displaced towards higher Q and H values in relation to the optimum operating point in the pump
mode of operation.

3)  Inthe absence of access to flow or performance characteristics in turbine mode of operation, the
location of the optimum operating point as well as the course of the characteristics can be deter-
mined in the first approximation from the available approximate formulas. The accuracy and mutual
compatibility of these formulas is limited. It is strongly recommended to use formulas based on the
analysis of pump data with flow system geometry similar to the geometry of this system in the pump
under consideration

4)  Adjustable speed at a given head allows to achieve the optimum operating point, although the
discharge is not necessarily within the set range.

5)  Inthe case of centrifugal pumps in turbine motion, increasing the rotation speed at constant head
leads to a decrease in the flow rate, while decreasing the speed shows the opposite effect. The
situation is different for diagonal, mixed-flow and propeller pumps. (See efficiency hill diagrams of
water turbines of different specific speed.)

6)  Inthe case of centrifugal pumps in turbine motion, the change in rotational speed gives quite limited
possibilities for discharge control. In the cases under analysis, throttling regulation seems to show
a clear advantage.
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5. Case studies

9.1. Recovery of energy lost in technological processes of industrial enterprises.
Practical examples

The current geopolitical situation, the energy crisis caused by the war in Ukraine and the increas-
ingly noticeable negative effects of global warming every year should be a serious impulse forcing actions
aimed not only at finding ways to save energy and promoting the use of renewable energy sources, but
also going towards the recovery of energy lost in production processes

One of the most energy-intensive branches of the economy is water and sewage management. Global
energy demand from this industry accounts for more than 4% of total energy consumption, and the share
of energy consumption in wastewater treatment plants alone is 1.5%. Hence, it is obvious that the costs
of energy used in the activities of water and sewage companies are significant. This is particularly notice-
able in the recent period, in which the increase in energy prices has had a strong impact on the budgets
of these enterprises. Water and wastewater companies, as utilities, cannot cease their activities, hence
rising energy costs must be compensated by restructuring measures, reducing operating costs and im-
plementing innovations aimed at reducing energy consumption. One of the ways of such activities is the
recovery of potential energy of water in the reduction nodes of the water supply network. Proper pressure
management in the water supply network is one of the most important tasks of the strategy aimed at
reducing the failure rate of the water supply network, which in turn translates into limiting water losses.
Therefore, in many nodes of the water supply network, pressure reduction is required, which is mainly
carried out by using gate valves, dampers and throttle valves.

The required degree of pressure reduction in the water supply network can also be achieved by incorpo-
rating a water turbine into the flow system, which will successfully and with high accuracy carry out this
task, while using the lost energy of the flowing water to drive the generator and, as a result, to produce
electricity.

The amount of installed capacity and energy produced can be significant, as demonstrated by the hydro-
electric units already used in some water supply nodes. The Francis turbine used at the Raba Water
Treatment Plant in Dobczyce drives a generator with an installed capacity of 440 kW, which annually
produces over 2,800,000 kWh of energy. This represents 20% of the energy used to pump water in this
installation and, according to the adopted limit values for energy consumption in households, would cover
the annual energy demand for heating 1400 households. The presentation describes in detail another
positive example of the use of lost energy in a water supply network reduction node implemented in 2019.

Effective methods of using biogas energy, which is a by-product in the technological process of urban
wastewater treatment, are also widely known. The energy potential of biogas in over 1800 sewage treat-
ment plants in our country is nearly 1,200 MW. Some wastewater treatment plants use this potential to
cover their energy needs in full. An example of a fully passive sewage treatment plant is Tychy
Wastewater Treatment Plant. In many wastewater treatment plants, there is also an additional possibility
of partial recovery of energy lost on pumping wastewater by using the potential energy of treated
wastewater discharged into reservoirs or watercourses. An example of the recovery of about 10% of the
energy used for pumping sewage is Ptaszow Wastewater Treatment Plant, where a Kaplan turbine with
double flow regulation was installed at the discharge of treated wastewater driving a generator with an
installed capacity of 85 kW. The annual production of this small hydroelectric power plant is 380,000 kWh.
The presentation describes in detail another positive example of the use of lost energy in a water supply
network reduction node implemented in 2019.
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The use of energy, which is irretrievably lost in technological processes, is a very important element of
climate care. It should be remembered that the production of 1 MWh of energy in this type of installations
reduces CO2 emissions to the atmosphere in the amount of at least 800 kg. This applies not only to water
and sewage companies, but also to all those in which it is possible to recover energy lost for pressure
reduction and the energy of water discharged after its use in the technological process. The presentation
will show the practical possibilities of recovering energy lost in production processes also in other enter-
prises, apart from the water and sewage companies.
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From the Editor:

More detailed information on the abovementioned hydraulic energy recovery installations is comprised in
the presentation delivered to the Life NEXUS Symposium on October 27t 2022. All Symposium proceed-
ings, including presentations and the Book of Abstracts are available from the following website of the
Polish Hydropower Association: https://www.tew.pl/index.php/en/conferences-seminars.

You can also use the following direct link to this particular presentation:
https://drive.google.com/drive/folders/1TSZOp73CL589pcOZYKwzgiN2¢94 17r9

Below find please excerpts from the mentioned presentation together with some Authors’ notes repro-
duced by the Editor with Authors’ consent. The notes are not available from the website!
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Water pressure reduction node in water network installation
of Cracow Water Supply and Sewage Enterprise

DWTP Raba
https://wodociagi.krakow.pl/historia.html

ZECO Hydraulic unit

Rated capacity Pn=440 kW
Budownictwo Inzynieryjne
November/December 2012

Technologic schematic
- of the pressure reduction node.

—

T Energy recovery water turbine
y recovery water turbi
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Water pressure reduction node in Szczecin Water Supply and Sewage Enterprise
»Pomorzany” Water Treatment Plant — Installation Characteristics

Water is taken from the reservoir (Miedwie Lake) and pumped to the Miedwie WTP.

Water taken from Miedwie WTP reservoir is transported through a ca. 33 km pipeline
to the “Pomorzany” WTP buffer reservoirs.

Maximum water level in Miedwie WTP reservoir: 44,10 m a.s.l.
Elevation of the shaft spillway in the WTP buffer: 7,36 m a.s.l.
Discharge variability of water delivered to the reservoirs. Between ca. 500 m3 /h and ca. 3000 m3/h.

The maximum hourly discharge in 2 latest years before developing the project (2017 -2018)
was 2738 m3 /h (0,761 m3/s).
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The unit has been equipped with a Francis turbine with the
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2 following technical parameters:

—  Power at the shaft: Pimax = 142 kW
(under typical hydrological conditions)

—  Maximum/rated head: H., =329m

- Nominal discharge: Q =025 m’/s
(under available head H__ )

— Nominal rotation speed: n,  =1500 rpm

— Runaway speed: n. =2500 rpm

— Impeller diameter: D =300 mm

—  Number of impeller blades: Z, =13

—  Number of guide vanes: Z, =20

The turbine has been connected directly (without a gear)
with asynchronuous generator

Pomorzany SHP, commissioning tests
Load rejection from about 74 kW, initiated by means of the safety button
Test date: December 17t, 2019
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When planning modernization of water supply systems aimed at recovery of energy lost during pressure
throttling in reduction nodes, in addition to assessing the available hydropower potential and hydrological
conditions (variability in time of water flows and the available pressure difference before and after the
turbine) and selection of technical parameters of the hydroelectric unit, it is required to have a good un-
derstanding of the technical parameters of the operation of the entire water supply system.

This is particularly important whenever long main pipelines supplying water to storage tanks operating at
a large pressure difference are used. First of all, the appropriate selection of turbine control parameters
is necessary, including in particular the setting of limit rates of the wicket gate opening angle adjustment,
so as to prevent the occurrence of a hydraulic hammer with excessive destructive pressure leading to
pipeline cracking, burst or collapse.

Commissioning of the installation should confirm correctness of the applied operating parameters and
possibly allow to introduce some additional adjustments For this purpose, the schedule of commissioning
works should also include the scope of measurement and research works.
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Hydropower Plant in the Central Water Treatment Plant in Torun

Torun Waterworks planned to build a small
| hydroelectric power plant already in 2003,
Y but it was physically started only in 2013.
{ The implementation of the investment
lasted 24 months. The hydroelectric power
¥ plant was commissioned in mid 2015. At
that time, it was one of the first projects in
- Poland (previously used gravity discharge
By, of treated wastewater discharged from the
s industrial sewage treatment plant at the
Ptock refinery) concerning the use of a wa-
ter turbine for energy recovery at the sew-
age treatment plant. Only four such pilot
projects were in operation in Europe at the
. time, including one in Brussels.

. |n the "Centralna" sewage treatment plant
& in Torun, a small hydroelectric power plant
@ was launched on the canal discharging
treated sewage to the Vistula River.
.. Treated wastewater is discharged through
== an overflow channel and through the drain-

= age channel reaches the outlet chamber
where it is directed through the DN1000
| pipeline to the Francis turbine with a capac-
ity of 55 kW. The turbine operates ona 7 m
g head in a wide flow range between 0.25
and 1.2 m¥/s. The turbine set is run under
fully automatic control, responsible for
maintenance-free operation and control of
the electricity generation process. The
power plant operates in a regime of main-
taining upper water at a constant level. The
electricity generated is used to cover the
demand of the wastewater treatment. How-
ever, in exceptional cases, when the de-
mand for electricity in the plant decreases
and the turbine produces excessive energy
—then it is possible to transmit the surplus
to the grid.

Treated wastewater, after passing through
the turbine, is discharged to the Vistula
River.
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Hydroelectric power plant at Plaszow Wastewater Treatment Plant in Cracow

The hydroelectric unit was installed in 2016 in the
Treated Wastewater Measurement Chamber. The
natural level difference of 3.7 m between the outlet
of treated sewage and the receiver - the Drwina
River (Vistula tributary) was used here.

The supplier of the hydroelectric unit equipped with
a Kaplan turbine and the contractor of all works
was Gajek Engineering Sp. z 0.0. from Gdansk.

The turbine drives an 85 kW generator. All energy
is practically used to supply the wastewater treat-
ment plant own needs.

The hydroelectric has been equipped with an auto-
mation and control system, which ensures mainte-
nance-free operation in a wide range of treated
¢ wastewater flows from 2 800 m%h up to 13 750
L mdh.

The turbine as prepared for mounting

Mikrohydropower plant in Plaszow WWTP.
Nowoczesne Budownictwo Inzynieryjne .
March/April 2017.
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As part of the Life NEXUS project,
IMP undertook to develop a study
in which possible and technically
' and economically justified vari-
| ants of hydropower plant modern-
ization will be developed, along
with a recommendation of the
most advantageous option from
the point of view of optimizing the
use of the available hydropower
potential.

In August 2020, the Easy Serv
company developed the "Prelimi-
nary Feasibility Study of works
necessary to resume hydraulic
energy recovery at the discharge
of water from the sewage treat-
ment plant of the PKN Orlen Oil
Refinery”.

The treated wastewater from the
. industrial treatment plant is sup-
plied by the DN1500 main to the
distribution pit, from which - via
the DN60O pipeline with a length
of approx. 600 m - it is delivered
by gravity to the turbine located in
a free-standing power plant build-
ing on the right bank of the Vis-
tula. If it is necessary to decom-
mission this pipeline, the treated
wastewater is directed directly to
: — . the Vistula River via the DN1500
1 E— — | bypass pipeline.

- . bbb L The difference in levels between

L e e O » the distribution pit and the turbine

! A | \ D on i s @ =4 inlet is 32.2 m and the average

! 1 e ﬂwm AL o ~ "\ B« annual average flow of treated

Hj/\l LR g g » wastewater has been determined

0 002 Lo taeelE o . ast SSQ = 0.5 m¥fs (43,200
T Ta-ﬂe.fi =L milday)

Significant flow fluctuations are
observed over short periods of time. Both the change in the volume of flow and the dynamics of these
changes are very large. In the absence of the retention capacity of the hydraulic system, this meant that
it was necessary to use a hydroelectric unit designed to work in a wide load area with the highest possible
efficiency.
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The hydroelectric unit was installed in the hydropower plant building in 1993 and equipped with a Francis
turbine in a horizontal configuration produced by CKD Blansko a.s.

Technical parameters of the turbine:

type FR 625
power at the shaft Pr =158 kW
rated head Hh=26m

The "Prefeasibility Study" analysed five variants of hydroelectric power plant modernization, differing in
technical equipment and technological system. Ultimately, the owner of the power plant decided to choose
a variant of the power plant equipped with one unit with the installed capacity of 160 kW and a Francis
turbine operating in the flow range from 0.18 m3/ s to 0.68 m3/s and the optimum operating point featured
by discharge of 0.5 m3/s at net head of 22 m

The hydroelectric unit will be installed in the existing civil engineering infrastructure and will use the hy-
dropower potential of treated wastewater, which is currently discharged from the sewage treatment plant
to the Vistula River. The unit will be connected to the distribution network of ENERGA Operator

The predicted annual electricity generation is ca. 2.000 MWh/a.

Investment outlays estimated in the prices of 2020

Average annual generation Investment outlays*
Variant

MWh kPLN

Variant | 939.910 1854.450
Variant || 885.350 1616.700
Variant Il 940.000 1902.000
Variant IV 1023.000 2092.200
Variant V 1050.000 2139.750

Economic parameters in option 2 (energy sale according to the FIT tariff)

Simple pay- | Payback period
back period | with discount

LCOE

kPLN PLN/MWh

Variant | 2363.379 25.1% 4.2 5.6 334.35
Variant I 2369.593 271.1% 3.9 5.1 311.69
Variant |l 2311.390 24.5% 43 5.8 34212
Variant IV 2490.948 24.2% 4.3 5.9 345.47
Variant V 2565.145 24.3% 43 5.9 344.35
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Skawina Il SHP

The use of hydropower potential of discharge water from the cooling system of power unit condensers
of the Combined Heat/Power Plant CEZ Skawina

Characteristics of the installation

The Vistula waters divide at the taczany barrage into the Vistula original river bed and the taczany Nav-
igation Canal. Water flowing through the Canal is supplied to the barrage in Borek Szlachecki, where it
is divided again into the part directed to the Vistula and the other one - directed through a concrete channel
to the "Skawina" power plant cooling system.

Water flowing through the mentioned concrete canal is supplied to the pump station (2) that increases the
cooling water pressure to overcome losses in the condenser. Then it is directed to condensers (4) and a
relief channel (5) and feeds the Skawina Il hydroelectric power plant (7) by gravity. Water discharged from
the power plant flows directly into the Skawinka River bed - Vistula tributary.
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The Skawina Il hydroelectric power plant was built in the place of the previously existing hydropower plant.
In 2018, the demolition of the old powerhouse began, all equipment was removed and the civil engineering
works began. The new powerhouse was built on the foundations of the previous one, the turbine installa-
tion system was thoroughly rebuilt — including the inlet spiral case and the draft tube, a new power plant
was installed. The work was completed in 2019.
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Summarisation and conclusions

1) Experience from the operation of water supply networks, industrial and municipal wastewater treat-
ment plants, as well as various other industries in which water resources are used, has shown that
there are significant opportunities to improve the energy balance of companies operations through
energy recovery, including the use of micro-hydropower technology.

There are known examples of companies operating sewage treatment plants, achieving full energy
self-sufficiency and even surplus energy produced which is fed into the power grid. Implemented Inte-
grated Energy Efficiency Systems, such as the one in Ptaszow Wastewater Treatment Plant, bring
excellent results in the form of not only the amount of recovered waste energy, which is used for the
needs of the treatment plant, but also, and perhaps above all the reduction of greenhouse gas emis-
sions such as CO,, SOz and NOy, in view of the progressing global climate change at an ever faster
pace,.

2) Inorder to take full advantage of waste energy discharged uselessly to the environment, it is necessary
first of all to precisely recognize its potential and determine the technical possibilities of its recovery,
taking into account the specificity of the company's operations and the technical and technological
solutions used in it.

An excellent example is the activity of the Regional Centre for Water and Sewage Management in
Tychy. Innovative solutions used in the Tychy-Urbanowice Wastewater Treatment Plant, in which the
production of heat and electricity produced primarily from biogas obtained in sewage sludge fermen-
tation processes is one and a half times higher than the sewage treatment plant own energy demand.
This was also possible thanks to the implemented projects, as a result of which energy consumption
was reduced in the technological process of wastewater treatment.

Thus, projects of installations aimed at the recovery of waste energy should be carried out in parallel
with projects aimed at reducing energy consumption for own needs as well as the implementation of
additional installations using other sources of renewable energy, such as solar radiation or wind

3) The designed waste energy recovery installations must in no case interfere with technological pro-
cesses or limit their efficiency and production capacity. First of all, they must not reduce the safety of
the installations operation and the security of media supply to the public, in particular drinking water.

Particular attention should be paid to the safe operation of the installation, especially in such cases
when a water turbine is included in the system of the water supply network. The hydraulic unit, like any
other electro-mechanical device, may unexpectedly be switched off operation due to interaction of the
internal or external protection devices and subsystems. Improper application of the response times of
the fittings in the reduction node to such events can even lead to a structural catastrophe. The expe-
rience of Easy Serv start-up team indicates the absolute need to pay attention to this aspect already
at the design stage of the installation

The existing design and technological solutions used in water supply systems or wastewater treatment
plants should not be taken for granted and accepted without a critical approach. It should be taken into
account that the solutions used did not take into account the possibility of waste energy recovery.
Therefore, the introduction of changes aimed at enabling the recovery of as much of the lost energy
as possible is most advisable, provided, however, that the proposed changes do not interfere with the
main technological process or reduce the operational safety of the installation. A good example of such
a solution is the proposal to introduce changes in the collection of treated wastewater from secondary
settling tanks, so as to use the maximum difference in water levels between the intake of treated
wastewater and the place of its discharge to the receiver.
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4) Innovative solutions aimed at waste energy recovery should be focused on maximizing the recovery
of lost energy, taking into account the minimization of investment expenditures. Feasibility studies
should take into account both different options for possible technical solutions and different options for
managing recovered energy.

Where possible, the recovered energy should be used for the own needs. It is beneficial if it is possible
to use the largest part of the recovered energy for own needs in periods when the cost of energy
received from the energy system is the highest. Such possibilities exist when installations have a cer-
tain reservoir retention in which they can accumulate potential energy of the medium used to produce
electricity. Itis also necessary to analyse whether in specific technical and field conditions it is possible
to create such an energy store. The possibilities of energy storage in electrochemical batteries should
also be explored.

Bearing in mind the high variability of the flow of treated sewage or water in the water supply system,
turbines with the widest possible flow regulation band should be used, while maintaining acceptable
efficiency of energy generation and maintaining the proper technical and dynamic condition of the
hydroelectric unit. In the case of very large flow variations, the possibility of installing two turbines with
different permissible operating areas should be considered.

5) The most significant factor limiting the possibilities of implementing waste energy recovery projects
are high investment outlays, the size of which affects the effectiveness of the project, often blocking
this direction of development.

The costs of hydroelectric units with full protection automation and control equipment are relatively
high. Including the costs necessary to modernize the external hydraulic civil engineering, technical and
technological infrastructure, it often turns out that the project does not close economically. In the busi-
ness activity of water and sewage companies, the cost that will be passed on to the recipients of
services provided by these enterprises, and thus generally to society, must be taken into account.
When developing their approach to net zero, these companies should ensure that their plans are clear,
transparent and understandable to the wider public. This is crucial as it will allow stakeholders to ade-
quately support and challenge companies on their path to net zero, with a focus on achieving the best
value for their service consumers and the environment.

Itis also necessary to strive to minimize investment outlays by looking for innovative technological and
construction solutions. Appropriate adaptation of pump units to turbine operation, optimization of the
operation of reduction nodes, pumping stations and sewage treatment plants can ultimately result in
high energy and investment savings.

6) One of the most effective ways to accelerate activities aimed at reducing energy consumed in techno-
logical processes of water and sewage companies and recovery of waste energy in these processes
is to use EU programs creating sustainable development, energy and climate policy. The LIFE NEXUS
programme, which outlines the objective of improving the energy balance of the municipal water cycle,
including energy recovery in water systems using micro-hydropower technology, is an example of pro-
grammes that open up such opportunities

It is also necessary and justified to reach for external funds, such as those of the Polish Centre for
Research and Development (Narodowe Centrum Badar i Rozwoju, NCBR) funds or subsidies covered
by EU programs. The participation of IMP PAN in the LIFE NEXUS program makes it possible to draw
on European and world experience in the field of energy recovery lost in technological processes of
water supply and sewage companies
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2.2.  Energy recovery in a DWTP using an innovative micro-hydropower system
based on the integration of a Pump as Turbine and the energy storage

Introduction

European hydrological planning policies have traditionally been based on increasing the availability
of water resources and the capacity to regulate them. In the case of the urban water cycle (UWC), these
approaches have led to a gradual depletion of the resource (overexploited aquifers), loss of quality of
water provisioned, deterioration of aquatic ecosystems and conflicts between users motivated by the ex-
istence of conflicting interests. In recent years, water and sewage treatment operators across Europe
have been forced to use more energy intensive processes as a consequence of expanding water quality
legislation [1]. Metropolises around the world are also facing global change pressures due to climate
change and water scarcity, which are making it a challenge to continue to deliver core urban water ser-
vices without increasing the impact on the natural environment. In addition, much of the water and
wastewater infrastructure in the developed world is now over 50 years old and needs replacement, up-
grade or repair. The importance of water losses in the overall total distributed water is well known. The
amount of water leaked in water distribution systems varies widely between different countries, regions
and systems, from 3-7% of distribution input in the well-maintained systems to 50% and even more in
some undeveloped countries and less well-maintained systems [2]. Extreme temperatures due to climate
change and infrastructure aging will enhance the problem of water leakage and confirm the need to control
and reduce leakages in the drinking water networks.

In general, all the above-mentioned threats looming over the UWC shown imply an increase in the energy
consumption and operating cost. However, to date, limited analyses of the energy implication of water
strategies have been undertaken and energy use is rarely mentioned in urban water strategies, despite
considerable public commitment and efforts from individual utilities. It is clear that planners must now
consider the energy implications in decision making on the water system. Sustainable solutions to these
challenges need to be sensitive to long-term investment needs, but also to increasing energy prices,
demands for low carbon intensity solutions, and the need to reduce greenhouse gas (GHG) emissions
from urban activities.

The potential of energy savings in the UWC, and in the water transport in particular is very significant.
Water is a natural carrier of heat and energy gradients, which could be re-used to improve energy effi-
ciency in several ways. The water-energy needs to be considered at all levels, from the overarching water
management (combining smart-water and smart-energy), to new solutions in various steps of the water
chain.

LIFE NEXUS project is focus on the energy harvest from the UWC stages than implies water movement:
catchment, distribution, collection and discharge. The project is evaluating the technical / economic and
environmental feasibility of the energy recovery potential available in the previous mentioned four types
of locations by means of Small Hydropower Plants (SHP). Among the different available machines (tradi-
tional turbines or adapted machines) LIFE NEXUS demonstration will be focus on the innovative Pump
as Turbine (PaT), a type of adapted machine, that is be-coming the technological solution for micro-hy-
draulic projects (< 100 kW). The main advantages of these machines are their immediate availability for
installation and lower cost compared with conventional ma-chines.

A cutting-edge integration of a PaT machine together with battery storage is being carried out to enhance
the possibilities of the energy management. This innovative system will be installed at the entrance of the
Porma Drinking Water Treatment Plant (DWTP) located in Valdefresno, a small village nearby the city of
Leon (Spain). Once they will be fully operating the energy generated will cover the total energy demand
of the installation. This paper is focus on (1) the design of the PaT prototype, including the selection of
the pump, (2) the definition of the hydraulic operation and (3) analysis of energetic production and optimi-
zation of energy scenarios.
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Materials and Methodology

The demosite is located at the DWTP of Valdefresno in Ledn (Spain). The plant is supplied by a diversion
of water from the Porma River with a height difference of 16 m. The transport pipe between the diversion
dam and the DWTP is approximately 33 km long. The PaT prototype will be located at the entrance of the
DWTP, replacing an existing PRV (see Fig.1). The DWTP consists of five treatment stages: (1) Pre-oxi-
dation, carried out with sodium hypochlorite, (2) Coagulation/ Flocculation, carried out by adding alumi-
num polychloride, (3) Flotation, sludge separation is done in the eight floats, not in decanters, (4) six sand
filters (see Figure 1) and (5) final disinfection with sodium hypochlorite. The DWTP annually treats an
average volume of 8.146 hmd/year.

Results and Discussion
PaT prototype design and pump selection

The pump was chosen considering the resistance curve at the entrance of the DWTP, with 25.5 kW of
nominal power (45 kW maximum power). The information from the projected installation and the estima-
tion of annual energy generated is shown in the table below:

Table 1. Data of projected installation
and annual energy generated

Average available flow (m?/h) 853
Average available hydraulic jump (mwc) 18.3

334 Average hydraulic energy available (MWh/year) | 372
Exicling PRV/A s /‘ VAV E | Average power generated hourly P2 (kW) 28.9

Hours of work per year 8,724

(:Rl\ o T Annual energy generated (MWh/year) 252
e/ Sy / Performance with respect to potential 68%

Performance PaT 81%
Averaged turbined flow (m3/h) 738
Average hydraulic jump in PaT (mwc) 16

To operate the system, it will be
necessary to install an inline
valve (PRV) downstream of the
PaT connected in series with it,
and another pressure sustaining
valve which enables the regula-
cemmeensen e tiON OF the flows in the PaT’s by-

pass (see Fig.2):
Ectromagnetic flow meter DNACO - x'"'/ o "I\

Motorised butterfly vahe DNBOO

Matorised butterfly valve DNAOD

Pressure sustaining ploted hydraulic valve DR300

Fig.2. PaT prototype
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Proposed installation and hydraulic operation

The pressure sustaining valve in the by-pass has the function of diverting excess flow in the main line. By
diverting part of the flow, it manages to fix the flow rate through the PaT, fixing at the same time the jump
in this machine and the power generated whilst maintaining the network pressure o within the current
operating range. The inline valve has the function of ensuring the necessary downstream pressure, there-
fore, de-pending on the scenario; it will regulate its opening to achieve the necessary pressure (see Fig.3):

‘: 4 Drinking Water
Treatment Plant

=S

Fig. 3. Hydraulic operation of the PaT prototype

Two hydraulic scenarios of operation have been defined depending on the flow needed by the installation
and the averaged turbined flow of 205 I/s (738 m3/h):

Scenario 1 (Inlet flow < 205 L/s): all flows between 115 I/s and 205 I/s will pass through the PaT and the
in line valve, which will be regulating until it can maintain the necessary downstream pressure of 3 m w.c.
(Fig.3). This opening will depend on the demand flows of the plant, but will always guarantee the pressure
consigned at the plant inlet. In this scenario, no water will enter the by-pass and, therefore, the pressure
sustaining valve in the by-pass will be completely closed.

Scenario 2 (Inlet flow > 205 L/s): in this scenario, a stable flow of 205 I/s (738 m3/h) will pass through the
PaT and the valve in-line will be completely open, being 100% open this valve will not regulate. The
downstream pressure of this valve should be 3 m w.c., the same as in the previous scenario. In this case,
all volumes greater than 205 I/s (738 m3/h) will go through the by-pass. The pressure sustaining valve
situated in the by-pass will regulate its opening depending on the flow which goes through the by-pass
and its down-stream pressure. This valve’s operating range will vary between 54% and 29% of opening.

Analysis of energy production and simulation of energy scenarios

The analysis of the operation of the PaT system was established together with a system of batteries that
accumulate the energy in periods when more energy is generated than consumed by the DWPT. The
objective is to study the energetic advantage when renewable energy can be accumulated for its later
consumption in the facility, leading to less consumption from the grid, a greater degree of energetic self-
sufficiency and a reduction in energy costs. For that, the charge curve (energy demand) of the Porma
DWTP was analysed (Fig. 4). As it can be seen, in the Quarter hourly-charge curve over the year, powers
of 50 kW are consumed sporadically every two days approximately and mean between 20 and 30 kW of
extra consumption on the immediate consumption. This periodic peak consumption takes place in the
equipment related to the sand filters washing: backwash pumps and blowers.
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Annual active power

Kw

Quarter-hour record

Fig. 4. Load curve for the DWTP

These machines start up every time it is necessary to clean the filters, which is approximately every two
days and they work for 6 minutes, first the pump and afterwards the blower for 6 minutes. As the washing
filter system is integrated by 2 lines (pump and blower) which operate alternately, demand is not exactly
the same every day. It is about avoiding these consumption peaks, taking advantage of the energy gen-
erated in the turbine, which will normally be greater than the immediate energy consumed in the DWTP,
accumulating that excess energy in the batteries to make the most of it during that occasional periodic
demand. By doing so, it is believed that it would be possible to reduce the peak power required in the
DWTP the majority of the year, which means a benefit for the electric grid given that it stabilises demand
and a possible benefit for the DWTP reducing the need to contract high powers and thus reducing the
energetic cost.

In conclusion, a hybridisation via batteries has been designed, modifying the system through the incorpo-
ration of a frequency converter in the head of the four units (2 backwash and 2 blower pumps). A charge
regulator has also been included which will be responsible for slowly the batteries slowly and discharging
them in in a matter of minutes. Lastly, the batteries have been dimensioned so they can supply the de-
manded energy for the equipment over the time they are operating.

Simulation of energy scenarios

Usually the energy generated in the PaT is greater than the instantaneous energy consumed in the DWTP
so the production will be used to cover this demand (See Fig. 4). The excess energy will accumulate in
the batteries to take advantage of it during that periodic punctual demand that corresponds to the con-
sumption peaks of the washing filter system. With the aim of minimizing the network contribution and
optimizing the use of energy storage, the behaviour of the PaT-storage system has been evaluated in a
dynamic simulation environment (TRNSYS) by carrying out a series of models that represent different
configurations and operating scenarios.

First, a PaT model has been generated, which, depending on the flow rate and its operating restrictions,
provides the power and energy generated and, on the other hand, the outlet pressure. For this, we have
started from the information of the operating curves provided by the manufacturer:

P=0.0001-Q2-0.0079-Q-2,3928 (1)
AH=0.000029-Q2-0.012776-Q+7.949 )

with P as the electrical power output (kW), Q - water flow (m3/h) and AH (m w.c.) - head. As operating
restrictions, it has been considered that the turbine operates in the flow range that goes from 115 /s and
2051/s. For higher flow values, the bypass branch is opened to limit the maximum flow that passes through
the turbine as explained in the hydraulic scenario 2.
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The model input data are the flow records that enter the DWTP and the hourly energy demand values
collected over a year (simulation period, Fig. 4). The model generates as outputs the energy balances
and the operating status of each of the systems (operating regime, load level, etc.) including the needs
for energy exchange with the grid.

Then, it has been carried out the development of a model of the total system. In the TRNSYS dynamic
simulation environment, the different models of the elements of the DWTP installation have been inte-
grated: PaT, batteries and different loads (backwash pumps, blowers, lighting, etc.). In this model, the
inter-connections between the elements have been made and the controllers that guarantee the safe
operation of the system have been included.

Two basic operation schemes have been established, depending on the interaction between storage and
the rest of the installation (see Fig. 5):

o In the first case (Fig. 5a) it is considered that the battery system exclusively supplies the demands
of the pumps and the blower of the cleaning equipment (as initially planned).

¢ Inthe second case (Fig. 5b) the battery power can be used to cover the overall needs of the system.

In both cases, the PaT discharges its energy into the internal network of the system, allowing it to power
the different loads and charge the battery. Energy imbalances are exchanged with the grid:

GROD GRD

uuuuu

Fig. 5. Basic operation schemes

Figure 6 shows the TRNSYS model used. In each of the cases considered above, the internal control
programming is modified to establish the energy flows and the final balances
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Finally, from the simulation of the developed models, a sensitivity analysis is being carried out, varying
the key design and operation parameters (battery size, hours of use of the equipment, weather conditions,
etc., allowing the analysis of the flows of energy produced in the different scenarios. This phase is cur-
rently under development and will allow establishing the best operating strategies for the system and
identifying improvements in the implementation of battery-powered PaT systems in other locations. Note
that the simulation data will be verified with the measurements obtained from the data of the real system
when it is operational.
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5.3.  Water turbine application in MPEC Cracow heating networks

Extensive district heating systems require monitoring, telemetry and connection of heating cham-
bers to the SCADA system. In order to properly manage the district heating network, technical services
should know the current situation in the heating network. Transferring information to the control room
allows you to take quick and effective action, and thus reduces the possibility of failure and limits its
consequences. To ensure proper operation of the monitoring and control system of the heating network,
electricity should be supplied to the heating chambers. It should be noted that introducing a voltage of
230 V or 400 V into a room that may be flooded with water is risky.

The solution that has been used in MPEC Cracow is installation of TPC systems (Turbine Pressure Reg-
ulators) to generate electricity for the needs of the 24V DC heating chamber. Using the energy of flowing
water, electricity is generated in the hydraulic unit. The AC current in the rectifier unit is converted into DC
current and directed to the voltage regulator and then to the battery where energy is stored for the needs
of the chamber operation.

In 2021, the TPC system installed in the 1WKVII1A chamber was put into operation. The chamber has no
connection to the power grid and the generated current supplies the devices in the chamber. The chamber
is fully autonomous, regulates the available pressure on the heating main branch, has communication
and telemetry in the SCADA system, lighting, flood sensors, etc. The effects of the autonomous chamber
work will be presented in the planned article and paper
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Fig.1

Kombatantéw 18 is a building of the old disused network pumping station, which after refurbishment of
the heating network was decommissioned several years ago. Currently, an automatic return support sys-
tem is installed there. Because the district heating network supplies residential buildings on a hill and
there exists some fear of too low pressure on the return, the above-mentioned control system has been
installed.
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The Kombatantéw 18 building is passed through by the DN 500 district heating network (Fig. 1). A return
support with a control valve has been installed here. A system with two turbines 200 T/h and 400 T/h has
been deployed. If flow greater than 600 T/h is required, an additional bypass of the system is used. The
experience gained from previous TRC installations indicates that it is better to undersize the turbine than
to oversize.

At the moment this text is being written (November 2022), the work on the construction of the system is
advanced in about 80%. The hydraulic system and most of the electrical system have been already as-
sembled.

Fig.2
Author
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6. Research activities and innovative technologies
- The analysis of flow phenomena taking place
in a centrifugal pump run in turbine mode of operation

Introduction

Hydropower is one of the oldest energy sources used in the world. It is renewable, ecological and
independent of fossil fuels. The technology of energy production from water, both mechanical and elec-
trical, due to the fact that it has been developed for a long time, stands at a very high technical level. In
the global generation balance, hydropower accounts for about 16% of global production [1]. Despite many
advantages, it also faces many problems, especially larger hydropower plants, the construction of which
often requires very large financial outlays, which translates into long payback periods. In addition, it in-
volves the need to flood large areas, which brings with it many social and ecological problems. Therefore,
the possibility of building large hydropower plants, although beneficial due to economies of scale, cannot
always be implemented for economic, social, political or ecological reasons. As a result, interest in small-
scale hydropower use, including the possibility of recuperating hydraulic energy using pumps, has in-
creased rapidly in the last decade.,

The paper presents the results of numerical modeling of flow phenomena occurring in a centrifugal pump
operating in both the pump and turbine regimes. Full performance characteristics, both in pumping and
turbine mode of operation, have been determined. In addition, on the basis of the obtained results, an
analysis of available models of conversion of pump characteristics into turbine ones was carried out.

Investigation goal

The aim of the research was to identify and analyze flow phenomena in a centrifugal pump operating in
the pump and turbine regimes. The research was carried out using numerical flow simulations. The sim-
ulations of the pump in normal operation mode were the basis for verification of conversion algorithms
available in the literature. In addition, the pump characteristics provided by the manufacturer were used
as a basis for verification of numerical simulations. The study contains a summary of the results of nu-
merical simulation research and their analysis along with comparisons and assessment of the accuracy
of conversion models available in the literature [2], [3].

Analysed object

The subject of research is a typical impeller pump - single-stage, cen-
trifugal. The pump model is shown in Figure 1. The pump has not
undergone any geometry modifications. Tests of the pump unit, both
in pumping and turbine operation, were carried out in the entire range
of operating characteristics, which was assumed from 0.2Q, to
1.4Qn. The nominal flow (Qn) has been determined separately for
both operating modes

Numerical model

The simulations were carried out for a model divided into two do-

mains: stationary (spiral case) and moving (impeller). The numerical Fig.1 Pump geometry model
grid was developed according to all recommendations of the selected turbulence model (k-Omega SST).
The Y+ values in the boundary layer of both the impeller and the spiral case were below 1. The calcula-
tions were carried out as stationary. The SIMPLE calculation algorithm was used, all discretization meth-
ods were selected as the second order ones. The turbulence model and solver settings were selected
based on the recommendations available in: A Performance Prediction Method for Pumps as Turbines
(PAT) Using a Computational Fluid Dynamics (CFD) Modeling Approach [4].
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Results of numerical simulations for the optimum operation point

The optimal point was employed to establish the
reference discharge value used to assess the
quality of the pump in turbine mode of operation.
Visualizations of simulation results are presented
in Figs 2, 3 and 4. In the case of turbine opera-
tion, there are much more intense recirculation
zones in the optimum point compared to the
pump operation mode (Fig. 4). The pressure dis-
tribution in the impeller (Fig. 2) is definitely more
stable and does not show large anomalies. Areas
with dead flow zones are imperceptible.

Summarisation

The conducted analyses allowed for qualitative
and quantitative analysis of the tested pump in
turbine regime. Numerically determined charac-
teristics allowed for the verification of conversion
methods available in the literature. In most
cases, they allow for a rough determination of po-
tential pump characteristics in turbine motion.
Based on the conclusions from other publica-
tions, it can be concluded that different calcula-
tion methods have variable accuracy of calcula-
tions, which is a function of the specific speed.
Future work should focus on developing a uni-
form, more accurate calculation method that is
valid for a wide range of specific speeds.
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7. Final remarks

The research conducted so far within the Life NEXUS project shows beyond any doubts that there
exists still a significant untapped and only partially identified hidden hydropower potential in European
municipal and industrial water circuits. The Life NEXUS project has provided an excellent tool for storing
the relevant data on this potential. However, the data comprised so far in the project database is by far
not complete. Therefore it is recommended to develop the database further on also within the next EU
projects and other contracts.

Investing in energy recovery micro-hydropower installations in municipal and industrial water circuits
shows numerous techno-economic advantages in comparison with classic installations of the same size.
However, there are some important features that may increase the outlays required for an installation.
Firstly, one should always bear in mind that most locations in the municipal water circuits are of critical
nature. The principal task of the existing installation is to transport safely drinking or wastewater. Electricity
generation is always of secondary significance and therefore the energy recovery unit is often installed
on a bypass pipeline in order to ensure unaffected water transport in case of unit failure or overhaul. In
case of long conduits special precautions are needed to make dangerous hydraulic transients due to any
malfunction of the unit or the grid. Due to these and other reasons the simplified solutions are needed to
keep the micro-installation projects economically viable. These include specialised in-conduit hydroelec-
tric units and pumps in turbine mode of operation (PATS). In-conduit units are often well suited for low and
medium head installations whereas centrifugal PATs are typically used for medium and high heads.
Cross-flow hydrokinetic units are sometimes recommended for installations at WWTP discharge.

The potential energy recovery sites in municipal water and sewage networks are usually featured by var-
iable discharge. In case of some intake to the drinking water reservoirs or treatment plants also the head
may show substantial variability. Therefore proper regulation of the whole installation is quite essential. In
case of a centrifugal PAT used as a hydraulic unit the throttling technique is often the only one available.
This means regulation valves have to be applied both upstream the unit and on the main pipeline (parallel
to the unit). Due to variation of operating parameters one may count that 60 to 70 % of the raw energy
available can be often further converted. Annually averaged efficiency of converting the total energy avail-
able in cases under considerations by the IMP PAN is between 40 and 50 %.

The efficiency of energy conversion can be increased sometimes by using the storage capacities in the
installation. In case of feeding the internal grid, electrochemical batteries as planned in Porma plant may
be a good choice. The batteries can also increase installation safety in case of grid failure. However, using
a relief pipeline with swift relief valves, e.g. membrane ones, is often the only reliable safeguard against
hydraulic transients following a failure resulting in hydroelectric unit runaway.
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HYDROFORUM and Life NEXUS Symposium poster

Polisd Hydropower Conftremce
HYDROFORUM 2022

Warsaw, Witkowski Hotel, 26-28th October 2022
The provisional programme includes, but is not limited to:

® |egal/economic constraints and development strategy

1\ ® HYDROFORUM Debate:
Towarzystwo Elektrowni Wodnych Hydropower and energy system safety

® cxperience on design, erection and operation
of hydropower plants, machinery and equipment

® technical innovations and research&development activities
® study visit to Debe Hydropower Plant

Please reserve the date and follow our websites: www.tew.pl, www.imp.gda.pl,
www.trmew.pl. Registration and further information are available at the following address:
Polish Hydropower Association Office, ul. Piaskowa 18, PL 84-240 Reda,

phone; +48 58 678 79 51, e-mail: biuro@tew.pl. Proposals and abstracts of contributions
to the HYDROFORUM 2022 event are to be submitted to the Szewalski Institute

of Fluid-Flow Machinery of the Polish Academy of Sciences, ul. Fiszera 14,
PL80-231 Gdansk, phone: +48 58 5225 139, e-mail: steller@imp.gda.pl

P N ', Faculty of Building /\ By Paistwowe
s ‘i‘-ervices, Hydrlolund PGE < Gospbdarstwo Wodne
:nvironmental l:ngineering V Wod .
POLSKA AKADEMIA NAUK s T pr oLy y POISkIe

Energia Odnawialna S.A.

Harvesting energy in municipal
and industrial water cycles

International Symposium of the Life NEXUS project,
Warsaw, October 27th, 2022

'MI) The provisional programme includes,
A N

%A) but is not limited to the following topics:
[A

l=oamgy @ hidden hydropower potential
® technologies of hydraulic energy recovery
VYTAUTASMAGNUS @ good practices and case studies

UNIVERSITY .
MEMKELL ® economic aspects

6 AQU ATEC The symposium will constitute a component of the HYDROFORUM 2022 event,
planned for the afternoon, 27th October 2022. For further details please follow

the IMP PAN, TEW and Life-NEXUS websites as well as those of some of our partners.
k-

A2} lzba G . NER
K e zba Gospodarcza | . 1\'1.
Aguas de Leon & | WODOCIAGI POLSKIE <0 .0 ‘W NOD

The Life NEXUS project is co-funded by the European Union within the framework
of LIFE Environment and Resource Efficiency programme (contract no. LIFE17 ENV/ES/000252)

document HF 0_2E
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Invitation sent to Polish Stakeholders

FORUM ol Konfisrcia Hydrotsingt L me
*~us HYDROFORUM 2022 v

Sympozjum ijektu Life NEXUS Towarzysiwo Elekirowni Wodnych

Haotel ,,Witkowski”, Warszawa, 26-28 pazdziernika 2022 r. -‘;2 iha affiliate | T I

Do Przedsiebiorstw Gospodarki Komunalnej
i Wodno-Kanalizacyjnych

Do wlascicieli i uzytkownikow instalacji
wodociagowych i oczyszczalni Sciekow

Do os6b i instytucji zainteresowanych
w odzysk energii rozpraszanej w tych instalacjach

ZAPROSZENIE

Szanowni Paristwo,

Jak mielismy juz okazje informowac¢, Instytut Maszyn Przeplywowych PAN, wspolnie ze swo-
imi partnerami hiszpanskimi, litewskimi i krajowymi, realizuje juz od kilku lat projekt Life NEXUS,
ktorego celem jest inicjowanie dzialan zmierzajacych do odzysku energii traconej w miejskich insta-
lacjach wodociggowych 1 kanalizacyjnych. Jak wskazuje pelna nazwa projektu,

Boosting the sustainability of the urban water cycle:
energy harvest in supply networks using micro-hydropower systems,

chodzi o poprawe bilansu energetycznego poprzez odzysk energii traconej w weztach redukcyjnych
sieci wodociggowych lub na odprowadzeniu wody do zbiornikéw naturalnych 1 sztucznych (np. na
odplywie wody w oczyszczalniach sciekow). Odzysku tego dokonuje sie zwykle poprzez zastosowanie
hydrozespolow stosowanych w malej energetyce wodnej. Szczegdlne miejsce wirdd dostepnych tech-
nologii zajmuja pompy w ruchu turbinowym. Instytut Maszyn Przeplywowych PAN dysponuje w tej
dziedzinie dos¢ sporym doswiadczeniem, siegajacym jeszcze poczatkow lat osiemdziesiatych.

Projekt Life NEXUS (LIFE17 ENV/ES/000252, hitps://wvww. lifenexus.eu/) jest koordynowany przez
Centrum Technologiczne CARTIF (Valladolid, Hiszpania) i wspolfinansowany ze srodkéw instru-
mentu finansowego LIFE Komisji Europejskiej. Jednym z zadan jest budowa bazy danych o lokaliza-
cjach, w ktérych odzysk energii w obiegach wodnych jest mozliwy lub juz ma miejsce. Innym — bu-
dowa instalacji pilotowej, a takze opracowanie szeregu przedwstepnych studiow wykonalnosci dla
instalacji wykorzystujacych taka sama lub podobng technologie.

Sekretariat Konferencji Informacje dla autorow
Biuro Towarzystwa Elektrowni Wodnych  Instytut Maszyn Przeplywowych Polskiej Akademii Nauk
ul. Piaskowa 18, 84-240 Reda  ul. Fiszera 14, 80-231 Gdansk.
tel.: 58 67 87 951, kom.: 605 56 55 86 tel. 58 52 25 139; kom.: 608 19 71 85
e-mail: biuro@tew.pl  e-mail: steller@imp.gda.pl
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HYDROFORUM & Life NEXUS 2022 Warszawa, 26-28 pazdziemika 2022

W ramach tego samego projektu przewidzieliSmy réwniez organizacje sympozjum miedzynarodo-
wego, ktérego cele sformulowalismy nastepujaco:
a) rozpowszechnianie idei 1 technologii odzysku energii rozpraszanej
w miejskich i przemystowych obiegach wodnych;
b) wymiana do$wiadczen 1 opinii miedzy dostawcami technologii 1 projektantami
instalacji odzysku energii w miejskich i przemyslowych obiegach wodnych;

¢) podsumowanie i rozpowszechnienie wynikow juz osiagnietych w ramach projektu;
d) omowienie wynikéw prac badawczo-rozwojowych.

Sprawa odzysku energii rozpraszanej w komunalnych i przemyslowych instalacjach hydraulicznych
ma charakter interdyscyplinarny i jest bliska reprezentantom szeregu sektoréw gospodarki i dziedzin
techniki — w szczegdlnosci reprezentantom sektora gospodarki komunalnej, inzynierii sanitarnej, in-
zynierii $rodowiska, hydroenergetyki. Ostatecznie zdecydowalismy sie na organizacje sympozjum
jako czesci wydarzenia HYDROFORUM 2022, obejmujacego zarowno Polska Konferencje Hydroe-
nergetyczng o tej samej nazwie, jak i sympozjum projektu Life NEXUS. Kierowalismy sie przy tym
zwigzkami tematyki Sympozjum z energetyka wodna, utrwalona pozycja konferencji HYDROFO-
RUM w kalendarzu spotkan hydroenergetykdw w Polsce i w regionie, kontaktami jakie nawigzalismy
z sektorem wodociggowo-kanalizacyjnym w trakcie realizacji projektu Life NEXUS, jak 1 presja czasu
zwiazang z harmonogramem realizacji tego projektu.

Liczymy na Pafistwa udzial w naszym wydarzeniu. Mamy nadziej¢, ze tematyka sympozjum okaze si¢
dla Panstwa interesujaca, a dyskusja bedzie ozywiona. Weiaz oczekujemy na zgloszenia udzialu oraz
zgloszenia Panistwa wystapien, w ktorych podzielicie sie z inmymi uczestnikami swoja wiedza i do-
$wiadczenie. Zapraszamy rowniez do udzialu w calym wydarzeniu HYDROFORUM

Z wyrazami szacunku i serdecznymi pozdrowieniami

/Y

:175 . Janusz Steller
PrzewodnicZacy Komitetu Organizacyjnego
Polskich Konferencji Hydroenergetycznych

Prezes Zarzadu
Towarzystwa Elektrowni Wodnych

zal.:

komunikat HYDROFORUM 2022,
formularz rejestracyjny,
wskazowki dla autoréow,

oferta sponsoringu
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Invitation sent to International Stakeholders

HYDRO . [ 1]

A ey HYDROFORUM 2022 R

Life NEXUS Project Symposium Towarzystwo Elekirowni Wodnych

Witkowslki Hotel, Warsaw, October 26-28'™, 2022 5 na affiliat | === ]

Gdansk, 17 October 2022

To Municipal Management Enterprises

To Owners and Users of Water Supply
and Wastewater Treatment Installations

To persons and institutions interested
in the recovery
of energy dissipated in these installations

INVITATION

Dear Stakeholders,

Tt is since the fall of 2018 that the Szewalski Institute of the Fluid-Flow Machinery of the Polish
Academy of Sciences (IMP PAN) together with its Spanish, Lithuanian and Polish partners is involved
in the Life NEXUS project aimed at initiating activities oriented on recovery of energy lost in munieipal
water supply and sewage installations. As shown by the full name of the project,

Boosting the sustainability of the urban water cycle:
energy harvest in supply networks using micro-hydropower systems,

the final goal is to improve the energy balance by recovery of energy lost at pressure at water supply
network pressure reduction sites and water outlets to the natural or artificial reservoirs (e.g. at the water
outlet of waste water treatment plants). Typically, the energy recovery takes place by means of hy-
draulic units usually applied in the small hydropower sector. Due to various reasons, the use of pumps
in turbine mode of operation is of particular significance. The experience of Szewalski Institute of
Fluid-Flow Machinery of Polish Academy of Sciences in this field dates back as far as the beginning
of 1980-1es..

The Life NEXUS (LIFE17 ENV/ES/000252, hitps://www.lifenexus.eu/) project is co-ordinated by
the CARTIF Technological Centre in Valladolid. Spain. The project is co-funded by the LIFE finan-
cial instrument of the European Commission. One of the main tasks is development of a database on
potential and already existing energy recovery sites in municipal and industrial water cyeles. The
other task is development of a pilot installation, and a number of prefeasibility studies for installa-
tions using the same or similar energy recovery technology.

Conference Secretariat Information for authors
Polish Hydropower Association Office  Szewalski Institute of Fluid-Flow Machinery, Pol Ac Sci.
ul Piaskowa 18, 84-240 Reda. Poland  ul Fiszera 14, 80-231 Gdansk, Poland
phone: +48 58 67 87 951.  phone: +48 58 5225 139;
mobile: +48 605 56 55 86  mobile: +48 608 19 71 85
e-mail: biuro@tew.pl  e-mail: steller(@imp_gda.pl
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HYDROFORUM & Life NEXUS 2022 Warsaw, October 26-28th. 2022

Within the framework of the same project we have envisaged also an international symposium with
goals formulated as below:

a) spreading the idea and technology of harvesting the energy dissipated so far
in the municipal and industrial water cycles;

b) exchange of experience and opiions between the technology suppliers, designers and devel-
opers of the energy harvesting installations in the municipal and industrial water cycles;

¢) summarization and spreading of the results already achieved within the project
d) discussing the results of research and development studies.

The problem of harvesting the energy dissipated mn the municipal and industrial water cycles 1s of
multidisciplinary nature. Its significance remains quite clear for representatives of a number of industry
and technology sectors — especially those coming from the municipal management, environmental,
sanitary and hydropower engineering. Eventually, we have decided to arrange the symposium as a part
of the HYDROFORUM 2022 event, which will encompass both the Polish Hydropower Conference,
traditionally bearing the HYDROFORUM naming, and the Life NEXUS Symposium. Our motivation
followed from the links of Symposium main topic with hydropower sector, well established position-
mg of HYDROFORUM conferences in the annual calendar of Polish and regional hydropower events,
contacts established with the water supply and treatment sectors as established in the course of Life
NEXUS project, as well as the pressure of Life NEXUS time schedule.

We allow ourselves to expect the symposium topics to be of high interest for you. We count on your
presence and contributions, and on a lively discussion. Your contributions will be still highly appreci-
ated within the next few days. Please consult the attached documents for further details. You are cor-
dially invited to take part in the whole HYDROFORUM event as well.

With kind regards and looking forward
to see you mn Warsaw

Ty

7 J’ll/)"/,
;_’j _ M/@f
Janusz Steller

Cha.uéu of the Organising Commmtte
of Polish Hydropower Conferences
an Life NEXUS Symposium

Chairman
of the Polish Hydropower Association

encl.:
1. HYDROFORUM 2022 bulletin,
2. registration forms,
3. guwdelines for authors,
4. sponsorship offer
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Symposium Agenda
27 October 2022

9:00 Welcome addresses and opening of the Symposium

Session LN1: Life NEXUS: assessment of the hidden potential
Session chaired by: Janusz Steller, IMP PAN, Chairman of the HYDROFORUM 2022 Organising Committee

9:00 J. Steller (IMP PAN/TEW): Welcome address and information from the Organising Committee.
9:10 P.Sikorski (IGWP): Polish Waterworks Commercial Chamber (PL)

9:30 R.M. Lopez Fernandez, V.1 Serna Gonzilez, L.A. Bujedo, J.Samaniego (CARTIF),
J. Steller (IMP PAN), P.Punys, A.Radzevi¢ius (Vytautas M. University), M.Mirete
(Aquatec): LIFE NEXUS: First European inventory of micro-hydroenergy recovery potential
in the water industry

10:00 P. Punys, A. Radzevi¢ius (Vytautas M. University, Kaunas):
Assessment of Hydropower Potential in Wastewater Systems in a Lowland Country, Lithuania

10:20 Coffee break

Session LN2: Technology — fundamentals and examples (training session)

Session chaired by: Petras Punys
(Vytautas Magnus University, Kaunas, Lithuanian Hydropower Association)

10:40 J. Steller, Z. Krzemianowski, M. Hajdarowicz (IMP PAN): Recovery of energy dissipated
in the municipal and industrial water cycles — selected technological aspects (PL)

11:40 M. Lewandowski, A. Adamkowski (IMP PAN), M. Kaniecki (TG DNALOP),
A. Kaminski (Orlen Group), S. Lewandowski (EasyServ): Recovery of energy
lost in technological processes of industrial enterprises. Practical examples (PL)

12:10 J. Samaniego, L.A. Bujedo, R.M. Lépez Fernandez, V.I. Serna Gonzalez (CARTIF);
M. Mirete., J. Pages (Aquatec): Energy recovery in a DWTP using an innovative
micro-hydropower system based on the integration of a Pump as Turbine and an energy storage

12:30 M. Piekos (MPEC Cracow): Water turbine application in MPEC Cracow heating networks (PL)
13:00  Lunch break

Sesja LN3:  Research activities and innovative technologies
Session chaired by: Waldemar Jedral (Warsaw University of Technology)

14:00 A. Machalski, J. Skrzypacz, P. Szulc (Wroclaw University of Technology):
M. Janczak, W. Lorenz (Hydrovacuum SA):
Flow phenomena analysis in a centrifugal pump running in turbine mode of operation (PL)

14:20 D. Liszka, D. Borkowski, D. Cholewa (Aqua-Tech, Cracow University of Technology,
BC POWER): Improving energy conversion effectiveness in small hydropower plants
using the available technical infrastructure (PL)

14:40 A. Olszewski, K. Rafal (Institute of Technology Optimisation):
Hydrokinetic turbine unit prototype (PL)

15:00 J. Tomalik, K.A. Bloom (Hydroresonance): Regenerative environmental approach
to the design of SHPs. Small hydro power plant as a river water treatment station (PL)

15:30 Closing of the Symposium

IGWP - Polish Waterworks Commercial Chamber SEP - Association of Polish Electrical Engineers

IMP PAN - Institute of Fluid Flow Machinery, Pol.. Ac. Sci., TEW - Polish Hydropower Association

10ZE - Institute of Renewable Energy Sources, Kielce TRMEW - Polish Association for Small Hydropower Development
MPEC - Municipal Heat Energy Enterprise WAT - Military University of Technology, Warsaw

PGW - the State Water Holding
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List of Symposium Participants
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Dariusz
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Henryka
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Bienkowski
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Czarnecki
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Galicka
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Grzesiak

Hajdarowicz
Jabtonski

Kalina
Kaniecki
Kotat
Kowalewski
Krzemianowski
Krzyszkowski
Kubecki
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Lorenz

Lopez Fernandez
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Malicka
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Nycz
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Plichta
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Samaniego
Mufioz
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ANGA Uszczelnienia Mechaniczne Sp. z 0.0.
ZEW Niedzica SA

TAURON Ekoenergia sp. z 0.0.
Hydroresonance, USA

Instytut Optymalizacji Technologii sp. z 0.0.
AQUA-Tech Sp. z 0. 0., Trzebinia

CARTIF Centro Tecnoldgico, Hiszpania
ZEW Niedzica SA

Hydro-Invest, Warszawa

MPWiK Warszawa

Instytut Optymalizacji Technologii sp. z 0.0.
TB Hydro sp. z 0.0., Poznan

Instytut Maszyn Przeptywowych PAN, Gdansk
Energoprojekt Warszawa SA

Instytut OZE, Kielce

TG DNALOP sp. z 0.0., Redzikowo

TB Hydro sp. z 0.0., Poznan

TG DNALOP sp. z 0.0. Redzikowo

Instytut Maszyn Przeptywowych PAN, Gdansk

ZEW Niedzica SA

Instytut OZE, Kielce

Energetyka Wodna, Kielce

AQUA-Tech Sp. z 0. 0., Trzebinia

Hydro-Vacuum S.A., Grudziadz

CARTIF Centro Tecnoldgico, Hiszpania

TAURON Ekoenergia sp. z 0.0.

PGE Energia Odnawialna SA, Oddziat EW Zarnowiec
Politechnika Wroctawska

PGE Energia Odnawialna SA o/ZEW Solina-Myczkowce
Towarzystwo Rozwoju Matych Elektrowni Wodnych
ENEA Nowa Energia Sp. z 0. 0.

Politechnika Wroctawska

Instytut Optymalizacji Technologii sp. z 0.0.

Miejskie Przedsigbiorstwo Energetyki Cieplnej sp. z 0.0., Krakow
BELSE Sp. z 0.0., Bielsko-Biata

Uniwersytet Witolda Wielkiego, Kowno, Litwa
Uniwersytet Witolda Wielkiego, Kowno, Litwain the Symposium
Instytut Optymalizacji Technologii sp. z 0.0.

Energa Wytwarzanie SA, Gdansk

CARTIF Centro Tecnologico, Hiszpania

Izba Gospodarcza "Wodociagi Polskie"
Politechnika Wroctawska

Towarzystwo Elektrowni Wodnych, Reda
Instytut Energetyki o/Gdansk
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45 Janusz Steller Towarzystwo Elektrowni Wodnych/ IMP PAN

46 Irena Steller wolontariusz

47 Robert Stepien Gajek Engineering Sp z o.0.

48 Przemystaw Szulc Politechnika Wroctawska

49 Jarostaw Tomalik Hydroresonance, Wroctaw

50 Filip Tor TG DNALORP sp. z 0.0. Redzikowo

51 Krzysztof ~ Wrzosek PGW Wody Polskie / Politechnika Warszawska

52 Edyta Zalewska Uponor Infra Sp. z 0.0.

53 Edward Ziaja Instytut Automatyki Systemow Energetycznych, SEP

Please note that only the persons having signed the list and those remembered by the organisers are listed. We
apologize the persons having taken part and not included in the list.
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