TECHNICAASSISTANCE ON SUPPORT TO REDUCE WATER LOSS WITHIN THE
REFORM OF THE WATER SECTOTOATIA

Trust Fund NoTF073805
EC Contract NREFORM/IM2022/004

OUTPUT 2

Draft National loss reduction action plan

December 2022

Project carried out with funding by the European Union in cooperation with the European
Commi ssi oREEGRMD G

*
* *
* 4
* *

* gk

European THE WORLD BANK

Commission IBRD « IDA | WORLD BANK GROUP
I




DISCLAIMER

This document was produced with the financial assistance of the European Union. The views
expressed herein can in no way be taken to reflect the official opinion of the European
Union.

This report is a product of the International Bank for Reconstruction and Development/ The
World Bank. The findings, interpretation and conclusions expressed in this pape r do not
necessarily reflect the views of the Executive Directors of the World Bank, the European
Commission or the Government. The World Bank does not guarantee the accuracy of the

data included in this work.

COPYRIGHT STATEMENT

© 2022 TheWorld Bank
1818 H Street NW, Washington DC 20433
Telephone: 20273-1000; Internet: www.worldbank.org

Some rights reserved

This work is a product of the staff of the International Bank for Reconstruction and Develdprhent/orld Bank. The findings,
interpretations, and conclusions expressed in this work do not necessarily reflect the views of the Executive Direetors of Th
World Bank or the governments they represent. The World Bank does not guarantee the acdueadstafincluded in this

work. The boundaries, colors, denominations, and other information shown on any map in this work do not imply any judgment
on the part of The World Bank concerning the legal status of any territory or the endorsement or acckegtahdesoundaries.

Rights and Permissions

The material in this work is subject to copyright. Because The World Bank encourages dissemination of its knowledgle, this wor
may be reproduced, in whole or in part, for noncommercial purposes as long as full attribution to this work is given.

Attributi ond Pl ease cite the work as foll owsE Wovolrd dB8B8mkko [ Yeal

All queries on rights and licenses, including subsidiary rights, should be addressed to World Bank Publications, ThenWorld Ba
Group, 1818 H Street NW, Waslgiton, DC 20433, USA; fax: 20222-2625; email: pubrights@worldbank.org.

This report has been delivered in December 2022 , under the EC Contract No.

REFORM/IM2022/004 under TF073805 signed between the European Commission and the

International Bank for R econstruction and Development. It corresponds to Output 2 for the
Technical Assistance on support to reduce water loss within the reform of the water sector

in Croatia under the above -mentioned agreement.



22HROBCROATIA:
SUPPORT TO REDUCE
WATER LOSS WITHIN -
REFORM OF THE WAT]
SECTOR

OBJECTIVE

Support the economy and efficiency ¢
operations o f Cr ¢
sector by improving capacity of the Pub
Water Service Providers (PWSP) to redt
excessive losses from water supf
systems. This is expected to contribute
sustainability and affordability of wate
service provi®n, and to water security
and resilience more broadly.

Funded by
the European Union

ACTIVITY:

DRAFT NATIONAL LOSS REDUCTION
ACTION PLAN

i. Background analysis and collection of relevant ¢
available date on water resources, water supply systems
operators that enabled the preparation of a draft NLRAP. ~
includes a stakeholdesnalysis, collection of data and informatic
including data derived from installed measuring devices and r
time measurements of the quantity of abstracted water, wat
balance sheets and an assessment of water losses utilizin
Infrastructure Leakagkdex according to IWA methodology.

ii. Review of existing water losses  reductic
plans/documents/reports in Croatia, and international best pract
examples in the preparation of water losses reduction plans (v
focus on EU countries).

iii. Support tothe Croatian authorities in the preparation of
first draft NLRAP, which includes: Introduction and purpc
Implementation objectives; Development of the methodology 1
water losses reduction and balance sheet of waters; Descriptior
measures and pority setting for the reduction of water losses; Ri
assessment; Timeline for implementation; Assessment of

planned water usage fee method/calculation its effect on wa
prices and affordability of the measures and activiti
Implementation mechaniss at national level and PWSPs level; T¢
estimated implementation costs; Potential sources of funding ¢
cofinancing ratios; Establishment of monitoring and measurem
criteria. for implementation performance; Development
guarantee mechanism for ghimplementation of the action plan an
protection of invested public funds.
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PREAMBLE

The Project 22HROBroatia: Support to reduce water loss within the reform of the water sectsrimplemented through a
number of activities over a period of 19 months (May 2022cember 2023).

The first Project activityActivity 1) was completed in Septemb&022 and it concerned the preparation of &tocktaking
Reportabout the status of water supply services in Croatia, including an estimation of losses and technical capacities of PWSP
(Final version, Octobet022).

TheActivity 1 elements were the following

1 Assessient of the current status of water supply services provision in Croatia, including legal responsibilities, service
regulation, coverage, operational efficiency and financing of services, PWSP organization and sector reform changes
The objective of thisaivity was to provide an overview of the sector organization and operational efficiency in light
of ongoing sector reforms.

1 Collection and analysis of available technical data for the estimation of water losses in public supply systems and
assessment of technical capacities of PWSPs to identify and reduce water losses. This analysls include
- (ollection of available technical data on characteristics and status of water supply systems required for the

assessment of present water losses, putal and risk for future water losses
- (ollection and preliminary analysis of existing project documentation related to optimization of water supply
systems and water losses reduction

9 Analysis of provisions, required assessments and expeepaaiting obligations for Croatia deriving from Article 4 (3)
of Council Directive (EU) 2020/2184 of 16 December 2020 on the quality of water intended for human consumption
(recast)connected to water leakage levels

In terms of content, theStocktaking Reprt gives a comprehensive overview of the status of the water sector and the water
services sector, as well as an overview of a number of completed analyses related to the status of water losses, chpacities c
PWSPs and water supply systems. The analysassessment of the status were done using data from the national water
management planning documents, PWSPs’' studies anfmthe si gr
application for input of data on wastewater collection and tient, and water supplyf all PWSPs in Croatia), and data
received from the gestionariesdesigned and completed through this Project activity (thuestionarieswvere sent to all 129
PWSPs dealing with public water supply services, and data was subbytB@SPs that on the annual level deliver more than

90% of totally delivered water volumedhe collected data was assessed as relevant and reliable for analyzing the status of
the water sector and characteristics of water supply systems, technical tiegami PWSPs, the current level of water losses

and potential for their reduction, presented in detail in tB&ocktaking Report

An approach selected within thisctivity 2 is for the Draft National Loss Reduction Action Praft NLRAPto present a
summary overview of the results of teempletedanalyses of the status of the water and water services sectors, thus defining
the Stocktaking Reporas a background documenf the Draft NLRAP
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SUMMARY

Measures within this Project directly contribute to the implementation of the reform of the water utility sector and
investments under the National Recovery and Resilience Plan2024 as well as the Operational Program @etitiveness

and Cohesion 2022027. The Project is financed by the European Union through the Technical Support Instrument and is
implemented by the World Bank in cooperation with the Director@eneral for Structural Reform Support (DG REFORM).

The assssment of the current status of public water supply service in Crdatiicates that an integrated water loss
management system hasn’'t been established yet. There ar e
of water losses wich will in a clear and standardized way indicate the efficiency of the implementation of water loss reduction
measures which are to a certain extent implemented even today. That is why the NLRAP is prepared, which identifies the statu:
of water supply sysims and technical capacities of PWSPs to identify and reduce water losses on the national level, defines
the measures that need to be taken, defines priorities taking account of risks, estimates the costs of implementing the
measures and expected effectsn important element of the NLRAP is the standardization of the calculation of loss reduction
indicators and a proposal of organizing a system to control and monitor the efficiency of implementation of the loss meductio
plan.

The institutional framework,e., the competences and responsibilities of stakeholders in the water and water services sectors
on the national level are defined through the organization of state bodies and locagjmedfnment units. The roles in the
water sector are clearly definedy the laws supporting the water sector, without any functional deficiencies identified. In
terms of implementation, the Croatian Government, through the MESD and CW, implements a comprehensive reform of the
water services sector focused on merging cutiemore than 160 water service providers into 41 more efficient water service
providers in order to strengthen the implementation and investment capacities of PWSPs as well as their financial arad technic
seltsustainability, raise the service level, armmply with the rising standards (closely related with the water loss issues).

The level of completion of water supply systems is favorable. The water supply network is developed, with around 95% of the
users able to connect and with a generally suffitigtorage tank volume. Water supply is continuous, with water treatment
plants built where water quality doesn’t comply with th
supply system potable throughout the area. However, a third oSP@/have limitations in the availability of water resources

in relation to the current consumption and they expect such limitations in the future as well, which clearly points tethe ne

to preserve water resources through the reduction of losses.

Even tlough the level of development of water supply systems is favorable, there is a significant lack of knowledge about own
water supply systems (system maps, updated consumer databases and registers of system age areArsggiifglant share

of water supply networks is very old, particularly in urban areas, and practically all PWSPs replace significantly less than 2% o
the network per year. Many PWSPs continuously operate in unfavorable pressure conditions, with an average pressure on the
national level é around 5 bar. Only a few DMAs have been established. A lack of leakage metering and detection equipment
has also been identified.

The analysis of water losses in Croatia has so far been largely associated with the basic (simplest) form of the wager balan
that implies three basic components: Water Supplied, Billed Authorized Consumption, ari@eNenue Water. In 2021, the

total volume of water supplied in Croatia amounted to 479 million m3, the total volume of water delivered through the system
to the final users in Croatia in 2021 amounted to 244 million m3, and the total NRW volume in Croatia in 2021 amounted to
235 million m3. The share of Ndtevenue Water in Croatia in 2021 amounts to around 49%. Analyzing the NRW volumes on
the level of individuaPWSPs, it can be concluded that the distribution of the NRW volumes is highly uneven. A few PWSPs in
Croatia account for the majority of NRW volumes on the national level (5 PWSPs with the biggest NRW volume account fo
around 51% of the total NRW voluma the national level).

The management of water losses started developing only recently, once the basic objectives of ensuring the water supply
service coverage have been achieved. The first planning documents dealing with the water loss issue were, @#pared
which first activities were launched more intensively. Significant problem in water loss reduction refers to human resources
and a lack of theoretical and practical knowledge. There are no training programs for efficient training of technidat staff
water loss management/reduction on the national level. Even in the PWSPs that have technical teams for water losses
established, these teams are not sufficient with regard to the length of the water supply network. The majority of PWSPs have
no specihdepartments (teams) for active leakage control, or they do have such a team, but these people also do other work

11
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within the company. Also, the majority of PWSPs don’t ey
report on the impemented loss reduction activities.

All water supply systems are faced with water losses. Attempts to address the water loss issue partially by applying differen
measures don’t ¢ -termt resolutiont Feor thabreason, shis INORAR establish water loss reduction

met hodol ogy. I't is based on improving knowledge about or
improving knowledge about the water loss issue, starting from the management board of providers of waieeseto
technical teams that will take action on the field. The methodology defines measures and foresees the effects of suctsmeasure
The dynamics of implementation of certain groups of measures can be adapted to the specifics of a particular vphger sup
system and realistic needs, and some groups of measures can be implemented simultaneously. It is of utmost importance to
understand the overall issue of water losses through the definition and analysis of all the measures that affect wateadosses
well as to understand the interdependence of the proposed measures, and define priority measures and appropriately assess
the effects of the proposed measures.

The NLRAP proposes the following groups of measures: (i) System data improvement measWeaser(ifupply system
optimization measures; (iii) Measures to divide the system into DMAs; (iv) System pressure control and management
measures; (V) Active leakage control measures; (vi) Measures to address apparent losses; (vii) Planning and mamenteplace
measures; (viii) Institutional strengthening measures; (ix) Analysis and reporting measures; (x) Technical assistanse to PWS
to implement the measures; and (xi) Establishment of a system of PWSP benchmarking and performance indicators, covering
the costs of the national control body for the reduction of losses. These measures try to cover all the areas that affect the
reduction of water losses, also aiming to raise awareness about the importance efelongmplementation of all the
measures. Due teelatively high costs of mains replacement measures, in order to identify their scope (also used later when
defining the time framework for implementation) the relevance of losses was estimated using the criteria of the sizespf losse
age of mains, andigks associated with resource limitations and climate change. It is estimated that with the proposed
measures the NRW will be reduced from the current 235 million m3/year to 113 million m3/year, representing a reduction of
around 50% of the 2021 NRW.

Thet me framework for the i mplementation of measures was
capacities, time needed to prepare plans and designs and to form teams, the complexity of public procurement procedures in
terms of time, thecapacities of available consulting and construction sectors, the financial weight of investments, and
requirements of the EU directives which have also put focus on water leakages since 2020. It is estimated that the
implementation of the comprehensive plieof measures in the amount of EUR 1.6 billion would require 15 years. It can be
assumed that the implementation of the measures will start already in 2024, i.e., the measures to a certain extent lngld on t
already initiated measures/activities from thdational Water Loss Reduction Program (NWLRP) or other programs (NRRP or
OPCCs) which have already stopped a raultiual trend of increasing water losses, noting that for efficient implementation

of measures from the NLRAP it is essential to improve amirand organization of implementing the measures.

The achievement of the national water loss reduction objectives will be monitored based on the annual volume of NRW
reduction. According to the NLRAP, the targeted NRW volume reduction oveyeaf peria is 122 million m3. As the result

of loss management improvement measures in the firsyy&ar period (NLRAP), which also includes significant strengthening

of PWSPs to cope with water losses, and with continued implementation of active leakage corasnireseand continued
rehabilitation/replacement of mains (with a proposed investment in replacement of at least 2% per year), further significant
advances in the reduction of losses are also expected after the firged5period, which it will only be gsible to estimate

in a certain phase of implementing the NLRAP measures and analyzing the actual effects of measures (and the require
modifications of the approach/measures). The progress in water loss management by each PWSP or service area will b
monitored using the ILI and other unit indicators of the Real Losses. After the establishment of the benchmarking system for
performance efficiency and the adequate monitoring period (estimated at 5 years), the target or reference performance values
will be ddined for the same indicators, which is under the authority of the Council for Water Services, except for the indicators
the definition of which is under the authority of the MESD for the purpose of the Regulation on special conditions to perform
water sewice activities.

The analysis of financing sources is focused on ensuring the maximum possible amount of available international and nationa
grants and on defining a financial gap, i.e., a preliminary calculation of the missing funds to close thedisemeine for the
proposed measures and activities. According to the preliminary analysis of availability, the total projected available funds
amount to EUR 676 million (projected available funds of active projects including available EU financial irisirGiags
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Budget funds, and budgetary funds of Croatian Waters and PWSPs), while the total financial gap ameEiR ©®06 million

or 57% of the total projected investment value of the measures. Due to a high percentage of the financial gap, twagfinanci
models were considered: Model 1. Emergency government funds (the State Budget on its own or with the help of new EU
financial instruments for the reduction of leakages) in the amount of 85% of the gap, with the PWSP covering on the average
15% ofthegp charged through the future water price or throug
financing 100% of the gap charged through the future wat

The implementation ofthe Moddl measures doesn’t significantly affect th
to note that besides the identified measures, numerous projects are in implementation across Croatia, particularly itothe sec

of wastewater collection andé¢atment, which will significantly affect the overall affordability of the service, which still remains
within the affordability threshold (higher burden in relation to affordability is present in areas with a lower level of
development). If Model 2 is ssdted as a means to close the financing scheme, the impact on the price of the water service is
more considerable, i.e., the share that is not covered by the grants is fuflpartced through the price of the water supply
service or through the developmefee, which has implications on the affordability of the water service, but which still remains
within the 2.5% threshold. However, smaller service areas with additional burden from other water and wastewater projects
(primarily wastewater collection antteatment which place the highest burden on affordability) are faced with critical
affordability levels (around 3.5%).

According to the Guide used for the preparation of water and wastewater projects on the EU level, using risk and sensitivity
analyses ameptable risks of impact on the price of water have been identified (maximum cumulative impact up to EUR 0.5 per
m3 of water), with the NLRAP acceptable in terms of criteria of impact on the price of water. However, the risks of nimigachie

the nationall oss reduction objectives are significant (due to
implementation of the NLRAP), which can lead to the operational inefficiency of PWSPs being retained or increased, but
potentially also to theeuropean Commission imposing measures on the country due to the failure to achieve objectives at the
EU level, the consequences of which cannot be foreseen at this moment with an acceptable level of centdirityther

failure to achieve the lossreducdc on obj ecti ves can even | ead to denying
reducing the funds available from the NRRP 220826 and MFF 2022027. In case the implementation of measures is delayed

(the initial years with a slightly slower gain the initial activities, preparation of plans, organization of teams and active leakage
control, and in later years more considerable delay in the renewal of mains), the effects would significantly fail to occur,
particularly in the first 10 years ofi¢ NLRAP implementation. Such unfavorable results definitely have to be prevented with
the application of safety mechanisms for the NLRAP implementation, particularly since the reduction of losses is ctesely rela
with the basic national objectives inghwater sector, and these are the reduction of water losses and increased operational
efficiency of PWSPs.

Since it is not expected that a single national financial fund or a project unit/organization will be established to intplemen
exclusively loss redtion projects, the loss reduction measures or projects deriving from the NLRAP will be implemented
through several national financial/operational programs and/or through individual measures/activities of individual PWSPs. At
the same time, the NLRAP poindsthe need for a comprehensive analysis of water losses, monitoring the implementation of
measures, and evaluation of results, including monitoring the achievement of the national objectives. In such form of
implementation, it is extremely important tostéablish mechanisms for monitoring, control, and expert evaluation of, including
approval, activities on the reduction of losses deriving from the NLRAP. The NLRAP proposes the establishment of a Nation:
Body for Water Losses which would report to the MESomposed of the representatives of the MESD, Croatian Waters, the
Croatian Association of Water and Wastewater Companies, and independent experts experienced in loss management. Th
National Body for Water Losses will as an expert and operating bodyfvgr t he PWSPs'’ l oss reduc
opinions/decisions about priorities in implementing individual activities (investment plans), which will through the MESD
become binding in terms of the eligibility of measures for the financing of éokgction measures which are aimed at achieving

the effects foreseen by the NLRAP. This will also ensure that the invested public funds are protected.

The preparation of the NLRAP completes the whole in the water sector which has in the last ten yedrsar sharacterized

by significant strategic breakthroughs, which are the result of the adoption of a set of legislation, but also of nagiomnialgpl

and intensive investment in the construction of water and wastewater structures. This has nationaibywéd the starting

points and visions/goals in the provision of water services, with a significant financial assistance provided on thesldoal le

the development of water and wastewater infrastructure. At the same time, more significant plannthg tocal level or the

level of service area has so far been missing, which is understandable since the sector has been significantly trangformed, w
a clear direction and assistance from the government expected. It can be concluded that the dire¢tienwatter policy is

13



SUPPORT TO REDUCE WATER LOSS WITHIN THE REFORMER SHETWUR IN CROADRAFT NLRAP

today c¢clear and that it needs to be consistently integrt
strengthen the established institutional framework (line ministry, Croatian Waters, Council for Water ServiS&xs)rRAWd will

fully round up the planning/cycle, which will bring improved sustainability of the provision of water services. The winciple
and objectives, in regulatory and planning terms lowered from the national to the regional/local level, i.eusineds level

of PWSPs, are monitored by means of PWSP performance indicators. Such a system enables insight into the legality of settir
the price of water services, but also the application of incentive pricing policy of water services that affectsfthmance

of providers, users, and the aquatic environment.
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1 BACKGROUND, PURPOSE AND OBJECTIVE OF PREPARING THE NLRAP

The MESD is implementing a reform of the water utility sector. The sector is currently fragmented, faced with a lack of human
capacity and efficiency issues, and without restructuring it is not able to respond to the requirements set by the relevant E
Directived. The need to support PWSPs is particularly urgent in terms of improving their capacity to reduce excatssive

|l osses from water supply systems, which are on average '
years.

The MESD and Croatian Waters support PWSPs by preparing the NLRAP that identifies the guidelines and strengthens the
capaity to prepare their own loss reduction action plans and implement the process of PWSPs integration. The NLRAP set:
requirements for water infrastructure and establishes a
action plans.

Although there are no significant water shortages in Croatia at present, the country is carefully monitoring worrying trends of
growing and widening water shortage and stress which could affect a significant number of catchment areas, and thus resource
managemehas well.

The NLRAP indicates three types of initiatives/incentives to reduce losses:

1 Unjustified excessive resource use;
1 Wasteful water consumption (high specific water consumption per capita per day);
1 Adjustment to climate change.

Therefore,inaddion t o t he obligatory i mplementation of measures
it would be necessary to consider the possibility to implement different wagating measures, and to encourage rational
water use. Together with thathe implementation of measures to improve system management and introduction of climate
change adaptation measures and their synergy allow for reduction of the volume of abstracted water and thus preservation
of good status and the ecological functiohwater without significantly lowering the standards underpinning the supply of
water intended for human consumption. It also needs to be noted that water loss reduction measures contribute to more
rational management of public water supply systems, inicigd reduction in the consumption of electric energy.

PWSPs will have to implement the measures specified in their action plans, in accordance with the methodology defined in the
NLRAP, if they will find their implementation acceptable and feasible dhars¢he assessment of the affordability of measures

and activities that every action plan will have to contain. By implementing the reform/integration, bigger PWSPs will be
financially stronger, they will have more human capacities/more qualified stedf; will have better capacities to implement
investments and manage losses more successfully.

The obijective is to reduce the level of losses, i.e., bring it to a sustainable level.

2 INITIAL ASSESSMENT OF THE CURRENT STATUS

2.1 Institutional framework

The instititional framework, i.e., the competences and responsibilities of stakeholders in the water and water services sectors
are defined through the organization of state bodies and locaigmiernment units. The overall water policy on the national

level is déined by several bodies headed by the Ministry of Economy and Sustainable Development responsible for water
policies and control over water management. Croatian Waters have a status of a legal entity for water management, while the
Water Service Council as independent and supervisory state body, acting as a regulator, ensures the legality of setting the
price of water services and water fee of a public water service provider.

1 Directive (EU) 2020/2184 of the European Parliament and of the Council of 16 December 2020 on the quality of water imtdnafedrf consumption,
Water Framework Directive 2000/60/EC & Qctober 2000, Council Directive 91/271/EEC of 21 May 1991 concerning urbarwatstéreatment
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Water services are activities of general interest which are performed as acméivice. Local seffovernment units are
obliged to ensure adequate provision of water services through public providers of water services by exercising their share
holder rights for the benefit of the people and legal entities that use their watericesy Water and wastewater structures

are public goods in public use, owned by the public provider of water services in the service area. These structuregare mana
by public water service providers by carrying out operation and maintenance activitteadivities of the employer of
construction of water and wastewater structures.

So, in the water sector and the water services sector an extended functional scheme of competences and responsibilities is ir
place, with these including regulations, contmtional planning, national water management (including financing investment

in the development of water supply and wastewater systems), the system of compulsory (national) water fees, planning in the
area of water service provision, provision of watensees in the service area of public providers, and regulating the price of
water for the provided water service.

It is concluded that the institutional framework in the water sector is clearly defined, without any functional deficiencies
identified.

However, in terms of implementation, regarding water services, it is necessary to adopt a final set of regulations (obligations
from the act regulating water services of water supply and wastewater management) with the aim of achieving all the
preconditions tocomplete the reform of the water services sector. Namely, the Croatian Government, through the MESD and
CW, implements a comprehensive reform of the water services sector focused on merging currently more than 160 water
service providers into 41 more eaffent water service providers in order to strengthen the implementation and investment
capacities of PWSPs as well as their financial and technicalsédiinability, raise the service level, and comply with the rising
standards (closely related with theater loss issues)

2.2 Water resources

Nearly a half of the water volume abstracted in Croatia goes for public water supply needs. In 2021, a total of 479 &illion m
of water was abstracted, on average around 115 m3 of water per capita. Groundwatentsémud 9%, springs for additional
35% (84% in total), and surface water for 16% of the average abstracted water volumes.

There are around 500 registered water abstraction sites, of which around 60% are active. 90% of total water volumes for publi
water supply are abstracted at around 80 water abstraction sites (15% of the registered total or 20% of active water abstraction
sites). Those water abstraction sites are of great importance for water supply systems in Croatia, providing the m#jerity of
required water volume. Other water abstraction sites provide water for smaller water supply systems or fill up bigger systems
with water when needed, frequently with lower operating costs since such sources are mostly closer to the supply zones.

In terms ofthe total volume of annual renewable reserves, the volume abstracted for water supply is currently relatively low.
Data shows that only 0.5% of renewable water reserves per year is used for water supply (or 10% in case of water abstracte
from renewable goundwater reserves). However, the situation differs significantly by regions andegigns in terms of
hydro-geological diversity and availability of water. While the abstracted volume is significantly lower than the average annual
yields of water abstretion sites, in the summer and dry months the yields of some water abstraction sites become equal to
total abstraction volumes (particularly in the Adriatic region). There are some geographically specific areas with significan
pressures to water abstracin sites due to a significant seasonal increase in water consumption (the Zadar coastal region, the
Split region, the islands).

This indicates complexity and the importance of good management of water supply systems, which requires comprehensive
monitoring of water quality and quantity parameters.

Groundwater bodies on which water abstraction sites are established currently can mostly achieve their aquatic environment
objectives, i.e., good quantitative and qualitative status of water bodies which is deedmsure safe and sustainable water
supply. Surface water bodies on which abstraction points are found achieve aquatic environment objectives in terms of the

2 (Source: River Basin Management Plan 2P0B1, http://www.voda.hr/sites/default/files/2022-05/plan_upravljanja_vodnim_podrucjima_2016._
_2021_0.pdf)
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guality of water for human consumpti on. Adficationsanctieinydms o f
morphological status of surface water

It is necessary to point out the link between the reduction of water losses and pressures to water bodies from which water is
abstracted for human consumption. A water rights permiti@ter usage (Water Act, Article 157) is issued for the abstraction

of water intended for human consumption, to provide a public water supply service, for a specified period, with a possibility
to modify/limit the approved conditions if that is in the pubinterest due to modifications in the water regime. The volumes

of water abstracted for public wa tirrelatiendophe total avaitpelerresouace, | vy
but problems occur locally where the awarded rights to waterezd the locally available resource capacities either in terms

of volume or in terms of the period of abstraction. In such areas it is necessary to intensify activities of monitoring the
abstracted volumes and of the implementation of measures to ratiaeakater consumptioriWater supply has priority over

other formsof resource usagélhe River Basin Management Plan establishes a Program of Measures to control water
abstraction that shall: (i) reduce the impact of water abstraction to a moderate level, i.e., to the maximum allowed \agter us

i ndex ( %and (i) insreage thévater usage efficiency. For that reason, when defining the financial efficiency of water
usage, it is definitely necessary to define the volume ofrexenue water, or its componenthat can be rationalized/reduced.

2.3 Water supply syeems and water service providers

2.3.1 Water services

The Water Services act defines water services as the services of public water supply and public sanitation, which PWSF
perform as their only activitids These are activities of general interest which pegformed as a public service. The rate of
population connection to public water supply systems is 89.4 %, while the coverage rate is 96% (sourdamrivaltProgram

for Construction of Water and Wastewater Structures for the Period until 2030). Thedifiarences in coverage rates among
counties, and particularly among municipalities and towns, with the connection rates lower in areas with lower population
density,

SThe i mpact of water abstraction and rerouting on t heshaeofabstreetedodroiedvat e r
water in relation to a multannual average flow as a reference value. The usage index of up to max. 0.4 indicates status assessderdte status
according to the quantity of water flow, meanirgvater abstraction has a moderate impact).

4This dso includes additional activities of sampling and testing, building connections, special water deliveries (public whtéoisother PWSPs, by a water
tanker truck and a water tanker vessel, acceptance of urban wastewater and sewage sludge from B acceptance of urban wastewater and sewage
sludge of other PWSPs), production of energy in the process of performing water services, including sale of energy, maofespmage sludge generated

in the process of wastewater treatment, managemehtaaonstruction project when the PWSP is its employer.
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Figure2.1. Rate of connection to thgublic water supply system in 2021 (PWSP level with IDs)

The average rate of connection to the public sanitation systems in the agglomerations of more than 2,000 PE (260
agglomerations in total) is 68%, and 9% in the agglomerations of less than 2,0087Rigglomerations in total). A total of

105 urban wastewater treatment plants have been built in the agglomerations with loads bigger than 2,000 PE (45 plants with
the established treatment comply with the requirements of the Urban Wastewater Treatmesttide, i.e., have the required

or higher treatment; this refers to 9% of the overall load of those agglomerations). 75 wastewater treatment plants have been
built in the agglomerations of less than 2,000 PE (source: Maltual Program for Constructiasf Water and Wastewater
Structures for the Period until 2030).

In 2020, the sector of water services had total revenues of EUR 538 million and expenses of EUR 523 million. The whole sect
in the aggregate recorded a positive result for the year 2020t&«cerofit amounted to 2.72% of the total sector revenues,
whereas profit after tax amounted to 1.46%, which indice
permitted margin. Trends i n t he7-202 periad sHow a trerdwfehigherircreasenoffl e
expenses in relation to revenues, resulting in a decreased profit in that period.

The majority of operating expenses has to with mategi al
expenses indicates potential future problems, i.e., financial stability problems can be expected as the result of thefimpact
growing prices of energy sources on the global and national markets and of the impact of inflation on the increased cost of
work.

Operating revenues from the performance of water services (revenues based on the price of water services and the
devel opment fee) were estimated based on the data about
financial data. ®tal operating revenues from water services in 2020 amounted to around EUR 500 million. Looking at the
operating revenues generated from the water sold and development fee in the water supply sector, the total operating
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revenues are estimated at around ERE3 million, of which around 70% come from the water sold to households, and 30%
from the water sold to industry. The remaining operating revenues were generated from the sanitation and treatment service

02020 02019 12018 32017

Business income from severage and wastewater treatment services

Business income from water supply:

Total business income from water services

100 200 300 400 500 600
EUR Millions

Figure2.2. Estimated shares of revenues from individual water services (water supply, sanitation, and treatment) in total revenues from
water services

The average total water price paid by the household category in2028EUR2.14 per m3. The prices ranged froRURL.26
per m3 toEUR4.41 per m3. The specified total water price in the household category represents the total price of water paid
by the citizens through the bills (a fixed part reduced to m3, a variable part, VATulsumpwater fees, development fees).

The differences in the price have to do with the quantity (type) of the services provided, only water supply, water sdpply an
sanitation, or water supply and sanitation with wastewater treatment, but also with theqyadey of the water price level
related to the needs for successful system operation, maintenance, and development, i.e., whether the water price reflects
the cost generated from the provision of the services

At the level of PWSPs, the average share oftttal price of water paid by citizens in the net disposable income of the
population is 1.34%

5Last available year.
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Total water price for hoseholds in 2020,
EUR/m3
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Figure2.4. Share in net disposable household income of the average total water price in 2020 paid by citizens, PWSP level (with IDs)
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The structure of the water price is defined by the provisions of the Wa&vices Act, the Regulation on the minimum basic
price of water services and type of costs covered by the price of water services (2010), the Water Management Financing Ac
and the Value Added Tax Act. The Regulation on the minimum basic price of wateesand type of costs covered by the

price of water services is the basic instrument to achieve the cost recovery principle for water services, i.e., the costs of
operation and management of hydraulic structures. The Regulation, among other thingdowayshe components of a water
service hill, making the structure of the water service price and the water fees charged alongside the water service price
transparent. The structure of the price of water services needs to be adjusted to the reform reguit2mvhich is why a
Regulation on the methodology to define the prices of water services is being drafted and is planned to be adopted by the end
of 2022. The Regulation will specify the types of costs recovered from the price of water services, thzigrafepublic
consultation, the application of the rule about the same price of the water service in the service area and exceptiohatfrom t
rule, the minimum volume of delivered water needed for basic household needs, permitted forms cbatmsdiedrom the

price of water service between different categories of water service users, the method of calculating the provision and price
of the water service.

So, the prices of water services are defined based on the principle of the recovery of costdéciosevvices as regulated by

the law regulating the financing of water management within the limits of economic efficiency, and on the principlesyf equit
protection against monopoly and socially affordable price of water. The recovery of costs forseatiees is ensured on the

one side by paying the price of water services and the development fee in the area where the water services are provided, and
on the other side by paying the compulsory water usage fee and the compulsory water protectiontfezterritory of the
Republic of Croatia (principle of the recovery of costs for water services).

The responsibility for the provision of water services to users in Croatia is shared by about 160 public Sraéiesf them

provide only the services public water supply, 68% provide the services of public water supply and sanitation (with or without
the wastewater treatment service), and 17% provide exclusively the services of public sanitation (with or without the
wastewater treatment service). Thetal volumes of water delivered by all the 128 public providers that deliver the water
directly to their users amounted to 243.9 million m3 in 2021, which is by app. 4% more than in 2020 or close to 2019, when
approximately 245.0 million m3 were deliveretihe volumes of water delivered in 2018 are withird% of the volumes
delivered in 2019

Volume delivered (m3)in 2021 (all users categories)

~ up to 100,000

" 100,001-500,000
#¥ 500,001-1,000,000
& 1,000,001-2,000,000

2,000,001-56,249,000

Figure2.5. Spatial distribution of water volumes delivered (billed authorized consumption) to users in 2021 (PMi&Ptoday)

The water service sector has two more providers t hanalcochmany'Vodovdd Hrvatska | y p
primorje-J u Z nanak d.g.a. Senj that performs the service of intermediary delivery of water through 6 public water service providers, cogany
Zagrebacke otpadne vode d.o.o0o. Zagreb that perf or ms dodpskrbasiedvodijacdm.0.0f wur
Zagreb.
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About 70% of the water providers deliver less than 1.0 million m3 per year (and as much as 50% of the providers, i.e., 64 0
them, deliver less than 0.5 million m3 per year). The remaining 30% deliver on average 4.0 million m3 per yegréthe Z
PWSP is excluded from the average as the biggest provider with annual delivery of app. 56.3 million m3)

2.3.2 Service areas

One of the most significant strategic objectives of water management is the implementation of the reform in the sector of
water sewices through institutional and technical integration of the existing PWSPs in a service area. The reform is ongoing,
and its implementation had started in July 2019 with the adoption of the Water Services Act. The integration of PWSPs will
ensure full imfementation of the principle of recovery of costs for water services, meaning that the operation and
maintenance of water and wastewater structures and the provision of water service of public water supply and sanitation is
financed exclusively from the ioe of water service. Furthermore, water services have to be provided under socially affordable
conditions, meaning that the price of water even after the implementation odiethted investments is socially affordable
within the | i mieffcienaf PWSP’ economic

The adoption of the Water Services Act has established the legal basis for integration in the sector of water servibes, and t
adoption of the Regulation on service areas (2021) has established the territorial basis for its operational imtetiererhe
Regulation on service areas establishes new service areas, defines their borders, and the takeover company (PWSP). It is p:
of a series of regulations reforming/consolidating the water services sector. Although the establishment of thermie® s

areas is taking place at a slightly slower rate than planned (related to procedures on the national level), it is eshiatdked t
process of actual consolidation of the PWSPs will start in.2023

Figure2.6. New service areas (41 service areas planned, OG 147/21)
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Table2.1. Size of the planned service areas in relation to water volumes delivered to users (Billed authorized consumption

Annualvolume of delivered water (ryear) Number of service areas
Up to 1,000,000 3
1,000,0063,000,000 16
3,000,00610,000,000 17
10,000,00620,000,000 4
More than 20,000,000 1
Total number of planned service areas 41

2.4 New model of calculating thevater usage fee

With the aim of reducing the environmental impacts of water abstraction, but also with the aim of reducing the costs of
operating and managing water supply systems and reducing water losses, the Regulation on amendments to the Regulatior
onthe amount of the water usage fee was adopted (OG 82/10, 83/12, 10/14, 32/20). It specifies the models of calculating the
water usage fee (fee to cover resource and environmental épsidich is one of the original revenues of Croatian Waters.
Since tle specified models of calculating the water usage fee also include the level of losses from public water supply systems
it is to be expected that with the start of application of this Regulation (1 January 2023) PWSPs will start taking neasures
reducethe losses.

So, starting from 1 January 2023, the models for the calculation of the water usage fee will take losses into accourd, enabli
the reduction of the fee if the losses are below 25%. On the other hand, the fee will be higher for those PWSPsvtban ' t b
efficient in reducing losses (which implies a potential increase of the price of water for end users). The new method of
calculating the water usage fee can affect the majority of end users because the problem of water losses is widespread anc
affects the majority of PWSPs but is particularly marked for the 20 biggest PWSPs that cover the largest part of therpopulatio
in Croatia. However, what is important, after the application of the new methodology of calculation from 1 January 2023, an
increase of the price of water for end users cannot be higher than EUR 0.4 per m3. In other words, the volume of water losses
affects the amount of the water usage fee which affects
losses, theeonsequence will be an increase of the price of water for end users (population and industrial activities).

In order to make an impact on the problems of the fragmented and inefficient sector with lacking capacities, the MESD
promotes the integration oPWSPs that are responsible for the management of water supply systems in their (bigger) service
area.

Activities for the reduction of losses will be monitored with the installation of meters at water abstraction points fac publ
water supply and of a syain to record, collect, analyze, and control data about abstracted water volumes, which is all
organized by CW (the activity is in implementation).

Forecast has been made of the calculation of the water usage fee based on the current model and baseof dmeomedels
presented in the Regulation (the model more favorable for the PWSP was used, with a certain correction of the formula in
agreement with the MESD, for which the MESD will issue the Calculation Application Gui€linedable below presest

an incremental analysis of introducing the new calculation model for the water usage fee at the level of 41 service areas

”The revenue from the water usage fee is used for collecting and keeping data about water reserves and their usage, ntunitaing of water reserves

and taking measures for their economical usage, water reseamks, financing the construction of major public water supply structures: water intakes,
pumping stations of drinking water treatment plants, pumping stations, storage tanks, mains and associated structurasadérttseipply network, and

financing thereconstruction or rehabilitation of public water supply structures for the purpose of water loss reduction. The reventlecfwater usage fee

is used according to the principles of solidarity and priority in needs on the national territory. The @meuant of the water usage fee for public water

supply is EUR 0.39 per m3, with the basis for calculation billed authorized consumption. An average of around EURrEger yafiowas calculated over

the last three years

8This refers to the calculatio whi ch was in this forecast made in relation to the wat
another PWSP.
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Table2.2. Analysis of introducing the new calculation model for the water usage fee

Service area Water usage fee until January| Water usage fee from January 2023 Increase/decrease
2023 (EUR/year) (EUR/year) of annual fee (EUR/year)
1 1.759.000 1.029.000 -731.000
2 2.714.000 2.382.000 -333.000
3 1.222.000 680.000 -542.000
4 1.231.000 929.000 -302.000
5 1.104.000 695.000 -410.000
6 982.000 881.000 -101.000
7 311.000 216.000 -95.000
8 3.320.000 3.028.000 -292.000
9 1.823.000 1.214.000 -609.000
10 1.059.000 1.165.000 107.000
11 21.751.000 24.697.000 . 26000
12 1.124.000 1.108.000 -17.000
13 1.628.000 963.000 -666.000
14 2.229.000 3.117.000 888.000
15 779.000 1.314.000 535.000
16 902.000 1.271.000 369.000
17 676.000 412.000 -264.000
18 1.029.000 837.000 -193.000
19 355.000 274.000 -81.000
20 1.512.000 1.987.000 475.000
21 1.739.000 2.345.000 607.000
22 776.000 485.000 -291.000
23 4.715.000 3.087.000
25 5.932.000 5.641.000 -292.000
26 1.581.000 1.202.000 -379.000
27 763.000 675.000 -88.000
28 1.266.000 1.053.000 -213.000
29 751.000 1.654.000 903.000
30 4.143.000 6.410.000 . 2267000
31 922.000 1.110.000 189.000
32 3.388.000 3.918.000 531.000
33 7.106.000 10.000.000 . 28,000
34 1.090.000 1.412.000 322.000
35 717.000 673.000 -45.000
36 1.412.000 1.108.000 -304.000
37 1.591.000 2.314.000 723.000
38 752.000 1.135.000 384.000
39 755.000 916.000 162.000
40 1.843.000 1.738.000 -106.000
41 265.000 155.000 -110.000
Ukupno 92.245.000 97.154.000 4.910.000
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OIncrease/decrease of annual water usage fee
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Figure2.7. Changes in the calculation of the water usage fee after the introduction of the new model by service areas

With the presented changes to the existing system of calculation and collection of e usage fee, the basis for the
calculation becomes the abstracted (alternatively supplied to the system) water volume. It is expected that such system will
encourage PWSPs to more economical consumption, but also to improving the efficiency of thesuygilr system they
manage Figure2.8. shows an analysis of the total amount of the water usage fee after the introduction of the new model and
comparison of the oldrad new fee payment models by PWSPs
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Figure2.8. Revenues from the compulsory water usage fee according to the new model (left) and difference in revenues from the
compulsory water usage feaccording to the old and new models (right), PWSP level (with IDs)
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2.5 Water Balance

The basis for the development of water loss management plans is gaining better understanding not only of the reasons behind
the occurrence of water losses and the factoreafft i ng t hem, but also of theoretical
|l osses” and their components within the overall water be

2.5.1 Basic Water Balance

The analysis of water losses in Croatia has so far been largely associated with the bakdstfdionm of the water balance

that implies three basic components: Water Supplied (the difference between the System Input Volume and the Water
Exported), Billed Authorized Consumption (Revenue Water), andR¢ornue Water. In practice, there is somegsnstill

mi sunderstanding between the terms “water supplied” and
the overall volume of water input into the system, without subtracting the volumes exported to another PWSP.

In 2021, the total volume of water supplied in Croatia amounted to 479 million m3. The spatial distribution of the water
supplied by PWSPs is presentedrigure2.9.

The total volume of water delivered through the system to the final users in Croatia in 2021 amounted to 244 million m3. The
spatial distribution of the annual water volumes delivered to final users (billed authorized consumption) by PWSPs isthresent
in Figure2.10.

The total NRW volume in Croatia in 2021 amounted to 235 million m3. The spatial distribution of the annual NRW volumes by
PWSPs is presented kigue 2.11, while Figure2.12. presents the spatial distribution of the annual NRW volumes by service
areas
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Water volume supplied in to system (m3) in 2021
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Figure2.9. Spatial distribution of water supplied to watesupply systems in Croatia, PWSP level (with IDs)
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Figure2.10. Spatial distribution of annual water volumes delivered to final users in Croatia (Billed Authorized Consumption), PWSP level
(with IDs)
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NRV volume (m3) in 2021
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Figue 2.11. Spatial distribution of NRW in Croatia, PWSP level (with IDs)
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Figure2.12. Spatial distribution of NRW in Croatia, level of 41 service aréagh IDs)
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Figure2.13. presents the basic water balance on the national level for the last 5 years; 202117

m Water Supplied m Billed Authorized Consumption = Non-Revenue Water
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Figure2.13. Basic water balance on the national level for the last 5 years (22021)

One can notice that in terms of all the three basic components of the basic water balance the state has remained nearly
unchanged over the last 5 years, with neither theVMRolume nor the NRW share changing significantly (around 49%).
However, in the period until 2017 the NRW volumes had continuously incréggpote2.14), as the restit of not implementing
adequate water loss management on the national level, as well as in the majority of PWSPs. In early 2018, the line Ministry
together with Croatian Waters initiated the National Water Loss Reduction Program (NWLRP) which isigtéhirentation.

Its results are visible through stopping the negative trend of increasing water losses and achieving a certain redu@ti®n in 2
and further stagnation until the end of 2021. In that period, some PWSPs have managed to rationally usetied fiegources
available from the NWLRP and reduce the NRW volumes from year to year, some have stagnating NRW volumes, while son
have increasing NRW volumes from year to (€&yure2.15. and Figure2.16).
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Figure2.14. Trends in NRW volumes (m3/year), 202021
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Figure2.15. Basic water balance on the level of 41 service areas over the last 5 years 20AT)
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Figure2.16. Change in NRW volumes by individual PWSPs in therZ21 period (the positive and negative values refer to decreasing
and increasing NRW, respectively)

Under the simplest form of the water balance described
primarily associated with the NRW share.

The NRW share on the level of Croatia in 2021 was around 49%. The spatial distributiorNét\thehare by PWSPs is
presented inFigure2.17, while Figure2.18. presents the spatial distribution of annual NRW volumes by service.areas
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NRW (%) in 2021
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Figure2.17. Spatial distribution of the NRW share in Croatia, PWSP level (with IDs)
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Figure2.18. Spatial distribution of the NRW share in Croatia, level of 41 sezvareas (with IDs)
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“

Al though the termsr éwahee WwWassl” aade “homhernationally ac
distinction between the two. NofiRevenue Water (NRW) is defined as the difference between the water supplied and the
revenue water:

Nonrevenue water (fflyear) = Water supplied (ffyear) ¢ Revenue water (ffyear)
Water supplied = System input volumée¥/fraar) ¢ Water exported (rflyear)
Water supplied = Revenue water¥(year) + Noarevenue water (i#lyear)
Systeninput volume (r¥year) = Volume from own sources¥{grear) + Water imported (ffyear)
In the same context, NRW is most often defined as the percentage of the Water Supplied:
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However, it needs to be stressed that such method of presenting the perceategeo f NRW doesn’t gi ve
real state in terms of water | osses. I't al so doesmnoulat pr c
water supply system in terms of water losses. Namely, based on the above caltulh NRWshareincludesnot only the

NRW volumes, but also the volumes of revenue water on which the volume of water supplied depends. Analyzing two PWSP:
with identical characteristics (the same network length, the same number of population) andneigatne NRW volume, but
different volumes of revenue water, the NR8Nareapparentlydecreases for the PWSP with a higher volume of revenue water
(e.g., as the result of increased water consumption by the existing or new industrial or tourist facility).

On the other hand, for the PWSP that through the implementation of certain actiatiddinancial investment has achieved

a certain reduction of water losses, but had a decrease in water consumption at the same time (e.g., decreasing population,
decreased specific water consumption by the population, decreased water consumption byryndtistre is an apparent
impression that the water losses have remained on the same level because the calculated value of the NRW share has remaine
the same. For that reason, evaluating the efficiency of the water loss reduction program based on theh&he\g assessed

as inappropriate, since it can |l ead to wrong concl uUysi ons
been achieved in terms of volume.

Figure2.19. presents the sensitivity of the change in the NRW share to changes in the Revenue Water on the national level,
with a realistic range of change in Revenue Water from 0 to 15%. In other words, it is presenfexbtheming that the NRW
volumes don’t change on the national l evel , there is a c
(pointing out the fact about a population decrease according to the 2021 Census, or specifically diqopluéep by around

9.5% or around 400,000 peopl€efhis additionally clarifies that water losses expressed as the NRW share cannot be a
transparent indicator of the assessment of the state of a PWSP, and even of a country, in relation to efficieney iossat
managementof which account was taken when proposing the indicators of water losses today and after the implementation
of the water loss reduction measuréShapters2.6. and3.2.4).
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Figure2.19. Sensitivity of the change in the NR@hare to changes in the Revenue Water on the national level in Croatia

Analyzing the state in PWSPs in Croatia, it can be concluded that there is no correlation between the NRW volume and the
NRW share, which is vigghih Figure2.20. For example, some PWSPs that have relatively low NRW volumes have a high NRW
share and vice versa. Consequently, it cannot be concluded that the NRW shares increase with increasiolgiNedV v
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Figure2.20. Comparison of NRW volumes and NRW shares by PWSPs in Croatia (2021)

Analyzing the NRW volumes on the level of individual PWSPs, it can be concluded that the distribution of the NRR®/isolu
highly uneven (part of the chart marked in blud=igure2.20. Afew PWSPs in Croatia account for the majority of NRW volumes
on the national level.
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Forexample, 5 PWSPs with the biggest NRW volume account for around 51% (120,797,503 m3/year) of the total NRW volum
on the national level (234,957,677 m3/year).

10 PWSPs with the biggest NRW volume account for 63% (147,574,685 m3/year) of the total NR¢budhamational level
(234,957,677 m3lyear).

15 PWSPs with the biggest NRW volume account for 71% (166,132,107 m3/year) of the total NRW volume on the national leve
(234,957,677 m3lyear).

20 PWSPs with the biggest NRW volume account for 76% (178,1TT38dar) of the total NRW volume on the national level
(234,957,677 m3lyear).

On the other hand, 60 PWSPs with the smallest NRW volume account for 4% (9,398,599 m3/year) of the total NRW volume ol
the national level (234,957,677 m3/year).

80 PWSPs with thsmallest NRW volume account for around 9% (21,934,324 m3/year) of the total NRW volume on the
national level (234,957,677 m3/year).

90 PWSPs with the smallest NRW volume account for around 13% (31,343,181 m3/year) of the total NRW volume on the
nationallevel (233,706,601 m3/year).

The analyses made confirm that a bigger impact on the national level is achieved at a 10% reduction of the NRW volume amon
the 20 largest PWSPs than at a 50% reduction of the NRW volume among the 90 smallest PWSPs. bova itheaa be
concluded that in order to reduce the NRW on the national level the priority is to implement improvement measures and
reduce the NRW among the PWSPs with the currently biggest NRW volumes, which are at the same time the PWSPs with tf
bigges volumes of water supplied to the system and the biggest volumes of billed authorized consumption, even though it is
clear that the required financial investment for the largest PWSPs will also be higher. Such statement does not mean that at
the same timdt is not necessary to implement the water loss reduction program among the smaller PWSPs, i.e., among the
PWSPs which now have smaller NRW volumes, but rather that the reduction of water losses among such PWSPs will contribut
to the reduction of waterdsses on the national level to a smaller extent

2.5.2 'Standard' and 'Extended' water balance

As a response to the deficiencies in expressing water losses as a % of NRW, as part of the practice of developed aountries ne
standards were defined that provide a more detailed insight into the real state and enable making conclusions of betyer quali

In order for the issue of water losses to be understood better, the International Water Association (IWA) defined a new water
balance standard, i.e., the preparation of a 'Standard' Water Balance and an ' Extended' Water Balance, adopted on the globa
levd under the name of “I WA met hodol ogy”.

Developing the standard and extended water balance comes down to calculating all the components of the NRW and
standardizing (unifying) the individual components and terminology, with a special focus on distinghetiniegn the terms
“water | osses and |l eakages by defining real and appar
water balance it is later possible to properly plan measures and activities for their reduction.

Even though wier losses are most often associated with poor condition of the infrastructure (old age of the mains network,

inadequate maintenance and repair, high pressures, frequent and intensive water hammers), it is important to note that not
all water losses are thresult of poor condition of the infrastructure and leakages from the mains network. Apparent losses in

the network which are associated with unauthorized water use (unauthorized consumption) and water consumption metering
inaccuracies can represent arsiicant share in the overall water balance, also belonging to the category of water losses and

NRW. For that reason, the IWA methodology defines water losses as follows:

Water Losses (ffyear) = Water Supplied (tyear) ¢ Authorized Consumption ffyear)

Water Losses (ffyear) = Real Losses {fyear) + Apparent Losses {lyear)
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Real losses include leaks from pipes, joints and fittings, leaks through the bottom and walls of storage tanks, agowgjhas th
overflows on storage tanks. Real losses can bg kigth and can remain undetected over a number of months or even years.
The volume of water lost will largely depend on the characteristics of the mains network and the leak detection and repair
policy implemented by the water service provider, i.e., on:

Network pressure;

Frequency and intensity of new leaks and bursts;

The share of new leaks that are 'notified’;

'‘Perception' time (how fast a leakage is perceived);

‘Location’ time (how fast is every new leakage located);

Repair times (how fast are leakagepaired or eliminated from the system);

'‘Background leakage' level (small undetectable leakages).

=4 =4 -8 —a 8 98 9

Leakage is usually the main component of water losses in many water supply systems. However, that is not always the case
because on the other hand mamater supply systems have a high share of illegal connections and unauthorized consumption
of water, as well as metering inaccuracies or accounting errors, all of which makes the component of apparent lossastsignific

Table2.3. presents the standard water balance on the Croatian level based on the 2021 data. Some components of the
standard water balance (Water Supplied and Billed Authorized Consumption) wereaadefrom the registers (basic water

bal ance according to the SOV database) filled in by the
'‘Water Supplied’ or its calculation fully understandable, with the component of volumes of waperted to other PWSPs

also missing, which is also important from the aspect of correct calculation of theewenue water for those PWSPs that
export water to another PWSP. Namely, in the practice so far, thereeenue water for some PWSPs has bealtulated
incorrectly as the difference between the 'System Input Volume' and the 'Revenue Water', with the NRW thus incorrectly
including the water exported to another PWSP. A full understanding of the water balance is provided by the 'Extended' water
balance. UTable2.4. presents the extended water balance on the Croatian level based on the 2021 data. Some water balance
components (Volume from Own Sources, Water Imported from other PWSPs, Water Exportibertd®d/SPs, and Billed
Authorized Consumption) were taken over from the registers (basic water balance according to the SOV database) filled in by
the PWSPs themselves. The 'Extended' water balance clearly shows all the components, without the pa$sibdity
wrongful interpretation, and with risks of errors in the calculation reduced to the minimum. Analyzing the 'Extended' water
balance it is clear that the 'System Input Volume' is calculated as the sum of the metered 'Volume from Own Sources' and th
'‘Water Imported from another PWSP'. It is also clear that the 'Water Supplied' for the system for which the extended water
balance is prepared is calculated as the difference between the 'System Input Volume' and the 'Water Exported to another
PWSP'. Ilis also clear that the nerevenue water is calculated as the difference between the already calculated 'Water
Supplied' and the 'Revenue Water' ('Billed Authorized Consumption’). The main terms from the standard and extended water
balance are described ifable2.5.

Table2.3. Standad water balance on the Croatian level based on the 2021 data (values in m3/year)

Billed Authorized Billed Metered Consumption
. Revenue Water
Consumption
Billed Unmetered
Authorized Consumption 243,865,747 243,865,747 Consumption
Unbilled Authorized Unbilled Metered
250,499,832 Consumption Consumption
6,634,086 Unbilled Unmgtered
Consumption
Unauthorized Consumption
Water Syplied Apparent Losses 7,051,613
478,823,423 13,577,145 NonRevenue Water Customer Metering
Inaccuracies (and data
234,957,677 handling errors)
Water Losses 6,525,532
228,323,591 Real Losses Leakage on Mains
Leakage and Overflows at
214,746,446 Storage Tanks
Leakage on Service
Connections up to point of
customer metering
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Table2.4. Extended water balance othe Croatian level based on the 2021 data (values in m3/year)

Volume from
Own Sources

479,123,913

Water Imported
from another
PWSP
42,853,707

System Input
Volume
(corrected for
known errors)

521,977,620

Water Exported Billed Water
to another PWSP Exported to another
43,154,197 PWSP
Billed Authorized Billed Metered
. Revenue Water .
Consumption Consumption
Authonzgd 243,865,747 243,865,747 Billed UnmeFered
Consumption Consumption
Unbilled Unbilled Metered
Authorized Consumption
250,499,832 Consumption
6,634,086 Unbilled Unmgtered
Consumption
Unauthorized
Consumption
Water Supplied Apparent Losses 7,051,613

478,823,423

Water Losses
228,323,591

13,577,145

Real Losses

214,746,446

NorntRevenue Water

234,957,677

Customer Metering
Inaccuracies (and
data handling
errors)
(5,525582

Leakage on Mains

Leakage and
Overflows at
Storage Tanks

Leakage on Service

Connections up to

point of customer
metering

Table2.5. Description of the main terms in the extended water balance

Term

Description

Volume from Own Sources

Volume of water entering the system from own sources of the water sepriweder

PWSP

Water Imported from another

Volume of water taken over from other water service providers

PWSP

Water Exported to another

Volumes of water delivered to another water service provider

System Input/olume

Volume of water input into that part of the water supply system to which the water balance relates, with mete
errors corrected. It equals the sum of Volume fr@wn Sources and Wateimported

Water Supplied

Systen Input Volume minughe Water Exportedto another PWSP

Authorized Consumption

Volume of water (metered and unmetered) consumed by registered consumers, the water service provider, &
other authorized consumers (firefighting, watering of municipal gasdsireet cleaning, etc.)

Billed Authorized Consumption

Volume of water consumed by registered consumers. It comprises metered (read water meters of registered
consumers) and unmetered (lump estimates) volumes

Unbilled Authorized
Consumption

Volumeof water consumed (metered and unmetered) by the provider of water services (water treatment, flus|
of pipeline network, frost protection, filling and cleaning of water tanks, etc.) and other authorized unregistere
consumers (firefighting activities drdrills, flushing of sewers, street cleaning, watering of municipal gardens,
public fountains, building water, etc.)

Water Losses

The difference between System Input Volume and Authorized Consumptiosisting of Apparent Losses and Re
Losses

Real Losses

Water physically lost from the water supply system during its transport from the water intake to the consumei
(mains, storage tanks, servicennections up to the point of customer metering)

Apparent Losses

Water lost due to unauthorized consumption (illegal connections and water theft, for example from hydrants)|
customer metering inaccuracies, and errorslata handling (calculations)

The Unbilled Authorized Consumption was estimated based on the results of the studies and conceptual solutions prepared
before, and certain indicators and experience of each individual PWSP. For the PWSPs where thedfW&#3 isignificant
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volumes of water for the needs of water treatment or provision of sanitary quality of drinking water through occasionagflush

of mains, and with increased water use by public institutions (e.g., firefighters, etc.), higher valhesshare of Unbilled
Authorized Consumption have been adopted. The minimum share of the Unbilled Authorized Consumption amounts to 0.5%,
whereas the maximum value ranges up to 20% in relation to the Billed Authorized Consumption, and the averaged value
weighted against the Billed Authorized Consumption amounts to 2-igare2.9).

20,00 mmmm Share of Unbilled Authorized Consumption === \Neighted average value
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Figure2.21. Share ofUnbilled Authorized Consumption' in relation to 'Billed Authorized Consumption' by PWSPs

The Unauthorized Consumption was estimated based on the results of the questionaries that were filled in by the PWSPs fol
the purpose of preparing the relevant anadgsof current status, that were based on certain indicators and experience of
individual PWSPs, in combination with the results of the studies and conceptual solutions prepared before. The minimum share
of the Unauthorized Consumption amounts to 0.2%, veaerthe maximum value ranges up to 17% in relation to the Billed
Authorized Consumption, and the averaged value weighted against the Billed Authorized Consumption amounts to 2.9%
(Figure2.22). When defining the share of Unauthorized Consumption by PWSPs, account was taken of flow measurements by
DMAs established either permanently or for the purpose of developing conceptual solutions and of the assessment of the
intengty of water theft in the system and method of controlling illegal connections by PWSPs.

When assessing Customer Metering Inaccuracies (and data handling errors), the reference value of Customer Metering
Inaccuracies was initially defined as 5% in retato the Billed Authorized Consumption, and was later on corrected in relation

to the earlier analyses of the questionary results that relate to the frequency of water meter readings, the way in wieich wat
meter readings are controlled, the water metegplacement practice and the age of water meters, the state related to the
water meter precision class, and the way in which consumer databases are managed by R¥WFERse2.23. presents the
distribution of the adopted Customer Metering Inaccuracies by PWSPs, based on the results of the analyses made earlier.
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Figure2.23. Customer Metering Inaccuracies as a share of Billed Authorized Consumption

All the components of the water balance are prone to errors in inputs. Therefore, the NRW and its components calculated
from the water balance aren’t exact figures, even ita ful
in the water balance may have an error or be more or less uncertain, with such errors accumulating in the eventually calculated
real losses, resulting in the uncertainty of the calculated value of real losses.

In line with that, more recent examples of the apption of the IWA methodology are associated with an analysis of 95%
confidence of the calculation of the water balance components, the purpose of which among other things is to identify
priorities in the implementation of activities to improve metering acies or estimates of water volumes, in order for the
estimate (calculation) of the volume of real losses, and thus also of the monitoring of the real state in the systentuallgven

be as accurate as possible.
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The analysis implies applying a methafccalculating confidence with 95% certainty of accuracy, with initial definition of the
value of the 95% confidence limit for Water Supplied, Unbilled Authorized Consumption, and Apparent Losses, and with
automatic calculation of the values of the 95% fidence limit for the NRW, Water Losses, and Real Losses

Table2.6. contains an analysis of 95% confidence of the calculation of the water balance components @retlod Croatia.

The obtained results are also graphically analyzed and presentEifjume2.24. The adopted 95% confidence limit for the
Water Supplied is 5% and wastimated based on the results of the questionaries filled in by the PWSPs for the purpose of
making the analyses of the current status, which are based on certain indicators and experience of individual PWSPs. Th
adopted 95% confidence limit for the bifled Authorized Consumption is 50% and was estimated based on the analyses made
earlier, which are based on certain indicators and experience of individual PWSPs. The adopted 95% confidence limit for the
Apparent Losses is 30% and was estimated basetth@@analyses made earlier, which are based on certain indicators and
experience of individual PWSPs

Table2.6. Analysis of 95% confidence of the calculation of Water Balance components on the natievell

Standard
IWA Water Balance components V°'m”§;‘yigr’) iy Y corzg?jnce i +/-m3 (Sdg;/i[a:t \i? ?( Pt Variance (Va) [=SD
/1.96]

Water Supplied 478,823,423 +/-* 5% 23,941,171 12,214,883 149,203,372,705,185
- +

Billed Authorized Consumption 243,865,747 +-* 0% 0 0 0

NRW 234,957,677 +- 10% 23,941,171 | 12,214,883 149,203,372,705,185

[=SD/Vx1.96]

- +

Unbilled Authorized Consumption 6,634,086 +-* 50% 3,317,043 1,692,369 2,864,112,365,810
Water Losses 228,323,591 +- 11% 24,169,867 | 12,331,565 152,067,485,070,995
- [=SD/V/0.5] i

Apparent Losses 13,577,145 +/-* 30% 4,073,143 2,078,134 4,318,642,552,918
Real Losses 214,746,446 +- 11% 24,510,670 12,505,444 156,386,127,623,913

* Inputs of uncertainty estimates in the calculation of 95% confidence limit

300.000.000

250.000.000

200.000.000

m3/year

150.000.000

100.000.000

50.000.000

Non-Revenue Water

R

Apparent Losses

Real Losses

Figure2.24. Result of analysis of 95% confidence of the calculation of Water Balaooeponents on the national level in Croatia
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2.6 Estimating water losses using water loss indicators

2.6.1 ILI according to IWA methodology

The application of appropriate water loss indicators is an unavoidable segment aimed at properly understanding tredissue
improving efficiency in water loss management. A large number of different water loss indicators is used in global practice,
primarily the Infrastructure Leakage Index (ILI) and other indicators (Current Annual Real Losses and Unavoidable Annual Re
Losses) that define the ILI value as the basis for applying the IWA methodology.

The Infrastructure Leakage Index is actually the first indicator defined so as to give a better insight into the efficiency o
managing a water supply system, i.e.stow how successful a PWSP is in addressing and managing wateatabseefined

within the generally accepted IWA methodolodye ILI represents the ratio of the CARUrrent Annual Real Los$és the
UARL(Unavoidable Annual Real Losses higherlLl value indicates a poorer condition and reduced efficiency in addressing
water losses within the analyzed system

L 00°YD

00 — .
YO YO

Both these components of real losses (CARL and UARL) are, for easier presentation and possibility to compizer with
systems or own suBystem, expressed in unit terms ag’km/d (used mostly in cases when the number of service connections

is < 20 per km of mains) or as l/service connection/d (used mostly in cases when the number of service connectiong is > 20 pe
km of main3.

Current Annual Real Losses (QARL

The CARL represents real losses that encompass all leakages in the mains network (transmission and distribution), overflow
and leakages from storage tanks, and leakages in service connections up testbmer water meters. The CARL is most
frequently identified using one of the two methods specified below or a combination thereof

T “TOwwn” madcdrding to which the CARL is defined within the preparation of the extended water balance
(Table2.4) under component ‘Real Losses' as the volume remaining once the Authorized Consumption and Apparent
Losses are deducted from the Water Supplied.

T “ Bo t-Wmimethod — according to which the CARL is defined from the results of flow measurements in small,
discrete areas of a water distribution systerDistrict Metered Areas (DMA). The basis for the calculation of the CARL
is the identification of the Minimum Nig Flow (MNF) and a share of authorized consumption by consumers in the
MNF. Deducting the estimated authorized consumption in the night period from the identified MNF value gives the
volume of real losses in that night period. Since a change in pressute iwater supply network is inversely
proportional to a change in water consumption, the highest pressures are present precisely in the night period with
minimum water consumption (minimum flows within the system). For that reason, the identified vhlealdosses
in the night period with maximum pressures is averaged on a daily level (overhau?4eriod), using in the
calculation the average daily pressure value. A FAVAD method is used in this process.

Unavoidable Annual Real Losses (JARL

The URLrepresens the losses of very low intensity due to the formation of small cracks and leaks at joints and valves
(background leakagewhich it is very difficult or impossible to detect using the most frequently used acoustic mefhioels
aredefined by empirical equatiortbat include the following relevant parameters: the length of transmission and distribution
mains (without service connection pipes), the number of service connections, the length of service pipes (after the property
line upto the customer meter), and the average operating pressiitee UARLsiaccording to the original IWA methodology
calculated using the following expressions
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Where

A Ln—Mains lengthtransmission and distribution mair{km)

A Nc—Number of service connectiorf$)

A L, —Total length of service pipesfrom property line (most often a fence) to meter, i.e., part of the service
pipe lying on private property (km)

A P.—Average operating pressure (@f water column

In Croatianpractice mistakes have often been made in chlting the UARL using the above equations when defining ghe L
parameter, applying the service connection pipe length from connection to the street main to the water meter (most-often 6
10 m length), instead from the property line to the water meter (moféen 0-3 m length.

Somecountries and PWSPs around the world have introduced modifications in the calculation of the UARL, the correctness of
which cannot be checked in practice and the appropriateness of which cannot be confirmed in use in all ctinesteinces
because just like the original (aboweentioned) equations it is based on defining individual factors that are defined based on
relatively small databases, associated primarily with the area (PWSP, regidrcountry) in which the modificatiowas
developed. Even in Croatia, the Regulation on the amount of the water usage fee (OG 82/10, 83/12, 10/14, 32/20), Annex VI
defines the calculation of the UARL in a maodified form:

YO YD @® x00 ™ v @O o 000 wd orQ

where, unlike the earlier equation defined based on the original IWA methodology, the paraipésedefined as the length
of all service connection pip@s pipes in the ownership of the provider of water servigdsch connect the main of the water
supply network with theconnectionfor the water service user. In other words, the service pgpeefined from the connection
to the street mainto the water meter which is different from the same parameter in the edion according to the original
IWA methodology, where theervicepipg s def i ned fr om o oftansadencte thepmater mmeter.t y | i

The spatial distribution of the ILI by PWSPs in Croatia is presenféglire2.25. Figure2.26. shows the distribution of the ILI
by PWSPs in Croatia presented in a descending order. The distribution of the ILI by the proposed service areas in Croatia
presented inFigure2.27.
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Figure2.25. Calculated ILI, PWSP level (with IDs)
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Figure2.26. Distribution of the ILI value by PWSPs in Croatia
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Figure2.27. Distribution of the ILI value by the proposed service areas (41) in Croatia

Even though the ILI illustratesé efficiency of managing a water supply system, the national ILI averages using
methodologies of expressing the average values are also presented.

The average ILI value on the national level expressed as an arithmetic mean of all the ILI viaWw&isyis 4.18.

The value of 50% percentile of the ILI on the level of all PWSPs in Croatia is 2.34.

The calculated ILI value on the national level taking into consideration the weighted value of the average pressurerin

to the network length ofnidividual PWSPs is 2.9.

several

relati

The ILI value on the national level calculated by PWSPs and weighted against the number of service connections is 5.75.

Table2.7. presents the distribution of the PWSPs in Croatia with regard to the ILI, in accordance with the general categories of
real losses management for the developed countries based on the quadedi the World Bank Institute.

Table2.7. Water supply systems in Croatia grouped according to the ILI value

Developed Number of PWSPs ir S . .
; . Guideline descriion of the real loss management performance categorie
countries Croatia based on the Band : .
for developed and developing countries
ILI range ILI
<2 56 A Further loss reduction may be uneconomic unless there are shortage
careful analysis needed to identify casffective leakage management
2 4 o8 B Possibilities for further improvement; consider pressure management, be
active leakage control, better maintenance
Poor leakage management, tolerable only if plentiful cheap resources; e
4-8 27 C . . .
then, analyze level and nature of leakage, intensify reduction efforts
8 or more 16 Very inefficient use of resources, Iea'ka.ge reduction programs imperative
highpriority

Water losses are often in practice associated with the pressure in the system, with the same parameter used in the galculatio
of the UARL, which is in turn used to calculate the ILI. It is therefore in practice often wrongly believadrdwsed ILI values

are present in systems with higher pressures. However, analyzing all the PWSPs in Croatia, one can notice that high ILI valu
are present even in systems with average pressures of below 5 bar.
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The ILI is also often in practice asstemiawith the NRW volume, with a shared opinion that the increased ILI values are present
in systems with bigger NRW volumé&sgure2.28. which presents the relatiosp between the ILI and the NRW among the
PWSPs in Croatia, contradicts such conclusions. One can notice that big NRW volumes are present even in systems with low
values. However, a certain correlation does exist between the ILI and the NRW expre&saif the Water Supplied, even
though that correlation is not complet&igure2.29. illustrates that some systems, although having a high share of the NRW,
are chancterized by low ILI values
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Figure2.28. Relationship between the ILI and NRW in m3/year by individual PWSPs
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Figure2.29. Relationship between the ILAnd NRW in % by individual PWSPs
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Many guidelines throughout the world, including in Croatia, adopt the ILI value as a benchmark of successful implementation
of certain water supply system improvement measures. For example, in Croatia even the legislatiorages analyzing the
efficiency in the reduction of water losses using the ILI. More specifically, according to the Regulation on the amaant of th
water usage fee (OG 82/10, 83/12, 10/14, 32/20), based on one of the two models of calculation thd fex ecaiculated

based on the calculation that includes the ILI value, in an effort to encourage the PWSPs to take certain improvemens measure
to reduce the ILI value, and thus of the water usage fee amount, and achieve certain economical savings., taimyer
certain system improvement and water loss reduction measures will not necessarily result in the reduction of the Ild value; i
certain circumstances it can even result in it increasing or remaining at the earlier level. This happens in systentisewhe
regulation (reduction) of pressures with the establishment of PMAs was taken as an improvement measure, and the system is
characterized by a higher share of rigid pipes with the value of the N1 exponent lower than or equal to 1.0. So, thespractice
far indicates that the ILI is not a reliable indicator in every case, stressing the need to make additional analysedasfsgater
(technical and economic) not only on the level of the system, but also separately on the level of each DMA.

The practiceso far in Croatia, since more intensive application of the IWA methodology started, confirms that the ILI has no
major importance in practice in terms that, once its value for a system is expressed, the implementation of specifesactiviti
would start whch would result in its reduction, i.e., in increased PWSP efficiency in water loss management.

The above can lead to the conclusion that the ILI as a practical indicator of the efficient management of a water sepply syst
is not an argument (motive) engh to more actively address the water loss issue

2.6.2 Other indicators of water losses

In addition to the NRW, the real losses and the ILI, in Croatian practice the use of other performance indicators is becoming
more frequent, such as unit real losses (Kiiservice connection/d; liters/service connection/d/m of pressure; m3/km/h).

Figure2.31. presents the distribution of unit values of the Real Losses in litersf@eoonnection/day by individual PWSPs in
Croatia, whileFigure2.32. presents their distribution by the service areas

Figure2.35. presents the distribution of unit values of the Real Losses in m3/km of mains/hour by individual PWSPs in Croatia,
while Figure2.36. presents their distribution by the service areas

Figure2.39. presents the distribution of unit values of the Real Losses in liters/service connection/dan/m of pressure by
individual PWSPs in Croatia, whitigure2.40. presents their distribution by the service areas

In Figure 2.33. the water supply systems in Croatia areogped by the unit values of Real Losses in liters/service
connection/day.

In Figure2.37. the water supply systems in Croatia are grouped by the unit values of &&sd in m3/km of mains/hour

In Figure 2.41. the water supply systems in Croatia are grouped by the unit values of Real Losses in liters/service
connection/day/m of pressure
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Figure2.30. Calculated unit value of Real Losses in liters/service connection/day, by individual PWSPs (with IDs)
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Figure2.31. Distribution of unit values of Real Losses in liters/service connection/day/m of pressure, by individual PWSPs
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Figure2.33. Water supply systems in Croatia grouped by the unit values of Real Losses in I/service connection/day
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Figure2.34. Calculated value of Real Losses in m3/km of mains/hour, by individual PWSPs (with IDs)
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Figure2.35. Distribution of unit values of Real Losses in m3/km of mains/hour, by individual PWSPs
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Figure2.36. Distribution of unit value of Real Losses in m3/km of mains/hour, by service areas
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Figure2.37. Water supply systems in Croatia grouped by the unit values cdR&sses in m3/km of mains/hour
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Figure2.38. Calculated unit value of Real Losses in I/service connection/day/m of pressure, PWSP level (with IDs)
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Figure2.39. Distribution of unit values of Real Losses in liters/service connection/day/m of pressure, by individual PWSPs
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2.7 Existing waterosses reduction plans/documents/reports

The development of water supply systems in Croatia intensified after it became an independent country, particularly after the
1990s war ended. The greatest effort was invested in the renewal of damaged and afdrindture and in the extension of

16 or greater

water supply systems, the primary purpose of which was to increase the coverage with public water supply systems, i.e.,

possibility to supply drinking water. Available limited financial resources, effective lack of add&qoaviedge about the water
resources

|l oss i ssue, and the

ack

of

present too much in water supply plans and development documents.
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That is why it is only recently, ontee basic objectives have been achieved, that the first planning documents were prepared
dealing with the water loss issue, after which first activities were launched more intensively. Such activities can téndivide
three (groups of) documents relevafor the purpose of analyzing water supply systems and the water loss issue in Croatia:

1. "Study ¢ Analysis of Performance by Water Service Providers in Croatia: Technical and Technological Aspects of
t S NF 2 NMMGD@.86.6. Samobor, September 2017

2.National Water Loss Reduction Program (NWLRHhistry of Economy and Sustainable Development and Croatian Waters,
launched in 2018;

3. Conceptual Solutions for water supply

2.7.1 Analysis of PWSP Performance (2017)

The documentt { (i dZhalysis of Perfanance by Water Service Providers in Croatia: Technical and Technological Aspects
of Performanceé (2017)analyzes the public water service providers in Croatia, including among other things data about water
supply systems and suppliers (pipeline lengthsyise connections, volumes of water supplied and delivered, etc.), as well as
water balance calculations using the IWA methodology. A proposal for improvement was also prepared which will enable
efficient and economically justified system management. $pettention was given to the issue of water losses and their
management, particularly measures for their prevention and considerable reduction.

The document/study served as the basis for several further activities. One of them was giving recommendadigns a
decisionmaking about the method and criteria of charging the water usage fee based on abstracted water volumes. It also
served as the basis to facilitate the procedure of functional integration of service areas, and finally as the bastetenditi
prepare the National Water Loss Reduction Program (NWRLP).

2.7.2 National Water Loss Reduction Program (NWLRP)

TheNational Water Loss Reduction Program (NWLRR} launched with the aim to significantly reduce the NRW on the
national level, reduce the unitalue of real losses, reduce the ILI indicator on the level of Croatia and by individual PWSPs,
bring all the PWSPs (in particular those performing poorly) to an appropriate technological level, and achieve the return of
financial investment over maximum @ars. The NWLRP is implemented through four basic groups of activities or measures
(Measure M, Measure A, Measure B, and Measure C)

The NWLRP Measure M implies the installation of flow meters at all the water abstraction (intake) sites in Cloatsystiem

of technical protection in individual water abstraction (intake) sites. The importance of establishing realiable metering of
abstracted water volumes is a priority, only after which it is possible to establish a reliableyuatity system ofvater loss
management

The NWLRP Measure A implies the preparation of conceptual solutions which include a detailed analysis of the current state
(including the preparation the calibrated mathematical model of the current state) of a water sggptgm and the
development of conceptual solutions for further development and improvement of water supply systems (based on the
mathematical models of the planned state), with a primary focus on the reduction of water losses. Measure A is implemented
by individual PWSPs, with a separate conceptual solution prepared for each PWSP. So far, conceptual solutions with identice
content (|l evel of detail of particular analyses) haven’
counties,which is assessed as necessary in order to ensure the achievement of the expected effects of the water service sectol
reform in Croatia, with the integrated planning of water loss management on the level of service areas bringing significantly
more favordle results/effects.

The NWLRP Measure B represehis first group of measures with specific implementation of certain activities on the field,
and includes the followinghydraulic balancing of the water supply system with requlation (reduction) of yresss
implementation of a remote SCADA system with desigamaigconstruction of control and measurement and regulation shafts

for flow measurement with metering equipment in several locations, i.e., the establishment of DMAs, and one of the most
important and most efficient activities- active leakage control including staff training to operate the leakage detection
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equipment, procurement of leakage testing and detection instruments (correlators, geophones, noise loggers, portable flow
meters, portable presure meters, metal detectors, e}¢organizational measures of monitoring and control of losses and
identification of locations of leaks in the system (formation of technical teams or outsourcing), detection-goatiag), and

repair of leaks, and rdacement of pipes in critical sections confirmed to be in a particularly poor state of repair (a large
number of leaks, thinning pipe wall, increased encrustation within the pipe, etc.).

The NWLRP Measure C implies the repair/replacement/reconstructiantife sections of the mains network and major
structures within the system with frequent bursts. It also implies the preparation of design documentation.

The launch of the NWLRP has prevented further negative trend of increasing NRW volumes on thad leatebim Croatia.

Since 2018, with relatively small investment and implementation of the NWLRP measures an approximately the same volume
of NRW has been retained, which is assessed as relatively successful. Namely, the results so far have confiriti@d the
expectations that the implementation of some measures will result in certain efficiency in water loss reduction, while some
measures resulted in the acquisition of certain experience and identification of certain limitations and deficienciethall o
served as the basis to define an Action Plan of the highest possible quality

2.7.3 Conceptual Solutions for Water Supply

Conceptual solutions for water supply represent detailed studies or analyses of the current and planned (including system
extensionand improvement measures) states of water supply systems, in which the issue of water losses is analyzed in detalil
for the first time, including the definition of sharand longterm measures for their reduction. Conceptual solutions enabled
detailed famiiarization with the water supply system, increased the level of knowledge among all the actors (the Ministry,
Croatian Waters, the PWSPs, the design engineering sector, contractors, etc.), and set good standards for the planning an
implementation of furher measures. That makes the preparation of conceptual solutions one of the priority activities within
the NWLRP (Measure A). More intensive preparation of conceptual solutions started in 2018. However, a certain number of
conceptual solutions had been gared before the launch of the NWLRP, and it is important to note that those conceptual
solutions are contentvise not identical to the conceptual solutions prepared as part of the NWLRP. Some analyses in those
conceptual solutions are not at the same legédetail (a simpler analysis of the current state, mathematical models at a lower
level of detail, a lower level of calibration of the model of the current state as the result of a significantly smallesrmafmb

flow and pressure measurements, lackamfalysis of the current state according to the IWA methodology or making such an
analysis without expressing a larger number of performance indicators, less modest analysis of potential improvement
measures, etc.). For that reason, there is already a rfieledo revise certain conceptual solutions prepared in the 22047

period.

In addition to detailed analysis of the current state of an individual water supply system through the calibration of thle mod

of the current state and analysis of the systewcording to the IWA methodology, including an economic analysis of water
losses, conceptual solutions also define the measures for system extension and improvement, justifying them hydraulically
using the mathematical model of the planned state. The gsialcovers a design period of 30 years during which the water
demand analysis is supplemented. As part of the analysis of the future state and required measures, the required future
effective volumes of storage tanks are additionally defined, as weh@sptimum operation of the water supply system in
terms of network pressures, the altitude of the planned elements of the water supply systems, the future water supply
structures are modelled (pressure booster stations, storage tanks, distribution mamusihe required number of preliminary
simulations and corrections of the planned inputs by development priorities and by water suppbystigins is made.
Furthermore, pressure regulation is foreseen, the operating algorithms of the existing structere®raected if needed,
simulations of characteristic operating conditions are made, together with analyzing different configurations of the water
supply system and foreseeable operating variants, the real water age and the residual chlorine statugacksi®iulating a
number of days with average annual consumption. The results of the simulations made are analyzed, based on which potentia
corrections of the current assumptions of the development concept are confirmed or suggested, the mains andeaksocia
water supply structures in the model are dimensioned or their already defined (designed and built) dimensions are corrected
if needed, additional system zoning is done in terms of balancing the pressures in the network and supplying wateraalindivid
DMAs and/or PMAs. A calculation is also made of the reduction of water losses as the result of pressure reduction af individu
distribution area and/or DMA, a proposal is given for priority measures and projects of construction, rehabilitation, and
optimization of the current and future state of the water supply system, and a conclusion of the analyses made is presented,
systematizing the foreseen construction, reconstruction and rehabilitation measures. For all the proposed improvement
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measures a cost @mate is prepared that includes the costs of construction, operation, maintenance, and depreciation. As
part of conceptual solutions, a conceptual solution for the establishment of permanent DMAs is also prepared, as well as a
conceptual solution for thestablishment of a SCADA system for the entire water supply system.

In terms of the content and all the benefits of conceptual solutions, their preparation is a precondition for the impleimentat

of further measures for sustainable system management (af@nal optimization and upgrade in terms of improvements),
becauset is only on the basis of a comprehensive analysis of the current state of a system, including water losses, that it is
possible to reach quality conclusions which will within the d&éiniof measures result in economical spending of available
financial resources. However, justified deviations in the dynamics of implementation of certain measures are possible if a
certain measure turned out to be justified during the preparation of @mtaal solutions, such as ALC in the critical zones or
certain sections of the system, and implementation of emergency repair and replacement of certain shorter sections of the
mains network.

The preparation of c¢oncep tcantréducson of water losaes fordhe thajority of BVMS®PHih the a
initial years. It enabled only partial reduction of water losses in certain parts of the systems based on direct compnedrensio
the field through flow and pressure measurements and matheoadtinodel calibrations, and detailéamiliarization with the
hydraulic and operating conditions of flow in the system, enabling insight into all the deficiencies (or chances for ireptpvem

of the current hydraulic state in the integrated water suppljvaerk.

2.7.4 Conclusion about the current status of water loss reduction in Croatia

The National Water Loss Reduction Program (NWLRP) has properly addressed the water loss issue, stopping the negative trel
of increasing NRW volumes on the national level. The importance of establishing reliable measurement of abstracted water
volumes (Meaure M) is a priority, only after which it is possible to establish a water loss management system. The preparation
of detailed conceptual solutions as a precondition for further measures (with possible deviations in dynamics if a certain
measurewouldturnoutasj ust i fi ed during the preparation of conceptu
water losses for the majority of PWSPs in the initial years, only a certain reduction resulting from direct compreheosgn thr
measurements and athematical model calibrations. However, it enabled detailed familiarization with the water supply
system, increased the level of knowledge among all the actors (the Ministry, Croatian Waters, the PWSPs, the desigr
engineering sector, contractors, etcand set good standards for the planning and implementation of further measures.

The problems that occur then refer first of all/l to the
Further measures are implemented by individual PMSPs par ti ally within available fin
own considerations. Such considerations have their just

the water loss issue.

There are examples of investingtite establishment of DMAs/PMAs or the GIS, the SCADA system, in locating and repairing

|l eaks, procurement of equipment, or even in the reconst
priority, but preconditionsexist(e.qg., permis issued), and in the repair of storage tanks and shafts. The measures themselves
are not problematic, but they’re not standar di Zfrerdhosend ¢

mentioned above are implemented and will not be atdegive appropriate results on their own.

A system that isn’t established has no defined indicat
standardized way indicate the success of implementing certain water loss reduction measures.

It is precisely that reason that calls for the preparation of this National Loss Reduction Action Plan, which will madany in

of all the data on the national level, define measures that have to be foreseen, define priorities through risks, esftitnate

and expected impacts, standardize the methods to calculate performance indicators, propose organizing a control and
monitoring system, and define reporting methods
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3 WATER LOSS MANAGEMENT PLAN

3.1 Methodologyfor water loss reductionand water balane

All water supply systems are faced with water losses. The reasons are nurregoltsrological, economic, environmental,

and the availability of water resources leads to different treatment of this issue in different countries and water sspptyssy

If adequate measures are not taken, there is an unavoidable continuous increase in water losses, at least due to agincreasin
system age, both of water mains and of all the fittings, valves, concrete, and coatings in water chambers, etc. Attempts to
addrs s t he water | oss issue partially by -tampsoltiomgn additidndl e r e 1
problem comes from the fact that addressing this issue requires a coordinated action of several professions, with a
combination ofworks, procurement oéquipment and services

The water balance is the basis for understanding water lo§seswater balance can be calculated in a number of ways, from
simpler forms which imply the quantification of only the most basic components e mmmplex forms such as the extended
and simplifiedwater balance according to the IWA methodology, quantifying other components important for much better
understanding and calculation of not only the most basic components of the water balance, butoflegses as well.

Many guidelines throughout the world adopt the ILI value as a benchmark of successful implementation of certain water supply
system improvement measurem Croatia even the legislation encourages analyzing the efficiency in the redwoctvater

losses using the ILI in an effort to encourage the PWSPs to take certain improvement measures to reduce the ILI value, an
thus of the water usage fee amount, and achieve certain economical savings.

Water loss management requires a methodoladiapproach. Therefore, a water loss reduction methodology is being
establishedogether with nethodology for the preparation of the water balance, as welireethodology to calculate the ILI.

3.1.1 Establishment of a loss reduction methodology

Water loss reduction methodologgb ased on i mproving knowledge about one’ s
conditions, and on improving knowledge about the water loss issue, starting with the management board of providers of water
services, taechnical teams that will take action on the field. After that, it is necessary to define measures and foresee the
impacts of such measures, and then start with the management of system pressures, active leakage control, and systematic
rehabilitation of the water supply network with repairs and replacement of pipelines. dyreamicsof implementation of
certaingroupsof measures can be adapted to the specifics of a particular water supply system and realistic needs, while some
groupsof measures can be ingmented simultaneously For example, part of the ACL measures such as +#acabing
(correlators, geophones, noise loggers, etc.) can be implemented even before the regulation of pressure in the system or
individual parts of the system, since the detectiofleaksusing acoustic methods is more efficient at higher network pressures.

Water loss reduction methodology includegproachto digitization of data on water supply systems, determination of
hydraulic characteristics in water supply systenppraachto active leakage control and optimal rehabilitation of the water
supply network, and determination #fWSB capacity to assess and reduce water losses.

3.1.1.1 Digitizingof data on water supply systems

On the national level there is still a significant la¢kbasic knowledge about own water supply systems. This refers to not
knowing the real status within the water supply network (level of completion, register of consumers, operating charagteristic
hydraulic patterns, etc.), and thus also not knowing thergitative and spatial distribution of water losses and the causes
behind water losses. Few PWSPs have a quality GIS of the entire water supply system. In other words, few PWSPs have
properly digitized current status of the completion of the entire wasepply network, as well as of reiine monitoring of

system operation, not only by particular key structures within the system, but also segmented into smagstrs/zones

through the establishment of DMAs and active riéale monitoring of the opeation of each part of the system.
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Nowadays, system digitization is assessed as a mandatory factor of sustainable and efficient management of water supply
systems. From the aspect of water | oss ma rABAsgnificantty speddsa v i n
up the identification of leakage and timely mielacation and eventually the removal of a leak, resulting in the reduction of
total NRW volumes on the annual level.

Looking at the current status of the PWSPs, one can noticetligatise of the GIS correlates with the PWSP size. On the
nati onal |l evel, only 38% of the PWSPs have updated maps
24% of the PWSPs don’t have sy s tlewahof 4A@WSPs gne would dndlyzedthe practicg c
of the most upto-date PWS®which would with their software tools and experience update the remaining PWSPs, the
indicators would be much more favoraliégure3.1.

TOTAL PWSPs GISDEVELOPMENT BY SERVICE AREAS

= The maps are updated, but we
don’'t use the G

= The systems maps that we have
got aren’'t upda
= We use the GIS and we regularly
update the system maps
24%

We haven’'t got
maps

= We use the GIS and we
regularly update the system
maps

= The maps are updated, but we
don’t wuse the GlI

= We have started to regularly
update the maps

The systems maps that we have
got aren’t wupdat

= We have started to regularly
update the maps

Figure3.1. Status of GIS development by individual PWSPs on the national level and projected by service areas

The lack ofligitization is reflected for example in the poor recekeleping of leakages, which has a negative effect on the
planning of optimum pipeline rehabilitation/replaceme(iigure3.2).

TOTAL PWSPs

= We can collect leakage data from the register of work orders of the maintenance department or
from the register of reports

= We have no records of system leakage repairs

= We make detailed leakage records, recording the leakage location, pipe diameter, material, type
leakage, as well as dates of detection and repair

We make detailed leakage records, recording the leakage location, pipe diameter, material, type «
leakage, dates of detection and repair, entering everything into the GIS

= We keep records of repaired leakages with the basic information about the type of repair and
pipeline diameter

Figure3.2. How leak record is kept by individual PWSPs on the national level
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3.1.1.2 Identification of hydraulic characteristics in water supply systems

Water loss management needs to start with hydraulic analyses and optimization of water supply systems. Optimum pressures,
minimum variations of flow in the main transport routes, optimum positioning of storage tanks, and protection from water
hammers are ssential to be able to properly evaluate the success of further loss reduction measures. Regretfully, due to the
current level of completion and high financial investment, that often cannot be achieved in short term, but needs to be taken
into account depading onpossibilities

When the system layout modification measures are not feasible or-effsttive or are depending on financial capacities
planned as longerm measures (in later phases), the optimization of water supply systems has to proceedhwith
establishment of District Metered Areas (DMA) and/or Pressure Management Areas (PMA). The measure of establishing DMA
and/ or PMAs doesn’t |l imit the i mplementation of any othe
even prderable, to plan it simultaneously with the modification of the system layout.

The lack of hydraulic optimization of systems is primarily reflected in the presence of uneconomically high pressures in the
water supply network, as well as the presence @&rked nonstationary phenomena within the water supply network with
frequent water hammers. Analyzing the operating characteristics of water supply systems in Croatia it can be concluded that
the majority function in unfavorable operating conditions, whistthe result of uneconomically high pressures in the water
supply network. The average pressure is around 5.qfgure3.3).
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Figure3.3. Average pressure in water supply systems on the national level

What is of essential importance for the methodological approach to the reduction of water losses is the preparation of
Conceptual Solutionfor water supply, particularly those that include updating of databases, system maps, and are based on
the calibrated mathematical models with performed flow and pressure measurements. Such Conceptual Solutions for water
supply have been prepared for 44%loe PWSPs (almost all the biggest PWSPs covered), including the extended water balance
prepared according to the IWA methodology. The largest number of Conceptual Solutions has been prepared in20@2017
period. Figure3.4, i.e., it corresponds with the launch of the National Water Loss Reduction Program (NWLRP) in 2018
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Figure3.4. Analysis of PWBs by periods of preparation of Conceptual Solutions for water supply

3.1.1.3 Active leakage control and optimum rehabilitation of water supply network

The global and European practice, as well as plenty of experience in Croatia, show that pressure reduetionss dfficient

and most economical measure of water loss reduction, which is why it should have priority in implementing measures for
system improvement and water loss reduction. In order to be able to efficiently reduce pressures in a water supply syste
detailed knowledge about the hydraulic characteristics of the system is required. This in turn is possible exclusivalyifigm h

at one’'s disposal a calibrated mathematical model , for
measurement of flow and pressure by DMAs (the majority of recommendations aim at a minimum of 7 days of continuous
measurement for each DMA, including both the workdays and the weekend). Developing a calibrated mathematical model of
the current status implis havi ng at one’'s disposal a quality database
of system completion, together with being familiar with the basic technical characteristics of the installed -electihanical
equipment. The reductio of pressures in the water supply system implies dividing the system into Pressure Management
Areas (PMA) which may overlap with the DMAs, and installing pressure regulation valves, which often also requires the
installation of new valve control shafts.h&h installing pressure regulation valves, the only proper solution is the installation

of hydraulic valves instead of spring valves. Namely, the current practice in Croatia confirms very frequent use of\egsing va
which is assessed as inadequate asdhie cause of many problems, particularly in systems or parts of systems with lower
water consumption, which eventually manifest themselves through water losses.

As for system pressure management, the results cannot be assessatisfactory. According to the way in which analyses of
potential for system pressure management are made, on the level of all the PVWEBgra3.5)as muchas 80%f t hem do
make analyses of system pressures or only occasionally measure the pressure and try to make analyses
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TOTAL PWSPs

=We don’'t make analyses of system pressure

= We occasionally measure the pressure (minutes), we have an estimate of the average system pressure
and we make pressure reduction analyses
We occasionally measure the pressure in certain parts of the system and try to analyse the results

We regularly measure the pressure (minutes and seconds), calculate the average pressure in the syste
and certain zones, make pressure reduction analyses

= We make regular detailed pressure measurements, we use EPANET or similar software, make analyse
potential improvements in pressure regulation, planning of solutions (manholes, equipment, savings)

Figure3.5. How potential for system pressure management is analyzed on tia¢ional level

The inefficient practice in Croatia so far shows that it is the visible leaks which result in the water flooding the cfutiace
ground, collapsing of ground, roads, and pavements, etc. that are primarily, and in many cases even lgxdlisireated.
After the reduction of pressures in the water supply network, it is necessary to implement active leakage control byegjablis
DMAs which will enable an insight into the spatial and quantitative distribution of water losses, and totielgginew leaks.
Once a leak within a DMA is noticed, a technical team goes out to the field in order to find thelooition of the leakage
(invisible leak), after which the necessary works on its removal and registration are carried out.

On the naional level, 58% of the PWSPs use the equipment to detect reported and sometimes unreported leaks and for regular
detection of unreported leak\NaFigure3.6. presents the results of the active leakage control methods on the national level

TOTAL PWSPs
= We perform regular tests and look for unreported leakages (entire system/yearly or according
measurement by zones)

= Leakage detection equipment is frequently used for reported leakages and sometimes to dete«
unreported leakages

We have | eakage detection equipment, but v

We have leakage detection equipment and we sometimes use it when there is problem in the
system

= |t is only visible leakages that are repaired

Figure3.6. Active leakage control methods on the natiohkevel

As for the planning and implementation of the program of annual rehabilitation of the water supply network and structures, a
high share of the PWSPs does the planning, but not in a way to perform optimum rehabilitation (replacement) in oraer for th
system to be restored efficiently and functionally over a long term (it would be optimum to replace 2% of the mains network
per year, with the assumption that the mains networfk do
avdlable financial resources, primarily of the line Ministry and Croatian Waters. This results in a small average anntial quanti
of the mains restored, and a low average annual rate of restoration of service connections (a pipe from connection ta the mai
to the water meter). It is therefore necessary to systematically start with optimum mains replacement, with the priorities
based on the knowledge of the system and users {@&k8a on the network, consumers, leaks, pressures)etc.
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3.1.1.4 Identifying capacitieof PWSPs to identify and reduce water losses

The capacities of PWSPs are the key prerequisite for efficient water loss management. These capacities can be divided int
technical equipmentandhuman resourceswith both components requiring continuous financial investment. The fragmented
water sector in Croatia in terms of too many public providers (129 PWSPs) directly affects the inability to ensure adequate
components of technical equipment and appropriataf6 Namely, the costs of procuring and implementing the GIS modules

for registering structures and network, recording leaks, monitoring losses, then costs of procuring and implementing the
SCADA system, as well as the costs of procuring leakage detecfispment (flow and pressure meters, geophones,
correlators, noise loggers, etc.) can be too high for many PWSPs in relation to the pricing policy and the affordahbtity of w
services.

The problem is made even much bigger when technical equipmentsnteelte joined with appropriate technical staff, who

with their education, expert knowledge and experience have to continuously, in the long run, and efficiently manage an
integrated and highly complex water loss management program, the cost of whichexeeerds the investment costs for
equipment. The planned consolidation of the public sector will definitely help in the reduction of costs and improvedesapacit
of PWSPs to identify and reduce water losses.

For that reason, the first thing that needs twe done is identify the condition of the existing equipment, identify the
organizational structure of water loss management within a PWSP, analyze the availability of teams for water loss management
and give guidelines for future development. Parallehwite planning and implementation of measures, it is necessary to carry

out additional measurements, analyze, and report on the results. In doing so, based on the experience so far, there is an
imminent need to establish a central national body to mandgedverall water loss management program (by implementing

the NLRAR with an obligation to establish benchmarking, and with additional establishment of a technical assistance
mechanism for each PWSP.

Numerous PWSPs don’'t h a v ed equipment Hoe éefficientd masggemerd bf watdr ssas.eTheu i r
equipment implies portable metering equipment (flow and pressure meters) and other water loss detection devices (correlator,
geophone, noise loggers, etc.) used by technical teams. Each techaitaf{dtleast 2 lovskilled workers and 1 engineer who

can lead several teams) should as a minimum have at its disposal three portable flow meters and two portable pressure meters
and a correlator, a geophone, a locator of pipes and fittings, and a swbisé loggers. The global and EU guidelines vary
among countries and even regions in terms of defining the required number of technical teams, but all of them range from
200 to 500 km of the water supply network per technical team.

The most significant pblem in water loss management in Croatia today has to do with human resources. A problem that is
so specific requires different knelow and capacities for team management, HR management, water loss management, field
work, etc. Investing in knowledge, temical teams, implementation of active leakage control, rational planning and
implementation of the pipe replacement program, and an organizational structure that respects these issues are the basic
preconditions to adequately manage water losses. Howevean already based on the analysis of the current status in Croatia,
and taking account of the knowledge and experience gained so far (available databases, results of the questionaries filled ir
by the PWSPs that deliver 9%% of the total volume of war delivered on the national level), be concluded that a certain
number of PWSPs, particularly the smaller ones, have no interest in this matter or have no adequate staff and background to
address the challenges of water loss management.
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Figure3.7. Mains length by employee categories, divided by PWSPs

All the mentioned components which the PWSPs have to identify for efficient water loss management without an
organizational structure within the PWSPs wilt be able to ensure successful water loss reduction. On a project level, they
can be successful for a short time, but examples show that due to inaction already in the periods that follow water losses
return to their previous levels, and even increaseraime. It can be said that in the PWSPs there are no organized programs

or strategies for mediumor longterm action aimed at efficient water loss control, the result of which is a lack of continuous
action. Constantly analyzing the systems, regular milagn of maintenance, servicing and replacement of the key elements,
and planning of annual replacement of the sections at highest risk are not characteristic for the PWSPs in Croatia. As thi
problem is also related to insufficient financial meansforawn ve st ment i n i mprovements (pe
that water losses are not managed at a satisfactory level, resulting in high volumes of water losses.

Analyzing the collected data about the way in which work in a company is organizedjidteisteéhat as much as 70% of the
PWSPs either have no special department (team) for NRW control activities or there is a team (person) to locate leakages, bu
these people when needed, or more often full time, do other work as (kéilure3.8).
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TOTAL PWSPs

= We have a department to control NRW (real and apparent water losses), we make analyses anc
reports, but there is no special unit/department

= We have a department to control NRW, we make analyses and reports, and there is coordinatiol
with the Board (CE®)regular meetings
“We have a team only to |l ocate | eakages, but

There is no special department (team) to control NRW

= There is a team (person) to locate leakages, but these people also do other work when needed

Figure3.8. How work in a company is organized on the national level

When it comes to the way in which the water loss control program is planned and implemented, the situation is at a very low

level (Figure3.9). As much as 67% of theN\SPs ei t her don’t make any plans or

re

control activities or make implementation plans for annual water loss control activities but make no special reportsten resul

38%

TOTAL PWSPs

= We have a multi-annual strategy of activities with an assessment of objectives, based on which we plan ou
annual activities, prepare reports on results, and a regular annual external audit is performed

“We don’'t make any plans or reports on the imple

= We make implementation plans for annual water leakage control activities and special reports on results at
prepared

We make implementation plans for annual water leakage control activities, but no special reports on result
prepared

= We make implementation plans for annual water leakage control activities, we define objectives, and speci
reports on results and performance are prepared

Figure3.9. How water loss control programs are planned and implemented on the national level

3.1.2 Methodology for the preparation of the water balance

Understanding all the components of the water balance is the qegnondition to recognize the size of the issue, the potential

for water loss reduction, and further efficient resolution of the water loss reduction issue. The water balance can bedrepar

in three levels of complexity:

1 Basic water balance

i Standard watebalance according to the IWA methodology
1 Extended water balance according to the IWA methodology

The basic water balance is explained in detail (methodology of preparation, problems in practice, etc.), including all

disadvantages, in Chaptb.1
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The Standard and Extended water balance are explained in detail (methodology of preparation, advantages and disadvantages
the description of main terms, etc.) in Chap®&b.2

Of the abovementionedthree levels of water balance complexity, it is only the extended water balance that is assessed as
relevant to fully understand the overall water loss issue. For that reason, it is recommended to use exclusively the 'Extended’
water balance in further practice.

Table3.1. 'Extended' water balance

Water Exported Billed Water Exported
Volume from

Own Sources Billed Metered Consumption
Billed Authorized

Revenue Water

Consumption Billed UnmeteredConsumption
Authorized
Consumption Unbilled Metered Consumption
Unbilled Authorized
Consumption Unbilled Unmetered Consumption
System Input Unauthorized Consumption
Volume (correcte Water Supplied Apparent Losses

for known errors . -
Customer Metering Inaccuracies

Non-Revenue (and datahandling errors)
Water Leakage on Mains

Water Importeq

Water Losses

Leakage and Overflows at Storag
Real Losses Tanks

Leakage on Service Connections u
point of customer metering

The preparation of the 'Extended' water balance starts with the definition of the 'Volume from Own Sources' and 'Water
Imported'. Both components are measured water volumes. The "Volume from Own Sources' will be measured using new, fixed
flow meters permaently installed at all water abstraction sites, which will on the national level be implemented within the
NWLRP through the implementation of ‘"Measure M'. The establishment of a unique system to measure the abstracted volumes
through which the measuredada will at the same time be submitted to the relevant PWSP and the Ministry with Croatian
Waters, will bring maximum transparency and control of one of the key pieces of data in the water balance.

‘Water Imported' is also at the point of delivery/takesvobligatorily measured using fixed and permanently installed flow
meters which are under the responsibility of the PWSP delivering water. In that way, the 'Water Exported' is also measured.
The PWSP that takes over the water is not obliged to instaihitsflow meters. However, based on its own interest to control

the water volumes that it takes over, it can construct its own valve and meter shafts with fixed and permanently installed fl
meters.

In the next step, the 'System Input Volume' is calcudags the sum of the 'Volume from Own Sources' and the 'Water
Imported'.

Then, the 'Water Supplied' is calculated as the difference betweelSysem Input Volume' and tH&/ater Exported'.

In the next step, théBilled Metered Consumption' is defined as the metered volume of water consumed by the registered
consumers (water meter readings). In the same step, the 'Billed Unmetered Consumption' is defined as a lump estimate of the
water volumes consumed by the retgred consumers. The lump estimate has to be given based on the specifics of each
registered consumer (e.g., the average number of people per household, specifics of consumers not categorized for residenc
like the number of employees, size of a constioietsite, etc.). The sum of the 'Billed Metered Consumption' and the 'Billed
Unmetered Consumption' defines the 'Revenue Water', i.e., the 'Billed Authorized Consumption'. In Croatia, there iglyrelativ
low share of registered consumers without metenedter consumption, and the sheterm goals are aimed at achieving the

100% metered water consumption by all the registered consumers.
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Then, the 'Unbilled Metered Consumption' and the 'Unbilled Unmetered Consumption' are defined, with their sum giving the
‘Unbilled Authorized Consumption'. The 'Unbilled Metered Consumption' is defined by metering (fixed or portable flow
meters) water consumption by the PWSP itself for the needs of water treatment (water volumes can differ significantly from
one PWSP to nexliepending on the applied technological process of treatment), flushing of the water supply network in order
to ensure sanitary quality of drinking water or to prevent water from freezing in the mains (water volumes can differ
significantly from one PWSI® nhext, depending on the characteristics of abstracted water and hydrological cycles in the
relevant catchment area, and the characteristics of the water supply network itself, requiring bigger or smaller flushing
volumes and frequent or less frequent fhing needs), flushing of storage tanks, filling of tanks that provide water to the
population and industry not connected to the public water supply system, and other authorized unregistered consumers such
as firefighters (firefighting activities and drjlisewerage maintenance services (flushing of sewers), town services maintaining
pavements and sidewalks (street cleaning), taking care of parks and gardens (watering), squares (public fountainsy registere
construction sites, etc. The 'Unbilled Unmeter€&bnsumption' has to be estimated in the lump, depending on the
characteristics of the area supplied with water (e.g., number of fires, number and size of construction sites, number and siz
of fountains, length of the sewer network and frequency of flaghietc.). The lump estimate of the unbilled unmetered
consumption comes down to defining the percentage share in relation to the 'Billed Authorized Consumption'. Based on the
analysis of the current state in Croatia, it is estimated that the 'Unbilled élerad Consumption', without the consumption
needed for water treatment, ranges from 0.5% to 5.0% in relation to the 'Billed Authorized Consumption'. The 'Unbilled
Unmetered Consumption’ needs to be reduced to the minimum, i.e., already within-&rontobjectives and activities it is
necessary to establish a metering system for water consumption by all the unregistered consumers, including the consumption
of water by the PWSP itself (flushing of the water supply network, etc.). On the national lea$d reecessary in short term

to design a program and implement measures which will enakleccurate as possible quantification of the volumes of
unbilled unmetered consumption, which have to be based on metering.

In the next step it is necessary to calate the ‘Authorized Consumption' as the sum of the 'Billed Authorized Consumption'
and the 'Unbilled Authorized Consumption'.

It is then necessary to calculate the 'NBevenue Water' as the difference between the 'Water Supplied' and the 'Revenue
Water' ('Billed Authorized Consumption’).

In the next step, the "Water Losses' have to be calculated as the difference betweenater Supplied’' and the 'Authorized
Consumption'.

Then, the 'Unauthorized Consumption' and '‘Customer Metering Inaccuracies' (and data handling errors) are identified. Both
components are identified as a lump estimate, as a percentage share of the 'Biltbdrided Consumption'. The
‘Unauthorized Consumption' implies water theft mostly through illegal connections or unauthorized opening of hydrants.
Based on the analysis of the current state in Croatia, it is estimated that the 'Unauthorized Consumptes'fram 0.2% to

17.0% in relation to the 'Billed Authorized Consumpti@gfigure2.22) The 'Unauthorized Consumption' needs to be reduced

to the minimum, i.e., alredy within shortterm objectives and activities it is necessary in short term to design a program and
implement measures which will enable as accurate as possible quantification of the volumes of unauthorized consumption,
which have to be based on meteringtimarily metering per DMAs, but also implement measures to prevent thefts of
significant water volumes (Chaptey.| f t he PWSP doesn’t have at its disposal
define the percentage share of the unauthorized consumption, it is recommended to adopt the value 2.0% Riflede
Authorized Consumption'

'‘Customer Metering Inawiracies' (and data handling errors) are also estimated as a percentage share of the 'Billed Authorized
Consumption'Based on the results of ttenalysis of the current state in Croatia, the share of customer metering inaccuracies
is defined in the rang&om 4.0 to 15% in relation to the 'Billed Authorized Consumptibigyre2.23). PWSPs can occasionally
perform targeted field investigations (with metering at housannections) in order to better analyze and define metering
inaccuracies. if he PWSP doesn’t have at its disposal data based
share of the metering inaccuracies, it is recommended to adopt thee\aldes of theBilled Authorized Consumptian'

In the next step, the 'Apparent Losses' are calculated as the sum of the 'Unauthorized Consuamudidhe '‘Customer
Metering Inaccuracies'.

In the last step of the preparation of the 'Extended water balaitde necessary to calculate the 'Real Losses' as the difference
between the 'Water Losses' and the 'Apparent Losses'.
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As noted in the individual components, in the shtatm period it is essential to define better and more reliable methods of
their catulation in order to define the water balance of the best possible quality and as reliable as possible values of the
individual components of water losses (real losses, apparent lossesauthorized consumption, customer metering
inaccuracies).

There is &0 a definite need for highuality and reliable metering of all the components of the water balance which are subject
to metering.

The calculation of the 'Real Losses' through the 'Extended' water balance is called tizo\Wopmethod.

All the compaments of the water balance are prone to errors in inputs. Therefore, the-Riewenue Water' and its components
calculated from the water balance aren’t exact fi gumes,
metering or eimates, which together with the accumulation of errors in individual components results in the uncertainty of
the calculated value of real losses. For that reason, it is essential to apply an analysis of 95% confidence of thencalculati
the water balaace components. The bases of the 95% confidence analysis are presented in Qt&agter

In the absence of more detailed information and check of accuracy of flow meters at water abstraction sites and points of
water import (or water export), it is recommended that the adopteg® confidence limit for the "Water Supplied' is adopted
within the range between 2% and 5%. Likewise, in the absence of more detailed information about the '‘Unbilled Unmetered
Consumption’, it is recommended that the adopted 95% confidence limit for thieifldd Authorized Consumption' is adopted

within the range between 30% and 50%. In terms of defining the 95% confidence limit for the 'Apparent Losses', in the absence
of more detailed information about water thefts and customer metering inaccuraciés,récommended that the value of

20% to 30% is adopted. The result of the 95% confidence analysis will among other things be the range of values of real losse
the confidence of which is within the 95% limit.

Due to certain uncertainties when defining imtiual components of the 'Extended' water balance, it is necessary to define
the 'Real Losses' according to the 'Botttip' method as well, thus actually checking the definition of the ‘Real Losses' using
the 'TopDown' method.

The applicattoin-dp” ofmet hed“Bo identify the ' Real Losses' i
measurements in DMAs which may already exist in the water supply system and may be formed temporarily for the purpose
of implementing a metering campaigihe analysis of flow measurement results is key to properly define the 'Real Losses'.
The basis for the calculation of the 'Real Losses' is the identification of the Minimum Night Flow (MNF) and a sharga#cutho
consumption by consumers in the MNF.eTMNF is usually present in the night hours, usually between 1:00 a.m. and 4:00
a.m., although the exact definition of the MNF interval varies from system to system or from DMA to DMA, depending on
numerous system/DMA specifics. During the MNF period, @ighd consumption is usually minimum (except in case of an
industry with intensive night consumption of water), and the share of real losses in the total MNF is maximum. Authorized
consumption during the MNF period needs to be estimated, using one or rmoognized methods that have proven justified

in local and global practice. It is recommended to use a simpler method which in rural areas assumes authorized night
consumption in the night period with a value of up to 5% in relation to the predefineeteifte between the maximum hourly
consumption and the MNF, and in urban areas it assumes authorized night consumption in the night period with a value of up
to 10% in relation to the predefined difference between the maximum hourly consumption and thelMslBeemed wrong

to calculate the authorized night consumption as a percentage share of the MNF because the value calculated in that way is
also affected (in some DMAs even to a significant extent) by the amount of water losses, which in realitiniyzechon the
consumption of water by the population and industry. Deducting the calculated authorized consumption in the night period
from the identified MNF value gives the volume of real losses in that night period. Since a change in pressure ierthe wat
supply network is inversely proportional to a change in water consumption, the highest pressures are present precisely in the
night period with minimum water consumption (minimum flows within the system). For that reason, the predefined value of
real lesses in the night period with maximum pressures needs to be averaged on a daily level (ovea @driod), using in

the calculation the average daily pressure value. It is recommended to use the FAVAD method. The averaged value of ree
losses over a 2hour period multiplied with the number of days in a year gives the annual volume of 'Real Losses'.

The 'BottomUp' method of calculating the 'Real Losses' has additional benefits in that it ensures independent definition of the
'Real Losses'. If this dwais is carried out in the entire water supply system, it is easy to identify areas with high real losses and
obtain priorities in addressing the water leakage issues, which can make the overall water loss reduction program more
successful. This method ahalysis should be avoided in the summer months when in smaller areas due to considerable
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seasonal water demand (watering of gardens, filling of pools,...), particularly in drier coastal regions, a distorted migtge o
flows can be obtained.

The resuk of calculating the 'Real Losses' using the-Dopn' and '‘BottorAUp' methods should be approximately the same,

but they are often not so due to cumulative errors in the calculation of each method, as well as due to the fact that the rea
losses calcutad using the 'BottordJp' method refer to the current condition identified during a metering campaign in a
certain period within the year, while the real losses identified using the-Down' method refer to a fulyear period. It is
therefore recommendedhat the calculation of the 'Real Losses' using the 'Bottdph method in case of prestablished
DMAs is done a monthly basis. The precision of the calculating the 'Real Losses' using thelBbttathod can be improved

by collecting additional moreedailed field data which is needed to define the pressure/losses ratio (N1) and the Infrastructure
Condition Factor (ICF). It is essential to in short term establish a methodology applicable on the national level fiectincol

of field data, definitim of the N1 exponent, and the ICF

3.1.3 Methodology to calculate the ILI

The basis for the calculation of the ILI is presented in Ch&pet, and is based on the fowing expression:
00 'Q 601 | & DOWDDE | | Qid 0 'YD
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The CARL is defined according to the “Dayvn’ or 'BottomUp' method ofthe water balance preparationt is recommended
to use both methods, which additionally confirms the correctness of defining the CARL.

The UARL can be calculated using different expressfoom the original equation according to the IWA methodology to
different equations developed hgifferent scientists and used in different countries of the world. In the absence of research
based on which to define the equation applicable to water supply systems in Croatia, it is recommended to use the original
equation according to the IWA methoddy:
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Where:

A Lm—Mains length, transmission andistribution mains (km)

A Nc:—Number of service connections (1)

A L, —Total length of service pipesfrom property line (most often a fence) to meter, i.e., part of the service
pipe lying on private property (km)

A Pa—Average operating pressure (m of watalumn)

Account needs to be taken about the method of defining thpdrameter, respecting the service connection pipe length from
the property line to the water meter (one service connection pipe most often ha8 andength.

It is definitely recommended to in the sheterm conduct more detailed research on the national level and define the UARL
calculation methodology which would be more realistic and more correat$ein Croatia
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3.2 Measures and definition opriorities for water loss reduction

For efficient management of water losses, it is necessary to define measures which will have an impact on the reduction of
water losses. In accordance with the described methodology of how to approach water loss redaatichaving in mind the

state of water losses, technical characteristics and capacities of PWSPs to manage water losses, on the PWSP level it will |
necessary to prepare their own action plans which will depending on available financial resourcesddfméoritize those
measures which will give the best results

It is of utmost importance to understand the overall issue of water losses through the definition and analysis of allgsheesea
that affect water losses, as well as to understand theriiépendence of the proposed measures, and define priority measures
and appropriately assess the effects of the proposed measures

In order to define the scope, i.e., quantities and, consequently, the planned investments, for each measure the state was
checked in each PWSP, after which a specific measure was foreseen in its entirety or in part with regard to the required
standards. Namely, if a PWSP already has at its disposal certain elements of measures (availability of the GIS, theeBCADA sys
thecone pt ual solution prepared, establishment of DMAs, ava
will be foreseen in part. The price itself was formed using the data from the recently conducted tender procedures, prices
foreseen in theconceptual solutions, or feasibility studies

3.2.1 Water loss reduction measures

Water loss reduction measures can be divided into those that will be implemented by PWSPs and those that refer to
strengthening the capacities of the line Ministry and CroatiantéMawith the establishment of the PWSP benchmarking
system and performance indicators (establishment of the national database, training PWSPs to report to the Miaiskey).

3.2. presents the basic groups of measures

Table3.2. Groups of water loss reduction measures

Responsibility Number Group

| System data improvement measures

1] Water supply system optimization measures

1l Measures to divide the system into DMAs

\Y System pressure control and management measures
\% Active leakage control measures
PWSP measures
\i Measures to address apparent losses
VI Planning and mains replacement measures
VIl Institutional strengthening measures
IX Analysis and reporting measures
X Technical (external) assistance to PWSPs to implement the measures

Establishment of the PWSP benchmarking system and performance indicators
(establishment of the national databageaining PWSPs to report to the Ministry)

MESD measures Xl Costs of the national control body for the reduction of losses
(expert assistance for the verificatiamd implementatioro f P WS P s’ action a
during NLRAP implementation)

Thepresented groups of measures try to cover all the areas that affect the reduction of water losses, also aiming to raise
awareness about the importance of lobgrm implementation of all the measures. Certain groups of measures or measures
within each groupcan successfully be implemented on their own, but optimum results and sustainability of the water loss
management system will be achieved exclusively with the application of all the measures. The dynamics and scope of
application of individual measuresiivdepend on available funds. For that reason, both priorities and plan of implementation

will be defined so that depending on available fundsctivities of priority importance are launched.
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The measures that a PWSP has to implement are based on itikgats own system, which is contained in the Group |
measures-Improvement of data about the system. It includes improving technical data about the sydt@sset information,

data about bursts (differentiated between mains and connectiordgta abou consumers, data about operating
characteristics, integrating all the collected and updated data with the joint GIS platform. Any further measure will depend

or be more appropriate once the issue of knowing one’s ¢

Before startig with the implementation of measures with the biggest effects in the reduction of water losses (pressure control
and management, active leakage control, and replacement of mains), it would be ideal to check the possibility to modify the
basic water suppliayout with the aim of potentially modifying areas with significant pressures, which is foreseen by the Group

Il measures. In order to check whether such thing is possible, it is necessary to prepare appropriate conceptual saations ba
on the calibratel mathematical model that gives a clear picture of the current status and of the possibilities to significantly
modify the water supply system layout. Analyzing the planned solutions, one can see that these are still mostly smaller parts
of the systems, wife a more serious modification of the hydraulic layout is planned in the biggest PWSP (VIO Zagreb), which
by establishing the so called “Zone 0", i.e., by interp
reduces the pressuresytaround 2 bar in the area that covers around 50% of the system consumption, and where the average
pressures currently amount to around 7.0 b&igure3.10). The efects of thus modified water supply system layout are a
direct reduction of water | osses due to | ower pressures
around 50% of the consumers, and a significant impact on a smaller nurhigiuce leaks, in particular because this zone
covers the most densely populated parts of the city with the oldest network

——— Postojeci glavni cjevovod ———  Planirani cjevovod
" Postojec¢i vodospremnik ] Planirana crpna stanica
(o] Postojeca crpna stanica =] Planirani vodospremnik A\
[o) Postojeci vodozahvat N -
beatit
% v
Nulta tla¢na zona 167 m n.m VLA T
Prva tlaéna zona 185,5 m n.m. ‘,J' X ‘-J. T o T e
Druga tlagna zona 264,5 m n.m. R R Al e G S ) -l \
Treca tlaéna zona 342,5 m n.m o iy e, DAY ’L,,W\J > Y
.'/,f! {7 ' h / \
Samobor - tlaéna zona 185,5 m n.m L s, .
)
g [
i , = . 7
X 5 v L] it &
N\ / ’ =] “ &
A 1 |
e TR o x ]
- Y \ — (
K -
& ‘; L Tt e,
)7 ; INEL ! e “ ) e o8
i ) ". . i fzzenne] \‘,’ A
lllll ) ~ P Tt |
4 \7 R AN | 1
2, { | WL el 2T 1 =

| % Udio tlaénih zona u koli¢éinama crpljene vode
[ e~ na zagrebackom podruéju 2020.

50%

Nulta zona

31%
: 1?% Prva zona

40%

Druga i treca zona
20%

0%

Figure3.10.9 a Gl 6f AaKYSyid 2F (KS &2 O trhafk&@inbMe2y S né 6xAh %l ANBOUL Ay I
Once the possibilities for hydraulic system optimization by modifying the hydraulic layout have generally been exhausted (in
practice, it will be possible to implement further measures parallel with this measure or even before), it isangtegsoceed

with further measures, primarily measur®qimplementation of active leakage control) alitin terms of establishing DMAs

in order to more easily monitor operating conditions, analyze flows, raise alarms, shorten the time need to idektiye
locations, prioritize further measures of active pressure control, locate leakages {imiating), and replace mains.

All the already implemented measures will enable better quality implementation of further measures. Thel@measures
of pressure control and management have to start with a hydraulic analysis for protection from water hammer (hydraulic
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shock) and by applying appropriate measures to address the issue of instances with exceeded pressures which have a dires
impact on the incresed number of bursts. These include protection from increased pressures and the formation of negative
pressure, the use of appropriate valves and frequency converters for pumps. With this measure, it is necessary to check the
possibility to additionally réuce pressures by turning DMAs into PMAs and in other places within the system using regulation
valves which can change parameters depending on the consumption in the system, i.e., flows.

GroupV — active leakage controt is a measure that gives the biggeesults in the total NRW volume. It consists of the
procurement of equipment to microcate the leakages, implementation of additional metering or using data from the
established DMAs about zones with increased losses, Adcading in 50% of the prigy water supply network, and the repair

of failures, assuming that on average 4 failures per kilometer will be repaired. Here it is very important to understane that
efficiency of this measure will be questionable in the long run if the precedingunesare not implemented, since new bursts
can continue occurring at the same rate as before if the causes of the bursts are not addressed, i.e., if hydraulicioptimizat
is not done by reducing pressures and water hammer risks and if optimum rehadili@eplacement) of mains of priority
importance is not performed. Certain activities with Group V, such as locating leaks-(oeiating), are proposed to be
implemented as a priority, continuously and simultaneously with all the preceding measurasingdeaks using acoustic
methods is more efficient at higher pressures in the networks and more intensive leakages. This does not mean thheit is at t
same time necessary to do repairs, except for bigger bursts, without previously implementing atnity pneasures, such as

the Group IV measure.

The GroupVI measure refers to the reduction of apparent losses (metering inaccuracies and unauthorized consumption
water theft). In that context a measure is foreseen to carry out a plan to test the agcafacater meters and to replace 10%

of water meters in the worst condition. In this group of measures, it is additionally planned to analyze and enable remote
limitation of water theft through automatic reduction of pressure or closure of valves in theszwith unusually increased
consumption not only during the night, but also during the day. This group of measures also foresees continuously informing
the public about this issue through tv and radio shows, newspaper articles, leaflets, education, etc.

The next group VY1) of measures is financially the most demanding. Through the preparation of a plan for optimum
rehabilitation of the water supply network (replacement of priority mains) it is planned to replace between 5 and 15% of the
mains depending othe prioritization made which depends on a number of parameters and is described in more detail in 3.4.2.
It is clear that there can be no optimum rehabilitation without the preceding measures of knowing the system and consumers
and recording of failures.

The mere implementation of these measures without the organizational structure and the staff who are motivated and possess
appropriate knowledge won’''t b &/Ill mensuies (fnstittitioralr syrength@éning) tforeses w |
investing inthe development of processes, assistance in the formation of teams, investing in education and preparation of
action plans of PWSPs that will be obliged to prepare adapted plans for their own areas.

The planned investments will have to be systematic, fikst monitoring and reporting about the implemented activities. It
will be necessary to regularly update databases and hydraulic models. For the implemented measures a financial and economi
analysis of the project will have to be made. All of that isgesn by the GroupX measures-analyses and reporting.

The GroupXmeasures-technical assistance, just like for all major investments, will enable successful project implementation,
i.e., the reduction of water lossehe analysis of the state of water supply systems and the current level of loss management
suggest tlat all PWSPs need certain types of technical assistance for successful implementation of loss reduction measures
External expert teams can provide assistance in approach and organization of implementation of certain measures (from
consulting services toctive leakage control with specialized teams), thus transferring the required knowledge and building
the PWSP' s capacity to manage | osses

The last group of measure¥|, is a measure under the responsibility of the line Ministry, and refers to the dabent
establishment of the PWSP benchmarking system and performance indicators (establishment of the national database, training
PWSPs to report to the MESD), and includes the foreseen costs of the nationébadyer lossesor the reduction of water

|l osses (expert assistance in the verification and i mple
implementation, ChapteB.7).
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The table below will by groups of measures show the planned measures which will be implemented by PWSPs and describ
objectives for each of the measures. It will also show the planned costs of all the measures both in the total amount and in

percentages by measure groups.

The table will be followed by an overview or recapitulation of the planned investments in all the measures, both those under

the responsibility of PWSPs and those under the responsibility of the line Ministry

The financial stimate of measures was made using the results of analyses of the construction market, as well as the results of
analyses of prices/values for services, goods and works achieved in other water and wastewater projects in the past period,
until (including) B22.

Table3.3. Description of water loss reduction measures

%

of the L Amount
No. Group cost of Measure Objectives (EUR)
measure
GIS General module (with Knowing one’s own systen 2 870,000
entry/update of system data) connections, materials, age, profiles, etc.) T
GIS Link to the business IT svstem Knowing the water supplservice users, their exact
: Y positioning on a GIS map which also needs to have a
(with development of the customer . . 1,940,000
database) updated overview of all the user structures built
(address centroids)
For the plannedptimum rehabilitation (replacement
GIS- Register of failures (withentry | of mains) it is necessar 2 390.000
of data for the last 5 years) records of the place (pipeline, service connection pipe "~~~ '
structures) and description of failure
GIS- Link between the technical and| Enable overview and analysis of data from the SCAD 250.000
SCADA [3ystems system on a joint platform '
System data —
I improvement 2.1% Implement on the joint platform a module that
measures GIS. Control of losses automatically analyzes the flows, night flows, pressur oo, 571
in individual DMAs antdhises alarms in case of '
deviations from the expected values
. . Upgrade the existing systems, enable myéar
3?@3’?(3?;: deg:g i(:c::_r;kz;o all the analysis and raising alarms, and establish the SCAD/ 20,700,000
9 systemwhere there is still none
Make it possible for the field staff to store data directly
Recording and digitizing field data | ©" their mobile phones, with software support to
g 9 g systematize and analyze the stored data and prepare
(procurement of software and . . . 2,920,000
equipment, education) appropriate reports, as well as make it possible to
quip ’ monitor the completed works. This also includes a lin|
with individual GIS modules.
Total price of system data improvememheasures 32,050,000
Development/revision of the Revise solutions with regard to the updated states
P . . based on Measure |, accordingdtandardized Terms 0
conceptual solution with the Reference and repare t 10,610,000
calibrated mathematical model ' P P
prepared
Water supply Significantly modify the water supply system layout
system . . . ) - -
Il optimization 4.2% Extension of storage tanks, pumpin¢ (adding storage tanks and pumping stations) in the
?neasures stations, mains, and other structures systems wkre pressure conditions can be changed in 53.090.000
to achieve pressure and energy the bigger part of the system, in order to reduce initial e
optimization of water supply system| pressures, and consequently water losses as well (Vi
Zagreb)
Total price of water supply system optimization measures 63,700,000
Design and construction of DMA Form permanent or temporary DMAs for the purpose
Measures to shafts with installation of faster and more efficienidentification of leakage, more .. 150 590
m divide t_he 14.6% @ appropriate equipment (incl. SCADA efficient active leakage control, control of higher B
Sy%ﬁ/?/lmto system extension) quality, and facilitated analyses
s
Total price of measures to divide the system into DMAs 223,120,000
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%

of the L Amount
No. Group cost of Measure Objectives (EUR)
measure
Hydraulic analysis and developmen| Hydraulic check of exceeded pressuresater
of concept to protect the system hammers, and preparation of conceptual solutions an 3.080.000
from water hammers (hydraulic design documents to implement optimumeasures for T
shocks) protection from water hammers
Installation of structures and Installation/Extension of structures and equipment to
equipment to protect from water protect from water hammers, reduction ekceeded 40,980,000
hammers (incl. designing) pressures, reduction of the frequency of bursts
Sy:;i?OTf:jure EZ\:vm: tggljfcp\gﬁ;??g:"argzzu?e Additional pressure regulation whepoven feasible
v 3.7% Y . o P and justified, and replacement of the existing
management regulation with additional inadequate soring valves in order to reduce 9,650,000
measures replacement of the existing spring q spring )
valves unnecessarily high pressures and increased leakage
Control and management of air in Check the condition/service air release and air
the pipes (a Iicatgi’on and control of release/intake valves and apply them where so
airrglgase aFr:% air releasefintake foreseen by the hydraulic analysis with the aim of 3,450,000
valves) releasing the air and enabling air intake when negativ
pressure forms
Total price of system pressure control and management measures 57,160,000
Procurement of equipment for active . B .
leakage control (pressure and flow Sup_plement the eX|st|ng equipment and procure '
meters. geophones. correlators equipment where there is none for the needs of active 9,190,000
-{e1S, geop , i field leakage control
noise loggerssmart balls, etc.)
Conducting additional pressure and " . Lo
flow measurements by zones and !mplement an additional metering campaign in order {
. I identify the zones/sukzones with the biggest leakages
subzones (withdentification of . . . . . 9,080,000
Active leakage priority zones/sukzones) in _wr_nch micrelocating the leakages will be done as a
\Y control 10.5% | conducting STEP tests, etc. priority
measures Identification of leakage micko Tour 50% of the route in order to identify leakage
locations g micro-locations geophones, correlators, noise loggers 12,970,000
smart balls, etc.)
Repairing detected failures . . .
(leakages, pipbursts, damage to ;ﬁﬁzrsdeetreitiﬁ)c:;:tlgres assuming an average of 4 129,670,000
water supply fittings) P
Total price of active leakage control measures 160,910,000
Water meteraccuracy analysis and | Analyze the condition of water meters and identify 10 940.000
preparation of a replacement plan | of water meters in the worst condition '
Replacement of water meters Replace 10% of water meters 27,940,000
Hvdraulic analvsis of possibilities fo With the help of remote control and management at
re};note reducti)c/)n of ?essure at entries into zones or in other locations of sgEc
valves and ossibilitipes to shut off interest for protection from water theft foresee the 1730.000
Measures to zones in cage of unauthorized wate possibility to shut off the valves or reduce the pressur ' '
\ address 2.2% consumption at automatic alarm about unusually increased
apparent losses P consumption
Ir:goggxga;hdeczi?g?ggtjhtotrr;zee d Inform the public about the water loss issue, raise the
P . s public awareness, particularly about the issue of
water consumption (printing leaflets . ] 3,730,000
daily press, billboards, newspaper unauthorizedconsumption and about all the measures
. i ’ taken to reduce water losses
articles, radio and tv broadcasts)
Total price of measures to address apparent losses 34,340,000
Preparation of mains replacement
Planning and plans- optlmumrehablllyatlon Prepare plans for optimum rehabilitatieareplacement
(based on the GIS, register of
\l mains 61.1% | failures additionalymeasurements of mains based othe _updated data from the Group | 1,730,000
replacement and miérelocatin and additional measures, all according to expected needs e
measures 9. (prioritization of measures) and capacities

testing of builtin pipe materials such
as the wall thickness, etc.)
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%
of the S Amount
No. Group cost of Measure Objectives (EUR)
measure
Preparation of design documents E;iﬂir; design documents and obtain permits, if 16,210,000
— 0 -
Replacement of mains Replace mains in the length of1%%, depending on a 918,910,000
number of priority parameters
Total price of planning and replacement measures 936,850,000
Preparation of amrganization , .
scheme, processes, tasks, human Strengthen PWSPs capacl 1,410,000
I management
resources, control, communication
Institutional Preparation of Plgo. 00 hémplementation of the water loss
Vil strengthening 1.2% Reduction Action Plans, preparation mar?agement program 14,010,000
measures of PWSPs' busine
Staff training Invgst in _the tramlr_mg of staffmanagement, 3,230,000
engineering, and field staff
Total price of institutional strengthening measures 18,650,000
Preparation of analyses of losses, | Continuously update databases and models, prepare
. - 3,450,000
updating the hydraulic model, GIS | analyses
) Project economic and financial Financial and economic analysis of fiteject to 1410.000
Analysis and analysis monitor whether the investment is justified e
IX reporting 0.4% - - -
measures Preparation of monthly and annual | Continuously report to the competent bodies of the
reports incl. preparations for entry | Ministry, CroatianVaters, and the National Body for 1,690,000
into the future central database the management of water losses
Total price of analysis and reporting measures 6,550,000
Table3.4. Recapitulation of the water loss reduction measures
Responsibility Number Group Amount (EUR)
I-IX Measures total 1,533330,000
PWSP measures Technical assistance to PWSPs to implement the measures (3% of the value of
X 45,950,000
Measures-X)
Establishment of the PW&nchmarking system and performance indicators 670.000
(establishment of the national database, training PWSPs to report to the MESD) '
MESD measures Xl Costs of the national control body for the reduction of losses (expert assistance for
expert verificatonoP WSPs’' action and investment 2,000,000
implementation)
Measures total 1,581950,000

The initial assumption is that it is necessary to implement all the foreseen measures in the scope/amounts adjusted to the
priority of reducing water losses on the national level, as well as to the needs of individual PWSPs or future service areas.

The mat demanding measure in terms of financing and implementation has to do with the rehabilitation or replacement of
the existing mains. For that reason, in order to identify its initial scope, impact elements were additionally analyzedferEhis

to the level of losses in the specific area, the age of mains, as well as risks related to water availability and sensitivitg to clima
change.
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3.2.2 Prioritization of measures

In order to prepare the scope of mains rehabilitation measures, 4 cri€rigerion 1- Unit Real Losse€§riterion2 - Volume
of PWSP’' s ,Crteriar3-Wateissapplg system ag€riterion4 - Risks associated with limitations in available water
volumes and climate chanyavith assigned weights were used. Each criterommtains sukcriteria graded from 1 to 4. In
general, grade 1 describes the highest system (PWSP) sensitivity/risk according to tbatesidm, while grade 4 classifies
the system (PWSP) into the categories of lower sensitivity/risk according toubatiserion.

3.2.2.1 Unit Real Losses

The unit real loss, as a loss management peformance indicator, expressed in litearyiee connection per day (liters /
service connection / day) was selected for the assessment of the relevance of losses.

According to tlis Criterion 1, the PWSPs are classified into 4 categories:

Unit Real Losses > 1,Q@rade awarded: 1 (very poor indicatof status;

Unit Real Losses 500,000 Grade awarded: 2 (poor indicatof status;

Unit Real Losses 10800, Grade awarded: 8moderately poor indicatoof status;
Unit Real Losses < 1@Brade awarded: 4 (good indicatof status;

= =& —a -9

Figure3.11. presents the distribution of the unialues of Real Losses in liters/service connection/day per PWSPs in Croatia,
as well as the spatial distribution of unit values of Criterion 1 classified into four categories

Criterion 1 - Unitt Real Losses
(liter/connection/day)

] upto 100 (good indicator of
—I" status)

101 - 500 (moderately poor
indicator of status)

501 - 1.000 (poor indicator of
status)

4 & 4

1,001 - 2,902 (very poor
indicator of status)

Unit Real Losses
{liter/connection/day)

" uwtolo0 ,

a7 101500 .y T
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#"  1,001-2,000

20002902 -

Figure3.11. Spatial distribution of unit values of Real Losses (with the indicator values specified, left) and Criterion 1 (right)
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The share of Real Losses of a PWSP in the total Real Losses (%) teakfoetbe assessment of the relevance of losses as a
measure of a PWSP's significant volume [ ost in relation

According to this Criterion 2, the PWSPs are classified into 4 categories:

PWSP CARL / CRO CARW0Y%- Grade awardedi (a highly significant share);

PWSP CARL / CRO CARLE 2086 Grade awarded2 (a significant share);

PWSP CARL / CRO CARE 3% Grade awarded3 (a moderately significant share);
PWSP CARL / CRO CARL<@rf4de awarded4 (@ less significant share);

= =4 —a -8

Figure3.12. presents the distribution of the volume of Real Losses per PWSPs in Croatia, as well as the spatial distribution of
the shareof Real Losses in the total Real Losses by Criterion 2 classified into four categories
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Figure3.12. Spatial distribution of the volume of Real Losses (with the values in m3 specified, left)Gutdrion 2 (right)
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3.2.2.3 Water supply system age

The age of the water supply system has a significant impact on the status of water losses. This Criterion 3 analyzéfigtie iden
priority replacement ofnaing which is associated with the system age.

Whenestimating the share of mains to be replaced:

1 Data was used about the tota@lurchasevalue of the assets of the water supply system defined as a priority for
replacement (the book value gfurchasewas transformed into the currenpurchase value using arppropriate
factor);

1 The share of mains for priority replacement in the total assets for priority replacement was estimated.

Data about the totapurchase value, théook value, writteroff value, and the age of water supply systems is presented in
detail within the Detailed Implementation Pldiof the Multi-Annual Programme for Construction of Water and Wastewater

Structures for the Period until 203The same document identifies priorities for the renewal of the water supply infrastructure,
based on a detailed analysis of the value of the assets and age of the systems.

The abovementioned Detailed Implementation Plan lays down priority groups fetesy rehabilitation. Priority Group 1
includes the renewal of water supply asset infrastructure more than 30 years old (includes system age categiiripsads,
41-50 years, and more than 50 years old), while Priority Group 2 includes the renewalenfsupply asset infrastructure 20
30 years old.

Criterion 3 took account of both Priority Groups.
According to this Criterion 3, the PWSPs are classified into 4 categories:

Priority replacement of more than 15% of mains in a PWSP-aBrade awarded: {a highly significant share);
Priority replacement of 10%15% of mains in a PWSP are@rade awarded: 2 (a significant share);

Priority replacement of 5%10% of mains in a PWSP are@rade awarded: 3 (a moderately significant share);
Priorityreplacement of less than 5% of mains in a PWSP-a@Gade awarded: 4 (a less significant share);

= —a —a 8

Figure3.13. presents the distribution of the share of priority Estment in mains replacement by PWSPs in Croatia used for
the categorization of the significance of priority needs in mains replacement, as well as the spatial distribution ecfdgbeest
by Criterion 3

9 https://www.voda.hr/sites/default/files/202207/DETALJINI%20PROVEDBENI%20PLAN%20VP G¥2G2%2620SRPANJ%202022. pdf
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Figure3.13. Spatial distribution of the scope of the required mains renewal in Priority Groups | and Il (specifying the % of replacement,
left) and Criterion 3 (right)

3.2.2.4 Risks associated with limitations in available water volumes and climate change

The awilability of water sources or abstraction sites with appropriate quantity and quality of water is a significant factr in th
context of importance to reduce losses.

Small basins in the Danube river basin district as well as basins in the Adriatizasiredistrict are particularly sensitive to

the climate change impact. Trends indicate possible negative impacts on water supply (reduced availability of water for the
currentlevel demand or for increased demand in certain areas). The reduction of NRWkesnto a certain extent, a spare
capacity for adjustment when coping with climate change impacts (retaining or reducing the current level of abstracted water
volumes). Water loss reduction measures are therefore key measures with a strong positivé imgystem reliability or
increasing system resilience to climate change.

For that reason, the availability of sufficient water volumes needs to be considered in the context of climate changefas well
risk matrix has been developed associated with tnins in available volumes and climate change severity, constituting
Criterion 4

3.2.2.4.1 Available water volumes

Available water volumes are considered in the context of the following parameters and their combinations (cumulative
impacts):

76



SUPPORT TO REDUCE WATER LOSS WITHIN THE REFORMER SHETWUR IN CROADRAFT NLRAP

1 Existing limitations at water abstraction sites;
1 Possibility to expand the capacities of existing abstraction sites or to open new identified abstraction sites;
1 Increased water demand by new consumers (planned expansion of systems and/or users);

With regad to available water volumes (in conditions of current and planned water demand) by PWSPs, the following
groups of limitations have been identified:

Grade awarded: 1 (very significant limitations);
Grade awarded: 2 (significant limitations);

Grade awarded3 (limitations of medium significance);
Grade awarded: 4 (minor limitations);

Grade awarded: 5 (no identified limitations);

= =4 —a —a -

Limitations in available water volumes
* no identified limitations
f minor limitations

limitations of medium significance
* significant limitations

' very significant limitations

Figure3.14. Limitations in available water volumes

3.2.2.4.2 Climate changseverity

The assessment of climate change severity as an element of risk assessment for PWSPs is a pretty complex task due to the f:
that multiple impacts are intertwined in a rather complex way:

1 There are several climate change scendfiosithout it being clear which of them if any— will be fulfilled in the
future;

10 Climate change is modelled using representative scenarios, (i) RCP stabilization scenario 4.5 and (ii) RCP global naim®8.&.s€he scenarios were
adopted by the UN's Intergovernmental Panel on Climate Change (I PCC).
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1 Direct impact otlimate change on the availability of water is pretty challenging to assess at the level of a PWSP due

to complex geology, relatively rough results of climate modelsy@dprdersof groundwater bodies and basins in
the karst;

1 Other sectors also aspire to a share of available water resources;
1 There are secondary climate change impacts that change water demand.

The assessment was made for twoatar periods:

T Near future,2011-2040;
1 Distantfuture, 20412070.

The reference 3§ear period for comparison is the 192000 period.

At first, the analysis assessed available climate change indexes for the change of summer precipitation (hereinafter:
“precipitation”) and summer air temperature (hereinafte

PWSPs and 9 polyge not covered by public water supply services). The details of the assessment results are presented in
Figure3.15.

Based on the results, the following conclusions ba made:

I The foreseen evolution of deviation between the scenarios and an increase of negative impacts of both scenarios over
time exists, with the impact of climate change more marked in the second period;

I There is a weak positive correlation correlatioetween decreasing precipitation and increasing temperatures for all
the scenariosKigure3.15);

I Increasing temperatures in RCP 4.5 and RCRigh%y correlatefor the 20422070 period;

1 Decreasing precipitation in RCP 4.5 and RCP 8.5 correlates slightly less for the same period;

9 Differences in temperature between the scenarios are pretty clear and obvious, but differences in change in
precipitation are much more vage even though in the majority of cas:
results in a higher precipitation decrease over the

the water supply sector.
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Figure3.15. Climate change indexes (precipitation decrease in mieft, precipitation decrease in %right)

Since only one classification of severity is needed and since there are many combinations of pezi@tsysmarameters,
etc., forpragmaticreasons the following approach was adopted:

1

Since climate change data exists for two periods, 20040 and 20422070, the results make it clear that nearly a

half of the first period has already passed, and dataifthe second period more intensively illustrates the evolution

and diversity of climate change. For that reason, it is only the Z0¥D period that is considered in further analysis.

For the 20412070 period there are two scenarios (RCP 4.5 and RCRithFretty different fulfillment. While RCP

8.5 is characterized by significantly higher temperatures, RCP 4.5 has slightly less precipitation. Both events are
unfavorable for water availabilityC2 NJ G KIF G NBIF a2y s GKS I RRA (cardigeted a a | &
combination of these two original scenarios.

Decreasing precipitation is expressed in absolute (mm) and relative (%) values. For severity assessment, relative value
will be used because they more clearly describe the baselinelé@¥gase) and the range of precipitation decrease

(0- 100%).

Precipitationhas a direct impact on the volume of water and temperature in a more complex and indirect way. The
exact impact of temperature (change) on water volumes cannot be modelled oe\bEdf the entire country within

this project. For that reason, the impact of temperature on evapotranspiration will be considered in a robust way
using a simple evapotranspiration model.

Climate change severity for all the PWSPs will be classifiedein iy d ent i c al class ranges
negative climate change i mpact on water availabilit.)
impact on water availability, maximum change recorded in the scenario). As a consequenamntparability
between the class values of different scenarios is somewhat limited since the class value expresses a relative deviatior
from the basic conditions to the maximum severity value within the scenario, and not some unique maximum severity
value In general, the scenarios are mutually exclusive because in reality only one fulfillment is possible and
comparison between the scenargzaleds questionable.
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If the impact of temperature increase on water availability is taken into accountrahaded in the severity assessment, the

classification of RCP 4.5, RCPFig8re336 andFburé3.d?v er age” scenar.i
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Figure3.16. Climate change severity classes based on RCP 4.5 (left) and RCP 8.5 (right) scenarios (temperature impact taken into
account)
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3.2.2.4.3 Risk matrix
In addition to the classification of areas according to climate change severity, the risk assessment matrix has been used for

1 Identified limitations in available water volumesdambination with (if applicable) rising demand;
1 Climate change severity

A more complex situation related to an increastdhinon water supply systems requires a proper, permanent and adaptable
assessment of the situation, decisiomaking based on resultf analyses, planning and taking different sets of measures. The
situation is particularly demanding on the Adriatic coast and islands due to spatial and temporal variations in demand and
availability of resources, which is associated with geophysicdllfgdrological) diversity.

At the same time, information important for making decisions, such as climate change projections and hydrological properties
of karst aquifers on the one hand, as well as projections of future demand on the other hand, siggifieay in quantity,

quality and reliability. For a rather inert water supply sector, such insecurities together with varying and limited financin
capacities increase the exposure of a particularly vulnerable (health) and sensitive public sector.

Under sich circumstances, in order to increase safety, resilience and adjustment to future challenges, the water supply sector
as a whole should be focused on its elements which are at the highest risk of failure and inefficiency.

Due to limited data and informain, which should be obtainable at the level of the national action plan, risk has been assessed
using the adjusted risk assessment matrix for the most suitable available indicators: (i) Identified limitations in avatkble
volumes in combination witliif applicable) rising demand, and (ii) Climate change severity, to assess the first indication of

water supply risks
B
4 . Very high risk

o
Q
<
g
¥ n
wE 3 High risk
So
= >
.‘E" 2 Moderate risk
E
1 Low risk

1 2 3 4 5
Climate change severity

Figure3.18. Adopted risk assessment matrix
According to this Criterion 4, PWSPs are classified into 4 categories:

Grade awarded: 1 (Very high risk)
Gradeawarded: 2 (High risk)
Grade awarded: 3 (Moderate risk)
Grade awarded: 4 (Low risk)

=a =4 —a -

Figure3.19. presents the distribution of risk categories identified in combinatidgth limitations in available water volumes
and climate change severity
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Criterion 4 - Risk
categories

Low risk

¢ | Moderate risk

g High risk
¥ Very high risk

Figure3.19. Spatial distribution of risks (Criterion 4) according to the risk matrix, limitations in available water volumesdinthte
change severity

3.2.2.5 Overall relevance of losses
The overall relevance of losses was obtained using the criteria in the following weighting ratios:

Criterion1I-PWSP’ s speci fic Real Losses, weight factor 35%
Criterion2-Shar e of P WS RPssas indominRead lossé&s eneight factor 25%

Criterion 3— System age, weight factor 20%

Criterion 4—Limitations in available water volumes and climate change, weight factor 20%

=a =& —a -8

So, Criteria 1 through 4 were used for the calculation of the overallarats; which is then used further for the initial proposal
of the % of renewal of existimgainsin the PWSP area, which is deemed a very important loss reduction measure.

Increased investment in mains renewal is proposed in relation todleyance of losses:

Very high relevance of water lossesenewal of 15% of mains proposed,;
High relevance of water lossesenewal of 10% of mains proposed;
Medium relevance of water lossegenewal of 8% of mains proposed;
Moderate relevance of watdosses-renewal of 5% of mains proposed;

= =4 —a -8

Figure3.20. presents the distribution of the relevance of losses per PWSPs to assess the required replacement of mains and
spatial distribution of the estimated investment amount through the mains replacement measure
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Mains replacement measures
(EUR)
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Figure3.20. Overall relevance of losses to assess the required mains replacement (left) and the estimatedrarabinvestment in mains
replacement (right)

Investment in mains replacement by service ardggyre3.21), except Service Area 11 (Zagreb), amounts on average to EUR
20 million (with some investment reaching as high as EUR 50 million). Service Area 11 (Zagreb) has the highest investmel
(around EUR 125 million), which seems reasonable in relation to the sg&temand the assigned overall relevance of water
losses.
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Figure3.21. Investment in mains replacement by service areas
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It is assumed that after a period of more intensive replacement of mains in thehlpygoposed scope below (which is
preceded by the exact identification of critical sections for replacement) PWSPs will continue working on the replacement of
mains at an annual rate of around 2%

3.2.3 Effects of recommended measures

3.2.3.1 System data improvement masures

Certain system data improvement measures will contribute to the speed of noticing increased leakages at the existing places
of damage or occurrence of new failures (leakages), and thus to the reduction of losses (real losses). However, not all the
system cta improvement measures contribute to the direct reduction of losses, although they represent a quality basis for
efficient implementation of other measures which will result in ldagn sustainable and efficient reduction of water losses.

For example, reasures such as the creation and introduction of the GIS general module, GIS register of failures, GIS link
between the technical and SCADA IT systemd,theSCADA (with enabled links to all the structures and data storage) are the
bases for the full pantial of developing GIS control of losses aadording and digitizing field data, the use of which will
significantly speed up noticing the occurrence of failures and the detection of failrash will both in short and long term

result in the reductin of water losses.

The basic assumption adopted based on the practical experience in Croatia so far among the PWSPs that have implemente
certain system data improvement measures is that the time needed to natigecreasdn existing leakages dhe occurrence

of newfailures(leakages) will be shortened by 50%. The ttedakageremoval time consists of three componentgime to

notice the leakage, time to identify the leakage mitwoation, and time to repair/remove thieakage In the practice in Croatia

so far, the majority of time is needed to notice the leakage (around 60% of the total time) and to identify thelotatin

of the leakage (around 30% of the total time). Therefore, by reducing the time to noticedkade it is possible to achieve
significant water loss reductions. With the above assumption of reducing the time to notice leakages by 50%, it is assumed
that 20% higher loss reduction efficiensill be achieved due to active leakage control measurethat process, the system

data improvement measure is attributed a 50% efficiency in relation to the overall impact of reducing the time to notice the
occurrence of leakage (the remaining 50% efficiency is attributed to the measure to divide the syst&iks), resulting in

a 10% higher loss reduction efficiency due to the system data improvement measures.

The share of the analyzed system data improvement measure in total investment costs of all the measures foreseen by this
Action Plan is 2.19%kUR32,050,000), with the expected efficiency in relation to the total impacts of NRW reduction foreseen
by this NLRARN relation to the current state) of 4.0%

3.2.3.2 Water supply system optimization measures

The development/revision of conceptual solutions with ttedibrated mathematical model implies the implementation of
certain measures which have proven efficient in direct reduction of water losses in Croatian practice so far, i.e., they have
resulted in certain reduction of water losses among a significant mumabPWSPs. The key measures are the implementation

of zone flow and pressure measurements including the calibration of the mathematical model of present state and detailed
analysis of the present hydraulic and operating characteristics of the entirersy&this enablea qualityinsight into the

spatial and quantitative distribution of water losses within the system, facilitating the timely detection of zones wigh bigg
losses and timely initiation of active leakage control activities in such zonesh wésults in additional reduction of water
losses. In light of the positive experience in Croatia so far, the expected reduction of real leakages during the pregaration
conceptual solutions is 1% is shortterm and related to a time period (oRgearperiod) in which the conceptual solution is
prepared.

For water supply systems for which conceptual solutions have been prepared, the spatial and quantitative distribution of wate
losses is known by preliminary DMAs which have been established fouthege of implementing a measurement campaign

for flows and pressures (as an integral part of conceptual solutions), with certain problems in the systems recognized. This
enables the operating staff working on system management who were included throughamiog the implementation of
measurements and preparation of individual phases of the conceptual solution to timely take certain active leakage control
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measures (the consequence of the initial growth of enthusiasm during and immediately after the gi@pafahe conceptual
solution) and to more efficiently detect and repair the leakages, which is directly reflected on the efficiency of water loss
reduction. In relation to the experience so far, an additional effect of real loss redua}iorb% is adleved for some PWSPs
which have conceptual solutions prepared.

The etension of storage tanks, pumping stations, mains, and atlreictures to achieve pressure and energy optimization as

a measure of water supply system optimization is considered exelydior the Zagreb water supply system through the
introduction of the so called “Zone 0”. The said measur
by around 2.0 bar (reduction of pressure by 25%), which will in relationdcsyistem characteristics (pipe materials, etc.)
result in the reduction of water losses by around 12%. The expected reduction of water lossegésrtoagd refers to annual
savings throughout the project life.

The share of the analyzed water supply systoptimization measure in total investment costs of all the measures foreseen by
this Action Plan is 4.20%R63,700,000), with the expected efficiency in relation to the total impacts of NRW reduction
foreseen by this NLRAR relation to the currenstate) of 5.8%

3.2.3.3 Measures to divide the system into DMAs

The measures to divide the system im@MAs will contribute to the speed of noticing increased leakages at the existing places
of damage or occurrence of new failures (leakagasyl thus to the reduction of losses (real losses). The establishment of
DMAs with flow measurement at points of entry and exit from each Dlimkingthe measurements with the SCADA and GIS
modules, as well as the application to record and digitize filsth, will significantly speed up noticing the occurrence of
failures and thus the detection of failures, which will both in short and tomgesult in the reduction of water losses.

The basic assumption adopted based on the practical experience ini&Cmatfar among the PWSPs that have DMAs
established is that the time needed to notiaaincreasen existing leakages, dhe occurrence of neviailures(leakages) will

be shortened by 50%. The totilakageremoval time consists of three componentgime to notice the leakage, time to
identify the leakage micréocation, and time to repair/remove thkeakage In the practice in Croatiso far, the majority of
time is needed to notice the leakage (aroun@b of the total time) and to identify the mictocation of the leakage (around
20% of the total time). Therefore, by reducing the time to notice the leakage it is possible to achieve significant water loss
reductions. With the above assumption of reducing the time to notice leakages by 50%, it is dgban20% higher loss
reduction efficiencywill be achieved due to active leakage control measures. In that process, the measliviele the system
into DMAsis attributed a 50% efficiency in relation to the overall impact of reducing the time to ntite@ccurrence of
leakage (the remaining 50% efficiency is attributed to sistem data improvement measwg@escribed aboveresulting in

a 10% higher loss reduction efficiency dueattive leakage contrgheasures.

The share of the analyzed measuoedivide the system into DMASs in total investment costs of all the measures foreseen by
this Action Plan is 14.6% (R 22320,000), with the expected efficiency in relation to the total impacts of NRW reduction
foreseen by this NLRAR relation to thecurrent state) of 4.0%

3.2.3.4 System pressure control and management measures

It is a weHknown fact that system pressure control and management measures significantly contribute fefongeduction

of real losses. Pressure regulation (reduction) reduceshdigies athe existing damage along the water supply netwak,

well asthe number of new damage The reduction of leakage volume depending on pressure reduction and characteristics of
piping material is in mathematical terms described using the gelyekabwn FAVAD method. Therefore, the introduction of
PMAs through the installation of new hydraulic valves for pressure regulation with additional replacement of the existong spr
valves with the hydraulic valves reduces pressure in individual pattseafystem and in the system as a whole, which is
directly reflected on the reduction of real losséshigher leakage reduction efficiency is achieved in systems (part of systems)
where there is no pressure regulation in the current state, where highesqures are present in the current state, and where
bigger pressure reduction is achieved. In accordance with that, when assessing the effect of system pressure control anc
management measures on the reduction of water losses, account was taken of theHattter a particular water supply
system in the current state has pressure regulation and what is the range of the average pressure in a particular water suppl
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system (< 5.0 bar; 4-85.0 bar; 3.0- 4.0 bar; > 3.0 bar). This is also in line with theegigmce in Croatia so far, correlated

with the current status of NRW in individual systems, and the fact whether the protection of the system from water (hydraulic
hammers and control and management of air in the pipes are implemented and if so, in whalNamely, additional system
pressure control and management is achieved both through protecting the system from water hammers and through
controlling and managing air in the mains network (application and control of air release and air release/intadsd. \al
accordance with the practice in Croatia so far, the presence of air in thesmeaiwork can result in the local reduction of
pressure by more than 3.0 bar, and it can locally increase the intensity of water hammers, which in long term réseilts in
occurrence of new failures (leakages). In water supply networks where effective protection from and mitigation of water
hammers has been established and where proper control and management of air in the pipes is conducted, the probability of
new failues has been significantly reduced. In that way, real losses are reduced in the long run or are maintained at an
acceptable level. The afore mentioned has also been taken into consideration when assessing the effect of system pressure
control and managemenmneasures on the reduction of water losses.

The share of the analyzed system pressure control and management measure in total investment costs of all the measures
foreseen by this Action Plan is 3.6E8JR57,160,000), with the expected efficiency irelation to the total impacts of NRW
reduction foreseen by this NLRAR relation to the current state) of 8.6%

3.2.3.5 Active leakage control measures

Active leakage control (ALC) measures are one of the most efficient measures for the reduction of reahtissekeakage
control implies one of the two measures with which failures are physically removed and real losses are reduced. Itig therefo
assessed as one of the two most efficient measures for water loss reduction (the other one is pipe replacement).

The micrelocations of leakages cannot be identified without adequate equipment (portable pressure and flow meters,
correlators, geophones, noise loggers, etc.). The procurement of equipment together with adequate education of technical
teams is the mairprecondition for efficient implementation of ALC. ALC implies the implementation of several separate
activities, including three main ones. Phase 1 impliesrtiementation of additional flow and pressure measurements (from
zones and suzones to the legl of individual sections). In that way, smaléeeas are singled out imhich Phase 2 of identifying

the leakage micrdocations will be conducted using correlators, geophones, noise loggers, etc., iwhiobre financially
demanding and timeonsuming.Theidentification of the micrdocations of leakages is followed by Phase 3, which implies

the repair of leakages, pipe bursts, and damage to water supply fittings. The assessment of the impact of the said measure ot
the reduction of water losses (NRW) svdone in relation to the system size (the cluster to which it belongs), the current NRW
status, PWSPs'’ experience so far with the |implementation
companies to implement ALC, etc. It is logical tpeet the achievement of higher efficiency in water loss reduction through
ALC for larger systems with currently higher NRW volumes. In doing so, it is assumed that at least in the initial phases o
implementation of this Action Plan external companies béllengaged to a greater extetd implement ALC, but primarily as

a support to the existing and future technical teams of the PWSPs themselves, by implementing in parallel the same activities
in other system locations. In that way, external specializedpanies with many years of experience will at the same time
conduct additional education of PWSPs'’ technical t eams.
by external companies frequently presents an additional motivating factof or P WSP s’ technical t e
been included when assessing the effect of the said measure on the reduction of water losses.

The share of the analyzed active leakage control measure in total investment costs of all the measures hyréisisefaction
Plan is 10.5%EURL160,910,000), with the expected efficiency in relation to the total impacts of NRW reduction foreseen by
this NLRAFRIn relation to the current state) of 40.4%

3.2.3.6 Measures to reduce apparent losses

Although apparent lossesa a r udssgnificaneamd marked as real losses, the possibilities and needs for their reduction
are unavoidable. Measures to reduce apparent losses imply more efficient control and prevention of unauthorized water
consumption (water theft), incrsed accuracy of water consumption meters (water meters), and reduction of errors in data
processing

86



SUPPORT TO REDUCE WATER LOSS WITHIN THE REFORMER SHETWUR IN CROADRAFT NLRAP

The implementation of all the measures to reduce apparent losses (regular analyses of water meter accuracy and preparation
of water meter replacement plas) regular water meter replacement, implementation of hydraulic analyses of possibilities for
remote reduction of pressure at valves and possibilities to shut off zones in case of unauthorized consumption, regularly
informing the public about the problemna cost of unauthorized water consumption through the printing of leaflets, daily
press, billboards, newspaper articles, radio and tv broadcasts) definitely achieves a certain reduction of water losses both
short and long term.

It is a fact that the shres of apparent losses in total water losses differ among PWSPs in Croatia, ranging between 0.3 and
29.%%4 or in absolute terms between 58 and 5,815,758ymar. It makes sense to expect more significant reduction of
apparent losses among PWSPs that i ¢lrrent state have higher volumes of apparent losses or higher shares of apparent
losses in the total volumes of water losses. This has been included when assessing the effect of the said measure on th
reduction of water losses.

The share of the anatgd measure to reduce apparent losses in total investment costs of all the measures foreseen by this
Action Plan is 2.29%kUR34,340,000), with the expected efficiency in relation to the total impacts of NRW reduction foreseen
by this NLRARN relation to the current state) of 3.2%

3.2.3.7 Planning and mains replacement measures

Planning and mains replacement measures are together with ALC medisene®st efficient measures for the reduction of

real losses. Namely, by replacing damaged mains, water losses are directly reduced. Even in mains with significantly modifie
characteristics (e.g., by decreasing the thickness of walls of steel pipes withthwdic protection, etc.) water losses are
reduced in the future.

It is unrealistic to expect and hence to analyze integrated implementation of this activity in the short term, since the
replacement of pipes is highly demanding in technéad financid termsand in terms of timeA question is therefore raised
about the dynamic at which the pipes should be replaced, i.e., which sections of the mains networklshgivdnpriority.

In orderto have maximunefficiency of pipe replacement in the redumti of water losses, it is necessary to prepare a-high
quality mains replacement plan, giving priority to those sections identified through preliminary investigations as being in a
poor state of repair, which is identified depending on a number of impatbfa (number of failures, pipe material, pipe age,
type of joints, is there cathodic protection, field characteristics, etc.).

The effect of the said measure on the reduction of water losses (NRW) was assesB8USPs in relation to the percentage

of pipe renewal planned in short and medium term in relation to which the total investment is expressed, the current average
age of he mains network, pipe material, etc. The NRW reduction rate as the result of pipe replacperd®VSPs ranges
between 1% and 30%.

The share of the analyzed planning and mains replacement measure in total investment costs of all the measures foreseen b
NLRARs the highest compared to the other groups of measures, and amounts to 6E12R836,850,000), with the expected
efficiency in relation to the total impacts of NRW reduction foreseen by this N{iRAd®ation to the current state) as high as
33.1%.The said efficiency was assessed based on the assumption that the mains replacement is carried out according to the
well-prepared replacement plan.

3.2.3.8 Institutional strengthening measures

The institutional strengthening measures imply the preparation of pizition schemes, processes, and tasks, improving the
quality of human resources managemeand improved control and communication within PWSPs concerning water loss
management. The measure also i mplies t bwith{he peepanation bf shorh o f
and mediumterm business plans, and mandatory and continuous education of the staff working on water loss management.

The i mplementation of this group of measur eeffecthovaterdosst | e
reduction is indirect. Regardless of that, it is rareiona
and those that will implement it, with such expectation proven as justified by the practice so far.dnwtirds, proper
implementation of the institutional strengthening measures will contribute to increased efficiency of water loss reduction.
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The effect of the said measure on the reduction of water losses (NRW) was assesB8dSPs in relation to theisgmated

potential in its implementation, which results from the results of the filled in questionsa@tated to the current stais of

HR management, the existing staff and organization schemes, PWSP size, etc. The NRW reduction rate as the eesult of tt
implementation of the institutional strengthening measungsr PWSPs ranges between 0.2% and 1.0%.

The share of the analyzed institutional strengthening measure in total investment costs of all the measures foreseen by this
Action Plan is relatively lomompared to the other groups of measures, and amounts to 1R2&R(8,650,000), with the
expected efficiency in relation to the total impacts of NRW reduction foreseen by this NioR&Rtion to the current state)

of only 0.7%.

3.2.3.9 Analysis and reporting masures

Analysis and reporting measures imply the preparation of monthly and/or quarterly and/or annual analyses of water losses
and entry of relevant indicators into the future central database and making economic and financial analyses of the svater los
reduction project.

The i mplementation of this group of measur eeffecthoowatenloss | e
reduction is indirect and particularly small. The implementation of this groumedsures is important from the aspect of
support to all the other groups of measures, and thus also from the aspect of increasing their efficiency.

The share of the analyzed analysis and reporting measure in total investment costs of all the measseenfoyethis Action
Plan is the lowest compared to the other groups of measures and amounts to only BUR6,%550,000). In relation to the
expected insignificant impact on the NRW reduction (in relation to the current state), it is defined in the ani@ud%o

3.2.3.100ther measures
Support measures are also necessary for the successful implementation of NLRAP and the achievement of the expected effect

I Technical assistance to PW$#tssuccessful implementation of loss reduction measuvetsich is estimated 8% of
the value of the measures (I to 1X)
 MESD measures:
- Establishment of a PWSPs benchmarking system of performance indicatorants t00.05% of the NLRAP
measures, and refers to the establishment of a national database, training of PWSPs for gefmttie MESD
and Water Council
- Professional assistance in the work of the National Supervisory Authority for Loss Reduction, which is estimated
at a maximum of 0.2% of the NLRAP measures, and réfeexpert assistance for the verification and
implementda i on of PWSPs’' action and investment plans du
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3.2.3.110verview of measures and effects

The overview of measures is described in detail in Cheted, and their impacts on NRW reduction in Chapt&rg.3.1
through3.2.3.8

Table3.5. Estimated value ofvater loss management improvement measures and effects

Responsibilit

%

% NRW

Number Group of the cost of X Measure Amount
y measure reduction
GIS- General module (with entry/update of system data) 2.870.000
GIS- Link to the business IT system (with development o 1.940.000
the customerdatabase)
GIS- Register of failures (with entry of data for the last 5 2.390.000
years)
GIS- Link between the technical and SCADA IT systems 250.000
System data
. improvement 2.1% 4,0% GIS- Control of losses 980.000
measures SCADA (with enabled links to all tretructures and data 20.700.000
storage)
Recording and digitizing field data (procurement of
: . 2.920.000
software and equipment, education)
Total price of system data improvement measuréSUR) 32.060.000
Effect of system datamprovement measures on % of
- 4.950.000
water loss reduction (m3/year)
Deyelopment/rewsm_n of the conceptual solution with the 10.610.000
calibrated mathematical model
Water suppl Extension of storage tanks, pumping stations, mains, an
S sten?p y other structures to achieve pressure and energy 53.090.000
II. optir):ﬂzation 4,2% 5,8% optimization of water supply systems
— (Té)tjallq)pnce of water supply system optimization measure: 63.700.000
Effect ofwater supply system optimization measures on ¢
h 7.080.000
of water loss reduction (m3/year)
Design and construction of DMA shafts with installation ¢
- - ) ; 223.120.000
M ; appropriate equipment (incl. SCADgystem extension)
PWSP  VieasUregg 0 o Total price of measures to divide the system into DMAs
mi. M. divide the system 14,6% 4,0% (EUR) 223.120.000
into DMA: — -
Into S Effect of measures to divide the system into DMAs on %
: 4.950.000
water loss reduction (m3/year)
Hydraulic analysis and development of concept to proted
; 3.080.000
the system from water hammers (hydraulic shocks)
Installation of strL_Jctures a_nd_eqmpment to protect from 40.980.000
water hammers (incl. designing)
Svstem pressure Formation of PMAs Installation of new hydraulic valves
ycontro‘IJ andu for pressure regulation with additional replacement of the 9.650.000
V. management 3,6% 8,6% existing spring valves
9 Control and management of air in the pipes (application
measures . . ) 3.450.000
and control of air release and air release/intake valves)
Total price of system pressure control and management 57.160.000
measure§EUR)
Effect of systenpressure control and management
) 10.570.000
measures on % of water loss reduction (m3/year)
Procurement of equipment for active leakage control
(pressure and flow meters, geophones, correlators, noisg 9.190.000
loggers, smart balls, etc.)
Conducting additional pressure and flow measurements
zones and suzones (with identification of priority 9.080.000
v Active leakage 10 5% 20.4% zones/subzones), conducting STEP tests, etc.
control measures ’ : Identification of leakage mickmcations 12.970.000
Repairing detectgq failures (leakages, pipe bursts, dama 129.670.000
to water supply fittings)
Total price of active leakage control measufiesIR) 160.910.000
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. %
Reszorsall Number Group of the cost of % NR.W Measure Amount
y R — reduction
i 0,
Effect _of active leakage control measures on % of water 49.490.000
reduction (m3/year)
Water meter accuracy analysis apeparation of a 940.000
replacement plan ’
Replacement of water meters 27.940.000
Hydraulic analysis of possibilities for remote reduction of
pressure at valves and possibilities to shut off zones in ¢ 1.730.000
Measures to of unauthorized water consumption
VI. address apparent 2,2% 3,2% Informing the public about the problem and cost of
losses unauthorized wateconsumption (printing leaflets, daily
. ; ) 3.730.000
press, billboards, newspaper articles, radio and tv
broadcasts)
Total price of measures to address apparent logE&#R) -
Effect of measures to address apparent losses on % of
; 3.930.000
water loss reduction (m3/year)
Preparation of mains replacement plansptimum
rehabilitation (based on the GIS, register of failures,
additional measurements amuicro-locating, and 1.730.000
additional testing of buiin pipe materials such as the wal
Planning and thickness, etc.)
Vil mains Preparation of design documents 16.210.000
’ replacement -
measures Replacement of mains 918.910.000
Total price of planningnd maingeplacement measures 936.850.000
(EUR)
. . o
Effect of planning ar_]thalns replacement measures % 40.440.000
of water loss reduction (m3/year)
Preparation of an organization schenmepcesses, tasks, 1.410.000
human resources, control, communication T
Preparation of PWSPs’' Los
Institutional preparation of PWSPs' bus 4010000
Vil strengthening Staff training 3.230.000
measures
Total price of institutionastrengthening measure&EUR) -
Effect of institutional strengthening measures on % of 890.000
water loss reduction (m3/year) ’
Preparation of analyses of losses, updating the hydraulig 3.450.000
model, GIS
Project economic and financial analysis 1.410.000
Analysis and - -
; Preparation of monthly and annual reports incl.
IX. reporting . . 1.690.000
preparations for entry into the future central database
measures
Total price of analysis and reportingeasure§EUR) -
Effect of analysis and reporting measures on % of water 0
loss reduction (m3/year)
Total price oPWSRneasure§EUR) 1.533.330.000
Total | o 0 :
|.x. | Totalmeasures | 100,0% | 100,0% | Total effect of measures on water loseduction 122,300,000
(m3/year) U
X. Technical assistance to PWSPs to implement the measures (3% of the value of Meb§(E2dR)|  45.950.000
Establishment of the PWSP benchmarking system and performance indi@taislishment of the nationa 670.000
database, training PWSPs to report to the MEED)R) ’
MESD XI. Costs of the national control body for the reduction of losses (expert assistance for expert verifica 2.000.000
measures PWSPs’ action and NLRAPdEnsplemeatatibiER) R
Total price of MESD measures (EU 2.660.000
Total Grand total (EUR) 1.581950.000
measures
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Figure3.22. Water loss management improvement measurésX),level of 41 service areas
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3.2.4 Estimated indicators of water losses after implementation of loss reduction measures

3.2.4.1 Volumetric indicators of water losses

It is estimated that with the implementation of lossdgction measures foreseen by this Plan the NRW volume will reduce by
around 122.3 million rityear.

The spatial distribution of the NRW by PWSPs in Croatia after the implementation of loss reduction measures is presented ir
Figure3.23. Figure3.24. compares the distribution of volumes today and after the implementation of meashyethe
proposed service areas in Croatia. The distribution of the NRW and the Real Losses (CARL) after the implementation c
measures is presented Figure3.25.

NRW after the
implementation of
measures (m3/year)

71 uptto500.000
500,000 - 1,000,000
1,000,000 - 2,000,000

2,000,000 - 10,000,000

; o q\
10,000,000 - 20,000,000 ) ; b

4 4444

over 20.000.000 (none)

Figure3.23. Spatial distribution of the NRW after the implementation of measures, PWSP level (with IDs)
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B Non-revenue water (2021) u Non-revenue water after the implementation of measures

60

50

40

30

Millions n/year

20

10

ST ..lu-..n_..i...tl.lL;..h..

123456 7 8 91011121314151617181920212223242526272829303132333435363738394041

Service areas

Figure3.24. Comparison of NRW volumes before and eafthe implementation of measures by the future service areas
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Figure3.25. NRW and Real Losses after the implementation of measures by the future service areas
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3.2.4.2 ILI according to IWA methodology

The spatial distribution of the ILI by PWSPs in Croatia after the implementation of loss reduction measures is presented in
Figure3.26. Figure3.27. compares the distribution of the ILI after the implementation of measures by PWSPs.

ILI value after the
implementation of
measures

* up to 1.00
a7 1.01-2.00

1 201-5.00

% 501-10.00
L o

10.00 - 19.83 N

Figure3.26. ILI after the implementation of meases, PWSP level (with IDs)

Current state

After the implemenation of measures

45,0
40,0
35,0
30,0
25,0

ILIvalue

20,0

15,0
10,0
5,0
0,0 st&
0 20 40 60 80 100 12

0 140

Figure3.27. Comparison of the ILI before and after the implementation of measures by PWSPs in Croatia
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Table3.6. presents the distribution of the PWSPs in Croatia with regard to the ILI, in accordance with the general categories of
real losses management for the developed countries based on the quadaif the World Bank Institute.

Table3.6. Water supply systems in Croatia grouped according to the ILI value after the implementation of measures

Developed Number of PWSPs in N -
; . Guideline description of the real loss management performance categor
countries Croatia basd on the Band ; A
for developed and developing countries
ILI range ILI
Further loss reduction may be uneconomic unless there are shortage
<2 74 A : . . .
careful analysis needed to identifpsteffective leakage management
Possibilities for further improvement; consider pressure management
2-4 32 B - -
better active leakage control, better maintenance
Poor leakage management, tolerable only if plentiful cheap resources; €
4-8 18 © ) . :
then, analyze level and nature of leakage, intensify reduction efforts
8 or more 3 Very inefficient use of resources, Iea_ka_ge reduction programs imperati
and highpriority

3.2.4.3 Other indicators of water losses

Figure3.28. presents the spatial distribution of unit values of the Real Losses in liters/service connection/day by individual
PWSPs in Croatia, whigure3.29. compares the indicators before and after the implementation of measures.

Figure3.30. presents the spatial distribution of unit values of the Real Losses/kmnof mains/hour by individual PWSPs in
Croatia, whileFigure3.31. compares the indicators before and after the implementation of measures.

Figure3.32. presents the spatial distribution ohit values of the Real Losses in liters/service connection/dan/m of pressure
by individual PWSPs in Croatia, wiilgure3.33. compares the indicators before and efthe implementation of measures.
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Unit Real losses in
liters/service
connection/day after
the implementation of
measures

* up to 100
¥ 101-500
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" 1,000-2,000

over 2.000 (none) L |}

Figure3.28. Unit value of Real Losses in liters/service connection/day after the implementation of measures, PWSP level (with IDs)
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Figure3.29. Comparison of unit values of Real Losses in liters/service connection/day, PWSP level before and after the implementation
of measures
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Unit value of Real losses
in m3/km of
mains/hour after the
implementation of
measures

up to 0,20
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1.01 - 1.50 (none)
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o
77 051-1.00
o
L

over1.50 (none)

Figure3.30. Unit value of Real Losses in m3/km of mains/hour after the implementation of measures, PWSP level (with IDs)
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Figure3.31. Comparison of unit values of Real Losses in m3/km of mains/hour, PWSP level before terdtlaé implementation of
measures
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Figure3.32. Unit value of Real Losses in I/service connection/day/m of pressure after the implementation of measures, PWSP level
(with IDs)
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Figure 3.33. Comparison of unit values of Real Losses in I/service connection/day/m of pressure, PWSP level before and after the
implementation of measures
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3.3 Time frame to implement the Plan

The achievement of the objectives and impacts of the NLRAP (measured by NRW reduction, £Rapidy requires the
implementation of all the fogseen measures in the scope/amounts adjusted to the priority of reducing water losses on the
national level (Chaptes.2.1), or to the needs of indidual PWSPs or future service aréagure3.22).

The proposed measures cover all the areas that affect water loss reduction, thus stressing thamog of longterm
implementation of all the measures. Some measures, for example Group V measures (Active leakage control), bring the bigge:
results in relation to the total NRW volume (not with the highest investment), but it is necessary that sashire® are
preceded by or implemented in parallel with or followed by other measures for the achievement of the targeted impacts,
including those most demanding in terms of financing and implementation (Group VII meas®easining and mains
replacement neasures) which also have significant effects on NRW reduction. All of that becomes clearer comparing
investment by measure@-igure3.38), cumulativeinvestment(Figure3.36), effects by measure@-igure3.39) and cumulative
effects(Figure3.37), where one can see that significant effects of NRW reduction are achieved even with smaller investment
(Group V measures), but the targeted values are approached only with financiallyrheasyres (Group VIl measures) which

also ensure the sustainability of loss reduction results

The time frame for the implementation of measures to improve the management of water losses is proposed based on
analyzing the following:

1 The level of water losseon the national level,

T PWSPs'’ capacities to i mplement the measures and pote

I The time needed to prepare plans and desigrtstain building permitsand to form teams in PWSPs (including if
needed outsourcing technical assistajice

I The complexity of public procurement procedures in terms of tiffer part of the activities that include public
procurement of services/works/equipment);

I The capacities of available consulting and construction seétorsently intensified implementatioof infrastructural

projects in the water sectQr

Fnancial weight of investments the measures to improve water loss management;

The requirements of th®WDRecast referring to the timetable related to water leakage reduction action plans, and

in alater phase the expected specification of thresholds and/or target values of water loss reduction indicators.

=] =

Itis estimated that the implementation of the comprehensive plan of measures in the amount of EUR 1.@CHildipter3.2.1)

requires 15 yearslt can be assumed that the implementation of the measures will start already iB, 282 the measures to

a certain extent build on the already initiated meassfativities (which have already stopped a mudthnual trend of
increasing water lossgfom the National Water Loss Reduction Program (NWLRP) or other programs (NRRP or OPCCs), notin
that for efficient implementation of measures from the NLRAP it see8al to improve approach and organization of
implementing the measures

The proposed period of implementation of the measures from this NLR20242038 by which time it is expected that the
NRW will be reduced from the current 235 milliof/year to 113 million m3/year, representing a reduction of around 50% of
the 2021 NRW

As the result of loss management improvement measures in 20832037 period, which also includes significant
strengthening of PWSPs to cope with water losses, and with continued implementation of active leakage control measures
and continued rehabilitation/replacement of mains (with a proposed investment in replacemeat lefast 2% per year),
further significant advances in the reduction of lossesaso expectedeyond 2037which it will only be possible to estimate

in a certain phase of implementing the measufesm this NLRAP (e.g., after 10 yeaasy analyzing th actual effects of
measures (and the required modifications of the approach/measurest)ng that the estimates of the effects of measures by
2037 are rather conservative

It is pointed out that one of the key measures of institutional strengthening\WiSPs deriving from this NLRAP is the
preparation of action plans on the level of PWSPs and/or futdtgservice areasThese plans will consider in greater detail
the potential for water loss reduction and, what is also importassess (updatdhe speific objectives (effects of measures
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for the analyzed areayith higher confidence, all based on the framework and methodology from this NLRAP. For that reason,
the preparation of action plans on the level of PWSPs and/or service areas has to be amioriiatrectivities the results of

which will be used for the preparation of the future national loss reduction action plans, i.e., for the evaluation ofvelsject

and which will be presented to theRor successful improvement of water loss managemerthe national level it is necessary

to implement all the measures foreseen by the NLRAP in the extent/scope/amounts which were (during the initial estimate)
adjusted to the needs of the individual PWSP or service. area

Investment priorities in terms of riie will be defined in relation to the relevance of water losses of the specific PWSP
(presented in Chapte3.2.2.5, dnce the relevance of losses considers théofeing:

1 Size of losses;

1 Secific indicators of water losses;

9 Significance of loss reduction in relationtbe sensitivity/risks of water supply systems (system condition and impact
from the surroundings;
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Table3.7. Relevance of water losses and investment priorities

r f
No/Relevance | SroUP© 1 | 2| 3| 4 | 5 6 | 7 8 9 10 11|12 | 13 14 15
measures/Year
| System data improvement measures
Very high| 20% | 40% | 40%
Relevance of High 20% | 40% | 40%
water losses Medium 10% | 20% | 40% | 30%
Moderate 5% | 10% | 30% | 30% | 25%
1] Water supply system optimization measures
Very high| 5% | 10% | 15% | 40% | 30%
Relevance of High 5% | 10% | 15% | 30% | 40%
water losses Medium 5% | 20% | 30% | 45%
Moderate 5% | 15% | 20% | 30% | 30%
1l Measures to divide the system into DMAs
Very high| 5% | 10% | 15% | 40% | 30%
Relevance of High 5% | 10% | 10% | 30% | 30% | 15%
water losses Medium 5% | 5% | 10% | 20% | 20% | 20% | 20%
Moderate 5% | 5% | 5% | 10% | 20% | 20% | 20% | 15%
\% System pressure control and management measures
Very high 5% | 5% | 20% | 40% | 30%
Relevance of High 5% | 5% | 20% | 20% | 30% | 20%
water losses Medium 5% | 5% | 10% | 10% | 20% | 30% | 20%
Moderate 5% | 5% | 5% | 10% | 15% | 20% | 20% | 20%
\% Active leakage control measures
Very high| 5% | 10% | 20% | 20% | 20% | 10% | 10% | 5%
Relevance of High | 5% | 10% | 15% | 15% | 15% | 15% | 10% | 10% | 5%
water losses Medium | 3% | 5% | 10% | 10% | 10% | 10% | 10% | 12% | 10% | 5% | 5% | 5% | 5%
Moderate | 2% | 5% | 5% | 5% | 5% | 5% | 10% | 10% | 10% | 10% | 10% | 8% | 5% | 5% | 5%
Vi Measures to address apparent losses
Very high| 5% | 10% | 20% | 20% | 20% | 20% | 5%
Relevance of High | 5% | 10% | 10% | 10% | 10% | 15% | 15% | 15% | 10%
water losses Medium | 3% | 5% | 5% | 4% | 10% | 10% | 10% | 10% | 10% | 23% | 10%
Moderate | 2% | 5% | 5% | 5% | 5% | 5% | 10% | 10% | 10% | 10% | 10% | 8% | 5% | 5% | 5%
\ii Planning and mains replacement measures
Very high| 1% | 2% | 5% | 10% | 15% | 15% | 15% | 15% | 15% | 7%
Relevance of High 1% | 2% | 5% | 10% | 15% | 15% | 15% | 15% | 15% | 7%
water losses Medium 1% | 1% | 1% | 5% | 10% | 10% | 12% | 10% | 10% | 10% | 10% | 10% | 10%
Moderate 1% | 1% | 1% | 2% | 5% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10%
Vil LyadAaddziazylt aGNBYy3IGKSYyAy3a YSI&daNB& O6LINBLI NI GA2Y 2 @ining)?
Very high| 20% | 30% | 30% | 5% | 5% | 5% | 5%
Relevance of High | 10% | 20% | 20% | 20% | 5% | 5% | 5% | 5% | 5% | 5%
water losses Medium | 5% | 10% | 20% | 30% | 5% 5% 5% 5% 5% 5% 5%
Moderate | 5% | 10% | 10% | 35% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5%
IX Analysis and reporting measures
Very high| 10% | 10% | 20% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5%
Relevance of High | 5% | 5% | 10% | 10% | 10% | 10% | 10% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5%
water losses Medium | 5% | 5% | 5% | 10% | 10% | 10% | 10% | 10% | 5% | 5% | 5% | 5% | 5% | 5% | 5%
Moderate | 5% | 5% | 5% | 5% | 10% | 10% | 10% | 10% | 5% | 10% | 5% | 5% | 5% | 5% | 5%
X Technical (external) assistance to PWSPs to implement the measures
Very high| 5% | 15% | 15% | 10% | 10% | 10% | 10% | 5% | 5% | 5% | 5% | 5%
Relevance of High | 5% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 5% | 5% | 5% | 5% | 5%
water losses Medium | 3% | 5% | 5% | 5% | 10% | 10% | 10% | 10% | 10% | 9% | 8% | 5% | 5% | 5%
Moderate | 2% | 5% | 5% | 5% | 5% | 5% | 13% | 10% | 10% | 10% | 10% | 5% | 5% | 5% | 5%
Xl MESD measures
Estabhshmgnt ofa 20% | 10% | 10% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5%
benchmarking system
Activities of the
national body forthe | 5% | 10% | 10% | 10% | 10% | 10% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5%
reduction of losses
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Figure3.34. Investment by years
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Figure3.35. Effects of investment by years (NRW reduction, m3/year)
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Figure3.37. Cumulative effects (NRW reduction, m3)
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Figure3.39. Effects of loss reduction measures by years (m3/year)
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3.4 Risk assessment

The implementation of the NLRAP and all the defined measures implies numerous external and internal risks that may have
an impact on expected results. Due to the complexity of measures and a large number of stakeholders in the entire NLRAF
implementation pocess, the risk assessment is methodologically simplified and focused on the main risks that may affect the
Plan’s i mplementation.

The methodological steps in risk assessment are the following:

Step 1: Risk identificatign
Step 2: Risk level assessment
Step 3: Sensitivity analysis
Step 4: Conclusign

= =4 —a -8

3.4.1 Risk identification

In relation to the defined measures, 4 main groups of risks (including both external and internal risks) have been aktablishe
identifying the main risks that may have a significarpact on the NLRAP implementation.

9 Technical risks:
- Inadequate level of collected data
- Inadequate reduction of NRW volumes
- Il nadequate assessment of the system’'s technical i s

I Implementation risks:
- Delay in the implementation of defined measures, p

1 Financial risks:
- Increase of the price of defined measures
- Problems with financing sources

1 Regulatory risks:
- Unexpected political or regulatory factors affing the NLRAP implementation
- Public resistance at the introduction of the new system of calculation of the water usage fee

3.4.2 Risk level assessment

The next step is assessing the risk level for the identified risks. The methodological basis was takemaber Guide used
for the preparation of water and wastewater projects on the EU level. According to the Guide tB&wdtt Analysis of
Investment Projects, Economic appraisal tool for Cohesion Policy-20020; European Commission, December 201, t
risk level is defined as the combination of risk severity and risk probability.

The tables with the risk severity classification and risk probability, and the risk matrix are presented below

Table3.8. Risk severity classification

| | Meaning
No significant impact on the NLRAP implementation.
Minor loss of the effects generated by the NLRAP; minimally affecting thedamgmplementation of the definetheasures; corrective action
are needed

. Moderate: Loss of effects of the measures defined by the NLRAP; mostly financial damage for the-lmeglitemm plan of measures; correctiv

actions may correct the potential problem.
Critical: High loss dffects generated by the NLRAP; the occurrence of the risk causes a loss of the primary functions of the NLRAP;
measures are not enough to prevent a significant delay in the implementation of the NLRAP measures.

!\ Catastrophic: The failure ofieasures may result in serious or even total loss of the NLRAP purpose.
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Table3.9. Risk probability

Very unlikely

Unlikely

About as likely as not

Likely

Very likely

Table3.10. Risk level

Moderate

|
|
T

Moderate
Moderate

‘ Unacceptable

Unacceptable
Unacceptable

Moderate

Neprihvatljiva
Unacceptable

Table3.11. Identification of risks and risk prevention measures

TECHNICAL RISKS

Inadequate
TRO1 | level of
collected data

Data about the existing
and future water
demand and estimate of
losses are based on
estimates and
calculations, in case
when there is not
enough relevant
metering data.

With the implementation of
defined measures (I, II, VIII
and IX) the accuracy of the
defined parameters is
checked, and a system is
established to minimize the
risk.

Inadequate
TRO2 | reduction of
NRW volumes

Inadequate reduction of
NRW volumes due to a
failure to implement
certain measures or pootr
forecasts.

When analyzing the existing
volumes use was made of
the SOV database and data
collected from PWSPs to
obtain the correct number
of consumers, i.e., of
pressures to the water
supply system. Also, when
estimating reduction, a very
conservative approach was
used. Due to the significanc
of this risk, additional
sensitivity analyses were
made about how the risk
affects end users.

PWSPs, MESI
and CW

Inadequate

assessment of
iKS aeal
technical issues

TRO3

According to the defined
measures, the financially
most complex measure i
Measure VI that includeg
the replacement of
mains. Due to the
importance of the
measure-possible
wrong prioritization of
replacement will result in
high amounts of funds
with smdl effects on the
overall reduction of NRW

volumes.

Due to the defined measure
and relevance and
correlation of certain
measures-importance of
MEASURE IX that ensures
coordination of all the
proposed measures.

PWSPs, MES
and CW
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IMPLEMENTATION RISKS
Implementation of Measure
. X (Technical assistance to
P elay in the_ PWSPs) and other measure
implementation of ) .
3 are defined according to the
defined measures and
. o relevance and level of

Delay in the modified schedule of ) ) ;

. . . . losses; at the first sign of a

implementation implementation may L . PWSPs, MESIL

IRO1 ) \Y A, problem in implementing
of defined significantly affect the . and CW
: certain measures, the

measures reduction of NRW . .
volumes, primarily due natlonal_ bo_dy responsibl
t o P \MSUFisient _for momtorm_g the NLRAP

" implementation sends out
capacities . ;
warnings and an operational
plan to reduce the risk.
FINANCIAL RISKS
Increase of the price of
measures directly affects the
The prices are defined | implementation and price of
according to the current | the water ®rvice (through
Ing:rease of_the prices on the C'roatlan tht_e fqll cost recovery PWSPs, MESI
FRO1 | price of defined 1l market respecting principle). Due to the and CW
measures inflationary pressures importance of this issue, an
and characteristics of the additional sensitivity analysi
water utility sector. has been made to estimate
the need for additional
measures.
Due to the financial The analysis of potential
amount of the defined sources presents all
. measures and available | currently available sources PWSPs,

Problems with ) . .

) . financing sources, a the analyss presents the Government,
FRO2 | financing 11l . . ) ) .

— problem may arise of not| impact of financing certain CW and
being able to find measures by taking out a MESD
adequate sources for loan—and the impact on
some measures. price affordability.

REGULATORY RISKS

Unexpected Croatia follows the EU

exp directives in the field of

political or T .

" . .| defining its national water PWSPs,

regulatory Political disagreements; .

. . policy. The NLRAP Government,
RRO1| factors possible change inthe | ! L
. S . implementation is one of the CW and
affecting the direction of water policy )

NLRAP reform measures defined MESD

. . within the NRRP and

implementation . ,

Croatia’s str
The public has been
. informed about the new

Public ]

- . . method of calculation from
resistance at Due to inflationary
. the start through e

the pressures, a negative . PWSPs,

. . ) - consultations. Through the

introduction of public attitude about the ) o Government,

RR02 1] : . definedmeasures it will be
the new system implementation of the . CW and
. - clearly communicated that
of calculation of new fee calculation ) - MESD
. the overall implementation
the water usage system is expected. PR
fee of the Measures will aim to
reduce the total calculated
fee.

According to the defined methodology, the table below presents the results of the risk matrix. For three risks a moderate lev
of risk was identified after the implementation of risk prevention and mitigation measures, and an additional sensitivity
analyss was made to estimate the impact on the implementation of the overall NLRAP. According to the table below, three
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risks are identified as moderate: Inadequate reduction of NRW volumes, Delay in the implementation of defined measures,
and Increase of therce of defined measures

Table3.12. Results of risk analysis

TRO1 Inadequate level of collected data NO
TRO2 Inadequate reduction of NRW volumes YES
TRO3 Il nadequate assessment of t NO
IRO1 Delay in the implementation of defined measures YES
FRO1 Increase of the price afefined measures YES
FRO2 Problems with financing sources NO
RRO1 pnexpected .polltlcal or regulatory factors affecting the NL NO
implementation
Public resistance at the introduction of the new system of
RRO2 ) NO
calculation of the wateusage fee

3.4.3 Sensitivity analysis

The purpose of the additional sensitivity analysis is to show the impact of change of certain factors on the main ottpeuts of
NLRAP. There are three main identified risks that may significantly affeichphementation of the Plan, and for all three risks
additional analyses have been made to identify the overall impact of these risks on the implementation of the Plan. Fe analy
is focused on the outputs, i.e., on the impact on the water usage feefmntbtal price of water services

Table3.13. Additional sensitivity analysis for the identified risks

Sensitivity level
Probabil

ity B

Severity | IV

Risk Moderate

level

Risk Inadequate reduction of NRW volumes due to a failure to implement certain measures or poor forecasts
Direct Impact on the price of the water service

impacts | Impact on the water usage fee

Sensitivi | Due to the defined risk, a sensitivity analysis was ma2@% lower reduction of the NRW volume than projected and impacts on the pri
ty the water service and the water usage fee

Price of the water service: insufficient reduction of the NR&Watively affects the price of water services, first of all through increasing ¢
of water abstraction, which results in increased system operation costs. This is reflected through cost increase of Hi¢R Be2 year,
resulting in the impact onhe price of the water service of EUR 0.009 per m3, which negatively affects the overall affordability of wate
Results | services.

Water usage fee: insufficient reduction of the NRW will negatively affect the total price of the water usagacfa®ding to the ensitivity
analysis, inadequate reduction of the NRW by 20 % has an impact on EUR 6.8 million more of calculated water usageirigaljeshich
increasing the fee for end users by EUR 0.03 per m3, and a negative impact on the overall affordability serviates.

Based on the sensitivity analysis, the risk is assessed as acceptable with regard to the results defined above.
Risk

after

sensitivi

ty

analysis

Sensitivity level
Probabil

ity c
Severity | IV

Risk
level
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Risk Delay in the implementation of defined measures and modified schedule of implementation may significantly affect the meafud RW
volumes
Direct Impact on the implementation of measures

impacts | Impact on the water usage fee
Sensitivi | Due tothe defined risk, a sensitivity analysis was mageishing the implementation by three years and the related impact on effects by
ty delaying NRW reduction.

An analysis of the time schedule of the implementation of measures and effects shofedidléng: the financially most intensive
implementation takes place in thé"3o 10" year of the NLRAP, and cumulative effects of the reduction of losses are at 90% ift tfead 1
Results | of the NLRAP implementation. If the implementation of measures is plishé¢hree years, the cumulative effects of measures are expec
only in 2037, which is negatively reflected on the water usage fee (incremental impact of EUR 0.05 per m3) through imateased
abstraction costs (EUR 0.08 per m3) and a negative impattteooverall affordability of water services.

Based on the sensitivity analysis, the risk is assessed as acceptable with regard to the results defined above.

Risk
after
sensitivi

ty
analysis

Sensitivity level

Probabil

ity c

Severity | 1l

Risk Moderate

level

Risk The prices are defined according to the current prices on the Croatian market respecting inflationary pressures andistiesaafténe

water utility sector.

Direct Impact on the price of the water service

impacts | Impact on affordability

Sensitivi| Due to the defined risk, a sensitivity analysis was maidereasing the price of measures by 20% and an impact on the price of water
ty services.

Increasing the price of the identified measures by 20 % negatively affects the overall price of water services; acabeisensitivity
analysis, increasing the price by 20% negatively affects the price of the water service through direct indE&#R& @8 per m3.

Results

Based on the sensitivity analysis, the risk is assessed as acceptable with regard to the results defined above.

Risk
after
sensitivi

ty

analysis

3.4.4 Conclusion

According to the Guide used for the preparation of water arabstewater projects on the EU level, using risk and sensitivity
analyses acceptable risks of impact on the price of water have been identified (maximum cumulative impact up to EUR 0.16
per n? of water), with theNLRAP acceptable in terms of criteria of iat on the price of water

However the risks of not achieving the national loss reduction objectives are signifidam ue t o PWSPs’' t ech
or failure to provide funds for the implementation of the NLRAP), which can lead to the operational inefficiency of PWSPs
being retained or increasetbut potentially also to the European Commission imposing measurdéleoocountry due to the

failure to achieve objectives at the EU level, the consequences of which cannot be foreseen at this moment with an acceptable
level of certainty, and further failure to achieve the loss reduction objectives can even leadtoderyieg i nst r ument

financial assistance by reducing the funds available from the NRRF22@8land MFF 2022027.

In case the implementation of measures is delayemjfre3.40) (the initial years with a slightly slower rate in the initial
activities, preparation of plans, organization of teams and active leakage control, and in later years more considerahiie dela
the renewal of mains), the effects would sificantly fail to occur, particularly in the first 10 years of the NLRAP implementation.
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Figure3.40. Effects of potential delay in the implementation plan

Such unfavorable results definitely have b® prevented with the application of safety mechanisms for the NLRAP
implementation, particularly since the reduction of losses is closely related with the basic national objectives in the water
sector, and these are the reduction of water losses and amed operational efficiency of PWSPs

3.5 Analysis and proposal of potential financing sources andfic@ncing ratios

The reduction of water losses from public water supply systems to acceptable levels along the lines of developed Europear
countries is a penanent mission of the water and wastewater sector in Croatia.

3.5.1 Framework

The mtential financing sources will be considered through the framework offered by the European Union and the available
and projected funds in Croatia which can be directed at loss reduction measures

3.5.1.1 European Union

In a recently published report, the European Cominis§OECD, 202%) has assessed the capacity of the Member States to
cover the investment needs they are now faced with in the water sector, and what will be needed until 2050 in order te achiev
and maintain compliance with EU standards. The analysisstiet the average annual costs for water supply and sanitation
are estimated at nearly EUR 100 billion in the Member State2{Ebut with huge variations between the countries. Some
countries spend less than EUR 100 per capita per year, while othad spore than EUR 250 per capita per year. According

to the projections, all Member States (except Germany) will need to increase their annual expenditure for water supply and
sanitation by more than 25%.

The ability to use funds from the European Uniodayp plays an important role for some EU MSs (in particulal %),
covering up to 17% of the estimated total expenditures for water supply and sanitation. However, it is projected that the EU
support through the cohesion funds will decrease in the futdheis additionally increasing the financial gap and intensifying
the need to find alternative sources of finance. In that process, the possibility of commercial financing (credits/lddwas)ewil

an important role, since itis available in all Membert&aSo far it has only been marginally used for watdaited investment,

11 https://read.oecdilibrary.org/environment/financingwater-supplysanitationand-flood-protection_6893cda@n#pagel
12EU13 (Bugaria, Croatig G/prus, Czech Republi&EstoniaHungary Lithuania, Latvia, Malta, Poled, Fomania, Slovaie, andSlovenia)
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accounting for approximately 6% of the total expenditures for water supply and sanitation (and only 1% in the latest EU
Member States, EW3), leaving additional room for an increas

Increasing water tariffs might improve cost recovery and increase the source of income for water suppliers, which isa potent
option for many Member States. The OECD analysis shows that in 24 EU Member States, more than 95% of the populatio
could my more for water supply and sanitation without facing an affordability issue. In accordance with research done by the
EC, for the purpose of preparing water projects in Croatia for Eihancing a little bit stricter (more conservative) approach

is used requiring that the annual price for water services including fees and the VAT shall range between 2.5% and 3% of the
average annual household income.

All the aspects of the European water policy are interlinked through the Water Framework Directivabuiimg to
maintaining or achieving good water quality. It is precisely thanks to the EU policy and financing possibilities thabrifee maj

of the people living in Europe have good access to water services, but still not all the people. Througtsithqudley the

EU continuously invests in these objectives, allocating huge amounts for water management that are available to the Member
States.

The Cohesion Fund is a primary source of EU investment in the water infrastructure to meet the specifaf treetidember

States that benefit from such sources. It helps them meet their basic water needs and supports compliance with the EU acquis
in the field of water. The EU' s cohesion policydriokingtri b
water treatment plans and development of the water distribution network, particularly in areas where the population has no
access to adequate water supply. Such measures should also be supported by measures for improvements in the distributior
system by the water service providers, such as leakage reduction or wat@éng measures. Water use efficiency helps
preserve the available resources, and thus reduce the costs for water users as well. In addition, the cohesion polisy support
investing inprojects in those European regions that are faced with problems of water scarcity or drought brought about by
climate change, projects dealing with wastewater reuse for urban irrigation or other uses, as well as investing in disaster
protection projects, pmarily flood protection projects. The European Regional Development Fund (ERDF) also provides
financing for the infrastructure which provides citizens with the basic water supply services and supports the development of
regional potential through smaticale infrastructure.

European funds are awarded within sewveggar financial periods or perspectives (Multiannual Financial Framework, MFF).
Strict rules are applied to make sure that the money is spent in a transparent and responsible way, with théumsks of
constantly monitored. The amount of available funds as well as the definition of activities that can be financed witmdsich fu
in different areas of use are defined through Operational Programs.

In order to mitigate economic and social consequenctthe new corona virus pandemic, a specific instrument supported by
funds has been established at the EU | evel under the na
economic recovery and digital and green transformation forensustainable development, and improved resilience of the
society and economy to future crises. As part of that instrument, a Recovery and Resilience Facility (RRF) has beed introduce
from which the Member States have, through their own national recoaeny resilience plans, been given the possibility to

use grants and loans to finance reforms and related investment to speed up recovery and increase economic and socia
resilience

3.5.1.2 Republic of Croatia

Using water in a sparing and economical way is onehefliasic principles of water management. Uneconomical water
consumption is the result of very high losses and underestimated (low) price, and partly also the result of illegal amnectio

to the public water supply network. The Stocktaking Report makelgdtr that the average water losses in the public water
supply network are very high and are estimated at 50%. Such losses are the result of the old age and inadequate
maintenance/renewal of the public water supply system. In addition to institutionalaghdinistrative capacities (technical

and organizational), the efficiency of PWSPs in managing water losses to the greatest extent depends on available financie
capacities of each PWSP.

Even though the national water sector has so far for a number of years (through national funds) awarded considerable finances
to PWSPs for the preparation and implementation of water and wastewater projects through which PWSPs invested in the
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improvement d their systems (network reconstruction, rehabilitation, extension, etc.), PWSPs still acted on a limited scale to
increase their efficiency through improving the operation of their existing water supply systems in order to reduce losses.

A combined finaniag model for water services (water and wastewater sector) is in place in Croatia. According to the current
financing model, the water and wastewater sector is financed from its own revenues (prices of water services) and to a smalle
extent from the budges of local/regional sel§overnment units (only for special deliveries of water or subsidies to the
population with decreased income). Such financing refers exclusively to operation and maintenance costs, while the
construction of structures for public wer supply and wastewater collection and treatment is to a significant shafmaonced

from the speciapurpose funds at the disposal of Croatian Waters (water fees) and other forms of government subsidies,
including EU funds and loans from domestic tsakd international financing institutions.

The water fees, which are managed by Croatian Waters, and which can be directed at the implementation of water and
wastewater projects are the following: the water usage fee and the water protection fee. The fsatmanaged by PWSPs is

the development fee. These are all public levies paid by the users of water services or water polluters within the otegrall wa
price. The funds collected from the water usage and protection fees are the revenue of Croatias Aateare used based

on the principle of solidarity among all the users and on the principle of priority in needs throughout Croatia. The funds
collected from development fee are the revenue of PWSPs and have to be used in such a way to ensure balelogedahdyv

of public water supply and wastewater systems throughout the service area. This fee may be introduced with the same amount
in the entire service area or in different amounts in different localgeifernment units in the service area.

The revene collected from the water usage fee is used for: collecting and keeping data about water reserves and their usage,
monitoring the water reserves and taking measures for their economical usage, water research works, financing the
construction of major pulit water supply structures: water intakes, pumping stations of treatment plants for water intended

for human consumption, pumping stations, storage tanks, mains and associated structures of the water supply network, and
financing the reconstruction or relditation of public water supply structures for the purpose of reducing water losses. The
revenue collected from the water usage fee started increasing significantly in 2013, when the basis for the calculaéon of th
fee was increased to ensure a suffitie@mount to finance the national component in the implementation of projects co
financed by the EU funds. The new amendments to the existing system for the calculation and collection of the water usage
fee, according to which the obligation to pay the fe@o longer on the end user (consumer), but is rather transferred primarily

to the water service provider that will now pay the fee for the abstracted (alternatively supplied to the system) wateeyolum
should encourage water service providers to mocemomical consumption, but also to improving their own efficiency of the
water supply system they manage.

The primary sources of financing for system development (capital investment) are the following:

1 EU Structural Funds

- Cohesion Fund

- European Region&evelopment Fund

- Recovery and Resilience Facility through grants and loans
Loans from international and national financing institutions
National mechanisms:

- Original funds of Croatian Waters

- State Budget

- Budgets of local sefjovernment unitsPWSPs, etc.

= —a
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Figure3.41. Capital investment in the water and wastewater sector over the last three years

Capital expenses in CW s Water Management PIUR400 milioa,randt h e
they refer to investment in the renewal and development of water supply and wastewater systems. The analysis shows a
significant relative increase in investment, with a comparison of the 2020 investments and the 2022 investmentwiag sho
capital expenses increasing by 50 %. The majority of funds for the development of systems come from transfers. PWSPs ai
currently wusi ng f-@A00fimandiat eovelope and theENatiosal Redvery and Resilience Pla2@2R1
Investment in water supply systems accounts for a quarter of all investment, an average EUR 100 million per year.

Exceptionally high amounts of required investment to finance the costs of development of the water and wastewater
infrastructure largely depend on aNable financing models which are or will be available over the nextSlPears. According

to estimates from the MultiAnnual Program for Construction of Water and Wastewater Structures for the Period until 2030
(November 202%), the total value of planed investment in the water and wastewater infrastructure amounts to around EUR
6.9 billion, of which nearly a half needs to be channeled into further development of the public water supply infrastructure
(EUR 3.4 billion). Around 25 % of such funds isngldrio be directed at the reconstruction and rehabilitation of distribution
systems and water supply networks, i.e., in the reduction of losses. Financing these costs largely depends on avaiteble sourc
and models of financing which will be availablehie said period.

European Union funds

The following funds are currently available to Croatia to cover overall needs for further development of the public walter sup
infrastructure:

1 Funds allocated through the Operational Progr@ompetitiveness and Cohesion 262@20 (OPCC 2041021);
1 Funds allocated through the National Recovery and Resilience PlarRRABINRRP 2022026);
1 Funds allocated through the new MFF 262027

OPCC 2012021

In the current programming period MFF 202420, the total financial envelope for Croatia from the Structural Instruments

for the water sector projects amounts to EUR 1.27 hillion. Of that amount, EUR 1.05 billion (with OPCC modification the amoun
was reduced to EUR 0.85 billion) is available fatewand wastewater projects from the Cohesion Fund, of which around 10%

of the funds refers to priority projects for improvement of public water supply systems (system rehabilitation and
reconstruction, network extension, construction of pipelines, detegtand repairing leakages to improve system

13 https://lwww.voda.hr/sites/default/files/202204/visegodisnji_program_gradnje_komunalnitodnih_gradevina_za_razdoblje_do_2030._godine.pdf
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performance). Priority investment in terms of public water supply implies investment in water supply projects approved under
the OPCC 2012020, not only as integrated water supply projects, but also as pariseohgglomeration projects. So far,
around 220% of the allocation has been awarded for water and wastewater projects. The current rate of implementation is
around 90% of the allocation, and it is expected that 100% of the allocated funds will be abbgrtiedend of 2023, which

is the final year in which the funds allocated from the OPCC-2020 are available.

National Recovery and Resilience Plan 2P226

The NRRP 2022026 complies with the national strategic documents, as well as European ipsdiotused on digital and
green transition. It includes reforms and investment to be implemented at the latest by 30 June 2026. Investment in water and
wastewater infrastructure is covered through the implementation of the Water Management Program amibates, among

other things, to ensuring availability of safe water for human consumption to the population (in particular in rural and
mountainous regions and regions at a demographic risk, through priority smaller investment in the
construction/reconstuction of public water supply systems throughout Croatia) and to the reduction of losses in water supply
systems. An integral part of the NRRP is the implementation of an overall reform in the sector of water services to strengthe
implementation and invesnent capacities, and financial and technical sei§tainability of public water service providers. The
objective is to establish a functional and permanently sustainable system following the completion of investment, and that th
price of water servicess affordable to the population. A EUR 0.7 billion grant is available within the NRRP for the
implementation of the Water Management Program, of which EUR 0.54 billion is intended for investment in the water and
wastewater sector. From the total allocatipa EUR 0.14 billion grant is provided for the Public Water Supply Development
Program with the aim of providing access to safe and accessible drinking water.

Taking into account the abovmentioned currently available sources of financing for the pulbliter supply projects (OPCC
20142020, NRRP 2022026, and national funds), it is estimated that for the overall investment in the water and wastewater
sector there will be a significant gap in the funds to implement the planned projects in the totalofedweundEURS billion

until the year 2030.

MEE 20212027

Since we are now at the begi nn-2027theoEU buddeeenvEldpe is thenbeggest Boifar,a n
amounting to EUR 1,824.3 billion, with more than EUR 25 billion inrtuypreces available to Croatia. Financing is provided
from the European Regional Development Fund and the Cohesion Fund. As a continuation of the current financial period 2014
2020, investment in the water sector projects will be implemented through ther@jonal Program Competitiveness and
Cohesion 2022027 (PCC 2022027). PCC 2022027 is in the water sector part still directed at achieving the greener and
more resilient Europe objectives which will contribute to quality and sustainable water managefmong other things,
investment priorities have been defined for the reduction of losses in water supply networks and increasing the capacities of
users for the purpose of loagrm sector sustainability, which enables further investment from EU gramfinance the

priority development of the water sector, particularly when it comes to public water supply and compliance with EU
requirements. The MFF 202027 allocation which is available for investment in projects concerning the improvement of the
water and wastewater systems amounts to EUR 695 million, of which EUR 56.6 million is provided for investment in the
reduction of water losses in public water supply systems, while EUR 160.4 million is provided for investment in the
improvement of public watesupply systems.

Availability of funds

In addition to the EU funds provided through the OPCC 2020 and the NRRP 202026 and the allocation awarded for
the MFF 2022027,when calculathg and definhg the total available funds for the required invesént in the water sector
account needs to be taken die relevant national cdinancing component.

It needs to be pointed out that the implementation of projects through the OPCC-2024 is particularly demanding in terms

of financing and implementation. Trends have been observed of increasing amounts of tenders for construction works received
in pubic procurement proceduresomparedto the estimated values for projects approved within the OPCC (which eventually
exceeds the available grants). Considering the status of implementation of the contracted projects, it is expected timaisthe f
allocated br the implementation of water and wastewater projects will be fully absorbed. Part of the projects end by the end
of 2023, part of the initiated projects are planned to be completed using national funds during 2024, while part ofdbexiniti
projectswh ch won’'t be completed in the current programming p
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programming period 2022027. Such an approach additionally burdens the allocation available for the new financial period
2021-2027, within whickcontinued investment in the water sector (priority projects in terms of the objectives of the new PCC)
should be ensured.

The projects approved within the NRRP have to be completed by the end of the eligibility period (June 2026).

However, despite everliing mentioned above, large financial grants will not be sufficient to meet all investment needs in the
water sector. This points to the conclusion that lelegm financing conditions should be looked for on the market of
investment development loanshichoffer a lower interest rate, a longer loan servicing period, a grace period adjusted to the
planned construction period, and the maturity of instalments/annuities adjusted to the dynamic and method of collection of
funds. In doing so, account needshie taken of the fact that loan financingpliesan increase in total expenditures due to
additional financing costs

3.5.2 Financial plan of the NLRAP

With regard to the dynamics and intensity of investment, the text below presents a preliminary analysis of potential sources
of financing and closing of the financing scheme, as well as the impact of financing sources on the overall price afneater se
and on affordability (Chapte3.6).

Figure3.42. presents the structurerad intensity of investment by years. The total projected investment value of the measures
is EUR 1,581,950,000. According to the presented dynamics, the highest investment intensity is expected in-203@025
period. According to the investment dynamiestotal of 90% of the identified measures by investment strength have to be
implemented by the year 2033. It is precisely in that period that the most significant funds wiltdhvreeprovided to close

the overall financing scheme
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Figure3.42. Investment structure and intensity by investment years
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Chapter3.5.1 presents the grant funds currently available in the water and wastewater sector. In recent years Croatia has
been a significant net beneficiary of funds from the joint EU budget, with tleeatked funds setting in motion a strong
investment cycle in the environmental sector. Projects in the water and wastewater sector are -wapédlighly intensive
projects, and due to the financial capacities of PWSPs but also okkdégbvernment uiits as their owners it is not realistic

to expect significant amounts dieir own funds in financing the identified measures. The financial model has used the current
approach, with PWSPs patrticipating with arounti®%s in the total investment for majorater and wastewater projects.

The analysis of financing sources is focused on ensuring the maximum possible amount of available international and nationa
grants and on defining the financial gap, i.e., a preliminary calculation of the missing fundsadhg financing scheme for
the proposed measures and activitieghis is presented Figure3.43.

PROJECTED AVAILABLE FUNDS

Operativni prog

KONKURENTNC PCC 2022027

= 1KOHEZIJA

Recovery and Resilience Plan

National funds (development
fees, water uS;
capital expenses)

MODEL 1 MODEL 2

Emergency government funds Loan financing-PWSPs

(the State Budget on its own or provide the funds missing to
with the help of EU" clesethefinancing scheme by
financial instruments for the taking out longterm loans
reduction of leakages) + limited repaid through increasing the
co-financing by the end user development fee or the water

Figure3.43. Prgection of potential sources of financing of the NLRAP

The above defined projection of thgotential sources of financing showe structure of available sources of funds, based on
which the financial gap is calculated, i.e., the amount which will hayeetadditionally provided in order to implement the
identified measures. The first step is the identification of potential available sources of financing. According to anadleses
the highest grant amounts are expected from the currently allocated fdireas the MFF and future financial envelopes.

According to the table below, the following results were obtained:

PCC 2022027-a projection has been made of the allocation of the whole MFF for the water loss projects;

Recovery and Resilience Plawith regard to the currently active projects and projects in the contracting phase, an

estimate has been made of what part of tlentified measures is financed through the Plan;

1 National fees— with regard to the calculated fees, a projection of the fees in theyl® a r period of
implementation has been made, estimating that 10% of the amount will be allocated to watersip

T NEWMFFswi th regard to the period of the Pl an’ sannuahpl en

financial frameworks, a projection has been made that in the 22388 period a total of EUR 200 million will be

allocated for the water Iss reduction measures.

f
f
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According to the preliminary analysis of availability, the total projected available funds amount to EUR 676,000,000, and the

financial gap amounts to a total of EHR05,950,000 or57% of the total projected investment value oEtmeasures.

Due to a high percentage of the financial gap, two models are proposed:

1 MODEL 1: Emergency government funds and limited funds of the end users
MODEL 2: Loan financi@§l loans as a more favorable optionl@ansfrom commercial banRghrough charging the
future water price or through increasing the development fee

The results of both models are presentedliable3.14.

Table3.14. Projection of available and missing funds to implement the identified measures

Source of financing Period of funds use| Amount (EUR) Assumptions
It is estimated that of the total allocated amount EUR 100 million wil
PCC 2022027 2024-2030 100,000,000 allocated for the measures identified in the NLRAP
. It is estimated that of the total allocated amount EUR 80 million will
ReeoE ene Aeslisnes R Eheccice ELOIUELY allocated for the measures identified in the NLRAP
Thronglgzut LS It is estimated that 10 % of the calculated watesage fee will (in the
Water usage fee . . 200,000,000 NLRAP implementation period) be allocated for the measures from
implementation
. NLRAP
period
Throughout the It is estimated that the existing development fee tariffs will be retain
Plan andthat 10 % of the calculated water supply development fee will (in
DRI EE implementation LY NLRAP implementation period) be allocated for the measures from
period NLRAP
It is estimated that through two future financial periods (future MR
FUTURE MFFs 2030- 2038 200,000,000 | continuing on the current MFFs) EUR 200 million will be allocated for
measures from the NLRAP
Total projected availability 676,000,000
Financial gap (EUR) 905,950,000
Financial gap (%) 57%
Potential gap financing models
Emergency government
funds (the State Budget
on its own or with the The model transfers part of the financing on thevernment through
help of EU’ 13 years 785,950,000 | financial assistance or lorigrm credit arrangements with internationa
Model | financial instruments for institutions—no impact on the price of water
1 the reduction of
leakages)
PWSPs taking part 15.3% of the gap (or 8% of the totaestment)—has an impact on the
through the 13 years 120,000,000 | price of water, on average EUR 0.1 périmCroatia at the expense @
development fee introducing the new development fee
Model Z)Tslugs?\r/)ells Tﬂi)nucer? the Themodel foresees an impact of average EUR 0.26 ef mvater over
. y 9 13 years 905,000,000 | a period of 15 years at the expense of the new development-teas an
2 price of the water - - : :
service impact on the affordability of the price of water service

The elements burdeninghe water price (increased development fees) presented in the table above refer to the increase
calculated in relation to the missing investment amounts. However, the effects of implementing the measures have a positive
impact on operating costs (averageduction of EUR 0.02 per3mwhich will be reflected on the incremental part of the total
water price, to be presented in Chaptg6.

In light of the results banalysis of potential sources of financing, the simulation of projected use of specific sources of financing
according to the dynamics of implementation of individual measures is presented below. The projection presents the time
dynamics of the gap (regdless ofwhether Model 1 or 2is applied. The projection shows that the biggest gap between the
available projected sources of financing and the investment dynamics occurs in th@82period, when according to the

plan the most significant investmempotential is expected, when emergency government funds will have to be provided
through one of the proposed models
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Figure3.44. Projections of potential sources of financing by years

Also, from the analyses one can conclude that the initial years oftliRAmave funds allocated in the existing Operational
Programs, which is a positive thing from the aspect of initiating certain measures and providing sufficient time to define th
final model of filling the financial gap in the financing scheme
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Figure3.45. Projections of potential sources of financing by years in %

The final financing model will significantly depend on the effecthantotal price of water service and the affordability of the
water service for end users

3.6 Effect on the price of water and affordability in the context of required measures and activities

The NLRAP foresees investment in the total amount of EUR 1,581,950,000 over a period of 15 years. Intervention measure
will have an impact on the total NRW reduction of 122,277,538 m3 of NRW per year. The schedule of investment by service
area with effecs is presented in the chart below. The total amount of the measuf¥3$ ithplemented within PWSPs is EUR
1,533,330, 000, which also includes technical assistance
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of EUR 2,660,000. The lowé&svestment is foreseen in service area 41 (EUR 6,299,976), while the highest intensity is foreseen
in service area 11 (EUR 228,094)105

250 HInvestments - measures (EUR)
200
150
100
x 50
>
(2]
g oun 1 oun OoO I]I] o Oal 1] Ool0o0oal.
s HHHH\—IHHHHHNNNNNNNNNNMMMMMMMMMMWWma
8
@
2 3
%E
=2
g
£=
[8]
(O]
'_

Figure3.46. Investments and investment effects by service areallyear, m3/year)

The implementation of the defined measures and activities will result in the correction of the price of water supply and the
correction of the total amount of the water usage fee. The intention of the NLRAP financial plan is to, bésedesults of

the analysis of current state that identified the issue of achieving full coverage of the water service price, checkl thie leve
correction of prices of water services and impact on overall affordability.

The implementation of the NLRAP aseires and activities will directly affect the prices of water services:

9 Price of the water service, and
1 Amount of the water usage fee

The price of water services is analyzed in the Plan bas:
in 41 new service areas (SA) (see the figure below). In addition to the price of water services, the current analysiatwlitsffo
on the level of PWSPs agsdrvice areass also shown
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Figure3.47. Current price of water services on the level of PWSPs sewice areagEUR/m3)
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The investment dynamics will have a significant role in the formation of future prices and impacts on the prices of water
services. According to the analysis made, it is clear thatthgtih e st i nvest ment i s expected i
implementation (from the 5th to the 10th year). Looking at cumulative investment, more than 85% of the investment is
achieved until the 10th year of the implementation of measures (2033)
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Figure 3.49. Implementation of measures by years % Figure3.50. Implementation of measures by years, EUR

The investment dynamics is directly related to thanamics of achieving the effects of defined measures and activities. Looking
at cumulative effects, 90 % of the effects of measures is achieved until the year 2033
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Figure3.51. Cumulative effects of meases % Figure3.52. Effects of measures by years (m3)

Due to the investment dynamics and the dynamics of achieving the investment effects presented above, in the financial plans
the results are considered through the prism of the water usage fee and the price of water supply. The dynamics was used to
define the milestone years when more significant impacts on the price of water service are expected:
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1 Water usage fee:
- the year 2022 current state
- the year 2023-implementation of the new calculation of the water usage fee
- the year 2033- effects of NRW reduin

1 Price of water supply:
- the year 2022 current state
- the year 2033- effects of NRW reduction
- the year 2038-full effects of theNLRAP

The investments are reflected in the price of the water service through the calculated depreciation and threfiggmcing
by the end users.

The issue of calculated depreciation is defined as one of the major problems in fulfilling the principleadtfuéicovery and

in ensuring long er m f i nanci al sustainability of PWSPs’ perf or me
calculated depreciation in the amount of 100% after the implementation of measures. The average impact of depreniatio

the price is EUR 0.11 per m3 in the first phase of implementation oltlRAR2033), with the said amount referring to the
depreciation calculated from the implementation of the identified measures.

After the completion of implementation of measigeadditional inclusion of depreciation of the existing assets that currently
isn’'t calcul ated i s a-teralfinancialdustaimability ofperformanee aral tolsimdate émpacioon the
affordability of the water service. Thiswas simat ed after the year 2038 when the
average impact of additical depreciation on the price is EUR 0.12 per m3.

Another significant component of the price of water service are operation and maintenance costs of tiregeadist future

assets, in particular under the impact of inflationary pressures characteristic for the energy sector, which presents a major
problem in the future performance of PWSPs. A projection of incremental operation and maintenance costs has teen ma
respecting the effects of measures on the total volumes of abstracted water. The average impact of operation and maintenance
costs is EUR 0.02 per m3. Thidlustratesa positive impact on the price of water services, i.e., the reduction of overall
maintenance costs due to lower costs of abstraction. The total estimated reduced costs of water abstraction (energy costs)
amount to around EUR 10 million per year.

In addition to the impact on the prioef water supply, the reduction of losses will alsgant the correction of the amount of

the water usage fee. According to the water balance, the fee of around EUR 92 million is calculated today. By implementing
the new method of calculation, the amount rises to EUR 97.5 million. With the implementatinaasfures and activities the
amount is reduced t&UR 90.8 million. The introduction of the fee resultth@correction of the price calculation ars an

impact on the affordability of water services. The fee in the service area increases in totdR iy per m3 on average, with

a limited effect on affordability.

The selected model of efinancing the measures also has effects on the price of water and affordability.

Model 1 presents a combination of €imancing that has a lower effech the correction of the price of water services. With
regard to the limitations in the price of water service, affordability, and finamephcities of PWSPs, Model 1 considers co
financing by the PWSP in the amount of 8% on the project level and 15% of the gapjsrdm average efinancing rate used

in the water and wastewater projects dmanced by the EU in recent years.

Model 2 is reflected in additional costs of-financing the implementation of the defined measures. According to the
calculation of the fiancial gap in the preceding chapter, Model 2 includes théirancing of the whole gap through long

term credit arrangements which will be repaid through increasing the development fee or through increasing the existing price
of water services.

With recard to the presentednethodology for the calculation of effects of implementation of the measures and activities
identified within the NLRAP, an estimate was made of the impact of the measures and activities on the total water price on
the one hand and th@mpact on affordability on the other hand. Thesults are presented based on the two potential models

and include theresentationof the current price of water services, the impact of implementation of the new Regulation (2023),
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the total price in 2033vhen a significant impact of the measures identified in the Plan is expected, and the total price in 2038

’

as the | ast year of the Pl an

The charts below present the impact of implementing the Plan according to the preseiueel 1 on thetotal price of water

services and on the affordability of the service for the end users
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Figure3.53. Impact of measures on the price of water services (EUR/m3), Model 1

The correction of the price afater service has an impact on the affordability of water service, too. The chart below presents

the affordability of the water service according to the price correction due to the implementation of the identified measures
i mpl ementation
but it is important to note that besides the identified measures, numerous projects are in implementation across Croatia,

and activities. Itis visible tha t h e

of measur es

doesn

’

t

S i

particularly in the sector of wasteater collection and treatment, which will significantly affect the overall affordability of the
service. The chart below shows that the affordability issue occurs in areas with a lower level of development
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Figure3.54. Impact of measures on affordability (%), Model 1
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If Model 2 is selected as a means to close the financing scheme, the impact on the price of the water service is more
considerable, i.e., the share that is not covered by the grants isdoiynanced through the price of the water supply service

or through the development fee, which has implications on the affordability of the water service. According to the presented
methodological basis, the results of Model 2 on the total price of wegevices and on affordability are presented below. Just

like the first model, it presents the critical years, the current price of water services, the impact of implementatiemefith
Regulation (2023), the total price in 2033 when a significant impkitie measures identified in the Plan is expected, and the
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Figure3.55. Impact of measures on the price of water services (EUR/m3), Blc&l
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Figure3.56. Impact of measures on affordability (%), Model 2
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The differences between the selected models are reflected primarily in the selectitboeing model. Comparing the results

of Model 1 anl Model 2 for the price of water and affordability, Model 1 presents a more favorable model for end users from
the aspect of burdening the average income with the price of the water service. The differences between the models are also
presented on the charbelow. The chart presents the average price of the water service (EUR/m3) in the service areas
according to Model 1 and Model 2 in the reference year 2033 when significant effects of the identified measures are expected
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Figure3.57. Comparison of total prices of water services in 2033 according to the selected modséhyce areagEUR/m3)

Different models have different impacts on the share of the water service price in affordability. The cloartdrekents the
analysis of the net available income (NAI) for Model 1 and Model 2 for the reference year when significant effects of the
implementation of the measures and activities identified in the Plan are expected
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Figure3.58. Comparison of affordability rates of total price of water services in 2033 according to the selected modsgivyce
areag%)
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Figure3.59. Minimum and maximum price of water seice arising in service areawith regard to the selected model (EUR/m3)

Analyzing the maximum and minimum projected prices of water service one can see hig regional differences. Currently the
highest average price is in SA 38, while with the implemeonadf the measures the highest price of water services is recorded

in service area 29 (area of Lisanj County) in both Model 1 and Model 2. The currently lowest average price in a service area
is recorded in service area 34, while with the implementatéthe measures the lowest price will also be in service area 34.
With regard to different impacts on the price of water services, the analysis of maximum and minimum service affordability is
presented below
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Figure3.60. Affordability of the minimum and maximum price of water servi@ising in service areawith regard to the selected model

(%)

The comparison of minimum and maximum affordability on the level of 41 service areas is preseftigdres.60. Thereis
a significant rangen the water service #&brdability (more than 1% difference betwedhe minimum and maximum
affordability). With regard to the range of the water service affordabiits/regional distribution is also importarthe lowest

level of affordability is achieved in service areas8d 23 while the highest levels achievedn service area 29.
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Analyzing the impact of the identified measures and activities on the price of water service and on overall affordability, it
concluded that in the existing price there is sufficiemmto finance and implement the said measures, particularly from the
aspect of an incremental iimpact of reduced operating co:
operationcosts.An analysis ahe maximum affordability rates bgervice areashowsthat hey don’'t exceed

A strong investment cycle in the water and wastewater sector is now taking place in Croatia, with a significant impaetlexpect
on affordability from the aspect of numerous wastewater collection and treatihprojects, which needs to be taken into
account when selecting the financing models for the presented measures in order for the overall price of water services to
remain affordable for the end users. If the projections of future water price take acaufusnailable data about estimated
burdens on the price of water as the result of investment in wastewater collection and treatment projects, it can be adnclude
that on the level of service areas the affordability rate of 3:( 5 % won’' t bse aelxscoe eidnecdl u(dtehsi t h e
Model 2). Still, on the level of loss reduction action plansdéfmitely necessarto carefully approach this issue and to include

in the affordability projections all the measures/investments in water and wastem@tojects in a service area

3.7 Implementation safeguards and protection of invested public funds

The collection of databout the status of water losses started with the preparation of the NLRAP and will continue during its
implementation. This documentrpsents thebaselinedata, analyses of status by PWSPs, and draws conclusions on the
national level and the level of future service areas, and it is on these levels that the total costs of water loss redeasiores

and the impacts of the measures are estimated

Sinceasigl e national financi al fund or a project unit/orga
been established (and it’'s not | ikely that it wilNLRAe es
will beimplemented through several national financial/operational programs and/or through individual measures/activities of
individual PWSPs. At the same time, the NLRAP points to the need for a comprehensive analysis of water losses, monitorin
the implementation of measures, and evaluation of results, including monitoring the achievement of the national objectives.
In such form of implementation, it is extremely important to establish mechanisms for monitoring, control, and expert
evaluation of, including appray, activities on the reduction of losses deriving from the NLRAP

The establishment of a National Body fdLRAP Implementation (National Body\Wdater Losséds proposed. ivould report
to the MESD andvould becomposed of the representatives of theBdD, Croatian Waterg/ater Institute the Croatian
Association of Water and Wastewater Companies, and independent experts experienced in loss management

In addition tocontrollingthe implementation of the NLRAP, the MESD would be responsible for catingdjithe entire process,

i.e., for communicating with Croatian Waters and indirectly with PWSPs, which would submit to the MESD their loss reduction
action plans and project reports for all the projects with the loss reduction component. The MESD wadddfthe loss
reduction action plans and project reports to the National Bodyi@ater Lossefor verification, approval, and monitoring of

loss reduction activities

Monitoring the implementation of individual loss reduction projects (which are impleted independently or through joint
projects of development of water and wastewater infrastructure) differs from monitoring the implementation of the overall
NLRAP. Croatian Waters will collect, tabulate, and analyze data for the annual monitoringtsfoksudividual projects. The
collected project implementation reports wild.l be system
counties. The reports have to contain data about physical and operational progress, and about resatis pfagect. The

data will be collected parallel with the development of projects and each year during their implementation. The basidl data wi
be organized into a database, thus facilitating future monitoring, evaluation, and analysis. The projectrimgitdicators,

their interpretation and analysis will be included in the annual progress reports of individual projects

The National Body for Water Lossesill function as an independent expert and operating body with flelowing
responsibilities:

Veifyi ng PWSPs’' action and investment plans;

Verfy i ng priorities in implementing certain activities
the priority in implementing certain activities can be modified and adjusted to real neatisiarations);

1 Approving the implementation of all the activities in certain scope and time and in appropriate financial limits;

f
f
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Evaluating the implemented activities from technical and economic aspects;

Definng the forms based on which Measure BAdlysis and reportingwill be implemented;

Assisting in and controlling the implementation of MeasureAXa{ysis and reportinfg

Assistinginath coor dinating the establishment of the PWSPs’
Assisting irand coordinating the establishment of the national database;

Designing and implementirtgainingprograns f or PWSPs’' staff on all the | ev

= =4 -8 —a —a 9

Croatian Waters

MESD Implementation of activities in
accordance with the organization of
implementation defined by the MESD,

Organization of implementation and control of control and monitoring of
NLRAP implementation, coordination of | implementation of PWSPs' projects (on

activities between Croatian Waters (indirectly the level of operational programs and
PWSPs) and the National Body for Water PWSPs' individual projects)

Losses; making independent decisions related
to NLRAP implementation; powers to make
decisions of the National Body for Water

Losses binding

PWSPs

Obligation to implement water loss
reduction measures according to the
NLRAP (preparation of PWSPs' action
plans, implementation of loss
reduction projects)

National Body for Water Losses

Organizationally independent or
(optionally) within the functional scheme of

the Council for Water Services, the Water
Institute or other |

Figure3.61. NLRAP implementation mechanisms (project nitmming, NLRAP monitoring blue, decisions; red)

The National Body for Water Losses will verify reports and publish annual NLRAP progress reports. The implementation of the
NLRAP will be controlled every 5 years and will include a comprehensive analjdiRAP implementation and propose
potential improvements. The data will be collected parallel with the development of projects and each year during their
implementation. The basic data can be collected and integrated into a database for future moniemahgation, and analysis

in the specified form. The monitoring indicators, their interpretation and analysis will every year be included in the annual
NLRAP progress reports. These will be analyzed, and their benefits will be evaluated within thes arfaM&iRAP
implementation status every 5 years. In that way, harmonization of all activities and participants in the project willteslens

All the projects financed with public funds have to undergo control by Croatian Waters which includes the afcaitonlated

funds, i.e., compliance of project proposals with the conditions of operational/investment programs within which individual
PWSP loss reduction projects are implemented (on their own or together with other water and wastewater investments). |
addition, the National Body for Water Losses will as an
and give opinions/decisions about priorities in implementing individual activities (investment plans), which will through the
MESD become binding in terms of the eligibility of measures for the financing of loss reduction measures which are aimed at
achieving the effects foreseen by the NLRAP. This will also ensure that the invested public funds are protected
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3.8 Establishment of indicators to monitor the implementation of the Plan

381 LYRAOIFIG2NRE 2F t2{taQ 2LISNIGA2ylf STFFAOASyOe

There are several reporting databases established on the national level. On the annual level PWSPs erskoulata
wastewater collection and treatment and about water supply, i.e., data about the characteristics of water supply systems, use
connection rates, as well as mudthnual data series about abstracted volumes, volumes of water supplied into the system,
volumes of water delivered to users, and calculation of the NRW. PWSPs also report whether they have prepared the extendec
water balance, and if so, in what year and the ILI valug. s S@SNE A G OFly o06S 02y Of dZRSR (K|
operational 6F FA OA Sy O0& O6LISNF2NXIFyOSyv KIFayQid o6SSy SaidloftAakKSR &8

Namely, an important step in the implementation of the full reform of the water services sector, in addition to operational
implementation of the integrtion of PWSPs, is the adoption of a number of pieces of subordinate legislation, including the
establishment of benchmarks and indicators of operational efficiency of public providers of water services. Its purpose is to
improve performance and achievedyuality and standard of provision of water services complying with the requirements of
the EU water directives, the purpose of which is to regulate and improve the sector of water services in order for itrie beco
efficient and effective in the implemeation of national investments, financially stable and selftainable, ensuring an
affordable price of water services for households and industry even after the implementation of investments.

¢KS wS3dzZA FiA2y 2y S@I t dz (A Byeing drafted(Novemser 2822)faNdeditd k& gdogdted ByF F A (
the end of 2022. The Regulation lays down the benchmarks and indicators of operational efficiency, the method of collecting
and submitting data to calculate the indicators, the method of measuyergluating, and reporting on operational efficiency,

and the method of data record keeping. Water service providers shall collect data about their operational efficiency, submit
data about their operational efficiency to the Council for Water Serviaed report about it. The Council for Water Services
keeps record of data about the benchmarks and indicators of operational efficiency of water service providers and makes it
public. The MESD has a permanent and unlimited access to the record of dataopbmational efficiency of PWSPs. The Draft
Regulation foresees 7 groups of indicators with 81 key performance indicators. The data is collected through its sulbmission t
the Council for Water Services in the form of filadables until the establishmefadoption of a software platform, and after

the establishment/adoption of the software platform PWSPs will themselves enter the data into the application. The software
platform (DANUBIS Data Collection and Management Platform, UBP Platform, Sigma, dirspeist) will be defined by a
guideline of the Council for Water Services.

An important partoS @I £ dzF G Ay 3 t 2 { t & Q iszhel8amigéniet yf dter I8sEeE. AFOrkhtye@sdn, the Draft
Regulation also lays down the following indicatorsvdrich it isassessed that they will enable monitoring the progress in
water loss management on the PWSP level

T I'n the group “Adequacy of empl oyment
- Number of employees per water supply network length
- Number of employees in the technical service fotavaupply per service connection and connected population
- Number of employees on water loss reduction in the specialized service (in the office and on the field) in relation
to the kilometers of mains and number of service connections

T I'n the grioounpal” Qpnedriactat or s
- Nonrevenue water expressed in¥gear and in % of water supplied
- Infrastructural leakage index (ILI)
- Real losses of water per service connection, annual volume in m3 and in liters per day
- Real losses of water per water supply netwonkgth, volume in m3 per hour
- Real losses of water per service connection in relation to network pressure in liters per day
- Control of losses (network length under active control in relation to total network length) on the annual level
- Apparent losses in fation to water supplied
- Number of house connection failures per year
- Interruptions in water supply (in relation to the number of interruptions, duration of interruption, number of
people affected by the interruption, total duration of water supply andatqitopulation)
- Average costs of repair on the water supply main
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- Average costs of repair on the water supply service connection pipe

T I'n the group “Energy efficiency indicators
- Unit consumption of electric energy in relation to total volume of water infsufpplied)

T I'n the group “Assets indicators
- Gross fixed water supply assets
- Average assets age (ratio between total assets writiffrvalue and total assets acquisition value)

T I'n the group “Depreciation indicators
- Average depreciation rate for water supply assets

3.8.2 Monitoring the implementation and achievement of NLRAP objectives

3.8.2.1 Monitoring the achievement of national objectives

The most suitable indicator of the achievemaitnational objectives is the reduction of the annual volume of -nevenue
water. The NLRARrgeted reduction of NRW volume in the-§Bar period is defined for each PW&R(re3.62), with their
sum giving the total targeted national volume of NRW reductiteb(e3.15).
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Figure3.62. Effects of loss reduction measures in the-§B6ar period on the level of service areas

Table3.15. National target values of NRW reduction after 15 years of NLRAP implemeniati

_ Result of implementation of measures foreseen by the NLRAP
National target values
After 5 years (m3) After 10 years (m3) After 15 years (m3)
Annual NRW reduction 45,000,000 55,000,000 22,000,000
Cumulative NRW reduction 45,000,000 100,000,000 122,000,000

According toFigure3.35., the implementation of measures in the foreseen time frame indicates potential achievement of
earlier effects of ingstment in the initial periods (after 5 or 10 years). However, due to the time needed to prove that the
losses have been reduced (metering, checks, verifications, reports), the national objectives as preséatdd3nis. have

been defined.
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As the result of loss management improvement measures in the firgedab period, which includes significant strengthening

of PWSPs to cope with water losses, and withticmed implementation of active leakage control measures and continued
rehabilitation/replacement of mains (with proposed investment in replacement of at least 2% per year), further significant
advances in the reduction of losses are also expected dfefitst 15year period, which it will only be possible to estimate

in a certain phase of implementing the measures from this NLRAP and analyzing the actual effects of measures (and the
required modifications of the approach/measures).

The NRW is calcukd using the methodology from Chapt@rn.2

3.8.2.2 Monitoring the progress in NLRAP implementation

The implementation of the NLRAP by PWSPs will be orexitthrough the establishment of an indicatbased progress
monitoring systen{Table3.16). Certain indicators will be collected as part of Bechmarking system, while other indicators
will be collected and monitored only for the needs of the NLRAP.

The specific indicators within the benchmarking system have to indicate performancs, héth is why they require the
establishmat of objectives or thresholds (indicator target value or indicator reference value) in order to put the results into
context and showwhether performance (operations) is on track or not. However, it is only after the establishment of the
functional benchmarking systeifa few years of data collection, then analysis and comparison of annual data, indexation,
clustering) that it will be possible to define the target or reference values of performance. Therefore, the Draft Regulation
(from Chaptei3.8.1) authorizes the Council for Water Services to define the indicator reference véiueshplds}* after the
establishment of the benchmarking system, except where the MESD is réisieoios their definition for the purpose of the
Regulation on special conditions to perform water service activities.

Table3.16. System to monitor the progress in NLRAP implementation

. . Referen . P
Indicator Monitoring type [e;eerig dce Data collection and verification Target or reference values

Monitoring the
achievement of

'S P s ' Derived from the national benchmarking

NRW reduction, and achievement -
mé/year of national Annual system and data verification by the Figure3.62
- . National Body monitoring the NLRAP :
objectives in - .
. implementation
relation to the
results of
measures

Defined by the Council for Water Service

Monitoring of after the establishmenof the

results arl Derived from the national benchmarking .
: e % benchmarking system, except where the
comparing PWSPs system and data verification by the . . : N
ILI . . Annual . o MESD is responsible for their definition fo
in relation to the National Body monitoring the NLRAP . .
- . the purpose of the Regulation on special
results of implementation o b
conditions to perform water service
measures S
activities.

. Monitoring of Derived from the national benchmarking Defined by the Coun_cu for Water Service
Unit Real Loss, I after the establishment of the
service results and Annual system and data verification by the benchmarki h h
connection/day comparing PWSP National Body monitoring the NLRAP Mgch irza;tresmgnss?;ts)}gTc;ret)r(](;?rp(ti:;in?triir: f?)

in relation to the implementation P

the purpose of the Regulation on special

14The integration of public water service providers also implies PWSPs including local water supply systems into their mabagednen a decision by the

MESD once the technical usability of lozaker supply systems has been established. Following their takeover by the competent PWSPs, local water supply
systems will be gradually restored and reconstructed, while those which are so worn out that they are not usable wildes nefih the new oes. It can
therefore be expected that in the initial years the inclusion of local water supply systems into the public system wibrtaira extent disturb the
image/indicators of losses of public water supply systems, which should improve with thiepleeat of the systems and with the launch of a sustainable

loss management system. (Local water supply systems are water supply structures from a source or another abstractioh@giairtioof connection of

the final user or to a public tap (Local tasupply systems are outside of the public water supply systems or individual systems of water supply, the
construction of which was financed directly by natural persons and exceptionally by legal persons, in order to proviéte Wwatean consumptiorfior one
settlement, several settlements or part of a settlement). Data by competent institutions suggests that there are arounda2Q@@ater supply systems
recorded in Croatia to which around 50,000 people or 1.4% of the population is connected).
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Indicator Monitoring type Rgfeerzggce Data collection and verification Target or reference values
results of conditions to perform water service
measures activities.

o Defined by the Council for Wat&ervices
Monitoring of )
. . . after the establishment of the
. results and Derived from the national benchmarking .

Unit Real Loss, I/ - I benchmarking system, except where the
A . comparing PWSPs system and data verification by the . f : N
service connection | . . Annual - o MESD is responsible for their definition fo

in relation to the National Body monitoring the NLRAP . .

/day/m of pressure - . the purpose of the Regulation on special
results of implementation s .

conditions to perform water service
measures S
activities.
o Defined by the Council for Water Service
Monitoring the )
. . . after the establishment of the
results of progress Derived from the national benchmarking .
. R e benchmarking system, except where the
Unit Real Loss, by individual system and data verification by the . . : L
] h ) Annual - o MESD is responsibfer their definition for
I/km of mains/hours | PWSP in relation National Body monitoring the NLRAP - )
- . the purpose of the Regulation on special
to the results of implementation e h
conditions to perform water service
measures S
activities.
Derived f th tional benchmarki 2years
o erived from the national benchmarking . . .

PWSP Action Plan Monitoring the system and data verifit®n by the for BALSPwith vty hioh and Hioh
progress of Annual . o relevance of losses

prepared individual PWSP National Body monitoring the NLRAP ) )

implementation 3years for PWSPs with medium and
moderate relevance of losses

Employeedoffice . . .

andpfie)I/d) \j(vorking Defined by the Council for Water Service
on reduction of after the establishment of the
Monitoring the . . ! benchmarking system, except wieethe
losses, Derived from the national benchmarking . . : "
ber/k progress of Annual system MESD is responsible for their definition fo

MU /<M or individual PWSP 4 the purpose of the Regulation on special

mams o/r ) conditions to perform water service
number/service activities.

connection
Monitoring of

Specific energy results and Derived from the national benchmarking

consumption kWh comparing PWSPs system and data verification by the

(m?3 of water in relation to the Annuzg National Body monitoring the NLRAP (0.50.6) kwh/m?

supplied results of implementation
measures

Implementation of Monitoring of

measures (by results gnd PWSP Project Reports and data ) . : .
comparing PWSPs e . PWSPaction plangyoals in a line with the

groups of in relation to the Annual verification by the National Body NLRARj0als

measures), results of monitoring the NLRAP implementation

EUR/year measures

Implementation of

measures (by Monitoring of

groups of results and .

measures), comparing PWSPs PV.V.SP _Prolect Repor_ts and data PWSPs action plans goals in a line with tf

% of investment in | in relation to the Annual verification by the National Body NLRAP goals

oot monitoring the NLRAP imgrhentation

relation to total results of

identified value of measures

measure/s

Reduction of Monitoring the

pressures to water | results of progress Derived from the national benchmarking

bodies (reduction of | of individual Annual system and data verification by the PWSP loss reduction action plans in line

abstracted water
volumes)

md/year

PWSP in relation
to the results of
measures

National Body monitoring the NLRAP
implementation

with the NLRAP goals

The ILI and indicators of unit Real Losses are calculated using the methodology from Chapterand Chapter8.2.4.2

3.24.3
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