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1 Introduction
1 Background
The Joint Venture (JV) Consultant comprising COWI AS of Norway as lead together with JV partners Stucky Limited from Switzerland and Jaroslav Černi Institute (JCI) from Serbia have entered into a contract (Contract No 8005176) with the World Bank to provide support to the Water Resources Management of the Drina River Basin (DRB). The lead Consultant is also supported by two Sub Consultants, the Consultant CeS COWI based in Belgrade and the Faculty of Civil Engineering of the University of Belgrade (FCS-UBG).

The Project commenced in October 2014. Since time of Inception (October – November 2014) it was evident that the project would need more time in order to answer the TOR requirements. The Project was therefore extended until 1 February 2017. Further extension until 1 May 2017 has been requested to allow sufficient time for stakeholder’s consultation meetings and implementation of the remaining capacity building activities. The final extention of the contract was agreed until end of Juna 2017.
The World Bank and the JV Consultant signed the Contract for the assignment on 6th October 2014. Mobilisation began immediately thereafter and a draft Inception Report was prepared and presented at an Inception Workshop on 1st December 2014 that was held in Zagreb. Following minor amendments, the World Bank and the Steering Committee subsequently approved the Inception Report in March 2015 and a local language version was prepared and distributed in May 2015.  

The Integrated Water Resources Management (IWRM) draft Country Report for Serbian part of the DRB was submitted in November 2015. After receipt of comments and further discussion the final version of the IWRM Country Report for Serbia was submitted in June 2016. 

This report in hand represents the Investment Prioritisation Framework (IPF) Report for Serbian part of the DRB. The DRB in Serbia is a combination of mountains in the south opening out to the Pannonian Plain in the north of the basin where the Drina River meets the Sava River before the confluence with the Danube. The DRB in Serbia covers 6,000km2 and represents about one third of the entire basin. 
1 Scope of Work and TOR

The report in hand represents the Investment Prioritisation Framework Country Report (IPF Report) for the Serbian part of the Drina River Basin, prepared in line with the project terms of reference (TOR), following the findings made in the Inception Report and the IWRM Country Report. The report presents the findings and results developed under project Task 5: Future River and Basin Scenarios, Task 6 Investment Priority Framework and Task 7: Multi-criteria evaluation of development scenarios. The IPF report is the third principal deliverable; as depicted in Figure 1‑1 below.
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Figure 1‑1: Main Deliverables and Project Timeline

1 Layout of the Report

This IPF report has been prepared in eight chapters. Chapter 1 provides an introduction to the assignment, describing the background, project objectives, a brief description of the Drina River basin and the tender procedure undertaken to arrive at contract award and mobilisation. 

Chapter 2 establishes the core water management development targets and key objectives which among others include provision of water supply, hydropower and environmental protection. 

Chapter 3 is very important and provides the Inventory of Changes for DRB development starting with a description of the short and long term goals for DRB development and management with a view to assessing risk (especially from floods) and ranking investment opportunities. The chapter also provides a review of the hydropower status in the Basin, including SHPP and recommended operation concessions, followed by an assessment of the environmental and social impact of the investments and recommendations for SEA.

Chapter 4 provides a description of the water management structural and non-structural development options including an analysis of the strengths, weaknesses, opportunities and threats (SWOT). Chapter 5 models the impact of the development scenarios on the water balance (through WEAP modelling tool)
Chapter 6 undertakes a multi criteria analysis of the development scenarios and includes a review of the costs and benefits and makes recommendations for additional investigations that may be necessary.

In Chapter 7 the optimal solution for the development of the basin has been provided.  
Finally, in Chapter 8 the conclusions and recommendation of the IPF are presented.

1 Main issues of the public consultation

The public consultation process has been organised in the following manner:

First round of stakeholder consultation meeting is planned following submission of draft reports to the beneficiary countries. The meeting participants are representatives of the beneficiary and stakeholder institutions identified during the Inception phase, which in case of Serbia includes, but is not limited to, the following: Ministry of Agriculture and Environmental Protection (MAEP), Elektroprivreda Republike Srbije (EPS), Republic Hydro meteorological Service of Serbia (RHMZ), JVP Srbijavode, Institute for nature conservation of Serbia, Serbian Environmental Protection Agency (SEPA), etc. 
Stakeholder consultation meetings have been organised following preparation and submission of the draft and final IPF report. Since the IPF report is not a type of document that needs to be officially adopted by the Governments of the beneficiary countries, the format of public consultation meetings will not be the conventional one. The meetings have been organised for the target group of participants defined jointly by the project team and beneficiary country Focal Points to present the findings of the draft and final version of the IPF Report. One stakeholder consultation meeting was organised following submission of draft IPF Report in December 2016 and the second one will be organised in May – June 2017  following the finalisation of the IPF Report. 

It is anticipated that the main issues to be discussed are the following:
· Content of the IPF report and
· Implementation measures to ensure sustainability of developed recommendations. 

1 Summary of main issues that influence development of water resources – key drivers 
The significance of water resources to the Drina River Basin countries in terms of economic, social, and cultural life cannot be overstated. How well the governments of the riparian states are able to manage and develop these water resources will be a decisive factor in achieving human wellbeing and prosperity, for establishing a reliable electricity supply and for securing safe and reliable domestic, industrial and agricultural water supplies for the future, for protecting people and property from the effects of flooding and for environmental conservation.
The IWRM country report for Serbia indicated the following key drivers that influence water resources management:
· Water supply for the population

· Flood security for the population

· Water supply for agriculture (through irrigation)

· Water supply for industry

· Hydropower production

· Environmental conservation

· Recreation and tourism and

· Fisheries

2 Setting core water management development targets – key objectives

A systematic approach to integrated water resources management (IWRM)
 and planning has proven very effective in addressing water resources management issues. The existing national legislation regulates the processes of IWRM in Serbia, but further alignment of the legislation with the standards set in the relevant EU acquis, as well as efficient implementation of the legislation remains an issue.

Agriculture, industrial production, water supply and hydropower production are economic and socio-economic sectors that are directly dependant on available water resources. A marked increase in the population within and around the Drina Basin would cause very serious water management challenges, as water demand would be constantly increasing year on year. Even in the case of stagnant or slower population growth, which is more akin to the real situation in the Basin together with recovery of industrial production, some expansion of agriculture, increased electricity demand, and other miscellaneous increases in downstream demand for water will still place greater pressure on water resources over time. On the other hand, protection of alluvial, wetland and aquatic ecosystems with very high environmental values in the DRB is also an important WM issues that requires a durable and regular minimal available water resources. To this end, water resource management solutions need to be considered to ensure that future demand can be met. 
The integrated management of water resources will require development scenarios comprising both physical investment as well as institutional, legal, and capacity development measures. These are referred to as structural and non-structural development options later in this report.
The technical education and continual improvement of professional expertise, as well as the development of stakeholder institutions play a significant role in the practical application of strategies for managing water management systems. Also, institutional changes and co-operation between the stakeholders and also between the riparian countries are necessary for the successful solution of water management issues. Direct participation of the wider population is also necessary for the successful solution of water management issues, which has not been the case in the past.

The EU WFD requires for the completion of a River Basin Management Plan (RBMP) which ideally must be reviewed on a six-yearly basis. The Drina River Basin (as part of the Sava basin district) is no exception to this and the updating of the Basis (i.e. the project at hand) will enable the RBMP to be prepared and to be used as the start of a cyclical process that should be repeated every 6 years. 
2 Provision of sufficient quantity of potable water

The water quality can be measured by means of the Serbian Water Quality Index (WQI) that examines the presence of nine physical - chemical and one microbiological elements. On a scale of 0 to 100, the water quality is ranked from "very poor" to "excellent". The other classification used in Serbia relates to the river quality and is in accordance with Serbian Regulation No. 50/2012 where the evaluation is done in a class system (classes I to V). According to the general group of parameters, pH and suspended solids, the Drina River belongs to Class I-IV and Class I-II, respectively. Regarding tributaries, the Lim River belongs to Class I-III, except occasional elevated values of microbial pollution and increased pH values (Class IV). The Jadar River belongs to class I-II, with occasional increased concentrations of nutrients (Class III-IV). The Uvac River belongs to class I-II.
The water quality in the Serbian part of the DRB is better than other areas in Serbia and has improved in recent years due to a decline in industrial activity. However, uncontrolled disposal of solid waste and no wastewater treatment are preventing further improvements. Pollution hotspots are at the municipal centres (chemical industry at Loznica, the mines at Ljubovija). Other hotspots are pockets of farmland and contaminated soil sites. The most severe pollution loads are appearing in the Jadar River. 
In terms of assessing water use in the Serbian part of the DRB, the region has three water management regions (WMR). These are the Lim (including Uvac) in the south (WMR III) extending out of Montenegro; the Jadar in the north (WMR I), which flows out in a northwest direction to the Drina; and the Drina proper (WMR II), which receives waters upstream from BiH and from Montenegro (Piva, Tara and Ćehotina). 
A summary of the water use within the three WMR for Serbian part of the DRB prepared during IWRM Report development is presented in Table 2‑1 below. Approximately 15 Mm³/year of water is necessary to cover consumption for the domestic sector in the DRB. This amount does not consider NRW. WMR II for Drina has the most demand (6.5 Mm³/year) followed closely by the Lim WMR III (5.8 Mm³/year). The Jadar WMR I have the lowest demand at around 2.8 Mm³/year.
Table 2‑1: Allocation of Water Demand in the Water Management Regions of DRB
	WMR
	River System
	Surface area in Sub Basin in km² 
	Surface area in Sub Basin in %
	Estimated Total Population in DRB
	Density of Population n/km²  
	Domestic Use in DRB (Mm³/yr)

	I
	JADAR
	759.04
	12.60%
	52,047
	68.57
	2.72

	II
	DRINA
	2,172.44
	36.06%
	124,982
	57.53
	6.52

	III
	LIM
	3,092.56
	51.34%
	110,414
	35.70
	5.76

	
	Total
	6,024.04
	100.00%
	287,443
	47.72
	15.00


The principal aim of the proposed development scenarios is to enable the provision of sufficient quantities of class I/II potable water for the whole population in the Drina River Basin. Fulfilment of this aim will require protection of all existing water supply sources, both surface and groundwater.
2 Provision of sufficient quantities of water for other economic needs

A summary of the water use for other economic needs within the three WMR for the Serbian part of the DRB prepared during IWRM Report development is presented in Table 2-2 below. This estimates that about 7.5 Mm³/year of water is necessary to cover consumption for the industrial and irrigation sectors in the DRB.  This amount does not consider NRW. WMR II for Drina has the most demand, followed closely by the WMR III. The WMR I have the lowest demand. 

Table 2‑2: Allocation of Water Demand for other economic needs in the Water Management Regions of DRB
	WMR
	River System
	Surface area in Sub Basin in km² 
	Surface area in Sub Basin in %
	Estimated Total Population in DRB
	Density of Population n/km²  
	Industrial Use in DRB (Mm³/yr)*
	Irrigation Use in DRB (Mm³/yr)
	Total Use in DRB (Mm³/yr)

	I
	JADAR
	759.04
	12.60%
	52,047
	68.57
	0.61
	0.74
	1.35

	II
	DRINA
	2,172.44
	36.06%
	124,982
	57.53
	1.46
	1.79
	3.25

	III
	LIM
	3,092.56
	51.34%
	110,414
	35.70
	1.29
	1.58
	2.87

	
	Total
	6,024.04
	100.00%
	287,443
	47.72
	3.36
	4.11
	7.47


The principal aim in this respect, as regards water supply, is to provide sufficient quantities of water for industry and agriculture that can satisfy the legally prescribed quality class (class II/III).
2 Provision of sufficient quantities of hydroelectric energy

In a very simplified form the situation in the electricity sector in three DRB countries can be defined in the following manner:

· Electricity production in Republic of Serbia generally satisfies its demand for electricity, however, only about one quarter of produced electricity comes from hydropower potential,

· Electricity production in Montenegro does not satisfy its demand for electricity, i.e. Montenegro imports electricity; however, the share of electricity produced from hydropower is well over one half and and
· Electricity production in BiH exceeds its demand, the share of electricity produced from hydropower exceeds the one in Serbia, while export of electricity remains one of the most important sources of income for the country.

The consequences and at the same time, the principal objective, triggered by the overview presented above would be the following:

· Republic of Serbia would have to increase its production of electricity from renewable sources (including hydropower) in order to cope with increasingly stringent international standards in this field,
· Montenegro would have to increase its own electricity production (including hydropower) in order to reduce its electricity imports and

· Bosnia and Herzegovina would have to increase its electricity production (including hydropower) in order to develop economically.

Based on the analysis conducted previously during project implementation, it becomes clear that all countries, a part of which lies within the DRB, will have to develop new hydropower projects and improve the use of water on the existing ones (by revitalization of units, improved plant management, synchronization between the plants etc.). 

Development of new projects will require improvement in different areas of work. Suggestions regarding financing instruments to be used for selected development scenarios are provided in Sections 6 and 8. 

2 Environmental protection 
The following paragraphs provide the development targets to integrate these objectives of environmental protection in the water management. The characterization of the Drina River Basin and the several workshops with the stakeholders have highlighted that the main and priority objectives to ensure the environmental protection are:

· Aquatic ecosystem protection in particular fish ecosystem,

· Achievement and maintenance of the good status of surface and ground water bodies (quantity and quality)

· Guaranteed provision of a minimal environmental flow in all rivers and tributaries of the DRB

· Protection of wetland/alluvial riparian ecosystems

· Extension of protected areas.

2 Aquatic ecosystem

The protection of aquatic ecosystem is perhaps the most important of the environmental parameters to consider. As natural barriers that could prevent fish migration in DRB do not exist, construction of HPP could jeopardise the migration of fish species if not limited and not properly mitigated.

At the moment, there are seven reservoirs in Serbian part of DRB. There is only one fish ladder at the Zvornik dam in the Drina River, with temporary function.
The changes in water intakes and water abstractions management, in dam constructions and operation as well as in climate changes would modify hydraulic regimes (discharge, water level and stream velocity). This could deeply influence the functionality of the fish ecosystems in DRB, even though they would continue to exist in a near natural state in the sections of the river unaltered by reservoirs and hydro-peaking. 
Summary of the ecological status in the Serbian part of the DRB

Based on the fish ecosystems (see IWRM characterization report of Serbia, June 2016), the ecological status of rivers in the DRB in Serbia can be described as follows: 
The section of the Drina River in Serbia is already affected by dams and it does not endow characteristics for high ecological status. Only the smaller tributaries Trešnjica and Vapa, as well as upstream section of the Uvac River, which is not affected by dam construction or other anthropogenic pressure, present high ecological status with fast flowing water, cold and rich in oxygen. It is dominated by salmonid and cyprinid species. Drina River from Perućac reservoir (Bajina Basta HPP) until the beginning of Zvornik reservoir is in good ecological status, characterized by a moderate water flow, rocky bed and high oxygen concentration. Water conditions are adequate for both salmonid and reophilic cyprinid species. Good populations of Danube Salmon (Hucho hucho) and Grayling (Thymalus thymalus) are found here. Brown Trout (Salmo labrax) is here in strong competition with alochtonous Rainbow Trout (Oncorhynchus mykiss) and is not very often found. Bullhead (Cottus gobio) is quite rare since great pollution incident in 2010 that occurred during servicing of the turbines. This middle part of the Drina River (Bajina Bašta dam to Zvornik Reservoir) is a high value section to be protected as the spawning areas for the Danube salmon. Drina downstream from Zvornik dam had cyprinid character even before the construction of reservoirs, and that characteristic remains today, having good ecological status. Moderate ecological status characterizes Lake Perućac and Lake Zvornik on the Drina River and the same stands for lakes on Lim and Uvac. The Zvornik HPP is equipped with a fish ladder at the left riverbank. The fish passage is 160m long and it is opened during april-may spawning season. It is estimated that 9-15t of fish is transferred through the passage during this season.
Summary of fishing and fish farming activities in the Serbian part of the DRB
Fishing and fish farming are very important activities in DRB and all potential development activities must take this into account in further planning. Even though fishing regulations exist, they are sometimes broken, due to inadequate control. Illegal fishing puts additional pressure on the already weakened river ecosystems. 

Fish farms have negative impact on the water quality of the rivers due to significant amount of nutrients that they generate and also on the water quantity in some places (the drying of the small tributaries) due to water derivation without guarantee of a sufficient environmental flow. For most of the larger fish farms, the sedimentation reservoirs have been constructed to prevent organic pollution at a larger scale but their use is generally restricted as they are often not maintained regularly. There is insufficient data on the fish farming in the DRB in Serbia, but knowing that 20% of the national trout production is coming from only one municipality (Ljubovija) within the DRB, it is likely that the trout production is significant, as well as pollution generated by it. Additionally, fish farms can have negative impact on the aquatic ecosystem through species competition or competition for space. For example, the introduction of Rainbow Trout is in conflict with the native Brown Trout. The location of the fish ponds is sometimes in conflict with the natural spawning areas of the endemic species. 
Aquatic ecosystem targets

Based on the current status described above, the following strategic and operational objectives can be derived.

Strategic objectives:

Preservation of resilience of the aquatic ecosystems on the basin scale through:

· Improvement of the existing water resource management in favour of ecosystems and species that are directly or indirectly impacted by it;

· Preservation of the functionality and resilience of the aquatic ecosystems through mitigation and compensation of the effects of future development objectives;

· Avoiding reservoir construction and hydro-peaking in the areas known as spawning sites of Danube Salmon. 
Operational objectives:

· Impose fish ladder for new dams where technically possible for every new reservoir, in order to assure the best possible functionality of the fish populations in DRB and preserving the durability and functionality of river ecosystems for fish.

· Establishment of the fish stocking programme: Reservoirs represent ecological and physical barriers to the free movement of fish species, especially important during migration period, even with a functioning fish ladder. Therefore, to preserve the natural characteristics of the key fish populations, a complex fish stocking program is probably going to be the only viable option.

· Establishment of a monitoring scheme of aquatic ecosystems: There are no monitoring programs on aquatic ecosystems in the three riparian countries, the consultant recommends monitoring the populations of the 4 targeted fish species: the Danube salmon (Hucho hucho), the Greyling (Thymallus thymallus), the Bull head (Cottus gobio) and the Brown trout (Salmo labrax). Monitoring the state of the remaining riparian vegetation along rivers is also recommended. 

· Control of the environmental flow: Minimal environmental flow must be guaranteed at all times to secure the resilience of aquatic ecosystems.

· Reduce in hydro-peaking during spawning period: Hydro-peaking control is necessary to protect the ecological conditions on spawning grounds during spawning period.

· Regulation and management of gravel exploitation: Gravel mining can lead to destruction of spawning areas of fish and destruction of natural sediment regimes.

· Enforcement of the stricter fishing regulation during the period of drought.

· Improve fish farming process: In order to mitigate the impacts of aquaculture on the environment, one principle is that the water quality of the inflow and outflow of the fish farm has to be of the same category. That implies that more regularly control into fish farming industry in DRB is necessary, in order to guarantee the water quality and to acquire the full list of the fish farming facilities and to secure the adequate pollution and environmental flow protection. 

2 Water quality protection

Water quality development targets are formulated as a base for identification of development strategies to fulfil these objectives. Objectives should comprise all relevant water related national strategies and other relevant development policies and strategies that can impact the water quality. 

Strategic documents of Serbia include requirements of international agreements and conventions, and defined strategic objectives in the field of WRM that are in accordance with international principles, in particular with the European Water Framework Directive (WFD).
Summary of the main status of water quality in the Serbian part of the DRB (see IWRM characterization report, June 2016)

Based on characterization report, the overall water quality status of the Drina River is considered moderate.

The Jadar River is also considered to possess good to moderate water quality status. However, its quality is under significant pressure of industrial and mining dump sites, due to which increased concentrations of mercury are occasionally recorded. 

Lim River has some reaches with the moderate status due to concentrated pollution at sewage outflows from Prijepolje and Priboj. 

Smaller tributaries mainly can be considered with good water quality status, apart the ones which are under direct influence of sewage outflows or industrial/mining dumpsites (e.g. Kostajnička River and Korenita River receiving filtrate from the "Stolice" tailing in Kostajnik).

Despite the lack of precise information, groundwater bodies are mainly considered to have good water quality and quantity status. The most significant pressures on groundwater quality are evident in the area of Mačva with intergranular aquifer porosity, due to agriculture activities and inadequate sanitation.  

Finally, the most significant adverse impacts on water quality are urban and industrial non-treated waste water, municipal solid waste, wild landfills, industrial waste deposit sites near the river banks and agricultural activities. 
Water quality targets

Based on these findings, strategic and operational objectives can be derived as follows.

Main strategic objectives:

· Achievement and maintenance of good status of surface water and groundwater bodies in the context of overall environment and health protection:

· For water bodies with estimated good or high status, the objective is to provide conditions for its long-term maintenance through the pollution control. 

· For other surface water and groundwater bodies with moderate to bad status, it is necessary to suspend the causes of pollution and to provide conditions for water quality revitalization.

This means that above strategic objectives can be divided into two specific objectives, depending on the current status of the water body:

· Maintenance of good/high status of surface water and groundwater bodies, and

· Achievement of good status of surface water and groundwater bodies.

Operational objectives: 

· Protection of the quantity and the quality of the water bodies.

These objectives consist of the following:

· Reduction of contamination of surface water and groundwater (point pollution sources):  

· Development of urban waste water sewage collection systems and WWTPs in accordance with strategic priorities;

· Reduction of pollution from industrial activities in accordance with the relevant legislation: Improvement of waste water treatment and application of best available technologies; 

· Sanitation of solid waste landfills and industrial tailings/dump sites;

· Improvement of the solid waste management;

· Improvement of the fish farming process (as built of nutriment precipitators). 
· Reduction of contamination of surface water and groundwater (distributed pollution sources):  

· Reduction of individual domestic wastewater releases (distributed type of pollution),

· Reduction of pollution from agriculture activities: strengthening of the use of insecticides and pesticides.

· Establishment of information system and monitoring of water quality status indicators for surface water and quality and quantity status indicators for groundwater.

· Guarantee of EF during the dry seasons.

· Improvement of water management towards improvement and maintenance of good status of water bodies: reservoir management, HPP operation, promotion of groundwater recharge, etc.

· Identification and protection of protected areas:

· Establishment and Protection of water supply sources;

· Identification and protection of nutrient-sensitive areas; 

· Identification and protection of economically significant aquatic species;

· Identification and protection of water bodies identified as bathing waters. 

Main short-term proposed priorities:

In order to prioritise the water quality targets and base on previous discussions with stakeholders, it is proposed to consider in a short term the following targets:

· Increase of population covered with the sewage system and construction of treatment facilities with prioritization from larger agglomerations towards the smaller ones. 

· Removal of illegal municipal and industrial solid waste landfills near rivers and construction of regional sanitary landfills and sanitation of existing landfills.

· Increase of the solid waste collection system and of the education to sort-off wastes.

· Protection of groundwater (application of groundwater protection zones, regulation of groundwater extraction and implementation of measures for prevention of contamination).

· Implementation of EF for surface water.

2 Provision of minimal environmental flow
As mentioned above, the provision of a minimal environmental flow (EF) is necessary to mainly meet the aquatic ecosystem and the water quality objectives.

In Serbia, though there is still not a rulebook on the determination of the minimal environmental flow, in practice, the minimal environmental flow is defined the 10% of the average mean annual discharges (see IWRM characterization report, chapter 7.4).

In order to provide sustainable and sufficient minimal quantity of water, the targets for the provision of minimal quantity of water are:

· To impose a minimal EF for all surface and groundwater intakes structures (HPP, fish farms, industrial water intakes, groundwater extraction…) which is compatible with the sustainability of the ecosystem and other water uses,

· In high ecological regions (protected areas, spawning areas), definition of the EF value based on an environmental assessment study,

· Harmonization of the minimal EF method of calculation between the riparian countries for transboundary Rivers.

2 Alluvial and riparian ecosystems
Unfortunately, there is very little data available about riparian ecosystems and no European classification of quality of the riparian ecosystems. Therefore, at this stage; it is not possible to locate the riparian ecosystems of high, good and moderate quality.

Alluvial and riparian ecosystems are currently challenged by environmental factors, such as drought, but also social factors, such as gravel mining, forestry, hydro-peaking and waste. If the reservoirs in the lover part of the basin are constructed, the significant loss of riparian habitats surrounding the oxbows and meanders of Drina River is probable. The main environmental pressure for the riparian vegetation is drought, followed by erosion. As the riparian vegetation controls the run off (mitigation of the flood peak rise) and protects against soil erosion, protection of riparian ecosystems is also very important for biodiversity and for human settlements. It also acts as filter of pollutants and of course provides habitats for many fauna species.
Flora targets

In order to secure the functioning and preservation of the alluvial and riparian habitats, the following targets should be met:

· Establish a classification and monitoring scheme of the riparian and alluvial habitats in the DRB;

· Protect and/or restore riparian vegetation along rivers, especially along smaller tributaries in order to prevent soil erosion, filter pollution and prevent floods;

· Concept of flood protection to be coordinated;
· Mitigation of drought with water from HPP reservoirs;

· Coordination of land use and in particular agriculture;

· Management of protective forests: Prevention of forest clear cutting, especially near the streams or other water bodies

2 Protected areas
There are seven protected areas representing about 6.5% of the land area of the basin as well as eight candidate sites nominated in 2014 as Emerald sites that set the ecological principles of Natura 2000 sites.

Existing protected areas are not directly influenced by the proposed development but they are still very sensitive in terms of fragility due to a changing climate. Prolonged droughts and mild winters have been influencing the amount of sanitary measures conducted through forestry activities, due to increased mortality of the trees. These activities can introduce fast changes in the ecological conditions in the forests. As there are many tributaries that run through the protected areas, the protection plays an important role in WRM, especially in preventing floods. 

It is important to notice that the proposed development can influence protected areas indirectly. Every negative change in the populations of protected species that can happen on the level of the basin can provoke a change in the populations of those species present in the reserves, resulting in population decline. Danube salmon is a good example.

In order to secure the functioning and preservation of the protected area network and the biodiversity it supports, the following targets should be met:
· Harmonisation of the national regulations and fostering of cooperation between the three countries in the DRB in order to successfully implement biodiversity protection programs;

· Reinforcement of the protection regime in protected areas in coherence with the requirements for nature protection and target species and

· Strengthen regulation concerning riparian ecosystems in protected areas.

2 Reduction of adverse impacts of floods and droughts

The Drina River Basin is endangered by:

· Flood waves that propagate along the river valleys;

· Urban flooding from sewage inside already flood-protected zones caused by the absence, or insufficient capacity of sewerage and storm water drainage systems;

· Internal waters in the flood protected areas due to the absence or insufficient capacity of existing drainage systems;

· A free migration of the main channel in the river valley, which results in a systematic movement of the river corridor towards the East;
· A lack of riverbank stabilisation even in settlements, where "urban-type" river training works should be exercised for safety reasons, as well as for urban planning purposes (there is no urbanely access to river frontage via quays or jetties);

· A torrential river flow and accompanying erosion processes, which eventually result in aggradation of a riverbed and consequent increase in water levels, reduced discharge capacities that increase the probability of main-channel overflow in minor tributaries at larger discharges;

· Uncontrolled dredging of sand and gravel that alters riverbed morphology and might also trigger flow destabilisation.

In line with the above, the principal aim of the proposed development scenarios is to reduce floods, that is, peak discharges, and provide sufficient quantities of water for irrigation during dry periods.

It must also be taken into account that it is necessary to implement a more restrictive policy regarding land use planning. On no account, should housing and the procedures for issuing construction permits be allowed when the plans show such buildings to be in flood prone areas. 
The high environmental value of the DRB is also endangered by drought periods. The small tributaries of the basin are the most affected by these drought events. Drought results with the following:

· Endangered fish population (reducing the population) by draining complete section of rivers, by increasing the water temperature and by increasing peak of pollution,

· Endangered terrestrial fauna habitats by destruction due to increase of fires in forestry.

3 Inventory of Changes for DRB development

3 Short term and Long term goals for DRB development

The WFD requires that Member States implement the necessary measures to prevent the deterioration of the status of all bodies of surface water and that the following environmental objectives are achieved by 2015:

· Good ecological/chemical status of surface water bodies;

· Good ecological potential and chemical status of HMWBs and AWBs;

· Good chemical/quantitative status of groundwater bodies.

Basin-wide management objectives:

· Have to be described in a quantitative, semi-quantitative or qualitative way. They can be achieved through implementation of measures that need to be taken to reduce/eliminate existing significant pressures for each SWMI and groundwater on a basin-wide basis.

· Help to bridge the gap between measures on the national level and their agreed coordination on the basin-wide level to achieve the overall WFD environmental objectives. Measures at the national level can thus be complemented by the international level in such a way that they are effective in reducing and/or eliminating the existing impacts on the water status on the basin-wide scale.

· Help to illustrate the implementation success of a measure by comparing the current implementation status with the management objective.

Given the specific situation in non-EU countries, measures to achieve defined short term and long term goals will have to be implemented within a timeframe which is realistic and acceptable for all non-EU countries. The timeframe will also depend on the conditions, commitments and deadlines that will be defined in the accession treaties with the EU once these are signed with DRB countries. 
In line with WFD, RBMP are being prepared using 6 years planning cycle. In the EU MS, environmental goals are defined through three planning cycles: 2009-2015, 2016 -2021 and 2022 -2027. Similar planning principles are applied in non-EU MS countries. Taking the above into account, as well as the planning cycles and goals applied in the Sava RBMP (including Drina RDB), the planning horizon can be applied to period of 2016 -2021 as the short term and beyond 2021 as the long term. In line with the above, several goals can be defined, encompassing both short and long-term perspective of DRB development

· Organic pollution caused by insufficient sewage and WWTPs coverage
Achieving the status of no emission of untreated wastewater into the waters of the Drina River Basin through phasing out all discharges of untreated wastewater from towns with >2,000 population equivalents and from all major industrial and agricultural installations.

· Nutrient pollution caused mainly by diffuse pollution from agriculture   
Balanced management of nutrient emissions via point and diffuse sources in the entire Drina RB that neither the waters of the Danube RB, nor the Black Sea are threatened or impacted by eutrophication.

· Priority and hazardous substance pollution caused by industrial emissions
No risk or threat to human health and the aquatic ecosystem of the waters in the Drina River, Sava River, Danube River and Black Sea Basins. Elimination/reduction of the total amount of hazardous substances entering Drina River and its tributaries to levels consistent with good chemical status.

· Hydromorphological alterations (hydropower energy facilities)
Balanced management of past, ongoing and future structural changes of the riverine environment, so that the aquatic ecosystem in the Drina and the entire Danube RB functions in a holistic way and is represented with all native species

· Anthropogenic barriers and habitat deficits do not hinder fish migration and spawning;

· Floodplains/wetlands in the Sava RB are protected, conserved and restored ensuring the development of self-sustaining aquatic populations, flood protection and pollution reduction in the Sava RB;

· Improvement of hydrological alterations does not affect the aquatic ecosystem with regard to its natural development and distribution;

· Future infrastructure projects are conducted in the DRB in a transparent way using best environmental practices and best available techniques.

The following management objectives are proposed for each type of hydrological alteration:

· Impoundments: Impounded water bodies are designated as heavily modified and therefore a good ecological potential need to be achieved. Due to this fact, the management objective foresees measures at the national level to improve the hydromorphological situation in order to achieve and ensure this potential.

· Water abstractions: The management objective foresees the discharge of a minimum ecological flow, ensuring that the biological quality elements have a good ecological status or good ecological potential.

· Hydropeaking: Water bodies affected by hydropeaking are designated as heavily modified and a good ecological potential must be achieved. Therefore, the management objective foresees measures at the national level to improve the situation to achieve and ensure this potential.

· Groundwater quality: 

Emissions of polluting substances do not cause any deterioration of groundwater quality in the DRB, also taking into consideration the potential impact of climate change in the future. Where groundwater is already polluted, restoration to good quality will be the goal. 
Management objectives:

· Prevention of pollution in order to avoid a deterioration of groundwater quality and to attain a good chemical status in GWBs;

· Elimination/reduction of the amount of hazardous substances and nitrates entering groundwater bodies in the DRB to prevent the deterioration of groundwater quality and to prevent any significant and sustained increase in the concentrations of pollutants in groundwater;

· Reduction of pesticide/biocides emission into the DRB;

· Increase of wastewater treatment efficiency in order to avoid GW pollution from urban and industrial pollutions sources.

· Groundwater quantity:
Water use is appropriately balanced and does not exceed the available groundwater resources in the DRB, taking into consideration the potential impacts of future climate change. The discharge of a minimum groundwater flow, ensuring the environmental elements has to be considered.
Prevent over-abstraction from GWBs within the DRB by sound groundwater management.

· Other water management issues

· Flooding - No risk or threat to the population and economy due to flooding in the Drina River Basin.
· Drought – No risk of reduction of aquatic population and no risk of fires due to long extreme drought period.
· Invasive alien species - Establish a coordinated basin-wide policy and management framework to minimize the risk of invasive alien species to the environment, economy and society. This will include a commitment to not knowingly introduce high-risk invasive alien species into the Basin. Consider the problem of invasive alien species as a long-term issue in order to prevent the introduction of harmful alien organisms and eliminate or reduce their adverse effects to acceptable levels.

· Quantity and quality of sediments - Based on an evaluation of sediment balance and sediment quality and quantity, to ensure the integrity of the water regime with regard to quality and quantity and to protect wetland, floodplains and retention areas. 

3 Assessing Risk

Making decisions involving water management should not just be based upon the principals of good physical science and technology. There needs to be a more combined and holistic approach through the concept of IWRM. Risk, in a less all-embracing sense, is also critical to the implementation of IWRM since virtually every element in water management involves decisions about levels of risk bearing or risk mitigation and about who will bear the costs or enjoy the benefits involved.
In the DRB water related risks are presently handled by a highly fragmented and sectoral management and stakeholder structure leading to inefficiencies and inequalities in the allocation of risk, risk mitigation costs and from the benefits of security. Hence, risk is not a physical phenomenon, but a cultural one and risk mitigation is an economic and social good. 

The management of risk therefore is a divided and distributive issue, involving complex trade-offs and re-allocations between different economic, social and interest groups.

However, having institutions operating with a more holistic and public preference based approach to water related risks is extremely challenging, from a purely economic efficiency approach the use of risk management tools, strategies and organisational arrangements would be the most appropriate. It follows that stakeholders responsible for water management would wish for the least costly, the least intrusive and the least extensive means of risk regulation that is possible.  A study on the economic characteristics of hazards and related risks therefore can help identify areas where stakeholders can make risk/safety trade-offs and decisions.
Risks can be divided into two broad groups: resource risks, including natural or human induced hazards that water managers seek to regulate, while the latter group are the risks faced by all water management enterprises in their operational function. The following figure provides an indication of the types of risks involved:

	Group 1 - Resource Risks
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	Group 2 - Enterprise Risks
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Source: After Global Water Partnership
Although these two groups are theoretically distinct, there is strong interrelationship between them. For example, the capacity of water management enterprises to handle resource risks depends upon the way financial uncertainty is handled. Similarly, a water utility or enterprise may have resource risks if they fail to provide the required quantity and quality of raw water. Again, failure to provide acceptable water supply security may increase the market risk and financial uncertainty.

3 Financing and its influence on priorities
3 General aspects of hydropower plants financing

The construction and financing of power-generation projects have traditionally been the domain of the public sector. However, private investment in and ownership of power generation utilities have increased continuously in recent years. This is a consequence of a general liberalisation of the power market in Balkan countries. Another factor in this development has been that funding from government and international agencies has become steadily more difficult to secure, making loans and equity capital from the private sector increasingly important in the financing of hydroelectric power projects.

The parties involved will vary, depending on how the project is financed. A large hydropower utility may design, construct and finance a new hydropower project with a minimum of involvement from other parties. In most cases, however, the project will involve several parties: developer, lender, shareholders, contractors, etc.

The sponsor is the government agency or utility that is promoting a project. For large hydropower projects, the sponsor will normally be the national government or a government agency that wishes to improve the power-supply situation and to control the development of the power sector. For small hydropower projects the role of the sponsor is often less important. The project may be a part of a national or regional electrification programme with a government sponsor.

The developer is the most important participant in the development project. They must secure the necessary permissions for the development, sign contracts with consultants, contractors and equipment suppliers, arrange a power purchase contract and secure the necessary financial resources for the development.

Normally a bank or other investment institution will provide the majority of the financial resources needed, often in the order of 60-80%. The lenders may be agencies established for the specific purpose of facilitating investment in the national infrastructure, e.g. the World Bank. They will provide financing at more favourable terms than can be obtained on the private market. Private agencies such as commercial banks and insurance companies can also provide funding for hydro projects. However, as their main concern is to earn money, their interest rates will be higher and payback times shorter. To obtain a loan the developer must convince the lenders of the project’s economic feasibility and provide security for the lenders’ involvement.

In most projects, bank loans will provide the largest proportion of the financial resources required. However, the last 20–30% of the financing, the equity capital, must be provided from other sources. This capital is poorly secured and has the lowest claim on the project’s assets and cash flow. In return for taking this risk, the investors will expect to have strong influence on the project, high-anticipated profits or other special benefits.

3 Possible financing development alternatives for proposed scenarios

Financing can be a major problem in many hydro power plants projects. In many cases, the developer does not have sufficient funds for self-financing, nor sufficient assets to provide security for a bank loan. In this situation, the developer can try to finance the project by securing loans against the anticipated cash flow of the project. However, this will require a series of complex contractual arrangements that are expensive to set up. The final decision and approval of the optimal policy depends on the economic consequences both regarding initial investments and operating costs, and the future level of market electric energy price. In most “less developed or transition countries”, as it is Serbia, Bosnia and Herzegovina or Montenegro, the resources available to governments from own current revenues are very limited.

Use of in-house funds

The developer’s accumulated reserves may be used to finance a project. This may involve company in-house funds or personal reserves. As hydropower projects involve relatively large up-front investments, the use of in-house funds as the sole source of finance is only possible for the smallest hydropower projects.

The involvement of the central government has one of the main roles in financing HPPs construction projects. It is especially important in the case that the activity of the national funds combined with other financing support would not be sufficient for the achievement of all HPPs investment in the long term.

Ordinary bank loans

A bank loan supplies the majority of the required capital (60–80%). Loans are secured against assets or property owned by the developer. Bank loans are relatively simple to arrange if the developer can provide sufficient security for the bank’s involvement. As the lender’s interests are well secured, the need for a tight network of contracts to control risk can be relaxed, making the financing structure more flexible. This reduces the time and cost involved in arranging the loan. In addition, good security for the lender will normally result in lower annual borrowing costs. However, this route is normally closed to a developer with limited financial resources.

There is no shortage of commercial capital on the financial markets in Serbia. The main constraints limiting the use of commercial credit are related both to the high cost of capital and to the limited capacity of entities to repay the credit, regardless of the cost of capital. Significant constraint in Serbia is the inability of prospective borrowers to demonstrate a capacity to properly service the loans.

Build Own Operate (BOO)

In a BOO project the owner of the water rights grant the development rights to an independent developer. The developer controls the design, construction, and operation of the plant. In return, he pays a fee to the rights owner. In many cases, there is an agreement that the project will be transferred back to the owner after a period of time – Build Own Operate Transfer (BOOT). BOO/BOOT projects do not necessarily involve a new route of financing. The developer may use one of the financing alternatives described above.

Laws regarding how long the concession period will be are somewhat unclear; and therefore, it has been tested how the length of the concession period affects investment profitability. The Base case assumes that an investor will be able to operate the plant for a period of 50 years. This means that the investor will receive cash flows during 50 years of operating the power plant. After this period, all HPPs will be handed over to governments without reimbursement.

In Section 6.9 it will be stated that an expected long term marginal price equal to or above full cost for new capacity would induce new investments. Both scenarios will be financial viable with price higher than 0.0700 EUR/kWh only in period if the concession period is at least 50 years. However, there is downside risk. A positive cash flow is expected to come fairly late in the period as is profitability. If the price is considered in an open market perspective by the investor for a concession period shorter than 50 years, the project will be considered financially viable only with higher price of electricity. For example, the concession period of 30 years requires minimal price of electricity equal to 0.0800 EUR/kWh.
3 Factors which affect the financing strategy

The principal question for the developer is: should the project be financed by the use of in house funds, by ordinary bank loans secured against the developer’s other assets or property, or by concession (BOO)? The financing strategy will affect the developer in several ways. Risk, revenue, and control over the project are all closely related to the financial arrangements. The developer’s financial resources are the first things to consider. A financially strong developer can use in-house funds or ordinary bank loans. This gives a large degree of control over the project, which may be an important consideration, particularly if the project is a part of the developer’s core activity. However, it also means tying up financial resources for a long time. With fewer financial resources, the developer must look for other routes of financing.

Management of the project risks is another important consideration. In general, a high level of debt means a high cash-flow risk. Debt service has first claim on project earnings. The developer will receive revenue only if there is a surplus after interest and repayments.

The size of the financial obligations is important if the project is a failure. If the project fails, the developer in the case of in-house funding or ordinary bank loans carries all the losses. 

The developer’s desire to control the project is also affected by the financial arrangements. With a high degree of equity control of the project will remain with the developer. With much unsecured debt, the financiers will control the project until it has been repaid. If control over the project development is important to the developer, he must also accept a larger financial involvement.

The advantages and disadvantages of the different options for financing hydropower plants projects are outlined below:
Table 3‑1.HPP financing options

	Self / Bank Finance
	Concession

	Advantages
	Disadvantages
	Advantages
	Disadvantages

	Developer keeps control
	Developer has financial liability
	Developer is completely ‘hands off’
	Developer has no control over the project

	No tenants with rights on developer’s land
	Developer has to manage the project, or appoint a suitably qualified consultant to do this
	Developer has no financial risk at all
	Smaller proportion of the financial benefit once operational

	100% of the financial benefit once operational
	Developer carries the risk if the project fails
	A regular income without having to do anything
	Tied-in with an exclusivity/option-to-lease agreement

	
	(Bank Finance only) Loan may be secured against land or property
	
	

	
	(Bank finance only) normally only funds the ‘capital’ (i.e. post-consenting) stage
	
	


3 Review of all documentation regarding water related investments
3 Water supply investments

As indicated in Water Management Strategy of the territory of the Republic of Serbia for the period until year 2034, public water supply is in the public interest and has priority over all other types of water use. 
Water supply objective defined in the Strategy for: public water supply (Increased public water supply coverage from the current 81% to 93% at the end of the planning period; Steady water supply and compliant water quality, along with a reduced risk of interruptions in extreme or emergency situations; Reduced proportion of unbilled water in public water supply systems to about 25%; Efficient water use, along with a gradual water price increase to economic levels; Protection of water supply sources (establishment of sanitary protection zones), exploration, protection and conservation of water resources) and supply for irrigation purposes (Sufficient amounts of water for irrigating 250,000 to 350,000 ha of farmland from Development Group I and part of Development Group II by the end of the planning period (revitalization of existing systems on about 100,000 ha and construction of new systems on 150,000 to 250,000 ha); Efficient water use ensured by appropriate irrigation depths by crop type and farmer awareness raising about modern irrigation technologies, protection from drought, associations, and market placement of products) are not in line with the current level of investments in the water sector. 

Namely, during last ten years, investments in the water sector have been reduced. Investment in the water sector for the last three years are assessed to approximately 120-150 EUR billion which is significantly less than needed amounts reflected in the table 3-2 below. 

Table 3‑2 Projection of funding needed during the planning period (000 EUR)

	
	Water sector segment
	Operating expenses
	Development
	Total funding needed
	%

Share

	
	
	Annual
	Total for the period
	
	
	

	1
	2
	3
	4
	5
	6 (4+5)
	7

	1
	Drinking water supply
	349,650
	6,993,000
	850,000
	7,843,000
	36.14

	2
	Regional schemes
	12,350
	247,000
	1,150,000
	1,397,000
	6.44

	3
	Irrigation
	11,000
	220,000
	874,500
	1,094,500
	5,04

	
	Water use
	373,000
	7,460,000
	2,874,500
	10,334,500
	47.62

	4
	Sanitation and water protection
	193,800
	3,876,000
	3,900,000
	7,776,000
	35.83

	5
	Stormwater evacuation
	
	
	1,500,000
	1,500,000
	6.91

	
	Water protection
	193,800
	3,876,000
	5,400,000
	9,276,000
	42.74

	6
	Flood protection
	23,000
	460,000
	260,000
	720,000
	3.32

	7
	Erosion and flash flood control
	7,500
	150,000
	240,000
	390,000
	1.80

	8
	Drainage
	34,000
	680,000
	300,000
	980,000
	4.52

	
	Protection against the adverse effects of water
	64,500
	1,290,000
	800,000
	2,090,000
	9.64

	
	TOTAL (1 through 8)
	631,300
	12,626,000
	9,074,500
	21,700,500
	100.00


3 Biodiversity investments

Biodiversity investments in DRB in Serbia are very limited and almost negligible in comparison with the budgets of the protected areas.

Currently, in terms of investment, the only stable conservation programmes are supplemental feeding of wildlife, including bears and vultures that cannot be directly considering as water related investments.

Bears are being fed in Tara NP, while vultures are being fed in SNR Trešnjica and Uvac.

All three sites are frequently visited by other animals, most notably wolf and red fox (NP Tara, 2010-2015). Carcasses used for this supplemental feeding are coming from farms and are supplied for free, while the only investment that the protected areas pay is going into regular delivery.

Beginning in the 2011, small research studies have been conducted in the protected areas of the region, financed by the managers. These studies concerned the abundance and diversity of birds and bats and have been reaching the value of up to 3,500 EUR.
More specific water related investments concern fish stocking that is sometimes organized by protected areas, and introduced species is almost exclusively brown trout in small numbers, up to 6000 individuals (NP Tara, 2011). More commonly, fish stocking is being done by fishing non-governmental organizations and organized individuals and introduced species are usually carp and brown trout. 

When Perućac dam has been constructed, instead of fish ladder, massive fish-ponds for artificial fish stocking programme were constructed on 300m long river Vrelo, with the idea to compensate the negative effects of the reservoir construction. Instead of its intended use, these fish-ponds have been rented for commercial elevation since.

More recently, with the help of small individual donations and expertise of ichthyologists from University of Novi Sad, a small fish-stocking programme has been started, this time concerning the Danube Salmon. In the beginning, from 2011 to 2014, the elevation has been done on the fish-ponds on the Vrelo River, as initially intended, but, due the financing issues, the programme has been transferred to a private fish-pond on Trešnjica River. The documentary has been made about the initiative, named “The Story of a Danube Salmon” (Liquid Art, 2014). 
3 Protected area investments

Main sources of investments in protected areas in Serbia are forestry activities, tourism, rights of use, sport fishing and state financed projects and programmes, forestry usually prevailing significantly where available. Annual budget varies, depending on the site but are within the range of 250.000-3.000.000 € for the three largest sites (NP Tara, 2011; State Audit Institution of Republic of Serbia, 2012; Special Nature Reserve “Uvac”, 2015).

Currently, all protected areas are obliged to report annually their financing so the data are readily available online in local language for each fiscal year. What can be concluded from these annual reports is that the investments are mostly directed to infrastructure, salaries, functioning of the protected areas and sustainability of the services they offer to tourists. Conservation activities and activities directed to management of protected species take between one and ten percent of the annual budget, depending on the site. Investments directed into fish stocking are not regular (done periodically, not every year) and they reach the sums of up to 2,500 EUR. Income from fishing tourism on Drina is small, reaching up to 4,000 EUR, while on Uvac, it reaches up to about 30,000 EUR annually (NP Tara, 2011; Special Nature Reserve “Uvac”, 2014).

In the past years (2012, 2013) in the National Park Tara, draughts were unusually severe as there were periods of 100 days without rain.  Such conditions weakened trees, such as spruce, fir, pine and endemic Serbian spruce (Panciceva Omorika) and they became easy target of bark beetle species. Without immediate action, 2014 would have been fatal for this most valuable habitat of the National Park. 

The Park administration applied for support to Royal Norwegian Embassy and got a grant of 64,290 EUR. What is interesting is that for the first time a modern biotechnology approach was applied, which has been a standard worldwide since 1980’s, aggregating pheromones that attract adult bark beetles were placed in specially designed traps to catch and kill them. GPS was used to map locations with highest density of this pest, to deploy traps and to monitor the catch and effects geographically. Most of the work was done by Park staff and they were assisted by private forest owners. 1,200 traps were placed throughout the National Park and visited each 10-15 days, and all the 6.352.094 individuals were counted and determined. As approximately 100 beetles can dry one mature tree, the project resulted in the saving 60,000 trees. (Norwegian Embassy in Belgrade, 2014)

In addition, the United Nations Development Programme (UNDP) in Serbia has been implementing two projects state-wide from 2010 to 2016 in order to improve biodiversity protection in Serbia: 

1. For the project “Ensuring financial sustainability of the protected area system of Serbia”, 950,000 USD have been given by the Global Environment Facility (GEF) for the period 2010-2014 in order to strengthen the capacities of 30 protected areas and of the Ministry of Environment, Mining and Spatial Planning, as well as to support the creation of the Association of National Parks and Protected Areas (UNDP, 2016).
In DRB, NP Tara was one of the sites included in the project which resulted in a project called “Tara for everybody”. The "Tara for everybody" project aimed to contribute to the sustainable development of the area of the National Park Tara through the improvement of tourism facilities. It had two dimensions: the new tourist facilities and emphasizing the social dimension. Implementation of the project achieved the following results: 

· Trail for people with disabilities was made; 

· Bicycle routes throughout the park were marked; 

· Business Plan for Sustainable Tourism Development of Tara NP was made; 

· New tourist facilities are being promoted. (NP Tara, 2014)

2. For the project “National Biodiversity Planning to Support the Implementation of the CBD 2011-2020 Strategic Plan in the Republic of Serbia”, 307,623 USD have been provided by the Global Environment Fund Trust of the UNDP for the period 2012-2016 in order to help the Serbian state to integrate Serbia's obligation under the CBD into its national development and sectoral planning frameworks (UNDP, 2016). 

3 Waste water investments

In Serbia, 75% of population reside in settlements larger than 2,000 inhabitants. In these settlements, the average coverage by sewage system is 72%. In smaller settlements, with population less than 2,000, the coverage is less than 5%. Therefore, considering the total population in Serbia the coverage with sewage system is 54% (Water Management Strategy (WMS) in Serbia 2016 - 2034, 2016). There are 32 WWTPs, from which only a few are fully functional. Existing facilities cover about 600,000 inhabitants, while effective treatment includes around 385.000 EP. At the basin scale, there are no WWTP facilities in the DRB part of Serbia.

Based on evaluation of present water protection development, the Regulation on Water Pollutants Emission Values and Deadlines for Compliance with the Limit Values (OG, 67/11, 48/12, 1/16) appoints that all agglomerations larger than 2,000 EP should provide adequate waste water treatment by 2040.

According to the WMS, the criteria and priority to develop sewage system and WWTP are following:

· The main criterion for sewage development is the specific pollution load in respect to available flow rate in the recipient. 

· Prioritization of the WWTP construction versus sewage system extension and development depends on sewage system population coverage. If the coverage is greater than 60% then the priority is the WWTP construction, otherwise the priority is the extension/development of the sewage system.

· Regarding WWTPs, priority of construction is for larger agglomerations with smaller recipient capacity, especially those with large system coverage (agglomerations larger than 10,000 EP). Despite this, local authorities are supported for investments in WWTP construction in accordance with local priorities. 

According to available and updated data, currently there are a few activities on WWTP realization at the DRB part of Serbia:

· The WWTP Zlatibor, at location Sastavci, with a capacity of 20,000 EP in the first phase of development and 30,000 EP in the second. This WWTP is in the construction phase. The benefit recipient is the Obudovica River which is a tributary of river Crni Rzav. The project with investment value of 5,000,000 € is governed by the Cajetina municipality, with the financial support of R. Slovenia. It is expected to be finished in 2018.

· In Mali Zvornik, the main design for a small WWTP facility, at location Sakar, (for 300 EP) has been completed.

3 Waste landfills investments

It is estimated that about 60% of municipal waste is collected in Serbia, mainly in the urban areas. 

The Strategy on Waste Management in Serbia for period 2010-2019 is the strategic document which, based on the Law on Waste Management (OG, 36/09, 88/10, 14/16). It formulates the operational targets for development of Waste Management in Serbia.

At the DRB scale, this Strategy proposes three regional centres for waste management from the municipalities in the Serbian of the DRB:

-
Sremska Mitrovica (Sabac, Sid, Mali Zvornik, Loznica, Bogatic, Krupanj), 

-
Uzice (Bajina Basta, Pozega, Arilje, Ivanjica, Cajetina, Kosjeric, Cacak, Lucani, Ljubovija)

-
Nova Varos (Nova Varos, Priboj, Prijepolje, Sjenica).

However, municipalities Mali Zvornik, Loznica, Krupanj and Ljubovija have formed their own region for waste management, not foreseen by the Strategy. Table 3-3 below shows the current progress in realization of regional waste management centres in the DRB.
Table 3‑3 Regional waste centres in the Serbian part of the DRB 
	Regions
	Regional sanitary landfill
	Transfer stations (TS)
	Regional Plan for waste management

	Loznica
(Loznica, Krupanj, Mali Zvornik, Ljubovija)
	Location to be determined, possible location: "Krivica Ada"
	-
	In a process

	Uzice
(Uzice, Cacak, Cajetina, Pozega, Kosjeric, Lucani, Arilje, Ivanjica, Bajina Basta)
	Existing Uzice - "Duboko"

The existing capacity is not adequate. There are on-going activities for extension of the landfill.
	According to the Regional plan, each municipality will have a TS by 2017.
	Regional plan for waste management in the region Duboko (2011).



	Nova Varos
(Nova Varos, Priboj, Prijepolje, Sjenica)
	Nova Varos - "Banjica" is in the construction
	TS Sjenica,

Recycling centers in each municipality
	Regional plan for waste management in municipalities Prijepolje, Nova Varos, Priboj and Sjenica 2011-2020 (2011).


The total investments for the above development of waste management is estimated to approximately 15 million €.
3 Social investments

Tourism investments

The area of Drina-Tara-Zlatibor is marked as a primary tourist destination, characterized by a year-round tourist season.

The most significant potential for development and the conception of tourism in the area of Lower Drina is Banja Koviljača, which has the highest rank as one of the eight spas in Serbia with international importance prospective.

In the Drina Region one of the most significant tourist destinations is mountain Tara where are defined five touristic zones: Predov krst, Bajina Basta, Perucac, Kaludjerske bare and Mitrovac.

Developmental zone "Perucac" has all the conditions to specialize to become a leading fishing destination of Serbia as well as to offer a variety of activities and adventures on the water, summer and winter holidays and use of rural facilities.

Development zone "Bajina Basta" is a zone of great importance for the implementation of the overall concept of Tara tourism. The position of Bajina Basta, in relation with the different activities taking place (Drinska regata, rally at Tara Mountain, Car Race), within the National Park Tara, then in relation to cultural values (Raca Monastery), combined with basic touristic infrastructure (200 beds within 2 hotels and motels tourist association, etc.), provides that Bajina Basta is important development center in this area, with a strong sport - tourist function.

The development of tourism offer in the area of DRB is oriented on intensifying the rural development, sports and recreational tourism, excursions, events, environmental, business, hunting, ethnological tourism and others. 

As mentioned in chapter 3.4.2, the UNDP has implemented a program in the NP Tara titled “Tara for everybody”. It aims to improve the tourism facilities and to emphasize the social integration in the protected areas.
Mineral extractions

The strategic documents highlighted the developmental project in the sector of mineral resources revitalization and of starting antimony mines of western Serbia, with an annual capacity of 80,000 tons. In addition, as an activity that can be of special importance, there are planned exploitation of gravel and sand at certain locations.
Land Use
In the valley of the Drina River priority is the protection of agricultural and forest land and development of agriculture and tourism as mentioned above. A priority is given to the protection of agricultural land of the Drina River valley, both from the flooding water, and from the irrational expansion of construction land.

Planned changes in the utilization of agricultural land goes in the direction of stopping the process degradation of land by adjusting purpose to the basic characteristics of the natural resources which primarily relates to selective restore land to forest areas. It is planned to limit the reduction of agricultural land at the expense of other purposes, and the space for the dissemination of these purposes should be sought in the rational use of existing spaces by densification of population with the improvement of living environment, by preservation of content within municipalities and settlements and changing of purpose of areas that were previously used for industry, etc.

In the use of agricultural land conventional agriculture should be gradually reduced or reject as necessary to predict and promote organic agriculture, and to orient primarily on the production of "healthy food" as a specific Serbian and municipal products, with the aim of systemic promoting based on of geographical origin, methods of production, traditions and environmental guarantees
3 Hydropower investments

In Serbia, seven hydropower plants (HPPs) are in operation in the DRB, totalling a generation capacity of 1,289 MW. The total annual energy production is 4,152 GWh (million kWh). Three HPPs are located on the Drina River, three on the Uvac River and one on the Lim River. The power plants are located at the toe of the dam, except for one HPP, where an 8 km-long diversion tunnel conveys water from the reservoir to the power plant (guaranteed environmental flow of 50 m3/s). One of these plants is a pumped-storage plant. The fish migration is significantly affected, as only one fish ladder has been built in the DRB.
Out of the many imagined new HPPs in Serbia, ten have reasonable chances of being implemented. The total additional generation capacity would amount to 759 MW, for a total expected energy production of 2,828 GWh. However, the potential for new hydropower schemes in Serbia mainly resides in plants shared with a neighbouring country. Seven projects (693 MW) are located on the Drina River on the border with BiH, three on the Lim River entirely on Serbian territory. All schemes are of the non-diversion type.
Detailed information on the planned investments for each HPP is provided in the IWRM country report, Section 8 and corresponding annexes. 
· One of the priorities of PE EPS is rehabilitation and modernization of the existing large and small HPPs, construction of new small HPPs, but also development of wind parks and solar power plants and combustion plants for utility waste and biomass utilization for which potential locations are being analysed. PE EPS has completed the rehabilitations of the following HPPs:

· HPP Ovčar Banja and Međuvršje, 

· HPP Bajina Bašta, 

With ongoing rehabilitation of the following HPPs:

· HPP Đerdap 1,

· HPP Zvornik

In addition to the above, within the framework of extension of lifetime and improvement of efficiency of the existing hydro power plants, there are also plans for rehabilitations of the following plants in the forthcoming period, the technical documentation of which is being prepared. 

· Vlasinske HPP

· HPP Bistrica

· HPP Potpeć

· PSHPP Bajina Bašta, 

In order to increase additionally electricity generation from renewable energy sources, certain preparatory activities to build new generating capacities with prospective partners have been undertaken and possibilities of construction of new hydro power plants within the framework of the following projects are jointly considered at the moment:

· HPP Ibarske Project 

· HPP Moravske Project 

· PSHPP Bistrica Project

· Project of construction of the 4th HPP Potpeć unit

Renewable energy sources

Under the Small Hydropower Project
, PE “Elektroprivreda Srbije” (EPS) intends to install new small hydropower plants (HPP) at two existing dams and water supply locations in Serbia, and to rehabilitate fifteen other existing small HPPs. The project is being financed by the European Bank for Reconstruction and Development (EBRD). The sites are the following: 
Table 3‑4: Locations of planned SHPPs
	Location
	Type of works

	Celije
	New HPP installation on existing dam

	Rovni
	New HPP installation on existing dam

	Kratovska reka
	Rehabilitation

	Moravica
	Rehabilitation

	Pod Gradom
	Rehabilitation

	Radaljska Reka (Banja)
	Rehabilitation

	Seljasnica
	Rehabilitation

	Turica
	Rehabilitation

	Vrelo
	Rehabilitation

	Raska
	Rehabilitation

	Gamzigrad
	Rehabilitation

	Jelasnica
	Rehabilitation

	Sicevo
	Rehabilitation

	Sokolovica
	Rehabilitation

	Sveta Petka
	Rehabilitation

	Temac
	Rehabilitation

	Vucje
	Rehabilitation


For the energy from wind power, Feasibility Study with Basic Design for wind park construction in Kostolac location, of 60 MW installed capacity is currently under preparation. 
For the solar energy, Project for construction permit for construction of solar power plant Kostolac, of up to 10 MW installed capacity is currently under preparation.

3 Technical and Economic Analysis

3 Technical Analysis 

Chapter 8 and related annexes of the corresponding IWRM country reports has provided the overview of existing and planned hydropower plants. 

The available maps, satellite images from Google Earth, layouts of HPP schemes and other relevant data and information obtained from Ministries and other stakeholders were all used to analyse the proposed HPP schemes. The main purpose of these analyses was to indicate the issues connected to the proposed schemes in light of new findings - changes in planning, urbanization, environmental constraints, etc.

Hydropower review has been presented in Chapter 3.8 of this Report. Available hydrology data were presented in the Section 5 of this Report, including the influence of climate change on hydrology. 

For reading convenience, the Drina River course is divided into three sections:

· Upper section ("Upper Drina River"): from the boundary between Montenegro and BiH to the headrace of the existing "Višegrad" HPP,

· Middle section ("Middle Drina River"): from the tailrace of the existing "Bajina Bašta" HPP to the headrace of the existing "Zvornik" HPP and

· Lower section ("Lower Drina River"): from the tailrace of the existing "Zvornik" HPP to the confluence with the Sava River.

The development scenarios that are subject to technical analysis (provided in detail under Chapter 3.8 and 5.2) and economic analysis (provided in the sections below and Chapter 6.9) are provided in the Table 3-5 below:

Table 3‑5 Development scenarios overview 
	Assumptions
	Green Growth
	Reduced/Optimized HPP Maximization Scenario
	"Full HPP Maximisation" Scenario

	Domestic Water Supply 
	Present and future demand is secured
	Present and future demand is secured
	Present and future demand is secured

	Industrial Water Supply
	Present demand is secured
	Present and future demand is secured
	Present and future demand is secured

	Irrigation Supply
	Present demand is secured
	Present and future demand is secured
	Present and future demand is secured

	Hydropower
	No new HPP is developed

Existing HPP made more efficient
	6 in total

(4 on Drina)

Rogacica" HPP, "Tegare" HPP, "Dubravica" HPP, “Kozluk" HPP, 

(2 on Lim)

Brodarevo I HPP, and Rekovici SHPP

(1 PSHPP – Lim and Uvac Rivers) 
	10 in total

(7 on Drina)

Rogacica" HPP, "Tegare" HPP, "Dubravica" HPP, “Kozluk" HPP, "Drina I" HPP, "Drina II" HPP, "Drina III" HPP, "

(3 on Lim)

Brodarevo I HPP, Brodarevo II HPP and Rekovici SHPP

(1 PSHPP – Lim and Uvac Rivers)

	Other Power Supplies
	More green energy options are developed (e.g. wind, solar etc.)
	Still likely to rely on TPP for regularity of energy supply
	Increase to reduce reliance on TPP

	Flood Regulation
	Present flood regulation is secured aslong as no new dams are needed
	Present and future flood regulation is secured 
	Present and future flood regulation is secured

	Water Quality
	All planned WWTP are constructed,

Municipal wild dumpsites in riverbanks are closed and cleaned up
	Limited influence on water quality (sediments)
	Limited influence on water quality (increase in sediments)

	Minimum Environmental Flow
	Minimum environmental flow is guaranteed for each water intake
	Minimum environmental flow is guaranteed 
	Minimum environmental flow is guaranteed 

	Tourism
	Tourism is controlled in protected areas (guided access, no conversion of protected habitats for infrastructure) 
	Moderate influence on tourism (recreation areas)
	Moderate influence on tourism (recreation areas are created at new dam reservoir sites)

	Climate change and Drought mitigation
	Present drought period is mitigated by using water storage in existing dam reservoirs
	Present and future drought periods are mitigated by using water storage in dam reservoirs
	Present and future drought periods are mitigated by using water storage in existing and new reservoirs


3 Economic Analysis 

This sub-section provides the financial and economic analysis carried out for the HPPs developing in the Drina river basin in the Western Balkans. The purpose is to estimate the main financial indicators in order to make a qualitative and quantitative input for MCA for select the most appropriate scenario of HPPs development in the Drina river basin. Ultimately the purpose is to assess how financially attractive the project is for possible investors.

The analysis is built around the previously defined scenarios: Green Growth Scenario, Reduced HPP Maximisation Scenario and Full HPP Maximisation Scenario. They differ from each other in terms of different number of HPPs planned to be constructed. Green Growth Scenario assumes no new HPP is developed, so the main financial indicators are calculated for second and third scenario.
Since the three scenarios imply the construction of the planned WWTP and sanitary landfills (proposed in the national strategy), these structural options are not financially evaluated. That will not contribute to any difference of the financial indicators between one scenario to another.
For all hydropower plants the basic cost effectiveness indicators are presented (the cost per kWh of annually generated electricity and the cost per kW of installed power). For some hydropower plants the cost per Mm3 of storage capacity (EUR/Mm3) is also presented. Special attention is given to the computation of dynamic unit costs, particularly the dynamic prime cost DPC (EUR/kWh) (which for electricity is equal to the levelized cost of electricity, LCOE), as well as the levelized cost of power generation capacity and dynamic generation cost of water storage capacity.

Financial analysis produced typical indicators of financial return, including the financial net present value (FNPV) and the financial internal rate of return (FIRR). Together with financial analysis, economic analysis will produce typical indicators of project effectiveness like the economic net present value (ENPV), the economic rate of return (ERR), and the benefit-cost ratio (BCR).

Although it is beyond the scope of this analysis to provide a full cost-benefit analysis (CBA) for each of the scenarios, the following sub-section includes a discussion of the financial and economic costs and benefits of the scenarios and an attempt to estimate their magnitude in order to determine which scenario is most likely to generate a positive FNPV, positive ENPV and benefit-cost ratio (BCR) greater than 1.

These indicators will be used for initial ranking of the projects (according to their respective LCOE values as well). Results of the scenarios comparison are then subject to sensitivity analysis regarding key input variables. The estimate of costs and benefits and calculation of financial and economic indicators were prepared for period of 50 years and assume a financial discount rate of 8% and social discount rate of 9%.
3 HPP Investment Input Data

Investment costs for all envisaged hydropower plants are presented in Chapter 8 of the corresponding Country Reports. It is assumed that the construction of a medium-to-large HPP will take 4 years (2 years in case of SHPPs). Disbursements per annum for various items are given in the Table 3-6 below.
Table 3‑6 Annual disbursements (%)

	Construction (years)
	1
	2
	3
	4

	Civil works
	25
	20
	28
	27

	All equipment (HM, ME, EE)
	0
	30
	50
	20

	Investor's expenses
	70
	10
	10
	10

	Working capital
	0
	0
	0
	100


The investment distribution per years and HPPs in absolute terms (constant EUR, 2016) is provided in the Annex 3-1.
3 Operation and maintenance costs

Projection of hydropower plant operation costs is based upon the usual division of costs on operating and capital costs. Operating costs include: fixed and variable costs. Capital costs include: financing and depreciation costs.

Fixed operating costs include: maintenance costs, insurance costs, personnel gross salaries, other tangible costs and other intangible costs. Variable operating costs include: water fees, concession fees and other fees.

Maintenance costs include items like: costs of spare parts, costs of various materials, costs of oils and lubricants, costs of fuels and costs of external maintenance services. Modelling of maintenance costs is based upon the nominal (initial) purchase values of works and equipment, as well as empirical annual rates given in the Table 3-7 below.

Table 3‑7: Annual rates of maintenance costs

	Item
	Rate (%)

	Civil works
	0.30 to 0.40

	Mechanical equipment
	1.00 to 1.20

	Electrical equipment
	1.00 to 1.20


Modelling of insurance costs is based upon the nominal (initial) purchase values of works and equipment, as well as empirical annual rates given in the Table 3-8 below.
Table 3‑8: Annual rates of insurance costs

	Item
	Rate (%)

	Civil works
	0.10

	Mechanical equipment
	0.40

	Electrical equipment
	0.40


In order to estimate Personnel gross salaries costs, it is first necessary to adopt the number of staff charged with the operation of the HPP. The 5 to 10 workers range seems reasonable for calculations of this type and medium-to-large HPPs. Second, it is necessary to adopt the mean monthly gross salary per worker. Salary of 1.000 Euros looks like a reasonable approximate value. Annual costs are calculated as (number of workers) x (monthly gross salary) x (12 months).

Tangible costs include items like: costs of communication (postal) services, travel costs, personal expenses (per diem etc.) and utility services (cleaning etc.). Modelling of tangible costs is based upon the total annual costs of personnel gross salaries and empirical annual rate equal to 15 to 30%.

Modelling of intangible costs is based upon the total annual costs of personnel gross salaries and empirical annual rate equal to 10 to 20%.

Specific fixed operating costs are calculated as (total annual fixed operating costs) / (mean annual electricity generation) and are presented in Eurocents/kWh or Euros/MWh.

The details related to water fee are defined in the Law on Water (i.e. the corresponding regulation each country) and the Decree on Value of Water Fee (or its equivalent). For example, the value prescribed in Republic of Serbia amounts to 2.3% of the price of the 1 kWh of electricity, i.e. of 3,5995 RSD, and is expressed in RSD/kWh. This value can be converted to EUR/MWh for convenience (at the current exchange rate of 123.26 RSD for 1 EUR this amounts to 0.671 EUR/MWh).

Modelling of concession fee is based upon the total annual income from electricity sales and an empirical annual rate. Value of 3% would be on the safe side.

Other fees usually include transaction costs, regulated by regulations in power on local and state level. Modelling of other fees is based upon the total annual income from electricity sales and an empirical annual rate. Annual rate value of 1% seems reasonable.

Specific variable operating costs are calculated as (total annual variable operating costs) / (mean annual electricity generation) and are presented in Eurocents/kWh or Euros/MWh.

The distribution of operation and maintenance costs per scenarios in absolute terms (constant EUR, 2016) is given in the Annex 6-1.
3 Results from the Financial Analysis

The following table 3-9 depicts the main cost effectiveness indicators for Scenario 2 and Scenario 3 (the levelized cost of electricity, the levelized cost of power generation capacity and dynamic generation cost of water storage capacity).
Table 3‑9: The main cost effectiveness indicators for Scenario 2 and Scenario 3 (Serbia)
	HPP
	Scenario 2
	Scenario 3

	
	LCOE
(EUR/kWh)
	DGCOWSC
(EUR/Mm3)
	LCOE
(EUR/kWh)
	DGCOWSC
(EUR/Mm3)

	HPP Rogacica
	0.0396
	n/a
	0.0396
	n/a

	HPP Tegare
	0.0426
	n/a
	0.0000
	n/a

	HPP Dubravica
	0.0634
	n/a
	0.0000
	n/a

	HPP Kozluk
	0.0552
	311,444
	0.0552
	311,444

	HPP Brodarevo 1
	0.0560
	1,417,211
	0.0560
	1,417,211

	SHPP Rekovici
	0.0458
	3,158,866
	0.0458
	3,158,866

	PSHPP Bistrica
	n/a
	n/a
	n/a
	n/a

	HPP Drina 1
	n/a
	n/a
	0.0433
	178,158

	HPP Drina 2
	
	
	0.0448
	138,070

	HPP Drina 3
	
	
	0.0445
	115,922

	HPP Brodarevo 2
	
	
	0.0479
	596,611

	TOTAL
	0.0692
	1,612,933
	0.0661
	441,096


According to the data presented in previous data, FNPV will be positive and FIRR higher than 8% in the case that price of electricity is higher than 0.0675 EUR/kWh (Scenario 2) and 0.0646 EUR/kWh (Scenario 3). Lower prices of this would induce negative FNPV for HPPs included in given scenarios.

With current price of electricity (3.5995 RSD/kWh or 0.0292 EUR/kWh), FNPV is extremely negative and FIRR is below the discount rate.
	Main parameters and indicators
	Scenario 2
	Scenario 3

	Financial discount rate (%)
	8.0%
	8.0%

	Financial rate of return (FRR) (%)
	1.30%
	1.51%

	Financial net present value (FNPV) (in Euro)
	-620,229,044
	-989,160,645


3 Economic analysis methodology
A financial analysis examines the effectiveness of a project, or set of projects, from the perspective on an investor. An economic analysis is important for infrastructure projects, especially those co-financed by donors, in which society as a whole is the investor. An economic analysis is based on available data and assumptions made based on experience. Another approach is to determine what level of external benefits is required for a measure or set of measures to yield a net benefit to society and then determine whether this benefits scenario is likely to occur.

The objective of an economic analysis is to analyse a project’s (or set of projects) impact on society’s well-being in the country or region in which the project is implemented. A financial analysis, in contrast, only takes into account the costs and (direct/immediate) benefits that accrue to the investor as a result of the measure. An economic analysis should include the total costs and benefits from the perspective of the public that benefits from the project. The fundamental rule in selecting projects holds that the measure should generate a positive economic net present value (ENPV), meaning that benefits exceed costs. The following indicators are used in a CBA to describe the economic effectiveness of a project, or set of projects: ENPV (economic net present value), EIRR (economic rate of return) and Benefit-cost ratio (BCR).

The starting point for calculation of these indicators is the financial cash flows from the financial analysis. While various methods exist to estimate social costs and benefits for CBA purposes, in general project outlays (costs) should be described in terms of their opportunity cost, while the benefits (effects) of the measure should be measured by the society’s willingness to pay (WTP) to obtain a given effect. Often because WTP studies are costly and conducting them for a single project, or even set of projects, is not possible at an early stage of project development, the “benefits transfer technique” is often used, which entails extrapolating results from similar studies onto the analysed project. While this has its limitations, it is useful at an early stage of project development, as is the case with the schemes comprising the individual development scenarios. The sections below deal with socio-economic costs and benefits.

Economic costs correction

For the quantitative estimation of the economic costs, the following three steps were carried out and applied to the financial cost streams:

1) Fiscal corrections. All financial prices in the financial analysis should be net of all indirect taxes/subsidies and other transfers, like value added tax which are distortion of market prices as seen from a super-national perspective. Direct taxes (like income taxes) however need to be included in the analysis;

2) Corrections for externalities. External costs which are not priced in the financial analysis were here quantified and valued.

3) Conversion of market prices to accounting prices. Market prices are distorted because of imperfect markets. An example of market distortions, which is particularly valid for this study, may be legally enforced minimum wages in a country with high unemployment figures.

Key cost components of the project include the following: Investment cost, Replacement cost and OM costs.

Fiscal corrections are essentially applied to the labour cost elements of these costs in order to account for market distorting social security payments (shadow wage). Regarding the cost side of externalities, it was considered in first approximation that they are no significant external costs for the investment measures proposed in the project besides temporary environmental disamenity during construction to people adjacent to construction sites. These costs were considered marginal and insignificant.

Two main conversion factors were considered to correct market price into cross border neutral accounting prices: standard conversion factor and standard wage conversion factor. Standard Conversion Factor (SCF) were applied to help revalue local non-traded goods at their world market price value (Shadow Price) to account for distorting indirect taxes and subsidies with SCF defined as SCF Border Price/Domestic Price. The following formula recommended by the EC CBA guidelines applies:

SCF=(M+X)/((M+Tm)+(X-Tx))

with SCF = Standard Conversion Factor; M = value of imports; X = value of exports; Tm = taxes on imports; Tx = taxes on exports.

SCFs were applied to local and foreign materials used in the investment and operation of the project.

Standard Wage Conversion Factor (SWCF) were used to take into account distorted labour prices due to unemployment and underemployment. The following formula recommended by the EC CBA guidelines applies:

SWCF=SW/FW=(1-u)×(1-t)

with SW = the shadow wage; FW = the financial (market) wage, u = the regional unemployment rate (41.57%) and t = the rate of social security payments and relevant taxes (33.4%).

Having in mind that Serbia is highly import dependent country regarding resources, standard conversion factor is calculated and use for revalue non-traded goods (calculated value is SCF=0.97). The financial costs of the project were used as a basis to estimate its economic costs, by correcting the non‑skilled labour component in the investment and operating costs with a shadow wage that takes into account the current unemployment level in the project area (with a Conversion Factor equal to 0.39). Shadow wage only applies to unskilled labour, where there is an abundant supply. Skilled labour, however, is assumed to be properly priced, since the market for this type of labour is considered competitive. Based on that, for investment and reinvestment costs, calculated conversion factor is equal to 0.91. No other conversions from financial to economic prices were deemed necessary (i.e. all remaining CFs were set to 1), as the project components would be procured through an open, competitive international tender, and local services and goods are considered adequately priced in the local market (given its high degree of openness with the EU internal market).

Table 3‑10: Conversion factors for the model 

	Item
	CF Value
	Conversion Factor Rationale

	SCF
	0.97
	According to National Statistical Office of Serbia in 2014, total import is 15,497 million EUR, total export is 11,158 million EUR, import taxes are 842 million EUR and export taxes are equal to 0.

	SWCF
	0.42
	Shadow wage for not-competitive labour market. Regional unemployment rate is 31.62% and the rate of social security payments and relevant taxes is 52.2%.

	CF investment and replacement costs
	0.91
	Cf = (F x Fv x Sf + L x Fv x Sl + O) / Fv


The following external costs and benefits were identified and estimated:

External costs

Investments in multi-purpose water management schemes involve external costs that are detailed in the environmental and social impact analysis, such as: siltation, habitat loss, soil erosion, noise during construction.

External costs also include such items as: 

· Economic losses during construction phase – these include travel delays, loss of economic opportunity, etc. Losses were estimated for each scenario. These losses were estimated at 0.20% of total investment costs.

· Economic losses during the operations phase – as for losses during construction phase: for each scenario these losses were estimated at 2.0% of total investment costs.

· Other costs – such as intrinsic value of the environment, were not estimated.

Ideally, these external costs are reduced or internalised into the investor cost structure by implementing several mitigation measures and costs of these measures should be included in the financial analysis. An economic analysis should take into account those costs to society that are not compensated or otherwise accounted for in the financial analysis.

External benefits

The development scenarios will give rise to a number of external benefits that are not considered in the financial analysis and need to be considered in the economic analysis for society as a whole. For multipurpose (water-energy) projects, benefits from water supply, flood damage reduction, and power supply need to be quantified as far as possible to allow conclusions on the best approach to meeting water development objectives. These include:

· Benefits due to water supply – these include an estimate of the benefits per capita that will accrue to water users (residential, agriculture, industrial) during the period of analysis.

· Benefits due to flood protection – an estimate of the avoided damage to agricultural land and objects (private houses, apartments, industrial and business premises, schools, and public buildings are a major component of the benefits of multi-purpose water management schemes.

· Benefits due to drought mitigation– an estimate of the reduction in average annual damages due to droughts compared to the baseline (with current level of drought mitigation).

· Other benefits – due to recreation and navigation, were not estimated.

Benefits due to water supply

As mentioned in this report, the structural development options are assumed to meet the long-term needs of the population for water. Since a Master Plan, or similar investment programme has not been prepared for alternative water supply projects – such as investments in improving water quality through treatment, reducing technical water losses through rehabilitation projects, increasing access of the population to reliable water supply through expansion of networks, etc. – it is not possible to compare the relative priority of securing supply through water management schemes versus other means of providing that supply.

The benefits transfer method mentioned above could be used to approximate the magnitude of possible benefits. One study published by the EU estimated the per capita benefits of full compliance in candidate countries with water and wastewater directives
. The water management schemes would serve to secure supply and thus would not entail full compliance with such directives.

Therefore, the economic value of water was used at a fixed rate of 0.40 EUR per cubic metre and under the assumption that an increment of 60 litres per person per day of water would be supplied from the schemes. This works out to an annual per capita benefit from water supply of 8.80 EUR. Since all of the development scenarios ensure water supply to the population, this is assumed to be the same for all development scenarios. It is assumed that the benefitting population will be equal to 136,358.
Benefits to irrigation

Total agricultural land is equal to 3,361.12 km2. It was assumed that the production of 40% (Scenario 2) and 60% (Scenario 3) of the available land would be attributable to irrigation, or in other words, an incremental change over the baseline. Further, the benefit per m2 is estimated to 1.13 EUR. Since all scenarios are evaluated as meeting the demands for irrigation water, it is assumed that all will produce the same benefits profile.

Power supply

The benefits from power supply were assumed to be embodied in the price of electricity. At the next stage of project development, an energy sector study, in which the amounts and type of supply are planned, would enable the determination of the extent to which hydropower schemes would render unnecessary additional conventional fossil fuel based supply. This would provide an accurate measure of the benefits from power supply.

Avoided damages (flood protection and drought)

Avoided damages are the major external benefits of flood protection projects and are typically calculated as the difference between damages caused in a baseline scenario (without new measures) and an “investment” scenario in which it is assumed that for certain flows, no damage occurs. As flood events occur, the intensity and duration of the flood event will mean that the given level of protection will be exceeded with different frequencies. Therefore, a calculation is made of the integral of damage caused by floods between the probability of exceedance in the current protection level (baseline) and probability of exceedance in the new protection level (investment scenario). Damages from floods that exceed the investment scenario level of protection are assumed similar to those in the baseline scenario and are therefore not taken into account.

The estimation and tracking of credible data on economic damages due to flood in Serbia should be considered a priority of the state, as well as the entities individually. The current lack of credible data increases the likelihood that resources will be misallocated or spent ineffectively. In addition, land use measures should also be investigated, such as the feasibility of downstream levies. The establishment of floodplains, on the other hand, does not appear feasible due to the large number of households and premises that would have to be vacated.

According to the web resource Preventionweb
 and last official government’s report (2014), average annual economic damage is estimated to 121,500,000 EUR due to the floods. It was calculated that 31,761,065 EUR of these damages occur in the Drina River Basin. These economic benefits are present only in Scenario 3, because Scenario 2 will not include investment linked to flood protection.

3 Results of the economic analysis

The results of the economic analysis of costs and benefits reveal that all of the development scenarios yield economic benefits in excess of costs. This is seen in the following Table 3-11.
Table 3‑11 : Economic analysis of costs and benefits
	Main parameters and indicators
	Scenario 2
	Scenario 3

	Social discount rate (%)
	9.0%
	9.0%

	Economic rate of return (ERR) (%)
	12.85%
	15.23%

	Economic net present value (ENPV) (in Euro)
	181,177,212
	550,529,730

	Benefit-cost ratio
	1.19
	1.35


Based on the positive economic indicators resulting from the analysis, the implementation of the both scenarios is expected to increase social welfare. Scenario 3 has higher incremental social impact than Scenario 2.
3 Prioritisation and effect on development strategies

Prioritisation of the investments will be performed following the selection and approval of the proposed Development scenario considered the most feasible based on the MCA analysis performed. 

Once the approval of stakeholders is obtained, the project team will prepare the prioritisation of investments in the planned HPPs from the selected development scenario, based on the following criteria:

1. Technical characteristics

2. Economic criteria

3. Environmental protection criteria 

4. Social development strategies

Basically, it is considered that all proposed investments are designed towards avoiding the deterioration of ecological and chemical status of surface water and ecological and quantitative status of groundwater.  

Concerning the WWTP and landfills, analysis of existing development strategies, related with wastewater and solid waste management in the area, and prioritization results reveals that there is no foreseen collision in realization of planned activities due to proposed HPP construction.

However, realization of planned sanitation and WWTPs in this area will be challenging from several reasons: existing sewage systems are usually developed partially, from the central part of municipalities towards the periphery, causing the capacity problem; dominant combined sewer systems; limited sewage coverage; etc. Therefore, significant investments will be required to fulfil established targets. However, its implementation will have significant positive effects on water quality management of proposed reservoirs. HPPs, as the most economically effective parts of integrated water management system in the basin, may represent a spin-off triggers for realization of waste water related strategies. Similar conclusion can be derived regarding existing solid waste management development strategies.
Thus, the chapter will be completed in the final version of the IPF Report. 
3 Prepare inventory of significant changes

The logical and natural step toward utilisation of one river basin is first to construct the large HPPs that are more economically feasible and then the small HPPs that have same environmental impacts but less multi-purpose benefits. The top of the list should be reserved for HPPs on large reservoirs that can distribute flows from a wet to dry season, fulfil multipurpose issues such as irrigation, flood and drought and can cover peak demand. Large HPPs on smaller reservoirs that provide some daily regulation of flows are of second priority, followed by small HPPs with no regulation of flow. The latest utilisation should be the SHPPs that have large environmental impacts for a small energy benefits.
The importance of HPPs on large reservoirs is becoming more evident when compared to thermal plants that cannot be easily accommodated to changes in demand. HPPs, by contrast, can respond to changes in demand and adjust production accordingly. 
Thus, a brief overview of the proposed HPPs has been provided in the IWRM Country Report published in June 2016. Due to rather short time period between IWRM Country Report publishing date and the date for publishing of this IPF Report there has been no changes recorded on the proposed solutions. The summary has been provided in the table 3-12 below:
Table 3‑12  Summary of changes and their impact on the HPPs included in the development scenarios for the DRB
	No
	Name
	Changes and impacts

	1
	Rogacica HPP
	No change indicated

	2
	Tegare HPP
	No change indicated

	3
	Dubravica HPP
	No change indicated

	4
	Kozluk HPP
	No change indicated

	5
	Drina I HPP
	No change indicated

	6
	Drina II HPP
	No change indicated

	7
	Drina III HPP
	No change indicated

	8
	Brodarevo I HPP
	No change indicated

	9
	Brodarevo II HPP
	No change indicated

	10
	Rekovici SHPP
	No change indicated

	11
	Bistrica PSHPP
	No change indicated


Based on the proposed development scenarios in the DRB, the main significant changes due to structural options that would affect the flood and drought resilience are:

1. The new storage reservoirs that would permit:

· To stock the flood peak and therefore to control the flood output in the downstream section of the concerned River

· To stock a “dead” volume (not for operation) that can be release during drought period in order to mitigate the drought effect in the downstream section of the River

· To mitigate the hydrological changes due to climate change

2. The guarantee of a minimal environmental flow that would permit to mitigate the draining of the downstream sections of the River

The main significant changes due to the proposed structural options that would affect the water quality are:

· The sewage development, WWTP constructions and new sanitary landfills that would drastically reduce the residual municipal and industrial source of surface and groundwater pollution.

Since the study has shown that there is no expectation of a significant increase of the population, therefore it is not expected a significant change of urban pressure near the riverbank of the rivers that could affect the run-off coefficient of the catchment area and then the flood peaks.

Finally, the main significant changes due to non-structural options such as the improvement of the co-operation between the riparian countries for HPPs managements (reduction of hydro-peaks, harmonization of EF, harmonization of flushing periods) and such as a strengthening of the environmental measures (fish ladders construction, control of flushing operation) would lead to a most durable aquatic and riparian ecosystems.

3 Hydropower Review

The characteristics of all future hydropower plants analyzed within present Project are given in detail in IWRM Country Reports. There is no need to repeat these characteristics in the present report, which contains the definitions of development scenarios, i.e. the combinations of these plants to be used in the MCA.

No new plants have been added to the HPP list after the publication of the IWRM Country Reports. Modified electricity generations in these plants in case of climate change are presented in Section 5.5.

No further calculations have been performed for the "Bistrica" PSHPP. This HPP was not included into development scenarios and will not be further analyzed within the present report.

The "Bistrica" PSHPP is a well-known project with a long history. It was included into various planning and strategic documents in power in Republic of Serbia, as well into the strategic documents developed by the Electric Power Industry of Serbia. 

Therefore, the Consultant recommends the inclusion of this HPP project into the projects that should follow the present one and its detailed analysis.

3 Short review of mini HPP and their influence

In Section 8.9 of IWRM Country Reports were presented the data on a number of SHPP planned in the DRB. The data was very scarce and in many cases even the planned SHPP installed power was not available. There is also very little data on actual SHPP hydraulic schemes and their expected SHPP environmental footprints. 

It is evident that installed powers of number of SHPPs range between 2 and 10 MW, what makes them relevant in terms of power. However, even if all these projects were realized (not remotely likely), they could not replace the construction of a single large HPP and satisfy development needs outlined in Section 2.3 of present report. On the other hand, construction of these structures can have very adverse environmental consequences.

Numerous suggestions regarding concessions for hydropower projects will be given in Section 3.10 of present report. However, it is necessary to discuss some technical details here.

One of the most sensitive issues related with SHPP construction is a choice between diversion and non-diversion schemes. In practice, many investors give advantage to diversion schemes, in order to "concentrate" available gross head within one plant, i.e. maximize plant installed power that can be achieved along a certain watercourse reach.

While this can be easily understood, having in mind the financial effects of such a decision, it can have disastrous effects on environment. The problem usually can be solved by introduction of adequate values of ecological flows as well as mitigation measures such as fish ladder, but this sometimes introduces new problems. As an example, in absence of reliable data on ecological flows at the profiles of potential SHPPs the designers often assume some "rule of thumb" values, like 10% of the mean annual flow. Mean annual electricity generation calculations are made using this value and financial feasibility of the project is determined based upon an unrealistically high electricity generation estimate. After receiving the formal decision on the ecological flow, possible inventors learn that the projects, in which they have already invested certain amount of money, actually are infeasible.

Therefore, it is important to make possible investors (and designer) aware of the fact that the prescribed ecological flow for diversion-type plants can be much higher than in the past and that mitigation measures could be required depending on the environmental protection targets.

On the other hand, it might be practical to motivate possible investors to invest into cascades of low-head non-diversion plants instead into one single diversion-type plant. The economical approach to this will be described in Section 3.10.

Simultaneously with this, possible inventors (and designers) should be made aware of new types of low-head turbines which can make construction of low-head plants more economically attractive.

It is clear that only a fraction of SHPP projects analysed or mentioned in the scope of public calls for proposals during the last two decades came even close to its realization. There are many reasons for this, including the environmental ones. Therefore, it makes sense to reconsider some of the corresponding technical solutions having in mind new technologies and current methodologies for determination of ecological flows.
3 Recommendations for Hydropower operation concessions
This section will present several recommendations related to development and operation of hydropower projects in order to ensure their sustainability. It should be pointed out that there already exist a considerable number of documents that deal with this matter, some of them being:

· "Dams and Development: A new framework for decision making (World Commission on Dams, 2000),

· "Hydropower Sustainability Assessment Protocol" (IHA),

· "Guiding Principles on Sustainable Hydropower Development in the Danube Basin" (ICPDR, 2012)

· "Recommendations for Sustainable Hydropower Development in Montenegro (2012),

· EU "Water Framework Directive (WFD),

· EU "Birds Directive", 

· EU "Habitats Directive", 

· EU "Renewable Energy Sources Directive" (RES),

· EU "Linking Directive",

· "Hydropower Generation in the Context of the EU WFD" (Arcadis, 2011) etc.

These documents analyze sustainability of hydropower projects in detail. Due to limited space, only the most salient points will be presented here. Essential aspects of sustainability of hydropower projects include:

· Water management to maintain or achieve good ecological water status or potential,

· Protection of important natural assets,

· Quality and effectiveness of environmental impact assessment,

· Design and implementation of mitigation measures to address adverse environmental impacts,

· Social and socio-economic issues, full assessment of costs and benefits and their equitable sharing,

· Climate change,

· Transparency and public participation etc.

The countries that share the DRB territory are all in the process of accession to the EU. All these countries also develop their plans and policies. It is necessary to harmonize these documents with EU legislation in order to prevent possible future problems, i.e. introduction of projects that will make difficult the application of EU Directives. 

Although there are different opinions about the influence of climate change upon discharges of watercourses in the entire South-Eastern Europe it would be wise to take caution when feasibility of future hydropower projects is estimated. Possible decrease of water quantities in the watercourses, along with an increase in demand for water (for instance for potable water supply and agriculture) could raise lead to conflicting water use.

Previous experience with issuing of approvals of construction of a number of hydropower plants (this is especially true in case of SHPPs) shows that there is a serious lack of coordination between energy sector, spatial planning administration, water authorities, environmental administration etc. This is a serious problem that cannot be solved easily, as it requires reforms in a number of sectors, capacity building etc. Certain documents, very important for integrated water management, like river basin management plans, are often missing. Therefore, the sectors and administration that have to decide upon the development of hydropower projects cannot base their decision upon clear and straightforward baselines, or guidelines.

Present financial instruments aimed at promotion of renewable sources (including hydropower) are, generally speaking, not taking into account the environmental footprint of different projects. For example, small hydropower projects, once approved, will receive feed-in tariffs depending on the installed power only. Their investors will, of course, try to maximize their profits and choose corresponding technical solutions. Selective tariffs could stimulate application of environment-friendly solutions.

Transparency and involvement of stakeholders is an important component of the planning process. Without these prerequisites, it is impossible to encompass all effects (social, environmental etc.) of construction of a hydropower project and chose the optimum solution. This also includes the analysis of numerous alternative ways to satisfy demand for energy, for instance, by using the methodology presented in the WFD.

The importance of public participation should also not be underestimated. It contributes greatly to equity in distribution of benefits coming from the construction of individual projects. It also helps avoid problems related to equity in use of water downstream of envisaged objects.

Planning of hydropower development should include the division of certain areas (or water bodies or their parts) into categories. One of such division includes suitable, less favourable and non-favourable ones. In suitable areas new projects could be developed without major restrictions, in less favourable one they would be developed provided that need for new energy sources cannot be fulfilled in any other way and in non-favourable ones no power development could be possible. This should especially be taken into account during the development of spatial plans., cadasters of watercourses etc.

Special attention should be given to EIAs and ESIAs, which should be detailed enough to include all relevant environmental aspects of individual projects, but must not be an unbearable burden for the investor (unrealistic programs of additional investigations etc.). Cross-border impacts have to be accounted for in a proper manner. Even if the main measures to mitigate the environmental impact of HPP are presented in chapter 3.12.6, the following summarizes the main specific recommendations focused on environment that should be considered for operation concessions. 

Recommendations to guarantee the durability of fish population during operation concession 

In the case of maximal HPP scenario, the fall of productivity of the most of identified indigenous fish species is expected and this claim especially refers to Salmonids. The largest drop in production is expected in the first 5 years after the formation of the reservoir. From this reason, and from the fact that these species are very significant both from an environmental and recreational point of view, conservation measures must be applied in the operation concession. These measures might include the construction of artificial salmonid hatcheries near the part of the river which is affected by HPP or construction of fish ladders. However, even though awareness of the need for fish ladders in construction of hydroelectric power plants is rising, the problem is always the economical aspect of their construction. This is especially true for some of the higher proposed dams, because fish ladders must be constructed in a significant length because of the height of the hydroelectric facilities. On the other hand, the construction of artificial hatcheries in order to compensate for the negative impacts on the spawning and migratory movement of fish is significantly cheaper, but proven to be difficult to maintain in Serbia, as shown on Perućac example. 

Additionally, based on the paragraph 3 of Article 73 of the Fisheries Act ("Official Gazette of Republic of Srpska", No. 72/12 from August 1st. 2012) requires the provision of unobstructed passage of fish from dam users on all fishing waters in Republic of Srpska, which makes the construction of fish-ladders on all the dams between Serbia and BiH, obligatory.

Even though a fish ladder can be considered as effective, the consequences of hydro-peaking will certainly lead to destruction of the certain percentage of the fish stock. Therefore, along with the fish ladder, fish-stocking must be done in parallel, to an annual amount independently calculated for each of the planned reservoirs. Fish-stocking should be coordinated between the countries and limited to salmonid species as Cyprinid species are lot more resistant to the negative effects of the reservoir construction. All fish-stocking concerning allochthonous fish species should be forbidden. 

Other recommendations to guarantee the fauna and flora population during operation concessions:

· Select turbine protection for fish (concepts: deterrence of fish movement in the direction of the turbines);

· In cooperation with the competent organizations, continuously monitor the status of fish populations downstream and upstream of all the planned reservoirs, with the involvement of experts in the field of ichthyology, which will conduct an analysis and assessment of damage done to the fish stock, which will occur during operation of hydro power plants and take an active part in restocking, i.e. renewal of fish stocks;

· The minimal environmentally acceptable flow will have to be maintained at all times and harmonized with the riparian countries;

· Maintain a system for preventing the penetration of fish in the power production system;

· If hydropeaks can not be avoided for the dam operation, then a structural option has to be provided to mitigate the downstream effects of hydropeaks (balancing reservoir for example) or a restocking program has to be provided to mitigate the fauna and flora losses.

· Controlled and managed the flushing operation through the bottom outlet in order to mitigate the percent of death of present fish populations in the zones that are situated 5-20 kilometres upstream and the downstream from the dam. To prevent such large losses, it is recommended that the flushing operation is performed during the cold period of the year with a gradual increase and decrease of the outlet discharge (water and sediment) over a prolonged period of time.
3 Effect of infrastructure on floods 

The effect on floods could have been estimated with the acceptable level of confidence only by hydraulic modelling. However, the luck of reliable bathymetric and topographic data did not permit the Consultant to make a hydraulic model and perform such an analysis for the three proposed development scenarios. Therefore, only an engineering estimate of effects of infrastructure under three proposed scenarios (“Green Growth”, “Reduced/Optimised HPP Maximisation” and “Full HPP Maximisation”) is given. Effects are also discussed in view of estimated changes in flood flows under the impact of climate change. Since the lower Drina Basin is the most vulnerable part in the DRB as far as floods are concerned, effects are discussed only for this part of the DRB. In the upper and middle Drina River Basins effects of existing and planned flood protection infrastructure highly depend on the integrated river basin management and particularly on the consensus between the water and hydropower sectors on water releasing plans from reservoirs during floods.

Green Growth Scenario assumes that there will be no new dams with multipurpose use in the basin. Therefore, the existing, complex flood protection system on the right bank along the lower course of the Drina River which comprises:

a) Embankments on the right bank, that are part of the continuous flood protection line which runs all way along the right bank of the Sava River from the town of Šabac to Crna Bara, and 
b) The drainage canal network with a number of pumping stations which protect the Mačva region against river and internal floods,
can have its full protection effect against 1% flood only if large gaps in the embankment system (see section 9.2 of the IWRM CR Serbia – Main Report) along the Drina River are filled by connecting the existing embankments, and if several weak points on the Sava River embankments are reconstructed to meet the design criteria (see section 9.2 of the IWRM CR Serbia – Main Report). Moreover, the effect can be provided on the long-term basis only on conditions that: 1) the sediment dredging is controlled through the establishment of the strict sediment management practices in both neighbouring countries and if they are supported with the corresponding legislation, and 2) both river banks are systematically protected against erosion.

The flood protection effect against 1% floods on the left bank can be achieved only by: 1) an increase in the height of existing flood protection structures by 1.2 m, up to the point where backwater effect of the Sava River diminishes, and by 0.80 m further upstream along the Drina River, 2) construction of additional 33.36 km of embankments that will divide Semberija region into a number of polders and thus increase the safety level in this area, and 3) regular maintenance of the infrastructure (river banks, embankments, drainage canal system, pumping stations and sluice gates). However, the completion of the flood protection infrastructure on the left bank requires agreement between governments of the Republic of Serbia and the Republic Srpska, since the boundary between BiH and Serbia along certain reaches does not run along the Drina River, but is displaced to the west, along the tracks of abandoned watercourses (characteristic for the Drina River) through which the river ran during the time of the Berlin Congress (1878) when the demarcation lines were determined.

Studies of the climate change impacts on floods, conducted within this project and within the WATCAP project (World Bank, 2015), estimated increase in the extreme floods magnitude based on the ensemble median flood distribution. Estimates were made for the near (2011-2040) and the distant future (2041-2070) (see Chapter 5-4, Annex 5-3). The increase for the near future was estimated to 0% (present study) and 7% (WATCAP project) and to approximately 5% and 14%, respectively in the distant future. With sufficient free-board, such an increase should not compromise embankment functionality on condition that the structure is kept in a proper condition. However, the observed possibility of more frequent occurrence of medium floods would necessitate protection of the exposed slope of the embankment with the impervious layer to prevent embankment from breaching or collapsing. On the other hand, expected changes in long-term average bankfull discharges in the range from -7% to +22% in the near future and from -21% to +20% in the distant future (see Chapter 5.2), indicate a need for the re-assessment of river bank stabilisation measures especially where stone revetments are used to protect the bank against erosion.
Reduced/Optimised HPP Maximisation Scenario. The construction of one concrete gravity dam downstream of the Zvornik dam is planned only in the scenario for Serbia. The dam site “Kozluk” is located some 19 km downstream of the Zvornik dam. Operating and top water levels are the same (135 m.a.s.l). Since the left bank is much lower than the right one, this will necessitate construction of the embankment with the clay core all along the reservoir length to contain the reservoir and to prevent flooding of villages and towns at the foot of hilly terrain from external waters. However, there is a high probability that reservoir levels will permanently affect groundwater table, i.e. increase its height, thus endangering agricultural land and villages from internal flooding. This would raise a need for complementary drainage and pumping stations system in the valley. The traffic road to Zvornik makes the reservoir rim on the higher right bank. Thus, the road structure could be used to upgrade the embankment and the road should be elevated. 

The total evacuation capacity of the dam of 8000 m3/s (section 8.6.5 of the IWRM CR Serbia – Main Report) highly exceeds 1% flood to which the existing embankments on the right bank in the lower Drina Basin were designed and constructed. Moreover, it exceeds 1% flood estimated both from the observed records and two climate change scenarios. Therefore, an integrated river basin management is essential to avoid damaging flows in the downstream areas and particularly the consensus between the water and hydropower sectors on drawdown plans from reservoirs during floods. The remaining comments on the effect of flood infrastructure are the same as for the Green-growth Scenario.

Full HPP Maximisation Scenarios propose construction of four concrete gravity dams downstream of the Zvornik dam – “Kozluk”, “Drina I”, “Drina II” and “Drina III” dams. With these four dams, a cascade system is made in which the tail-water of an upstream dam is an operating (and top water) level of the downstream reservoir. Since top levels in all reservoirs are well above the ground level on one or both river banks, the only manner to contain each reservoir is the construction of embankments with the clay core. High reservoir levels will give raise to an increase in groundwater table on both banks. To prevent agricultural land and settlements on both banks from internal flooding the capacity of existing pumping stations should be increased and possible introduction of new ones into drainage systems of Mačva and Semberija should be considered. Additionally, a permanent rise in water levels caused by the creation of reservoirs will increase vulnerability of the protected areas to potential dike-break flood-waves. Therefore, it is highly recommended that both Mačva and Semberija regions are divided into polders for the purpose of localising the possible damage to the area close to the dike-breach.

Total evacuation capacity of the “Kozluk” dam (8000 m3/s) is approximately halved in each of the remaining three downstream dams (4075 m3/s), while the total reservoir volume of “Kozluk” reservoir (49.8 million m3) is almost doubled in “Drina I” reservoir (85 m3). The volume in “Drina II” reservoir is increased by approximately 50% when compared to “Drina I” (120 m3), whereas that of “Drina III” reservoir (150 m3) is 25% larger than the water volume in the reservoir “Drina II”. Despite this increase in reservoir capacity, and the fact that the maximum outflow from the “Drina III” does not exceed 1% flood estimated both from the observed records and two climate change scenarios, synchronisation of operational plans for the entire cascade during floods is absolutely necessary as well as the consensus between the water and hydropower sectors on drawdown plans from reservoirs during floods.

The distribution of droughts throughout the basin are not comprehensively analysed so far and what data that does exist shows an inhomogeneous pattern. The droughts experienced in recent years have also had particularly adverse effects on agricultural production. Apart from the reduction of flood surges, the construction of multi-purpose reservoirs could reduce, or even totally eliminate, the adverse effects of droughts. Further, in order to ensure the necessary water intake without impairing the environmental conditions in the downstream part of the river, it is necessary to increase the discharge during dry periods by appropriate technical measures. In the future, after 2040, the water deficit during dry seasons will be even larger and more critical. Hence, along the conclusions made above, the effects on droughts can be achieved through Reduced/Optimised HPP Maximisation Scenario and Full HPP Maximisation Scenarios both containing HPPs that can be used as multi-purpose reservoirs.
3 Analysis of Environmental and Social Impact of investments 
As described in chapter 4, maximum 10 HPP projects are considered in the scenario development of the Serbian part of the DRB. The environmental and social impact assessment is concentrated mainly on these HPPs investments of the future development scenarios. Indeed, among the developed scenarios, the HPP and their reservoirs have the most impact on environment and on social due to construction and operation phases. The following figure 3-1 presents the location of the HPP, their key dimensions are listed in Table 3-13.
Figure 3‑1: Location of the HPP projects included in the development investments of the BiH part of the DRB
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Table 3‑13: List of HPP projects reviewed for the EIA and SEA analysis
	N° of the HPP
	Name of HPP
	River
	Derivation
	Dam height (m)
	Reservoir area (km2)

	1
	Brodarevo I
	Lim
	No
	38.8
	0.516

	2
	Brodarevo II
	Lim
	No
	45.95
	1.04

	3
	Rekovici
	Lim
	No
	14.7
	0.173

	4
	Rogacica
	Drina
	No
	42
	5.82

	5
	Tegare
	Drina
	No
	44.3
	12.21

	6
	Dubravica
	Drina
	No
	39
	19.23

	7
	Kozluk
	Drina
	No
	38
	7.2

	8
	Drina I
	Drina
	No
	29.05
	14.2

	9
	Drina II
	Drina
	No
	30.5
	22.8

	10
	Drina III
	Drina
	No
	31
	42.7


3 Methodology (for environment and social criteria)

The impact assessment has been undertaken on a three-step procedure and based on the matrix method which is convenient for presentation of conclusions and recommendations:

1. Identification of receptors and evaluation of the vulnerability of the affected environment,

2. Assessment of the magnitude of impact, and

3. Assessment of the overall impact.

1) Environmental baseline characteristics are presented in the characterization report. They will be assigned with a degree of vulnerability from low to high. Here, vulnerability is considered a degree of sensitivity of the receptors to cope with the change and potential impacts, depending on the location and the main characteristics of the impacted receptors. For example, hospitals and clinics near planed construction sites are considered as of high vulnerability in respect to the air quality impact.

2) Magnitudes of potential impacts are described as their influence in terms of time, space, reversibility and the probability that will occur. For example, high adverse magnitude of impact implies fundamental change to the specific environmental conditions, resulting in long term or permanent change and which would require significant interventions to return to baseline - typically exceeds national standards and limits. The magnitude of the impact is scaled from the high negative to high positive.

When the investment has also positive impacts, an analyse of the balance of positive and negative magnitude of potential impact is assessed in order to provide the resulting magnitude of impact.

3) The degree of receptor vulnerability and the magnitude of impacts for a specific parameter are cross-referenced to obtain an overall impact assessment for the construction and operational phases of the development potential investment. This assessment evaluates the significance of the impact on a scale from very high negative to very high positive (see Table 3-14). 

In this chapter the overall impact are assessed without application of mitigation measures. Based on this assessment, the mitigation measures and monitoring activities will be generated and prioritized. The assessment is conducted for construction and the operational phase of the realization.
Table 3‑14. Overall impact assessment matrix

	Magnitude of impact
	Sensitivity of Receptor

	
	Negligible
	Low
	Medium
	High

	High positive
	Small positive
	Medium positive
	High positive
	Very high positive

	Medium positive
	Insignificant
	Small positive
	Medium positive
	High positive

	Minor positive
	Insignificant
	Small positive
	Small positive
	Medium positive

	Negligible
	Insignificant
	Insignificant
	Insignificant
	Insignificant

	Minor negative
	Insignificant
	Small negative
	Small negative
	Medium negative

	Medium negative 
	Insignificant
	Small negative
	Medium negative
	High negative

	High negative
	Small negative
	Medium negative
	High negative
	Very high negative


Potential main impacts are assessed based on the geographic areas where influence of the project development may be observed. Two scales of impacted zone are considered during the construction phase and the operation phase of the project development: 

· the direct impact zone which is directly affected by the construction and the operation of the project development as for example the reservoir inundated area, the construction of the pipeline, of the power line, of the accessed roads...

· and the indirect zone, which covered a larger zone characteristic of the DRB as for example the fauna migration corridors, the hydraulic regime of a River, the change to microclimate...

3 Definition of the environmental impacts

This chapter considers the main significant environmental impacts of the potential investments (results of chapter 3.5) on the Environment. The environmental assessment is concentrated mainly on the HPPs investments that have the most impact on environment due to construction and formation of reservoirs. It has to be highlighted that this review of impacts is assessed at a global scale of the DRB and not at a detail and local scale. This will be done in future for each project development in the Environmental assessment study.

Biodiversity

Further development of hydro-power plants on the Drina River or its tributaries will have a negative effect on both terrestrial and aquatic ecosystems. The negative effects of dam’s development are diverse and are likely to impact biodiversity and regional conservation efforts during both construction and operation.
The biodiversity criteria and subcriteria of the impact assessment are defined in the Table 3-15. The vulnerability of the receptor and the magnitude of the impact have been determined for each site of the full maximal HPP scenario for both construction and operation phases. The positive and negative impacts for each criterion are compared to result in a final magnitude. The resulting overall impact assessments are given in Chapter 3.12.4.
The magnitude of the impacts has been determined based on the presence of protected areas, of protected species and their reproduction, of feeding, hibernation, aestivation and hiding habitats. The uniqueness of the destroyed habitats is integrated on local, national and regional level as well as the consequences of induced habitat fragmentation. In addition, it is considered the estimation of the durability of the introduced changes, of the potential for compensation and mitigation of the negative effects and the potential cumulative effects of proposed developments.
Table 3‑15: Definition of the environmental criteria
	Project phase
	Criteria
	Aspect
	Subcriteria definition

	Construction
	Terrestrial Vegetation and related habitats
	Positive
	None

	
	
	Negative
	· Direst destruction of habitats and individuals

· Erosion

· Loss of soil fertility and diversity of ecological conditions

· Influx of invasive flora and fauna

· Particulate and chemical pollution

· Habitat fragmentation

· Hindered reproduction cycle and natural dispersion ability of plants 

	
	Migration corridors
	Positive
	None

	
	
	Negative
	· Changes in turbidity and quantity od suspended matter

· Loss of spawning areas

· Ecological and physical barriers

· Direct physical destruction or damage of biodiversity by infrastructure and hydro-technical activities 

	
	Terrestrial Fauna
	Positive
	None

	
	
	Negative
	· Habitat loss

· Increased disturbance

· Habitat fragmentation

· Changes in established migration routes

· Limited access to water and food

· Influx of invasive and introduced species

	
	Alluvial ecosystems
	Positive
	None

	
	
	Negative
	· Direct destruction of alluvial ecosystems

· Quantitative and qualitative loss in biodiversity 

· Fragmentation and surface reduction of riparian habitats

· Changes in ecological conditions 

· Influx of invasive and introduced species

	
	Aquatic Ecosystems
	Positive
	None

	
	
	Negative
	· Hindered reproduction sites availability

· Changes in particle content and turbidity downstream from dams

· Changes in water quality

· Significant changes of ecological conditions in the river and their function as an ecological barrier

· Direct physical destruction or damage of biodiversity by infrastructure and hydro-technical activities

	
	Conservation Areas
	Positive
	None

	
	
	Negative
	· Direct territorial overlap with existing, proposed or planned protected areas 

· Destruction and deterioration of habitats of strictly protected species

· Destruction of individuals of strictly protected species

· Indirect biodiversity loss in protected areas

· Sediment deprivation downstream 

	Operation
	Terrestrial Vegetation and related habitats
	Positive
	· Increased protection against extreme floods and droughts downstream from dams by stream regime control

	
	
	Negative
	· Sediment deprivation downstream

· Halted or slowed development and evolution of habitats

· Increased erosion and microclimatic changes

· Absence of siltation and fertilization by flooding

· Sensitivity of afforested areas to influx 

	
	Migration corridors
	Positive
	· Increased protection against extreme floods and droughts downstream from dams by stream regime control

	
	
	Negative
	· Physical and ecological barrier effect of dams and reservoirs on migratory fish and other aquatic biodiversity

· Separation of feeding, reproduction and rearing sites

· Physical damage to the individuals by the reservoir or dam infrastructure

· Hindered reproduction site availability

· Increased turbidity and suspended matter during flushing

	
	Terrestrial Fauna
	Positive
	· Increased protection against extreme floods and droughts downstream from dams by stream regime control

	
	
	Negative
	· Barrier effect to migration

· Erosion and water regime caused habitat loss downstream

· Habitat fragmentation

· Catchment degradation caused by infrastructure development

· Increased disturbance due to increase in leisure activities

· Hindered food source availability due to habitat loss and changes in aquatic ecosystems 

	
	Alluvial ecosystems
	Positive
	· Increased protection against extreme floods and droughts downstream from dams by stream regime control

	
	
	Negative
	· Sediment deprivation downstream

· Decreased nutrient delivery

· Halted or slowed down development and succession of alluvial and riparian ecosystems

· Lowered groundwater tables along the river downstream due to riverbed incising

· Changes in quantity and timing of water flows

· Influx of invasive and introduced flora

	
	Aquatic Ecosystems
	Positive
	· Increased protection against extreme floods and droughts downstream from dams by stream regime control

	
	
	Negative
	· Sediment deprivation downstream

· Hindered reproduction sites availability

· Backwater build-up

· Changes in pressure, temperature, oxygen distribution, water level, particle and turbidity downstream from dams

· Changes in water quality

· Indirect changes in aquatic ecosystems upstream from dams

· Significant changes of ecological conditions in the reservoirs and their function as an ecological barrier

· Reservoirs and dams as physical barriers

· Changes in quantity and timing of water flows

· Influx of invasive and introduced aquatic species

	
	Conservation Areas
	Positive
	· Increased protection against extreme floods and droughts downstream from dams by stream regime control

· Increased conservation awareness in case of increased number of visits

	
	
	Negative
	· Direct territorial overlap with existing, proposed or planned protected areas 

· Destruction and deterioration of habitats of strictly protected species

· Indirect biodiversity loss in protected areas

· Sediment deprivation downstream


Two maps, Figures 3-2 and 3-3, present the effects of HPP scenarios in relation to conservation areas, protected areas on national level and national Emerald networks in the DRB.
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Figure 3‑2 Overview of the proposed and existing protected areas in the DRB
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Figure 3‑3 Overview of the proposed and existing Emerald sites in the DRB
The impacts are described in more details, below, for both phases.

Impact assessment on biodiversity during construction

The negative effect of the dams’ development will be direct destruction of biodiversity wildlife by cleaning of terrain. During development of individual dams, associated objects and infrastructure, it will be necessary to remove all vegetation on surfaces on which these objects will be situated. 

Potential emission of pollutants during construction can have direct and indirect negative effects on organisms. Burning fossil fuels and usage of heavy machinery that uses large quantities of lubricants will have direct and indirect negative influences on biodiversity and especially plant communities found around the sites if they are used without any caution and if the machines do not meet the pollution standards.

Noise levels on site during construction, as well as presence of humans and heavy machinery will increase significantly, limiting the use of the construction site by local fauna.

Hydro-technical works during construction will influence migration patterns and reproduction success of aquatic organisms in the construction site, with potential spread of influence on the zones proximate to the site.

The largest part of the Serbian part of the DRB belongs to the different deciduous and coniferous forest types. Due to the specific climatic and other environmental conditions in some parts there are a large number of Mediterranean and sub-Mediterranean species which presents important biological resource for flora of Serbia. Also, in these forests numerous relicts and endemics (such as: Picea omorika, Juglans regia, Alyssum montanum, Campanula patula, C. secundiflora, Lilium martagon, Edraianthus jugoslavicus etc.) grow. As these forest types occurs on steep habitats and at altitudes of 500 m and above, the activities during construction has not impact on these flora and vegetation. It has been assessed that the activities during construction phase will have an impact on fragmentary developed alluvial forest (forest of willow, alder and birch) within Drina basin.

As construction activities impact on flow regime and vegetation removing, the floristic structure will be changed in surrounding terrestrial ecosystems. This can lead to proliferation of invasive plant species that were recorded in the surrounding areas, considered to be very aggressive: Amorpha fruticosa, Acer negundo, Aillanthus altissima, Aster sp. Reynoutria japonica etc.

After establishment of stable populations, invasive plants will have a negative effect on ecosystems through a variety of mechanisms: direct competition for resources, predation, disease vectoring, and interbreeding with local populations, leading to development of hybrids and loss of species integrity.

However, negative effect on habitats, if done properly, can be temporary on sites used for storage of materials originating from the site or materials that will be used in the construction process.

Destruction of plant communities will be followed by other negative effect such as reduced availability of food and hides for fauna, erosion and reduced nutrient value of the soil. Bigger and more mobile representatives of fauna will probably be able to evacuate the site and find more suitable feeding and breeding grounds, but this will come with an increased resource competition with the individuals already present on these sites. Many of the species will decline on the site during construction.

Hydro-technical works will have diverse negative effect on the ecosystem of the river as well as habitats associated with it. Most prominent negative influences are changes in river profile, changes in water level and turbidity, emission of dust and vibrations, potential emission of liquid pollutants.

These effects will have a negative influence on aquatic organisms, notably on migration and food base of fish, habitat requirements and availability for aquatic invertebrates, macrophyte and phyto and zoo-plankton. 

Due to all the stated negative influences, landscape characteristics will degrade and numbers of grand majority of species previously present in the area of the future reservoir will drop, some of which will disappear.

Based on the proposed assessment methodology, the significance of the predicted construction effect on biodiversity for HPP in the scheme is given in Table 3-16.
Table 3‑16: Assessment of Construction phase biodiversity Impacts for each HPP

	
	Location
	Receptor vulnerability
	Magnitude of Impact
	Overall significance

	Wildlife and terrestrial fauna
	HPP
	Low
	Medium negative
	Medium negative

	Migration corridors
	HPP
	Low
	Medium negative
	Medium negative

	Aquatic ecosystems
	HPP
	High
	High negative
	High negative

	Terrestrial vegetation and habitats
	HPP
	Low
	Medium

negative
	Medium negative

	Alluvial ecosystems
	HPP
	Medium 
	High negative
	High negative

	Protected areas
	HPP
	Low
	Minor negative
	Small negative

	Landscape
	HPP
	Medium 
	Minor negative
	Small negative


Impact assessment on biodiversity during operation

Construction of reservoirs destroys habitats that will be succeeded by them, but constructed reservoirs divide the populations of many species. This division is at times partial, as the fish ladder can be constructed and integrated in the project. But even then, ecological division will remain, as the ecological conditions in free-flowing rivers are completely different when compared to reservoirs. These differences in ecological conditions are smaller in the sections of the river where the water is not fast and already rich in Cyprinid fish for example but they still exist. 

Construction of reservoirs on Drina River will drastically change the ecological characteristics of the basin, altering significantly ecological balance. Downstream from the reservoirs, river will flow as before, but with variable temperature, clarity and level. Upstream of dams, it will change into an ecosystem similar to the small natural mountain lakes in the upper-stream and further downstream, as the turbidity and level of pollutants rise, the newly formed reservoirs will likely advance to typical mesotrophic lakes.

Dams also alter the downstream flow regime. Flow regime changing of affect riverside and floodplain vegetation. Dams can disrupt plant reproduction and allow the encroachment of upland plants previously prevented by frequent flooding. The presence of storage reservoirs permanently reduces the diversity of riparian vegetation. Therefore, most of the negative influences can be summarized into following categories:

· Change of river ecosystems into lake ecosystems, whose influence is augmented through their role as a physical and ecological barrier.

· Loss of ecological balance.

· Changes in micro-climate, ecological conditions, notably phytoclimate and that has as a consequence a change in the groundwater levels, and which can cause negative changes within the plant communities along the new shoreline, potentially at a larger scale.

· Loss of autochtonous plant communities and fauna, followed by invasion of alochtonous or previously absent species.

Developing the considered complex of reservoirs for electricity generation will, even with a fish ladder installed on each of the dams, likely change the abundance and population structure of certain species. These kinds of problems can be solved with complex fish restocking but the history of the dams already constructed on Drina River did not really demonstrate proper management of the fish populations, even though initial projects demanded it after construction. The risk that the same will happen with future projects is therefore high.

In addition, a fast change of temperature, turbidity and oxygen levels, downstream from reservoirs is likely to pose an ecological problem for fish populations, making migrations, feeding and reproduction more difficult. Further fragmentation of the aquatic ecosystems in the basin will most likely have a negative effect on the population size and structure for all the Salmonid species present in the DRB.

Construction of the reservoir will increase biomass and production of particular fish species. Zones with an insignificant or slow flow are particularly suited for Catfish and Common Barbel population increase, and suitable conditions for bento-pelagial forms, primarily Bleak and Roach. Therefore, changes in a primary composition of the fish population will refer to Salmonid species as well. While Danube Salmon and Brown trout can actually live in reservoirs, growing faster due to increased food availability, Grayling will leave the reservoirs in search for flowing water. Despite of being capable of life in a reservoir, Danube Salmon as the most important and why not an umbrella species will experience other problems, such as reduced availability of suitable places for spawning, augmented by the change in ecological conditions between the reservoirs.

Given the natural characteristics of the region, it is likely that many of the planned reservoirs will cover important habitats, including caves, crevices, rock-creeps in upper stream and riparian habitats in lower stream of Drina river. Many of the values of these habitats are still unknown but could hold significant biodiversity, considering the species found in the adjacent protected areas. 

Construction of dams involves clearance of vegetation at the dam site. Also, construction of camps and other permanent structures and the associated activities usually result in further vegetation clearance. Some vegetation will be permanently lost and surrounding vegetation will experience changes in species composition towards more riparian species. These activities can lead to local habitat fragmentation.  Vegetation clearing and moving topsoil during site preparation will result in reduced capacity of the ground to retain water and increase surface water run-off during periods of rainfall, what lead to potential erosion problems.

Dams also will impact on fragmentary developed alluvial forest (forest of willow, alder and birch) within Drina basin due to the change of flow regimes. The presence of storage reservoirs will permanently reduce the diversity of riparian vegetation. This is especially important for the wetland vegetation that occur fragmentary in the lower course of the Drina River, downstream from the Zvornik`s accumulation (Hydropower plant "Zvornik").

Based on the development HPP scenarios, there is no reservoir planned in the current protected areas, neither in the planned protected areas. Based on the proposed assessment methodology, the significance of the predicted operation effect on biodiversity for HPP in the scheme is provided in the table 3-17.

Table 3‑17: Assessment of operation phase biodiversity Impacts for each HPP 
	Indicators
	Location
	Receptor vulnerability
	Magnitude of Impact
	Overall significance

	Wildlife and terrestrial fauna
	HPP
	Low
	Minor negative
	Medium negative

	Migration corridors
	HPP
	Medium 
	High negative
	High negative

	Aquatic ecosystems
	HPP
	Medium
	Medium negative
	Medium negative

	Terrestrial vegetation and habitats
	HPP
	Medium
	Medium negative
	Medium negative

	Alluvial ecosystems
	HPP
	Medium 
	Medium negative
	Medium negative

	Protected areas
	HPP
	Low
	Minor negative
	Small negative

	Landscape
	HPP
	Medium 
	Medium/minor negative
	Medium/small negative


Water Quality 

The vulnerability for all locations has been assigned between “low” and “medium”, depending on the estimate of capacity of water body to absorb proposed changes, other water resources users and possibility for mitigation.

Assessment of impacts of the construction phase

During construction of the project, the potential effects that can have direct or indirect impact on water quality could include: 

· Temporary localised changes in hydrological conditions while diversion arrangements in place for in channel working;

· Increased risk of localised pollution events due to use of construction vehicles affecting the river stream;

· Increased risk of pollution resulting from potential release of contaminants into the river due to discharges from construction facilities or possible accidents (spills of oil, fuel...);

· Sediment release into the river during construction in-channel or on river banks (increase of the water turbidity);

· Disposal of waste water from camps and workings, localised increase of pollution.

Wastes will be generated during both the construction and operational phases of the projects, for which appropriate waste management, minimisation and disposal practices will need to be established. The likely waste types from the construction include solid, liquid, hazardous, non-hazardous and inert wastes. Potential hazardous waste materials generated during construction across the Project sites include: 

· Oils and solvents (including empty containers, oily rags, clean up materials, hydraulic fluids, lubricants, etc.); 

· Paints and coatings;

Management of these hazardous wastes will require particular consideration, particularly any final treatment or disposal options. The principal potential impacts on the water quality which can arise from the generation of waste from the construction phase of the Project are:

· Contamination of surface watercourses and groundwater due to leakage and spillage of wastes associated with poor waste handling and storage arrangements;

· Fugitive emissions, such as dust and odor, associated with the handling and storage of some waste streams; therefore, a potential impact on water quality;

Overall, the significance of the predicted construction effect on water quality for each HPP in the scheme is considered as “small negative” (see table 3-18). The magnitude is not considered as negligible due to length of time required for in-river works.

Table 3‑18: Assessment of Construction Phase Impacts for each HPP

	Location
	Receptor vulnerability
	Magnitude of Impact
	Overall significance

	HPP
	Low-Medium
	Minor negative
	Small negative


Assessment of impacts during the operation phase

Given the relatively low reservoir volumes of the HPPs, the river flow regime downstream of the scheme is not expected to be influenced significantly. Regarding the water quality, planned reservoirs will represent a number of aquatic ecosystems that will act and function as a transitional form between river and the lake systems. Considering the current water quality of the Drina River and its tributaries in the designated locations, i.e. anthropogenic influence reflecting in this quality, some reservoirs will have a significant potential trophic level. However, due to low retention time, this potential in average conditions is not expected to be fully realized. 

Considered reservoirs at the lower part of the basin (HPP "Drina I", HPP "Drina II", HPP "Drina III" and HPP "Kozluk"), due to relatively small water depth, will have significant trophogenic portion of the volume and significant littoral zones with fine sediment and low water velocity. This will provide excellent conditions for production of macrophytes. Accompanied with stable water level and favourable water temperature, significant primary production can be expected in these reservoirs, which may lead to adverse impact on water quality.

There is a potential of minor adverse impact on several water quality indicators. As an example, one may expect that water temperature will be slightly increased during warm season and slightly decreased during the coldest period. In addition, dissolved oxygen concentrations will certainly be slightly decreased in comparison with current conditions. On the other hand, one could expect certain beneficial effects regarding water quality at downstream stretch of the river (e.g. turbidity, heavy metal concentrations, etc.). Overall, it can be expected that planned reservoirs will represent a kind of water treatment reservoirs for downstream users. In addition, the reservoirs may have significant protection role in accidental contamination events.

During the operational phase of HPPs, the waste is expected to emanate primarily from the worker’s facilities, offices and any maintenance related activities. It will however be significantly less than that generated during the construction phase. It is envisaged that the following materials will be used during the operational phase which may have impact on the water quality: Chemical, paints, oils and fuels. Exact quantities will be dependent upon the optimised operating regime of each HPP and the frequency of maintenance/outage activities.

Therefore, the impact magnitude has been assigned as “negligible to small negative”. 

Positive impact of the WWTP and sewage development

As mentioned before, the environmental review is conducted for dam investments. However, it has to be mentioned that the sewage development including the WWTP construction mentioned in the national strategies will have positive impact on the water quality, decreasing the load of pollution of the treated waste water released in the rivers. More precisely, the sewage system development, i.e. coverage, may increase the pollution load in comparison with the baseline conditions, and therefore has to be completed with the WWTP construction. This is in relation with the operational impacts of HPP development, since the decrease in pollution load will have positive effects on planned reservoir water quality.

The construction phase of WWTP facilities may be considered to have similar potential environmental impacts as in the case of HPP construction, or less.

Air quality

This Chapter considers the potential air quality impacts associated with the construction and operation of the HPP scheme. Key potential emission sources of air pollutants which could affect the health of local receptors and amenity have been considered.

Assessment of impacts of the construction phase

Construction activities can result in temporary impacts from dust. Dust is generic term which usually refers to particular matter in the size range 1-75 microns. Dust from these activities is mainly associated with the movement and handling of material and is therefore predominantly composed of the larger fractions of this range which do not penetrate far into the respiratory system. The primary air quality issue associated with dust emissions from the construction phases is therefore loss of amenity and/or nuisance caused by, for example, soiling of buildings, vegetation, laundry and reduced visibility. 

During the construction phase, potential impacts include:

· Dust rise due to excavation works,

· Dust rise due to soil transport and/or construction material,

· Dust rise due to storage of soil and/or construction material,

· Dust rise due to resuspension on unsurfaced roads,

· Dust rise due to explosion,

· Dust rise due to concrete batching,

· Emissions associated with on-site plants and vehicles – typically particulate matter, Sulphur dioxide (SO2), and oxides of nitrogen (NOx),

· Emissions associated with construction related traffic.

Combustion related emissions from on-site plant and vehicles will occur during the construction phase. It is considered that these activities are temporary and infrastructure facilities energy supply will be carried out from existing networks outside the DRB, which will reduce the necessity of diesel-generators use to minimum. Therefore, impact should not be significant. 

Increased number of vehicles at existing roads is expected due to construction material and machinery transport. Mechanical dust release may take place by wind pick up, or by temporary suspension by the vehicles. It may also arise from construction materials piles windy erosion, as well as during the waste rock removal-disposal.

Sensitive receptors with the potential to be significantly affected by construction phase dust emissions have been identified based on a review of aero-photo and satellite imagery (Google earth, reservoir maps from JCI). The actual distances from a source that dust impacts can occur is highly site specific and will depend on the extent and nature of incorporated mitigation measures, prevailing wind conditions, rainfall, and the presence of natural screening by, for example, vegetation or existing physical screening. However, research indicates that impacts from unmitigated construction activities that generate dust are generally limited to within 150-200 meters of the site boundary. Nevertheless, to ensure a conservative assessment, all sensitive receptors within 500 meters of the proposed construction works have been identified.

Based on described analysis, the Impact significance “Medium negative to Insignificant” is identified at HPP locations, assuming no mitigation measures applied (see table 3-19).
Table 3‑19: Assessment of Construction Phase Impacts for each HPP

	Location
	Distance from nearest receptor
	Receptor vulnerability
	Magnitude of Impact
	Overall significance

	HPP
	< 500m
	Low-Medium
	Medium negative
	Medium negative


Assessment of impacts of the operational phase

The project is not considered to have the potential to cause significant long term impacts. The transportation and access to these sites for maintenance and operational purposes will be minimal; hence emissions from such vehicles will be negligible. The power back-up will be obtained by diesel-generators; however, these will be used only under emergency conditions and for limited periods of time, no further consideration within this assessment is required. There are no potentially significant emission sources associated with other operational elements of the HPP scheme. 

Climate

Proposed HPPs in the Serbian part of the DRB have relatively small to moderate reservoir volumes. Generally, the backwater of the reservoir would be significantly extended, however the average width of the flow area will be only slightly increase in comparison with the present water course conditions. Therefore, the water surface area will not be significantly increased after the system is built. As mentioned above the reservoirs will significantly change the flow regime from streaming flow in calm water flow. Consideration of possible impacts of planned reservoirs on microclimate conditions should include the following facts:
· Water reservoirs have characteristics of a thermal reservoir and therefore influence the surrounding air temperature regimes to become more uniform, primarily by lowering the daily amplitudes (by lowering the high summer temperature and increasing the low winter temperatures). This effect may be considered as positive. It does not concern the planned HPPs.

· The strongest thermal influence on the surroundings manifests in autumn, considering that it is the time when the temperature differences are the highest between the water surface and the surrounding soil.

· The reservoirs, because of the increased evaporation, may influence the air humidity and number of days with the fog. This effect is mostly influenced by the increase of the water surface area.

· The impact of the reservoir decreases exponentially with the distance from the water surface. It means that effects are confined to relatively narrow reservoir surrounding.

· The water surface of the reservoir causes the wind speed to increase in comparison with the present conditions. The increase depends directly on reservoir water surface increase.

· Steep and high gorge slopes significantly limit the impacted zone.

Considering the planned storage volumes and their location, as well as the low increase of the water surface in comparison with the existing conditions, no significant changes in the average daily temperatures are expected in the reservoir surroundings. Possibly, small changes can be expected in the extreme daily temperatures. From that aspect, it is possible to expect positive changes like the reduced daily amplitudes, especially in the summertime. However, this influence is limited to a very narrow riverside zone, and no transfer of these changes is expected to occur in the lateral tributary valleys. Slight local influence of air humidity could be also expected during extreme period, with a possible low influence on the riparian flora.

Based on all above facts and reasoning, the overall impact significance is considered as “negligible to small negative” in the case of larger reservoir near the settlement.

3 Definition of the social impacts

The social assessment is concentrated mainly on the HPPs investments that have the most impact on the population and the social and economic activities due to construction and formation of reservoirs. It has to be highlighted that this review of impacts is assessed at a global scale of the DRB and not at a detail and local scale. This will be done in future for each project development in the Social assessment study. The main socio-economic criteria considered for the impact assessement, caused by the construction and the operation of the dams and reservoirs in the Drina River Basin can be summarized as in the following table:

Table 3‑20 Definition of the social criteria 

	Criteria
	Definition

	Population
	Consider expected changes in population and to what extent will the population be affected. This includes a qualitative assessment of the overall impacts of the construction and operation of the facilities composing the development option, including displacement and resettlement, influxes and outflows of temporary residents as well as the arrival of seasonal or leisure residents.

	Agriculture
	A development option can have both positive and negative impacts on agriculture, the former by providing water for irrigation and the latter by inundating productive farm and pastureland.

	Forestry
	Similar as for agriculture, this criterion addresses the impact of the investments in the development option on forestry. Investments are more likely to lead to negative impacts on forestry, due among others to inundation of managed forests and the like.

	Fishing / Hunting
	A development option can affect fishing and hunting activities, both in recreational and commercial terms.

	Infrastructure
	Dams impact quite substantially on existing infrastructure and replacement/rerouting can be expensive. Roads and bridges can be inundated and need to be replaced. On the other hand, roads, power lines, social services and other infrastructure installed through the building of a dam provide access to previously inaccessible areas.

	Energy Sources / Use
	This criterion estimates the impact of the various schemes composing the development option on the use of existing energy sources, such as the disturbance or even inundation of a small hydropower plant.

	Health
	During the construction phase, the increase in some migrant workers to the area could detract from the overall health in the area. Anxiety related to pending and on-going construction could also adversely affect public health. During operations, however, the impact is expected to be lower in this regard.

	Education
	A socio-economic indicator, education is assumed to be unaffected by the development options.

	Ethnicity/Culture
	While potential impacts are thought to be low, for example detailed surveys of inundated areas would be needed to ascertain stated whether ethnic cemeteries would be affected.

	Visual Aspects
	Clearly, any dam site will irrevocably change the visual characteristics in the vicinity in its vicinity. Perceptions as to whether some changes can be positive, however, vary considerably.

	Culture Heritage/Tourism 
	The proximity of areas of cultural heritage and tourism mean that such investments can have both negative and positive impacts. Increasing tourism access, however, can also adversely affect an area.


In a general way, the wider area of the impacted municipalities, especially the municipal centers, could have positive benefits due to the construction of HPPs: that could provide economic activity in the region, new jobs, improvements in terms of irrigation, electricity and water supply and sewerage. On the other hand, the construction of HPP would have also negative impacts: resettlements of people (mostly agricultural population) located on the riverbanks due to inundation, loss of the local economy. These communities living close to dams often would not benefit from water transfer and electricity generation revenues. In more details, the effects of the HPP development scenario on social are:
Effects on population
The HPPs and their reservoirs are located in municipalities Bajina Bašta, Ljubovija, Loznica, Bogatić, Prijepolje and Priboj in the Serbian part of the DRB. In general, the wider area of these municipalities, especially the municipal centers, could have positive benefits by the construction of HPPs since both the construction and operation phases could provide economic activity in the region, new jobs, improvements in terms of irrigation, electricity and water supply and sewerage.

On the other hand, the negative impacts will affect the settlements and people located on the river banks due to inundation and resettlement. In addition, communities living close to dams often could not benefit from water transfer and electricity generation revenues.

Currently there are not enough data to calculate the exact number of affected people or households especially in terms of their resettlement. This detailed evaluation is the aim of the specific social assessment study for each dam feasibility study.

The areas of Middle and Lower Drina River include seven HPPs which can have impacts on the population both in Serbia or Republic of Srpska. There are a lot of settlements placed on both sides with a number of houses close to the river which would be resettled. For example, in Serbia the HPP “Kozluk” could affect the Banja Koviljača which is an important spa center in the region and this impact should be carefully considered in the planning phase. The HPP “Rekovici” is located next to city Priboj and the Factory of motor vehicle which is important for local economic development as well as population of the city and surrounding villages. 

Effects on gravel extraction

According to local development strategy of the Municipality of Foca-Ustikolina, there are three sites of sand and gravel extraction on the Drina River. Official web page of Bogatic Municipality
 defines three sites of the gravel and sand extraction in villages Badovinci, Salaš Crnobarski and Crna Bara.

Along the entire course of the Drina in Mačva, or more precisely from the village of Prnjavor to the Drina’s mouth, mining is generally undertaken without any approvals or permits from water management authorities. In the Pavlović Bridge area, gravel is extracted on both riversides (in Serbia and in Republika Srpska, BiH).

There is also concern over the fact that while both local governments have authority to issue a small number of licenses, the majority of gravel extractors have licenses issued by one particular municipality (Bogatić/Badovinci) in Serbia.

According to the “Environmental Justice Atlas”
, at least 500 m3 of sand are extracted per day along the river.

However, no official data show if other municipalities quarry sites of materials extractions in the Drina River.

The location and the volume of extracted materials should be investigated in a specific EIA/SIA since the construction of HPPs could have direct impact on gravel and sand extraction activities. The dams would change the sediment transits (quantity and quality of sediments) and the reservoirs should flood the existing sites of extraction. Thefore that can change the local economy in the DRB. Indeed, gravel extraction from the riverbed of the Drina River is an economic activity regulated by the state but the data on the quantities of excavated sediments are unavailable, although this type of activity is a significant source of income for small private companies.

Therefore, at this level of the analysis, no data will permit to evaluate which of the HPP projects can have a high impact of gravel extraction. Therefore, it is not possible to provide precise enough assessment of the impact of the planned HPP on the gravel extraction economy.
Effects on agriculture

The most agricultural land would be inundated by HPP development in the Lower Drina River area where the arable land is located on the both sides of the River. Since the agricultural land is mostly in private ownership, there is a possibility that some households lose their income due to the inundation of the arable land so that the consequences of “economic resettlement” should be considered in the further analysis.

On the other hand, HPPs have a positive effect on agriculture since the reservoir can be used to regulate and improve the irrigation system and will also be used to improve flood control. The resulting impact may differ from one HPP to another depending on the balance between the loss of surface due to the reservoir and the benefit of flood protection.
Effects on forestry

Forests cover large areas next to river Lim so that the impacts of possible deforesting will be the most significant in that region. The forests are mostly in public/state ownership and their acquisition will be easier and the negative impacts on population would be less. Besides loss of forest land, there could also be potential loss of livelihood due to the loss of woodland and the loss of forest products.

However, the Drina valley is not significantly concerns by this impact since the area impacted by dams are mostly agricultural land.
Effects on fishing and hunting

During the construction phase, the construction activities will have negative impact on fishing due to the diversion of the rivers that will change the flow regimes and disrupt the fish migration (see chapter 3.12.2). In addition, for security issue, fishing should be prohibited during construction phase. The construction activities would also affect, in a small extent, the wildlife movements and habitats (see chapter 3.12.2) and indirectly would affect the hunting.

During the operation phase, the HPPs development has benefit effect since new reservoirs represents new areas for developing fish farming, spawning areas and new fishing areas. On the other hand, new reservoirs will change the stream regime of the rivers in calm and stagnant water that will impact the fish migration and the population of Salmonid. The hydro-peak will also affect the fish population. This will indirectly impact the fishing. The operation phase of HPPs is not expected to have a significant impact on hunting activities.
Effects on infrastructure

There are several important roads (main roads and regional roads) and local roads which could be affected by the construction and operation of HPPs. The affected roads may be either inundated or destroyed due to the influence of the reservoir, either momentarily under track traffic pressure during construction phase.

The main motorways passing the area of influence are: 

· State road IB no. 20 S. Mitrovica-Bogatic-state border BiH (Badovinci)

· State road IB no. 26 Belgrade-Obrenovac-Sabac-Loznica-state border BiH (M. Zvornik)

· State road IB no. 28 M. Zvornik-LJubovija-Rogačica-Kostojevići-Užice-Kneževići-Kremna–state border BiH (Kotroman)

At this stage, it is not clear how many kilometres of roads would be inundated but it must be a part of the further SIA. According to the preliminary analysis in Serbia (SR IB no. 28 and SR IB no 26) approximately 100 km of state roads are placed next to the river banks. It is possible that they would be affected because of their location. 

During the construction stage, there should be expected the significant increase of traffic volume and closing of some routes or sections for some periods during the day. The impact on the road safety could also be an issue. 

In the other hand, HPPs development will bring the opportunity to construct new access roads and then to improve the local network in the DRB and to provide access to previously inaccessible areas.

Since the big cities and lot of villages are located in the area of influence there should be expected that there is important network of power lines which must be considered in further research. It could be complicated and expensive if the construction of HPPs would require the displacement of power lines. On the other hand, the connection to the power system would be quite easier if existing power lines is next to HPP site.

Effects on health

The health impacts are usually difficult to quantify. The most important health issues for the people living in potentially affected area are stress due to involuntary resettlement and the potential loss of livelihood.

In addition, during the construction phase only, the work activities will produce dust, wastes, noise. An increase of the truck traffic will be also expected, as well as a potential exposure to operational accidents and/or natural hazards These could indirectly affect the neighbouring population, leading to increase of anxiety, stress and of respiratory disease.

However, there is no significant impact of HPPs development during the operation phase.
Effects on ethnicity and culture

This could be an issue especially if there was inundation of gravesites or special locations of mythical/spiritual significance. A detailed survey on the number of gravesites that would be inundated by the developments would be required so that forward planning can be undertaken to try and find a consensus to solve such problems.

On the other hand, since the Drina River is a boundary between Serbia and BiH, the joint works as well as the possibility of bridge construction on the dams could be considered as an advantage in cultural cooperation between the countries or entities and it could improve ethnical cohesion in the region.

Visual Effects

During the construction phase, activities will generate many construction wastes, destruction of plant areas and dusts. That will then impact negatively the visual aspects of the region.

During the operation phase, there are likely to be changes to the views of the landscape, but individuals’ perceptions on such issues vary markedly. Someone may consider a landscape with a manmade lake/reservoir beneficial, whilst someone else may think this is ugly and wish for the original more rugged landscape that was once there. What is clear is that visual effects in vicinity of the dam site and the resulting reservoir will change the view and look of the land irretrievably. This could be a potential loss of landscape and aesthetic quality
Effects on cultural heritage and tourism

The HPP projects could be an important issue for the organization of the main touristic manifestations in Middle Drina - “Drina Regatta”. The Drina Regatta is the oldest event of tourist - recreational character in the Drina River region which is organized in memory of the ancient tradition of the Drina rafters. The regatta is the most visited event in Western Serbia and central summer event on water that attracts with a variety of amenities tens of thousands of visitors from Serbia and abroad. Rafting Drina is organized by Municipality of Ljubovija in the length of approximately 40 km from Ljubovija town to the village of Rogatica. 

The cultural heritage of Drina region is heterogeneous, including a wide range of cultural goods from prehistoric and ancient times, to medieval, to the Ottoman period and modern times. Considering the municipalities where the HPPs and storages will be located there are 46 cultural heritage sites in Serbia. For now, it is not known if some of them would be directly affected by the construction of the dams and reservoirs. Not only the officially protected cultural heritage should be analysed but also a numerous religious objects, urban structures and other sites important for the local population and their cultural and religious feelings.

Despite possible negative effects, the construction of HPPs may point out historical heritage by constructing them with a respect of architectural and environmental features of surrounding area and historical dimension of space. It is therefore desirable to define architectural solutions of HPPs and other facilities respecting opinion of the cultural institutions as well as opinion local public.

It is possible that project work may affect accidentally discovered buried or submerged cultural resources.
Education

During the construction and operation phases, the HPPs development scenario could be a small benefit for education. Indeed, education centre should be provided for school to visit during construction and then during operation. That should be a good way to educate children for the renewable energy.
Energy sources/use

The construction phase could have a small negative impact due to so high quantity of energy used for the construction activities. However, the new HPP dams will contribute to increase the local renewable energy source of the region and then they have benefit effect for the global energy source.

Based on the above analysis of the social impacts of the dams’ development scenarios, the impact significance identified at HPP locations, assuming no mitigation measures applied are given in the table 3-21:
Table 3‑21: Assessment of social impacts for construction and operation phase for HPPs scenarios
	Indicators
	Receptor vulnerability
	Magnitude of Impact
	Overall significance

	Population

Construction phase

Operation phase
	Medium

Small
	Minor negative

Negligible
	Medium negative

Small positive

	Agriculture

Construction phase

Operation phase
	Medium

Small
	Minor negative

Minor positive
	Small negative

Small positive

	Forestry

Construction phase

Operation phase
	Small

Small
	Minor negative

Minor negative
	Small negative

Small negative

	Fishing/Hunting

Construction phase

Operation phase
	Low

Low
	Minor negative

Minor negative
	Small negative

Small negative

	Infrastructure

Construction phase

Operation phase
	Small

Small
	Minor negative

Medium positive
	Medium negative

Small positive

	Energy source/use

Construction phase

Operation phase
	Negligible

Negligible
	Negligible

Minor positive
	Insignificant

Small positive

	Health

Construction phase

Operation phase
	Small

Small
	Minor negative

Minor negative
	Small negative

Small negative

	Education

Construction phase

Operation phase
	Negligible

Small
	Negligible

Minor positive
	Insignificant

Small positive

	Visual aspect

Construction phase

Operation phase
	Medium 

Small
	Minor negative

Negligible
	Medium negative

Insignificant

	Culture heritage and tourism

Construction phase

Operation phase
	Small
Small
	Minor negative

Minor positive
	Small negative

Small positive


Finally, the construction phase will have mostly negative effects on all criteria, since during this stage there will be more noise, traffic, construction works, land clearing, non-domestic workers and other effects which could be annoying for the communities. The most positive effect will be the increase of the economic activity but this cannot in general compensate for the negative aspects. However, insignificant effect of HPP construction is given when the population density is low or if the area is unpopulated.

3 Environmental and social impact assessment for the future investments options

The analysis of the degree of vulnerability of the affected area, combining with the estimated magnitude of the impact have led to a global environmental and social impact assessment for the 10 HPPs project for the development scenario of the Serbian part of the DRB, both during construction and operation phases. The results are given in annex 3-2.
It is important to highlight that this study presents the global impact assessment based on the characterization of the DRB and on the experience of the Consultant on exiting dam’s construction. It aims to provide to stakeholders the main key impact expected during construction and operation of the planned projects and without mitigation measures. These preliminary results will have to be completed at the appropriate stage of each development of the planned dams with an EIA and an SIA, including monitoring data. 

The Consultant has summarized the impact results for both construction and operation phases, without mitigation measures, in tables 3-23 and 3-24. The used scale scores the range of the overall impact between +4 for very high positive impact and -4 for very high negative impact (see Table 3-22).

Table 3‑22: Legend of the environmental and social impact assessment for HPPs development scenarios
	LEGEND

	Very high positive
	4

	High positive
	3

	Medium positive
	2

	Small positive
	1

	Insignificant
	0

	Small negative
	-1

	Medium negative
	-2

	High negative
	-3

	Very high negative
	-4


Table 3‑23: Results of the preliminary assessment of environmental and social impact for the future HPP investments, without any mitigation measures – Construction phase
	Parameter / Indicator
	OVERALL IMPACT ASSESSMENT DURING CONSTRUCTION STAGE

	Ref No
	Max HPP #1
	Max HPP #2
	Max HPP #3
	Max HPP #4
	Max HPP #5
	Max HPP #6
	Max HPP #7
	Max HPP #8
	Max HPP #9
	Max HPP #10

	Name of HPP
	HPP, "Brodarevo I"
	HPP, "Brodarevo II"
	HPP, "Rekovici"
	HPP, "Rogacica"
	HPP, "Tegare"
	HPP, "Dubravica"
	HPP, "Kozluk"
	HPP, "Drina I"
	HPP, "Drina II"
	HPP, "Drina III"

	ENVIRONMENT IMPACTS

	Geology and Soils
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	Climate
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Air Quality
	0
	-2
	-2
	-2
	-1
	-2
	-2
	-1
	0
	0

	Hydrology
	0
	-1
	0
	-1
	-1
	-1
	-1
	-2
	-2
	-2

	Hydraulic regime of the River
	-2
	-2
	-1
	-2
	-2
	-2
	-1
	-1
	-1
	-1

	Surface Water Quality
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	Ground water Quality
	0
	0
	0
	0
	0
	0
	-1
	-1
	-1
	-1

	Terrestrial Vegetation and related habitats
	-3
	-2
	-1
	-2
	-2
	-2
	-2
	-4
	-4
	-4

	Migration corridors
	-2
	-2
	-1
	-2
	-2
	-2
	-2
	-2
	-2
	-2

	Terrestrial Fauna
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-2
	-2
	-2

	Alluvial ecosystems
	-1
	-2
	0
	-1
	-1
	-1
	-2
	-4
	-4
	-4

	Aquatic Ecosystems
	-2
	-2
	-1
	-2
	-2
	-2
	-2
	-2
	-2
	-2

	Conservation Areas
	0
	0
	0
	-1
	0
	-1
	0
	0
	0
	-3

	Landscape
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	SOCIAL AND ECONOMIC IMPACTS

	Population
	0
	-1
	-3a
	-2b
	0
	-2
	-2
	0
	0
	0

	Agriculture
	0
	-1
	0
	-2 b
	0
	-3b
	-1
	0
	-1
	0

	Forestry
	-2
	-1
	0
	0
	-1
	0
	-1
	-1
	-1
	-1

	Fishing/Hunting
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	Infrastructure
	-1
	-1
	-2
	-2
	-1
	-2
	-2
	0
	-1
	-1

	Energy Sources/Use
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Health
	0
	-1
	-2
	-1
	0
	-2
	-2
	0
	0
	0

	Education
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Ethnicity/Culture
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Visual Aspects
	-1
	-1
	-2
	-1
	-1
	-2
	-1
	-1
	-1
	-1

	Cultural Heritage/Tourism
	0
	0
	0
	-1
	0
	-2
	-2c
	-1
	0
	0


a : High negative effect of HPP construction on population has been assessed for HPP Rekovici since the "Rekovići" dam is planned at approximately 3.4 km downstream of the existing "Potpeć" HPP, immediately downstream of the "FAP" factory, near the town of Priboj. This area is highly populated and most of the inhabitants will experience majority of the negative aspects of the construction of HPP. Consequently, the negative score is also given for criteria “Health” and “Infrastructure”. This is the only HPP in Serbia, which is located so close to the city. 

b : The HPP Rogacica has medium negative score for population, infrastructure, agriculture and small negative for tourism. These negative scores have been allocated due to significant amount of of arable land that will be inundated or affected by the construction of dam. The total amount of affected land is not known at this stage but the assumption is based on ortho photo where is obvious that land next to the river is actively used for agricultural production. There are also facilities for tourism close to the river, which will be negatively affected by construction work in the area or even removed. Similar situation is with the HPP Dubravica.

c :The HPP Kozluk is located close to the Koviljaca Spa, which is one of the most important spa, health and recreational places in the area. The construction works, inundation of surrounded land and traffic increase will have negative effects on it.

Table 3‑24: Results of the preliminary assessment of environmental and social impact for the future HPP investments, without any mitigation measures – Operation phase
	Parameter / Indicator
	OVERALL IMPACT ASSESSMENT DURING OPERATION STAGE

	Ref No
	Max HPP #1
	Max HPP #2
	Max HPP #3
	Max HPP #4
	Max HPP #5
	Max HPP #6
	Max HPP #7
	Max HPP #8
	Max HPP #9
	Max HPP #10

	Name of HPP
	HPP, "Brodarevo I"
	HPP, "Brodarevo II"
	HPP, "Rekovici"
	HPP, "Rogacica"
	HPP, "Tegare"
	HPP, "Dubravica"
	HPP, "Kozluk"
	HPP, "Drina I"
	HPP, "Drina II"
	HPP, "Drina III"

	ENVIRONMENT IMPACT

	Geology and Soils
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	Climate
	0
	-1
	0
	0
	0
	0
	-1
	0
	0
	0

	Air Quality
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Hydrology
	0
	1
	0
	1
	1
	1
	1
	2
	2
	2

	Hydraulic regime of the River
	-2
	-3
	-1
	-3
	-3
	-3
	-2
	-2
	-2
	-2

	Surface Water Quality
	0
	0
	0
	0
	0
	0
	-1
	-1
	-1
	-1

	Groundwater Quality
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Terrestrial Vegetation and related habitats
	-3
	-2
	-1
	-1
	-1
	-1
	-1
	-3
	-3
	-3

	Migration corridors
	-3
	-3
	-1
	-3
	-3
	-3
	-3
	-2
	-2
	-2

	Terrestrial Fauna
	-1
	-2
	-1
	-1
	-1
	-1
	-1
	-2
	-2
	-2

	Alluvial ecosystems
	-1
	-2
	0
	-1
	-1
	-1
	-2
	-3
	-3
	-3

	Aquatic Ecosystems
	-4
	-4
	-1
	-4
	-4
	-3
	-2
	-2
	-2
	-2

	Conservation Areas
	0
	0
	0
	-1
	0
	-1
	0
	0
	0
	-3

	Landscape
	-2
	-2
	-1
	-2
	-2
	-2
	-2
	-2
	-2
	-2

	SOCIAL AND ECONOMIC IMPACT

	Population
	0
	0
	-1
	1
	1
	0
	-1
	1
	1
	1

	Agriculture
	0
	0
	0
	2
	0
	-3d
	0
	1
	1
	1

	Forestry
	-1
	-1
	0
	0
	-1
	0
	0
	0
	0
	0

	Fishing/Hunting
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	Infrastructure
	1
	1
	1
	1
	0
	1
	-1
	1
	1
	1

	Energy Sources/Use
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0

	Health
	0
	0
	-1
	0
	0
	0
	-1
	0
	0
	0

	Education
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0

	Ethnicity/Culture
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Visual Aspects
	-1
	-1
	0
	1
	1
	1
	-1
	0
	0
	0

	Cultural Heritage/Tourism
	0
	0
	0
	2
	0
	1
	-1
	0
	0
	0


For the operation stage, the small negative score for population is given for HPPs Rekovici and Kozluk. As written above, HPP Rekovici is close to the city of Priboj and HPP Kozluk is close to Koviljaca Spa. The negative effects could be partly mitigated and the negative impacts could be compensated with possible benefits, but in total the consultants proposes that the final score stay small negative.
d: The HPP Dubravica score for agriculture remains high negative even for operational stage since the wide area of arable land will be inundated. Due to the construction of this dam, many people will lose their source of income and will have to change the type of economic activity or to move to other location. Even if the operation of the HPP will bring benefits for economy and energy, that is not at the scale of the local agricultural population but at the regional or national level.
3 Preliminary mitigation measures

Biodiversity

To minimize the long-term negative influence of the dam construction, it will be necessary to carefully design and apply mitigation measures.

Mitigation during construction phase

Negative effect on habitats due to construction process, if done properly, can be temporary on sites used for temporary storage of materials originating from the site or materials that will be used in the construction process. All sites of temporary storage of materials should be restored to their original state after the construction process has been terminated.

As the biodiversity values of the sites proposed for construction are relatively unknown, a detailed field monitoring of the biodiversity of the local sites should be conducted during minimum 1 year period to implement the environmental assessment study. If necessary, projects should be adapted based on the results, within the technical characteristics of the project. 

In case that the impact cannot be avoided, destroyed habitats or species should be, if technically possible, moved, relocated, recreated or ameliorated elsewhere to compensate for the loss caused by the project development. All the construction areas should be restored to their previous natural state. If it comes to species relocation or amelioration of the habitats outside of project zone, their long-term sustainability should be secured by appropriate management.

During submission procedure to the enterprise, specificity of type of machines and antipollution measures should be imposed in the tender documents. As an example, only organic oil should be used for machines, sealed area for hydrocarbons, deposit area outside the river influence. Material managements should be optimized to use as possible the site materials and to minimize the transport of material (and therefore to minimize the air pollution). The proposed main mitigation measures are summarized in table 3-25 below.

Table 3‑25: Mitigation plan – Construction phase

	Indicator
	Main expected impact
	Recommendation/mitigation measures
	Responsibility

	Terrestrial Vegetation and related habitats

	Physical destruction of vegetation cover by terrain cleaning

	Limit the machine movements and vegetation cover removal to the surfaces that will be covered by the dam, reservoir and related infrastructure only;
Study of vegetation cover, relocation if rare or protected flora is found;

Use only machinery that is operating and emiting pollutants acorrding to its specifications. 
	Contractor

	Migration corridors
	Changes in river profile, changes in water level and turbidity, potential emission of liquid pollutants (due to Hydro-technical works).
	Constant maintain of the river flow;

Controlled cofferdam construction and use, with special attention to fish populations. If fish get trapped inside the cofferdam, evacuation to the river flow should be done; 

Plan construction works so as to minimize turbidity.
	Contractor

	Terrestrial Fauna
	Disturbance reduced availability of food and hides for fauna, erosion and reduced nutrient value of the soil.
	Conduct the construction work in phases, leaving always the zones without activity that could offer safe passage for animals and give them access to water, feeding and/or breeding grounds.
	Contractor

	Alluvial ecosystems
	Physical destruction of vegetation cover by terrain cleaning
	Secure minimal water flow.
	Contractor

	Aquatic ecosystems
	Changes in river profile, changes in water level and turbidity, potential emission of liquid pollutants (due to Hydro-technical works).
	Constant maintain of the river flow;

Secure minimal water flow;

Plan construction works so as to minimize turbidity.
	Contractor

	Conservation areas
	No direct impacts
	No recommendations.
	Contractor


Mitigation measure for operation phase

Fish ladder should be installed on all the proposed dams as a mean of connecting the populations on both sides of the reservoir. Even though fish ladder cannot overcome ecological barriers of a reservoir, they can help in preservation of migration routes and have a positive influence on spawning success.

Based on the characteristics of the river flow and its fauna, a complex, site specific fish stocking programs should be designed and applied to mitigate the negative effect dams have on numbers and population structure of species. 

A monitoring of the target species defined in the environmental assessment study should be done during the 3 first years of operation to control if the mitigation measures are sufficient for the impacted biodiversity and should concluded if some improvements of the dam and operation are needed.

An assessment environmental study should be realized to fix the environmental flow. Indeed, the country regulation gives the methodology to calculate the minimal environmental flow based on hydrological data, but in any case, the minimal value should be improved to integrate the high environmental value of the downstream section of the impacted River.

A controlled flushing program should be established taking into account the sensitive period for the aquatic and riparian ecosystems to prevent rapid changes in turbidity, water and oxygen levels. This operation program should decrease stress and destruction on the organisms located downstream during flushing operation. The proposed main mitigation measures are summarized in table 3-26 below.

Table 3‑26: Mitigation plan – Operational phase

	Indicator
	Main expected impact
	Recommendation/mitigation measures
	Responsibility

	Terrestrial Vegetation and related habitats
	Habitat change on the border zones, habitat fragmentation
	Removal of the invasive species in the concerned zones
	Contractor

	Migration corridors
	Physical and ecological barrier effect, changes in river profile, changes in water level and turbidity 
	Construction of fish ladders and individually designed fish stocking programmes
	Contractor

	Terrestrial Fauna
	Physical barrier
	No recommendations
	

	Alluvial ecosystems
	Physical destruction of vegetation cover by terrain cleaning
	Secure environmental flow.
	Contractor

	Aquatic ecosystems
	Changes in river profile, changes in water level and turbidity

	Controlled hydro-peaking and reservoir flushing;

Technical solutions that deter fish from turbines 
	Contractor

	Conservation areas
	No direct impacts
	No recommendations
	


Water and air quality
Based on the review of environmental impacts, the chapter provides proposition of preliminary mitigation plans and recommendations to integrate furthermore in feasibility phase of development of investments projects.

This chapter considers the mitigation plans that can be proposed to be developed to reduce mentioned anticipated impacts during the construction and the operation phases. These plans can form part of an overall environmental management plan (EMP) required by the developers and concessionaires during the development phase of the HPP projects.

The following proposed mitigation plans are developed based on the above analysis of main environmental impact assessment. They are not site-specific and are given as a preliminary list of activities that may be utilized in the construction and operational phase in order to reduce the impacts. The Mitigation plan is given in a separate table, for the construction (table 3-27) and operational (table 3-28) phase, respectively.
Table 3‑27: Mitigation plan – Construction phase

	Indicator
	Main expected impact
	Recommendation/mitigation measures
	Responsibility

	Water quality
	Contamination by construction, including fuel and oil spills, waste and wastewater
	· Safe disposal of hazardous materials and strict application of national standards for treatment of hazardous materials;
· All hazardous material manipulation activities have to conducted at designed and equipped locations;

· Vehicles have to dispose at designed parking lots equipped with systems for runoff collection and treatment.
· Collection and/or treatment of all wastewater and its transport to sewage system.
· Collection and transport of waste material at designed disposal sites.
· Maintenance of access roads and provision of cross drainage structures.
· Preparation of area surface which will be flooded by reservoirs by removal of vegetation, surface soil, structures, objects waste material, septic tanks, etc.
· Implementation of recultivation activities at all borrows pits or soil disposal sites.
· Material handling and storage areas to be established and specifically designed away from sensitive receptors.
	Contractor

	Air quality
	Dust and fume emission
	· Dust control with water and construction methods.

· Work schedule in accordance with socially acceptable hours.

· Informing local communities about the construction activities.
	Contractor


Table 3‑28: Mitigation plan – Operational phase

	Indicator
	Main expected impact
	Recommendation/mitigation measures
	Responsibility

	Water quality
	Eutrophication processes, accidental pollution (during maintenance work)
	· Broader water management activities, including waste and wastewater management, erosion control, etc. All hazardous material manipulation activities have to conducted at designed and equipped locations;

· A dispatch plan of the water release with the relative constant water level as the main criteria. Relative stability of the water surface level is very important for the preservation of the integrity and stability of the lake ecosystem, especially in small water basins.
· Macrophyte bio-manipulation where required.
· Liquid wastes/oil/chemicals to be stored in tanks or drums located in bounded areas which can hold 110% of the total storage volume.
· Spill kits to be available at all times.
	Contractor and relevant Stakeholders

	Air quality
	Dust and fume emission
	· Not required
	NA


Social

Many of the impacts mentioned previously can be partially offset or completely mitigated by adopting the measures implemented in the mitigation plan during the construction and operational phases of the planned development.

First step in mitigating the possible negative impacts on population should be the implementation of social communication plan which should clarify all the aspects of the project to the communities. In the planning phase, there should be considered all the expectations and fears about the future of the affected communities, their concerns regarding environmental, social or health impacts which may lead to activism.

To cover the effective affected public involved in the communication plan that requires to identify the different type of public and once identified to systematically interview the representatives from each group of public (as example, agricultural representative, energy representative, etc...). This measure permits to determine the potential receptors and vulnerability of impact.

It is essential to fully inform community members about the project, similar projects elsewhere to give them a sense of how they are likely to be affected, how they can be involved, their procedural rights in the regulatory, and their access to grievance and feedback mechanisms. 

Because displacement/resettlement is such a major social impact and human rights risk and it is typically very costly for projects, it should be avoided wherever possible. Project alternatives that reduce the number of people who need to be resettled should be fully explored. The emotional distress from physical and economic displacement can be minimized and many livelihood benefits can be created when resettlement processes are effectively implemented.

Resettlement is often a complex process involving a variety of stakeholders, including project-affected people, host communities, the promoter, community-based organizations (CBOs), non-governmental organizations (NGOs) and a multitude of governmental agencies, national and local. It is crucial that the promoter identifies and consults with all persons and communities involved in the resettlement process, including the host communities who will receive those who are resettled. All relevant stakeholders must be given the opportunity for informed participation in resettlement planning with the goal that the mitigation of the adverse project impacts is appropriate and the potential benefits of resettlement are sustainable.

All affected persons should be paid fair compensation in a timely manner for expropriated assets. Compensation should be provided for any loss of property, goods or assets, including rights or interests in property, for instance, land plots and house structures, contents, infrastructure, mortgage or other debt penalties.

Where land has been taken, affected persons should be compensated with land of commensurate quality, size and value, or better. Thus, whenever replacement land is offered, affected households should be provided with land for which a combination of productive potential, location advantages, and other factors at least equivalent to the advantages of the land taken. In exceptional cases when this is not possible, adequate compensation must be provided. Monetary compensation shall take into account full replacement cost based on market value, productive potential, or equivalent residential quality, including any administrative charges, title fees, or other legal transaction costs.

The deforesting of the construction area can make available a great quantity of timber that can be offered to the village population, because charcoal is the main energy source used by such population, and the surplus production can be marketed.

If there is any indication of an archaeological or a paleontological resource during the soils disturbing activity of the project, the contractor shall immediately suspend any soils disturbing activities in the area and notify the authority in charge of such discovery. The authority in charge would have to determine what additional measures should be implemented, based on reports from qualified archaeological or paleontological experts.

Before the construction in terms of mitigation the traffic problems there should be prepared and implemented a traffic control plan, which would be coordinate with local authorities for affected roadways and intersections. Each HPP may require the implementation of different measures, depending on the site and specific construction details, the characteristics of the transportation network, and daily and peak hour vehicle, pedestrian and bicycle volumes. Along major routes, truck trips should be scheduled outside of the peak morning and evening commute hours. Roadside safety protocols should be implemented such as warning signs and speed control to achieve required speed reductions for safe traffic flow through the work zone. Construction should be coordinated with facility owners or administrators of sensitive land uses such as police and fire stations transit stations, hospitals and schools. Facility owners or operators should be notified in advance of the timing, location, and duration of construction activities and the locations of detours and lane closures. As part of the neighbourhood notice, the constructor should notify residents and businesses in project area of potential utility service disruption two to four days in advance of construction.

Finally, to mitigate the risk of human damages due to flood events during construction phase (with the risk of River diversion and transportation of the construction machines and construction materials by the flood), a warning and safety plan should be provided for the construction phase.

3 SEA Methodology 

3 Introduction

The TOR for the WBIF Drina Project required the Consultant to provide guidance to stakeholders on the methodology for carrying out a Strategic Environmental Assessment (SEA); its opportunities and limitations regarding investment and the development scenarios within the DRB, taking into consideration the most likely technologies to be used, international practices and the national legal requirements and EU guidelines.

The SEA is an important tool for planning long term development project in the DRB and/or integrating water resources management project. Indeed. The SEA is an evaluation of impacts that strategy may have on the environment, and proposal of measures that would prevent, minimise and mitigate adverse effects on the environment and on the population health. SEA allows preventing environmental and social impacts at an earlier stage of decision making, upstream the EIA and EIS studies of a specific local project.

SEA can also allow more sensitive areas to be avoided and environmentally beneficial developments to be promoted. In the following chapter, the Consultant provides guidance and recommendations to stakeholders for integrating in the SEA. 

As a general rule, SEA needs to be undertaken for large scale strategies or spatial plans. One of the recommendations for the roof report for the Drina Basin would be the preparation of a SEA to cover the entire energy sector. Alternatively, a region wide SEA for water resources management may be more appropriate; perhaps subdivided into country level options. 

In proposing a methodology for preparing SEA, the Consultant has taken into consideration national legislation that refers to the SEA and international best practices, such as EU directives, WB regulations, etc. The proposed methodology should be considered as one approach and as a base for further consideration.

SEA integrates socio-economic and bio-physical components of the environment; it links, analyses and assesses the activities in different spheres of interest, as well as directs the strategies towards solutions which are primarily proposed in the interest of the environment.
3 National Legislative requirements for SEA
A full review of the legislative framework has been provided in the IWRM Country Report.

In the national practice, SEA is introduced by the Law on Environmental Protection (OG, 135/2004, 36/09). Pursuant to Article 35 of this Law: "Strategic environmental assessment shall be carried out in plans, programmes and principles in the domain of spatial and urban planning or land use, energy, industry, transport, waste management, water management and other fields, and shall be an integral part of the plan, programme or principle".

The SEA must be harmonized with other environmental impact assessments, as well as with other plans and programs for environmental protection. The procedure is prescribed by the Law on Strategic Environmental Impact Assessment (OG, No. 135/2004, 88/10). Pursuant to Art. 6 of the Law, criteria for identification of possible significant impacts of plans on the environment are based on: (1) Its characteristic, including environmental significance of the plan or programme and environmental protection issues; (2) Characteristics of environmental impact, including time and space scale, intensity of impacts, cumulative and synergic effects, health risks, etc. The content of the report on the SEA is prescribed by the Art. 12 of the Law. The report describes, evaluate and assess the likely significant environmental impacts that may occur by implementation of the plan and prescribes measures to reduce adverse environmental impacts.

During the last 10 years, Serbia has gained extensive experience in implementing the 2004 Law on Strategic Environmental Impact Assessment (OG 135/04,88/10). The amended Law requires SEA for all plans, programmes, master plans and strategies in areas listed by the Law that set the frameworks for granting approval for future development projects as defined by environmental impact assessment (EIA)-related regulations. SEA may also be required for plans and programmes in areas other than those listed by the Law where there is a possibility of significant impact on the environment. 

The Law describes three main stages of the SEA procedure: 

· The preparation stage (development of the decision on SEA elaboration (so-called screening), including participation of authorities and organizations concerned, and the selection of the SEA developer);

· Development of the SEA report;

· The decision-making procedure (covering the participation of authorities and organizations and the public concerned, and preparation of the report on the results of such participation, evaluation of the SEA report on the basis of criteria set out in Appendix II of the Law, 

· and approval of the SEA report by the competent environmental protection authority).

The Law further specifies that the competent environmental protection authority and other authorities and organizations concerned are to be consulted on the decision about SEA elaboration and on the SEA report. The Law does not specifically name the health authorities as subjects of such consultations, although the Kiev Protocol on SEA requires the opinion of health authorities in such cases. In practice, health authorities are consulted as concerned authorities.

The requirements to conduct SEA are included in some other laws (e.g. Laws on Waters, on Nature Protection, and on Ionizing Radiation Protection and Nuclear Safety), which helps to ensure the actual performance of SEA in relevant areas.
3 Relevant European Legislation for SEA
The principal legislative instrument in the EU for SEA is the Directive 2001/42/EC (the SEA Directive). The SEA Directive applies to a wide range of public plans and programmes (e.g. on land use, transport, energy, waste, agriculture, etc.). With the aspirations to be part of the EU (EU Acquis), the Serbia is in the process of harmonising the legislative framework. Plans and programmes in the sense of the SEA Directive must be prepared or adopted by an authority (at national, regional or local level) and be required by legislative, regulatory or administrative provisions. 

An SEA is mandatory for plans/programmes which are prepared for agriculture, forestry, fisheries, energy, industry, transport, waste/ water management, telecommunications, tourism, town & country planning or land use and which set the framework for future development consent of projects listed in the EIA Directive. The SEA is also required when it has been determined to require an assessment under the Habitats Directive (Council Directive 92/43/EEC).

Member States or potential accession countries such as Serbia have to carry out a screening procedure to determine whether the plans/programmes are likely to have significant environmental effects. If there are significant effects, an SEA is needed. The screening procedure is based on criteria set out in Annex II of the Directive.

The SEA procedure under Directive 2001/42/EC can be summarized as follows: an environmental report is prepared in which the likely significant effects on the environment and the reasonable alternatives of the proposed plan or programme are identified. The public and the environmental authorities are informed and consulted on the draft plan or programme and the environmental report prepared. As regards plans and programmes which are likely to have significant effects on the environment in another Member State, the Member State in whose territory the plan or programme is being prepared must consult the other Member State(s). On this issue the SEA Directive follows the general approach taken by the SEA Protocol to the UN ECE Convention on Environmental Impact Assessment in a Transboundary Context.

The environmental report and the results of the consultations are taken into account before adoption. Once the plan or programme is adopted, the environmental authorities and the public are informed and relevant information is made available to them. In order to identify unforeseen adverse effects at an early stage, significant environmental effects of the plan or programme are to be monitored.

The SEA and EIA procedures are very similar, but there are some differences:
· the SEA requires the environmental authorities to be consulted at the screening stage; 

· scoping (i.e. the stage of the SEA process that determines the content and extent of the matters to be covered in the SEA report to be submitted to a competent authority) is obligatory under the SEA; 

· the SEA requires an assessment of reasonable alternatives (under the EIA the developer chooses the alternatives to be studied); 

· under the SEA Member States must monitor the significant environmental effects of the implementation of plans/programmes in order to identify unforeseen adverse effects and undertake appropriate remedial action; and

· the SEA obliges Member States to ensure that environmental reports are of a sufficient quality. 

3 Relevant International Treaties for SEA
Serbia is a party of Espoo Convention on EIA in a Transboundary Context (from 2007). Ratification of the Sofia amendment to Espoo occurred in 2016. Serbia is also a party of the Kiev Protocol to the SEA to the Convention on the EIA in a Transboundary Context (from 2010) and to the Cavtat Amendment to Kiev that occurred in 2016. Table 3-29 below provides a summary of the dates of ratification and accession to relevant EIA and SEA treaties.
Table 3‑29: Summary of Dates of Ratification and Accession of principal EIA and SEA Treaties

	Short Name of Treaty
	Date of Treaty
	BiH
	Montenegro
	Serbia

	Espoo Convention
	25/2/1991
	14/12/2009 (A)
	9/7/2009 (A)
	18/12/2007 (A)

	Sofia Amendment to Espoo
	27/2/2001
	
	9/7/2009 ®
	21/3/2016 ®

	Kiev Protocol
	21/5/2003
	
	2/11/2009 ®
	8/7/2010 ®

	Cavtat Amendment to Kiev Protocol
	4/6/2004
	-
	9/7/2009 ®
	21/3/2016 ®


® = Ratification (A) = Accession

3  Proposed methodology
As mentioned above, for preparing SEA, stakeholders need to consider the relevant clauses that refer to SEA within the national Laws and further, to analyse if the SEA is aligned with the international best practices, in particular World Bank regulations, EU directives (normally they are transposed in the national Laws) and of the Organisation for Economic Cooperation and Development (OECD) publication “Applying Strategic Environmental Assessment to Development Co-operation” guidelines. On this base, the proposed methodology for preparing the SEA report needs three parts, namely:

· Scoping,

· Analysis and Assessment, and

· Reporting

The SEA should consider a sustainable development of the DRB and its WRM that means that the SEA should respond to the three sustainable issues: environmental protection, stable economic growth and improvement of social situation.

Scoping

The starting point of the process of the SEA is determination of the subject, content, targets and methodology. It is important to provide enough data about the plan, the current conditions of the project area and possible environmental impacts. Therefore, this part should provide information on the plan aims, description of the environment baseline, identification of other strategies and environmental targets, identification of environmental issues of the project area and engagement of the key stakeholders to gauge public opinion and to identify significant issues.

Analysis and Assessment

The second point of the process of the SEA is the analysing and assessment phase. Each component of the proposed developments needs to be reviewed to identify:

· Primary environmental impacts, and

· Potential avoidance, mitigation and enhancement measures

Focusing in the IWRM of the DRB, in particular the analysis for water quality and regime impacts consists in:

· Estimation of effects on surface water quality status / ecological potential;

· Estimation of effects on groundwater quality and quantity status;

· Identification of change of the hydrological regime

Definition of the issues of the SEA analysis

According to the Law on Strategic Environmental Impact Assessment (Art. 14) general and specific SEA objectives can be set based:
· on requirements and objectives related to environmental protection in other plans and programmes, on environmental protection objectives set out at national and international levels,

· on data collected on the state of the environment

· on significant issues, problems and proposals in respect to environmental protection suggested in the plan or programme. 

Based on defined objectives, appropriate indicators are selected at this stage, which will be utilized during the impact assessment.

In 2008, the Republic of Serbia adopted the National Sustainable Development Strategy (OG, 57/08) which defines principles and priorities of sustainable development, as well as 76 indicators for tracking the progress of Serbia towards sustainable development. These indicators have been selected from the set of UN indicators, but not all of them are used in Serbia since they are not all adapted to the Serbia characteristics.

The indicators are specified in the Law on Spatial Plan of the Republic of Serbia (OG, 88/10). The Regulation on the National List of Environmental Indicators (OG, 37/2011) prescribes the list of environmental indicators, which have been used herein, summary in table 3-30.
Table 3‑30: Proposition of water-related general and specific Objectives and Indicators

	Area of SEA
	General SEA objective
	Specific objectives
	Indicators

	Water
	Achievment and preservation of good water quality status of surface water and quality and quantity status of groundwater
	- To reduce pollution

- To improve hydrological regimes
	- The change of water quality due to water management activities

- The change of the hydrological regime


Definition of the SEA environmental Impact assessment

Here proposed methodology is specific for the SEA report, in accordance with the Serbian SEA practice. In addition, the Consultant analysis of environmental and social impact of investments (Ch. 3.12) is coherent with the proposed SEA methodology.

According to Article 15 of the Law on Strategic Environmental Impact Assessment, the assessment of possible effects of plans/programs on the environment contains the following elements: 
· overview of the assessed impacts of alternative solutions of plans and programs that are favourable from the aspect of environmental protection, with the description of measures aimed at preventing and limiting the adverse effects or increasing the positive effects on the environment; 

· the comparison of alternative solutions and an overview of reasons for selection of the most favourable alternative solution; 

· the overview of the assessed effects of plans and programs on the environment with the description of measures aimed at preventing and limiting adverse effects and increasing positive effects on the environment; 

· the manner in which the environmental factors have been taken into consideration in the environmental impact assessment, including the data on: air, water, soil, climate, ionizing and non-ionizing radiation, noise and vibrations, flora and fauna, habitats and biodiversity, protected natural values, population, human health, cities and other settlements, cultural and historic heritage, infrastructure, industrial and other structures or other man-made values; 

· the manner in which the following impact characteristics have been taken into account: probability, intensity, complexity/reversibility, time dimension (duration, frequency, reversibility), spatial dimension (location, geographical area, size of the exposed).

The impact significance is assessed in relation to impact magnitude (intensity), spatial extent of potential impact, location and probability. Impact magnitudes are evaluated according to the magnitude of change by assigning scores from –3 to +3, where the minus sign is used to denote a negative change, while the plus sign denotes a positive change (see table 3-31). 

Table 3‑31: Criteria for evaluating the magnitude of the impact according to the Serbian SEA practise.

	Impact magnitude 
	Designation

	Critical 
	–3

	Great
	–2

	Small
	–1

	No impact 
	0

	Positive 
	+1

	Favorable 
	+2

	Very favorable 
	+3


Criteria for evaluation of the spatial extent of potential impacts are shown in the Table 3-32 below.

Table 3‑32: Criteria for evaluating the spatial extent of the impact

	Impact significance
	Designation
	Description

	International
	I
	Possible transboundary impact

	National
	N
	Possible impact at the national level

	Regional
	R
	Possible impact at the regional level

	Local
	L
	Possible impact of local character


Criteria for evaluating the probability of impact occurrence are shown in the Table 3-33 below.
Table 3‑33: Criteria for evaluating the impact probability

	Probability 
	Designation
	Description 

	100% 
	S
	Impact will definitely occur 

	More than 50% 
	L
	Likely impact 

	Less than 50% 
	P
	Possible impact 

	Less than 1% 
	N
	Impact is not likely to occur 


In addition, the criteria for evaluation of the impact duration/permanence, i.e. duration of consequences is proposed. In this context, temporary/occasional (PO) and long-term (LT) impacts can also be defined. 

Based on all the above criteria, the importance of identified impacts for the achievement of SEA objectives can be evaluated. Significant impacts of proposed development scenario are those with great (positive or negative) long-term magnitude on the whole project area and which are likely or definitely to occur, or have significant effect on critical locations (National parks, Emerald sites, historic and cultural sites, etc.).

According to the Law on Strategic Environmental Impact Assessment (Article 15), the strategic assessment should also include the assessment of cumulative and synergistic effects on the environment.

Reporting and Consultation

The findings of the SEA then need to be written in a draft report that will be presented for public consultation. Comments from the public meetings will be considered and if appropriate modification to the report should be made.

3 Main Challenges

Implementation of SEA in the Serbia part of the DRB is still facing challenges. Public participation in SEA is not very effective in the DRB. The authority responsible for preparing a plan or programme must consult the public at an early stage, inform the public of the procedure and deadlines for review and commenting on the content of the draft SEA report, and organize a public hearing. Often these hearings are undertaken much later and not during the screening process. Furthermore, most environmental NGOs do not have the capacity to engage in the SEA procedures without the assistance of the larger more international NGOs such as WWF.
3 SEA at Transboundary Level

Despite the challenges, the three countries of the DRB have upheld the requirements of Espoo and Kiev in recent years.  For example; Montenegro has entered into arrangements with Serbia for HPPs "Brodarevo I" and "Brodarevo II" (2012–2013). 

As a party of origin, Montenegro has notified neighbouring countries of the draft detailed special plan (DSP) for the multipurpose HPP "Komarnica" (BiH, and Serbia were notified in 2012).

In addition, as an affected party, Montenegro requested EIA documentation for the HPP projects "Buk Bijela" and "Foča" from BiH (2012), and from Serbia for the HPP projects "Brodarevo I" and "Brodarevo II" (2012/2013).
In the period 2010–2012, Serbia participated in three transboundary SEAs, namely for the National Energy Programme of Slovenia and the River Basin Management Plan of Croatia, and for the Energy Development Strategy of Montenegro. The only case where Serbia, as a party of origin, notified neighbouring states was in 2013 in relation to the SEA for the new Energy Sector Development Strategy for the period until 2025 with projections to 2030. 
3 Recommendations

In order for the Drina countries to improve the SEA process, the following recommendations should be considered:

1. Improve the quality of strategic environment related planning by: i) ensuring timely development and adoption of strategic documents; ii) preparing action plans for environmental strategies simultaneously with the strategies themselves; iii) ensuring regular reporting on the implementation of strategic documents: and iv) rising the performance standards by rigorous certification and licensing of SEA specialists.

2. Enhance and strengthen human resources capacity for implementation of the SEA process at national, regional and local levels;

3. Providing greater opportunities for the participation of the public concerned during the screening and scoping stages of the SEA;

4. Raise awareness in other sectors, especially at the regional and local levels, about the requirement to conduct an SEA;

5. Enhance the capacity of enforcement for strict application of mitigation measures.  
4 Water management development options

4 Introduction

Water is an essential resource, important for ecology, human consumption, mineral processing and distribution, agriculture, and energy. The regional demand and supply of water vary in response to an array of factors including climate, price, market structure, poverty, social values, and prevalent industry and technology. In addition to the provision of water of adequate quality, integrated river basin management needs to consider environmental objectives and regulations, flood hazard mitigation, land use planning, and growth, as well as social considerations such as poverty, human rights and environmental justice. Hence, water issues have a high profile in international relations, and even in conflict resolution. Consequently, a variety of technical (both physical and economic) and policy mechanisms have evolved for managing and developing water resources to attain multiple, competing objectives. Technically, water systems possess a complex physical and institutional infrastructure. Understanding how this infrastructure functions, and can be designed, financed and operated, is central to integrated water management and development. Major changes in the social infrastructure are projected as privatization of water resource infrastructure and hazard mitigation services is considered. Uncertainties associated with inter-annual and longer climate variations/change as well as changing social values pose risks for managing and developing water systems from source to delivery and disposal of wastewater.

In the Chapter 2 the core water management development targets considered to be important for the DRB were introduced.

In this Chapter, the Consultant focuses on the development scenarios in more detail and particularly on reservoirs, being the most important for river basin regulation and water resources management. As previous chapters, have mentioned, water management of a river basin implies the utilization of the water from the basin in such a manner as to:

· Satisfy the needs of different users in both normal and extraordinary circumstances

· Ensure environmental protection and ensure environmental flow

· Protect water quality

· Protect against flood waters and other detrimental events and 
· Utilize water for electrical energy production.

The management of the water in a basin refers first of all to the management of the water regime, which comprises four components:

· Quantity

· Quality

· Space and 
· Time.

Various tools exist for managing the water regime in the basin, among which are: rational water use, construction of wastewater treatment plants, river regulation, construction of flood levees, etc. However, the most powerful tools for water regime management are reservoirs.

Reservoirs can accumulate water during periods of high natural flows and release water during periods of low flow. Reservoirs can mitigate against flood peaks as well as to sustain ecological processes downstream during extreme dry periods (droughts) by releasing necessary water quantities downstream through provision of adequate environmental flow. In summary, reservoirs are tools that can enable the largest and most flexible human influence on the water regime of a basin. The relative size of a reservoir is an important parameter that indicates the reservoir’s ability to change the water regime. The relative size of a reservoir is the ratio of the reservoir’s useful storage volume (Vus) to the average annual inflow into the reservoir (Vavg) as shown in the formula below:
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This ratio is usually named the regulation coefficient (β).

Reservoirs with lower regulation coefficients can normally regulate daily or weekly inflows and can be designated as “small” reservoirs. Small reservoirs are less compatible for water management purposes and are usually more interesting and attractive for hydropower utilization.

Reservoirs with higher regulation coefficients can regulate seasonal inflows over a period of many months (i.e. they can maintain water during the high flow season and release it during the dry season) and can be designated as “large” reservoirs (also called seasonal reservoirs).

Large reservoirs are important for water management purposes within the basin and are therefore given special attention.

Engineering experience indicates that large reservoirs are those with regulation coefficients above approximately 0.08. For a large reservoir, this means that the reservoir’s useful storage volume is higher than 8% of the average annual inflow into the reservoir. Clearly, large reservoirs entail the construction of large dams, and as such, they are key components of structural water management development scenarios.

Large (seasonal) reservoirs are the best facilities at meeting water management and energy production objectives. The basic quality of such facilities arises from the available reservoir volume (Vk), which enables water regulation in normal and extraordinary circumstances and adjustment to users’ needs. This applies equally to both the water management sector (e.g. water supply, irrigation, environmental flow, fishery, tourism, etc.) and the electricity sector (e.g. hydropower utilization).

Since large reservoirs are the main tools for water regime management in the DRB, the water management sector should have priority in the utilization of large reservoirs, while the electricity sector should have secondary priority. In most cases in the Balkan region, the water management sector is the primary user, while reservoir management is the responsibility of the electric utility company. The rules of reservoir management are defined by the priorities, rights and obligations of the reservoir users. Of course, seasonal reservoirs are mostly multi-purpose. The priority of reservoir water utilization, apart from extreme hydrological situations (e.g. major flood events), is reflected in the obligation for the constant release of environmental flow downstream from a reservoir, as well as for satisfying the needs of other water users. In that respect, the release obligations are the provision of the following:

· A constant downstream environmental flow for 24 hours a day

· Enough volume for storing water in the reservoir to ensure environmental flow during periods of extreme drought

· Provision of water supply to users (i.e. water supply, irrigation, etc.)

· Sufficient volume in the reservoir to cater for flood waves (surges) and to reduce these to an acceptable level. 

For a better understanding of reservoir management principles, the reservoir can be subdivided into different volumes for users as shown in Figure 4-1 below. This sub-division is neither fixed nor physical, but instead defines the reservoir utilization. In Figure 4-1, the temporal and variable storage volumes are bounded by dashed lines.
Figure 4‑1 Reservoir management principles 
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The abbreviations in the figure are as follows:

· Vf – storage for floods 

· Ven – storage for energy production purposes

· Vpu – storage for priority users

· Vef – storage for enabling the environmental flow

· Vmin – storage for maintaining production during the re-establishment of the system after an outage in the system (that is not due to a failure at the HPP) 

· Vd – dead volume, under the minimal operational elevation.

The storage for receiving flood waves (Vppt) is a temporal variable during the course of the year and depends on the watercourse characteristics. This volume could be made available for power production, but must be kept in line with the dynamics defined by the water management sector.

The storage for energy production purposes (Ven) enables the energy sector (the hydropower plant) to optimize its operation independently of other users. Reservoir management is performed in line with the power sector (HPP) requirements.

The storage for the needs of priority users (Vpk) is a temporal variable during the year. It is defined in accordance with the needs of priority users. This flow could be released through turbines, but needs to be managed in line with the dynamics of priority users' needs.

Storage for ensuring the environmental flow volume (Vepp) is another temporal variable, representing the required volume sufficient for enabling environmental flow downstream in the river in the given time. This volume, i.e. the water quantity is also available for power production and can be released through turbines in line with the dynamics and quantity defined by the water management sector. When the reservoir is reduced to this volume, then the management of the reservoir is performed strictly in line with the water management requirements (i.e., in this case, to maintain the minimum environmental flow).

In basic analyses, the volume for the minimal reservoir storage for re-establishing the system after an electric outage (Vmin) is usually assumed to be 10% of the useful volume, although it would be reasonable to take a lower percentage of, say, 5 % for some related systems.

From the foregoing, it can be claimed that large (seasonal) reservoirs play a significant role not just for the water management sector, but for the electricity sector as well. During the year, there are specific periods when the priority water management objectives are met; implying that that during such periods hydropower can have the priority of the reservoir use. This is especially important during irregular situations in the electricity network such as:

· Large, unplanned load changes 

· Failures in large power production facilities

· Support to other power systems 

· Support to the electricity system stability.

The aforementioned events do not require an enormous use of a reservoir (no large release or water accumulation are necessary), however the capability of reservoirs to intervene in such situations with their maximum installed power and production represents the basis of the flexibility of the electric power system. 

In extraordinary circumstances defined by the hydrological situation on the watercourse, reservoirs are the only elements that can regulate and manage water, whether in terms of flood mitigation or provision of minimum downstream flows. In such specific cases, the power utility is the secondary user. In addition, unlike normal circumstances, that satisfy regular, planned needs for water, power etc., the extraordinary circumstances can imply prevention or mitigation of potential untoward effects, damage, or even protection of human lives. In these situations, water management is of special interest in these extraordinary circumstances.  

4 Development options

4 Structural development options 

Based on the outcomes of the IWRM Country Report for Serbia, and in collaboration with the stakeholders the following structural development options are defined:
Table 4‑1: Structural development options 
	Green Growth
	Reduced/Optimized HPP Maximization Scenario
	"Full HPP Maximisation" Scenario

	No new dams
	New dams have multi-purpose Use
	New dams have multi-purpose Use

	"Zvornik" HPP, "Bajina Bašta" HPP, "Uvac "("Sjenica") HPP, "Kokin Brod" HPP, "Bistrica" HPP, "Potpec" HPP

No new HPP is developed

Existing HPP made more efficient
	6 in total

(4 on Drina)

Rogacica" HPP, "Tegare" HPP, "Dubravica" HPP,  "Kozluk" HPP, 

(2 on Lim)

Broadarevo I HPP, and Rekovici SHPP

(1 PSHPP – Lim and Uvac Rivers) 
	10 in total

(7 on Drina)
Rogacica" HPP, "Tegare" HPP, "Dubravica" HPP,  "Kozluk" HPP, "Drina I" HPP, "Drina II" HPP, "Drina III" HPP, "

(3 on Lim)

Broadarevo I HPP, Broadarevo II HPP and Rekovici SHPP

(1 PSHPP – Lim and Uvac Rivers)


The development options represent structural changes within the physical environment and are discussed further in the sections below. 

Reservoirs

Clearly, structural water management development options for a river basin include large reservoirs, provided that appropriate locations for such reservoirs exist. The importance of a large reservoir for water management in the basin depends on two factors:

· Location of the reservoir related to water consumers, and

· The part of the catchment/sub-catchment area under the control of a particular reservoir.
With respect to reservoir location, it is always favourable that the reservoir is upstream of the potential water consumers and can provide minimum flow regulation in the downstream reach. Regarding the second factor, it is always favourable that the reservoir is sited at a point in the basin that received a higher average annual inflow. This normally implies that a larger portion of the catchment is under the control of the reservoir.

Table 4‑2: Regulation ability of large reservoirs in each of the development options considered 
	"Green Growth" Scenario

	Rank No
	Reservoir
	Useful Volume

Vus (Mm3)
	Average

Annual Inflow

Qavg (m3/s)
	Regulation

Coefficient

β=Vus/Vavg

	
	"Bajina Basta" HPP
	218
	349
	0.0198

	
	"Zvornik" HPP
	21.32
	369
	0.0018

	
	"Uvac "("Sjenica") HPP
	160
	11.5
	0.4412

	
	"Kokin Brod" HPP
	209
	13.9
	0.4768

	
	"Radoinja-Bistrica" HPP
	4.1
	14.4
	0.0090

	
	"Potpec" HPP
	19.8
	77.6
	0.0081

	"Reduced/Optimised HPP Maximisation "Scenario 

	Rank No
	Reservoir
	Useful Volume

Vus (Mm3)
	Average

Annual Inflow

Qavg (m3/s)
	Regulation

Coefficient

β=Vus/Vavg

	
	"Bajina Basta" HPP
	218
	349
	0.0198

	
	"Zvornik" HPP
	21.32
	369
	0.0018

	
	"Uvac "("Sjenica") HPP
	160
	11.5
	0.4412

	
	"Kokin Brod" HPP
	209
	13.9
	0.4768

	
	"Radoinja-Bistrica" HPP
	4.1
	14.4
	0.0090

	
	"Potpec" HPP
	19.8
	77.6
	0.0081

	
	“Rogacica” HPP
	0
	388.3
	0.0000

	
	“Tegare” HPP
	0
	341.7
	0.0000

	
	“Dubravica” HPP
	0
	347.7
	0.0000

	
	“Kozluk” HPP
	15
	365.4
	0.0013

	
	“Brodarevo I” HPP
	1.02
	69.3
	0.0005

	
	“Rekovici” SHPP
	0.5
	91.9
	0.0002

	"Full HPP Maximisation" Scenario

	Rank No
	Reservoir
	Useful Volume

Vus (Mm3)
	Average

Annual Inflow

Qavg (m3/s)
	Regulation

Coefficient

β=Vus/Vavg

	
	"Bajina Basta" HPP
	218
	349
	0.0198

	
	"Zvornik" HPP
	21.32
	369
	0.0018

	
	"Uvac "("Sjenica") HPP
	160
	11.5
	0.4412

	
	"Kokin Brod" HPP
	209
	13.9
	0.4768

	
	"Radoinja-Bistrica" HPP
	4.1
	14.4
	0.0090

	
	"Potpec" HPP
	19.8
	77.6
	0.0081

	
	“Rogacica” HPP
	0
	388.3
	0.0000

	
	“Tegare” HPP
	0
	341.7
	0.0000

	
	“Dubravica” HPP
	0
	347.7
	0.0000

	
	“Kozluk” HPP
	15
	365.4
	0.0013

	
	“Brodarevo I” HPP
	1.02
	69.3
	0.0005

	
	“Rekovici” SHPP
	0.5
	91.9
	0.0002

	
	"Drina I" HPP
	0
	372.5
	0.0000

	
	"Drina II" HPP
	0
	384.6
	0.0000

	
	"Drina III" HPP
	0
	385.10
	0

	
	“Brodarevo II” HPP
	7.208
	69.3
	0.0033


The maximal possible total reservoir useful storage in the basin is about 656 million m3. With the exception of the “Uvac” HPP and the “Kokin Brod” HPP, the reservoir total-useful volumes are mostly limited and do not provide conditions for significant regulation. Due to the fact that at this moment it is not possible to reliably predict the influence of climate change, presented analysis is based on “present” hydrology data. Due to limitations of reservoirs' volumes, possible changes of average annual inflow induced by climate changes will not cause significant changes in obtained values of regulation coefficients.

Hence it can be seen that the proposed largest reservoirs are the core structures in the Basin for water resource management purposes, enabling security of water supply to different users (people, industry, irrigation, hydropower, ecology, etc.) as well as providing an element of flood control.
Hydropower plants

Each reservoir has an accompanying hydropower plant and the characteristics for each existing and planned plant are provided in the IWRM Country Report. Within the territory of Serbia the following HPPs were built: " Đerdap I" and "Derdap II", "Pirot", "Vrla I", "Vrla II", "Vrla III" and "Vrla IV", "Ovčar Banja", "Medjuvršje", "Zvornik", "Bajina Bašta" (HPP and PSHPP), "Bistrica", "Kokin Brod", "Uvac" and "Potpeć". Only the last seven are located within the Drina River Basin. All planned plants are non-diversion type of plants.  
Waste water treatment plants 

All scenarios include extension and development of waste water drainage system in accordance with the national strategy. This would include the need for construction of WWTPs in Perucac, Bajina Basta, Rogacica, Ljubovija and Bratunac (Middle Drina), sanitation of all settlements along Lim River above 2,000 EP, etc. 
Solid waste landfills

So far, Serbia has constructed seven regional sanitary landfills (Kikinda, Užice, Leskovac, Lapovo, Jagodina, Pirot and Sremska Mitrovica). Construction of regional sanitary landfills in Loznica and Nova Varoš, is under preparation. All development scenarios include closing and cleaning of woild municipal dumpsites in riverbank as well as sanitation of existing landfills and full implementation of regional solid waste management strategy. This would be particularly important in order to solve the existing waste management problems and prevent creating new ones in DRB. 

4 Non-Structural development options 

The non-structural development options are those measures that can be applied to a river basin to improve the overall status of water management. This can include changes in the management, operation and maintenance of the system, taking into account hydropower development options, as well as options for flood protection, irrigation, wastewater treatment, solid waste and water supply. Such measures play a larger role in water management beyond supplementing the structural development options. For example, reducing water use by residential customers and irrigation can reduce the need for water management infrastructure and make a less investment-intensive development option more attractive by ensuring that it meets water national management objectives. These non-structural measures are the following:

Reducing water use 
There are many measures that can be used for manage water demand and thereby reduce water use. These generally fall under the category of technical, economic, education and legal measures. Whilst some can be implemented on a voluntary basis, others can be promoted and subsidised by government schemes or be part of obligatory laws and regulations.

Water loss and leakage in supply systems (particularly urban water systems) continue to remain a major source of inefficiency of water use and Serbia is no exception to this. There are also other nontechnical measures such as economic instruments (improved pricing or tariffs) and education measures that can bring about behavioural change towards more efficient use of water resources.

Therefore, solving the problems of water deficiency within the DRB can be partly addressed through adoption of water conservation strategies. This can apply to water use for human, industrial and agriculture demand. For example:

· For humans, the introduction of public awareness campaigns and school education programs can go some way to changing people's habits regarding water use.

· For industry, the introduction of better water saving technologies into industrial processes can also be beneficial.

· For agriculture, the application of different and more innovative irrigation methods can considerably cut down on water requirements.

Work on water demand analysis in IWRM Country Report showed that about 22.5 Mm³/year of water is necessary to cover consumption for the domestic, industrial and irrigation sectors in the DRB. This amount does not consider NRW and with that added then the water use will be nearer 30 Mm3/year. WMR II for Drina has the most demand (9.8 Mm³/year) followed closely by the Lim WMR III (8.6 Mm³/year). The Jadar WMR I have the lowest demand at around 4.1 Mm³/year. 
Groundwater is predominantly used for water supply, and is mainly provided from Mačva district that has indicative groundwater reserves of 4.1 m3 / sec, about twice the amount of the assessed needs of the region. The groundwater is a chemical and bacteriological safe water and of good quality (up to a depth of 20 m), and has good potential for bottling up to 2000 l/s, or about 170 million litres / day. Groundwater’s of Mačva district are mainly bicarbonate type, with mineralization, mostly ranging from 400-1200 mg /l. In terms of hardness, the water is medium-hard, hard and very hard. In terms of physical-chemical and bacteriological quality at depths greater than 20 m, i.e. under the protective layer of clay, the waters are of acceptable quality. At depths, up to 20 m, where the majority of individual aquifers occur, water is generally acceptable. However, within recent years increased use of fertilizers in agriculture has raised nitrates above permitted levels. This is a cause for concern and represents a significant risk to the future quality of groundwater of Mačva district and with the tendency to completely degrade the deeper aquifers, in other words, the current trend of nitrification in Mačva district will endanger drinking water supplies from groundwater over the next 20-30 years. 
There is some considerable scope to reduce water use among the population through public awareness campaigns and school education campaigns which can offer some low-cost solutions, or through provision of better water saving technology in industrial processes. Furthermore, it is necessary to undertake a structured program of leakage detection in urban centres and to replace worn out pipes in water supply systems, many of which have never been maintained.

Irrigation water is usually only applied during the summer months that represents the main growing season (comprising 5 months May to September). Similar to Industry, it is difficult to provide an indication of the water use for irrigation at the basin level. From a national perspective, the EPR for Serbia (UNECE 2015) indicates the annual irrigation water use for the years 2009 to 2013. As indicated in the IWRM country report, the watercourse provides 90 to 95% of the irrigation water, with groundwater and springs accounting for only 2 to 5%.
Many of the irrigation practices are very water dependent using traditional gravity and furrow irrigation with low application efficiencies. Such systems could be improved by binding future funding schemes to new irrigation technology or by offering incentives to participating farmers such as subsidies or low interest loans for purchase and installation of improved irrigation systems. Conversion to on-demand pressurised network, or micro (trickle) irrigation are also another alternative to achieve greater efficiency and use of water.
Reducing pollution from untreated wastewater 
Approximately 75% of Serbian population lives in the settlements with more than 2000 inhabitants, where in average 72% of the population is connected to WWTPs. In the settlements with less than 2000 inhabitants, the connection to WWTPs is approximately 5%. 

In the past decades, more than 50 WWTPs has been constructed in the cities of Serbia. Out of those, 32 WWTPs are functioning, out of which only few in line with the designed criteria and capacities and the rest with far lesser efficiency than the designed one. 

As dams and water management schemes are constructed, the requirements of wastewater treatment investments will be additionally pronounced. Formation of reservoirs and transition from lotic towards the lentic conditions generally increases the sensitivity of water quality status on untreated wastewater load. Implementation of comprehensive wastewater infrastructure development plans is needed for the DRB, since pollution of water is mostly due to untreated municipal and industrial wastewaters caused by the lack of facilities for wastewater treatment. This affects fauna to the greatest extent and in particular fish populations.
Construction permits 
Legal framework for issuance of construction permits have been significantly improved in December 2014, when the National Assembly of the Republic of Serbia adopted amendments to the Law on planning and construction, aimed at improving the conditions for investment, simplification and acceleration of procedures prescribed for the construction of facilities. 

The Law on Planning and Construction has undergone several changes with the objective to align the national requirement with those set by the relevant EU norms and standards. 
· a “One-Stop-Shop” concept, allowing investors to communicate with only one public sector agency instead of being required to contact dozens of public enterprises and institutions.

· › an accountability mechanism based on the authority of the One-Stop-Shop agency to monitor the compliance of public institutions with legal requirements, particularly statutory deadlines.

Implementation in practice means reducing the time required to obtain a construction permit from the current 240 days to 28 days. This has significantly improved Serbia's standing on the construction permitting indicator of the World Bank's Doing Business Report, where Serbia has jumped from 178th in 2015 to 139th rank in 2016. The impact of the new Law has also been recognized in the latest EC Progress Report for Serbia for 2015, indicating “The new law on planning and construction, adopted in December simplifies permitting and spatial planning procedures, allowing quicker implementation of infrastructure projects”.
Law on Planning and Construction is followed by number of sub-legal acts, amongst which Rulebook rulebook on general rules for parcel formation, regulation and construction defines that there cannot be construction of the facilities in the watercourse protected areas and flooding areas. 

Besides transposition of relevant legislation that addresses this area, the Government should consider a more restrictive enforcement policy regarding the location of housing and the procedure for issuing construction permits in order to avoid locating houses in areas prone to flooding without appropriate flood protection. 
Besides building in flood plains which is a town and spatial planning issue, construction standards for buildings should also be updated by placing more emphasis on water saving within households, offices and industrial buildings. New homes and offices should be built to higher standards of water efficiency. Existing homes and buildings should be retrofitted with improved water saving devices (i.e. low flush toilets, low flow taps and non-pressurised shower heads and water metering should become mandatory if at all possible. The economic pricing of water at the present time makes this quite difficult to achieve as retrofitting can be an expensive exercise. However, without such a measure, it is not possible to directly link the real cost of domestic water supply to consumption.

It is necessary to simplify the procedures for obtaining urban development and other permits for the construction of hydropower facilities and all other permits. In this area, much discussion has been undertaken and while much has been done, this process needs to be accelerated.

Reducing energy use 

Energy conservation practices will help reduce the need for the future construction of additional generating capacity. Akin to water use, similar energy saving measures can be used with better energy saving devices in homes, offices and factories such as smart meters, low energy bulbs, energy efficient electrical devices etc.

Furthermore, a diversification of the electricity production system by broadening the range of power plant types and fuels in the generation mix (e.g. combination of wind, solar, biomass as well as hydropower) and using a blend of centralised and decentralised supply patterns will help to improve flexibility and efficiency of energy use. In addition, such a policy would also enhance climate change adaptation by providing more resilience, flexibility and less vulnerability in future power generation.
Improving waste management

Sort off of solid wastes and increase of recyclable wastes will improve significantly the water quality and indirectly the aquatic ecosystems.

This would be achieving by an improvement of municipalities waste collections and sort-off, in parallel with education program in school and in business.
Forest management 
The forest management has been improved these last years but there is still a problem of non-sustainable harvesting and exploitation, clear-cutting along the roads and illegal logging. This results in degradation of forest habitats, disconnection of habitats and therefore in disturbing the biodiversity of protected areas.

The cessation of uncontrolled logging should be pursued, which would go a long way to reduce erosion and lower run-off coefficients, i.e. decrease of peak discharges. Consequently, a policy of positive afforestation should be considered in parts of the catchment that are suffering soil erosion exacerbated by these illegal logging practices. The obvious benefits allow for environmental protection, prevention of natural hazards (e.g. reduced risks of landslides) and would also go some way towards climate change mitigation.

Afforestation practices, in particular close to water courses, brings benefits to the regulation of water flow, the maintenance of water quality, the reduction in the intensity of floods and the frequency of droughts.

Riparian areas with trees generally can provide direct shade for the water body, reducing the influx of solar radiation on it and thus avoiding the corresponding increase in water temperature. In the case of wider riparian wooded areas (e.g. over several tens of meters), these can also increase the relative air humidity, which also contributes to reduce the water temperature. This measure is considered particularly relevant for headwaters; its positive influence on water temperature and related biological processes can then be extended to downstream regions. However, the influence on temperature of large wooded areas downstream is not as good because the rivers are generally too wide to be influenced by the tree canopy and hence the water temperature is not affected as much.

Technical education and capacity development 

In addition to raising public awareness in the use and conservation of water and energy; technical education and developing capacity building within institutions play a significant role in developing the practical application of strategies for administration of water management systems.

Consequently, the highlighting of focused and adaptive capacity building to relevant stakeholder’s in the water and energy sectors through the provision of improved research and development, improved mapping and modelling techniques and outputs, the provision of more risk assessment planning, and awareness training is highly recommended for the DRB as a non-structural measure. 
Institutional changes 
As indicated in the IWRM Country Report, Water Framework Directive (WFD) has been partially transposed through provisions of the Law on Waters. As assessed, more than 75% of provisions of the WFD have been transposed by national legislation. Full transposition is expected by the time Serbia will join the EU. There are number of provisions of the WFD still awaiting transposition. 

As per the latest published EC Progress Report, regarding water quality, the country is yet to adopt national strategy and action plan on water protection. Priority should be given to aligning the legislation with the acquis and implementing the code of good agricultural practice. 
Institutional and legislative changes and cooperation are necessary for the successful solution of water management issues. There are often conflicts between sectoral regulations and guidelines. These barriers are part of the decision-making process and need resolution by dialogue and cooperation; particularly between stakeholders within the different entities. The focus should be placed on the following:
· Development of the regulations on land use

New or improved land use regulations, defined from the state level and introduced at the local level, should focus on the fullest land coverage in the upstream areas and the regulation of the downstream flatlands and flood ways allowing for sustainable water flow. 

· Development of the regulation of the gravel-mining sector and proper enforcement

Today, the activities of the mining sector create considerable burdens for successful flood management especially in the flatlands and the coastal areas: gravel deposits block flood ways. Existing dikes are often damaged and cut for cheaper gravel transportation. These practices have to be eliminated and mining permits shall be limited for locations and size to minimize the negative impact of the activities.

· Development of the regulation on waste management

The improper waste management practices result in the blocking of drainage channels and flood ways. The waste management system should focus on sustainable waste management, raising public awareness, mapping, and rehabilitating the existing illegal and closed waste disposal sites in areas endangered by floods.

· Service contracts with hydropower operators

Multipurpose dams in the upstream areas can serve as efficient flood management assets. Hydropower service contracts should consider flood issues to a larger extend and should be based on data collected by the hydropower stations and the national hydro-meteorological service. A compromise must be reached for the sustainable operation of the dams while maximising their potential management support in flood risk mitigation.

· Strengthening hydro-meteorological monitoring and early warning systems 

Properly operating hydro-meteorological and the early warning systems are an important tool of flood management and is a requirement of the FD and, at the same time, are a pre-requisite of the assessment of flood risks and hazards within the implementation process. During the course of development of the systems, a complex approach is required that covers the areas of infrastructure, software, modelling tools and human capacity building. 
The above recommendation is currently supported by the ongoing World Bank funded project, Sava Flood Forecasting and Warning System project, started in June 2016 with a meeting in Zagreb of the stakeholders from the five countries (Slovenia, Croatia, Serbia, Bosnia and Herzegovina and Montenegro). The project is planned to end in August 2018. The principal objective of the project is to build a forecasting system that supports stakeholders’ decisions in emergency flood and low flow situations. The forecasting system is referred to as the Flood Forecasting and Warning System (FFWS) as it is designed to forecast both floods and low flows – the latter for the purpose of drought management at basin scale. This project focusses on three elements of the forecasting system:

· Meteorological input data.

· Hydrological and hydraulic models.

· Forecasts of model outcomes and threshold crossings.

The FFWS will produce forecasts based on model calculations which the forecaster can use to trigger further actions. Any user-defined thresholds at forecasting locations will be included in the system. This means the system shows notifications to the forecasters in such a way that the icons of the forecasting locations will change depending on the threshold that is exceeded. The system will not take over the duty of the forecaster, but only serves to inform the forecaster. The dissemination of the warnings, the procedures and actions that follow such a warning (e.g. inform emergency response agencies) are the responsibility of the countries and are outside the scope of this project. 
The FFWS will be based on the Delft-FEWS forecast production system. This client-server application will act as a platform to collect data and to run hydrological and hydraulic models that estimate flows and water levels at forecasting locations throughout the basin. The project aims to use the existing Sava HIS as central operational data service. The Sava HIS collects telemetry data and provides these to the Delft-FEWS system. Numerical weather predictions as well as Slovenian, Croatian and Danube forecasts are fed separately to the FFWS.

The FFWS will make use of all available and sometimes even improved hydrological and hydraulic models. Most of them are just regional models and not basin wide. Therefore, FFWS will use the basin wide HEC-HMS hydrological model results for those forecasting locations where no detailed model is available.

The FFWS is a client-server system. For robustness, there will be two different hosts of identical duty systems. These both duty systems continuously synchronize their data and act as backup for the other duty system, in case that one of the systems would fail somehow. Environmental flow application and harmonization

In all development scenarios, it is of great importance to apply EF for all water intakes and to harmonize the environmental flow values in the DRB between the riparian countries.
Harmonization of flow conditions which will preserve aquatic ecosystems, in all hydrologic conditions, represents basis for sustainable river basin management, regardless to the development scenario.  

In the IWRM Country Report, the Consultant has proposed EF values for existing and all planned HPP river profiles, based on compromise of legislation instructions and practice in riparian countries. It should be noted that this is a proposal which should be revised by stakeholders in riparian countries and harmonized between the three countries. For Drina River, the FBiH method has been proposed since it results from a compromise between energy, social and environmental issues and meet the European practice.

A specific environmental study should be done when EF has to be defined in a high environmental region such as protected areas but also such as section of rivers with a high ecological status and with natural spawning areas for native fishes.
Harmonization and strengthening of permitting
Cooperation between the riparian countries is necessary to harmonize the HPPs managements. It includes a common strengthening of the permitting conditions for authorization of dam constructions such as (see chapter 3.10):

· Hydropeaks mitigation,

· Flushing control,

· Adapted EF

· Fishladders

· Fish stocking and
· Aquatic ecosystems monitoring. 

Preservation of protected areas and high aquatic ecosystem sections

Further implementation of provisions of the Law on Water (OG of the Republic of Serbia, 30/10) related to identification and protection of protected areas is required in all development scenarios. In line with the WFD, Article 110 defines protected areas  as: protected areas designated for the abstraction of drinking water, bodies of surface water designated for recreation including areas designated for bathing, areas vulnerable to eutrophication and areas sensitive to nitrates, areas designated for the protection of economically important aquatic species, areas designated for the protection of habitats of plant and animal species or aquatic species where the maintenance or improvement of water status is an essential prerequisite for their survival and reproduction.  
Further transposition of the WFD will also require identification of related water bodies and establishment of the register of protected areas.
4 Development scenarios

4 Planning horizons

The general consensus between the Consultant and the coordination committee at the Inception Workshop was that the horizons for planning for water resources management purposes is the year 2020 for the short term and 2050 for the long term. This implies adopting timeframes of e.g. 30 years that would cover the planning horizons and enable an insight into the variability of climate, hydrologic and demographic tendencies that affect water management and development options. 

The climate change effects are considered within two future time frames: 2011-2040 and 2041-2070, in respect to the baseline (reference) frame 1961-1990. The selected future time frames are typical in the climate change impact studies, and they also cover the planning horizons 2020 and 2050. On the other hand, the baseline period is chosen having in mind availability of climatological data in the region (huge data gaps in 1990’s does not permit selection of a longer baseline period, such as e.g. 1961-2010). 

The Consultant has undertaken water demand projections for each riparian state up until the year 2064 (refer to Chapter 7 of respective IWRM Country Report), with water use provided for domestic, industrial and irrigation for the years 2044 and 2064 in tabular format, a period of 30 and 50 years respectively.

The results of the hydrologic simulations with past and future climate and use of the WEAP model will therefore be able to provide indications of water use at any year moving forward from 2012 up until 2070. The WEAP models uses data outputs from the hydrological model and also takes into consideration climate change simulations for the near future and the distant future that are fed into the WEAP model. The time periods for the climate change scenarios are 2011 to 2040 (near future) and 2041 to 2070 (distant future). Taking the mid points for this range of dates provides the year 2025 and the year 2055 respectively, which are close to the adopted planning horizons. Variability of climate and hydrologic regime in the timeframes encompassing the planning horizons would therefore be propagated through the WEAP model into the variability of the available water resources and water allocations, thus enabling a full range of possible water management options to be considered.

4 Baseline scenario

The IWRM Study and Background Paper for Serbia has defined in detail the physical characteristics of the Serbian part of the DRB focusing on the environmental aspects (Chapter 2), followed in Chapter 3 by the socio-economic characteristics of the basin in order to establish a baseline condition. The following elements have been taken into account:

· Morphology and Topography

· Hydrography 

· Climate 

· Geology and Soil 

· Seismic Conditions 

· Land Use 

· Biodiversity 

· Protected Areas

· Socio Economic Characteristics of the Drina Basin

· Natural resources

· Cultural Heritage and national monuments

· Demographics

· Gender and age structure

· Human Health

· Education and illiteracy

· Employment, unemployment and living standards

· Crime 

· Transportation 

These elements have been used for definition of parameters in the MCA matrix for evaluation of the proposed development scenarios. 

4 Criteria for formulation of scenarios 
The first set of criteria; the so-called threshold criteria; are set for the structural development options. For any development option to be evaluated further in the MCA, it must meet all of the threshold criteria. The next set of criteria; the evaluation criteria; are for use in determining the extent to which the various structural options respond to the water resources development objectives: 

· Water management / financial – these criteria basically focus on the extent to which water can be stored, supplied, and managed for flood and drought mitigation, as well as on the cost effectiveness of the structural development options.

· Environmental – these criteria deal with the environmental impacts of the structural development options, both during the construction and operating phases.

· Socio-economic – these criteria address the extent to which the structural development options lead to socio-economic impacts – both positive and negative.

Under the Chapter 6.5, detailed description of criteria by type (e.g. threshold, financial/economic, environmental, and socio-economic) and a short description of each has been provided.

4 Overview of formulated scenarios

Summary overview of formulated scenarios, along with their effect on the key criteria for selection has been provided in the table below:
Table 4‑3: Overview of formulated scenarios 
	Assumptions
	Green Growth
	Reduced/Optimized HPP Maximization Scenario
	"Full HPP Maximisation" Scenario

	Domestic Water Supply 
	Present and future demand is secured
	Present and future demand is secured
	Present and future demand is secured

	Industrial Water Supply
	Present demand is secured
	Present and future demand is secured
	Present and future demand is secured

	Irrigation Supply
	Present demand is secured
	Present and future demand is secured
	Present and future demand is secured

	Hydropower
	No new HPP is developed

Existing HPP made more efficient
	6 in total

(4 on Drina)

Rogacica" HPP, "Tegare" HPP, "Dubravica" HPP,  "Kozluk" HPP, 

(2 on Lim)

Brodarevo I HPP, and Rekovici SHPP

(1 PSHPP – Lim and Uvac Rivers) 
	10 in total

(7 on Drina)
Rogacica" HPP, "Tegare" HPP, "Dubravica" HPP,  "Kozluk" HPP, "Drina I" HPP, "Drina II" HPP, "Drina III" HPP, "

(3 on Lim)

Brodarevo I HPP, Broadarevo II HPP and Rekovici SHPP

(1 PSHPP – Lim and Uvac Rivers)

	Other Power Supplies
	More green energy options are developed (e.g. wind, solar etc.)
	Still likely to rely on TPP for regularity of energy supply
	Increase to reduce reliance on TPP

	Flood Regulation
	Present flood regulation is secured as long as no new dams are needed
	Present and future flood regulation is secured 
	Present and future flood regulation is secured

	Water Quality
	All planned WWTP are constructed,

Municipal wild dumpsites in riverbanks are closed and cleaned up
	Limited influence on water quality (sediments)
	Limited influence on water quality (increase in sediments)

	Minimum Environmental Flow
	Minimum environmental flow is guaranteed for each water intake
	Minimum environmental flow is guaranteed 
	Minimum environmental flow is guaranteed 

	Tourism
	Tourism is controlled in protected areas (guided access, no conversion of protected habitats for infrastructure) 
	Moderate influence on tourism (recreation areas)
	Moderate influence on tourism (recreation areas are created at new dam reservoir sites)

	Climate change and Drought mitigation
	Present drought period is mitigated by using water storage in existing dam reservoirs
	Present and future drought periods are mitigated by using water storage in dam reservoirs
	Present and future drought periods are mitigated by using water storage in existing and new reservoirs


4 SWOT Analysis 
SWOT analysis made during selection process of development scenarios has taken into account the following elements for each of the SWOT categories, as presented in the Table 4-4 below. Each of the elements has been evaluated for each of the development scenarios. Detailed SWOT analysis of selected scenarios is provided under Section 6.5 

Table 4‑4: List of elements evaluated under SWOT analysis

	Strengths of the scenario
	Opportunities of the Scenario

	Large flow/discharge
	Presence of ISRBC and ICDPR is good for the basin

	Multipurpose source – water supply, irrigation, HPP etc.
	The region is in the "Spotlight" due to recent floods

	Low population density (in upper part of the Basin)
	IFI's continue to support IWRM in the region

	> HPP potential
	Reduction of important sources of pollutants

	> Ecotourism and tourism potential
	Easy modification and adaption to future needs

	Current large reservoirs can reduce flood peaks and supply water during dry periods
	Good ground for fostering international cooperation

	Relatively large number of Protected areas in the Basin –= rich biodiversity and ecosystems
	Compatibility with water quality improvement measures under EU Directives

	Relatively good water quality
	In line with expected economic development of countries

	Some good quality agricultural land with good irrigation potential
	The region is involved in waste management strategy and education (Regional Programme of Education for Sustainable Development)

	Stakeholders appreciate and recognise importance of environmental protection
	Old industry facilities can be rehabilitated/adapted to mitigate pollution

	Benefit / cost ratio can increase
	Implementing energy strategy, promotion of renewable energy

	Numerous and important endemic aquatic species
	More potential for employment (tourism, HPP, environment protection, monitoring)

	Relatively good air quality (except in lower basin)
	Proclamation of new protected areas (such as Drina protected areas)

	Weaknesses of the Scenario
	Threats of the Scenario

	Environmental flow regulation varies between riparian stakeholders
	Absence of transboundary regulation

	Poor maintenance/absence of flood protection infrastructure
	Poor cooperation between riparian's restricted to emergencies

	Uncontrolled sediment extraction
	Absence or limited bilateral/multilateral agreements

	Lack of data and information exchange
	Management competence divided between authorities

	Lack of early warning system (flood) for the Basin
	Boundary disputes due to migrating river source

	Lack of continuous monitoring  (flow, quality, groundwater, etc)
	Potential disagreements between project beneficiaries

	Limited WWTP in the basin
	Not compatible with implementation of key environmental measures

	Irrigation systems are lacking and in poor condition
	Natural habitats for endemic species deteriorate due to conversion of land use

	Limited stakeholder capacity to deal with responsibility and decision making
	Flood risk due to uncontrolled extraction

	Inefficient use of natural resources especially water = > losses in water supply networks
	Spawning areas and habitats destruction due to uncontrolled flushing

	No special protection of spawning areas
	Water quality and natural ecosystem deteriorate due to pollution

	Internally not well balanced, rigid, poorly rooted
	

	Lack of controlled and legal landfills
	

	Poor water quality in some tributaries due to municipal and industrial pollution
	

	Monitoring data base not homogeneous and divided between many entities
	


4 Monitoring 

This section deals with directions of development of monitoring in the Drina River Basin. In IWRM Country Reports were given general recommendations regarding monitoring improvement, while in this report will also be given more specific recommendations.

4 Current state of the network

Before the presentation of proposed network monitoring it is necessary to define precisely the current state of the network in the basin. In the Annexes to the IWRM Country Reports is given a detailed overview of measurement stations, together with their most important parameters. Here will be presented only basic data on them.

Within the authority of the RHMS of Republic of Serbia there are 10 hydrologic stations and 44 meteorological stations which are given in the following two tables.

Table 4‑5: Hydrologic stations within the authority of the RHMS of Republic of Serbia
	Station name
	River
	Commissioning year
	Measured parameters

	Bajina Bašta
	Drina
	1926
	H,Q

	Bistrica
	Bistrica
	1959
	H,Q

	Brodarevo
	Lim
	1958
	H,Q

	Čedovo
	Vapa
	1958
	H,Q

	Lešnica
	Jadar
	1926
	H,Q

	Priboj
	Lim
	1959
	H,Q

	Prijepolje
	Lim
	1924
	H,Q

	Prijepolje
	Mileševka
	1967
	H,Q

	Radalj
	Drina
	1976
	H,Q

	Zavlaka
	Jadar
	1959
	H,Q


Table 4‑6: Meteorological stations within the authority of the RHMS of Republic of Serbia

	Station name
	River
	Commissioning year
	Measured parameters

	Badovinci
	Drina
	1953
	precipitation

	Bajina Bašta
	Drina
	1901
	climate

	Banovo Polje
	Drina
	1956
	precipitation

	Banja Koviljača
	Drina
	1899
	precipitation

	Bare
	Lim
	2007
	precipitation

	Brodarevo
	Lim
	1936
	precipitation

	Crnča
	Drina
	1958
	precipitation

	Culine
	Drina
	1953
	precipitation

	Dobroselica
	Uvac
	1953
	precipitation

	Donja Borina
	Drina
	1958
	precipitation

	Donja Orovica
	Ljuboviđa
	1949
	precipitation

	Draginac
	Jadar
	1955
	precipitation

	Dušmanići
	Lim
	1941
	precipitation

	Dvorska
	Jadar
	1956
	precipitation

	Goleša Pribojska
	Drina
	1956
	precipitation

	Gornja Trešnica
	Drina
	1953
	precipitation

	Jagodići
	Rogačica
	1925
	precipitation

	Joševa
	Drina
	1953
	precipitation

	Kozjak
	Jadar
	1955
	precipitation

	Krnjača
	Lim
	1953
	precipitation

	Krupanj
	Krivaja
	1897
	climate

	Lešnica Jelav.
	Drina
	1895
	precipitation

	Loznica
	Drina
	1951
	GMS

	Lještansko
	Drina
	2001
	precipitation

	Ljubovija
	Ljuboviđa
	1901
	climate

	Mokra Gora
	Rzav
	1956
	precipitation

	Negbina
	Uvac
	1953
	precipitation

	Nova Varoš
	Lim
	1926
	precipitation

	Osečina
	Krivaja
	1910
	precipitation

	Planina
	Drina
	1956
	precipitation

	Ponorac
	Uvac
	1953
	precipitation

	Postenje
	Drina
	1953
	precipitation

	Razbojište
	Drina
	1954
	precipitation

	RC Sjenica
	Uvac
	1984
	climate

	Rogačica
	Drina
	1896
	precipitation

	Semegnjevo
	Rzav
	1927
	precipitation

	Sjenica
	Lim
	1925
	precipitation

	Sjenica
	Uvac
	1951
	GMS

	Stave
	Jadar
	1949
	precipitation

	Strmovo
	Drina
	1958
	precipitation


	Tekeriš
	Jadar
	1949
	precipitation

	Zaovine
	Drina
	1941
	precipitation

	Zavlaka
	Jadar
	1941
	precipitation

	Zlatibor
	Rzav
	1941
	GMS


Within the authority of the Electric Power Industry of the Republic of Serbia there are 7 meteorological stations given in the following table.

Table 4‑7: Meteorological stations within the authority of the Electric Power Industry of Republic of Serbia

	Station name
	River
	Commissioning year
	Measured parameters

	Bajina Bašta  Dam (Perućac)
	Drina
	2011
	climate

	Bajina Bašta, DLHE head office
	Drina
	2011
	climate

	Zaovine
	B. Rzav
	2011
	climate

	Nova Varoš DLHE
	Uvac
	2016
	climate

	Potpeć Dam
	Uvac
	2016
	air temp.

	Radoinja Dam
	Uvac
	2016
	prec., air temp.

	Uvac Dam
	Uvac
	2016
	prec., air temp.


4 Users' needs for system improvement

List of subjects – user of the system monitoring system in the Drina River Basin also includes:

· Water management institutions (water use, water protection, protection from water etc.),

· Electric Power Industries,

· Scientific-research institutions,

· Private users (energy production, fisheries, agriculture, tourism etc.),

· Military-technical users,

· Citizens etc.

Users' needs dictate the development of monitoring in the Drina River Basin that includes several possible directions, also including:

· Expansion of monitoring network with new stations,

· Improvement of measurement process on existing stations and

· Improvement of data exchange in the basin.

These needs will be described in more detail below.

4 Minimum set of measurement parameters

It is necessary to define the minimum set of measurement parameters that each measurement station should measure. Measurement parameters for hydrologic stations for surface waters:

· Basic: water level and discharge, i.e. levels, inflow and discharge (at the dam profile) and

· Additional: water temperature, water quality, chemical composition, groundwater level etc.

Hydrologic stations for surface waters should, if possible, be paired with groundwater measurement stations, which would measure their level and quality. Meteorological stations' parameters are:

· Basic: current temperature, air direction and speed, current precipitation intensity, precipitation during previous 1, 3, 6, 12 and 24 hours and snow cover thickness and

· Additional: Solar radiation, air relative humidity, evaporation, air pressure, temperature and soil humidity at several depths etc.

Time step shall not exceed 1 hour (10, 15 or 20 minutes, if possible).

4 Improvement of existing station network

Existing station network shall be equipped in accordance with the lists of measurement parameters given in Subsection 4.4.3.

On all existing stations, it is also necessary to perform control of the existing equipment and structures.

Improvement of meteorological stations in the Lim River Basin

Improvement of existing meteorological stations by introduction of automatic meteorological stations shall be performed on the following locations: 

· "Priboj" (430 m a.s.l.) and

· "Prijepolje" (460 m a.s.l.).

Existing stations provide daily data on precipitation and minimum and maximum temperature and it is necessary to improve them by introduction of automatic stations. 

4 Network expansion with new stations

Methodology

The principal idea behind this methodology is that the starting point in network expansion should plans developed by hydro-meteorological institutions and other important subjects in the Drina River Basin and also the stations that have been active at one time, and which ceased operation for a certain reason. Only after the completion of lists containing these stations should be considered the locations where no measurements have been performed so far.

Reasons for this are the following ones:

· On certain locations there already exists a considerable amount of data, so the continuation of measurements provides the possibility of comprehension of changes in water regimes that occurred in the meantime and

· There is a considerable experience gained by operation of these stations, so it would be possible to avoid negative aspects that could occur on completely new locations and which could be hardly identified in advance.

An example of the latter reason is the Pavlovića bridge on Drina River, in vicinity of the town of Slobomir (Republic of Srpska, BiH), i.e. the Badovinci village (Republic of Serbia). Although this location is interesting in the hydrologic sense, the instability of river bed makes disputable the quality of future measurements.

In order to establish a priority of investment into new stations was developed the methodology for selection of optimum candidates. This methodology was tested using the existing stations.

In this procedure, each potential station shall be ranked (evaluated) using the marks in the range from 1 to 5. Criteria for evaluation are:

· Cost of station maintenance,

· Cost of measurements,

· Importance of measurement stations for a user,

· Measurement station position (location),

· Amount of equipment in the measurement station,

· Historical importance related to continuity of measurements,

· Station importance defined by legal regulation,

· River bed stability at the station profile,

· Size of the sub-basin controlled by the station,

· Station importance in view of development of hydraulic and hydrologic models etc.

Measurement station location shall be considered in view of:

· Existing network (the areas with lack of data),

· Spatial distribution, also including distribution in terms of elevation (particularly for elevations of more than 1,200 m a.s.l.),

· Data availability – cell phone signal quality and

· Accessibility by road, vicinity of structures, presence of people etc.

Regarding the establishment of new meteorological stations in the Drina River Basin, as a general recommendation it can be stated that each larger settlement (on the level of a municipal center) should exist an active meteorological station. These stations shall have lower priority than the ones listed in the following tables.

New hydrologic stations along Drina River

In the following table are given proposed locations for establishment of new hydrologic stations along Drina River.

Table 4‑8: Proposed new hydrologic stations along Drina River

	River
	Location
	Country
	Proposed by

	Drina
	"Badovinci"
	Serbia
	RHMS of Serbia


New hydrologic stations in Lim River Basin

In the following table are given proposed locations for establishment of new hydrologic stations in the Lim River Basin. This proposal was formulated upon the status of the existing network of hydrologic stations in the Lim River Basin, availability of data collected on them, as well as the key areas with lacking data.

Table 4‑9: Proposed new hydrologic stations in the Lim River Basin

	River
	Hydrologic station
	Country
	Proposed by

	Uvac
	"Uvac"
	Serbia - RS (BiH)
	RHMS of Serbia


An overview of potential locations is given in the following figure.

[image: image13.png]



Figure 4‑2: Overview of locations of existing and new hydrologic stations in the Lim River Basin (black - existing hydrologic stations, red - new hydrologic stations)
New meteorological stations in the Lim River Basin

In the following table are given proposed locations for establishment of new meteorological stations in the Lim River Basin. This proposal was formulated upon the status of existing network of meteorological stations in the Lim River Basin, availability of data collected on them, as well as the keys areas with lacking data.

Table 4‑10: Proposed new meteorological stations u slivu reke Lim

	Meteorological station
	Micro-location
	Country
	Proposed by

	"Buđevo"
	Peštersko polje
	Serbia
	Consultant

	"Priboj"
	
	Serbia
	Consultant

	"Prijepolje"
	
	Serbia
	Consultant


An overview of potential locations is given in the following figure.
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Figure 4‑3: Overview of locations of existing and new meteorological stations in the Lim River Basin (black – existing meteorological stations, red - new meteorological stations)

New hydrologic stations in the sub-basin from “Višegrad” HPP to “Bajina Bašta” HPP (Rzav River, Beli Rzav River, Crni Rzav River and Žepa River)

In the following table are given proposed locations for establishment of new hydrologic stations in the sub-basin from “Višegrad” HPP to “Bajina Bašta” HPP. This proposal was formulated upon the status of existing network of hydrologic stations in this sub-basin, availability of data from them, as well as the key areas with lacking data.

Table 4‑11: Proposed new hydrologic stations in Rzav River, Beli Rzav River, Crni Rzav River and Žepa River basins

	River
	Location
	Country
	Proposed by

	Rzav
	“Vardište”
	Serbia
	RHMS of Serbia


An overview of potential locations is given in the following figure.
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Figure 4‑4: Overview of locations of existing and new hydrologic stations in the sub-basin from “Višegrad” HPP to “Bajina Bašta” HPP (black - existing hydrologic stations, red - new hydrologic stations)

New meteorological stations in sub-basin from “Višegrad” HPP to “Bajina Bašta” HPP (Rzav River, Beli Rzav River, Crni Rzav River and Žepa River)

In the following table are given proposed locations for establishment of new meteorological stations in the sub-basin from “Višegrad” HPP to “Bajina Bašta” HPP. This proposal was formulated upon the status of existing network of meteorological stations in this sub-basin, availability of data collected on them, as well as the key areas with lacking data.

Table 4‑12: Proposed new meteorological stations in Rzav River, Beli Rzav River, Crni Rzav River and Žepa River basins

	Meteorological station
	Micro-location
	Country
	Proposed by

	“Mokra Gora”
	
	Serbia
	Consultant


An overview of potential locations is given in the following figure.
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Figure 4‑5: Overview of locations of existing and new meteorological stations in the sub-basin from “Višegrad” HPP to “Bajina Bašta” (black - existing hydrologic stations, red - new hydrologic stations)

New hydrologic stations in sub-basin from “Bajina Bašta” HPP to “Zvornik” HPP (Rogačica River, Trešnjica River, Ljuboviđa River, Drinjača River and Janja River)

In the following table are given proposed locations for establishment of new hydrologic stations in the sub-basin from “Bajina Bašta” HPP to “Zvornik” HPP. This proposal was formulated upon the status of existing network of hydrologic stations in this sub-basin, availability of data collected on them, as well as the key areas with lacking data.

Table 4‑13: Proposed new hydrologic stations in Rogačica River, Trešnjica River, Ljuboviđa River, Drinjača River and Janja River basins

	River
	Hydrologic station
	Country
	Proposed by

	Ljuboviđa
	“Ljuboviđa”
	Serbia
	Consultant

	Trešnjica
	“Trešnjica”
	Serbia
	Consultant

	Rogačica
	“Rogačica”
	Serbia
	Consultant


An overview of potential locations is given in the following figure.
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Figure 4‑6: Overview of locations of existing and new hydrologic stations in the basin from "Bajina Bašta" HPP to "Zvornik" HPP (black - existing hydrologic stations, red - new hydrologic stations)

New meteorological stations in basin from "Bajina Bašta" HPP to "Zvornik" HPP (Rogačica River, Trešnjica River, Ljuboviđa River and Drinjača River)

In the following table are given proposed locations for establishment of new meteorological stations in the sub-basin from "Bajina Bašta" HPP to "Zvornik" HPP. This proposal was formulated upon the status of existing network of meteorological stations in this sub-basin, availability of collected on them, as well as the key areas with lacking data.

Table 4‑14: Proposed new meteorological stations in Rogačica River, Trešnjica River, Ljuboviđa River, Drinjača River and Janja River basins

	Meteorological station
	Micro-location
	Country
	Proposed by

	"Cer"
	
	Serbia
	Consultant

	"Debelo Brdo"
	
	Serbia
	Consultant


An overview of potential locations is given in the following figure.
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Figure 4‑7: Overview of locations of existing and new meteorological stations in the sub-basin from "Bajina Bašta" HPP to "Zvornik" HPP (black - existing hydrologic stations, red - new hydrologic stations)

4 Increase in number of subjects whose measurements are used

The most important measurements in the basin are performed by governmental institutions, such as hydro-meteorological services, electric power industries and water management companies (hereinafter: primary measurement subjects).

It is often discussed whether the monitoring system could be improved by introduction of the measurements performed by other subjects that they perform for their purposes.

Consultant is familiar with the general position expressed by the primary measurements subjects that this course of action cannot represent an improvement of the network consisting of the stations belonging to primary measurement subjects for several reasons. The principal problem with data coming from other measurement subjects is, according to them, that their quality does not correspond to the quality of data collected by primary measurement subjects. Insufficient quality of these data is related to the lack of application of standards during measurements, insufficient sampling frequency, low equipment quality etc.

It is also considered that such data can be used for fulfillment of certain other subjects' needs, or meeting of legal obligations imposed upon them, but that their quality is not sufficient for them to be entered without check into databases in which are stored the data collected by primary measurement subjects. 

Consultant respects the position expressed by primary measurement subjects, but still thinks that it might be worthwhile to consider the possibility that a certain number of such measurement subjects with their measurement still could be included in the measurement system in the basin. This primarily refers to subjects that perform measurements at less accessible locations, for instance at higher elevations, i.e. on locations on which the stations' maintenance established by primary measurement subjects could present a problem for them.

In that sense, clear criteria could be defined that the measurements performed by other measurement subjects shall meet. It can be supposed that a certain number of stations belonging to other measurement subjects could meet these requirements, especially in case of relatively new, automatic, meteorological stations.

Consultant therefore thinks that it would be desirable to consider the possibility of network expansion in all cases in which it will be determined that it could be beneficial to the monitoring system.

4 Implementation of network improvement program

The sources from which network improvement can be presently financed are:

· Budgets of primary measurement subjects and

· Means envisaged within the GEF SCCF project.

In Subsection 4.4.5 are given the proposed new measurement stations, including the proposals formulated by the most important institutions involved with measurements in the basin. Being that the proposals were included in the plans developed by these institutions, it can be supposed that their construction will be financed from the institutions' budgets. A part of the means necessary for the network expansion will come from the fond of the GEF SCCF project. This projects envisages the provision of:

· 27 automatic hydrologic stations (which will measure water level, optionally also the discharge, temperature and water turbidity),

· 13 meteorological, 15 climate and 24 precipitation stations and

· 10 stations for groundwater measurements.

Remaining foreseen stations shall be financed from additional sources.

4 Conclusions

Network of stations intended for monitoring of hydrologic and meteorological parameters in the Drina River Basin is not uniformly developed. Availability of historical, as well as currently measured, data is variable and non-uniform. A significant disturbance in sense of cease with operation of a large number of stations were war actions taking place during the nineties of the last century.

By the use of means from the budgets of the most important institutions involved with measurement in the basin can be established a certain number of new stations (some of which were previously active, and ceased with operation afterwards). A part of the means necessary for the establishment of new stations can also be provided from the GEF SCCF project budget.

It necessary to provide means for the remaining proposed stations, the number of which is not high, so it seems that the monitoring network could be considerably improved relatively soon.

The issue that requires attention is the availability of data necessary for operational use. On a certain number of stations, the measurements are being performed se continually, but are not available to other users in the system more often than, for instance, once per day. This data transfer frequency can prove to be insufficient, especially in context of flood protections. Consultant’s opinion is that in this area there is room for considerable improvements.

The Consultant considers that the general objective of network development could be data exchange with hourly time step.
5 Modelling the impacts of development options on Water balance

5 Climate modelling

The goal of climate modelling in this project was to create plausible climate change scenarios for precipitation and temperature in DRB. The precipitation and temperature projections are used not only to describe future climate in the basin but also as the input for hydrologic simulations in order to create hydrologic projections for the basin. Knowledge on the tendencies in future climate and hydrology and uncertainties in these tendencies enables examining and evaluating the robustness of the water resources systems in DRB under climatic and hydrologic variability, thus supporting the sustainable water resources management.

5 Methodology

Climate change and its uncertainty in the DRB are assessed under the IPCC Representative Concentration Pathways (RCP) scenarios. For that purpose, an ensemble of regional climate models (RCMs) has been created. Four RCMs have been selected from the Med-CORDEX project (www.medcordex.eu), based on the availability of model output. Selected models have a horizontal resolution of 0.44° and their names are listed in Table 5‑1. Two IPCC scenarios were considered: RCP 4.5, as a “middle line”, and RCP 8.5 as a GHG intensive scenario. 

Table 5‑1: List of Global (GCM) and Regional (RCM) Climate Models from the Med-CORDEX project used in the study.

	Institute
	GCM
	RCM

	CNRM
	CM5
	ALADIN 5.2

	CMCC
	CM
	CCLM 4-8-19

	LMD
	IPSL-CM5A-MR
	LMDZ

	GUF
	MPI-ESM-LR
	CCLM 4-8-18


Delta approach was used as a first step in the climate change assessment. Changes in mean annual and seasonal 2 m temperature and precipitation are analysed for two 30-years periods, namely 2011-2040 and 2041-2070, with respect to the reference period, 1961-1990, in order to have an overall view of its spatial distribution in DRB.

Second step was to prepare RCM data for use with the hydrological impact models. This involves a statistical bias correction. Model output of mean daily temperature and daily accumulated precipitation was matched with daily measurements at meteorological stations within DRB (29 stations for temperature data and 80 for precipitation data) for the reference period, 1961-1990. Based on the comparison, corrective functions were calculated (following Dettinger et al., 2004 and Piani et al., 2010) for every RCM and every observational point for each month, separately for precipitation and temperature data. Once the corrective functions were obtained, they were applied to RCMs’ output for the reference period and verified against the observations. The same corrective functions were then applied to models’ results for the two future periods, 2011-2040 and 2041-2070, and such results were ready to use as an input in the impact models.

5 Results 

The results of the climate modelling and assessment of the climate change is described in detail in the IWRM country report. The summary of the findings is also presented in this report.

All models under both scenarios project a temperature increase over the entire DRB in all seasons during both considered future periods (Figure 5‑1 left). In the Serbian part of the DRB, the increase in the ensemble median mean annual temperature ranges from 1.2 °C to 1.4 °C under RCP 4.5 and 8.5 respectively in the near future (2011-2040) and from 2 °C to 2.7 °C in the distant future (2041-2070) with respect to the reference period 1961-1990. The largest heating is projected for summer season under both scenarios and in both future periods, as well as in winter under RCP 8.5 in distant future. The smallest increase is expected in autumn and spring. 

Precipitation change in the future relative to the reference period is negative under both scenarios and generally small on the annual scale (Figure 5‑1 right). The changes in the ensemble median annual precipitation range from -1.5% to -2.5% in near future under two scenarios, and from -5.5% to -7.7% in distant future. However, the seasonal changes are more pronounced with opposite tendencies that cancel each other out on the annual scale. Winter precipitation is expected to increase, while summer precipitation is expected to decrease. Spring precipitation shows small decrease in both periods, while autumn precipitation tends to increase first and then decrease in distant future. The largest projected change is the decrease of nearly 30% in summer precipitation in distant future. 

Uncertainty of the projected temperature and precipitation change is bigger for the distant future than for the near future. Summer and spring season have the largest ensemble span for the temperature change, in both periods and both scenarios. Range for the precipitation change is more or less uniform across the seasons, with an exception of summer that has the largest ensemble span. This difference is more pronounced in the second period for both scenarios.
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Figure 5‑1: Projected changes in temperature (left) and precipitation (right) in two future 30-year periods relative to the reference period under two climate change scenarios (RCP 4.5 and RCP 8.5).
5 Influence of climate change on hydrology 

5 Methodology

The assessment of the impact of climate changes upon water resources is based upon the application of a hydrologic model by the use of various climate scenarios. Input parameters for hydrologic simulations, daily values of precipitation and air temperatures were obtained from the global climate models (Global Climate Model-GCM). Then the input climate parameters for the hydrologic model were projected on the river basin spatial scale by application of regional climate models (Regional Climate Model-RCM).

Hydrologic projections determined in this manner for future time period include a considerable uncertainty of projected values. It is a consequence of uncertainty, not only in climate, but also in hydrologic modeling. Climate model is capable of reproduction of precipitation in the statistical sense during the observed period, while the values of observed and modeled precipitation do not match in the chronological sense. This uncertainty is consequently transferred to the modeled hydrologic series, and together with the uncertainty of the hydrologic model leads do the results of the hydrologic model being aligned with observations only in a statistical sense.

For the above mentioned reason the assessment of the impact of climate changes upon hydrologic series is performed by the application of input parameters from several global and regional climate models, resulting in a larger number of hydrologic simulations for various data sets. Simultaneously with the simulations of discharges during the future period is performed the modeling of discharges during the "baseline" period. Then the discharges in the future are compared with the discharges during the "baseline" period, the conclusion on the impact of climate changes upon water resources being made in the form of relative changes in discharges in the future.

Results of hydrologic modelling during the "baseline" period and future periods are used in order to describe changes in the Drina River hydrologic regime, together with its significant tributaries such as Piva River, Tara River, Ćehotina River, Lim River and Uvac River. A change in the hydrologic regime can be assessed by application of the following indicators:

· Mean annual discharge, determined upon the mean annual discharges during the 30-year period;

· Mean seasonal discharge, determined upon the mean seasonal discharges during the 30-year period;

· Higher annual discharge, determined upon the mean annual discharges during the 30-year period as the 10%-exceedance probability;

· Lower annual discharge, determined upon the mean annual discharges during the 30-year period as the 90%-exceedance probability.

5 Climate scenarios as input data for hydrologic model

Precipitation and air temperatures during a future period were determined by application of various GCS/RCM (QQQ) for climate scenarios RCP 4.5 i RCP 8.5 that define various greenhouse gases’ concentration trajectories in the future (AR4, 2014). All combinations of GCM/RCM and climate scenarios are presented in Table 5-2, the input parameter sets for the hydrologic model being denoted from CM1 to CM8 in order to facilitate comprehension.

Table 5‑2: Input climate parameters sets based on 8 combinations of GCM/RCM and various climate scenarios (RCP 4.5 and RCP 8.5)

	Data set
	GCM
	RCM

	CM1
	RCP 4.5
	Model 1

	CM2
	RCP 4.5
	Model 2

	CM3
	RCP 4.5
	Model 3

	CM4
	RCP 4.5
	Model 4

	CM5
	RCP 8.5
	Model 1

	CM6
	RCP 8.5
	Model 2

	CM7
	RCP 8.5
	Model 3

	CM8
	RCP 8.5
	Model 4


For each climate model were simulated daily precipitation series and air temperatures for the following 30-year periods:

· From 1961 to 1990 ("baseline" period or referent period),

· From 2011 to 2040 (near future) and

· From 2041 to 2070 (distant future).

5 Climate simulations for future period

Climate simulations made for the future period indicate an increase in air temperature according to all climate scenarios. This increase in temperatures is particularly important during the distant future period, while being less pronounced during the near future period (from 2011 to 2040). Results of climate models were analyzed as seasonal and annual precipitation sums, as well as the mean values of seasonal and annual air temperatures:

· Winter: December, January, February (DJF),

· Spring: March, April, May (MAM),

· Summer: June, July, August (JJA) and

· Autumn: September, October, November (SON).

Tables 5-3 and 5-4 provide an overview of changes in air temperature per season, as well as annually, for various climate models. It is necessary to emphasize that the values presented in the tables represent averaged temperature in the DRB obtained by use of 27 temperature stations.

Table 5‑3: Changes in mean annual and seasonal air temperatures (0C) during the near future period (from 2011 to 2040) for temperature stations in the DRB.

	Climate paramet set
	Near future (from 2011 to 2040)

	
	DJF
	MAM
	JJA
	SON
	ANN.

	CM1
	+1.11
	+1.05
	+0.60
	+0.99
	+0.91

	CM2
	+1.25
	+1.77
	+1.47
	+0.86
	+1.32

	CM3
	+1.49
	+1.41
	+2.41
	+1.56
	+1.69

	CM4
	+1.43
	+1.16
	+1.54
	+0.87
	+1.23

	CM5
	+1.96
	+1.47
	+0.73
	+1.19
	+1.31

	CM6
	+1.19
	+1.47
	+2.02
	+1.19
	+1.44

	CM7
	+1.35
	+1.84
	+2.68
	+1.99
	+1.94

	CM8
	+1.07
	+1.18
	+1.39
	+0.65
	+1.05


Table 5‑4: Change in the mean annual and seasonal air temperatures (0C) during the distant future period (from 2041 to 2070) for temperature stations in the DRB

	Climate parameter set
	Distant future (from 2041 to 2070)

	
	DJF
	MAM
	JJA
	SON
	ANN.

	CM1
	+2.19
	+1.84
	+1.71
	+2.00
	+1.91

	CM2
	+1.72
	+2.16
	+2.85
	+1.90
	+2.11

	CM3
	+2.23
	+2.39
	+5.53
	+2.70
	+3.17

	CM4
	+2.07
	+1.45
	+2.43
	+0.87
	+1.65

	CM5
	+3.03
	+2.48
	+1.99
	+2.32
	+2.41

	CM6
	+2.89
	+3.45
	+3.38
	+2.56
	+3.03

	CM7
	+3.10
	+3.17
	+7.64
	+3.83
	+4.39

	CM8
	+2.15
	+2.30
	+2.61
	+2.13
	+2.25


Tables 5-5 and 5-6 present the overview of the changes in precipitation sums per season and annually for various climate models. Presented changes represent osrednjene precipitation sums in the DRB obtained by use of 80 precipitation stations.

Table 5‑5: Relative change in the mean annual and seasonal precipitation sums (%) during the near future period (from 2011 to 2040) for precipitation stations in the DRB

	Climate parameter
set
	Near future (from 2011 to 2040)

	
	DJF
	MAM
	JJA
	SON
	ANN.

	CM1
	+0.5
	-5.3
	-3.7
	-14.6
	-9.1

	CM2
	+26.9
	+8.2
	+7.1
	+2.4
	+14.6

	CM3
	+13.2
	-15.7
	+19.9
	+1.0
	+3.5

	CM4
	+1.7
	+3.8
	-17.7
	+3.5
	-0.8

	CM5
	+0.1
	+5.4
	-6.0
	-15.2
	-6.6

	CM6
	+26.9
	+8.2
	+7.1
	+2.4
	+14.6

	CM7
	+18.9
	-16.3
	+15.3
	-3.8
	+1.9

	CM8
	-1.9
	-0.9
	-21.9
	-5.2
	-10.3


Table 5‑6: Relative change in the mean annual and seasonal precipitation sums (%) during the distant future period (from 2041 to 2070) for precipitation stations in the DRB

	Climate parameter
set
	Distant future (from 2041 to 2070)

	
	DJF
	MAM
	JJA
	SON
	ANN.

	CM1
	+1.4
	-10.6
	-27.4
	-15.2
	-11.6

	CM2
	+30.8
	+15.0
	+0.4
	+7.4
	+10.3

	CM3
	+23.7
	-18.4
	-22.8
	+0.6
	-7.9

	CM4
	+11.6
	+5.0
	-39.7
	+14.8
	-2.6

	CM5
	+3.9
	-4.4
	-33.2
	-12.0
	-17.2

	CM6
	+30.8
	+15.0
	+0.4
	+7.4
	+10.3

	CM7
	+14.5
	-13.4
	-44.9
	-25.5
	-18.9

	CM8
	+10.9
	-1.1
	-27.9
	-9.1
	-5.6


5 Hydrologic simulations for future period

Hydrologic model was used in order to determine long-term hydrologic projections based upon 8 climate modeling data sets (Table 5-2). For each data set was simulated the run-off during the "baseline" period (from 1961 to 1990), as well as during the near (from 2011 to 2040) and distant future (from 2041 to 2070) periods.

By the use of a data set coming from climate modeling, future changes in mean values of annual and seasonal discharges can be presented in the form of relative discharge change (() with regard to simulated discharges during the base period:

[image: image20.png]



Where Qfuture is projected mean annual or seasonal discharge during near (from 2011 to 2040) or distant future (from 2041 to 2070) periods, while Qbase represents the modelled mean annual or seasonal discharge during the "baseline" period (from 1961 to 1990).

Hydrologic projections of mean annual and mean seasonal projections during the "baseline", near (from 2011 to 2040) and distant future (from 2041 to 2070) periods are presented in the Annex 5-1 to this chapter. For presentation were chosen representative hydrologic station on the Drina River ("Radalj" HS, "Bajina Bašta" HS and "Foča Most" HS), Lim River ("Prijepolje" HS and "Plav" HS), Piva River ("Šćepan Polje" HS), Tara River ("Šćepan Polje" HS) and Ćehotina River ("Vikoč" HS).

Relative changes in mean annual and seasonal discharges during near (from 2011 to 2040) and distant future (from 2041 to 2070) periods are presented in Tables 5-7 and 5-8, as mean values, individually for each climate input set at the listed hydrologic stations.
Table 5‑7: Relative changes (( - %) in mean annual and seasonal discharges during the near future (from 2011 to 2040) period for analyzed hydrologic stations

	Climate parameter 

set
	Near future (from 2011 to2040)

	
	DJF
	MAM
	JJA
	SON
	ANN.

	CM1
	+7.4
	-11.1
	+0.0
	-19.4
	-8.4

	CM2
	+45.3
	-3.8
	-7.2
	+8.3
	+14.7

	CM3
	+50.4
	-20.2
	-16.2
	+11.8
	-2.6

	CM4
	+28.1
	-2.3
	-25.3
	+6.8
	-1.1

	CM5
	+28.3
	-12.0
	-18.2
	-6.3
	-10.0

	CM6
	+15.1
	-21.8
	-6.,5
	+6.8
	+12.8

	CM7
	+64.3
	-17.6
	-25.7
	-5.7
	-2.2

	CM8
	+12.8
	-1.1
	-35.2
	-8.3
	-12.0

	

	Unfavorable scenario (CM5)
	+28.3
	-12.0
	-18.2
	-6.3
	-10.0

	Favorable scenario (CM2)
	+45.3
	-3.8
	-7.2
	+8.3
	+14.7


Table 5‑8: Relative changes (( - %) in mean annual and seasonal discharges during the distant future (from 2041 to 2070) period for analyzed hydrologic stations

	Climate parameter 

set
	Distant future (from 2041 to 2070)

	
	DJF
	MAM
	JJA
	SON
	ANN.

	CM1
	+22.5
	-25.5
	-42.6
	-26.6
	-16.4

	CM2
	+50.8
	-5.2
	-18.0
	+3.3
	+13.3

	CM3
	+86.7
	-26.8
	-41.2
	-6.2
	-8.2

	CM4
	+46.8
	-0.3
	-46.4
	17.6
	-0.9

	CM5
	+48.6
	-27.5
	-43.
	-13.1
	-18.0

	CM6
	+39.1
	+10.1
	-20.5
	-3.0
	+12.3

	CM7
	+85.2
	-34.7
	-48.5
	-40.0
	-17.7

	CM8
	48.8
	-4.5
	-31.6
	-21.8
	-8.4

	

	Unfavorable scenario (CM5)
	+48.6
	-27.5
	-43.0
	-13.1
	-18.0

	Favorable scenario (CM2)
	+50.8
	-5.2
	-18.0
	+3.3
	+13.3


5 Discussion and conclusions

For the analysis of the impact of climate changes upon water resources in the Drina River basin were chosen two climate scenarios, i.e. RCP 4.5 and RCP 8.5. These climate scenarios define two different trajectories of concentration of greenhouse gases adopted within the fifth IPCC-a (Intergovernmental Panel on Climate Change) report (AR5, 2014). RCP 4.5 defines a moderate increase in concentration of greenhouse gases in the atmosphere, which will stabilize until the mid-21th century, and up to 2100 according to this scenario solar radiation should not exceed 4.5 Wm-2 (Tomson et al., 2011). On the contrary, the RCP 8.5 scenario includes a large increase in concentration of greenhouse gases, that will continually increase until the end of the 21th century, while solar radiation shall not exceed 8.5 Wm-2 (Riahi et al., 2011).

Beside various climate scenarios were also analyzed various regional climate models (model 1-4), based upon the global climate model. The objective of inclusion of several climate models and two climate scenarios represents a decrease in uncertainty of climate modeling, so the results of a single climate scenario for various regional models lie within a wide range of expected changes. It is necessary to note that the uncertainty of climate modeling, among other issues, also relates to the "downscaling" method used for transformation of climate parameters with a high spatial resolution so that they correspond to the river basin spatial scale. On the other hand, upon the uncertainty of climate modeling builds the uncertainty of the hydrologic model. This uncertainty reflects primarily in modeling of evaporation from the basin and snow melting (Dankers et al. 2013, Milly et al. 2011). Modelling of these processes within the hydrologic model is performed by the means of empirical dependencies, the use of which in the multi-annual hydrologic modeling increases the projections’ uncertainty. Alternatively, for the same purpose can be used the methods based upon physical properties of the process and numerical solution of their equations (Stojković and Jaćimović, 2016). Such methods reduce the uncertainty of the hydrologic modelling, but their disadvantage reflects the necessity of the use of a large set of input meteorological parameters which are not available in the DRB.

In accordance with the analyzed climate scenarios can be expected that air temperature annually will show an increase during the near future (from 2011 to 2040) period from 0.9 ºC to 1.9 ºC, with regard to the "baseline" period (from 1961 to 1990). The distant future (from 2041 to 2070) period displays a higher expected increase in temperatures, ranging from 1.7 ºC to 4.4 ºC, with regard to the same referent period. Mean seasonal temperature demonstrates different changes in the future. So, during the summer season can be expected an increase in temperatures up to 2.7 ºC and 7.6 ºC, during near (from 2011 to 2040) and more distant future periods, respectively. During the remaining seasons the expected increase in temperature in regard to the "baseline" period (from 1961 to 1990) equals up to 2 ºC and 3.8 ºC, during near and more distant future periods, respectively.

Regarding the annual precipitation sums at the stations in the DRB can be expected a variable behavior in the future in accordance with the analyzed climate modeling data. Hence, changes can be expected in annual precipitation sums with regard to the referent period (from 1961 to 1990) from -10% to 15% and from -19% to +10%, for the near (from 2011 to 2040) and distant future (from 2041 to 2070) periods, respectively. During the near future period is implied an average increase in precipitation during the winter period (approximately 11% for the analyzed climate scenarios), while during the autumn months can be expected a mild decrease in precipitation, that on the average amounts to approximately 4%. The distant future period brings about more significant changes, not only in annual precipitation sums, but also in the precipitation during various seasons. Therefore, during the winter months a more significant increase in precipitation sums can be expected, that on average amounts to 16% for the analyzed climate parameter set. Opposite to the increase in precipitation during the winter season, can be expected a drastic decrease in precipitation during the summer months that on average amounts to -24%, as well as a milder decrease in precipitation during the autumn months (approximately 4% for the analyzed climate scenarios).

Results of climate modeling imply a significant change in the intra-annual distribution of precipitation in the future. This primarily means a significant increase in precipitation during the winter period and its decrease during summer months. Additionally, is implied a continual increase in air temperatures during the analyzed seasons in the future, with a special emphasis on the summer season. Changes in precipitation and air temperatures in the future lead to changes in the hydrologic cycle. These changes are reflected in changes in the inter-annual distribution, but also in changes in multi-annual values of discharge in regard to realized discharges during the referent period. Beside meteorological parameters that lead to changes in discharge in the future, an important factor are also the physical characteristics of various watercourses within the Drina River system. That means that the results of a single analyzed climate parameter set do not yield uniform conclusions for the river profiles of various watercourses, but the future changes lie within a certain range individually for each analyzed climate parameter set. Such deviations of discharges in the future with regard to the referent period (from 1961 to 1990) are dependent upon individual physical characteristics of various basins.

Changes in intra-annual distribution of precipitation and increase in temperature during all seasons in the DRB inevitably leads to a change in hydrologic projections in two forms:

· Changes in intra-annual discharge distribution and

· Changes in multi-annual discharge value.

Increase in air temperature during the winter season leads to a decrease in snow cover, as well as its faster melting. Consequently, there occurs an increase in discharge during the winter season and its decrease during the spring months. Increased transpiration due to an increase in temperatures during summer months, as well as the reduction in precipitation, leads to a reduction in discharges during summer season. For the same reason is a decrease in discharges evident during the autumn season. Changes analyzed seasonally lead to a change in discharges at the multi-annual time scale, that lie within a wider range, including a potential reduction and increase in values of discharges in accordance with analyzed climate scenarios.

During the near future (from 2011 to 2040) period can be expected the changes in multi-annual values of discharge according to various climate scenarios within a range from -12% to +15%, in regard to the base period (from 1961 to 1990). Changes in discharge are more pronounced during seasons, with an emphasis on the winter season, where changes are equal from +7% to +64%. Spring season represents a period during the year when the highest discharges in the DRB occur, and during this season can be expected a decrease in discharge equal up to 22% (CM6). Summer months bring about a decrease in discharge for all climate scenarios, while the maximum decrease is obtained by the use of the CM8 data set and equals to -35%. Autumn season in the near future brings about a variable behavior of discharges in accordance with analyzed climate parameters within the range of -19% to +12%.

More significant changes in discharges can be expected during the distant future (from 2041 to 2070) period. Changes analyzed annually according to various climate scenarios take values from -18% to +13% in regard to the base period (from 1961 to 1990). An increase in discharges during the winter season equals up to 87% (CM8), while during spring months can be expected a decrease which equals up to 35% (CM7). A large decrease in discharge can be expected during the summer season according to all climate scenarios od -18% do -49%. Also during the autumn season prevails a decrease in discharges with a value up to 40% (CM7), but during this season can also be expected a milder increase in discharges according to climate parameter sets CM2 i CM4.

Within the range of higher and lower annual discharges, exceedance probabilities of 10% i 90%, respectively, can be expected the changes that vary in accordance with the climate data set used. So can be expected changes in lower annual discharges from -9% to +5%, respectively, and from -15% to +10% during the near and distant future periods, respectively. Expected changes in larger annual discharges suggest changes in multi-annual values from -7% to +22% and from -21% to 20%, during near and distant future periods, respectively.

Changes in the minimum and maximum discharges were not analyzed (the reason is that the seasonal time scale was used for the analysis), but upon the obtained changes in mean discharge during various seasons during the future periods they can be indicated. The results suggest that during the summer and autumn months the periods with a lack of water can occur more frequently, with a special emphasis on the distant future period, when can be expected the largest increase in temperatures, followed by considerable decrease in precipitation. Change in occurrence of flood discharges can also be expected, though these can occur more frequently during the winter months, opposite to the observed series, where flood discharge periods are characteristic for the spring season, as a consequence of snow cover melting.
5 Water resources system modelling

The water resources management (WRM) model developed for the Drina River Basin is a simulation tool that supports proposing the optimal allocation of water resources and infrastructure configurations for different basin/region development scenarios. The model enables reviewing and checking the robustness of the system, simulation of future developments (climate variability or other changes in the basin), and consideration of modifications to planning and infrastructure.

The WRM model of DRB is developed within the WEAP modelling software by SEI (Water Evaluation and Planning System by Stockholm Environment Institute). The decision to use the WEAP model as the modelling platform has been made for two reasons. First, the WEAP software is free for use by governmental institutions in developing countries, a category to which the Drina riparian countries belong.
  Second, the WEAP software allows building water management models of different complexity, depending primarily on the available information. In case of general poor data availability in the Drina basin, WEAP has an advantage of offering a possibility to build a water management model with relatively low data requirements. 

The WEAP software is used to develop only the water management part of the model. Although hydrologic response from the basin can also be modelled in WEAP, in this project the hydrologic response is provided as an input to WEAP. The basin hydrologic response is simulated by a separate model developed by JCI (so called HIS Drina model, described in IWRM country reports). Such a coupling of models was indicated in the Inception Report and was motivated by the existence of a readily available hydrologic model for DRB.

The complexity of the basin has put significant challenges in front of the model developers. The major problem represents the availability of information needed for the comprehensive model development, including both hydrometeorological inputs and information on water users and management policies. Most of this information is scattered over innumerable reports and with numerous responsible institutions in three countries, thus requiring major efforts to collect such information. The Consultant has developed the water management model with the best available data within the given time frame and has built a tool that will enable stakeholders to make adequate plans and be better prepared for future decisions. However, the model is open for further upgrading in terms of both providing better or more reliable data and modifying system configuration to suit the needs of particular stakeholders.  

Development of the Drina WRM model and the modelling results are described only briefly in this section, while a separate modelling report provides detailed elaboration of the model setup, use of WEAP software and the results. 

5 Modelling framework 
The modelling framework for the WRM model of DRB consists of the following main elements (Figure 5‑2):

· Water management model in WEAP

· Basin development scenarios

· Socio-economic scenarios

· Climate scenarios

· Hydrologic model (HIS Drina)
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Figure 5‑2: Modelling framework for developing the water management model for DRB.
The basin development scenarios are described in Chapter 4 and are listed in Table 5‑9 in the way they are implemented in WEAP. The socio-economic scenarios include population growth rate and growth rate of industrial and agricultural production in the riparian countries (Table 5‑10). Two previous sections describe climate scenarios developed for this project and results of hydrologic simulations with these scenarios that were used as the input for WEAP.

Table 5‑9: Management scenarios in WEAP related to development scenarios defined in Section 4

	Management  scenario in WEAP
	Development scenario (Section 4.3.4)

	
	BiH
	Montenegro
	Serbia

	Green Growth
	Green Growth
	Green Growth
	Green Growth

	Middle 1
	Reduced Hydropower per Sava RBMP
	Follows Energy Development Strategy
	Reduced/Optimized Hydropower

	Middle 2
	Reduced Hydropower over longer time frame
	
	

	Middle 3
	Hydropower Maximisation
	
	

	Full HPP
	
	Hydropower Maximisation
	Hydropower Maximisation


Table 5‑10: Socio-economic scenarios for WRM model: assumed growth rates for population, industrial production and agricultural production.

	Socio-economic category
	Scenario
	BiH
	Montenegro
	Serbia

	Population growth rate1
	Real growth
	-0.9945%
	-1.16%
	-0.7%

	
	Flat
	0%
	0%
	0%

	
	High
	+0.1812%
	+1.07%
	+0.9%

	Industrial production growth rate2
	+3-5%
	-1.5%
	+3-5%

	Agricultural production growth rate2
	+5.3%
	–3
	+3%


1 Source: IWRM Country Reports; 2 Source: Vlada Republike Srpske (2015) , Narodna skupština Republike Srpske (2015), Vlada Republike Srbije (2014), Zavod za statistiku Crne Gore (2016), Water Management Strategy, Government of Serbia (2016); 3 Not specified in the model
5 Model development using WEAP software  
WEAP as the modelling tool

The WEAP modelling software operates on the basic principle of water balance accounting (SEI, 2011). It takes into account both the water supply and the demand side of the water balance equation. The water resources system is represented in the WEAP schematic view (Figure 5‑3) as a set of the system elements. The main element of the water resources system is the river and its reaches. The reaches are defined by nodes on the river representing reservoirs, run-of-river hydropower plants, flow requirement nodes etc. Other nodes of the system that are not located on the river are demand sites (municipal, industrial, agricultural or other water supply) or groundwater aquifer nodes. Demand nodes are connected to the supply sources by transmission links, while the return flow links are used for discharges from the demand sites. Diversion elements are also used for derivation-type HPPs to convey water from the river or reservoir to the power plant. 

Water balance is assessed by taking into account numerous variables related to the demand and supply nodes. The most important information for calculating water balance and solving water allocation equations is briefly given inTable 5‑11.
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Figure 5‑3: WEAP schematic representation of the water resources system with main elements.
Table 5‑11: Main variables reflecting crucial information for water balance assessment and solving water allocation equations in the WEAP water management model.

	WEAP elements
	Variables/comments

	Demand 
	Municipal water supply
	Number of inhabitants, specific water demand, losses within the demand site

	
	Industrial water supply
	Water use rate

	
	Agricultural water supply
	Irrigated area, specific water demand

	
	Reservoir type HPPs
	Energy demand, max. turbine flow, tailwater elevation, volume-elevation curves, generating efficiency

	
	Derivation type HPPs
	Energy demand, max. diverted flow (diversions “work” only with energy demand specified for HPPs)

	
	Flow requirements
	Implemented only downstream of the reservoirs where it is possible to meet the requirements

	Supply
	River reaches
	Water balance for sub-basins between two nodes (surface water and groundwater inflows from sub-basin – input from hydrologic model)

	
	Reservoirs
	Storage capacity, volume-elevation curves

	
	Groundwater
	Natural recharge (input  from hydrologic model), storage capacity, maximum withdrawal


Drina River Basin in WEAP 

The Drina River Basin as the water resources system is described in WEAP with a level of detail that was conditioned on the available data and the project objectives. Since the data on municipal, industrial and agricultural water use is generally available for municipalities, the demand sites represent the water use on the municipal level. 

The model is built having in mind that most existing reservoirs operate without considerable storage effects, except for the Piva reservoir which can have significant storage effects. One of the main obstacles in modelling is lack of information on the energy demand, which, in combination with hydrologic input, drives the seasonal or even longer-term storage effects. Without energy demand specified in WEAP, reservoir-type HPPs operate as run-of-river HPPs. The energy demand is therefore specified in the model based on limited knowledge on the energy production of the Piva HPP. The energy demand is also specified for derivation-type HPPs to enable flow through the diversions toward power plants. 

The environmental flow requirements for the planned projects are set in accordance with the methods of calculation of the national practises and rulebooks of the riparian countries. These methods are based on hydrologic characteristics (described in the IWRM report, chapter 7.4). Concerning the existing intakes, the EF are provided from the technical and concession documents. A summary of the EF values is given in annex 5-2. The requirements are set for 37 nodes in the WEAP model of DRB, out of which 20 are located downstream of the reservoirs so that they can be managed by reservoir operation, while 6 are in the head part of the basins and cannot be managed. The remaining flow requirement nodes are located further downstream from the reservoirs and they can impose requirements for these reservoirs as well.
On the supply side, hydrologic input for river reaches and the natural recharge for groundwater sources are obtained as the output from the HIS Drina hydrologic model. This model provides hydrologic output in terms of water balance components for 123 locations (hydroprofiles) in DRB. The most important available components include:

· sub-basin surface runoff Qsub_surf,

· sub-basin baseflow Qsub_base,

· sub-basin natural recharge (percolation) Wperc.

WEAP nodes generally correspond to locations of the hydroprofiles. Drainage area of a river reach between two WEAP nodes therefore corresponds to one or more sub-basins in the HIS Drina hydrologic model. Water balance is treated differently for river reaches whose sub-basin(s) do or do not include groundwater sources (Table 5‑12). If there is a groundwater source within the river reach sub-basin, the sub-basin percolation component represents the aquifer natural recharge, while the sub-basin baseflow component is used as the outflow from this groundwater aquifer. In case of a river reach with no groundwater source within its sub-basin, there is no explicit link with groundwater and total inflow from the sub-basin to the reach is made of surface flow and baseflow components. Additional outflow from the reach sub-basin water balance can be an abstraction directly from the reach for various water users.

Table 5‑12: Natural water balance components in WEAP with corresponding components from the HIS Drina hydrologic model.

	Water balance component 
in WEAP
	HIS Drina hydrologic model component

	
	Sub-basin with no groundwater sources
	Sub-basin with groundwater sources

	Surface water inflow for the reach
	Qsub_surf + Qsub_base
	Qsub_surf

	Groundwater inflow for the reach
	0
	Qsub_base

	Natural recharge for groundwater source
	–
	Wperc


Natural water balance in the groundwater sources is comprised of natural recharge as the inflow and the baseflow as the outflow. Difference between the two governs the change in groundwater storage volume. Additional outflow is the groundwater abstraction for supply of users. The supply sources in DRB are the least known water management component, in many aspects (lack of knowledge on karstic groundwater bodies, very little readily available information on the sources for particular public water supply systems or industries; virtually no information on crucial parameters for WEAP such as storage capacity and maximum withdrawal). Groundwater storage capacity and maximum withdrawal are therefore assumed unlimited in the model. 

Time horizons and management scenarios 

The scenarios in WEAP are conceived as story-lines of how a system might evolve over time under particular assumptions about future socio-economic, policy and technology conditions (SEI, 2016). All scenarios start from a common year, for which the current system configuration and data (so called Current Accounts) are established. Scenarios in WEAP may include any factor that can change over time. In addition, different system elements may have different start-up years in different scenarios. This allows gradual introduction of the investments in new reservoirs and HPPs over time. Assumed start-up years for the hydropower plants are shown inTable 5‑13.

Table 5‑13: Assumed start-up years for reservoir-type and run-of-river hydropower plants in WEAP.

	River
	HPP
	Startup year
	River
	HPP
	Startup year

	Drina
	Buk Bijela
	2022
	Lim
	Rekovići
	2031

	Drina
	Foča
	2022
	Piva
	Komarnica
	2034

	Drina
	Paunci
	2022
	Lim
	Andrijevica
	2037

	Drina
	Ustikolina
	2022
	Lim
	Mrsovo
	2040

	Drina
	Goražde
	2022
	Ćehotina
	Vikoć
	2043

	Drina
	Rogačica
	2022
	Lim
	Lukin Vir
	2046

	Sutjeska
	Sutjeska Res.
	2022
	Lim
	Brodarevo I
	2046

	Sutjeska
	Sutjeska Deriv.
	2022
	Lim
	Brodarevo II
	2046

	Drina
	Kozluk
	2025
	Drina
	Drina I
	2050

	Drina
	Tegare
	2025
	Drina
	Drina II
	2050

	Drina
	Dubravica
	2025
	Drina
	Drina III
	2050

	Piva
	Kruševo
	2028
	
	
	


The WRM model for DRB is based on the output from the HIS Drina hydrologic model. The hydrologic model is calibrated against the observed flows at a number of hydrologic stations within DRB. The outputs of the hydrologic model based on the simulations with the observed climate are limited to two time frames of model calibration and verification (1971-1977 and 1978-1984), within which years 1971 and 1978 represent warm-up periods and are not considered for further analysis. Eventually, the preliminary WRM model for DRB is set up using the results of hydrologic simulations for 1979-1984. 

To accommodate the climate change scenarios and corresponding hydrologic simulations, another two WRM models for DRB are developed: baseline model (1962-1990) and future model (2012-2070) (see also section 4.3.1 for discussion on selection of the planning horizons). Years 1961 and 2011 are not included due to the hydrologic model warm-up. The baseline WRM model, as well as the preliminary WRM model, consists only of the Current Accounts year and the Reference Scenario. The future WRM model comprises the Current Accounts and five development scenarios shown in Table 5‑9 and it covers two 30-year periods (2012-2040 and 2041-2070) chosen to assess the climate change impact on the hydrology and water allocation. The results of the baseline model serve to assess the relative change in the future period compared to the baseline period. The time horizons and management scenarios in WEAP are summarized inTable 5‑14.

Table 5‑14: Time horizons and management scenarios in different versions of the WRM model for DRB in WEAP.

	WEAP model version 
	Management scenario
	Time horizons

	Preliminary DRB-WRM model
	Current Accounts

Reference Scenario
	1979

1980-1984

	Baseline DRB-WRM model
	Current Accounts

Reference Scenario (Green Growth)
	1962

1963-1990

	Future DRB-WRM model
	Current Accounts 

Green Growth 

Middle 1, Middle 2, Middle 3 

Full HPP 
	2012

2013-2070

2013-2070

2013-2070


5 Results 
The WEAP software offers many ways to explore the results of water resources simulations. The values of all computed variables such as the reservoir storage or elevation, groundwater storage, water supply demand, supply delivered, supply coverage, hydropower generation etc. can be presented as time series or as aggregated values over the chosen time horizon. 
The following main indicators are used to assess the DRB water resources system performance under different baseline and future scenarios given in Table 5‑14:

· quantitative reliability (coverage) of municipal, agricultural and industrial water supply and of satisfying environmental flow requirements,

· temporal reliability of municipal, agricultural and industrial water supply and of satisfying environmental flow requirements,

· hydropower generation (energy production).

The quantitative reliability or coverage is defined here as the percentage of the delivered water volume relative to the demand volume. The temporal reliability is defined as the percentage of time with supply delivery equal to the demand (calculated as the number of months with the 100% demand coverage relative to the total number of months during the specified time frame). Hydropower generation is presented as the average annual energy production during the specified time frame.

The results of the simulations for the future time frame 2012-2070 have shown that water supply to the municipal, agricultural and industrial demand sites has 100% coverage under both RCP 4.5 and RCP 8.5 climate scenarios and for all development scenarios.

Environmental flow (EF) requirements are fully satisfied (with 100% coverage) at 21 locations out of total of 31 of manageable flow requirements (i.e. those which can be controlled by upstream reservoirs). Another 6 locations are not manageable as there are no upstream reservoirs. In Serbia, the instream EF requirements are not fully met for the upper and lower Jadar River, which are not manageable, but have coverage above 99.8% under all scenarios. EF requirements are not met fully below the planned Brodarevo I and Brodarevo II reservoirs (Figure 5‑4). Two latter reservoirs are assumed to be introduced to the system in 2046. Brodarevo I is planned under “Middle 1” development scenario and has insignificant storage, while Brodarevo II with significant storage is planned under “Full HPP” scenario. Upstream of these, the Andrijevica and Lukin Vir reservoirs are assumed to be introduced in 2037 and 2046, respectively, also under “Full HPP” scenario. Therefore, EF requirements below Brodarevo I and Brodarevo II become manageable by the Andrijevica reservoir in 2037, while EF requirement below Brodarevo II becomes manageable in 2046 by the Brodarevo II reservoir, again only under “Full HPP” scenario. As a result, coverage of EF requirement at these two locations in all other development scenarios is driven by climate change and decreases from 99.6% in reference period to about 97.5% in distant future. Under “Full HPP” scenario, its future coverage is roughly maintained at the reference period level.
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Figure 5‑4: Quantitative coverage (left) and temporal coverage (right) of flow requirements below the Brodarevo 2 reservoirs; ensemble medians for RCP 4.5 climate scenario.

Hydropower generation under different development scenarios is shown in Figure 5‑8. New infrastructure appears after year 2022, so after that year the annual energy production in DRB remains roughly constant under Green Growth scenario while it increases gradually with introduction of new infrastructure until 2050. Average annual energy production under different climate and development scenarios are compared in Figure 5‑6 for four periods: 1961-1990 (reference), 2012-2021 (prior to introducing new HPPs), 2022-2050 (gradual introduction of new HPPs) and 2051-2070 (all new HPPs introduced). However, when assessing the change, it is necessary to separate the effect of climate change from the introduction of new infrastructure under different development scenarios. The climate change effect is shown in Figure 5‑7 for average annual energy generation under “Green Growth” scenario, showing that under RCP 8.5 climate scenario there could be a significant drop in hydropower generation due to reduced runoff.  Figure 5‑8 compares the development scenarios with new infrastructure relative to “Green Growth” scenario, where it can be seen that “Full HPP” scenario doubles the current energy production under both climate scenarios. Finally, Figure 5‑9 gives combined climate change and development scenario effects by showing percent change in annual hydropower generation relative to baseline period 1961-1990.
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Figure 5‑5: Annual hydropower generation in DRB for different development options under two climate scenarios; 
ensemble medians for RCP 4.5 (top) and RCP 8.5 (bottom).
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Figure 5‑6: Average annual hydropower generation in DRB for different development options under two climate scenarios; ensemble medians for RCP 4.5 (left) and RCP 8.5 (right).
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Figure 5‑7: Climate change impact: change in average annual hydropower generation in DRB relative to 1961-1990 under Green Growth scenario (existing HPPs only); ensemble medians for RCP 4.5 (left) and RCP 8.5 (right).
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Figure 5‑8: Development scenarios effect: change in average annual hydropower generation in DRB relative to Green Growth scenario under two climate scenarios; ensemble medians for RCP 4.5 (left) and RCP 8.5 (right).
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Figure 5‑9: Combined climate change and development scenarios effects: change in average annual hydropower generation in DRB relative to 1961-1990; ensemble medians for RCP 4.5 (left) and RCP 8.5 (right).

5 Flood risk assessment

At this stage, it is possible to provide only a rough assessment based on the data from historical flood records, since no flood maps for the Drina River valley neither on Serbian nor on BiH side are prepared yet. Moreover, no reliable bathymetric and topographic data are available for 1D hydraulic analyses that could indicate changes in the extent of flooding for floods of different probability of occurrence (estimated from the available records and from hydrologic simulations for two climate scenarios RCP 4.5 and RCP 8.5, see Annex 5-3), and for different development scenarios in the DRB (see Section 3.5.1.). The assessment is given only for the lower Drina Basin which is, according to historical data, the most vulnerable to floods and thus the area with the highest flood risk. This is readily noticeable in the figure below, which shows a satellite map of the flooded area during 2014-year flood. The presented May 2014th flood is one of the greatest recorded floods. The satellite image shows that the largest flooded area spans between the Sava and Drina Rivers over arable lands of Semberija on the BiH side and of Mačva on the Serbian side. 

[image: image31.emf]
Figure 5‑10: Flooded area spans between Sava and Drina Rivers 
To the Consultant's knowledge, currently there are surveying activities on the BiH side of the lower Drina Basin aiming at collecting bathymetric and topographic data necessary for flood risk assessment in this part of the basin (Zavod za Vodoprivredu, Bijeljina, 2015).

5 Methodology

The flood risk assessment is based on the 2010 and 2014 flooded area records and the corresponding damages from (Zavod za Vodoprivredu, Bijeljina, 2015), and the estimation of the climate change impact on flood flows in the lower Drina River Basin (Annex 5-3). The impact of climate change on flood flows in the lower Drina Basin is estimated by considering change in flood flows at the Radalj hydrologic station, which is the only operational station in this part of the Drina River. The data on annual maximum flood flows of Drina at Radalj is available for the period 1950-2015, with only a few years missing from the record.

5 Results 

According to the 2010 data, 83.60 km2 of farming and construction lands were flooded in Semberija. There were 869 flooded residential houses and buildings, and 1386 auxiliary or farming buildings. Out of 9,761 people that were affected by floods, 2,612 were evacuated. In terms of evacuated households, this gives a number of 653. The estimated direct and indirect damages were 19.8 million KM and 13.5 million KM, respectively, which gives a total damage of approximately 33 million KM or 17 million Euros (Zavod za Vodoprivredu, Bijeljina, 2015). Although the recorded peak flow discharge at Radalj gauging station during 2014 flood (3940 m3/s) was less than that in 2010 (4450 m3/s) the inflow from the left and right torrential tributaries (the largest ones being Janja and Jadar rivers) was much greater than in the previous episode. According to some estimates, the total lateral inflow was greater than 1000 m3/s (Zavod za Vodoprivredu, Bijeljina, 2015). Thus, the flooded area during the 2014 flood event was even greater than that in the 2010 flood (106.14 km2 was covered from the Drina River side and 31.71 km2 was covered from the Janja River side, which together gives 137.85 km2), and damages were more severe (streets in the centre of the town of Bijeljina were covered with water. Table 5-15 below provides information on the number of people, households, residential houses and buildings and auxiliary buildings exposed to flood, as well as amounts of direct and indirect damages for the two flooded areas. The increased damage is attributed to the backwater effect from the confluence with the Sava River.

Table 5‑15 Data on the flood event of 15th May 2014.
	River
	Number of flooded
	Number of
	Damage

[ million KM]

	
	Resid. houses
	Resid. buildings
	Total
	Auxiliary buildings
	Affected people
	Evacuated households
	Evacuated people
	Victims
	Direct
	Indirect
	Total

	Drina
	4,221
	7
	4,228
	9,153
	14,576
	47
	162
	0
	60,65
	40,26
	100,91

	Janja
	5,141
	35
	5,176
	16,312
	18,689
	160
	551
	0
	105,86
	82,21
	188,07

	Totaly:
	9,362
	42
	9,404
	25,465
	33,265
	207
	713
	0
	166,51
	122,47
	288,98


According to the data from (Hydro-Engineering Institute Sarajevo, 2015) the total area of Bijeljina municipality is 734,08 km2 which means that approximately 20% of the total surface area was inundated during 2014 flood. In the case of coincidence of 1% floods on the Drina River at Radalj hydrological station and its downstream tributaries it could be expected that a larger area would be affected or that the inundation depth would be deeper if no flood protection measures on the left bank (i.e. erection of 33.36 km of embankments) were undertaken. 

The same would hold under the Green Growth Scenario which assumes that there would be no new dams with multipurpose use in the basin. In the Reduced/ Optimised HPP Maximisation Scenario, in which the construction of one concrete gravity dam at the site “Kozluk” down​stream of the “Zvornik” dam is planned, a risk of internal flooding on the left bank will increase due to permanent rise of the groundwater table caused by reservoir operating levels that will be higher than ground levels on this bank. To reduce this risk, a complementary drainage and pumping stations system in the valley should be built. Additionally, preparation of inundation and flood risk maps is recommended for a selected number of embankment-breach scenarios. Since the total evacuation capacity of the dam of 8000 m3/s highly exceeds 1% flood estimated both from the observed records and two climate change scenarios (see Annex 5-3), the risk level downstream of the dam would increase unless an integrated river basin management is applied, and particularly unless the consensus between the water and hydropower sectors is achieved. Finally, the construction of four gravity dams downstream of the “Zvornik” dam – “Kozluk”, “Drina I”, “Drina II” and “Drina III” dams, in the Full HPP Maximisation Scenarios for both Serbia and BiH, would decrease a risk of external flooding. However, operational reservoir levels, which would be well above the ground level on one or both river banks, would foster the risk of internal flooding due to permanent increase of groundwater table in Semberija and Mačva regions. 

Therefore, the capacity of existing pumping stations should be increased and possible introduction of new ones into drainage systems of Mačva and Semberija should be considered. Although an external flood risk would be reduced by construction of embankments with impervious clay core, a risk to potential dike-break flood-waves should be estimated. To control/reduce such a risk, it is highly recommended that: 1) operational plans for the entire cascade during floods are synchronised, 2) the consensus between the water and hydropower sectors on drawdown plans from reservoirs during floods is achieved, and 3) both Mačva and Semberija regions are divided into polders that would help localise the possible damage to the area close to the dike-breach.

The estimated increase in the extreme floods magnitude of 0% (present study) and 7% (WATCAP project) in the near future and of approximately 5% and 14%, respectively in the distant future (see Annex 5-3) should not compromise embankment functionality and thus should not increase flood risk due to dike-breach in either scenario, if there was a sufficient free-board left and if the structure was maintained in a proper condition. The embankment functionality is also affected by river meandering process. Therefore, expected changes in long-term average discharges in the range from -7% to +22% in the near future and from -21% to +20% in the distant future should also be considered in terms of flood risk through re-assessment of river bank stabilisation measures especially where stone revetments are used to protect the bank against erosion.

5 Modelling of power effects

In this section is given the analysis of the impact of climate change upon the hydropower electricity generation in the plants the construction of which is planned. These plants are described in detail in Chapter 8 of IWRM Country Reports, hence their properties will not be repeated here.

5 Calculation methodology

For calculations were selected the discharge time series that correspond to climate scenarios CM2 and CM5 (details are given in Section 5.1). Separately were discussed the periods from 2011 to 2040 and from 2041 to 2070. In this manner were formed four calculation models for each analyzed profile.

In calculations were used the same HPP parameters as in the corresponding calculations, the results of which were presented in Chapter 8 of IWRM Country Reports. It should be noted that on a significant number of profiles the variations of the mean discharge in certain climate scenarios exceed 10%, meaning that, should these scenarios be adopted as paramount for the future, it might be necessary to modify HPPs' installed discharges. In subject calculations, such modifications were not made.
5 Results of analyses and calculations

Calculation results are provided in the tables below.

Table 5‑16: Calculation of the mean annual HPP generation for the CM2 scenario and time period from 2011 to 2040

	HPP
	River
	Mean discharge
	Change in regard to referent discharge
	Mean annual generation
	Change in regard to referent generation

	-
	-
	m3/s
	(%)
	GWh
	(%)

	Rogačica
	Drina
	379.3
	12.12
	464.50
	10.60

	Tegare
	Drina
	383.1
	12.12
	499.73
	10.55

	Dubravica
	Drina
	389.6
	12.05
	370.72
	11.43

	Kozluk
	Drina
	409.7
	12.12
	401.04
	9.67

	Drina I
	Drina
	411.3
	12.10
	385.54
	10.13

	Drina II
	Drina
	424.1
	12.11
	397.17
	9.87

	Drina III
	Drina
	424.8
	12.11
	493.10
	8.80

	Brodarevo I
	Lim
	77.2
	11.40
	111.03
	9.41

	Brodarevo II
	Lim
	77.2
	11.40
	140.62
	9.41

	Rekovići
	Lim
	102.3
	11.32
	37.02
	7.43


Table 5‑17: Calculation of the mean annual generation HE for the CM2 scenario and time period from 2041 to 2070

	HPP
	River
	Mean discharge
	Change in regard to referent discharge
	Mean annual generation
	Change in regard to referent generation

	-
	-
	m3/s
	(%)
	GWh
	(%)

	Rogačica
	Drina
	377.2
	11.50
	462.77
	10.18

	Tegare
	Drina
	381.0
	11.50
	497.86
	10.13

	Dubravica
	Drina
	387.4
	11.42
	365.87
	9.97

	Kozluk
	Drina
	407.4
	11.49
	399.63
	9.29

	Drina I
	Drina
	409.0
	11.47
	384.11
	9.72

	Drina II
	Drina
	421.8
	11.50
	395.74
	9.47

	Drina III
	Drina
	422.5
	11.51
	491.51
	8.45

	Brodarevo I
	Lim
	75.9
	9.52
	109.69
	8.09

	Brodarevo II
	Lim
	75.9
	9.52
	138.93
	8.10

	Rekovići
	Lim
	100.7
	9.58
	36.63
	6.30


Table 5‑18: Calculation of the mean annual HPP generation for the CM5 scenario and time period from 2011 to 2040

	HPP
	River
	Mean discharge
	Change in regard to referent discharge
	Mean annual generation
	Promena in regard to referent generation

	-
	-
	m3/s
	(%)
	GWh
	(%)

	Rogačica
	Drina
	311.2
	-8.01
	388.27
	-7.55

	Tegare
	Drina
	314.4
	-7.99
	418.05
	-7.52

	Dubravica
	Drina
	319.6
	-8.08
	308.02
	-7.42

	Kozluk
	Drina
	336.1
	-8.02
	340.07
	-7.00

	Drina I
	Drina
	337.5
	-8.01
	324.54
	-7.29

	Drina II
	Drina
	348.0
	-8.01
	335.72
	-7.13

	Drina III
	Drina
	348.6
	-8.00
	424.01
	-6.44

	Brodarevo I
	Lim
	64.5
	-6.93
	95.09
	-6.30

	Brodarevo II
	Lim
	64.5
	-6.93
	120.42
	-6.30

	Rekovići
	Lim
	85.5
	-6.96
	32.70
	-5.11


Table 5‑19: Calculation of the mean annual HPP generation for the CM5 scenario and time period from 2041 to 2070

	HPP
	River
	Mean discharge
	Change in regard to referent discharge
	Mean annual generation
	Change in regard to referent generation

	-
	-
	m3/s
	(%)
	GWh
	(%)

	Rogačica
	Drina
	297.7
	-12.00
	371.67
	-11.51

	Tegare
	Drina
	300.7
	-12.00
	400.24
	-11.46

	Dubravica
	Drina
	305.7
	-12.08
	294.95
	-11.35

	Kozluk
	Drina
	321.5
	-12.01
	326.80
	-10.63

	Drina I
	Drina
	322.8
	-12.02
	311.37
	-11.05

	Drina II
	Drina
	332.9
	-12.00
	322.34
	-10.83

	Drina III
	Drina
	333.4
	-12.01
	409.03
	-9.75

	Brodarevo I
	Lim
	60.0
	-13.42
	88.88
	-12.42

	Brodarevo II
	Lim
	60.0
	-13.42
	112.54
	-12.43

	Rekovići
	Lim
	79.6
	-13.38
	30.92
	-10.27


5 Review needs and options for cooperation

5 Data exchange

In Chapter 4 was stated the importance of data exchange in a monitoring system. Bearing in mind the general recommendations regarding data exchange improvement given in IWRM Country Reports, below will be given a brief overview of the current state of activities and specific recommendations.

5 Current status of exchange of hydrologic and meteorological data

Institutions, the primary activities of which are hydrologic and meteorological observations in the Drina River Basin, are legal entities founded by governments of individual countries, based upon corresponding laws and codes. Hereinafter these institutions will be denoted as "primary measurements subjects", these being:

· Republic Hydro-Meteorology Service of Republic of Srpska,

· AWD Sava,

· Federal Hydro-Meteorological Service of Bosnia and Herzegovina,

· Hydro-Meteorology and Seismology Service of Montenegro and

· Republic Hydro-Meteorology Service of Republic of Serbia.

Primary measurement subjects dispose over diverse data management software applications, what makes data exchange more complicated. RHMS of Serbia disposes over the WISKI software system, which meets general standards for data collection and archiving with quality control. In the course of the meetings held with stakeholders during the implementation of the subject project, the Consultant has determined that the general position expressed by the representatives of primary measurement subjects is that there is a need to standardize the data management system and the representatives agree that the WISKI software system can provide the necessary degree of standardization.

Beside primary measurement subjects there is also a certain number of other government services and agencies that dispose over monitoring networks in the Drina River Basin. Details on these institutions are given in IWRM Country Reports. The dominant form of data exchange is electronical, within the scope of the existing protocols. In that sense, there are regional initiatives directed at better regulation in the field of monitoring and data exchange in water resources management.

Sava HIS platform for data exchange in Sava River Basin

International Sava River Basin Commission (ISRBC) was established in order to meet the needs of the Framework Agreement on the Sava River Basin (FASRB) implementation. Its objectives include establishment of a trans-national navigation regime, establishment of sustainable water management and implementation of danger prevention and mitigation measures. As Drina River is a tributary to the Sava River, all initiatives of this commission are also relevant for the Drina River Basin. Bosnia and Herzegovina and Republic of Serbia are Sava Commission members and take active part in implementation of its recommendations and decisions. These activities are based upon trans-national contracts, such as:

· Agreement between the Council of Ministers of the Bosnia and Herzegovina and the Government of the Republic of Croatia on Water Management Relations (entered into force on 31 January 1997) and
· Agreement between the Council of Ministers of the Bosnia and Herzegovina and the Government of the Republic of Croatia on cooperation on protection against natural and civil disasters (signed on June 1st 2001).

The Article 4 of the Framework Agreement on the Sava River Basin stipulates the obligations regarding the exchange of information among ISRBC members. These obligations, related to the exchange of hydrologic and meteorological data, are described in detail in the Guidelines for exchange of hydrologic and meteorological data and information in the Sava River Basin. Data exchange in the sense of publishing of the Hydrology yearbook on the Sava River Basin level, as well as the unified web presentation of current water level values, is performed based upon data collected on the observation stations owned by authorized institutions in the countries which are ISRBC members.

During the implementation of the subject project under the auspices of the ISRBC was formulated a platform for data exchange in the Sava River Basin named "Sava" HIS. Therefore, below will be given a brief overview of this platform that has already been used in applications and the data from which are available to the wider audience via an Internet portal.

Hydrologic information system developed by the International Sava River Basin Commission (abbreviated: "Sava" HIS) provides tools for collection, archiving, analysis and reporting that are based upon high-quality data coming from the meteorological and hydrologic monitoring system. These data are used in decision-making processes in water resources management, in various operational applications, as well as in research.

Principal objectives of the Sava HIS are:

· Sharing of data related to hydrologic and meteorological observations, as well as data on water resources among countries in the Sava River Basin (Slovenia, Croatia, Bosnia and Herzegovina, Serbia and Montenegro) and

· Provision of an efficient common channel for exchange of hydrologic and meteorological data in case of an emergency, primarily in cases of occurrence of high discharges and flood waves.

Web application is the central point for collection and presentation of data sets collected by the network of observation stations. Real-time data are collected by a middleware application that also performs data conversion into the standard format and their archiving in the "Sava" HIS central database. Real-time data acquisition is done using several sources, including above mentioned primary measurement subjects in the Drina River Basin.
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Figure 5‑14: Web application Sava HIS

Real-time data (with a one-hour time step) are stored for 30 days. After the expiry of that period the hourly data are deleted, while daily data are permanently stored. Daily data collection procedure consists of the following:

· Each institution submits its data to the web application using its user account and

· Middleware application then:

· Reads the data format,

· Performs data conversion in accordance with the data model used by the "Sava" HIS database and

· Archives data in the Sava HIS central database.

"Sava" HIS was developed in accordance with the World Meteorological Organization (WMO) recommendations and the WMO information system (WIS) and uses the standard protocol for meta-data collection (Open Archives Initiative Protocol for Metadata Harvesting, abbreviated OAI-PMH). Additionally, "Sava" HIS also includes the WaterOneFlow web service for data exchange in accordance with the WaterML 2.0 standard. Data from the above-mentioned web service are directly usable by the tools that support this standard (for instance, CUAHSI HydroDesktop).

As the Sava HIS is primarily gestated as a data exchange platform for the needs of management of water resources in the Sava River Basin, and being that Drina River is a Sava River tributary, it is quite justified to use this information system for exchange of hydrologic and meteorological data in the DRB, what the Consultant also supports. After a more detailed consideration of the "Sava" HIS contents, the Consultant has noticed that it could be possible to expand the set of meteorological and hydrologic stations that submit data to the "Sava" HIS, so in this sense it would be possible to achieve improvement in the scope of future projects and initiatives in the basin.

Beside these data, into regional protocols are also included other data related to surface water (these are, for instance, data on polluters, water quality etc.), which are available to the users via the "Sava" GIS geo-portal.

Current status of data exchange in management of hydropower plants

Data exchange in management of hydropower plants primarily refers to data which are not a subject of hydrologic and meteorological observations, but relate to exploitation parameters observed in operation of hydropower plants and appurtenant reservoirs. These are, for example, data on water levels in reservoirs, data on water discharging at the plants etc.

The exchange of the above-mentioned data in the Drina River Basin is currently performed mainly within the countries themselves, to fulfill the needs of governmental institutions' operation. "Drina" HIS platform is the only means of trans-boundary exchange of these data; data on exploitation parameters of hydropower plants in the Drina River Basin are available to authorized users via an Internet portal.

Within the "Electric Power Industry of Serbia" PUC is used the "Drina" hydro-information system ("Drina" HIS) into the development of which financial means have been continually invested over a period of several years. Since 2011 has been implemented a data management system within the "Drina" HIS that allows for centralization of data collected from EPS plants in the Drina River Basin, using automatic quality control procedures. Data collected by the means of "Drina" HIS acquisition are available not only to EPS services, but also to other subjects upon request. The application of the "Drina" HIS has significantly increased the level of reliability of data over which EPS disposes, and these data are now more easily accessible to "Waters of Serbia" PWMC, and can also be made accessible to the RHMS of Serbia.

"Drina" Hydro-Information System can be defined as an organized set of data and software components, that rely on the corresponding equipment and hardware, used by personnel that underwent a specialized training with the purpose of the optimum management of the system of hydropower plants in the Drina River Basin, as well as tracking of system usage history and performing of development analysis in the basin. Data submitted for exchange are the data from meteorological and hydrologic stations in the basin, as well as the data on exploitation parameters on hydropower plants in the Drina River Basin.

Real-time data collection is performed by acquisition software components that can be easily developed for new data sources. These data are then available to authorized users via internet portal for support to operative management.
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Piva 670.79 67089 67103 67118 67134
Kokin Brod 88130 88132 88126 88132 88138
Uvac 98197 98202 98207 98215 98226
Radoinja 81127 81126 81110 81115 81122
Lazici 868.02 868.38 868.75 87066 87260
Spajici 74418 744.40 744.20 744.08 74392
Potpec 43494 43488 435.15 43489 434.80
Visegrad 335.03 335.03 335.03 335.03 335.03
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Doticaj u akumulacijama (m*/s)

Cet 18.6. Pet 19.6. Sub 20.6. Ned 21.6. Pon 22.6.
Piva 29 2 22 27 27
Kokin Brod a 3 5 5 5
Uvac 3 a 6 8 6
Radoinja 3 8 0 1 1
Potpec 45 43 a4 52 66
Visegrad 78 78 78 78 151
Bajina Basta 25 2 2 2 193
Zvornik
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Cet 18.6. Pet 19.6. Sub 20.6. Ned 21.6. Pon 22.6.
Piva 10 0 0 0 22
Kokin Brod 2 8 0 0 0
Uvac 0 0 0 0 0
Radoinja 3 10 0 0 8
Potpec 46 2 38 a8 67
Visegrad 25 2 2 2 193
Bajina Basta 172 54 144 54 157

Zvornik




Figure 5‑15: Portal for support to operative management in "Drina" HIS

Similar to the "Sava" HIS, the "Drina" HIS also includes the WaterOneFlow web service for data exchange in accordance with the WaterML 2.0 standard. These data can be directly used by the tools that support this standard (for example, CUAHSI HydroDesktop), and direct exchange with the "Sava" HIS is also possible.

Recommended activities related to data exchange improvement

The objective of improvement of data exchange in the Drina River Basin is real-time provision of easily accessible information to all stakeholders, that are used in operative water resources management, as well as in critical situations.

Upon numerous contacts with stakeholders in the Drina River Basin, the Consultant can recommend the following activities directed at data exchange improvement:

· It is necessary to provide data collection and archiving with data quality control by application of corresponding data management systems. This means procurement of licenses for the WISKI system for 3 hydro-meteorological services;

· For exchange of hydrologic and meteorological data it is necessary to involve all subjects into the data exchange process, in the scope of existing protocols related to exchange (this holds primarily for the "Sava" HIS). This also includes provision of institutional and financial support to implementation of accepted obligations;

· For exchange of data regarding exploitation parameters and the hydrologic and meteorological data not handled by the existing protocols it is necessary to involve all subjects into this process. For this purpose, it is possible to use the existing "Drina" HIS system, with institutional and financial support to the implementation of necessary interfaces;

· It is necessary to define protocols for data important for Drina River Basin management, which are not covered by the existing protocols, using similar documents developed for the Sava River Basin.

Above mentioned activities are implemented by subjects in the Drina River Basin that dispose over active monitoring networks, as well as authorized governmental bodies and trans-national commissions.

Implementation of data exchange improvement activities

Sources from which presently can be financed data exchange improvement are discussed in Section 4.4 and it is important to emphasize that the GEF SCCF project includes a budget line intended for development of data exchange protocols; one of the objectives of these activities is also the improvement to the "Sava" HIS platform. Within this project will also be resolved the issues related to harmonization of data collection and archiving.

Conclusions

Data exchange in the Drina River Basin is still not at a satisfactory level. As Drina River is a tributary to the Sava River, in the Drina River sub-basin are applied the same protocols and mechanisms that are in use in the Sava River basin. Should the development in this area be subordinated to the development in the Sava River Basin, possible problems in implementation on the higher level could also be transferred to the DRB level. On the other hand, there are obvious tendencies toward the data exchange improvement and there are announced projects related to the Sava River Basin that will include application in the Drina River Basin, so the Consultant believes that these resources should be used first.

It is necessary to perform harmonization of data management systems by procurement of 3 licenses for the corresponding software system (WISKI, Kisters). A part of financial means necessary for data exchange improvement can be provided from the GEF SCCF project funds.

The Consultant is of the opinion that the general development objective would be data exchange with the one-hour time step.

This is already achieved on the Sava HIS portal for water level, discharge, and temperature on a number of locations. After the completion of the Sava FFWS project this should also hold for precipitation.

The Consultant therefore concludes that the development of the monitoring system in the DRB should lead to satisfactory results in the near future.
6 Multi-criteria analysis of development scenarios

The methodology for multi-criteria analysis (MCA) was first presented in the Inception Report of the project as the analysis tool for the development scenarios. 
The specific objective of multi-criteria analysis (MCA) is to prepare a proposed optimal solution for the development scenarios in DRB. 
To do this, according to the ToR, the Consultant needed to develop a procedure for the multi-criteria analysis of the development scenarios and then: “conduct a multi-criteria analysis of the development scenarios, including an economic evaluation of the cost and benefits of each of the development scenarios and a sensitivity analysis. This should be based on a costing of the selected development scenarios. The economic analysis will include the analysis of the costs and benefits of environmental services, and the value of water in the use in different sectors.”

To that end, this chapter and the associated appendices cover the points indicated below and have the following structure:

· Proposed procedure for multi-criteria analysis,

· Presentation and discussion of criteria used to evaluate and rank the development scenarios (DSs),

· Results of the MCA,

· Sensitivity analysis of the MCA and

· Presentation of costs and benefits of development.

6 Introduction

Given the cross-cutting nature of the objectives that have been defined for the DSs, determining which is the “best” scenario cannot be reduced to a single criterion or a set of criteria from a single perspective. 
Therefore, single-criterion evaluation methods, such as simple payback time, net present value (NPV), internal rate of return (IRR), and similar techniques are typically not sufficient to determine which DS should be given priority compared to others. Instead, the decision process should be governed by an examination of several factors that apply to the DSs. 
That said, the purpose of the MCA is to determine which DS best meets the diverse objectives for the development of water resources in the DRB based on the best available information. It must be stressed however, that although MCA is a useful tool for providing a rapid appraisal for any development, it cannot replace feasibility studies, full environmental and socio-economic impact analyses, and other technical studies that need to be completed before making the decision to undertake any investment.

6 Methodology

Before the beginning of the process for evaluation the decision maker must in advance define the alternative solutions (or at least provide their own insights into the solutions) to form an attitude (or preference) through: “the adoption of a hierarchically arranged list of objectives, criteria, indicators and their relative weight in the designer`s proposal ranking in order of importance and / or defining the relative weight of individual objectives, criteria and indicators”

The notion of relative weight is related to the methods of multi-criteria evaluation. These methods are used to solve multi-dimensional problems (e.g., evaluation of investment projects in the public sector). Defining the relative weight may be technical and preferential. Preferential definition of weight is used to determine weight at higher hierarchical levels (weight objectives, possibly criteria), while the technical definition of weight is applied to determine the weight of the lower level (weight indicators, possibly criteria) based on the calculation of technical character and / or assessment expert committees or experts who are directly involved in the project.

Preferential defining of weight based on the subjective priorities, where it tends to minimized subjectivity of a group of representatives in the evaluation. Preference weights are determined: directly - survey of selected population groups, or indirectly - by analysing previous estimates, decisions, reactions and behaviour of certain groups of the population. The resulting weight objectives or criteria shall be determined on the basis of the results of the statistical analysis of weight estimated by some members of the group representatives. The resulting weight is calculated as the arithmetic mean of individual weights, with the elimination of extreme values (for example 15% lowest and 15% highest values set by individual representatives).

In order to reduce the influence of the subjectivity of the individual group members, in addition to provide an independent determination of weight without reviewing individual representatives in other attitude, approach and determining the weight without the knowledge of the opinions of other representatives. Often both methods are combined, so that the first stage individual representatives separately determine the weight, and the next phase of the resulting weight when members of the group are determined it by working together. 

Table 6-1 gives an overview of the field of application of technical procedures and preferential defining the relative weight and structure of individual participation in decision-making system and the definition of weight in the process of project development.

Table 6‑1: Domains of application procedures and preferential technical definition of relative weight and participation in decision-making structure of the system

	HIERARCHY LEVEL
	
	DEFINITION OF WEIGHT
	PARTICIPATION IN THE DEFINITION OF WEIGHT
	PROFESSIONAL PROFILES

	
	Objectives
	Preferential
	Decision maker
	Other

	
	Criteria
	
	Expert Commission
	

	
	Indicators
	Technical
	The design team
	The design team


Since MCA establishes preferences between DSs through reference to defined objectives, the first step in an MCA is to state the policy objectives to be achieved. The main steps in an MCA are as follows:

1. Identify objectives and criteria - once policy objectives have been stated, criteria are defined to evaluate the extent to which each DS contributes to achieving the stated policy objectives. Criteria are grouped according to similar aspects: e.g. water management and financial, environmental, and socio-economic.

2. Define scores - a scoring scale corresponding to the DO’s degree of compliance with each criterion is defined. The better the DS meets a given criterion, the higher the score it receives.

3. Assign weights to criteria - criteria within a criteria group are assigned relative weights and criteria groups are weighted against each other. For example, the relative importance of environmental criteria compared to financial criteria can be expressed by assigning a higher weight to environmental criteria. 

4. Ranking - weights and scores are combined into a weighted score for each DS. Next, the DSs are ranked against each other in terms of relative priority based on the score.

5. Examine results - a sensitivity analysis can be conducted to test how the scoring and weights of criteria affect the results. 

A few key points about MCA need to be emphasised. First, MCA is a tool to assist decision-making and its utility depends on the availability of data to evaluate DSs against pre-defined criteria. Second, MCA can be criticised for its apparent subjectivity, as decision-makers generally choose the objectives, criteria and weights. On the other hand, objective criteria can also be used - such as cost per KWh of electricity generated or cost per million cubic metres of storage capacity. Moreover, MCA brings a structured, replicable, and transparent process that can be audited and tested.

Finally, MCA cannot inherently demonstrate that any of the proposed DSs will generate more social benefits than social costs, as in the case with CBA. Thus, theoretically MCA could be used to justify investing in situations in which the "best" option would be not to invest at all. To this end, the priority DS identified in this chapter will require further investigation of its financial and socio-economic feasibility before final investment decisions are undertaken. Notwithstanding, on-going monitoring of water quality and river flows is also needed. 

6 Water resources development objectives for MCA 

The first step in the MCA is to define the objectives for the development of the water resources in the country in general and the DRB in particular. These development objectives are mentioned below:

· Meeting future demand for water – the primary users of water from the DRB include the population (drinking water), agriculture (irrigation), and industry (for industrial and other processes). The management of the water resources in the Basin should ensure that future water supply needs for these main users are met.
· Hydropower development – basically, in investing in the hydropower sector, the national government and entity governments are seeking to increase production of power from renewable sources, such as hydro, in order to provide for future energy needs and earn revenues from the sale of surplus energy.
· Environmental protection – in developing the water resources of the DRB, impacts on the natural environment of the Basin should be minimized. These include impacts in terms of natural areas inundated, changes in the local climate, biodiversity, etc.
· Maintenance of environmental flow – water management investments must maintain environmental flows throughout the DRB.
· Reduce adverse impacts of floods and droughts – while the dams composing the water development options are providing hydroelectric power and providing for future water demand, they should also be able to stem, or at least reduce, flood surges. A multi-purpose reservoir should also be able to reduce, or eliminate, the adverse effects of droughts.
· Provide recreation, tourism, fish farming, and fishing – in developing the water resources of the DRB, impacts on the socio-economic situation should be minimized. These include impacts in terms of acres of inundated farmland, housing, and other infrastructure and the accompanying socio-economic upheavals.
· Minimizing socio-economic impact of water resources development – in developing the water resources of the DRB, impacts on the socio-economic situation should be minimized. These include impacts in terms of acres of inundated farmland, housing, and other infrastructure and the accompanying socio-economic upheavals.

6 Defining development scenario– Prioritisation

In the previous phase of project implementation, the project team in line with the ToR requirements and in close coordination and communication with the beneficiaries has defined three development scenarios: Green Growth Scenario, Reduced HPP Maximisation Scenario and Full HPP Maximisation. In more detailes, analysed DSs contain the following HPPs:

1. "Green Growth" Scenario, containing existing HPP;
2. "Reduced HPP Maximisation "Scenario: “Rogacica" HPP, "Tegare" HPP, "Dubravica" HPP, "Kozluk" HPP, Brodarevo I HPP, and Rekovici SHPP 
3. "Full HPP Maximisation" Scenario: Rogacica" HPP, "Tegare" HPP, "Dubravica" HPP, "Kozluk" HPP, "Drina I" HPP, "Drina II" HPP, "Drina III" HPP, "Brodarevo I HPP, Brodarevo II HPP and Rekovici SHPP.

6 List of evaluation criteria

The first set of criteria; the so-called threshold criteria; are set for the structural development options. For any development scenario to be evaluated further in the MCA, it must meet all of the threshold criteria.

The next set of criteria; the evaluation criteria; are for use in determining the extent to which the various structural options respond to the water resources development objectives:

· Water management / financial – these criteria basically focus on the extent to which water can be stored, supplied, and managed for flood and drought mitigation, as well as on the cost-effectiveness of the structural development options.

· Environmental – these criteria deal with the maximum environmental impacts of the structural development options, both during the construction and operating phases, without any mitigation measures.

· Socio-economic – these criteria address the extent to which the structural development options lead to maximum socio-economic impacts – both positive and negative, without any mitigation measures.

In the following sub-sections, criteria are introduced by and a short description of each is offered. A proposed point scale for each one is also discussed. Finally, the weighted scores of each DO within this MCA are presented.

6 Water management / financial criteria

The water management/financial criteria are intended to measure the extent to which a DO can meet water resource development objectives and the cost-effectiveness of the structural DOs in meeting the water development objectives. In line with the objective, the following criteria are considered in the MCA:

1. Levelized cost of electricity (LCOE) / Dynamic prime cost (DPC) (EUR/kWh) 

2. Dynamic generation cost of water storage capacity (EUR/Mm3) 

Levelised Cost of Electricity (LCOE) – is the net present value of the unit-cost of electricity over the lifetime of a generating asset. It is the average price that the generating asset must receive in a market to break even over the period of analysis. Investment costs are incurred at the beginning of the period and operating costs once the investments are active. It is important to point out that these costs include expropriation of land and housing, as well as reconstruction of roads. Replacement of mechanical and electrical equipment is assumed every 15 years. The project effect (kilowatt hours of electricity) is assumed to take place once the investments are operational, hence the criteria has not been evaluated for the Green Growth scenario nor for the construction phase of the DSs. This criterion measures the cost-effectiveness of the provision of the electricity. Scoring is from 0-10, as in the following table 6-2. 
Table 6‑2: Scoring breakdown for Levelized cost of electricity (LCOE), by development scenario
	No
	Description
	Points Allocated

	1
	I1. LCOE at 50% or less than the average for the three DSs
	10

	2
	I2. LCOE between 51% and 70% of the average for the three DSs
	8

	3
	I3. LCOE between 71% and 90% of the average for the three DSs
	5

	4
	I4. LCOE between 91% and 110% of the average for the three DSs
	3

	5
	I5. LCOE at 111% of the average and above
	0


Dynamic generation cost of water storage capacity is the criterion that demonstrates the costs of Mm3 of the generated storage capacity. Scoring is from 0-10, as shown in the following table 6-3. 

Table 6‑3: Scoring break-down for dynamic generation cost of water storage capacity
	No
	Description
	Points Allocated

	1
	I1. DGC at 50% or less than the average for the three DSs
	10

	2
	I2. DGC between 51% and 70% of the average for the three DSs
	8

	3
	I3. DGC between 71% and 90% of the average for the three DSs
	5

	4
	I4. DGC between 91% and 110% of the average for the three DSs
	3

	5
	I5. DGC at 110% of the average and above
	0


6 Environmental criteria 
The environmental set of criteria contributes to evaluate to which the scenario developments respond the WRM and environmental protection objectives. Therefore, the environmental criteria represent the evaluation of the environmental impacts for the development scenarios, both during the construction and the operation phases.

The environmental impacts of each structural component of the development scenarios (dams for HPP scenarios, waste water treatment plant and sanitary landfills for green scenario) are analysed for the construction phase (temporary impacts) and for the operational phase (long term impact) in chapter 3.12. Based on the above, the environmental criteria correspond to the types of maximum impacts that can be expected to occur during the construction and the operation phases of the development scenarios, without any mitigation measures.

In the environmental impact assessment (chapter 3.12), each structural component of the development scenario is evaluated individually, on a scale from very high positive impact (+4) to very high negative impact (-4). The 0 value corresponds to a neutral effect compared to the present situation. 

Total environmental impact score for each development scenario is the sum of individual scores for each component that compose the development scenario. 

Based on the characterisation report, the main environmental protection objectives related to the water management of the DRB concern the following environmental impact criteria:

· The aquatic ecosystem and in particular the fish population:  will the proposed construction project have an impact on functionality and sustainability of the fish population and aquatic ecosystems that they depend on? If yes, how and to which extent? Are there any hot-spots and to which extent are they impacted by the construction project?
· The alluvial ecosystems (alluvial forests, riparian vegetation directly or indirectly affected by the water, reed beds...): will the proposed construction project have an impact on abundance, distribution and sustainability of the alluvial ecosystems?

· The water quality, directly the surface water and indirectly the underground water s: what will be the magnitude of impact on surface and underground waters based on the key physical, chemical and biological parameters? Does the project development threaten the existent aquifers in use?
The terrestrial protections objectives are a less significant for this water management project in the DRB. As shown in chapter 3.12, the significance of the impact on air quality should be medium negative to insignificant during construction phase, therefore this environmental criterion should be also considered. Therefore, in this context, the main environmental impact criteria that the Consultant proposes are:

· Geology and soil: Will the project development affect the seismicity of the area? What is the current condition of slope stability in the influenced zones, and how will the project development influence it? How will the proposed development influence the erosion processes at the catchment?

· Climate: how will the proposed project development impact the evaporation, condensation and indirectly micro-climate? What is the magnitude of those changes over the project phases and considering seasonal and long term climate projections for the construction site and the region?

· Air quality: How will the proposed project development impact the local air pollution? Are there subjects nearby that can be affected by the increased air pollution? Is air pollution already present nearby the construction site, can cumulative effects being avoided if so? That mainly concerns the construction period.

· Hydrology: will the project development impact the hydrology regime? What is the magnitude of those impacts over time and space on frequency of flood peaks and on frequency and duration of drought period in the catchment area?

· Hydraulic: will the project development impact the flow regime (stream flow to stagnant water, seasonal variation of flow, low and mean flow characteristics)? What is the magnitude of those impacts over time?

· Water quality: Will the project development impact the surface or the groundwater quality? It concerns the impact on the physical, chemical and ecological water parameters.

· Terrestrial vegetation and related habitats: this refers mostly to forest areas and to endemic and strictly protected flora, red list flora and flora listed in Appendix I of the Bern Convention.

· Migration corridors: will the proposed development of the new structures influence the migration corridors of birds, bats and terrestrial animals? What is the magnitude of impact on the fish migration in the rivers?

· Terrestrial fauna: will the development of the proposed project the local fauna, their breeding grounds, qualitative and quantitative population parameters, with particular focus on endangered and endemic species?

· Alluvial ecosystems: What is the magnitude of impacts on the riparian vegetation, on the reed beds, alluvial forest and related specific fauna and their habitats?

· Conservation areas: that concerns the direct or indirect impact of the structural components on protected areas and special areas such as Emerald sites and planned Natura 2000 sites. 

· Landscape: impact of the structure components on the view of the landscape in general (interruption of a specific vegetation area) and on the contribution of the rivers to the landscape (lake instead of mountain streams etc.)

In order to have an evaluation for overall environmental impact of each development component, the above environmental impact criteria are weighted against one another to obtain an aggregated evaluation. 

The proposed weight of each impact criteria is chosen to be representative of the key components and key issues of the development scenarios in the DRB. Of course, these weights could be discussed and questioned depends on the view of different stakeholders. In this sense, the proposed weight results to the trade-off between the different specialists of the consultant team. They are summarised in the following table 6-4:
Table 6‑4: Weights of environmental impact criteria

	Criteria
	% of total weight

	Geology and soils
	2

	Climate
	3

	Air quality
	3

	Hydrology
	9

	Hydraulic (regime of rivers)
	9

	Quality of surface water
	7

	Quality of underground water
	7

	Terrestrial vegetation’s and related habitats
	5

	Migration corridors
	5

	Terrestrial fauna
	5

	Alluvial ecosystems
	12

	Aquatic ecosystems
	14

	Conservation areas
	16

	Landscape
	3

	Total (%)
	100


6 Socio-economic criteria 
The expected consequences of each dam are assigned a numerical score on strength of preference scale for each dam for each criterion. More preferred scenarios score higher on the scale, and less preferred scenarios score lower. The scales extending from -4 to 4 were used, where negative scores represent a real or hypothetical negative impact, and positive are associated with a real or hypothetical positive impact. The value 0 means insignificant effect. 
These criteria correspond to maximum types of impacts that can be expected to occur during the construction and operating phases of water resource development projects, without any mitigation measures. The construction phase involves clearing land, building access roads, developing utilities, displacement and relocation of people, etc. The operation stages continue at a relatively stable level for an extended period of time, effects during this stage are often beneficial and positive, because during this stage that the communities can adapt to new social and economic conditions, and the benefits such as stable population, a quality infrastructure, and employment opportunities can be realized.

In this context, the main socio-economic criteria that the Consultant proposes are listed in brief below:

· Population: Consider expected changes in population and to what extent will the population be affected. This includes a qualitative assessment of the overall impacts of the construction and operation of the facilities composing the development scenario, including displacement and resettlement, influxes and outflows of temporary residents as well as the arrival of seasonal or leisure residents.

· Agriculture: A development scenario can have both positive and negative impacts on agriculture, the former by providing water for irrigation and the latter by inundating productive farm and pastureland.

· Forestry: Similar as for agriculture, this criterion addresses the impact of the investments in the development scenario on forestry. Investments are more likely to lead to negative impacts on forestry, due among others to inundation of managed forests and the like.

· Fishing / Hunting: A development scenario can affect fishing and hunting activities, both in recreational and commercial terms.

· Infrastructure: Dams impact quite substantially on existing infrastructure and replacement/rerouting can be expensive. Roads and bridges can be inundated and need to be replaced. On the other hand, roads, power lines, social services and other infrastructure installed through the building of a dam provide access to previously inaccessible areas.

· Energy Sources / Use: This criterion estimates the impact of the various schemes composing the development scenario on the use of existing energy sources, such as the disturbance or even inundation of a small hydropower plant.

· Health: During the construction phase, the increase in some migrant workers to the area could detract from the overall health in the area. Anxiety related to pending and on-going construction could also adversely affect public health. During operations, however, the impact is expected to be lower in this regard.

· Education: A socio-economic indicator, education is assumed to be unaffected by the development scenarios. 

· Ethnicity/Culture:  While potential impacts are thought to be low, for example detailed surveys of inundated areas would be needed to ascertain stated whether ethnic cemeteries would be affected.

· Visual Aspects:  Clearly, any dam site will irrevocably change the visual characteristics in the vicinity in its vicinity. Perceptions as to whether some changes can be positive, however, vary considerably.

· Culture Heritage/Tourism: the proximity of areas of cultural heritage and tourism mean that such investments can have both negative and positive impacts. Increasing tourism access, however, can also adversely affect an area.

Additional, measurable socio-economic criteria are:

· Inundated area (hectares): the total area inundated due to the dam construction and operation

· Inundated agricultural land area (hectares): the total area of agricultural land inundated due to the dam construction and operation

· Length of inundated main roads (kilometres): the total length of main road inundated due to the dam construction and operation

· Number of houses affected (no.): the total number of houses that will need to be purchased and relocated due to inundation from the dam construction and operation.

This information would be used to evaluate the overall socio-economic impact of the given development scenario.

The proposed weight of each impact criteria is chosen to be representative of the key components and key issues of the development scenarios in the DRB. Of course, these weights could be discussed and questioned depends on the view of different stakeholders. In this sense, the proposed weight results to the trade-off between the different specialists of the Consultant team. They are summarised in the following table 6-5: 
Table 6‑5: Weights of social impact criteria

	Criteria
	% of total weight

	Population
	50

	Agriculture
	10

	Forestry
	10

	Fishing / hunting
	5

	Infrastructure
	5

	Energy source/use
	4

	Health
	4

	Education
	3

	Ethnicity/culture
	1

	Visual aspect
	4

	Culture heritage/tourism
	4

	Total (%)
	100


6 Scoring and weighting criteria 

After defining the evaluation criteria, each of the development scenarios were scored. Weights were assigned to each criterion within the three criteria groups: i.e. financial, environmental, and socio-economic. Next, the three criteria groups were weighted against each other, as in the following table.

Table 6‑6: Relative weights of the three criteria groups

	No.
	Criteria Group
	Weight 

(% of total weight)

	1
	Water management / Power / Financial
	50%

	2
	Environmental Impact
	30%

	3
	Socio-Economic Impact
	20%


As shown in table 6-6, the water management, power and financial aspects of the development scenario are considered the most important in determining whether a given scenario meets water resource management objectives (50%), compared to 30% for environmental impact and 20% for socio-economic impact.
The raw and weighted scores of the DOs with respect to the defined criteria are provided in the tables below.

Table 6‑7: Total investment costs of development scenarios

	Development 

Scenario
	Total investment costs
	Rank-Investment Costs

	Reduced/Optimized HPP Maximization Scenario
	 € 1,304,949,888 
	1

	Full HPP Maximization Scenario 
	 € 2,181,077,350 
	2


This table 6-8 already provides an indication of the cost-effectiveness of the scenarios. Assuming that all scenarios meet the defined objectives, the most cost-effective option should be chosen.

Table 6‑8: Water management/financial impact of the development scenarios (construction phase) 
	Development Scenario
	Total score of environmental Impact
	Value of environmental impact function 
	Rank-Environmental Impact

	Water management/financial Impact Criterion

	Reduced/Optimized HPP Maximization Scenario
	-4
	-4.000
	1

	Full HPP Maximization Scenario
	-12
	-12.000
	2


Table 6‑9
Water management/financial impact of the development scenarios (operation phase)
	Development Scenario
	Total score of environmental Impact
	Value of environmental impact function 
	Rank-Environmental Impact

	Water management/financial Impact Criterion

	Reduced/Optimized HPP Maximization Scenario
	-19
	-19.000
	1

	Full HPP Maximization Scenario
	-36
	-36.000
	2


As per the environmental impact criteria the Reduced/Optimized HPP Maximization Scenario is the best scenario, as it involves the lowest negative environmental impact compared to other variants. This is depicted in the tables 6-10 and 6-11 below.

Table 6‑10: Environmental impact of the development scenarios (construction phase)
	Development Scenario
	Total score of environmental Impact
	Value of environmental impact function 
	Rank-Environmental Impact

	Environmental Impact Criterion

	Reduced/Optimized HPP Maximization Scenario
	-88
	-6.120
	1

	Full HPP Maximization Scenario
	-172
	-12.890
	2


Table 6‑11: Environmental impact of the development scenarios (operation phase)
	Development Scenario
	Total score of environmental Impact
	Value of environmental impact function 
	Rank-Environmental Impact

	Environmental Impact Criterion

	Reduced/Optimized HPP Maximization Scenario
	-85
	-6.120
	1

	Full HPP Maximization Scenario
	-155
	-11.630
	2


Similarly, as per the socio-economic impact criteria the Reduced/Optimized HPP Maximization Scenario is the best option, as it involves the lowest negative socio-economic impact compared to other variants. This is depicted in the table 6-12 and 6-13. 
Table 6‑12: Socio-economic impact of the development scenarios (construction phase)
	Development Scenario
	Total score of environmental Impact
	Value of environmental impact function 
	Rank-Environmental Impact

	Socio-economic Impact Criterion

	Reduced/Optimized HPP Maximization Scenario
	-55
	-7.600
	1

	Full HPP Maximization Scenario
	-75
	-9.300
	2


Table 6‑13: Socio-economic impact of the development scenarios (operation phase)
	Development Scenario
	Total score of environmental Impact
	Value of environmental impact function 
	Rank-Environmental Impact

	Socio-economic Impact Criterion

	Reduced/Optimized HPP Maximization Scenario
	2
	0.240
	2

	Full HPP Maximization Scenario
	6
	1.680
	1


Final ranking as per the evaluation criteria is provided in the tables below

Table 6‑14 Final ranking (construction phase)
	
	Lelvelised costs of the electricity
	Dynamic generation costs of water storage capacity 
	Environmental Impact Criterion
	Socio-economic Impact Criterion
	Ranking list 
	Compromised solution for final decision/advantage

	Reduced/Optimized HPP Maximization Scenario
	1
	1
	1
	1
	1 – 0.000
	100%

	Full HPP Maximization Scenario
	2
	2
	2
	2
	2 -1.000
	


Table 6‑15 Final ranking (operation phase)
	
	Lelvelised costs of the electricity
	Dynamic generation costs of water storage capacity 
	Environmental Impact Criterion
	Socio-economic Impact Criterion
	Ranking list 
	Compromised solution for final decision/advantage

	Reduced/Optimized HPP Maximization Scenario
	1
	1
	1
	2
	1 – 0.000
	100%

	Full HPP Maximization Scenario
	2
	2
	2
	1
	2 -1.000
	


6 Results of the MCA

Once all of the development scenarios have undergone scoring according to the evaluation criteria and the weighted scores for each have been calculated, the final ranking of the development scenarios can be undertaken. This ranking lists the scenarios in terms of compliance with the water resources development objectives defined in section 4.3 above, while taking into account financial, environmental and socio-economic impacts (see section 6.5).

As can be seen from the MCA, Reduced/Optimized HPP Maximization Scenario (development scenario No 2) is the best overall option for meeting the water resource development objectives in both, construction and operation phases. 
However, care is warranted in the interpretation of these results; most importantly, the fact that Reduced/Optimized HPP Maximization Scenario scored the highest in the MCA does not mean that the Serbian government should immediately pursue its implementation. On the other hand, these results should be used to prioritize continued investigations into the feasibility of undertaking Reduced/Optimized HPP Maximization Scenario. This will require at least the following:
· Refurbishment and re-establishment of monitoring network within the Basin for water flows and water quality

· Legal reforms in support of the principles of cost recovery, “polluter pays” principle, efficient use of water resources, and benefits sharing

· Better enforcement of current laws, in particular with respect to maintaining environmental flow
· Better cooperation between HPPs regulation and operation.
· Improvements in regional cooperation in the management of the water resources of the DRB as well as internationally (downstream to Sava confluence and beyond)

· Collection of data on existing biodiversity and other environmental aspects. Such investigations should be included in the pre-investment studies in order to be able properly to mitigate for en-vironmental impacts, should investment decisions ultimately be taken

· Establishment of an information database on the effects of floods and droughts in the DRB, including cost estimates, as well as number of persons affected and physical impacts

· Public consultations advocating the preferred scenario
· A detailed feasibility and CBA of individual schemes included in the priority development scenarios.

6 Sensitivity analysis of the MCA

The sensitivity analysis of the MCA results involved changing the relative weights of the evaluation criteria – both within the criteria groups, as well as between criteria groups. Based on this, it was found that regardless of the assigned weights; Reduced/Optimized HPP Maximization Scenario (development scenario No 2) remains the best method of meeting the diverse water resources development objectives. 

Only in extreme circumstances (for example, assigning 100% of the weight in the water management / financial criteria group to the increase in minimum flow) will Reduced/Optimized HPP Maximization Scenario (development scenario No 2) fall in the ranking. 
6 Costs and benefits of Development Scenarios
One of the primary reasons for conducting a MCA at the early stages of the development of a project or DSs is to guide the decision-making process and prioritise further investigations. It is beyond the scope of the project to provide a full cost-benefit analysis (CBA) for each of the DSs. Nevertheless, the following sub-section includes a discussion of the costs and benefits of the development scenarios and an attempt to estimate their magnitude in order to determine which DS is most likely to generate a benefit-cost ratio (BCR) greater than 1. In addition, the sub-section contains a brief discussion on the concept of benefits transfer.

The analysis is built around the previously defined scenarios: Green Growth Scenario, Reduced HPP Maximisation Scenario and Full HPP Maximisation. They differ from each other in terms of different number of HPPs planned to be constructed. Green Growth Scenario assumes no new HPP is developed, so the main financial indicators are calculated for second and third scenario.
Under Chapter 3.5 for all hydropower plants the basic cost effectiveness indicators are presented (the cost per kWh of annually generated electricity and the cost per kW of installed power). For some hydropower plants the cost per Mm3 of storage capacity (EUR/Mm3) is also presented. Special attention is given to the computation of dynamic unit costs, particularly the dynamic prime cost DPC (EUR/kWh) (which for electricity is equal to the levelised cost of electricity, LCOE), as well as the levelized cost of power generation capacity and dynamic generation cost of water storage capacity.

Financial analysis produced typical indicators of financial return, including the financial net present value (FNPV) and the financial internal rate of return (FIRR). Together with financial analysis, economic analysis will produce typical indicators of project effectiveness like the economic net present value (ENPV), the economic rate of return (ERR), and the benefit-cost ratio (BCR).

Although it is beyond the scope of this analysis to provide a full cost-benefit analysis (CBA) for each of the scenarios, the following sub-section includes a discussion of the financial and economic costs and benefits of the scenarios and an attempt to estimate their magnitude in order to determine which scenario is most likely to generate a positive FNPV, positive ENPV and benefit-cost ratio (BCR) greater than 1.

These indicators will be used for initial ranking of the projects (according to their respective LCOE values as well). Results of the scenarios comparison are then subject to sensitivity analysis regarding key input variables. The estimate of costs and benefits and calculation of financial and economic indicators were prepared for period of 50 years and assume a financial discount rate of 8% and social discount rate of 9%.

Detailed methodology for analysis of socio economic benefits has been described under Chapter 3.5 

6 Costs and benefits of development scenarios
Investment costs for all envisaged hydropower plants are presented in Chapter 8 of the corresponding Country Reports. It is assumed that the construction of a medium-to-large HPP will take 4 years (2 years in case of SHPPs). As described under Chapter 3.5, disbursements per annum for various items i provided in the table 6-16 below.
Table 6‑16: Annual disbursements (%)

	Construction (years)
	1
	2
	3
	4

	Civil works
	25
	20
	28
	27

	All equipment (HM, ME, EE)
	0
	30
	50
	20

	Investor's expenses
	70
	10
	10
	10

	Working capital
	0
	0
	0
	100


The investment distribution per years and HPPs in absolute terms (constant EUR, 2016) is given in the Annex 3-1.
The table 6-17 below depicts the main cost effectiveness indicators for Scenario 2 and Scenario 3 (the levelised cost of electricity, the levelised cost of power generation capacity and dynamic generation cost of water storage capacity).

Table 6‑17: The main cost effectiveness indicators for Scenario 2 and Scenario 3 (Serbia)
	HPP
	Scenario 2
	Scenario 3

	
	LCOE
(EUR/kWh)
	DGCOWSC
(EUR/Mm3)
	LCOE
(EUR/kWh)
	DGCOWSC
(EUR/Mm3)

	HPP Rogacica
	0.0396
	n/a
	0.0396
	n/a

	HPP Tegare
	0.0426
	n/a
	0.0000
	n/a

	HPP Dubravica
	0.0634
	n/a
	0.0000
	n/a

	HPP Kozluk
	0.0552
	311,444
	0.0552
	311,444

	HPP Brodarevo I
	0.0560
	1,417,211
	0.0560
	1,417,211

	SHPP Rekovici
	0.0458
	3,158,866
	0.0458
	3,158,866

	PSHPP Bistrica
	n/a
	n/a
	n/a
	n/a

	HPP Drina I
	n/a
	n/a
	0.0433
	178,158

	HPP Drina II
	
	
	0.0448
	138,070

	HPP Drina III
	
	
	0.0445
	115,922

	HPP Brodarevo II
	
	
	0.0479
	596,611

	TOTAL
	0.0692
	1,612,933
	0.0661
	441,096


According to the data presented in previous data, FNPV will be positive and FIRR higher than 8% in the case that price of electricity is higher than 0.0675 EUR/kWh (Scenario 2) and 0.0646 EUR/kWh (Scenario 3). Lower prices of this would induce negative FNPV for HPPs included in given scearios.

With current price of electricity (3.5995 RSD/kWh or 0.0292 EUR/kWh), FNPV is extremely negative and FIRR is below the discount rate.
	Main parameters and indicators
	Scenario 2
	Scenario 3

	Financial discount rate (%)
	8.0%
	8.0%

	Financial rate of return (FRR) (%)
	1.30%
	1.51%

	Financial net present value (FNPV) (in Euro)
	-620,229,044
	-989,160,645


The results of the economic analysis of costs and benefits reveal that all of the development scenarios yield economic benefits in excess of cost.
	Main parameters and indicators
	Scenario 2
	Scenario 3

	Social discount rate (%)
	9.0%
	9.0%

	Economic rate of return (ERR) (%)
	12.85%
	15.23%

	Economic net present value (ENPV) (in Euro)
	181,177,212
	550,529,730

	Benefit-cost ratio
	1.19
	1.35


Based on the positive economic indicators resulting from the analysis, the implementation of both scenarios is expected to increase social welfare. Scenario 3 has higher incremental social impact than Scenario 2.
6 Benefits transfer

Projection of hydropower plant operation costs is based upon the usual division of costs on operating and capital costs. Operating costs include: fixed and variable costs. Capital costs include: financing and depreciation costs.

Fixed operating costs include: maintenance costs, insurance costs, personnel gross salaries, other tangible costs and other intangible costs. Variable operating costs include: water fees, concession fees and other fees.

Maintenance costs include items like: costs of spare parts, costs of various materials, costs of oils and lubricants, costs of fuels and costs of external maintenance services. Modelling of maintenance costs is based upon the nominal (initial) purchase values of works and equipment, as well as empirical annual rates given in the table 6-18 below.
Table 6‑18: Annual rates of maintenance costs

	Item
	Rate (%)

	Civil works
	0.30 to 0.40

	Mechanical equipment
	1.00 to 1.20

	Electrical equipment
	1.00 to 1.20


Modelling of insurance costs is based upon the nominal (initial) purchase values of works and equipment, as well as empirical annual rates given in the table 6-19 below.

Table 6‑19: Annual rates of insurance costs

	Item
	Rate (%)

	Civil works
	0.10

	Mechanical equipment
	0.40

	Electrical equipment
	0.40


In order to estimate personnel gross salaries costs, it is first necessary to adopt the number of staff charged with the operation of the HPP. The 5 to 10 workers range seems reasonable for calculations of this type and medium-to-large HPPs. Second, it is necessary to adopt the mean monthly gross salary per worker. Salary of 1.000 Euros looks like a reasonable approximate value. Annual costs are calculated as (number of workers) x (monthly gross salary) x (12 months).

Tangible costs include items like: costs of communication (postal) services, travel costs, personal expenses (per diem etc.) and utility services (cleaning etc.). Modelling of tangible costs is based upon the total annual costs of personnel gross salaries and empirical annual rate equal to 15 to 30%.

Modelling of intangible costs is based upon the total annual costs of personnel gross salaries and empirical annual rate equal to 10 to 20%.

Specific fixed operating costs are calculated as (total annual fixed operating costs) / (mean annual electricity generation) and are presented in Eurocents/kWh or Euros/MWh.

The details related to water fee are defined in the Law on Water (i.e. the corresponding regulation each country) and the Decree on Value of Water Fee (or its equivalent). For example, the value prescribed in Republic of Serbia amounts to 2.3% of the price of the 1 kWh of electricity, i.e. of 3,5995 RSD, and is expressed in RSD/kWh. This value can be converted to EUR/MWh for convenience (at the current exchange rate of 123.26 RSD for 1 EUR this amounts to 0.671 EUR/MWh).

Modelling of concession fee is based upon the total annual income from electricity sales and an empirical annual rate. Value of 3% would be on the safe side.

Other fees usually include transaction costs, regulated by regulations in power on local and state level. Modelling of other fees is based upon the total annual income from electricity sales and an empirical annual rate. Annual rate value of 1% seems reasonable.

Specific variable operating costs are calculated as (total annual variable operating costs) / (mean annual electricity generation) and are presented in Eurocents/kWh or Euros/MWh.

The distribution of operation and maintenance costs per years and HPPs in absolute terms (constant EUR, 2016) is given in the Annex 6-1.

The development scenarios will give rise to a number of external benefits for society as a whole. For multipurpose (water-energy) projects, benefits from water supply, flood damage reduction, and power supply need to be quantified as far as possible to allow conclusions on the best approach to meeting water development objectives. These include:

· Benefits due to water supply – these include an estimate of the benefits per capita that will accrue to water users (residential, agriculture, industrial) during the period of analysis.

· Benefits due to flood protection – an estimate of the avoided damage to agricultural land and objects (private houses, apartments, industrial and business premises, schools, and public building due to floods compared to the baseline (with current level of flood protection). Avoided damages are a major component of the benefits of multi-purpose water management schemes.

· Benefits due to drought mitigation– an estimate of the reduction in average annual damages due to droughts compared to the baseline (with current level of drought mitigation).

· Other benefits – due to recreation and navigation, were not estimated.
The World Commission of Dams (WCD) has stated that: “dams have made an important and significant contribution to human development, and the benefits derived from them have been considerable.”

And further that while benefits are varied (domestic and industrial water supply, power generation, flood control, irrigation, navigation as well as recreation): “in too many cases an unacceptable and often unnecessary price has been paid to secure those benefits, especially in social and environmental terms, by people displaced, by communities downstream, by taxpayers and by the natural environment.”

According to traditional economic theory, CBA is concerned with determining whether a dam (or set of dams composing a scenario) generates net positive benefits; this theory is not concerned with how benefits are distributed.

In addition, the problem with dams is that the:

· Benefits are realized by populations outside the affected area, or even region, but the major social costs are inflicted on the local population

· Water for irrigation benefits downstream farmers, flood and drought mitigation benefits the region, country and even other countries

Thus, the distribution of benefits is important.

One approach to this issue is benefits sharing, by which governments try to claim back some benefits through royalties, taxes and other means. This is done by trying to estimate economic rent. Basically, this refers to revenues above costs that are not subjected to normal competition. In other words, once a dam operator is using a public resource (water from the Drina River Basin), competition cannot provide the same.

The objectives of benefits sharing are to:

· Provide long-term compensation to project-affected populations (displaced persons)

· in addition to mitigation and direct compensation for environmental and social impacts

· stream of benefits from project should continue to provide direct benefits and resources for the resettled

· Establish long-term regional economic development funds

· development of infrastructure, irrigated agriculture, etc.

· Establish partnership between developers and local communities

· part or full community ownership

· local support in development.

Types of benefits sharing schemes include:

· Revenue sharing – since the economic rent from dams is difficult to measure (and only a few studies exist on its estimation), a typical practice is to assess a fee based on a percentage of revenues that is then transferred to local/regional beneficiaries/budget

· Development funds – financed from power sales, water charges, etc., such funds provide money for economic development

· Equity sharing or full ownership – under this scheme, local authorities formally share in risks and benefits of the proposed scheme (or schemes)

· Taxes – another way to avoid estimating economic rent is to assess a tax payable to regional or local authorities

· Preferential rates – providing preferential electricity or water rates to the affected population ca be used to spread the benefits.

Examples of successful benefits sharing schemes can be found in Norway and in Canada. With respect to the latter, the Columbia River Trust has been particularly successful. The Trust was established based on the Columbia River Treaty, which was signed with the United States in 1964. At the time the Treaty was signed, the United States had already heavily developed the river, often with multi-purpose projects including electricity, flood control, irrigation, and recreation. There were no developments on the Canada side.

The United States had the objectives of increasing flood protection and electricity generation at its hydro stations (some were run-of-river without sufficient storage for full utilization of total annual water flow). In contrast, the Canada objectives were based on the desire for come additional electricity for domestic needs, but it did not need flood protection.

Under the Treaty, Canada was required to build three large storage dams to provide downstream benefits to the United States. In return, Canada got an upfront fixed payment representing discounted net present value of flood control benefits, plus rights to half the additional electricity generated because of the added storage and flow regulation. The electricity was sold by British Columbia to buyers in the United States on a 30-year contract for an upfront payment of USD 254 million; this amount was sufficient to pay for treaty projects, plus hydro-generation facilities at one of these dams.

Based on the fact that as a result of the dam constructions in North America in the 1960s, people were displaced and high-value land was flooded, along with archaeological and other significant sites. In the 1990s, the Columbia Basin Trust (CBT) was established by local governments to ensure they got a fair share of on-going benefits. The CBT was endowed with a share of the benefits from the sale of electricity to US customers and a portion of that was invested in non-power sector investments. The CBT also received operating cost support from the provincial government. Currently, the Trust manages a Canadian Dollar 321 million endowment for investments and programmes. It covers investments, including non-power sector investments, as well as delivery of benefits through programmes – projects and services related to social, cultural, economic, and the environmental conditions in the region. The CBT has been very beneficial benefits sharing scheme.

Therefore, it is recommended that benefit sharing studies on the infrastructure needs that affect water supply, quality, and management in the Basin be conducted, as well as studies on the economic rent accruing to dam operators so that more of this rent can be captured and shared with the affected population.

6 Financial and Economic Analysis – Sensitivity

The sensitivity analysis assesses the effects of possible changes in the key project variables on the project’s financial and economic performance indicators. A “critical variable” is a parameter which with 1% change lead to more than 1% change in one or more of the key outputs financial indicators. The following variables were assessed:

· Investment cost;

· OM costs (operation and maintenance costs);

· Discount rate;

· Price of electricity.

The tables that show the main financial (FNPV and FIRR) and economic indicators (ENPV, EIRR and B/C ratio) of the two scenarios analysed according to the critical variables are presented in Annex 6-2. These tables demonstrate that both scenarios have positive financial indicators at all prices higher than 0.0700 EUR/kWh. The economic indicator ENPV is always positive, while B/C ratio is always higher than 1 for both scenarios. EIRR is always higher than social discount rate applied (9%).
6 Scope for Carbon Credit 

The TOR for the Drina Study required the Consultant to investigate the possibility for investments and other measures in hydropower, nature development and green growth agriculture to be eligible for carbon credits. Furthermore, the TOR requires the Consultant to determine if an approved methodology exists that is applicable for the region and most importantly if it is available to hydropower projects. The report needs to list the necessary data and procedures required for carbon credits.
The Republic of Serbia belongs to the group of developing countries (Non-Annex I Parties), which report on their actions to mitigate climate change and to adapt to changing climate conditions. The Government of Serbia compiled its very first national report “The Initial National Communication of Serbia” in 2010 with assistance of the UNDP and GEF funds. Currently, the Second National Communication report as well as the first Biennial Update Report are under preparation. In addition to UNFCCC, the Kyoto Protocol was adopted in Kyoto, Japan, in December 1997 to improve the implementation of the Convention. The Kyoto Protocol obliges industrialized countries to stabilize greenhouse gas emissions based on the principles of the Convention. Main difference between the Convention and the Protocol is in the fact that Convention stimulates industrialized countries to reduce GHG emissions, while the Protocol obliges them to do so.

Being a non-Annex I country under the UNFCCC, the Republic of Serbia can use the Clean Development Mechanism. In accordance with obligations, National Designated Authority for implementation of CDM under Kyoto Protocol (DNA) has been established. So far, 7 Clean Development Mechanism (CDM) Projects have been registered in Serbia.

Besides that, following development of new options for climate change mitigation under the Convention, Serbia prepared developments under the within the Kyoto Protocol. Moreover, Serbia prepared Nationally Appropriate Mitigation Actions (NAMAs).
The main purpose of the CDM is to assist non-Annex I countries, to develop the principle of sustainable development, at the same time helping industrialized countries (Annex I Parties of the UNFCCC) in the exercise of their duties for the reduction of emissions of GHGs. The formation of DNA has enabled the conditions for attracting foreign investment in Serbia by the industrialized member countries (Annex I countries) of the Convention through investment in priority sectors (such as energy, chemical industry, etc.), allowing them to develop the principles of sustainable development using green technologies. Furthermore, this opens opportunities for potential increase in money transfers to Serbia, the modernization of industry and job creation.  The way in which Serbia can benefit from CDM is reflected in the fact that Serbia have the ability to: 

· further develop the market for energy efficiency and renewable energy sources; 

· gain access to modern technology; 

· attract foreign direct investment through a range of environmentally friendly projects to all stakeholders; 

· ensure infrastructure development, increase GDP and increase employment; and
· improve air quality and environment, and offer diversified energy sources in order to become less dependent on supplies of fossil fuels. 

Furthermore, Serbia is able through the development of potential CDM projects and presenting them to stakeholders, to contribute to reducing emissions of GHG emissions on a global level, and that started activities to meet one of priorities of the Stabilization and Association Agreement, which is an implementation of the Kyoto Protocol. 

Another mechanism known as “joint implementation (JI)” defined in Article 6 of the Kyoto Protocol, allows a country with an emission reduction or limitation commitment under the Kyoto Protocol (Annex B Party) to earn emission reduction units (ERUs) from an emission-reduction or emission removal project in another Annex B Party, each equivalent to one tonne of CO2, which can be counted towards meeting its Kyoto target.  JI offers Parties a flexible and cost-efficient means of fulfilling a part of their Kyoto commitments, while the host Party benefits from foreign investment and technology transfer.

Some of the potentials for reducing GHG emissions in Serbia are: 

· Increasing energy efficiency; 

· Construction of mini hydro power plants (up to 20 MW) with hydropower potential utilization of less than 50%; 

· The use of biomass, the annual logging about 5 million m3; 

· Energy generation by gasification of waste (e.g. landfills); 

· Use of wind energy; 

· Using the power of geothermal waters. 

Projects that are environmentally beneficial, socially acceptable and which contribute to progress are taken into account (i.e. through the reduction of GHG emissions) relative to the current practice in the host country. 

The next step that is necessary to undertake in the CDM is to develop policies to encourage production and use of energy from renewable sources with international support, through the development of appropriate guidelines for entrepreneurs and companies that have large emissions of GHG in Serbia.

Project types

Carbon credits can be generated from a large variety of project types, all of which reduce or avoid GHG emissions and are of interest to the MCCF, such as

· Energy efficiency in industry (co-generation) and larger projects in the residential sector (double glazing, insulation)

· Renewable energy such as wind, hydro, biogas (from landfills/wastewater) and biomass

· Avoided venting/flaring from gas exploration, transport and distribution and petrochemical plants

· Fuel-switching from carbon-intensive (coal, heating oil, oil shale) to less carbon intensive fuels such as natural gas

· Sequestration of greenhouse gases (forestry)
Post 2012, the World Bank have taken a leadership role in shaping the next generation of carbon instruments for the post-2012 period by developing new approaches to performance-based payments. The World Bank's six most recent carbon instruments aim to scale up emission reductions, focus on readiness for market-based carbon initiatives, increase access to energy in least developed countries, and reduce emissions from deforestation and forest degradation. These instruments are:

· Carbon Partnership Facility

· Forest Carbon Partnership Facility

· Partnership for Market Readiness

· Carbon Initiative for Development

· BioCarbon Fund Tranche 3: Initiative for Sustainable Forest Landscapes

· Pilot Auction Facility

These carbon initiatives have a total fund allocation of more than USD 1 billion and USD 0.5 billion committed for technical assistance. In 2013, USD 640 million was raised for these new carbon initiatives.

Status

The status of carbon trading in Europe is not very positive at present. On 16th April 2013, the European Parliament voted to reject any attempt to bolster the Emission Trading Scheme (ETS) and carbon prices have plunged from around Euro 25/tonne in 2008 to below Euro 5/MT CO₂ in early 2013. As of September 2016, the price was Euro 0.4 MT CO₂ See the graph below (Figure 6-1).
[image: image34.emf]
Figure 6‑1 EU ETS carbon spot price 
In Serbia, there are currently seven CDM projects registered so far
:

1. Alibunar Biogas Plant Construction Project. 

2. LGF Recovery at the Bubanj Landfill Site

3. Reduction of Methane Leakages in the Gas Distribution Networks

4. Wind Farm Cibuk 1

5. Wind Farm Kladovo 1

6. Wind Farm Kosava I+II

7. Wind Farm Plandiste 1

Clearly the subject of carbon credits should be further pursued by the power stakeholders and there are numerous guidelines for CDM baseline and monitoring studies at the CDE Executive Board, part of the UNFCC at the following website: https://cdm.unfccc.int/methodologies/index.html 

The detailed guidance for CDM baseline and monitoring studies is provided in the following two documents published on 19 May 2006:

· Consolidated baseline methodology for grid-connected electricity generation from renewable sources – Approved methodology ACM0002

· Consolidated monitoring methodology for zero-emissions grid connected electricity generation from renewable sources – Approved methodology ACM0002

The CDM Executive Board also provides detailed guidance for this demonstration in a Methodological tool titled “Tool for the demonstration and assessment of additionality (Version 05.2)”. 
It is important as a first step that the local authorities and stakeholders are familiarised and provided with broad estimates of what might be gained from carbon finance and with the necessary studies to secure such financing. Detailed documentation of the CDM methodologies that would govern baseline, monitoring, and additionality studies are readily available and should be carefully reviewed (see the web link above).

Serbia would also need to commit to finalizing the local policies and approval mechanisms in a timely way to take advantage of such finance. It is recommended that further follow up studies on carbon financing should be confirmed in the process of approving the scope of work for the development project for the program of investments to be made in the DRB.
6 Inventory of selected development projects

6 Hydropower

Selected development scenario, Reduced/Optimized HPP Maximization Scenario includes construction of the following HPPs, whose main characteristics are provided in the table below: 
Table 6‑20: Overview of HPPs included in the selected scenario
	HPPs
	Plant type 
	Estimated mean annual electricity generation
	Estimated Investment costs: 217 million Euros.

	“Rogacica” HPP
	non-diversion
	420.00 GWh
	217 million Euros.

	“Tegare” HPP
	non-diversion
	452.00 GWh
	253 million Euros.

	“Dubravica” HPP
	non-diversion
	333.00 GWh
	281 million Euros.

	“Kozluk” HPP
	non-diversion
	394.69 GWh
	290 million Euros.

	“Brodarevo I” HPP
	non-diversion
	101 GWh
	75 million Euros.

	“Rekovići" SHPP
	non-diversion
	34.46 GWh
	20 million Euros.


More details on the HPPs included in the selected scenario are provided in the IWRM Country Report, Section 8.
6 Flood control

All existing flood protection structures are described in the IWRM Country Report, Chapter 9 and its annexes. The following problems hamper the completion of protection systems, especially along the lower course of the Drina River:

· The major part of the state boundary between Serbia and BiH no longer runs along the line of the river, because of the unstable, meandering Drina channel that has been constantly moving to the East thus causing confusion on issues of responsibility.

· Similarly, the flood protection works on the left bank lowlands of Semberija that were planned to start in 2014 but have yet not begun, are hindered by numerous private construction works on the left bank that were financed by citizens of BiH who had built their properties on the territory of the Republic of Serbia. High levees are planned further away from the present river course to take into account the fact that the state border does not follow its meandering course. However, these uncontrolled construction works on the flood plain make the flood protection more difficult.

· These flood protection works have also been delayed due to, among other reasons, the expectation of new hydropower developments (in a form of a cascade system) along the lower course of the Drina River (downstream of Zvornik) that would necessitate higher flood embankments, to mitigate increased flood levels;

· In addition to flood protection systems (flood embankments) on the DRB are fragmentary and the works on both river banks have not been harmonized. 

Hence, it is very important that the regulation and protection measures planned along the middle and lower reaches of the Drina River are harmonised with the designs of the planned hydropower (cascade) systems along the corresponding river reaches.

6 Water supply and irrigation

Through the water demand analyses conducted in IWRM country report 1, it had been determined that all existing demands for water for the population, industry and agriculture are satisfied. Selected development scenario could however facilitate water supply should further development of irrigation happens in the near future. In order to address (irrigation and dreainage rehabilitation) and to reach full effectiveness of the selected scenario, the following should be achieved:

· improve the capacity for increased agricultural yields through support to high priority rehabilitation of drainage and irrigation infrastructure;

· reduce the risk of damage from flooding to land, crops, property, infrastructure as well as reducing risk of life loss from flooding in project areas and

· improve water resources management and strengthen the associated water resource management instutions and policies.

Currently, there are no selected irrigation projects that are relevant for the selected scenario, however selected scenario has to be evaluated further in order to estimate the percentage of the useful volume of the existing and planned HPPs that could be used for irrigation purposes. 

6 Other

As indicated in the Chapter 4, implementation of the selected scenario would require further investments in the development of sewage infrastructure and WTTP constructed in agglomerations greater than 2000 PE, in particular in the municipalities: Loznica, Priboj, Prijepolje, Nova Varos, Sjenica, Krupanj, Ljubovija, Bajina Basta, Cajetina and Mali Zvornik. Prioritiy should be given to the municipalities oriented to small rivers and streams and near water supply resources. The WW treatment processes will have to satisfy condition to maintain good ecological and chemical status of receiving streams during the dry season (BOD5 less than 4mg O2/L). WW pretreatment should be planned and constructed for industry connected to sewage system. 
In the area of waste management, implementation of the selected scenario would require, closure and rehabilitation of all wild municipal dumpsites in river banks, along with the construction of all planned regional sanitary landfills: Loznica (Loznica, Krupanj, Ljubovija, Mali Zvornik), Uzice-Duboko (Uzice, B. Basta, Pozega, Arilje, Ivanjica, Cajetina, Kosjeric, Cacak, Lucani), Nova Varos - Banjica (Priboj, Prijepolje, Sjenica, Nova Varos). Besides, in line with the planning documents and requirements of the Waste Framework Directive, Serbia would need to achieve by 2020 90% of population covered with organized solid waste collection system and by 2020 recycling level of: 25% of recyclable waste. System for hazardous waste management should be developed along with provision of facilities for incineration of medical and organic industrial waste. All existing industrial dumpsites should be restored and adapted to sanitary criteria, in particular active and inactive tailing dump facilities in Loznica, Krupanj and Ljubovija.

6 Review of the SWOT Analysis based on MCA

Targeted selected scenario SWOT analysis has been provided in the table below. 

Table 6‑21: Targeted selected scenario SWOT analysis
	Strengths of the scenario
	Opportunities of the Scenario

	Large flow/discharge
	Presence of ISRBC and ICDPR is good for the basin

	Multipurpose source – water supply, irrigation, HPP etc.
	The region is in the "Spotlight" due to recent floods

	Low population density (in upper part of the Basin)
	IFI's continue to support IWRM in the region

	> HPP potential
	Reduction of important sources of pollutants

	> Ecotourism and tourism potential
	Easy modification and adaption to future needs

	Current large reservoirs can reduce flood peaks and supply water during dry periods
	Good ground for fostering international cooperation

	Relatively large number of Protected areas in the Basin –= rich biodiversity and ecosystems
	Compatibility with water quality improvement measures under EU Directives

	Relatively good water quality
	In line with expected economic development of countries

	Some good quality agricultural land with good irrigation potential
	The region is involved in waste management strategy 

	Stakeholders appreciate and recognise importance of environmental protection
	Old industry facilities can be rehabilitated/adapted to mitigate pollution

	Benefit / cost ratio can increase
	Implementing energy strategy, promotion of renewable energy

	Numerous and important endemic aquatic species
	More potential for employment (tourism, HPP, environment protection, monitoring)

	Relatively good air quality (except in lower basin)
	Proclamation of new protected areas (such as Drina protected areas)

	Weaknesses of the Scenario
	Threats of the Scenario

	Environmental flow regulation varies between riparian stakeholders
	Absence of transboundary regulation

	Poor maintenance/absence of flood protection infrastructure
	Poor cooperation between riparian's restricted to emergencies

	Uncontrolled sediment extraction
	Absence or limited bilateral/multilateral agreements

	Lack of early warning system (flood) for the Basin
	Management competence divided between authorities

	Lack of continuous monitoring (flow, quality, groundwater, etc)
	Boundary disputes due to migrating river source

	Limited WWTP in the basin
	Natural habitats for endemic species deteriorate due to conversion of land use

	Irrigation systems are lacking and in poor condition
	Flood risk due to uncontrolled extraction

	Limited stakeholder capacity to deal with responsibility and decision making
	Spawning areas and habitats destruction due to uncontrolled flushing

	Inefficient use of natural resources especially water = > losses in water supply networks
	Water quality and natural ecosystem deteriorate due to pollution

	No special protection of spawning areas
	

	Lack of controlled and legal landfills
	


6 Additional Investigations

As mentioned earlier, MCA is a useful tool where many investments and investment options need to be compared with one another before undertaking full cost-benefit analysis for each of them. MCA in these cases can help decision-makers prioritize investments and, based on these findings, undertake further investigations on the feasibility of the priority projects and development scenarios. To this end, the priority development scenario identified in this chapter will require further investigation of its financial and socio-economic feasibility before final investment decisions are undertaken. Notwithstanding, on-going monitoring of water quality and river flows is also needed. Some of the additional investigation measures, recommended for further development of the selected scenario would be the following:
1. detailed feasibility studies, EIA/SIA and more detailed financial analysis (individual CBA) associated with the specific dams/reservoirs connected with the selected scenario so as to provide more assurance and justification;

2. estimation of the sufficient amount of geological and geotechnical investigations is of crucial importance. In recent years, there has been a tendency for concessionaires to take short-cuts and save as much as possible on geological and geotechnical investigations, which is an error of judgement, as the complete concept of the design often relies upon the results of such investigations. Inaccurate or incorrect geological results, if discovered during the construction phase, can lead to a significant change of the design that can drastically increase the costs; in some cases, up to 70% or more.
3. Development of seismological studies for sites of high dams
4. Organisation of full public consultation process advocating the preferred scenario

5. Further investigation into pursuing carbon credits 

7 Final proposal of basin development

A comprehensive overview on hydropower development scenarios was provided in IWRM country report and gave the potentials of hydropower utilization within the DRB. These documents included a thorough presentation of the planned HPP schemes on the Drina River and its major tributaries. Since no other official document has been issued since that time, these two documents still remain in force, indirectly implying that the HPP schemes proposed within are also still in force.   

The Consultant’s TOR as one of the expected outcomes has indicated better decision making and management in DRB as a multi purpose water resource. 

As indicated in IWRM country report, all studies on HPPs obtained from the stakeholders (Electric Enterprises, Ministries, etc.) were reviewed within this project and solutions analysed and compared against pre-defined criteria. 

This report represents summary of analysis results and provides a ranking of HPP schemes based on economic and MCA analyses. 

The connection point of HPP users and other water users are large reservoirs. Large reservoirs are the only structures that can enable the active management of the water regime within the DRB and throughout the year (by retaining water during the wet season and releasing it during the dry season). As such, large reservoirs gain high status and priority, as powerful tools for Integrated Water Management within the Basin. 

The selected HPP development scenario within the DRB considers and satisfies the needs of all water users, and not just HPP. 

Further steps to be made regarding the HPP development in the Basin are provided in the Section 8 Conclusions and Recommendation
7 Optimal solution
The IWRM country report presented figures that clearly show that Serbia not only meets its demand for electricity, but also generates surpluses. 

In the period from 2010 to 2014, the greatest portion of primary energy production has been obtained by processing coal and coal products (71%), whereas participation of hydropower has been 8%. During the same period the electricity consumption remained approximately unchanged in the range from 27,000 to 28,000 GWh. Its portion represents 27% of the final energy consumption. The main energy consumers are households (53%), while the industry share is 25%. The reasons for such an imbalance are directly related to functioning problems of the industry sector.

The projection of gross primary electricity production and consumption in the period 2015 – 2030 has been estimated in line with the data provided in the Energy Development Strategy of the Republic of Serbia until 2030 and the projection shows that in the coming period the production will exceed the consumption. 

The management of HPPs and reservoirs in Serbia depends on the actual reservoir capacity, the hydrological situation and the situation in the electro-energy system of the country and the region.
The large active volume of existing reservoirs provides conditions for a very flexible management of "Uvac" HPP, "Kokin Brod" HPP and "Bistrica" HPP. These HPPs can satisfy almost of all needs of the system, such as regular coverage of the consumption of energy and power, all forms of reserves in the system (including “cold” reserve), power regulation, etc. The smallest possibility of regulation is provided by the "Zvornik" storage, since its reservoir is filled with sediments (almost 50% of the reservoir volume). This storage can also play only a limited role in flood control. The flexibility of load variation (i.e. the regulation capacity) of the "Bistrica" HPP is limited by its long diversion system. However, the present condition satisfies the actual needs.

Therefore, the selected development scenario provides for development scenario that can fit in the electricity production and consumption projections provided in the Energy Development Strategy of the Republic of Serbia with minimal environmental and optimal socio-economic impact, estimated in line with other strategic documents of the Republic of Serbia. 

7 Link with other sector policy and strategic objectives

The selected development scenario follows the objectives set in the Energy Development Strategy, National Sustainable Development Strategy in terms of structural options, as well as the Solid Waste Management Strategy. 

7 Identified core issues and priorities

Achieving water management targets in the DRB hinge upon the implementation of the integrated management principles of protection, improvement and recovery of surface and ground waters in order to achieve at least “good” status of waters and prevent the deterioration of their condition.

The main water management issues in the basin are:

· Water supply to three main users: the population, agriculture, and industry

· Environmental protection, including maintenance of environmental flow 

· Reduction of adverse impacts of floods and droughts

· Hydropower production 

· Recreation, tourism and fishing 

The assurance of the integrated water management as defined by the water laws of the entities means the following:

· achieving good status of waters and preventing their degradation

· achieving sustainable water use 

· ensuring equitable access to water

· fostering social and economic development

· protecting aquatic, water-dependant aquatic, semi-aquatic and terrestrial ecosystems 

· organising protection against flood and other adverse impacts of water 

· ensuring public participation in the decision processes

· preventing and resolving conflicts related to water use and protection

· meeting obligations arising from international agreements.

7 Structural development options

The MCA described in preceding Chapters was used for the selection of the most favourable development scenario. This scenario includes:

· “Rogacica” HPP

· “Tegare” HPP

· “Dubravica” HPP

· “Kozluk” HPP

· “Brodarevo I” HPP

· “Rekovići" SHPP

The Consultant would like to emphasize the MCA was used only for comparison of pre-defined development scenarios, which have been formulated together with stakeholders from Republic of Serbia. The Consultant did not make direct comparisons between individual HPPs and the results have to be interpreted in accordance with that. In other words, the results do not infer that, for example, “Brodarevo I” HPP is superior to the “Brodarevo II” HPP.

In general, it can be noted that the results obtained by this analysis agree well with the results of previous studies and positions of the professional community regarding the feasibility of individual HPPs.

Out of the six HPPs listed, the “Rekovići" SHPP seems be most prospective candidate for construction in the near future, as lately there is much activity directed at this.
7 Non-structural development options

The non-structural DOs can be included in water management planning for the DRB and include common sense and pragmatic practices such as:

· Reducing water use within all sectors, but especially agriculture; which is the most demanding; by applying improved irrigation methods and water-saving technologies

· Reducing pollution of surface and groundwater by investment in wastewater collection and treatment

· Introducing a more restrictive policy on construction permits regarding housing especially in areas prone to flooding in order to restrict the need for flood protection infrastructure

· Improving waste management
· Reducing energy use to take away need for additional generating capacity

· Improve forest management practices and move to get tough with uncontrolled and illegal logging within the catchments
· Environmental flow application and harmonization
· Move to improve technical education, training and capacity development within the stakeholder organisations 

· Implement institutional and reporting processes within the Basin to improve efficiency of water resources management.
· Preservation of protected areas and high aquatic ecosystem sections.
7 Recommendations regarding short term investments

As per the World Energy Outlook 2016 and following Paris COP21, the major focus has been placed on renewables. Renewable energy is vital to steer the energy system to the low-carbon future envisioned in the Paris agreement. According to data from UNEP, Bloomberg and IPCC SRREN, global investment in renewable energy is set to triple in the next twenty years, reaching over USD 700 billion by 2035. A large amount of this investment will be allocated to hydropower, but there are still significant challenges in securing finance for these projects.
General recommnedations for the investment in a hydropower project in Serbia from profitability of projects and the risks involved aspects, are provided below:
· A consideration which is of great importance to the investor is the internal rate of return (IRR). The IRR is the discount rate which reduces the NPV of the project to zero. Generally speaking, the higher the IRR the more attractive is the project. The IRR can be thus expressed as the return that investors will receive on their equity. The hydropower plants being analyzed yields an IRR of 1.30% (with current price of electricity). The IRR can be improved by increasing the leverage ratio, i.e. by reducing the equity portion. As the leverage ratio increases, the IRR becomes higher. This is due to the advantage of substituting equity capital by debt as the latter is less expensive.

· Therefore, investors should consider the leverage ratio while they are comparing their possible hydro investments. If they seek for a higher rate of return for their investment, they should decide for the project with the highest leverage ratio. However, investors have to be aware that this will be riskier because the project will have to pay back a higher amount of debt. This may lead to bankruptcy in the long-run in the case of instable incomes.

· The financial analysis shows as well that the life time of the project affects its NPV, meaning that a higher investment horizon will lead to a higher NPV. When choosing a longer life time, investors should consider the increased risks associated with the longer time period of their investment.

· Further, investing in the Serbian electricity market contains other risks such as exchange rate risks, interest rate risks and foreign market risks. The investor who runs up into these risks should be able to manage them. If an investor is able to do so, the opportunity to invest in the hydropower sector in Serbia is highly recommendable.

· Reducing foreign exchange risks can be possible through hedging in the long-term horizon, but in some cases this can be expensive for investors. The best way to manage interest rate risks is to negotiate fixed interest rates with lenders. 

· However, banks will probably add a margin to this fixed rate to reduce thei rown risks. A simple way to mitigate the market risk is to acquire a long-term arrangement with the local utility, especially in the case of small hydropower plants. These long-term agreements assume a buying power from an electricity producer and serves as an alternative to secure revenues.
Based on the above and the results gained during scenario assessments, the following short term investment prioritisation is recommended for the selected scenario
· Regarding the HPP’s efficiency measured by the costs per output (levelized cost of electricity – EUR/kWh) it is recommended to give the priority to investment in HPP Rogacica, HPP Tegare and SHPP Rekovici (1st phase). All of these HPPs have LCOE less than 0.0650 EUR/kWh. It means that electricity produced by these HPPs could generate higher profit margin for potential private investitors and more affordable tariffs for final users. Therefore, this investment (1st phase) can be easily financed by commercial loans and private investors through shorter concession period.

· HPP Dubravica, HPP Kozluk and HPP Brodarevo 1 belongs to 2nd investment phase. All of these HPPs have LCOE higher than 0.0750 EUR/kWh making it an investment with higher risk. In case that the tariff for final users is unaffordable, the future investor could meet difficulties to repay commercial loans and to ensure sustainable function of the system. Consequently, 2nd phase investment requires longer concession period and greater part of soft loans in total financing sources.

· The best option would be parallel construction of all HPPs from the scenario (1st + 2nd phases) as one system, which would enable positive economies of scale effect. In that case, the LCOE is equal to 0.0692 EUR/kWh and the investment in HPPs from second group is financially more profitable (these HPPs would be more competitive on the energy market than in case of one-by-one investment). There is a potential problem in investment coordination (it requires certain mix of public and private investment), but with supporting role of institutional bodies (government and specialized regulatory agencies) this option would generate higher financial and socio-economic results.

7 Transboundary Issues

7.7.1 Sharing of hydropower potential

One of the most important issues related to water resources management in the DRB is its transboundary aspect. This holds true also for the utilization of hydropower potential and this aspect will be discussed in more detail in this section.

As explained earlier in this Report, during Consultant's meetings with stakeholders were defined the development scenarios for all countries involved in this project. Some of the HPP projects included into these scenarios shall use the hydropotential which should be shared between two countries.

This is the case with future HPPs along so-called Middle Drina and Lower Drina (Drina River sections). Along these sections the Drina River forms a natural boundary between Serbia and Republic of Srpska (BiH).

The optimum development scenarios were selected for all three countries involved by the means of the multi-criteria analysis. The comparison of selected development scenarios for Serbia and BiH reveals that the selected scenario for Serbia includes three future HPPs along Middle Drina ("Dubravica", "Tegare" and "Rogačica") and one future HPP along Lower Drina ("Kozluk"), while the selected development scenario for BiH includes none of these plants.

In other words, there are four future plants that shall use the shared hydropower potential, but the construction of which is envisaged only by one of the countries that this potential belongs to. This means that one the immediate steps on implementation of these projects would be entering of parties involved into agreements related to sharing of the subject potential.

Therefore, this section will cover certain legal aspects of transboundary water resources management and present some historic examples of sharing of joint resources.

7.7.2 Water Resources Management and Modeling

Transboundary cooperation among the riparian countries is (also) needed for the purpose of maintaining and further developing the water resources management (WRM) model for DRB, developed within this project using the WEAP software. Upon the project finalisation, the countries would have to exchange data and information needed for model application to enable its sensible use. Harmonisation of the model structure and input data is a necessity for BiH and Serbia. Although Montenegro could maintain the model independently from the other two countries, its contribution to the downstream model users is of the utmost significance. Separate model application and development by the riparian countries would not support an integrated approach to water management in the basin. It is therefore highly recommended that the countries develop a protocol for exchange of data and information related to WRM model of DRB. Cooperation on the exchange can take various forms. The simplest form would be that the model files are exchanged annually, and that rotation of countries in charge of harmonising the input data occurs every three years. Occasional meetings on the technical level, with participation of stakeholders’ staff actually maintaining the model, would also be beneficial. 

7.7.3 Legal Aspects of Transboundary Water Resources Management

Rules regarding the use of transboundary water resources of the states in the Drina River Basin (Serbia, BiH and Montenegro) are established by international agreements into which these states entered, the rules of the international customary law and judicial practice. The countries which belong to the Drina River Basin must harmonize their strategic plans and the methods of use of their common water resources in a manner based upon an agreement on the use of common water resources, i.e. entering an international arrangement. Several general principles are particularly significant. The principle of equitable and reasonable share in utilization of common water resources is considered an universally accepted rule, explicitly defined by provisions of relevant international agreements which regulate the conduct of individual states regarding transboundary water resources. An (inexhaustible) list of criteria upon which can be defined the meaning of "equitable and reasonable share" is also provided. Closely related to this is the principle of prevention of occurrence of a damage caused by activities performed on the territory of one state to the property and persons on the territory of another state, as well as certain other principles.

Duty to cooperate has its wider foundation in international law and developed in detail in the international water law. Duty to cooperate is explicitly provided in Article 5. paragraph 2. of the Convention on the Law of Non-Navigational Uses of International Watercourses, where the following is stated: „Watercourse states shall participate in the use, development and protection of an international watercourse in an equitable and reasonable manner. Such participation includes both the right to utilize the watercourse and the duty to cooperate in the protection and development thereof, as provided in the present Convention." Article 6, which develops on detail "the factors relevant to equitable and reasonable use" provides that, in the sense of the Article 5. of this Convention (or Article 6, paragraph 1), the concerned watercourse state shall, when the need arises, "enter into consultations in a spirit of cooperation". General obligation to cooperate, as well as the principles, objectives and methods of cooperation, are explicitly provided by regulations in the Article 8. of the Convention. The basis for the cooperation are the principles of "sovereign equality, territorial integrity, mutual benefit and good faith", while the objective of the cooperation is "attaining of optimal utilization and adequate protection of the international watercourse". Duty to cooperate is provided in an explicit manner also by regulations of the Convention related to the following issues: notification concerning planned measure with possible adverse effects (Arts 12, 13. and 14), protection and preservation of the marine environment (Art. 23), regulation of the flow of the waters of an international watercourse (Art. 25), emergency situations (Art. 28), indirect procedures (Art. 30), data and information vital to national defense or security (Art. 31). Duty to participate in consultations are particularly provided in several Convention regulations (Arts 3, 4, 6, 7, 11, 17, 18, 19, 21, 24, 26 and 30).

The Convention on the Protection and Use of Transboundary Watercourses and International Lakes, developed within the frame of the UN Economic Commission for Europe, in Article 9. provides the duty to cooperate, in the sense that "the riparian parties shall on the basis of equality and reciprocity, enter into bilateral or multilateral agreements or other arrangements, where these do not yet exist, or adapt existing ones, where necessary to eliminate the contradictions with the basic principles of this Convention, in order to define their mutual relations and conduct regarding the prevention, control and reduction of transboundary impact. The Riparian parties shall specify the catchment area, or part(s) thereof, subject to cooperation. These agreements or arrangements shall embrace relevant issues covered by this Convention, as well as all as any other issues on which the Riparian parties may deem it necessary to cooperate." The same article defines that da the agreements shall provide for the establishment of joint bodies, the tasks of which shall also be defined by this international agreement. Duty to cooperate is also provided by other agreements concluded within the frame of the UN Economic Commission UN for Europe, among which are especially relevant the duties provided by the Espoo Convention on Environmental Impact Assessment in a Transboundary Context and Convention on Transboundary Effects of Industrial Accidents. In the second part of the Sava Agreement are defined the "general cooperation principles" and provided the general obligation to cooperate (Art. 3). 

The Sofia Convention on Cooperation for the Protection and Sustainable Use of the Danube River in Article 4. defines "forms of cooperation" which include: (a) consultations and joint activities in the framework of the International Commission pursuant to the provisions of this Convention; (b) exchange of information on bi-and multilateral agreements, legal regulations and measures in the field of water management; exchange of legal documents and directives and of other publications; other forms for the exchange of information and experiences.

The Contracting Parties' duty to cooperate (with competent international organizations) on development and elaboration of measures contributing to the protection and preservation of marine environment of the Black Sea, is provided in Article 5. paragraph 5. of the Convention on the Protection of the Black Sea against Pollution. In the same time, the Contracting Parties are obliged to cooperate in the elaboration of the additional protocols (par. 3), and when entering other bilateral and multilateral agreements related to cooperation they shall endeavor to ensure that such agreements are consistent with this Convention (par. 4). Improvement of cooperation among the Contracting Parties that have agreed on the Barcelona Convention, is explicitly provided in the part related to, inter alia, to application of environmental impact assessment procedures (Art. 4. par 3.). The same hold true for the activities concerning the preparation of protocols which provide the measures, procedures and standards for the implementation of the Convention (Art. 4. par. 5), the cooperation rules being precisely provided in Articles 9, 12, 13 and 16. 

7.7.4 Historic Examples of Management of Shared Water Resources

Historic experiences and existing practice of resolving the issues arising from the joint utilization of hydropower potential of individual watercourses is very important for understanding of possible approaches to sharing of hydropower potential, i.e. the division of energy and other benefits arising from joint use of water resources
. In the agreements concluded so far prevails the "fifty-fifty" approach (Argentina and Uruguay on the Uruguay River, 1946; USA and Canada on the Niagara River, 1950: USSR and Iran on Aras and Atrak, 1957 etc.). The agreement concluded between Yugoslavia and Romania in 1963 (Danube River) is founded on the principles of equal construction costs and equal division of energy. 

The principle of equal share in water use is widely accepted, but the 50-50% method of division of water and/or energy is not the only solution, i.e. there are also certain other specific solutions. For instance, in the agreement concluded between USSR and Norway in 1957 regarding the Pasvik River was implemented the division of the river on upper, middle and lower course; there is also the possibility of water allocation during a certain time period; then, there are agreements in existence that require additional agreements on any change in water regime, while the decision on sharing is postponed (Hungary and Czechoslovakia, 1954, Poland and USSR, 1964); there is also an example of the 70-30% general division (Switzerland and Italy, 1949, Averserrhein basin, concessions); territorial division for the needs of energy production - from the source to the confluence, i.e. between the confluence and certain elevation (Spain and Portugal on the Duoro River, 1927,) etc.

8 Conclusions and recommendations 

8 Conclusions 

This report represents a snapshot of the complex and integrated use, development and management of water resources, in order to meet the water needs of multiple users and harmonization of their needs in the future. This report together with the earlier IWRM country report, can enable further improvement of the water resources management of the DRB for the foreseeable future. 

The objectives of the development scenario proposed in this report are to protect, restore and enhance surface water bodies and groundwater in order to at least achieve their “good” status, thus upholding the principles of the WFD, and to thereby provide sufficient water for unhindered and sustainable development of society in general in a sustainable environment.

It is important to emphasise the need for construction of reservoirs in the basin and their incorporation into the planning. In order to implement the proposed solution in the future, it is necessary to reserve and allocate space on the current cadastral and spatial plans; this should also include potential reservoir sites that are not yet a priority in the basin. These areas should have some form of protected status akin to that of natural resources so that their development is in-sured against future pressures on space from other needs for construction and other anthropogenic activities.

Besides, there is critical need to build wastewater treatment plants (WWTP) and to improve the solid wastes management to give Drina River a chance to improve its water quality status. Considering the substantial financial investments for achieving this, it needs to be undertaken in stages.
Regarding the construction of new HPPs in the DRB, the Section 7.4 lists the HPPs included in the most favourable development scenario, along with additional explanations, necessary for the proper understanding of the results obtained by MCA.

In the conclusions, the Consultant would also like to comment upon these results from a different point of view, which transcends the Country Report. It is important to note that four of the six HPPs included in the selected development scenario (“Dubravica” HPP, “Tegare” HPP, “Rogačica” HPP and “Kozluk” HPP) represent a hydropower potential that has to be shared between Republic of Serbia and Republic of Srpska (BiH). None of these HPPs is included in the most favourable development scenario for BiH.

The Consultant believes that the most reasonable solution for construction of these HPPs would be the joint effort of Investors from both countries, as an “asymmetric” construction could lead to a number of problems. Present development scenarios, unfortunately, do not provide such a possibility.

The improvement to the monitoring network in the DRB requires a number of measures, including improvements to the existing stations, establishment of new ones (with an emphasis on locations that already hosted measurement stations in the past) and improvements to data exchange in the DRB. Considerable financial means are already available from the budgets of a number of institutions involved in measurements in the DRB, some means will be provided within the GEF SCCF projects, but the countries in the basin should make an additional effort and provide additional funds for completion of this activity.
8 Recommendations
As it was already mentioned in the in the Sections 7.4 and 8.1, the selected development scenario includes the HPPs construction of which can be considered reasonably feasible. However, there remains the problem of the hydropower potential that has to be shared between the Republic of Serbia and Republic of Srpska (BiH). It is therefore recommended that all involved parties should harmonize their interests regarding the construction of the HPPs that produce electricity based upon the shared potential.

It should also be noted that the technical documentation developed for certain HPPs is not at the level necessary for final decision making. For the HPPs along Middle Drina only Conceptual Design Reports have been developed, so the development of Preliminary Design Reports can be highly recommended.
There have been many recommendations provided on the DRB through the preparation of IWRM country report. The present IPF report focus on the main recommendations associated with the Basin development scenarios. A full listing of all the prioritised recommendations from the Project will be provided in the final version of the report. Based upon the above conclusions, the preliminary recommendations are the following:

In terms of flood attenuation, the Consultant recommends:

· That water management operations within the DRB should seriously consider weather forecasting techniques in their future planning
· That HPPs operations and flushing should be coordinated between the riparian countries to mitigate sediment negative impacts and flood peaks.
In terms of climate change adaptation measures, the Consultant recommends:

· Undertake revision and improvement of the monitoring system across the basin to enable better detection of the impact of climate change

· Undertake a detailed vulnerability survey in relation to climate change across the Basin to obtain details of the vulnerable areas to climate changes

· Raise public awareness within the Basin’s stakeholders regarding potential impacts associated with climate change and undertake education and training programs in adaptation measures especially regarding water use and water saving measures.

Based upon the outcome of the MCA, the Consultant recommends prioritising investigations into the feasibility of undertaking selected development scenario which involves 6 HPPs. This will require at least the following:

· Improvement of the legislation enforcement 
· Undertaking a full public consultation process advocating the preferred schemes 
· Undertaking a detailed feasibility, EIA and SIA of individual schemes advocated as part of selected scenario

· Selecting and imposing a set of environmental and social mitigation measures of each individual scheme to reduce at minimum the impacts during construction and operation phases.
· For the selected scenario, devise a year-by-year identification of the projects to be completed and clear demonstration of the differences between the recommended scenario and the baseline plans.

In terms of hydropower development, the Consultant recommends:

· Undertake a baseline capacity expansion plan to define the opportunities for displacement by new hydro investments. 
· Prioritise investigations into the feasibility of undertaking selected development scenario. 
· Further studies need to focus centrally on investment and financing decisions for the specific set of projects that has been identified for implementation. Economic and financial feasibility studies sufficient to solicit international financing should be the next stage of project preparation. 
· It is important to familiarize Government and stakeholders with estimates of what might be gained from carbon finance and with the necessary studies to secure such financing.   
In terms of future monitoring within the Basin, the Consultant recommends:

· the general objective of network development could be data exchange with hourly time step.

In terms of water management concerns, the Consultant recommends:

· There is a need to accelerate the implementation of existing sub-laws and standards and harmonize the existing secondary legislation, including guidelines and standards.

· Stakeholders need to maintain the effort to improve the solid wastes management with adequate sanitary landfills construction and increasing the part of recycling wastes 
· Stakeholders need to make concerted efforts to carry on the construction of WWTPs in the DRB.
In terms of transboundary cooperation, the Consultant recommends:

· Transboundary cooperation among the riparian countries is (also) needed for the purpose of maintaining and further developing the water resources management (WRM) model for DRB, developed within this project using the WEAP software. Upon the project finalisation, the countries would have to exchange data and information needed for model application to enable its sensible use. Harmonisation of the model structure and input data is a necessity for BiH and Serbia. Although Montenegro could maintain the model independently from the other two countries, its contribution to the downstream model users is of the utmost significance. Separate model application and development by the riparian countries would not support an integrated approach to water management in the basin. It is therefore highly recommended that the countries develop a protocol for exchange of data and information related to WRM model of DRB. Cooperation on the exchange can take various forms. The simplest form would be that the model files are exchanged annually, and that rotation of countries in charge of harmonising the input data occurs every three years. Occasional meetings on the technical level, with participation of stakeholders’ staff actually maintaining the model, would also be beneficial. 
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� IWRM is a process that promotes the coordinated development and management of water, land and other appropriate resources in order to maximize the resultant of economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystems.


� EPS SMALL HYDROPOWER PLANTS PROJECT, Contract EBRD no. 42421 dated 07.07.2011, EPS no. 753/8-11 dated 12.12.2011


� The Benefits of Compliance with the Environmental Acquis for the Candidate Countries,” ECOTEC, et.al., 2001. Among other things, the study estimated a low and high estimate for the per capita benefit from compliance with EU water sector directives. The estimates for the average annual per capita benefit across all candidate countries for full compliance ranges from 34 to 88 EUR per capita for the water and wastewater sector.


� Preventionweb estimates economic damages of disasters in various countries from 1990-2014. http://www.preventionweb.net/countries/srb/data/


� http://www.bogatic.rs/ler/potencijal.php


� https://ejatlas.org/conflict/gravel-and-sand-extraction-from-the-drina-river-serbia-bosnia-and-herzegovina


� SEI defines developing countries as countries not listed in the World Bank’s list of high-income countries (� HYPERLINK "https://en.wikipedia.org/wiki/World_Bank_high-income_economy" �https://en.wikipedia.org/wiki/World_Bank_high-income_economy�). 


� World Commission on Dams, “Dams and Development: A New Framework for Decision-Making,” Earthscan Publications, 2000.


� World Commission on Dams, “Dams and Development: A New Framework for Decision-Making,” Earthscan Publications, 2000.


� � HYPERLINK "http://www.klimatskepromene.rs/english/cdm-projects" �http://www.klimatskepromene.rs/english/cdm-projects� 


� The Drina River was considered the boundary between Serbia and Bosnia. It is, of course, still the natural boundary between the two countries, but there is also a true, legal, boundary that was very well defined by geodetic survey. There is an evident tendency of the Drina River channel to move towards the East, while the legal demarcation line remains in its position. Migrants (refugees from the latest Balkan war) have settled in the flood prone areas by building their new homes with no construction permission. Now, different financial institutions do want to support the construction of embankments in Bosnia (Bijeljina, Gorazde etc.), but not in Serbia. On the other hand, Serbia has a problem with investments for the protection of Bosnian citizens who illegally build their houses on the territory of the Republic of Serbia.


� It should be kept in mind other treaties which may be relevant for the energy sector, and especially the Treaty establishing the Energy Community. 


� See also: Second report on the law of the non-navigational uses of international watercourses, by Mr. Stephen M. Schwebel, Special Rapporteur, Extract from the Yearbook of the International Law Commission:- 1980, vol. II(1) Topic: Law of the non-navigational uses of international watercourses, A/CN.4/332 and Corr.1 and Add.1; Third report on the law of the non-navigational uses of international watercourses, by Mr. Stephen M. Schwebel, Special Rapporteur, Topic: Law of the non-navigational uses of international watercourses, Extract from the Yearbook of the International Law Commission:- 1982, vol. II(1), A/CN.4/348 and Corr.1; Second report on the law of the non-navigational uses of international watercourses, by Mr. Stephen C. McCaffrey, Special Rapporteur, Topic: Law of the non-navigational uses of international watercourses, Extract from the Yearbook of the International Law Commission:- 1986 Document:- , vol. II(1), A/CN.4/399 and Add.1 and 2.
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