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Table ES1.1 – Energy sustainability pathway for centralized production of heat (for municipal purposes) by co- firing of natural and wood gas
	Project title


	Centralized production of heat (for municipal purposes) by co- firing of natural and wood gas 

	Short description of intervention


	 Using wood gas (mixed with natural gas) in a district heating plant of city Kragujevac

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	Currently no any supporting policy, but in future it is expected that heat-generating companies would have some easements due to use of renewable energy.

	Identification of local actors


	Main manager of the district heating plant and local city government 

	Description of the project


	Project will be performed for co-firing in one gas boiler of 35 MW. Project will consist of construction of one wood gasifier and modification of gas boiler to enable mixing of wood gas and natural gas during combustion. Phases for this project are the following: 
1) Producing general solution and general design, 2) Producing main and construction design, 3) Solving investment support, 4) Selecting construction company for the best quality construction, 5) Construction of the wood gasifier, 6) Reconstruction of natural gas boiler for co-firing,

7) Run of rehearsal and experiment, 8) Analyses of practical obtained results, 9) Fine-tuning of boiler.  

Realization time is 12 months.

Critical problem is construction of new wood gasifier.

	Energy objectives
	Boiler power is 35 MW. Wood gas presents 10% of total fuel in the boiler. 

Per one boiler, annual production of heat is 157000MWh where 15700 MWh can be attributed to use of firewood. 

	Environmental benefits
	Avoided fossil-fuel use for production of heat

Avoided long-cycle CO2 (greenhouse) emission

 Production of renewable (green) energy

	Socio-economic benefits


	People employment for construction of plant.

Wood residue used beneficially for some profit through heat production.

	Environmental & sustainability issues
	No special issues to be expected.

	Economics 
	Wood gasifier would cost around 200000 € and burner around 15000. Concerning the economics of the project, first indications give PBP=3 years.


Table ES1.2 –Energy sustainability pathway for centralized production of heat (for municipal purposes) by co-firing of wood and coal in volume –combustion boiler
	Project title


	Centralized production of heat (for municipal purposes) by co-firing of wood and coal in volume-combustion boiler

	Short description of intervention


	 Using firewood (mixed with coal) in the district heating plant of city Kragujevac

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	Currently no any supporting policy, but in future it is expected that heat-generating company would have some easements due to use of renewable energy.

	Identification of local actors


	Main manager of the district heating plant and local city government 

	Description of the project


	Co-firing in one volume-combustion boiler of 60 MW.  Project will be performed in the following phases:

1) Producing general solution and general design, 2) Producing main and construction design, 3) Solving investment support, 4) Selecting construction company for the best quality of construction, 5) Construction wood-mixing equipment, 6) Reconstruction of boiler for co-firing, 7) Run of rehearsal and experiment, 8) Analyses of practical results, 

9) Fine tuning of boiler. 

Realization time 12 months.

Critical problem presents quality of technical solution for mixing and transport of wood and coal and for fine-tuning of combustion.

	Energy objectives
	The boiler power is 60 MW. Firewood is 5% of total fuel in the boiler. The annual production of heat is 135000MWh where 6750 MWh can be attributed to use of firewood. 

	Environmental benefits
	Avoided fossil fuel use for production of heat

Avoided long-cycle CO2 (greenhouse) emission

Lower emission of ash, sulfur and carbon monoxide 

Production of renewable (green) energy

	Socio-economic benefits


	People employment for construction of plant

Wood residue used for some profit in heat production.

	Environmental & sustainability issues
	Electro static filter cannot adequately capture wood ash, as it is designed for coal ash. Therefore, some accidents with ash are expected until final problem solution. 

	Economics 
	Wood-coal mixer costs 30,000€. First indication concerning the economics of the project is that PBP=3 years.


Table ES1.3 –Energy sustainability pathway for centralized production of heat (for municipal purposes) by co- firing of wood and coal in layer-on-grate boiler
	Project title


	Centralized production of heat (for municipal purposes) by co- firing of wood and coal in layer-on-grate boiler

	Short description of intervention


	 Using firewood (mixed with coal) in district heating plant of city Kragujevac

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	Currently no any supporting policy, but in future it is expected that heat-generating companies would have some easements due to use of renewable energy.

	Identification of local actors


	Main manager of the district heating plant and local city government 

	Description of the project


	Co-firing will be done in one layer-on-grate boiler of 30 MW. Project will be performed in the following phases:

1) Producing general solution and general design, 2) Producing main and construction design, 3) Solving investment support, 4) Selecting construction company for the best quality construction, 5) Construction wood feeder equipment, 6) Reconstruction of boiler for co-firing, 7) Run of rehearsal and experiment, 8) Analyses of practical obtained parameters and results, 9) Fine-tuning of boiler. 

Realization time 12 months.

Critical problem presents quality of technical solution for mixing and transport of wood and coal and for fine-tuning of combustion.

	Energy objectives
	Boiler power is 30 MW. Firewood presents 5% of total fuel in the boiler. The annual production of heat is 135000MWh where 6750 MWh can be attributed to use of firewood. 

	Environmental benefits
	Avoided fossil fuel use for production of heat

Avoided long-cycle CO2 (greenhouse) emission

Lower emission of ash, sulfur and carbon monoxide 

Production of renewable (green) energy

	Socio-economic benefits


	People employment for construction of plant

Wood residue used for some profit in heat production

	Environmental & sustainability issues
	Electro-static filter cannot adequately capture wood ash, as it is designed for coal ash. Therefore, some accidents with ash are expected until the problem solution is found. 

	Economics 
	Mixer of wood and coal costs 20,000€ and reconstruction of fans and grates 50,000€. First indications concerning the economics of the project are that PBP=3 years.


Table ES1.4 – Energy sustainability pathway for centralized production of electricity (for industrial purposes) at Gruža water-storage dam at biology-minimum low waters (Pajsijević village) by using micro hydro power plant (MHP)
	Project title
	Large scale electricity production for Kragujevac waterworks #1

	Short description of intervention
	Use of hydro energy for electricity production at Gruža water- storage dam at biology-minimum low waters (Pajsijević village)

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	No any supporting policy

	Identification of local actors
	Water and sewage company  – Kragujevac 

	Description of the project


	Project phases are the following. 1) Producing general solution and general design, 2) Obtaining hydro and energy agreement, 3) Making main design, 4) Obtaining construction permit, 5) Construction of water capture, turbine pit, pipeline, mechanical building, and outlet channel, 6) Making micro-hydro power plant with 80kW power (Banki turbine) and necessary electro cabinets,

7) Assembly of MHP and its connection with main network,

8) Commission of MHP by authorized electricity distribution organization. 

Realization time 12 months. 

Critical problem: Solving property rights.

	Energy objectives
	Installed power:           80   kW 

Annual production:   400000  kWh

	Environmental benefits
	Use of water energy of biological minimum at Gruza dam 

Production of renewable (green) energy
Water is extremely enriched with oxygen inside turbines of Banki type with positive impact on river water quality, flora, and fauna.

Decrease in use of fossil fuel lowers greenhouse effect.     

	Socio-economic benefits
	Employment of construction workforce and support to MHP industry 

Making profit from produced electricity.

	Environmental & sustainability issues
	No problems with environmental protection, 

Benefits enable acceptance of the project by rural inhabitants.

	Economics 
	Construction costs of   MHP and   connection costs to main network   are around 74.500  €, where:

· Construction work (intake, pipeline, technical building, turbine pit, and outlet channel) ..............  27,500 €

· Electromechanical equipment (MHP 80 B)     45,500 €

· Connection to main network     1.500 €

With 1 kW price of 4 cents, annual earning from produced electricity is 16.000  €.

Investment return is in 5 years.


Table ES1.5 – Energy sustainability pathway for centralized production of electricity (for industrial purposes) at hydro Source:  Kragujevac waterwork (Pajsević  village – Knić ) by using micro hydro power plant (MHP)
	Project title
	Large scale electricity production for Kragujevac waterworks #2

	Short description of intervention
	Use of hydro energy for electricity production Kragujevac waterworks (Pajsević  village – K n i ć )

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	No any supporting policy

	Identification of local actors
	Water and sewage company  – Kragujevac or private investors.

	Description of the project


	Project phases are the following. 1) Making general solution and general design, 2) Obtaining hydro and energy agreement, 3) Making main design, 4) Obtaining construction permit, 5) Construction of water capture, turbine pit, pipeline, mechanical building, and outlet channel, 6) Making micro-hydro power plant with 40 kW power (turbine Kaplan)  and necessary electro cabinets, 7) Assembly of MHP and its connection with main network, 8) Installing butterfly flange DN1200 / NP10 with electromotor driver and  by-pass for water delivery, 9) Commission of MHP by authorized electricity distribution organization.
Realization time 12 months.

	Energy objectives
	Installed power:           2 x 40   kW  ,  turbine type Kaplan 

Annual production:   552000  kWh

	Environmental benefits
	Usage of water energy between two levels: one level in Gruža dam and second level in precipitator.

Production of renewable (green) energy.

Decrease in fossil fuel use that lowers greenhouse effect.     

	Socio-economic benefits
	Employment of construction workforce and support to MHP industry. 

Making profit from produced electricity.

	Environmental & sustainability issues
	No problems with environmental protection, 

Benefits enable acceptance of the project by rural inhabitants

	Economics 
	Construction costs of   MHP and   connection costs to main network   are around 91350  €, where:

· Construction work (intake, pipeline, technical building, turbine pit, and outlet channel), installing baterfly flange DN1200/ NP10 with eletromotor driver)...............................................  20.550 €

· Electromechanical equipment (MHP 40 N x 2 ) 67.200 €

· Connection to main network............................     3.000 €

With 1 kW price of 4 cents, the annual earning from produced electricity is 22.080  €. PBP = 5 years.


Table ES1.6 – Energy sustainability pathway for centralized production of electricity (for municipal purposes) at river Srebrenica in town of Stragari by using micro hydro power plant (MHP)
	Project title
	Large scale electricity production for municipality of Stargari

	Short description of intervention
	Erection of micro hydro energy plants (MHP) for electricity production at Srebrenica river at Stragari

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	No any supporting policy

	Identification of local actors
	Private investors and companies 


	Description of the project


	Project phases are the following. 1) Solving property rights (land procurement, concession), 2) Making general solution and general design, 3) Obtaining hydro and energy agreement, 4) Making main design, 5) Obtaining construction permit, 6) Construction of water capture, turbine pit, pipeline, mechanical building, and outlet channel, 7) Making micro-hydro power plant with power of 70 kW (turbine Pelton) and necessary electro cabinets, 8) Assembly of  MHP and its connection with main network,

9) Commission of MHP by authorized electricity distribution organization. 

Realization time 12 months.

Critical problem: solving property rights.

	Energy objectives
	Installed power:           2 x 70   kW 

Annual production:   455000  kWh

	Environmental benefits
	Production of renewable (green) energy.

Water is extremely enriched with oxygen inside Pelton turbines with positive impact on river water quality,  flora, and fauna.

Decrease in fossil fuel use and in generation of its combustion products lowers greenhouse effect.   

	Socio-economic benefits
	Employment of workforce on construction works and support to industry that produces MHP. Making profit from produced electricity.

	Environmental & sustainability issues
	No problems with environmental protection, the benefits enable acceptance of the project by rural inhabitants. 

	Economics 
	Construction costs of   MHP and  connection costs to main network   are around 285.000  € ,where: 

1) Construction work (intake, pipeline, technical building, turbine pit, and outlet channel)     …...............      182.600 €

2) Electromechanical equipment (MHP 70 V x 2 ) 92.400 €

3) Connection to main network                               10.000 € 

With 1 kW price of 4 cents, annual earning from produced electricity is 18.200  €. PBP = 16 years.


Table ES4 – Energy sustainability pathway of bio-diesel from sunflower for use in agricultural machinery

	Project title


	USE OF BIO-OIL FROM SUNFLOWER IN AGRICULTURAL MACHINERY

	Short description of intervention
	Grow sunflower and obtain bio-diesel from sunflower seed and use in agricultural machinery

	Driving forces
	Energy law of Republic of Serbia 

	Supporting instruments
	Subventions and tax easements (not yet in operation)

Bank funds not available

	Identification of local actors
	Local farmers 

	Description of the project


	Cultivation gives seeds and wood plant in the ratio 1:1. Seeds are used to obtain 41% of bio-oil and 59% of fodder cake, while wood plant can be entirely used for combustion. Sunflower seeds would give bio-diesel + sunflower fodder cake in the ratio of 41 to 59% meaning 0.861 t of bio-diesel and 1.239 t of fodder cake.

The project would go through the following phases. 1) Identification of available support instruments; 2) Obtaining financial support; 3) ground preparation and planting, 4) fertilization; 5) irrigation, 6) weed control, 7) harvesting, 8) transport, 9) production of bio-diesel. Critical issue is economics of the project. 

	Energy objectives
	To provide fuel that will replace fossil diesel

	Environmental benefits
	1) Avoided use of fossil fuels (fossil diesel)

2) Avoided long-cycle GHG emission

3) Better ecological properties than that of fossil diesel 
4) Less toxic combustion gases than that of fossil diesel 
5) During combustion, 40% (in average) lower emission of fume and particles than that of fossil diesel 
6) Lower transport risk than that of fossil diesel as bio-diesel is nontoxic and biodegradable, so in the event of it’s leaking from a storage tank does not represent ecological risk. 

	Socio-economic benefits


	1) Local market opportunities

2) Local job creation 

3) Production of fodder cake (food for domestic animals) 

4) Production of residue biomass for combustion 

5) Use of bio-diesel in conventional IC engine instead of fossil diesel does not require extensive technical interventions and expenses 

	Environmental & sustainability issues
	1) Justification of fuel production instead of food production 2) Problem of bio-fuel tanking on long time period (making of residue)
3) Lower IC engine power as lower heating value of bio-diesel is around 37 MJ/kg, which is smaller than that of fossil fuel (around 42.5 MJ/kg)  

4) Bio-diesel is hygroscopic so avoid its moisture exposure

	Economics 

	Costs in Serbia in 2005 are the following: sowing 20 €/ha; fertilizers N1 and N2 185.5 €/ha; weed control 12 €/ha; Irrigation 0 €/ha; harvesting 60 €/ha; ploughing 100 €/ha; disk 50 €/ha; transport 10 €/ha. Total cost is 437.5 €/ha.

Selling price of seeds in Serbia is around 150 €/t x 2.10 t/ha = 315 €/ha (Nevertheless, yields could be higher). Selling price data for Serbia does not exist because eating-oil factories finance agricultural sunflower production. Subventions of Serbian government are around 50€/ha. This means that farmer obtains 315+50=365€/ha. So the income of the farmer is 365-437.5= -72.5 €/ha meaning that farmer has a loss.

However if costs for harvesting, ploughing and disk are not taken into account then income of the farmer would be 365-227.5=137.5  €/ha.

Obtained biomass residue is practically 2.1 t/ha. The price of this biomass for combustion is around 174€/t (taken into account that current price of firewood is 27.5 €/m3, density 500 kg/m3 and 0.69 conversion of space m3 to full m3). 

If this revenue is taken into account than total revenue is 634 €/ha meaning that the farmer benefit is 489-437.5=51.5€.

The price of bio diesel is assumed to be 0.765 €/l (same as fossil diesel) which is 659 €/ha. In commodity exchange of Novi Sad, the price of sunflower fodder cake is around 100 €/t, that is 124 €/ha meaning total of 783 €/ha. Manufacturer of bio-diesel would have revenue of total 783 €, i.e., 783-315=468€/tonne.


Table ES5 –Energy sustainability pathway for waste water treatment and electricity and heat production
	Project title
	Waste Water treatment with electricity and heat production

	Short description of intervention
	Erection of internal combustion system for electricity production at waste-water treatment plant in Cvetojevac village

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	 Supporting policies (such as higher intake price for renewable-energy electricity) are expected in near future.  

	Identification of local actors


	The plant is currently operated by Kragujevac Water-works Company owned by City council. Therefore, local actors are managers of the plant, management of company, and local Kragujevac government (needed to approve the project and eventually direct required money). 

	Description of the project


	Project will be performed in three parts 

1) Revitalization of existing 250 kW gas engine

2) Revitalization of supporting plant equipment (pump station) 

3) Erection of new 250 kW gas engine 

Main design and all other needed documentation already exist. 

Phases for all three parts of the project are the following: 

1) Obtaining financial support,

2) Selecting offer with the most economical and technically sound solution.  

3) Revitalization (or installation) of biogas engine or pump station

4) Installation new solution in the system synchronization 

5) Commissioning and checking of quality of installed engine (pump).

6) Installation of equipment for registration of accidental situations because biogas is generally made of methane.

7) Tuning, checking, tracking, and start-up by using the command center computers.

8) Rehearsing to define critical problems. 

After selection of construction company, time for erection is  60 days and time for reharsal 60 days. 

Critical issue may be eventual accident situation with bio gas

	Energy objectives
	Two gas engines (capacity of one engine is 250 kW of electricity and 500kW of heat) 

Annual production of electricity is 3800MWh and of heat 7600MWh 

	Environmental benefits
	Production of renewable (green) energy

Avoided long-cycle CO2 (greenhouse) emission 

Avoided methane (greenhouse) emission 

Avoided fossil fuel use for production of heat and electricity 

	Socio-economic benefits


	Processed polluted water, 

Sludge (plus grass) for production of compost (quality fertilizer), 

Sludge for production of humus by using verna cultures (California worms),   
Erection of greenhouses for flower production, 
Erection of greenhouses for food production, 

People employment.

	Environmental & sustainability issues
	Problems may happen with odor of manure and combustion SO2, however plant is located to avoid this odor to local population. In addition, if plant operation is tuned then the odor would be small. 

Local inhabitants would accept this plant because with suggested intervention the plant would employ local population – approximately 30-40 people. 

	Economics 
	Investment in the first phase is 56000E (revitalization of one gas engine), in the second phase 46000E (completing pump station on the plant entrance), and in the third phase   250000E (purchasing new gas engine). 

Earning in the first and second phase would be through substitution of electricity from the main, while earning in the third phase would be through selling of electricity to the main. 

PBP for the first phase is 8 to 9 months, for the both first and second phase 2 years, and for the third phase 5 years. 


Table ES9.1 –Energy sustainability pathways for houses and buildings using solar energy
	Project title


	SOLAR BUILDINGS AND HOUSES

	Short description of intervention
	Promote the realisation of solar systems (solar collectors for hot water production) and grid-connected PV plants to be installed on public buildings and private houses

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments


	· PV feed-in tariff (not yet in operation)

· Credit funds expected, however not yet available 

	Identification of local actors
	Local administrations, local farmers, local installers, education sector

	Description of the project


	1) Identification of available support instruments

2) Submission of applications

3) Tendering

4) Realisation of solar systems 
Critical issues are 1) the availability and the continuity along time of proper financial incentives, especially for PV, 2) general economy development and credit possibility

	Energy objectives
	Solar thermal are used to produce low-grade heat for heating of sanitary water. Solar photovoltaic are used to produce electricity for lighting and small power devices. «Strategy of development of energy sector up to 2015” does not set clear objective although the special priority is given to use of solar energy for decentralized production of heat and electricity.

	Environmental benefits
	· Avoided fossil fuels

· Avoided GHG and other noxious emissions

	Socio-economic benefits


	· Local market opportunities

· Produced electricity 

· Education sector; solar energy is an effective “vehicle” for a message of “environmental awareness”

	Environmental & sustainability issues
	None, only, in some cases, visual impact of solar systems

	Economics 
	Non available (usually PBP = 10-12 years for PV, 4-6 years for solar thermal, in case of adequate financing incentives)


Table ES9.2 –Energy sustainability pathways for houses and buildings using hydro electricity from mini hydro plant (MHP) erected at existing water mill at site of Gruža river #1 (Oplanić village)

	Project title
	Houses and buildings using hydro electricity from MHP  erected at the water mill at Gruža river #1 (Oplanić village)

	Short description of intervention
	Use of hydro energy for electricity production on Gruža river at Oplanić village at existing water mills at site 1

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	No any supporting policy

	Identification of local actors
	Private investors (mainly owners of water mills)

	Description of the project


	Project phases:

· Solving property rights (land procurement, concession)

· Making general solution and general design,

· Obtaining hydro and energy agreement,

· Making main design,

· Obtaining construction permit,

· Construction of water capture, turbine pit, pipeline, mechanical building, and outlet channel,

· Making micro-hydro power plant with power of 15 kW («OZ» turbine) and necessary electro cabinets.

· Assembly of  MHP and its connection with main network,

· Commission of MHP by authorized electricity distribution organization. 

Realization time 12 months.

Critical problem: solving property rights.

	Energy objectives
	Installed power:           15   kW , turbine of « OZ » type in pit.  

Annual production:   110000  kWh

	Environmental benefits
	· Production of renewable (green) energy.

· Regulation of river Gruža and prevention of flood. 

· Decrease in fossil fuel use and in generation of its combustion products lowers greenhouse effect.   

	Socio-economic benefits
	Employment of workforce on construction works and support to industry that produces MHP. Making profit from produced electricity.

	Environmental & sustainability issues
	No problems with environmental protection, the benefits enable acceptance of the project by rural inhabitants. 

	Economics 
	Construction costs of  MHP and  connection costs to main network   are around 60.000  € where:

· Construction work (intake, pipeline, technical building, turbine pit, and outlet channel)     -         42.000 € 

· Electromechanical equipment (MHP  15«OZ»)  13.600 €

· Connection to main network        500 € 

With 1 kW price of 4 cents, annual earning from produced electricity is 4.400  €. PBP=14 years.


Table ES9.3 –Energy sustainability pathways for houses and buildings using hydro electricity from mini hydro plant erected at existing water mill at site of Gruža river #2 (Oplanić village)

	Project title
	Houses and buildings using hydro electricity from mini hydro plant erected at existing water mill at site of Gruža river #2 (Oplanić village)

	Short description of intervention
	Use of hydro energy for electricity production on Gruža river at Oplanić village at existing water mills at site 2 

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	No any supporting policy

	Identification of local actors
	Potential investitors are  mostly privat owners (owners of water mills or other people who have interest for MHP development)  

	Description of the project


	Project phases:
· Solving property rights (land procurement, concession)
· Making general solution and general design,

· Obtaining hydro and energy agreement,

· Making main design,

· Obtaining construction permit,
· Construction of water capture, turbine pit, pipeline, mechanical building, and outlet channel,
· Making micro-hydro power plant with power of 15 kW («OZ» turbine) and necessary electro cabinets,

· Assembly of MHP and its connection with main network,

· Commission of MHP by authorized electricity distribution organization. 

Realization time 12 months.

Critical problem: solving property rights

	Energy objectives
	Installed power:        20   kW , turbine of « OZ » type in pit. 

Annual production:   :   150000  kWh

	Environmental benefits
	· Production of renewable (green) energy.

· Regulation of river Gruža and prevention of flood. 

· Decrease in fossil fuel use and in generation of its combustion products lowers greenhouse effect.     

	Socio-economic benefits
	Employment of workforce on construction works and support to industry that produces MHP. Making profit from produced electricity.

	Environmental & sustainability issues
	No problems with environmental protection, the benefits enable acceptance of the project by rural inhabitants.

	Economics 
	Construction costs of   MHP and   connection costs to the main are around 66.800  € , where:

· Construction work (intake, pipeline, technical building, turbine pit, and outlet channel)                             50,000 €

· Electromechanical equipment (MHP  20 «OZ» ) 16,300 €

     -    Connection to main network ............. 500 €

With 1 kW price of 4 cents, annual earning from produced electricity is 6,000  €. PBP=11.5 years.


Table ES9.4 –Energy sustainability pathways for houses and buildings using hydro electricity from mini hydro plant erected at existing water mill at site of Gruža river #3 (Oplanić village)

	Project title
	Houses and buildings using hydro electricity from mini hydro plant erected at existing water mill at site of Gruža river #3 (Oplanić village)

	Short description of intervention
	Use of hydro energy for electricity production on Gruža river at Oplanić village at existing water mills at site 3

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	No any supporting policy

	Identification of local actors
	Potential investitors are  mostly privat owners (owners of water mills or other people who have interest for MHP development)  

	Description of the project


	Project phases:
· Solving property rights (land procurement, concession)
· Making general solution and general design,

· Obtaining hydro and energy agreement,

· Making main design,
· Obtaining construction permit,
· Construction of water capture, turbine pit, pipeline, mechanical building, and outlet channel,
· Making micro-hydro power plant with power 23 kW (turbine «OZ») and necessary electro cabinets,

· Assembly of MHP and its connection with main network,

· Commission of MHP by authorized electricity distribution organization. 

Realization time 12 months.

Critical problem is solving property rights.

	Energy objectives
	Installed power: 23   kW, turbine of «OZ » type in pit. 

Annual production:     165000  kWh

	Environmental benefits
	· Production of renewable (green) energy.

· Regulation of river Gruža and prevention of flood. 

· Decrease in fossil fuel use and in generation of its combustion products lowers greenhouse effect.   

	Socio-economic benefits
	Employment of workforce on construction works and support to industry that produces MHP. Making profit from produced electricity.

	Environmental & sustainability issues
	No problems with environmental protection, the benefits enable acceptance of the project by rural inhabitants.

	Economics 
	Construction costs of   MHP and   connection costs to main network   are around 68450  €, where:

Construction work (intake, pipeline, technical building, turbine pit, and outlet channel)          .....................................  50.000 €

Electromechanical equipment (MHP 23 «OZ» ) .....    17.960 €

Connection to main network...........................................  500 €

With 1 kW price of 4 cents, annual earning from produced electricity is 6.600  €. PBP=11 years.


Table ES9.5 –Energy sustainability pathways for houses and buildings using hydro electricity from mini hydro plant (MHP) erected at existing water mill at site of Borač river ( Borač village )
	Project title
	Houses and buildings using hydro electricity from mini hydro plant (MHP) erected at existing water mill at site of Borač river ( Borač village )

	Short description of intervention
	Use of hydro energy for electricity production on Borač river at Borač village at existing water mill 

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	No any supporting policy

	Identification of local actors
	Potential investitors are  mostly privat owners (owners of water mills or other people who have interest for MHP development)  

	Description of the project


	Project phases:
· Solving property rights (land procurement, concession)
· Making general solution and general design,

· Obtaining hydro and energy agreement,

· Making main design,
· Obtaining construction permit,
· Reconstruction of water capture, turbine pit, pipeline, mechanical building, and outlet channel,
· Making micro-hydro power plant with power 6 kW (turbine Banki) and necessary electro cabinets,

· Assembly of MHP and its connection with main network,

· Commission of MHP by authorized electricity distribution organization. 

Realization time 12 months.

Critical problem is solving property rights

	Energy objectives
	Installed power:      6   kW , turbine of  Banki  type.

Annual production:     38000  kWh

	Environmental benefits
	· Production of renewable (green) energy.

· Water is extremly enriched with oxygen inside turbines of Banki type  with  positive impact on river water quality,  flora, and fauna.

· Decrease in fossil fuel use and in generation of its combustion products lowers greenhouse effect.   

	Socio-economic benefits
	Employment of workforce on construction works and support to industry that produces MHP. Making profit from produced electricity.

	Environmental & sustainability issues
	No problems with environmental protection, the benefits enable acceptance of the project by rural inhabitants.

	Economics 
	Construction costs of   MHP and   connection costs to main network   are around 15.400  € , where:

Construction work (intake, pipeline, technical building, turbine pit, and outlet channel)          ........................................... 6.800 €

Electromechanical equipment (MHP 6 B) ......... .....  7.100 €

Connection to main network...................................... 1.500 €

With 1 kW price of 4 cents, annual earning from produced electricity is 1520  €. PBP=11 years.


Table ES9.6 –Energy sustainability pathways for houses and buildings using hydro electricity from mini hydro plant (MHP) erected at existing water mill at site of Osaonica river 

	Project title
	Houses and buildings using hydro electricity from MHP erected at existing water mill at site of Osaonica river 

	Short description of intervention
	Use of hydro energy for electricity production Osaonica  ( Series of MHPs: 10 x 5 kW = 50 kW )

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	No any supporting policy

	Identification of local actors
	Potential investitors are  mostly privat owners (owners of water mills or other people who have interest for MHP development)  

	Description of the project


	Project phases:

· Solving property rights (land procurement, concession)

· Making general solution and general design,

· Obtaining hydro and energy agreement,

· Making main design,

· Obtaining construction permit,

· Construction of water capture, turbine pit, pipeline, mechanical building, and outlet channel,
· Making series 10 micro-hydro power plant with power of 5 kW (turbine Banki) and necessary electro cabinets,

· Assembly of MHP and its connection with main network,

· Commission of MHP by authorized electricity distribution organization. 

Realization time 12 months.

Critical problem is solving property rights

	Energy objectives
	Installed power: 10 x 5 kW = 50 kW,  turbine of BANKI type

Annual production:   348000  kVh

	Environmental benefits
	· Production of renewable (green) energy.

· Water is extremly enriched with oxygen inside turbines of Banki type  with  positive impact on river water quality,  flora, and fauna.

· Decrease in fossil fuel use and in generation of its combustion products lowers greenhouse effect.     

	Socio-economic benefits
	Employment of workforce on construction works and support to industry that produces MHP. Making profit from produced electricity.

	Environmental & sustainability issues
	No problems with environmental protection, the benefits enable acceptance of the project by rural inhabitants

	Economics 
	Construction costs of   MHP and   connection costs to main network   are around 203,500  €, where:

Construction work (intake, pipeline and outlet),        116.000 €

Electromechanical equipment  (MHP 5 B x 10)...........62.500 €

Connection to main ...................................................   25.000 €

With 1 kW price of 4 cents, annual earning from produced electricity is 13,920 €. PBP=15 years.


Table ES9.7 –Energy sustainability pathways for houses and buildings using hydro electricity from mini hydro plant (MHP) erected at existing water mill at site of Uglješnica river 

	Project title
	Houses and buildings using hydro electricity from MHP erected at existing water mill at site of Uglješnica river

	Short description of intervention
	Building of series of micro hydro power plants for electricity production at river Uglješnica  (10 x 5 kW = 50 kW)

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	No any supporting policy

	Identification of local actors
	Potential investitors are mostly private owners (owners of water mills or other people who have interest for MHP development).

	Description of the project


	Project phases:

· Solving property rights (land procurement, concession)

· Making general solution and general design,

· Obtaining hydro and energy agreement,

· Making main design,

· Obtaining construction permit,

· Construction of water capture, turbine pit, pipeline, mechanical building, and outlet channel,
· Making series 10 micro-hydro power plant with power of 5 kW (turbine «OZ») and necessary electro cabinets,

· Assembly of MHP and its connection with main network,

· Commission of MHP by authorized electricity distribution organization. 

Realization time 12 months.

Critical problem is solving property rights

	Energy objectives
	Installed power: 10 x 5  kW = 50 kW  turbine type «OZ»

Annual production:   348000  kWh

	Environmental benefits
	· Production of renewable (green) energy.

· Regulation of river Ugljesnica and prevention of flood. 

· Decrease in fossil fuel use and in generation of its combustion products lowers greenhouse effect.     

	Socio-economic benefits
	Employment of workforce on construction works and support to industry that produces MHP. Making profit from produced electricity.

	Environmental & sustainability issues
	No problems with environmental protection, the benefits enable acceptance of the project by rural inhabitants

	Economics 
	Construction costs of   MHP and   connection costs to main network   are around 305.400  €, where:

Construction work (intake, pipeline, technical building, turbine pit, and outlet channel),  ...................................... 233.000 €

Electromechanical equipment  (MHP  5 «OZ» x 10 )  62.400 €

Connection to main.............................................  10.000 €

With 1 kW price of 4 cents, annual earning from produced electricity is 13.920 €. PBP=22 years.


Table ES10 –Energy sustainability pathway for sporting facility through short rotation forestry
	Project title
	Short rotation crops (SRC)

	Short description of intervention
	Growing of SRC Plantations that serve as sporting facility for walking and as biomass production facility. Possible SRC types are willow, poplar, giant red, hemp, switch- grass, and miscanthus.

	Driving forces
	Energy law of Republic of Serbia

	Supporting instruments
	Supporting policies are expected in near future.  

	Identification of local actors
	Local farmers and private and state forest owners 

	Description of the project


	Project will be performed in the following phases: obtaining investment, purchase of cuttings, ground preparation and planting, weed control, cutting back shoots, harvesting once a year until 3rd year, and after that each 3rd year. 

Critical issues are the following: early years would have negative cash flow, developed markets and marketing systems lack, rust disease may severely reduce productivity of SRC (e.g. willow).

	Energy objectives
	Average annual production of biomass is 12 tonnes DM/ha. In the investigated region, annual production of biomass may be 12 tonnes DM/ha/yr x 37141 ha = 445692 tonnes of DM/ year.

	Environmental benefits
	- Production of renewable (green) energy

- Avoided fossil fuel use for production of heat and electricity 

- Converting existing arable land to SRC will reduce the amount of agricultural chemicals required, as SRC is a low input crop: once established it requires a very much lower input of chemicals than conventional arable crops.
- Habitat for many species of plants, birds and other wildlife

	Socio-economic benefits


	SRC can contribute to farm diversification and may attract various grants and other payments,

It can utilize under-used agricultural land,

It can provide employment both for agricultural workers (especially in winter, when harvesting is done and other agricultural work is scarce),

It is a robust and durable crop, making it especially suitable for urban fringe and similar areas, 

It is suitable for sporting and recreational facilities (such as walking or bird-watching), 

These plantations may also be promoted as visitor attractions, to provide educational opportunities.

	Environmental & sustainability issues
	No issues 


	Economics 
	Capital Costs may be € 4927/ha. They are the following: 1) Cost of cuttings (10,000 per ha @ 22c) € 2200; 2) Ground preparation and planting (€442/ha)= € 442; 3) Fencing - rabbit - €5.16/m - deer - €8.11/m= € 2064; 4) Initial weed control (€ 221/ha)= € 221; 5) Capital costs are reduced in subsequent years because cuttings can be supplied from existing plantings. Some type of fencing will be necessary in most cases. 

Running Costs may be € 781/ha. The cost consists of the following elements. 1) Weed control is essential in Years 1 and 2 (approx. cost € 221/ha) = € 442. 2) Cutting-back shoots after Year 1 is recommended to encourage higher yields (approx. cost € 339/ha) = € 339. 3) Fence and drain maintenance. Costs negligible. 

Total capital plus running costs are € 4927+€ 781=€ 5708
Returns are highly variable, depending on market. 1) chip-wood for particleboard - €17.6/tonne standing = € 1061/ha over 5 years (12 tonnes DM/ha/yr). 2. Garden mulches - €295/tonne, bagged and delivered = € 17668/ha gross over 5 years. 3. Energy/electricity markets undeveloped as yet (in Serbia). 

Economic parameters of investment are unpredictable, but they may be  PBP=7.6 years and IRR=13.157.


