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1. Introduction 

 
" In ex-Yugoslavia, the public held a certain point of view for a long period of time 
regarding our great energy potential. Energy values per capita of the ex-Yugoslavian 
states were smaller 49 times than those in USSR, 21 times smaller than in the USA, 
18 times smaller than in all developed countries in the world, and 6 times smaller than 
the world average" (B. Djordjevic, Exploitation of water potential- Fundamentals of 
the Hydro-energy Exploitation of Water, Belgrade, 1981) 
 
The average values in question are distorted by data from Montenegro, which 
possesses the same amount of potential of domicile waters, as do Serbia, Croatia and 
Slovenia, and has twice-larger potential than Macedonia.  Only Bosnia and 
Herzegovina has double the amount of water potential than Montenegro does, but 
spread over 4 times larger area. 
 
The great energy deficit that exists in Montenegro may only be solved by construction 
of great systems of renewable energy sources (hydropotential, solar energy, wind 
energy, biomass, and the like). In regard to the construction of small systems for 
exploitation of hydropotential, the deficit in Montenegro cannot be entirely surpassed. 
It may only lead to its reduction. The deficit can be overcome only by construction of 
great energy systems, on Moraca and Piva. The faster these projects are initiated, the 
more beneficial the overall outcome will be rendered, since the energy demand 
represents the fundamental imperative, and the urbanization process, that is, the 
migration into the areas close to water basins is growing every day.  
 
With the purpose of reducing the deficit, certain energy profiles in the catchment 
areas of Lim and Piva rivers have been chosen, as well as hydrologic measuring 
stations have been established.  For I phase, 15 measuring profiles have been chosen. 
Modern technology and equipment were provided for remote transfer of real time data 
(water levels) to the premises of the Institute for Hydrometeorology in Podgorica 
(IHM) , all with the purpose of understanding the objective assumptions regarding the 
quantitative characteristics of these chosen profiles. This process led to the creation of 
favorable conditions to announce a public bid for concessions awarding (design, 
building and exploitation of hydropotential for 30 years on relevant tributaries) since 
concrete data were available regarding the capacity of the relevant tributaries. In cases 
where abovementioned data were lacking, a rough estimate and procedure were used, 
without naming relevant institutions and personnel. 
 
It may be considered as a lucky circumstance that the new Public Bid would offer 
concrete data and measurements, without improvised methodology. Regarding its 
jurisdiction, IHM fulfilled its duties. 
 



In December of 2007, the Institute for Hydrometeorology completed and delivered to 
the Ministry of Economy the elaborate "Hydrology Analysis for the Profiles of Small, 
Mini and Micro Hydro Power Plants on the Tributaries of main Water Streams in 
Montenegro". The Elaborate had as its objective during I phase the tributaries of Piva 
and Lim catchment areas (6 on Piva and 9 on Lim). 
 
Implementation of these hydrology researches took about 15 months or more, and for 
each 15 hydrometric measurements were taken, based on which flow curves were 
developed and average daily flows for the monitored period were obtained. Curves 
showing duration for average daily flows were calculated and certain hydrographic 
and physical-geographical characteristics of the water streams were provided. 
Decision of the elaborators to take a calendar year for parameter of the monitored 
period proved to be correct, since this allowed us to calculate yearly production of 
energy, which is considered a standard for this type of analysis. 
 
The Institute was assigned to provide a rough estimate of the hydro potential on 
mentioned measuring profiles. This does not comprise one of the responsibilities of 
the Institute. If the investor- Ministry for Economic Development of Montenegro uses 
the data for internal purposes, without presenting them on a public bid, then this 
analysis served its purpose. 
 
As the conclusion remarks for this Introduction, we need to point out that corrections 
of duration curves in the main Analysis remained at 30% for Piva and 20% for Lim 
river. However, after a more throughout analysis, we stayed on a safe side when we 
suggested that corrections should be 15% for Piva and 10% for Lim river. As a 
reminder, these corrections were necessary, since the period of analysis of the I phase 
of profiles (half of year 2006-half of year 2007) was the least dry for the given 
percentages in comparison to values for the multi-year period, which a case-in-point. 
 
 

2. Main theoretical assumptions regarding hydropotential 
 
Among first steps taken to analyze the electro potential is the analysis of the 
hydropotential as the renewable energy source of a certain water stream, which can be 
indicated in the following manner: 
 

- As a total sum value for a certain catchment area, water stream or tributary, 
- Surface specific potential per area unit, 
- Specific linear potential along the water stream in question, 
- Gross potential of dammed location, if calculating the total flow without 

restriction per installation, and 
- Technically exploitable potential of the dammed location, calculating the 

restriction per capacity of the facility. 



 
Technically exploitable potential represents a part of hydro-energetic potential that, 
based on a required technical documentation, is rendered exploitable. In order to 
determine this potential, certain requirements have to be met: 
 

- The level of the research and project documentation allows for reliable 
conclusions to be derived regarding the technical feasibility of hydro power 
plant (HPP) facilities, and 

 
- The required potential research has been conducted to reliably determine the 

average potential annual production. Furthermore, and of great importance, the 
restrictions regarding the energy sources depletion have reached such level that 
research of new energy sources became a main developmental and the most 
vital component of the survival on our planet. 

 
In the most basic form, the power of hydroenergy of a certain water stream may be 
written in a form 
 
N = g·Q ·H    or   N = r ·�g ·Q ·H , 
 
or in a dimensional form 
 

N = 1000 (
3m

kg ) � g (9,81  
2sec

m ) � Q  ( sec
3

m ) � H ( m ),      or 

N = 9810 � Q � H (
3

2

sec
mkg ) ,   since 

1N ( Newton ) = 
2sec
mkg× ,   rendering the power 

 

N = 9810 Q � H (
sec

mN )   since     N � m = J ( Jules ) 

and  
s
J

 = W ( watt ) is the expression for power 

N = 9810 � Q � H (W)   that is     N = 9,81 � Q � H (KW)   
which represents a gross power in theory. Since measuring units (W) and (KW) 
are relatively small, in hydrotechnical practice the following prefixes are used: 
 
for power: terawatt, gigawatt and megawatt 
for energy: terawatthour, gigawatthour, megawatthour, or 
 
1TW =103 GW = 106 MW = 109 KW  odnosno, 

     1TWh =103 GWh = 106 MWh = 109 KWh. 



 
The power defines the speed by which the energy can be exploited, or the energy 
differential in time, or, in better words, energy is the integral curve of the power curve 
in the function of time, usually in one year, since all annually produced energy 
balances are counted in the annual framework. 
 
If a period in question is short, during which the value of energy may be considered a 
constant, the power may be defined as the energy per time unit. This represented a 
short overview of theoretical foundations for power and energy 
 
NBR = 9,81 · Q · HBR  

 
Net power is derived from the multiple of gross power and utilization factor (� ), and 
gross head is substituted with net head, when gross head is reduced by the amount of 
losses from derivation: 
 
NNT = �  · 9,81 · Q · HNT, 

 
Part of the watercourse having the flow Q(m3/s), and denivelation between the entry 
and exit profile H(m) allows for the following capacity: 
 

HQN ´´= g  (kW)     
 
g – volume mass of water 9.81 kN/m2 

Q – average multi-year flow (m3/s) 
H – denivelation between the entry and exit profile (m) 
 
Energy of the part of the watercourse in question during a time interval T(h) is: 
 

TNE ´=   (kWh) 
 
Previous expressions represent a theoretical capacity and energy without losses that 
are inevitable at the transformation of energy into mechanical and electrical. 
 
Technically exploitable energy of the water stream is reduced due to the friction 
issues at delivery points (pipes, tunnels, pressure pipes), loss of flow defines via net 
head Hn (net head = gross head (natural) - losses). Average exploitable capacity (net 
capacity) from a hydropower plants delivered to generator connectors may be derived 
from the following equation: 
 

nHiQtrgtN ´´´´´= hmh81.9 (kW) 



 
Where: 
 
� t   - utilisation factor of the turbine, 
� g  – utilisation factor of the generator, 
� tr  – utilisation factor of the transformator, 
Qi  -  installed flow, 
Hn –  available net head (m). 
 
Utilisation factor  �  is comprised out of multiplication of 3 coefficients: 
�   = � turb. x � gener. x � transf. 
 
The next step is the choice of the net head HNT. This indicator is in a direct function of 
the choice of hydropower plant according to the manner of head creation. The gist of 
exploitation of water capacity is in the realiyation of head concentration on a short 
watercourse drift. 
 
For creation and concentration of the hydropower plant head the following four 
methods exist: 
 

1. Dam scheme, when the required head is formed exclusively by means of the 
dam, when the flow (Q) is somewhat greater and the head (H) smaller, 

2. Derivation scheme, when the required head is formed by the flow derivation via 
channels, tunnels and pipes, whenever Q smaller and H greater, 

3. Combined scheme, when H is formed by elevating the dam with the required 
derivations, 

4. Scheme with decreasing lower waters in the zone of the hydropower plants, 
which, considering Montenegrin conditions, is considered less important due to 
the configurational mix. 

 
Next important step is the choice of the installed flow and, correspondigly, installed 
capacity. This combination excludes, naturally, the minimal average daily flow 
(although it lasts the longest) because: 
 

- small capacity values and small annual electrical energy production will be 
obtained, with one alternative not analyzed, 

- practically, the water sources would be poorly exploited since, on a annual 
level, a small quantity of water would have been used, and the overflows would 
have been enormous, with great losses of energy and expected gains, which is 
not desirable 
installed capacity (arythmetic sum of total generator capacities) 



installed flow Qi - represents the maximal flow that the HPP can use in a 
normal operation, having in mind the propusnu mo�  postrojenja. 

 
There are many cases when certain authors express the energy using the volume, 
because, by multiplying the flow Q(m3/sec.) with time, volume V(m3) is obtained, and 
adding the net head Hn with the utilization factor (� ) we obtain: 
 
E = V�Hn� �  /367  (Kwh),  that is      E = V�Hn� �  /470  (Kwh), net energy. 
 
Since this procedure is applied usually in cases of the accumulative HPPs, the first 
signatory of this analysis implemented it fully in its Master Thesis (Optimization of 
the Multi-purpose Water Management Systems, with the Accumulative Basin, with the 
Application of the Estimators of the Hydrologic Entry), using the example of the 
frontal accumulation "Andrijevica" on Lim river and its lower compensational basin 
"Lukin Vir". The thesis was successfully defended in May 1985 at the Faculty for 
Civil Sciences of the University of Zagreb. 
 
 

3. Some conceptual dilemmas 
 
The elaborators of this work, without the intention of prejudging any solution, 
decided to assume in all cases derivational HPPs, since, most probably, these will be 
the most frequent ones to be built. 
 
As it can be observed from the abovementioned analysis (annual flows for measured 
profiles), average annual flow rate ranges from 0.277 m3/s on Veli� ka river, up to 2.92 
m3/s on Grlja river. Theory supports the statement that derivational HPPs should be 
built on locations where there are small flow rates and great heads of watercourse, 
although a more decisive borderline between the two never existed, leading to the 
decisions to be based on additional economic and other analyses.  
 
Final decision regarding the type of a HPP to be built on certain water streams should 
be adopted when a specific energy analysis with potential technical solutions is 
developed, with a required economic analysis to follow. This is, naturally, above the 
scope of this work. 
 
Declaring Montenegro an ecological state had as a result an added focus on ecology, 
next to energy and economy. That is to say, all three will adopt equal important roles 
and become "3E"- energy, economy, efficiency, all to a compulsory condition: to 
accept and respect the appropriate and relevant criteria. The economy component did 
not represent the focus of our study, although value coefficients of HPPs, especially 
regarding big systems, is an important indicator assessing the justification of the 
construction of hydroenergetic facilities, and more importantly, determining the 



priority classification during their construction. In essence, gains from HPPs are to be 
compared, from production of energy, guaranteed and available work force and other 
non-energetic advantages, with construction costs of HPPs and valorization of savings 
whenever being excluded from the system on non-renewable sources, primarily 
concerning the energy from thermal power plants. Further elaboration of this 
procedure is considered unnecessary, taking into account its length, complexity and 
quantity of data contained, especially concerning the actual- valorized price of the 
HPP at the end of its economic lifetime (usually 50 years). It is highly unlikely that 
the concessionaries would follow this procedure, since they would determine 
individually the configurationally built facilities, using the consulting or designer 
houses of their own choice. 
 
Furthermore, pursuant to the "Public Bid to Interested Investors to Award 
Concessions According to DBOT Methodology for Research of Water Streams and 
Construcion of sHPPs in Montenegro", they have an absolute right to do so. The 
abovementioned document offered 43 locations for sHPPs: 2 in the region of "Piva" 
accumulation, 3 on Komarnica river, 20 on Lim river in Plav region, 3 on Lim in the 
region of the Bijelo Polje municipality, 6 on Moraca, 1 on Ibar, 3 on Tara, 2 on 
Cehotina, 1 on Zaslapnica in the Grahovo region, 1on Zeta, 1 on Gracanica and 1 on 
Grahovo lake. It is necessary to mention here that abovementioned offer is not in 
accordance with 30  locations analyzed by the IHM of Montenegro, and supported by 
the Norwegian government donation. 
 
Finally, it is worth mentioning that the Concession Agreement will be implemented in 
the following 5 phases: 
 

- I phase - Research and Design, development of Design Solution of the Optimal 
Exploitation of the Water Stream and Determining the Locations and 
Parameters for sHPP, with Previous Justification Study, deadline 24 months; 

- II phase - Development of Project documentation, acquisition of the building 
permit, deadline 12 months, 

- III phase - Building of the facilities and units of sHPP, acquisition of the water 
utility permit and license for production of electrical energy, deadline 24 
months 

- IV phase - Exploitation of the object, deadline 30 years 
- V phase - Transfer of the object into the state ownership, after the cessation of 

Concession Agreement 
 
Or, in short: research, design, build, operate, transfer. 
 
As for the preliminary balance of the available energy and corresponding  capacities 
and potential locations for sHPPs, EPCG is in the possession of the data from 70 such 
locations. In the associated document, the total capacity for all 70 of them is explicitly 



stated to be almost 232 MW, and produced energy annually 644 GWh. We, as the 
elaborators of this analysis, without any intention to analyze the EPCG document, are 
of the opinion that the values stated are exaggerated, especially taking into account 
that the majority of data was obtained without any measured hydrologic data. What is 
more, no Institutions developing the document were mentioned, or the elaborators, 
neither the beneficiary and time of the measuring were known. 
 
If one further analyzes the abovementioned document (containing only one table and 
a map of Montenegro), one can say that 70 sHPPs were envisioned to be built, 
excluding the 7 already in operation. This would mean, classified per location, total 
capacity (MW) and total energy (GWh): 
6 sHPPs in catchment area of Piva: N = 23,5 MW and E = 81,6 GWh; 
1 on Cehotina (Otilovici): N = 3,95 MW and E = 12,7 GWh; 
1 on Bjelopoljska Bistrica: N = 4,1 MW and E = 26,7 GWh; 
19 in catchment area of Lim (part Zlorecica-Ljesnica): N=67,8 MW i E = 175,3 GWh; 
15 in Plav region: N = 45,5 MW and E = 135,6 GWh; 
17 in catchment area of Komarnica: N = 50.6 MW and E =  116,6 GWh; 
5 in catchment area of Zeta: N = 11,2 MW i E = 49,9 GWh; and 
6 in catchment area of Moraca: N = 27,8 MW i E = 57,7 GWh. 
This document contains only locations with sHPP facilities, corresponding water 
streams, most of which cannot be located on the map. Furthermore, 3 objects were 
suggested on the small river of Bijela, on Bukovica 5, 3 on Vrbnica, 2 on tiny 
Mratinjski Spring that is drying out, 4 on Komaraca, 3 on Ibristica, 3 on Kaludarska 
River, 3 on Djuricka River, and so on. 
 
This discrepancy between the potential locations for the public bid from the two 
documents is imposing, quantitatively being 27, regardless of the fact that there are 
locations mentioned in both documents. Our opinion is that the maximum number of 
hydroenergetic profiles for sHPP, on the tributaries of main water streams in 
Montenegro would have been aroun 50. 
 
Concerning energy, we made some noteworthy progress, and we obtained for the 
monitored period of hydrologic studies, aside from the flow data, the duration curve 
for periods greater than one year. Concerning ecology, we used as a base the 
capability of each HPP to produce continuously, when acquiring access to EES, at 
least a part of energy produced in TPP. This is what our knowledge is based on, and 
what our future opinion and research would be based on. Other aid provided in our 
research were only geo-reference topographic maps 1: 25.000. 
 
At the very beginning, the question of how to adopt installed flow (Qi) was raised. In 
theory, the simulation is performed for 3 validly chosen values for Qi and they are 
valued according some managing criteria, leading to the search for optimum.  
 



The following parameters can be used: 
P - physical amount of production, of energy 
D - gross earnings, R - gross expenses, d = D-R - profit, and so on 
 
Certain resources are needed: W-water, I-investments, Z-land, L-labor force, and so 
on. Depending on the desirable effect and the amount of resources to be exploited, 
specific optimization criteria may be established, such as: 
 
          P/W  �   max – maximize the production with least usage of water,   
          R/P �   min  - minimize production costs per product unit, 
          P/Z �   max – maximize the earnings per area unit... 
 
If the available amount of water is insufficient, a certain criterion has to be indicated 
that considers that fact: 
  
 d/W �   max – maximize profit per minimum amoutn of water; or for land 

D/Z  �    max,  ili  d/Z  �   max ,  ili   R/L �   min 
 
In general, the abovementioned also takes into account the multi-purpose utilization 
of waters, lowering the cost of plannes investment, and aiding hydroenergy as the 
main user to realize its planned activities. Since IHM of Montenegro does not have 
very sophsticated software, everything in our capacity has been conducted. That is, 
our main indicator was duration curve. Specifically, the idea was to annually have 
longer medium flow rates, between 25% - 45%, leading to higher installment 
coefficients. We attempted to have non-usable waters (overfows) appearing and 
lasting longer. Evaluators of our analysis will say whether our ideas were well-
founded. We were aware of the fact that, aside from duration curves, derivation 
lengths and gross heads of watercourses were important indicators. However, we did 
not have clearly defined criteria to value and quantify these indicators. With that in 
mind, the following installment coefficients were, on average, observed between 1,25 
and 1,79: Qi = (1,25 – 1,70)·Qsr.  
 
Other important issue arose when the choice of head was to be used in the analysis. 
For this approximate and preliminary analysis, we planned initially to use gross head. 
Such analysis was possible, since the valuation criteria were identical for all, leading 
to an objective comparison. Eventually, we decided to use somewhat improvised net 
head values, so as to be closer to a objective conditions. The success would be greater 
if we had a general concept of energy exploitability.  Another problem was how to 
estimate net head values. We simply used the percentage of reduction of gross head 
values. In 25% - 60% reduction of gross head values, depending on the length of 
derivation: Hnt=(0,25-0,60)·Hbt. This represented short overview of energy potential 
concept analysis: capacity N(MW) and energy E(GWh). 
 



For each profile, the quotas showing upper and lower water levels (KGV and KDV) 
and length of derivation (Ld) were showed. Also, duration curves for long periods 
were used because of dry season, with the correction coefficients 1,25 for tributaries 
to Piva catchment area, and 1,10 for tributaries to Lim catchment area. 
 
Finally, tables for calculation of capacity and energy were given, using Professor 
Mihail Serafimovski's methodology. 
 
Our scientific academia used for a long period of time the following expression for 
net capacity: N = 8·Q·H (MW), and its dimensional form, mentioned in Point 2. We 
used the following modified expression: N = 8.5·Q·H (MW), taking into account 
developed technologies (especially turbines), higher utilization factor, and the like. As 
for tables showing capacities and energies, these are "school" examples, and 
concerning their relevant methodology for calculation, we might have been a little too 
descriptive. As our final contribution, we offer some recommendations and 
conclusions. 
 

4. Recommendations and conclusions 
 
The EPCG experts chose measurement places and location choices for measuring 
profiles (potential installation sites). This choice, considered not the very best, is used 
as given. Many conceptual choices were a mistake, such as measuring profiles 
"Ribnjak" on Vrbnica, at the mouth of Piva. Upstream profile "Stabna" is remarkable. 
Choosing "Ribnjak" profile would require closing of the actual Fishery on that site 
 
Various objective barriers were perceived in our study, such as steep cliffs and the 
trees on these cliffs, providing no access, not even by means of a helicopter. Most of 
the water streams deserve to have at least one or more sHPP, but the biggest priority 
is to provide the access to the specific sites. Here no measuring equipment was 
necessary; only 15 simultaneous hydrometric measurements were necessary (possibly 
per amplitude of water level) and correlative links to lower "studied" profiles. 
 
As already mentioned, majority of location sites have derivational characteristics, but 
there are some with very small head values and too long derivations - over 5 km 
(Tusinja, Bukovica and Bijela). Murinska i Velicka River have small head values and 
little water. Furthermore, Lim valley is hydrographically the most developed but with 
high percentage of urbanization, so operational costs would be relatively high, not to 
mentioned sociological, cultural and other issues. With the adopted Areal 
Development Plan of Montenegro until 2020, all hydroenergetic facilities were 
avoided on Lim, and downstream from Murina, according to our findings, Lim does 
not have any significant head values. 
 



The main reason that renders this analysis preliminary and approximate is the lack of 
any definite indicators for capacity and energy of tributaries of Montenegrin water 
streams. EPCG has them in its jurisdiction, but we wanted to offer them to 
Montenegrin public. It was highly useful a fact to have capacity and energy as 1- 
dimensional variables (scalars), and any change in net head values (Hnt), would be 
easily obtained from relation between new and adopted head values, multiplied with 
calculated values for capacity and energy. 
 
It would be considered useful to obtain from our evaluators certain suggestions and 
recommendation on our document, in order to enhance its quality, which would be 
highly welcomed from our side, since it would enhance our  performance and any 
future analysis that we would prepare and develop, since this is only the I phase of 15 
locations. It is our opinion that number of generators would be between 2 and 3, or 
more, depending on the quantitative amount of capacity. This would lead to the 
standardization of type of equipment to be used, which would be beneficial for two 
reasons: to reduce the production price and to facilitate any future reconstructions. 
Here we shall show the data on profiles, with some relevant short comment. 
 
 
 
 

Prepared by:   
Mr Milan Boskovic, civil engineer 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Preliminary Estimate of Capacity and Annual Energy Production for Analyzed 

Profiles in Piva Catchment Area 
 

 
 
Preliminary estimate of capacity and annual energy production for analyzed profiles 
in Piva catchment area is outlined here. Duration curves were presented as 
attachment, after the Regional Analysis was conducted, the curves were increased by 
15%, and average and installed flow rate is shown. Also the map of the water stream 
with performed measure, position of mechanical building and derivation is also 
included. 
 

1. Rijeka Vrbnica, energy profile "Stabna" 
 
Parameters required for calculation: 
 

- KGV: 940 mnm    KDV: 720 mnm 
- Gross head value:    Hbr  = 940 – 720 = 220 m   
- Length of derivation L = 2,7 km  
- Net head value   Hnt =   Hbr – 0,3 x Hbr = 0,7xHbr  = 154 m 
- Qsr=1.31m3/s      
- Qi=1.6 x Qsr  = 1.6 x 1.31 =2.1 m3 

 
Duration curve: 

KRIVA TRAJANJA 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%

Trajanje (%)

VOD OT OK: VR B N IC A
EP : ST A B N A

Qsr=1.31 m 3/s

365 dana

Po regionalnoj analizi

Qi=2.1 m 3/s

 



 

Unused waters last 91 day on average on the annual basis, or 25%. 
 
Energy profile of Stabna with KGV and KDV and Ld 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Using the available curve of annual duration of flow, we used the following table for 
relevant calculations: 
 
 Table 1 

 
(%) 

100 75,1 66,6 52,1 41,9 38,6 26 0 
Duration 

 (days) 365 274 243 190 153 141 95 0 

Net Head Hnt 
 

(m) 
154 154 154 154 154 154 154 154 

Flow Qs 
 

(m3/sec) 
0,094 0,301 0,474 0,934 1,16 1,45 2,10 2,10 

Average flow 
Qsr 

(m3/sec) 0,198 0,388 0,704 1,05 1,30 1,78 2,10 

Capacity N  (KW) 259,2 507,9 921,5 1374,5 1702 2330 2749 

Capacity N  (MW) 0,26 0,51 0,92 1,37 1,70 2,33 2,75 

Change in 
time  � t (days) 91 31 53 37 12 46 95 

Change in 
time  � t 

(hours) 2184 744 1272 888 288 1104 2280 

Partial energy    
Ep 

(MWh) 567,8 379,4 1170,2 1216,6 489,6 2572,3 6270 

Summed 
Energy    E 

(GWh) 0,568 0,947 2,117 3,334 3,824 6,396 12,7 



With capacity of 2,75 MW  and energy of 12,7 GWh,  it can be concluded that this 
water stream is very attractive for constriction of sHPP. In the meantime, without any 
further analysis, four generators should be installed on this location, with the nominal 
capacity of 700 KW. 
 
 

2. River Vrbnica, energy profile "Ribnjak" 
 
Hydrometric measurements on this site brought extreme confusion in the whole 
concept of hydroenergy potential exploitation for this site. 
 
As it was explained in the first analysis, the concept of hydroenergy potential 
exploitation for this site was mistakenly adopted. All water levels were linked to the 
upstream profile of "Stabna", giving a distorted picture on actual flow rates. In other 
words, when certain profile contains medium and medium large waters, and fishery is 
operating overtime, the water levels were reduced, leading to certain discrepancies in 
measurements. Therefore, we used Stabna as the main profile, without changing the 
conditions for measurement. 
 
In order to render usable waters from this profile, the existing fishery have to cease 
with operations. 
 
Other important fact is that downstream from the Fishery, at 678 mnm point, a 
maximal slow-down is located for HPP "Mratinje" on Piva, and every further 
elaboration concerning the choice of this profile is redundant. Such and similar 
circumstances deserve a maximum attention. 
 
 

3. River Bukovica, energy profile "Donja Bukovica" 
 
Parameters required for calculation: 
 

- KGV: 1260 mnm    KDV: 1140 mnm 
- Gross Head:    Hbr  = 1260 – 1140 = 120 m   
- Length of dervation L = 5,8 km  
- Net Head   Hnt =   Hbr – 0,4 x Hbr = 0,6 x Hbr  = 72 m 
- Qsr =1.22 m3/s     
- Qi=1.6 x Qsr  = 1.6 x 1.22 =1.95 m3/s 

 
 
Unused waters last 77 days on average on the annual basis, or 21%. 
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Table 2 
 

 
(%) 

100 79.7 69.6 58.1 50.1 44.7 38.1 30.4 22 0 
Duration 

 (days) 365 291 254 212.1 182.9 163.2 139.1 111 80.3 0 

Net Head Hnt 
 

(m) 
72 72 72 72 72 72 72 72 72 72 

Flow Qs 
 

(m3/sec) 
0.23 0.345 0.46 0.69 0.92 1.208 1.438 1.68 1.95 1.95 

Average Flow    
Qsr 

(m3/sec) 0.288 0.403 0.575 0.805 1.064 1.323 1.56 1.815 1.95 

Capacity N  (KW) 176.2 246.6 351.9 492.7 651.2 809.7 954.7 1110.8 1193.4 

Capacity N  (MW) 176.2 0.247 0.352 0.493 0.651 0.81 0.955 1.111 1.193 

Change in 
time  � t 

(days) 74 37 41.9 29.2 19.7 24.1 6.6 8.4 80.3 

Change in 
time  � t (hours) 1776 888 1005.6 700.8 472.8 578.4 158.4 201.6 1927.2 

Partial energy    
Ep 

(MWh) 312.6 219.3 354.0 354.5 307.8 468.5 151.3 224 2299.1 

Sum Energy    
E 

(GWh) 0.313 0.532 0.886 1.241 1.549 2.018 2.169 2.393 4.69 

 
With capacity of 1,19 MW  and energy 4,69 GWh, we suggest installation of 2 
generators with 600 kW capacity. 
 
 

4. River Bukovica, energy profile "Timar" 
 
Parameters required for calculation: 
 

- KGV: 1100 mnm    KDV: 980 mnm 
- Gorss Head:    Hbr  = 1100 – 980 = 120 m   
- Length of derivation L = 3.1 km  
- Net Head   Hnt =   Hbr – 0.3 x Hbr = 0.7 x Hbr  = 84 m 
- Qsr =1.85 m3/s     
- Qi=1.5 x Qsr  = 1.5 x 1.85 =2.78 m3/s 

 
Unused waters last 84 days on average on the annual basis, or 23%. 
 
Since the hydrometric profile is relatively close to the connections Bukovica and 
Tusina ( under uniform name Bukovica), we performed the measure upstream, since 
in the mouth of mentioned tributaries no significant changes in water level were 
observed. 
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Table 3 
 

(%) 
100 71 61.4 48.2 32.9 23.0 0 

Duration 

 (days) 365 259.2 244.1 175.9 120.1 84 0 

Net Head Hnt 
 

(m) 
84 84 84 84 84 84 84 

Flow Qs 
 

(m3/sec) 
0.324 0.554 0.957 1.53 2.107 2.78 2.78 

Average flow    
Qsr 

(m3/sec) 0.439 0.756 1.244 1.819 2.44 2.78  

Capacity N  (KW) 313.4 539.8 888.2 1298.8 1742.2 1984.9 

Capacity N  (MW) 0.313 0.54 0.888 1.299 1.742 1.985 

Cane in time  
� t 

(days) 105.8 35.1 48.2 55.8 36.1 84 

Change in 
time  � t 

(hours) 2539.2 842.4 1156.8 1339.2 866.4 2016 

Partial energy 
Ep 

(MWh) 799.8 454.9 1027.2 1739.6 1509.3 4001.8 

Sum Energy    
E (GWh) 0.8 1.255 2.282 4.022 5.531 9.53 

 
With capacity of 1,99 MW  and energy 9,53 GWh, we suggest installation of 4 
generators with 500 kW capacity. 
 
 

5. River Tusina, energy profile "Sirovac" 
 
Parameters required for calculation: 
 

- KGV: 1040mnm    KDV: 980 mnm 
- Bruto pad:    Hbr  = 1040 – 980 = 60m   
- Du�ina derivacije L = 5.5 km  
- Neto pad   Hnt =   Hbr – 0.4 x Hbr = 0.6 x Hbr  = 36 m 
- Qsr =1.14 m3/s       
- Qi=1.5 x Qsr  = 1.5 x 1.14 = 1.71 m3/s 

 
Unused waters last 91 day on average on the annual basis, or 25%. 
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Table 4 

Duration 
 

(%) 
100 84.7 78.4 68.5 58.4 48.2 37.5 27 0 

 (days) 365 309.2 286.2 250.0 213.2 175.9 136.9 97.6 0 

Net Head Hnt 
 

(m) 
36 36 36 36 36 36 36 36 36 

Flow Qs 
 

(m3/sec) 
0.144 0.173 0.196 0.345 0.575 0.805 1.38 1.71 1.71 

Average flow    
Qsr 

(m3/sec) 0.159 0.185 0.271 0.46 0.69 1.093 1.55 1.71  

Capacity N  (KW) 48.5 56.6 82.9 140.8 211.1 334.5 474.3 523.3 

Capacity N  (MW) 0.049 0.057 0.083 0.141 0.211 0.335 0.474 0.523 

Cane in time  
� t 

(days) 55.8 23 36.2 36.8 37.3 39 39.3 97.6 

Change in 
time  � t 

(hours) 1339.2 552 868.8 883.2 895.2 936 943.2 2342.4 

Partial energy 
Ep 

(MWh) 65.6 31.5 72.1 124.5 188.9 313.6 447.1 1225.1 

Sum Energy    
E (GWh) 0.066 0.098 0.17 0.295 0.484 0.798 1.245 2.47 

 
With capacity of 0,523 MW  and energy 2,47 GWh, we suggest installation of 2 
generators with 300 kW capacity. 
 
 

6. River Bijela, energy profile "Gornja Bijela" 
 
Parameters required for calculation: 
 

- KGV: 1015mnm    KDV: 880 mnm 
- Gross Head:    Hbr  = 1015 – 880 = 135m   
- Length of derivation L = 5.7 km  
- Net head   Hnt =   Hbr – 0.4 x Hbr = 0.6 x Hbr  = 81 m 
- Qsr = 1.54 m3/s       
- Qi=1.3 x Qsr  = 1.3 x 1.54 = 2.0 m3/s 

 
Unused waters last 73 days on average on the annual basis, or 20% 
 
Duration curve 
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Table 5 

Duration 
 

(%) 
100 87.4 79.7 57 38.4 30.7 26.6 23.3 21 0 

 (days) 365 319 290.9 208.1 140.2 112.1 97.1 85.0 76.7 0 

Net Head Hnt 
 

(m) 
81 81 81 81 81 81 81 81 81 81 

Flow Qs 
 

(m3/sec) 
0.078 0.113 0.245 0.475 0.935 1.165 1.395 1.740 2.0 2.0 

Average flow    
Qsr 

(m3/sec) 0.096 0.179 0.36 0.705 1.05 1.28 1.568 1.87 2.0  

Capacity N  (KW) 66.1 123.2 247.9 485.4 722.9 881.3 1079.6 1287.5 1377 

Capacity N  (MW) 0.066 0.123 0.248 0.485 0.723 0.881 1.080 1.288 1.377 

Cane in time  
� t 

(days) 46 28.1 82.8 67.9 28.1 15 12.1 8.3 76.7 

Change in 
time  � t (hours) 1104 674.4 1987.2 1629.6 674.4 360 290.4 199.2 1840.8 

Partial energy 
Ep 

(MWh) 72.9 83 492.8 790.4 487.6 317.2 313.6 256.6 2534.8 

Sum Energy    
E 

(GWh) 0.073 0.156 0.649 1.439 1.927 2.244 2.558 2.815 5.35 

 
 
With capacity of 1,38 MW  and energy 5,35 GWh, which are highly attractive, we 
suggest installation of 3 generators with 500 kW capacity. 
 

Total 
 

Piva Catchment Area        Capacity (N) Energy (E) 

 (MW) (GWh) 
Vrbnica - Stabna 

 
2.75 12.7 

Bukovica - Donja 
Bukovica 

1.19 4.69 
Bukovica -Timar 

 
1.99 9.53 

Tušina - Sirovac 
 

0.523 2.47 
Bijela - Gornja Bijela 

 
1.38 5.35 

S  Piva tributaries 
 

     7.83 34.74 
 

 
 
 
 
 
 
 



 
Preliminary Estimate of Capacity and Annual Energy Production for Analyzed 

Profiles in Lim Catchment Area 
 

 
 
Preliminary estimate of capacity and annual energy production for analyzed profiles 
in Lim catchment area is outlined here in the same manner that it has been done for 
Piva. Duration curves were presented as attachment, after the Regional Analysis was 
conducted, the curves were increased by 10%, and average and installed flow rate is 
shown. Also the map of the water stream with performed measure, position of 
mechanical building and derivation is also included. 
 
 

1. River Jelovica, energy profile "Lubnice - upstream" 
 
Measuring profile for this water stream has been chosen on a more upstream location 
from the mouth of Lim, so that the upper part of the catchment ahs been rendered 
unexploited. This led to our decision to research one more energy profile. Since we 
did not possess concrete data for the abovementioned profile, we decided to transfer 
data from investigated Lubnice profile to uninvestigated- upstream profile. Suggested 
profile represents around 70% of the initial Lubnice profile. Accordingly, average 
flow of 817 l/sec and installed flow rate 1.28 m3/s were adopted.  
 
Duration curve has been corrected and the modified values are shown in Table 1. 
 
Parameters required for calculation: 
 

- KGV: 1290 mnm    KDV: 1030 mnm 
- Gross head:    Hbr  = 1290 – 1030 = 260 m   
- Derivation length L = 4.8 km  
- Net head   Hnt =   Hbr – 0.4 x Hbr = 0.6 x Hbr  = 156 m 
- Qsr = 0.917 m3/s       
- Qi=1.4 x Qsr  = 1.4 x 0.917 = 1.28 m3/s 

 
Unused waters last 91 day on average on the annual basis, or 25%. 
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Table 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
With capacity of 1,7 MW  and energy 6,561 GWh, we suggest installation of 3 
generators with 600 kW capacity. 
 
 
1a. River Jelovica, energy profile "Lubnice" 
 
Parameters required for  calculation: 
 

- KGV: 1030 mnm    KDV: 970 mnm 
- Gross head:    Hbr  = 1030 – 970 = 60 m   
- Length of derivation L = 1.93 km  
- Net head   Hnt =   Hbr – 0.25 x Hbr = 0.75 x Hbr  = 45 m 
- Qsr = 1.31 m3/s       
- Qi=1.6 x Qsr  = 1.6 x 1.31 = 2.1 m3/s 

 
Unused waters last 91 day on average on the annual basis, or 25%. 
 
Concerning this profile, we also went upstream, since the mouth has no important 
inflows and we have a better head value upstream. 
 
 
 
 
 

Duration 
 

(%) 
100 68.2 49.3 39.2 27.5 25 0 

 (days) 365 249 180 143 100 93.1 0 

Net Head Hnt 
 

(m) 
156 156 156 156 156 156 156 

Flow Qs 
 

(m3/sec) 
0.074 0.201 0.470 0.778 1.086 1.28 1.28 

Average flow    
Qsr 

(m3/sec) 0.138 0.336 0.624 0.932 1.183 1.28  

Capacity N  (KW) 183 445.5 827.4 1235.8 1568.7 1697.3 

Capacity N  (MW) 0.0183 0.446 0.827 1.236 1.569 1.697 

Cane in time  
� t (days) 116 69 37 43 6.9 93.1 

Change in 
time  � t (hours) 2746 1656 888 1032 165.6 2234.4 

Partial energy 
Ep 

(MWh) 50.3 448.6 734.4 1275.6 259.8 3791.8 

Sum Energy    
E 

(GWh) 0.050 0.499 1.233 2.51 2.769 6.561 
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Table 1a 

Duration 
 

(%) 100 68.2 49.3 39.2 31.8 27.7 26.3 22 0 

 (days) 365 248.9 179.9 143.1 116.1 101.1 96.0 80.3 0 

Net Head Hnt 
 

(m) 
45 45 45 45 45 45 45 45 45 

Flow Qs 
 

(m3/sec) 0.107 0.287 0.672 1.11 1.33 1.55 1.77 2.11 2.11 

Average flow    
Qsr 

(m3/sec) 0.197 0.480 0.891 1.22 1.44 1.66 1.94 2.11  

Capacity N  (KW) 75.4 18.6 340.8 466.7 550.8 635.0 742.1 807.1 

Capacity N  (MW) 0.075 0.184 0.341 0.467 0.551 0.635 0.742 0.807 

Cane in time  
� t 

(days) 116.1 69 36.8 27 15 5.1 15.7 80.3 

Change in 
time  � t 

(hours) 2786.4 1656 883.2 648 360 122.4 376.8 1927.2 

Partial energy 
Ep 

(MWh) 209 304.7 301.2 302.6 198.4 77.7 279.6 1555.3 

Sum Energy    
E 

(GWh) 0.209 0.514 0.815 1.118 1.316 1.394 1.674 3.23 

 
 
With capacity of 0,807 MW  and energy 3,23 GWh, we suggest installation of 2 
generators with 400 kW capacity. 
 

2. River Trepacka, energy profile "Trepca" 
 
Parameters required for calculation: 
 

- KGV: 1150 mnm    KDV: 720 mnm 
- Gross head:    Hbr  = 1150 – 720 = 430 m   
- Length of derivation L = 3.1 km  
- Net head   Hnt =   Hbr – 0.3 x Hbr = 0.7 x Hbr  = 301 m 
- Qsr = 0.764 m3/s       
- Qi=1.5 x Qsr  = 1.5 x 0.764 = 1.15 m3/s 

 
Unused waters last 84 days on average on annual basis, or 84 %. 
 
Concerning this profile, we also went upstream, since the mouth has no important 
inflows and we have a better gross head value upstream, 430m. 
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Table 2 
 

Duration 
 

(%) 100 85.8 77 69.3 48.8 36.2 29.3 23.8 0 

 (days) 365 313.2 281.1 252.9 178.1 132.1 106.9 86.9 0 

Net Head Hnt 
 

(m) 
301 301 301 301 301 301 301 301 301 

Flow Qs 
 

(m3/sec) 0.061 0.084 0.111 0.183 0.305 0.733 1.014 1.15 1.15 

Average flow    
Qsr 

(m3/sec) 0.073 0.097 0.147 0.244 0.519 0.887 1.082 1.15  

Capacity N  (KW) 186.8 250.7 376.1 624.3 1327.9 2269.4 2768.3 2942.3 

Capacity N  (MW) 0.187 0.251 0.376 0.624 1.328 2.269 2.768 2.942 

Cane in time  
� t 

(days) 51.8 32.1 28.2 74.8 46 25.2 20 86.9 

Change in 
time  � t 

(hours) 1243.2 770.4 676.8 1795.2 1104 604.8 480 2085.6 

Partial energy 
Ep 

(MWh) 232.5 193.4 205.6 1120.2 1466.1 1372.3 1328.6 6135.8 

Sum Energy    
E 

(GWh) 0.233 0.426 0.632 1.752 3.218 4.59 5.919 12.06 

 
 
With capacity of 2,84 MW and energy 12.1 GWh, we suggest installation of 5 
generators with 600 kW capacity. 
 
 

3. River Krastica, energy profile "Kralje" 
 
Parameters required for calculation: 
 

- KGV: 840 mnm    KDV: 760 mnm 
- Gross head:    Hbr  = 840 – 760 = 90 m   
- Length of derivation L = 3.1 km  
- Net fall   Hnt =   Hbr – 0.3 x Hbr = 0.7 x Hbr  = 63 m 
- Qsr = 0.833 m3/s    
- Qi =1.8 x Qsr  = 1.8 x 0.833 = 1.5 m3/s 

 
Unexploited waters last on average 84 days on annual basis, or 23%. 
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Table 3 
 

Duration 
 

(%) 100 79.7 59.2 38.1 34.0 28.0 25.2 23.5 0 

 (days) 365 290.9 216.1 139.1 124.1 102.2 92 85.8 0 

Net Head Hnt 
 

(m) 
63 63 63 63 63 63 63 63 63 

Flow Qs 
 

(m3/sec) 0.055 0.165 0.33 0.55 0.77 0.99 1.375 1.5 1.5 

Average flow    
Qsr 

(m3/sec) 0.110 0.248 0.44 0.66 0.88 1.18 1.44 1.5  

Capacity N  (KW) 58.9 132.8 235.6 353.4 471.2 631.9 771.1 803.3 

Capacity N  (MW) 0.059 0.133 0.236 0.353 0.471 0.569 0.771 0.803 

Cane in time  
� t 

(days) 74.1 74.8 76.9 15 21.9 10.2 6.2 85.8 

Change in 
time  � t 

(hours) 1778.4 1795.2 1845.6 360 525.6 244.8 148.8 2059.2 

Partial energy 
Ep 

(MWh) 104.9 238.8 435.6 127.1 247.6 139.3 114.7 1653.5 

Sum Energy    
E 

(GWh) 0.105 0.344 0.78 0.907 1.155 1.294 1.409 3.06 

 
 
With capacity of 0,803 MW and energy 3,1 GWh, we suggest installation of 2 
generators with 400 kW capacity. 
 
 

4. River Velicka, energy profile "Velika" 
 
Parameters required for calculation: 
 

- KGV: 1000 mnm    KDV: 880 mnm 
- Gross head:    Hbr  = 1000 – 880 = 120 m   
- Length of derivation L = 3.0 km  
- Net head   Hnt =   Hbr – 0.3 x Hbr = 0.7 x Hbr  = 84 m 
- Qsr = 0.305 m3/s    
- Qi =1.6 x Qsr  = 1.6 x 0.305 = 0.488 m3/s 

 
Unexploited waters last on average 84 days on annual basis, or 23%. 
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Table 4 

Duration 
 

(%) 
100 69.3 56.7 47.9 40.3 34.8 29.6 25.8 24 0 

 (days) 365 253 207 174.1 147.1 127 108 94.2 87.6 0 

Net Head Hnt 
 

(m) 
84 84 84 84 84 84 84 84 84 84 

Flow Qs 
 

(m3/sec) 
0.074 0.118 0.167 0.222 0.277 0.332 0.387 0.442 0.488 0.488 

Average flow    
Qsr 

(m3/sec) 0.096 0.143 0.195 0.250 0.306 0.360 0.415 0.465 0.488 

Capacity N  (KW) 68.54 102.1 139.2 178.5 218.5 257 296.3 332.0 348.4 

Capacity N  (MW) 0.068 0.102 0.139 0.179 0.219 0.257 0.296 0.332 0.348 

Cane in time  
� t 

(days) 112 46 32.2 27.7 20.1 19 3.8 1.8 87.6 

Change in 
time  � t 

(hours) 2688 1104 772.8 664.8 482.4 456 91.2 43.2 2102.4 

Partial energy 
Ep 

(MWh) 182.8 112.6 107.4 119.0 105.6 117.2 27.0 14.34 731.6 

Sum Energy    
E (GWh) 0.183 0.296 0.403 0.522 0.628 0.745 0.772 0.786 1.52 

 
With capacity of 0,348 MW and energy 1,52 GWh, we suggest installation of 1 
generator with 400 kW capacity. 
 
 

5. River Murinska, energy profile "Murino" 
 
Parameters required for calculation: 
 

- KGV: 1000 mnm    KDV: 860 mnm 
- Gross head:    Hbr  = 1000 – 860 = 140 m   
- Length of derivation L = 3.0 km  
- Net head   Hnt =   Hbr – 0.25 x Hbr = 0.75 x Hbr  = 105 m 
- Qsr = 0.512 m3/s    
- Qi =1.6 x Qsr  = 1.6 x 0.512 = 0.819 m3/s 

 
Unexploited waters last on average 91 day or 25% annually. 
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Table 5 

Duration 
 

(%) 
100 86.6 66.3 50.7 40.3 34 29.3 26 24.3 0 

 (days) 365 316.1 242 185.1 147.1 124.1 106.9 94.9 88.7 0 

Net Head Hnt (m) 105 105 105 105 105 105 105 105 105 105 

Flow Qs (m3/sec) 0.121 0.150 0.193 0.275 0.385 0.495 0.605 0.715 0.819 0.819 

Average flow    
Qsr 

(m3/sec) 0.136 0.172 0.234 0.33 0.44 0.55 0.66 0.767 0.819 

Capacity N  (KW) 121.4 153.5 208.8 294.5 392.7 490.9 589.1 682.7 731 

Capacity N  (MW) o.121 0.154 0.209 0.295 0.393 o.491 0.589 0.683 0.731 

Cane in time  
� t 

(days) 48.9 74.1 56.9 38 23 17.2 3.3 
 

1.7 
 

88.7 

Change in 
time  � t 

(hours) 1173.6 1778.4 1365.6 912 552 412.8 79.2 40.8 2128.8 

Partial energy 
Ep 

(MWh) 142 273.9 285.4 269.04 216.9 202.7 46.6 27.9 1556.2 

Sum Energy    
E (GWh) 0.142 0.416 0.701 0.97 1.187 1.39 1.437 1.465 3.021 

 
 
With capacity of 0,731 MW and energy 3,02 GWh, we suggest installation of 2 
generators of 400 kW kapacity. 
 
5a. River Murinska, energy profile "Murino-upstream " 
 
Parameters required for calculation: 
 

- KGV: 1200 mnm    KDV: 860 mnm 
- Gross head:    Hbr  = 1200 – 860 = 340 m   
- Length of derivation L = 3.6 km  
- Net head   Hnt =   Hbr – 0.35 x Hbr = 0.65 x Hbr  = 221 m 
- Qsr = 0.512 m3/s    
- Qsr = Qs – 10%Qs = 0.416 m3/s    
- Qi =1.6 x Qsr  = 1.6 x 0.416 = 0.737 m3/s 

 
Unexploited waters last on average 91 day or 25% annually. 
 
We have chosen the upstream profile for the same reasons mentioned alongside other 
measuring profiles 
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Energy profile of Murino-upstream with KGV and KDV and Ld 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table 5a 

Duration 
 

(%) 100 86.6 66.3 50.7 40.3 34 29.3 26 24.9 0 

 (days) 365 316.1 242 185.1 147.1 124.1 106.9 94.9 91 0 

Net Head Hnt (m) 221 221 221 221 221 221 221 221 221 221 

Flow Qs (m3/sec) 0.109 0.135 0.173 0.248 0.347 0.446 0.545 0.644 0.737 0.737 

Average flow    
Qsr 

(m3/sec) 0.122 0.154 0.211 0.298 0.397 0.496 0.595 0.691 0.737 

Capacity N  (KW) 229.2 289.3 396.4 559.8 745.8 931.7 1117.7 1298.0 1384.5 

Capacity N  (MW) 0.229 0.289 0.396 0.56 0.746 0.932 1.118 1.298 1.385 

Cane in time  
� t 

(days) 48.9 74.1 56.9 38 23 17.2 3.3 
 

1.1 
 

91 

Change in 
time  � t 

(hours) 1173.6 1778.4 1365.6 912 552 412.8 79.2 26.4 2184 

Partial energy 
Ep 

(MWh) 268.7 514 540.8 510.7 411.8 384.7 88.5 34.3 3024.8 

Sum Energy    
E 

(GWh) 0.269 0.783 1.324 1.835 2.247 2.632 2.721 2.755 5.78 

 
With capacity of 1,39 MW and energy 5,78 GWh, we suggest installation of 3 
generator with 500 kW capacity. 
 
 
 

6. River Babinopoljska, eergy profile "Babino Polje" 
 
Parameters required for calculation 
 

- KGV: 1400 mnm    KDV: 1060 mnm 
- Gross head:    Hbr  = 1400 – 1060 = 340 m   
- Length of derivation L = 3.7 km  
- Net head   Hnt =   Hbr – 0.35 x Hbr = 0.65 x Hbr  = 221 m 
- Qsr = 0.899 m3/s    
- Qi =1.35 x Qsr  = 1.35 x 0.899 = 1.213 m3/s 

 
Unexploited waters last on average 69 days or 19% annually. 
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Table 6 

Duration 
 

(%) 
100 86.6 69.6 54.9 35.6 30.1 26.0 22.5 19.0 0 

 (days) 365 316.1 254 200.4 129.9 109.9 94.9 82.1 69.4 0 

Net Head Hnt (m) 221 221 221 221 221 221 221 221 221 221 

Flow Qs (m3/sec) 0.138 0.193 0.248 0.303 0.385 0.495 0.605 0.715 1.213 1.213 

Average flow    
Qsr 

(m3/sec) 0.166 0.221 0.276 0.344 0.44 0.55 0.66 0.964 1.213 

Capacity N  (KW) 311.8 415.1 518.5 646.2 826.5 1033.2 1239.8 1810.9 2278.6 

Capacity N  (MW) 0.312 0.415 0.519 0.646 0.827 1.033 1.240 1.811 2.279 

Cane in time  
� t 

(days) 48.9 62.1 53.6 70.50 20 15 12.8 12.7 69.4 

Change in 
time  � t 

(hours) 1173.4 1490.4 1286.4 1692.0 480 360 307.2 304.8 1665.6 

Partial energy 
Ep 

(MWh) 366.1 618.5 667.6 1093.0 397.0 371.9 380.9 552.0 3795.9 

Sum Energy    
E (GWh) 0.366 0.985 1.653 2.746 3.143 3.515 3.896 4.448 8.244 

 
With capacity of 2,28 MW and energy 8,24 GWh, we suggest installation of 4 
generator with 600 kW capacity. 
 
 
 

7. River Komaraca, energy profile "Jara" 
 
Parameters required for calculation: 
 

- KGV: 1060 mnm    KDV: 920 mnm 
- Gross head:    Hbr  = 1060 – 920 = 140 m   
- Length of derivation L = 3.7 km  
- Net head   Hnt =   Hbr – 0.35 x Hbr = 0.65 x Hbr  = 91 m 
- Qsr = 2.35 m3/s    
- Qi =1.45 x Qsr  = 1.45 x 2.35= 3.4 1m3/s 

 
 
Unexploited waters last on average 98 days or 27% annually. 
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Table 7 

Duration 
 

(%) 
100 82.7 54.2 37.3 33.4 28.8 26.3 0 

 (days) 365 301.9 197.8 136.1 121.9 105.1 96 0 

Net Head Hnt (m) 91 91 91 91 91 91 91 91 

Flow Qs (m3/sec) 0.22 0.495 0.88 1.375 1.925 2.75 3.41 3.41 

Average flow    
Qsr 

(m3/sec) 0.358 0.688 1.128 1.65 2.338 3.1 3.41 
 

Capacity N  (KW) 276.9 532.2 872.5 1276.3 1808.4 2397.9 2637.6 

Capacity N  (MW) 0.277 0.532 0.873 1.276 1.808 2.398 2.638 

Cane in time  
� t 

(days) 63.1 104.1 61.7 14.2 16.8 9.1 96 

Change in 
time  � t 

(hours) 1514.4 2498.4 1480.8 340.8 403.2 218.4 2304 

Partial energy 
Ep 

(MWh) 419.5 1329.1 1292.7 434.9 729.0 512.6 6078.0 

Sum Energy    
E (GWh) 0.420 1.749 3.042 3.477 4.206 4.719 10.8 

 
 
With capacity of 2,64 MW and energy 10,8 GWh, we suggest installation of 5 
generator with 600 kW capacity. 
 
 

8. River Trokutska, energy profile "Hoti" 
 
Parameters required for calculation: 
 

- KGV: 1080 mnm    KDV: 820 mnm 
- Gross head:    Hbr  = 1080 – 820 = 260 m   
- Length of derivation L = 2.1 km  
- Net head   Hnt =   Hbr – 0.25 x Hbr = 0.75 x Hbr  = 195 m 
- Qsr = 0.543 m3/s    
- Qi =1.5 x Qsr  = 1.5 x 0.543 = 0.815m3/s 

 
Unexploited waters last on average 70 days or 20% annually. 
 
We chose the upstream profile for the same reasons mentioned before 
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Table 8 

Duration 
 

(%) 
100 88.5 72.9 50.4 42.7 37.5 31.5 24.1 20 0 

 (days) 365 323 266.1 184 155.9 136.9 115 88.0 73 0 

Net Head Hnt (m) 195 195 195 195 195 195 195 195 195 195 

Flow Qs (m3/sec) 0.076 0.103 0.175 0.285 0.395 0.505 0.615 0.725 0.815 0.815 

Average flow    
Qsr 

(m3/sec) 0.090 0.139 0.23 0.34 0.45 0.56 0.67 0.77 0.815 
 

Capacity N  (KW) 149.2 230.4 381.2 563.6 745.9 928.2 1110.5 1276.3 1350.9 

Capacity N  (MW) 0.149 0.23 0.381 0.564 0.746 0.928 1.111 1.276 1.351 

Cane in time  
� t 

(days) 42 56.9 82.1 28.1 19 21.9 27 15 73 

Change in 
time  � t 

(hours) 1008 1365.6 1970.4 674.4 456 525.6 648 360 1752 

Partial energy 
Ep 

(MWh) 150.2 314.1 750.7 380.4 340.2 487.8 719.9 459.4 2367 

Sum Energy    
E (GWh) 0.150 0.464 1.215 1.595 1.935 2.423 3.143 3.602 5.969 

 
 
 
With capacity of 1,35 MW and energy 5,97 GWh, we suggest installation of 3 
generator with 500 kW capacity. 
 
 

9. River Grlja, energy profile "Donje Vusanje" 
 
Parameters required for calculation: 
 

- KGV: 1000 mnm    KDV: 930 mnm 
- Gross head:    Hbr  = 1000 – 930 = 70 m   
- Length of derivation L = 1.85 km  
- Net head   Hnt =   Hbr – 0.2 x Hbr = 0.8 x Hbr  = 56 m 
- Qsr = 3.21 m3/s    
- Qi =1.3 x Qsr  = 1.3 x 3.21 = 4.33 m3/s 

 
Unexploited waters last on average 84 days or 23% annually. 
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Energy profile of Donje Vusanje with KGV and KDV and Ld  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 9 

Duration 
 

(%) 100 93.2 77 50.4 40 35.9 27.1 24.0 0 

 (days) 365 340.2 281.1 184 146 131 98.9 87.6 0 

Net Head Hnt (m) 56 56 56 56 56 56 56 56 56 

Flow Qs (m3/sec) 0.118 0.365 0.695 1.134 1.573 2.013 3.44 4.33 4.33 

Average flow    
Qsr 

(m3/sec) 0.242 0.53 0.915 1.354 1.793 2.727 3.885 4.33 
 

Capacity N  (KW) 115.2 252.3 435.5 644.5 853.5 1080.5 1849.3 2061.1 

Capacity N  (MW) 0.115 0.252 0.436 0.645 0.854 1.081 1.849 2.061 

Cane in time  
� t 

(days) 24.8 59.1 97.1 38 15 32.1 11.3 87.6 

Change in 
time  � t 

(hours) 595.2 1418.4 230.4 912 360 770.4 271.2 2102.4 

Partial energy 
Ep 

(MWh) 68.4 357.4 1016.1 588.2 307.4 832.8 501.4 4333.0 

Sum Energy    
E 

(GWh) 0.068 0.425 1.441 2.029 2.336 3.169 3.67 8.00 

 
With capacity of 2,06 MW and energy 8,00 GWh, we suggest installation of 4 
generator with 500 kW capacity. 
 

Total 
 

      Lim catchment area        Capacity (N) Energy (E) 

 (MW) (GWh) 
Jelovica - Lubnice 1.7 6.56 
Jelovica – upstream  0.807 3.23 

Trepa� ka rijeka – Trep� a 2.94 12.06 
Kraštica – Kralje 0.803 3.06 

Veli� ka rijeka - Velika 0.348 1.52 
Murinska rijeka – Murino 0.731 3.02 

Murinska rijeka – 
uzvodni profil 

1.39 5.78 
Babinopoljska rijeka – 

Babino polje 
2.28 8.24 

Komara� a - Jara 2.64 10.8 
Trokutska – Hoti 1.35 5.97 
Grlja - Vusanje 2.06 8.00 

S  Lim tributaries 
 

  17.045 
 

68.24 
 
 



Summary of number of generators 
Ref. No. Energy profile Water Stream No. of generators 

 
1. Stabna  Vrbnica  4 x 700 KW 
2. Donja Bukovica  Bukovica 2 x 600 KW 
3. Timar  Bukovica 4 x 500 KW 
4. Sirovac Tušinja 2 x 300 KW 
5. Gornja Bijela Bijela 3 x 500 KW 
6. Lubnice - uzvodni profil Jelovica 3 x 600 KW 
7. Lubnice Jelovica 2 x 400 KW 
8. Trep� a  Trepa� ka Rijeka 5 x 600 KW 
9. Kralje Kraštica 2 x 400 KW 
10. Velika Veli� ka Rijeka 1 x 400 KW 
11. Murino Murinska Rijeka 2 x 400 KW 
12. Murino uzvodno Murinska Rijeka 3 x 500 KW 
13. Babino Polje Babinopoljska Rij. 4 x 600 KW 
14. Jara Komara� a 5 x 600 KW 
15. Hoti Hotska Rijeka 3 x 500 KW 
16. Donje Vusanje Grlja  4 x 500 KW 

 
 

In sum generators:    2 x 300 KW  
   7 x  400 KW 
   18 x 500 KW 
   19 x 600 KW 
   4 x 700 KW 
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