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Abstract 

The six largest HPPs in Macedonia are: HPP Vrutok, HPP Raven. HPP Vrben. HPP Ulobocica. 
HPP Tikves and HPP Spilje; which represent 91% of the country's hydropower capacity. Therefore, the 
rehabilitation and life extension of these hydro - power plants is very important. These hydropower 
plants are generally fairly old, older than most of the thermal generation capacities in the country. 
Moreover, these plants play a vital role in the Macedonian Power System, providing peaking capacity, 
reserve capacity and frequency control. 

Introduction 

In 1998, Electric Power Company of Macedonia received a loan from the International Bank for 
Development and Reconstruction for the cost of the Power System Improvement Project, a part of 
which is the project for rehabilitation of the six largest HPPs in the Republic of Macedonia. 

The plan for rehabilitation of these hydroelectric power plants, most of which were built some forty 
years ago, is initiated by both the necessity of improvement of unit performance and the reduction of 
risk of outages due to equipment failure. In addition, rehabilitation must be economically justifiable; by 
improving unit performance, by increasing efficiency in order to generate additional energy, by 
increasing capacity, and by preventing the loss of energy or capacity due to unscheduled outages of 
aging machinery. 

All of the units treated for rehabilitation have been in operation for 30 to 40 years, which is 
beyond the useful life of a hydropower plant. Considering their age, theconsultants made a remark that 
all the plants have been very well maintained throughout their existence, and the equipment is in 
reasonably good condition. The plants are largely autonomous and operate more as separate entities 
than common parts of a utility. 

In all six HPPs the turbines were manufactured by the same manufacturer- Litostroj (Slovenia), 
and the all generators and switchgear equipment were manufactured by Rade Koncar (Croatia). 

The refurbishment program was specially designed, and extended over six years- from 1998 to 
2004. 
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Hydropower plants covered by the rehabilitation program 

The HPP Mavrovo Complex hydro scheme is composed of three powerhouses: Vrutok. Vrben 
and Raven arranged in a cascade, together with the Mavrovo dam and reservoir, and a network of 
feeder canals and tunnels to catch the water coming from the nearby mountains. The water is collectcd 
at levels higher than 1230 m. and the area is 520 nr . This HPP complex is located in the northwestern 
part of Macedonia. 

The first powerhouse in line is Vrbcn at 12.8 MW. This surface type HPP is situated 33 km 
west of Gostivar. This hydro power plant is of the running type. Water emerging from this powerhouse 
goes into the multi-year Mavrovo reservoir and then to the two power statons of Vrutok and Raven 
that are supplied in series by the same penstock. HPP Vrben is connected to the HPP Vrutok by a 35 
kV transmission line and through a 35/1 10 kV transformation it delivers the electricity to the 
Macedonian power system. 

The Vru tok hydropower plant is an underground cavern plant, located 7 km west of Gostivar. 
The plant is a peaking type with installed capacity of 150 MW. HPP Vrutok is feeding into 110 kV 
transmission line of the Macedonian power system. 

The Raven surface hydropower plant is located 5 km west of Gostivar. The plant is the running 
plant, with an installed capacity of 19,2 MW. The electricity produced in this plant at voltage level 6,3 
kV is transformed to.voltage level 35 kV and conveyed to the Vrutok plant from where itis delivered 
to the Macedonian power system through two 35 kV transmission lines. 

The total capacity of this hydro scheme is 182 MW, which is a little less than half of ESM's 
installed hydro capacity of 435,8 MW (including the small HPPs) This hydro scheme typically 
generates around 500 GWh, about 80% of which comes from the largest plant, Vrutok. Generation 
from this hydro scheme is typically just under 50% of the total hydropower production in Macedonia 
and is used primally for peaking purposes. The powerhouses in the scheme were built back in the 
1950's and need to be rehabilitated in order to increase efficiency and reliability. 

The HPP Tikves, surface type powerhouse, is located below the Tikvesh dam on the Black 
River, about 12 km west from the city of Kavardarci, in the southwestern part of Macedonia. The first 
two units have been in operation since 1968, and the second two units since 1981. Total installed 
capacity is 92 MW, and average annual generation is about 185 GWh. The plant is primarily used for 
peaking purposes, though it is also run when irrigation water is needed downstream. The plant is 
feeding into the Macedonian power system at 110 kV level. Due to age, it is in need of rehabilitation. 

The Globocica surface type HPP is located in the southwest of the country on the Black Drim 
river. 22 km north of the town of Struga. H has been in operation since 1965. Installed capacity is 42 
MW, and average annual output is around 187 GW. The plant is feeding into the Macedonian power 
system at 110 kV and 35 kV level. It is in need of rehabilitation. 

The Spilje HPP is a surface type plant, located on the Black Drim river downstream of 
Globocica. The plant is utilizing water from the Black Drim river catchments retained in the lake of 
Debar. Spilje plant is situated in the western part of the country, about 5 km from the city of Debar. In 
operation since 1969, its installed capacity is 84 MW, and the average annual generation is around 300 
GWh. The Debar reservoir behind the Spilje dam has moderate storage capacity and the plant operates 
both as a base load unit and for peaking purposes. The plant is feeding into the Macedonian power 
system at 110 kV level. Some rehabilitation is required. 



The basic data for these six HPPs are given in the tabic below. 

Number 
of units 

Rated 
power 
(MW) 

Annual 
generation 
lor 
20(W(GWh) 

Year ol 
installation 

I'lam type 
Reservoir 
volume 
( I 0 " m ' ) 

Turbine 
type 

Dam 

Vrufok 4 150 376.8 1957/1973 Reservoir 277 Pelton earthfill type 
(H=62m) 

Raven .4 19.2 43.2 1959/1973 Run of 
river 

/ Francis / 

Vrbfn 2 12.8 31.4 1959 Run of 
river 

/ Francis / 

GlobocicM 2 42 178.2 1965 Reservoir 15 Francis 
rockfill dam with 
clay core 
(H=90m) 

Tikvts 4 92 128.3 1968/1981 Reservoir 272 Francis 
rock fill dam with 
clay core 
(H=l 13.5 m) 

Spiljr 3 84 289.9 1970 Reservoir 212 Francis 
rockfill dam with 
clay core 
(H=l 12 m) 

A brief history of the project 

The Feasibility report [1], 1996, for this project prepared by the Entreprises Electrique 
Fribourgeoises (EEF) confirmed the need of the proposed rehabilitation project, and established, in 
rough terms, the overall framework for rehabilitation works to be carried out at each of the hydropower 
plants covered by the rehabilitation program. 

The selection of the supplier was done through International Competitive Bidding procedure 
(ICB). The bidding documents were made by the consultant JV EWE/EDF on the basis of the 
Feasibility report by EEF, and the Report on findings, recommendations, design and planning of the 
rehabilitation works [2], 1998, by JV EWE/EDF. 

All five contracts with the lowest evaluated bidders were signed in 2001. 

Project objectives 

The main objectives of this project are: 
> to improve the operational efficiency of the existing hydropower plants, which would result in 

greater hydropower generation, reduction in system costs and a reduction in carbon dioxide 
emissions due to reduced thermal generation; 

> to expand the generating capacities of the major hydropower plants through rehabilitation . 
which should enable the country to better meet its peak electricity demands, help stability 
frequency and reduce the likelihood of brown-outs and black-outs: 

> extension of the useful operating life of the hydropower plants through replacement and la 
repair of worn-out plant/unit components. 
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Scope of rehabilitation works 

Procurement of equipment foreseen in this rehabilitation program is divided in five parts 
(contracts), by type of equipment. 

The rehabilitation program covers the refurbishment of: 

1. Turbine runners, turbine and generator bearings, governors, inlet valves 
2. Butterfly valves including accessories and control systems 
3. Generators, excitation system and voltage regulation 
4. Control system, protection and LV auxiliaries 
5. Switchgears and controlgears in 220 kV, 110 kV and 35 kV substations 

At the moment, only the implementation of the contract for the rehabilitation of switchgears has 
started; the first phase is already finished, and 50% of the rehabilitation works for HPP Vrutok, the 
largest HPP, has been finished. 

Conception of upgrading and refurbishment of switchgears (Project implementation) 

The existing switchgear of all HPP substations is the outdoor air insulated open type, powered 
by compressed air (19 bars). The circuit breakers and almost all of the existing equipment were 
manufactured by Rade KonCar (Croatia). Most of them are almost 40 years old (except in HPP Tikves 
110 kV switchgear, units С and D). 

With the contract for rehabilitation of the switchgears, the need for rehabilitation of the 
fol lowing switchgears is foreseen: 220 kV, 110 kV and 35 kV in HPP Vrutok, 110 kV in HPP Spilje 
and H P P Tikvesh, and 110 kV and 35 kV in HPP Globocica. 

In 2001, the rehabilitation of 220 Vrutok was completed; and six out of twelve bays o f the 110 
kV switchgear, and six out o f eleven of the 35 kV switchgear were rehabilitated. The completion o f the 
rehabilitation of the switchgears in HPP Vrutok, bfPP Tikvesh and HPP Globocica is planned for 2002. 

The reasons for the replacement of the equipment in these swifchgears are: 
> the switchgear equipment has been in operation anywhere from 30 to 45 years; 
> the equipment, especially the circuit breakers, as devices controll ing the " load", are of 

compressed air type (pressure of 15 bars). This kind of circuit breaker has not been 
manufactured for 25 years, and spare parts for 15 years; 

> maintenance of the circuit breakers is done by using parts of old circuit breakers, which extends 
the function of the circuit breakers for some period, but with higher unreliability. Theincrease 
in age and amortization of the circuit breakers, as well as the use of old parts, increases the 
danger of explosions in the arc chamber; which has happened many times, especially in the case 
of switching off of short-circuit; 

> the circuit breakers (because of defects and the necessary controlling of their funct ions) were 
out of operation for longer than the normal periods of time foreseen in the directions f rom the 
equipment manufacturer; 

> control of the disconnectors and switches is also of compressed air type, under pressure of 6 
bars; 

> teh compressors with reservoirs of 25 and 15 bars, are also amortized; their maintenance and 
rehabilitation is, also, very necessary. 
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By choosing SI-6 lypc circuit breakers wiih 220 kV and I 10 kV levels, and 35kV vacuum type 
circuit breakers, the following advantages will be obtained: 

у maximum reliability: 
>• minimum maintenance; 
> the need for revitalization of the compressorgear will no longer be necessary because- the 

disconnectors and switches will be motor operated. Again, this means higher reliabilitv. 
especially at low temperatures. 

During the replacement of the old equipment with the new, requests were made for the 
preparation of a civil works project, which would consider the following: 

'r the time for stoppage, and for the adaptation of the foundation and concrete support, in 
each bay should be minimal; 

> the mounting time of the new equipment should cause minimal or no stoppage in the 
bay, and minimum stoppage in the neighboring bays, which means a possibiliy for the 
entire work to be finished without using larger civil machines and cranes; 

> minimal price for the adaptation of the civil works to ensure required reliability and 
long-life of the civil works. 

The complete rehabilitation, including dismantling of the old equipment, civil works, mounting 
of the new equipment, as well as connecting the new equipment to the existing system for measuring, 
protection and control, lasts approximately 10 days per bay. 

Fig. 1. Before rehabilitation Fig. 2. After rehabilitation 

Fig. 3 Partial rehabilitation 

4 6 6 



Project targets 

The major benefits of this project are: 
r increased capacity of the HPPs (ESM has estimated the total turbine capacity increase will 

be about 40 MW): 
'y increased generation of the HPPs (estimated as 13.7 GWh per year); 
> reduction in hydropower plant operating costs and 
> reduced likelihood of hydropower plant and system outages. 

With the realization of this project, greater hydropower production is expected. In addition, benefit 
comes from an environmental aspect, due to greater usage of renewable energy resources. 

Conclusion 

Rehabilitation and life extension of the hydro power plants is given the highest priority in the 
whole Power System Improvement Project. With the realization of this project, greater hydropower 
production is expected. It is also expected that HPPs will become a more vital part of the Macedonian 
power system. 
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