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Abstract 

The deliverable describes issues related to optical fibre and high-speed networks deployment in Southern Caucasus region also 

considering the availability of data communications channels of necessary capacity for the research and education community. 
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1 Introduction 

Southern Caucasus was considered a region with very limited possibilities of telecommunication services at the 
time of the Porta Optica Study project preparation. Based on the “SILK project” experience (Virtual Silk 
Highway in Caucasus and Central Asia and the following OCCASION project), partners expected a significant 
situation improvement in the availability of fibres in the Southern Caucasus countries. Thus other 
interconnection possibilities (such as lambdas, channels, etc.) were investigated for this region. 

This deliverable confirms the expectations to some extent only. It has been found out that building of high 
speed research networks in Azerbaijan, Armenia and Georgia and their connection to GEANT2 is feasible, 
although special understanding and support is needed. 

The Caspian Region has estimated reserves of 200 bln barrels of oil and 640 trl cubic ft of gas - at least 15% of 
the world's resources. These reserves are greater than within both the United States and the North Sea. To see 
more details (please see [19] and Azerbaijan location description).  

Oil and gas transport requires better pipelines, railways and roads via the Southern Caucasus region. Reliable 
and efficient transport management requires optical cables. This constitutes opportunity for big improvement in 
telecommunication services in the Southern Caucasus region, especially for establishing the dark fibre lease 
market. State ownership of some optical cables also makes it possible to allocate a certain number of fibres to 
the research network. 

The deliverable is to suggest a solution for research networking using the above-mentioned opportunity. 
Research networks would enable the Southern Caucasus region to participate on equal rights in world-wide 
research and future knowledge-based economy. Europe as the main partner of the Southern Caucasus region 
could contribute to its development by supporting research (introducing FP7 and GÉANT2) and cooperation on 
improving transport conditions. 

It has already been agreed to continue the EU engagement in TRACECA (TRAnsport Corridor Europe 
Caucasus Asia) related projects (see [12]), concerning railway and road building. This project presents 
desirable changes and defines the goals to be achieved by 2015. 

The Deliverable 2.2 is based on the description of Fibre Footprint Database and information about connections 
used by NRENs in Southern Caucasus countries, which was collected for Deliverable D2.1. Publicly available 
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information is not copied to this deliverable, but only referred to. All information in this Deliverable D2.2 is 
intended for public use. The approach to research networking and suggestions for Southern Caucasus (which 
can be used for many purposes, for example, for work on Deliverable D3.1) are described in Appendixes. 
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2 Special issues related to Southern 
Caucasus 

2.1 Geographical location 

Southern Caucasus countries participating in the Porta Optica Study project (Armenia, Azerbaijan and Georgia) 
are situated between the Black Sea and the Caspian Sea (Figure 2.1)[1].  

 

Figure 2.1: Southern Caucasus region 
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Southern and Northern parts of Azerbaijan and Georgia are bound by the Greater Caucasus Mountains. The 
Lesser Caucasus Mountains pass on the southern border of Georgia and through Armenia. Armenia (Figure 
2.2 (a) [2]), Azerbaijan (Figure 2.2 (b) [3]) and Georgia (Figure 2.2 (c) [4]) are located mainly in the highlands 
and mountains and are earthquake-vulnerable. This leads to some potential problems with building new fibre 
routes due to difficult terrain conditions. 

    

   (a)                 (b) 

 

 (c) 

Figure 2.2: Maps of Armenia (a), Azerbaijan (b) and Georgia (c) 
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2.2 Political issues 

Unfortunately political conflicts of the last decade are still affecting the region. Due to political reasons the 
borders between Armenia and Azerbaijan, Armenia and Turkey and between Georgia and Russia over 
Abkhazia are closed which complicates the construction of cross-border dark fibre links between these 
countries. There is a connection via Black Sea fibre-optic cable between Poti (Georgia) and Novorossiysk 
(Russia) (see map in chapter 3.4), but the channel is very expensive (the price for 2 Mbps Internet connection 
is about 6500 Euro per month). Another important issue is the connectivity of Nachichevan region. 
Nachichevan is an exclave of Azerbaijan which borders Armenia, Turkey and Iran. Due to the closed Armenian-
Azerbaijani border it is not possible to connect Nachichevan through Armenia (which would be the easiest and 
cheapest solution), but the connection has been established through Iran or Turkey. 

Thus the connectivity to Armenia can be established only through Georgia (or possibly Iran or Turkey), while 
the connection to Georgia may be established through Turkey and Russia. Azerbaijan can be connected to 
both Russia and Georgia. 

2.3 Economical issues 

One of the problems of Southern Caucasus NRENs is the lack of support from national governments. 
According to the NREN survey [5] financial support from national governments does not exceed 10% of NREN 
funding: 

Funding 

REN 
Name of the 

parent 
organisation 

Form of organisation  From 
National 
Governm

ent 

From 
users, 
clients  

From 
other 

sources  

Management 

ARENA National 
Academy of 
Sciences of 
Armenia 

Foundation acting as 
a satellite Internet 
access provider under 
Virtual Silk Highway 
(SILK) Project. 
Armenian RENs are a 
non-formal 
association of 
academic and 
research institutions, 
universities, libraries 
and other non-profit 
foundations. The 
organizations 
representing 

10% 0% 90% 
(OSI, 
NATO, 
UNDP, 
ISTC, 
Eurasia 
Foundati
on, 
CRDF) 

ARENA is governed by 
a board including 
representatives of the 
National Academy of 
Sciences, major state 
universities, OSI and 
UNDP. Technical 
solutions are prepared 
by Technical Groups of 
each organization 
representing REN. 
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Armenian RENs get 
financial support 
mostly from 
International Donor 
Organizations.  

ASNET National 
Academy of 
Sciences of 
Armenia 

Armenian RENs are 
non-formal 
associations of 
academic and 
research institutions, 
universities, libraries 
and other non-profit 
foundations.  

10% 0% 90% ASNET is governed by 
the National Academy 
of Sciences 

AzRENA National 
Academy of 
Sciences of 
Azerbaijan 

Azerbaijan REN is a 
non-governmental 
association of 
academic and 
research institutions, 
universities. 

0%  70% 30%  A board including 
representatives of 
National Academy of 
Sciences, major state 
universities, governs 
AzRENA. 

AzNET United Nations 
Development 
Programme 
(UNDP) 
Country Office 
in Azerbaijan 

Not a separate legal 
entity and also not 
part of a larger 
organisation  

5% 0% 95% 
(UNDP, 
OSI-AF, 
AzRENA
) 

AzNET is governed by 
a steering committee, 
which includes 
representatives from 
project founding 
organizations: UNDP, 
OSI-AF, AzRENA and 
Azeri Government. 
Project staff with 
respect of founding 
organizations points of 
view prepares technical 
solutions.  

GRENA No parent 
organisation 

Separate legal entity 
on its own 

0% 50% 50% 
(NATO, 
OSGF, 
OSI 
grants 
and 
projects) 

GRENA is managed by 
the GRENA Board, 
which consists of 
representatives of the 
founding organisations 
and appoints GRENA 
Executive Director. 

Table 2.1: NREN funds 

The NRENs of Southern Caucasus are mainly financed by users, clients and from other (mainly international) 
sources. The lack of financial support from the government impaires the preparation of long-term plans of 
NREN development. According to Georgian legislation the government can not directly support GRENA. Due to 
this fact GRENA needs to cooperate together with commercial companies. The government’s support for 
research networking in Georgia is needed in a similar way as in the EU or USA. 
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2.4 Telecom market – current situation 

2.4.1 Armenia 

Until recently the telecommunication market in Armenia was defined by the monopoly of ArmenTel, a national 
telecommunications company. The situation changed when the new owner of ArmenTel (VimpelCom) decided 
to resign from the monopolist position in Armenia’s Internet communication with the outside world.  

Armenia’s external Internet traffic has until now been managed via a single fibre-optic cable running to the 
neighbouring Georgia, with ArmenTel failing to develop sufficient alternative satellite channels of 
communication. Local Internet providers have not been able to provide corporate and individual users with 
inexpensive high-speed service. The end of the monopoly should remedy the situation. The competition will 
lead to a decrease in prices and an increase in quality. Every Internet provider will now have the right to choose 
its source of external Internet connection. 

There are 5 major companies providing fibre optic solutions in Armenia: 

Armenian Datacom Company CJSC (ADC)  

ADC is an Armenian-Norwegian joint venture formed in 2006. The company is set up to provide 
telecommunications services in and around the city of Yerevan with focus on the latest available services for 
commercial data communication and Internet access. Laying the fibre-optic cable is one of the services 
provided by the company.  

Arminco 

Arminco is a major ISP in Armenia and provides Internet services. The company also lays fibre-optic cables. So 
far it has built about 100 km of fibre optic lines in Yerevan. 

ArmenTel 

ArmenTel is a major Armenian Telecommunication Service Provider of all types of fixed and mobile phone 
services, Internet connection, VoIP, including laying fibre optic cables. It has a metropolitan corporate data 
network and provides it as a transport 1Gbps network for connected users. The network also connects major 
Armenian cities. User ports operate at 100Mbps.  

WEB 

WEB is the second major ISP in Armenia. The company lays fibre optic cables and provides access to its 
1Gbps fibre optic metropolitan network. 

Yerevan-Telecom CJSC (Alcatel Business Partner) 
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 "Yerevan Telecom Solutions" represents the Alcatel company on the local market. It delivers various Alcatel 
products to solve any problems that might arise in the development of secure and reliable corporate and 
metropolitan fibre optic networks. The company also lays fibre optic cables. 

The AM NREN high speed metropolitan dark fibre network will be developed in cooperation with the above-
mentioned companies. 

2.4.2 Azerbaijan 

In Azerbaijan the state telecommunication monopoly still exists and the most of the telecom sector has not 
been privatised yet, which means that the Ministry of Communication and IT holds at least a 51% share in the 
commercial telecommunication, data and Internet service providing companies. The Ministry of Communication 
and IT is currently represented by 2 strongest monopolists in the ICT sector: BTRIB and AzTELECOM. BTRIB 
owns about 90% of the Baku city Telephone Network and corresponding FO infrastructure resources. 
AzTELECOM owns about 95% of the Azeri regional Telephone Network and corresponding FO infrastructure 
resources. Other 5-10% of telecom resources are owned by other commercial companies, which are also 
dependent on government monopoly. The Ministry of Communication and IT regulates the Telecom sector by 
means of service licensing. 

A few telecommunication and many data and Internet service providers exist in Azerbaijan, providing leased 
and broadband services. Most of these companies provide their service in Baku, the capital of Azerbaijan. 
AzTELECOM is a sole monopoly in the providing of telecommunication, data and Internet services in Azeri 
regions due to its own infrastructure resources. 

AzTELECOM owns most of the DF infrastructure which has been built with the financial support of the 
Azerbaijan Government and also of other parties e.g. TAE and TRACECA projects.  

There is also a State Railway division of the Ministry of Transportation which owns FO infrastructure, built with 
the support of TRACECA project, mainly for providing a railway signalling system. In the framework of the 
TRACECA project the FO infrastructure resources have been shared between the State Railway division and 
AzTELECOM. 

2.4.3 Georgia 

In Georgia the telecommunication infrastructure has been privatized. However, there is a natural monopoly. 
About 95% of communication infrastructure in the cities belong to the United Telecom of Georgia. Recently the 
company has stopped giving permission for installing any cables in their ducts. This will have a very negative 
effect on the development of ICT in the country. A clear example of this negative effect is that 2 most 
developed ISPs - Georgian Online and Sanet closed down and were bought by the Caucasus Network.  

Countrywide connections are provided by two companies: Foptnet and Georgian Railway Telecom. They do not 
provide dark fibre or lambdas, only channels. Prices for their services can be found on web pages [8] and [9] (1 
Euro is approximately 2.2 GEL Georgian Lari).  
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International connection is provided via Turkey and Russia. Prices for connection via Turkey are about 3 times 
lower compared to prices for connection via Russia. 

2.5 Interconnection problems 

2.5.1 Armenia 

For Armenia the best expected solution of connection to GEANT2 will be using the TRACECA’s fibre to 
Georgia and then joining the regional (South Caucasus) connection to GEANT2. The negotiations with the 
government have already started. It was stated in the TRACECA project that 12 fibres (out of 24) could be used 
for general telecommunication purposes. It inspires hope for the positive decision of the government. 

2.5.2 Azerbaijan 

Political issues between Azerbaijan and Armenia can cause additional interconnection problems. These issues 
must be taken into account while considering the usage of the Baku-Tbilisi-Ceyhan (BTC) pipeline DF 
resources. The BTC project is mainly coordinated and operated by the Azeri government who might object to 
Armenia using the DF resources on this route. 

2.5.3 Georgia 

From the financial point of view the connection via Turkey currently appears to be the most attractive. Despite 
some political tension between Georgia and Russia, connection via Russia is operational, but high price is the 
problem in comparison with the channel via Turkey. 

2.5.4 Cross-border connections and international operator s 

In some situations local restrictions can be avoided by using services of international providers, that have 
licences for telecommunication services or transit in relevant countries. This is, for example, the case of 
connection via the Black Sea cable Varna (Bulgaria) – Novorossiysk (Russia) – Poti (Georgia) or connection 
Budapest – Sofia – Istanbul – Tbilisi using terrestrial cables in Turkey. High costs could be a disadvantage of 
this method, but it is hard to estimate before tendering. The competition in the telecommunication market is, 
however, increasing. 

International operators will have the opportunity to participate in tenders. The fibre leasing offer between 
Budapest and Istanbul exists, as well as service between Istanbul and Tbilisi. Local cross-border connections 
between NRENs in Turkey and Georgia, Georgia and Armenia and Georgia and Azerbaijan could be a faster 
and less expensive solution. In principle, a similar solution has been used for the connection of Serbia, 
Montenegro and Bosnia and Herzegovina to GÉANT2. 
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In particular, the Caucasian countries in collaboration with Turkey and CEENet are now trying to form a 
consortium for a project to connect Armenia and Azerbaijan to Georgia and Georgia to Turkey via fibre lines 
operated by local Railway Telecom operators. 

In order to select the best solution, tendering is inevitable. 

2.5.5 Black Sea Interconnection Initiative 

The main goal of the Black Sea Interconnection Initiative (BSI) is to prepare a proposal for the establishment 
and interconnection of the fibre optic research and educational networks in all countries of the Black Sea region. 
Two meetings between the representatives of NRENs took place in Istanbul in May and November 2006. 
Currently NRENs from Armenia, Azerbaijan, Belarus, Bulgaria, Georgia, Greece, Moldova, Poland, Romania, 
Russia, Turkey, Ukraine and CEENet have expressed their interest in participating in this activity and signed a 
Memorandum of Understanding.  

3 Recommendations for Southern Caucasus 
Research networking 

The evaluation of Special Issues related to Southern Caucasus takes into account the results of procurement of 
international dark fibre and lambda connection services in the GN2 project and results of other projects 
preparing extension of connection and dark fibre footprint of research networks (EUMEDCONNECT, 
NORDUfiber, SILK, SEEREN, SEEREN2, SEEFIRE, etc.).  

The purpose of comparing it with other initiatives and projects (for example, QUILT in USA and regional 
networks in Canada) is to find relevant experiences and to support mutual collaboration at the Pan-European 
level and beyond (e.g. CEF Networks workshop 2006 [7]). It is also known that finding solutions to networking 
issues in the developing countries can help to understand some general networking problems. Such 
comparisons influence formulation of government priorities and support (e.g. the Open Access workshop 2006 
[10] promoting South-East Africa research networks). 

The experience acquired in the above mentioned projects was evaluated during a phase of the project 
preparation and again in detail in the phase of Work Package 2 elaboration. Approach used in the Porta Optica 
Study project was confirmed. 
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3.1 Research Network design rules and their implementat ion 

in Southern Caucasus 

Specifics of fibre and high-speed networks deployment in Southern Caucasus were analyzed to assess a wider 
solution range not only focusing on the fibre optics but also considering the availability of data communications 
channels of necessary capacities. Depending on local conditions, the Case Studies for Southern Caucasus will 
focus on the “broadband network” using the “fibre network” in core. Connection of Southern Caucasus 
countries research networks to other NRENs can use lambda or SDH services temporarily, instead of fibre 
leasing because of high cost or fibre unavailability. 

Authors have experience with similar projects and focus on successful approaches and avoid proposals which 
are less effective. The present view on the Southern Caucasus issue has a general innovative part (how to 
build modern research networks), which is usable for the overall POS project and probably also for some 
similar projects in the future – this part is presented in Appendix A. 

3.2 How to reach target solution 

One of the ultimate goals of Porta Optica Study is the stimulation and consolidation of initiatives to ensure 
successful dark-fibre based research network deployment in the Southern Caucasus region, including the 
perspective of dark fibre connections to other NRENs.  

At the moment, dark fibre is not being used in the research networks of Southern Caucasus countries, with the 
exception of Tbilisi. Future full access of research networks to dark fibres is considered crucial. This means that 
switching to dark fibres is only a question of time when support or funding is available. On the other hand, a 
temporary solution for some lines is necessary. Experiences from other regions, relevant for research network 
implementation in the Southern Caucasus region are presented in Appendixes B, C and D. 

3.3 What pre-procurement knowledge about available fibr es 

and services is important 

Projects such as POS focus on the preparation of further projects, deploying research networks in a certain 
target area. Based on the results of the previous projects and POS participants’ experience, the following 
improvements can be made. 

In countries with a less developed telecommunication market, a market analysis of telecommunication services 
or fibre lease offers have low importance for the building of NRENs. The main reasons are: 

·  There is a little competition so it is difficult to speak about a market, 
·  NRENs connect non-profit customers, so prices can be very different. 
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For example, the characteristics of market analysis results in one of the previous projects were as follows: 

The prices here imply that considerable effort will be needed before and during the procurement stage to 
establish how to maximise the connectivity within the constraints of the project’s budgets. For example, in some 
countries the competition generated by the tender itself may lead to much more competitive prices being 
offered. However, it is suspected that more direct lobbying is needed in many countries to ensure that the 
Operator understands the unique aspects of this project: its non-commercial purposes, its potential to 
accelerate IP service take-up and usage within the region, and the national interests served in ensuring NREN 
in the region can afford to purchase the capacity it needs to improve research connectivity, and to power the IT 
pilots. This could be through a variety of commercial devices – free bandwidth, heavily discounted capacity, 
sponsorship or other proposals made by the Operators themselves. The most appropriate form will vary from 
country to country and one of the key roles of the NRENs in the region is going to be the development and 
implemention of the most effective lobbying programme they can agree with their ministers and Operators to 
enable their success. 

In principle it means that the importance of market analysis for problem solving was quite low and the working 
capacity and funds used for such analysis can be used more effectively for acquiring preliminary offers tailored 
for the research networking case. We should understand that there is usually no special market of fibre 
providing for research networks and prices of general market can be used for research networks as ceiling only. 
Moreover, the most important solutions are quite frequently “out of market” and can be in areas where there is 
still no competition. For example, SANET (NREN of Slovakia) uses dark fibres owned by the Slovak Railways, 
but this company does not offer fibre leasing on the market. In Poland, fibre providers are not willing to allow 
fibre leasing. 

In general, procurement and purchase of fibre lease (or circuit lease) is the only one method of fibre usage for 
research networks. If business offers are not available, we can use a basic method of research and 
development: research and development collaboration with fibre owners. This alleviates the fibre owner or 
lessee from obligations imposed by the market, business or telecommunication acts (regulatory acts deal with 
telecommunication services and research collaboration is really not a telecommunication service). In fact, the 
fibre owner or lessee will prepare themselves for future business by means of collaboration with NREN, 
because NREN do research and development of new types of the Internet services etc. 

In 1999, before telecom market liberalisation, CESNET started a contract with a fibre owner (Oil Pipeline 
Company) and it is still valid. Based on this, lease of other fibres along oil pipeline and other services have 
been offered by the fibre lessee on the market since the year 2002. Another collaboration of CESNET with two 
fibre owners is quite new and concerns the development of lit fibre services, which is missing on the market. 
The basic idea is that fibre lighting is done by a fibre owner by means of a method ordered by the user. Fibre is 
dedicated to the user and the user decides about changing the lighting (adding lambdas, use of SDH or 
Ethernet framing on lambdas, etc.). New results of this collaborative development are in the field of service 
procurement, contracting, monitoring, servicing and financing (no CAPEX for NREN), not in the used hardware. 
CESNET is the first user of this service, but fibre owners will offer it on the market after testing.      

Using experience of the previous projects and internal experience of some POS project participants, our 
recommendation for Southern Caucasus is the following: 
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·  Based on a fibre footprint database collected by the POS project and on all available knowledge of the 
existing fibres, acquiring at least one good preliminary offer for requested lines by informal pre-procurement 
solicitation (in principle, this step should be advertised and open to all interested companies). 

·  Prepare research and development collaboration proposals for using fibres not available on the market. 
·  Suggest budget necessary to be successful in dark fibre-based NREN building, based on preliminary offers 

and proposals of research cooperation (in phases, if needed for late fibre availability or high budget 
reasons). 

·  Verify by procurement what will economically be the best offer. 

3.4 Connection to GÉANT2+ is affordable 

Connection to GÉANT2+ means connection to the fibre core of GÉANT2. Connection to other PoPs (for 
example, Bucharest, Sofia or Ankara) is possible, but an upgrade of connection of GÉANT2 to these PoPs 
would be needed. After a preliminary discussion with the provider, the cost advantage of such a solution cannot 
be confirmed yet. There are high costs segments between Sofia and Baku. Branching to Yerevan is also 
possible. 

A preliminary offer (deliberately made anonymous) for budgetary purposes will be presented to demonstrate 
feasibility and affordability of the connection. The decision about the preferred connection and choice of the 
provider depends on funding rules and procurement. GÉANT2 has connections to the non-members of GN2 
project and rules for financing are negotiated individually. 

Example of connection: Prague - Sofia - Varna - Pot i - Tbilisi - Baku 

Costs for delivery at the beginning of 2007: 

The quotation is budgetary; however, the capacity cap in the sea cables is currently1xSTM4. Delivery time is 4 
weeks but the STM4 capacity will require confirmation. 

The existing submarine cable system consist of connections via BSFOCS cables and Georgia Russia cables. 

STM 4 SDH - 300 000 Euro/month 
STM 1 SDH - 150 000 Euro/month 

Costs for delivery at the beginning of 2008: 

At the beginning of 2008 a new cable system in the Black Sea will be operational. Preliminary prices for the 
above connection Prague-Baku are: 

10G DWDM wave - 650 000 Euro/month 
2.5G DWDM wave - 350 000 Euro/month 
STM 4 SDH - 100 000 Euro/month 
STM 1 SDH - 50 0000 Euro/month 



Special issues related to Southern Caucasus 

 

 
Project: Porta Optica Study 
Deliverable Number: D2.2v2 
Date of Issue: 21/06/07 
EC Contract No.: 026617 
Document Code: POS-11-002 

18 

 

Figure 3.1: Black Sea Fibre Optic Cable System 

Black Sea Fibre Optic Cable System (BSFOCS): Varna, Bulgaria, Novorossiysk, Russia, Odesa, Ukraine 

International submarine fibre-optic cable system “Georgia-Russia”: Terminal stations situated in Poti, Georgia 
and Djubga (Novorossijsk), Russia. 

Submarine telecommunication systems ITUR (Italia-Turkey-Ukraine-Russia, Novorossiysk)  

Trans-Europe-Asia (TAE) telecommunication cable (orange) is fully loaded and very expensive, and goes from 
Istanbul via Iran (not via Southern Caucasus). 

From the point of view of engineering, the following strategy for procurement can be recommended: 

·  STM1 connection in 2007 
·  Upgrade to STM4 connection in the beginning of 2008 
·  Options for future upgrades up to 10Gb/s depending on traffic and discount 
·  Preparing dark fibre connection of Southern Caucasus NRENs to other NRENs (via BSI cable Odesa-Poti 

or terrestrial optical cross-border cable ULAKBIM - GRENA)  

3.5 Acquiring dark fibres in region and beyond  

A description of the Fibre Footprint Database in the Southern Caucasus countries is available in Deliverable 
D2.1. By analysing the results and consulting local experts, projects of strategic importance, supported by the 
EU and local governments will be recognized. These will be new projects using the results of the TRACECA  
project completed in 2006. As a “special issue” of the Southern Caucasus countries this project recognized 
their position between Europe and Central Asia, and big investment was realized to improve railway and road 
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transport. An important decision was to lay modern optical cables along railways, which is now ready in some 
segments and is known as Telecommunication Network For The Caucasian Railways. The TRACECA project 
is described on a web page [12]. The cable owners are the Railways of Georgia, Azerbaijan and Armenia. Very 
important is the cross-border connection to Ukraine and Poland or Turkey and Bulgaria on one side and to 
Turkmenistan and Central Asia countries on the other side.  

Supposed disposition of railway optical cables is described in the TRACECA project: 

„At first, the optical cable would be exclusively used for railway operations. Later, as the line becomes fully 
operational, no less than 80% of its capacity could be used for general telecommunication purposes (civil 
telephone lines, television distribution, data exchange), thus gradually breaking the present monopolies in the 
Caucasus’ telecommunications sector.“ 

This means there will be companies using these fibres and providing telecommunication services including 
internet services as lessees. It is suggested that one of the first lessees should be NRENs building research 
networks. Moreover, NRENs are able to support research and development of telecommunication services for 
railways and for other fibre lessee themselves or by means of international research collaboration – so a 
research collaboration rather than elementary leasing is recommended. 

Currently a possibility to organize GÉANT2 connection for Armenia, Azerbaijan and Georgia via Turkey is 
beeing studied. Armenia and Azerbaijan will be connected to Georgia via fibre-optic channels deployed by the 
TRACECA project and belonging to railways. From Tbilisi the connection to the Georgia-Turkey border will be 
organized either by Railway Telecom of Georgia or by Delta Net. From the Georgia-Turkey border the 
connection to ULAKBIM will be organized by Turk Telekom.  

3.6 Satellite connection to Southern Caucasus and Centr al 

Asia regions 

Suitability of satellite connection for research networks was thoroughly discussed by DANTE and European 
NRENs, participating in the EUMEDCONNECT project. The availability of dark fibre in the Mediterranean 
region and in Northern Africa countries was nearly non-existent. The costs of offered telecommunication 
services were very high and the offered transmission rates limited to 2 Mb/s or 34 Mb/s. The decision not to use 
satellite connection was made for many reasons. The main reason is the availability of dark fibres and 
affordable costs of upgrade to high speed connections (for example, multiple 1 Gb/s and multiple 10 Gb/s) in 
the foreseeable future. 

The situation in Central Asia was different compared to the Mediterranean region, taking into account higher 
distances, even higher costs of network implementation and also social and military conflicts (e.g. Afghanistan), 
which jeopardise terrestrial connectivity. Using satellite connection to improve telecommunication services was 
reasonable also for Southern Caucasus. Terrestrial connection in the Southern Caucasus region is available 
now (being used, for example, by commercial Internet Service Providers), therefore it is inevitable to use it for 
research networking, too.  
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Only where absolutely necessary should satellite connection be considered (for more details see publicly 
available SILK or OCCASION project documentation). It is supposed that end stations in the Southern 
Caucasus region will be moved to new locations within the country, when sufficient terrestrial connection is 
available at present locations [14]. 

Traffic costs are about €2000/€1500 per Mbps/month, for the prepared Silk2 project €600 per Mbps/month is 
expected. 

One example of new locations of end stations within the country suitable for satellite connections can be 
objects located in the mountains (e.g. observatories doing the research). 

The SILK Project provides connection to GÉANT2 for the National Research and Educations Networks 
(NRENs) of the 8 Newly Independent States (NISs) of the Caucasus and Central Asia, and Afghanistan. The 
Silk Project is supported by a number of organisations, with the largest funding coming from the NATO Security 
through Science Programme, with substantial contributions from Cisco and DESY. The project has been called 
the 'Virtual Silk Highway', remembering the ancient Silk Road. The project brings global Internet connectivity to 
the Caucasus and Central Asia through state-of-the-art satellite technology. For further information see [15]. 
Detailed traffic statistics are available in [16] and [17]. 

OCCASION (Organising Caucasus and Central Asian Internet Offerings to NRENs) is a FP6 project ([18]) 
which aims at promoting collaboration between the research networks of Europe and Caucasus and Central 
Asia. 
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4 Conclusion 

Insufficient engagement in the European research mainly related to long time isolation, inadequate research 
infrastructures (the lack of high quality connection to other regions of the world) are the most difficult problems 
in the Porta Optica Study target regions. In Southern Caucasus the situation is more complicated because of 
geographical distance. This makes connecting of research and education networks from these countries to 
GEANT2 and other NRENs even more important. 

There are main recommendations for EC, governments of Armenia, Azerbaijan and Georgia, the GN2 project, 
and NRENs in these countries:  

1. EU engagement in supporting TRACECA-related projects should promote research networking as well 
as commercial networking 

2. Governments of Armenia, Azerbaijan and Georgia should enable research networks for Southern 
Caucasus region to participate equally in world-wide research and in future knowledge-based economy, 
which would improve the overall country prosperity. 

3. Governments of Armenia, Azerbaijan and Georgia should significantly support the NREN’s in their 
countries through grants and research intents (financial support) and through allocation of dark fibres 
(support by resources). 

4. Building and management of oil and gas pipelines in the above mentioned countries should be 
connected with allocation of dark fibres to NRENs. 

5. The GN2 project and future GN3 project should support connection to the Southern Caucasus region in 
a similar way as to the countries of Mediterranean region, South America, China and other. 

6. Building cross-border dark fibre connections is crucial for cost effective research networking and should 
be strongly supported inside the Southern Caucasus region, as well as in the neighbouring countries 
(Turkey, Russia, Iran and other Central Asian countries). This research cooperation can also help to 
overcome temporary political problems. 
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7. NRENs in Southern Caucasus should support the building of new optical cables such as Odessa-Poti 
submarine cable, national fibre footprints or metropolitan fibre structures by expert knowledge and 
participate in fibre allocation. World-wide collaboration of NRENs would allow access to most up-to-
date knowledge and experience. 



Special issues related to Southern Caucasus 

 

 
Project: Porta Optica Study 
Deliverable Number: D2.2v2 
Date of Issue: 21/06/07 
EC Contract No.: 026617 
Document Code: POS-11-002 

23 

 

5 References 

[1] http://visibleearth.nasa.gov/cgi-bin/viewrecord?9035  

[2] https://www.cia.gov/cia/publications/factbook/geos/am.html  

[3] https://www.cia.gov/cia/publications/factbook/geos/aj.html  

[4] https://www.cia.gov/cia/publications/factbook/geos/gg.html  

[5] Porta Optica Study, Deliverable D1.2 “NREN status and development plans” 

[6] http://www.eia.doe.gov/emeu/cabs/Caspian/ExportIssues.html 

[7] http://www.ces.net/doc/seminars/20060529/ 

[8] http://www.foptnet.ge/georgiaeng.htm 

[9] http://www.railwaytelecom.ge/index.php?l=en 

[10] http://www.wideopenaccess.net/home 

[11] http://foptnet.ge/russiaeng.htm 

[12] http://www.traceca-org.org/default.php 

[13]http://www.nordu.net/conference2006/presentations/Tu3_BUCH-NORDUnet%20Presentation%20-
%20NORDUnet%20Conference%202006.pdf 

[14] http://www.porta-optica.org/files/ist/the_occasion_silk_project.pdf 

[15] http://www.silkproject.org/ 

[16] http://silk.radio-msu.net/cgi-bin/public/summary 



Special issues related to Southern Caucasus 

 

 
Project: Porta Optica Study 
Deliverable Number: D2.2v2 
Date of Issue: 21/06/07 
EC Contract No.: 026617 
Document Code: POS-11-002 

24 

[17] http://www.silkproject.org/SilkStatistics.htm 

[18] http://www.ist-occasion.org/ 

[19] http://www.bp.com/ 

[20]�http://www.cec.az/eng/ 



Special issues related to Southern Caucasus 

 

 
Project: Porta Optica Study 
Deliverable Number: D2.2v2 
Date of Issue: 21/06/07 
EC Contract No.: 026617 
Document Code: POS-11-002 

25 

 

6 Acronyms 

BSFOCS Black Sea Fibre Optic Cable System 

BTC Baku-Tbilisi-Ceyhan pipeline 

CA Central Asia 

CAPEX Capital Expenditure 

CBF Cross Border Fibre 

CEF Customer Empowered Fibre 

CIS Confederation of Independent States (former Soviet Union) 

DF Dark fibre 

DWDM Dense Wavelength Division Multiplexing 

FE Fast Ethernet 

FPGA Field Programmable Gate Array 

GE Gigabit Ethernet 

ITUR Submarine telecommunication systems ITUR (Italia-Turkey-Ukraine-Russia) 

KIS Keep It Short 

MSA Multi Source Agreement 

NREN National Research and Education Network 

OEO Optical-Electrical-Optical 

OPEX OPerating EXpenses 

PoP Point of Presence 

POS Porta Optica Study 

SC Southern Caucasus 

SDH Synchronous Digital Hierarchy 

SONET Synchronous Optical NETwork 

STM Synchronous Transfer Mode 

TAE Trans-Europe-Asia telecommunication cable 

TRACECA TRAnsport Corridor Europe Caucasus Asia 
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Appendix A Research Network Design Principles 

A.1 Design Principles Invariants  

·  The Internet had its origins in the world of research and universities and research networks are still the 
most advanced part of the Internet. 

·  Close collaboration of universities and research institutions is the success factor for research networking 
(mostly used also for education, health care, etc.). 

·  Research networks: 
�  are an important source of Internet innovation 
�  are largely funded from taxpayers’ money 
�  contribute to information technology innovation and deployment, and hence to economic prosperity 

·  The research networking environment drives the development of the Internet 
�  It develops new technologies and services. 
�  It produces university graduates who expect advanced information technology applications. 

·  The primary purpose is the building of a wide area (global) computer network and develop its application 
�  Using telecommunication services as a network building element is provisional (up to time of dark fibre 

availability). 
·  Consortiums of universities and research institutions (country-wide, region-wide, project-wide, continent-

wide etc.) are responsible for inception, design, management and maintenance of research networks. 

A.2 Fast improvement of network building elements 

·  Electronic and photonic technology development is a tremendous source of innovation of legacy optical 
networks, especially: 
�  Photonics transmission systems (including fibres, lasers, receivers, dispersion compensators, optical 

switches, etc.). 
�  Photonic integrated circuits (multiple OEO conversion on chip, etc.). 
�  Programmable hardware (FPGA, etc.). 

·  Improvement of transmission parameters and cost is so strong that the move towards advanced electronic 
and photonic technology in networking is a fundamental change that will not be reversed (remember the 
story of mainframe computers in the age of integrated circuits). 

·  Direct access to high-end electronic and photonic technology resources including fibres is a critical 
requirement of research networks – to stay on the leading edge of the Internet development, to promote 
research and education world-wide and as a spearhead for the development in other sectors of society. 

A.3 Lack of legacy can be an advantage 

·  Past approach to research networks design and deployment:  
�  lease SDH/SONET from telco operator. 
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�  buy or lease equipment from one of dominant vendors. 
·  Main disadvantage: dependency on telco operator and equipment vendor during the network life cycle, 

resulting mostly in slow innovation and high costs (in contradiction to the research networking mission). 
Nevertheless, work for profit is not a mistake of telco operators or equipment vendors. 

·  This means consortium requirements concerning research networks design, deployment, operation and 
innovation should be improved. 

·  Improvement of legacy research networks is rather difficult, time consuming and expensive. 
·  Well-known method is to build a new research network, gradually replacing the old one (see, for example, 

SURFNET4, SURFNET5 and SURFNET6 in the Netherlands). 
·  Dissemination of experience can contribute to avoiding mistakes. 
·  Research networks which are building their infrastructure from scratch can avoid investing into concepts, 

equipment and technologies which are past. 
·  Lack of legacy can be an advantage (but lack of knowledge and lack of funding are always serious 

limitation). 

A.4 Use new research results, fibres and photonic produ cts 

immediately 

·  The research network life-cycle is from inception, design, management, maintenance and upgrades up to 
the end of life (replacing by a new research network). 

·  Consortium of universities and research institutions is responsible for the network life-cycle. Consortium 
should maintain its own ability to immediately use networking research results, results of fibre footprint 
development and new types of electronic and photonic products.  

·  Important requests are: 
�  Fibres (including last mile) dedicated to the research network are crucial. 
�  Freedom of improvement and independency on vendors (mixed vendor approach). 
�  Ability of quick return and design corrections (re-tendering, etc.). 
�  Interoperability of devices and Multi-sourcing (MSA). 
�  Pre-procurement with fibre providers and electronic and photonic industry. 
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Appendix B Experience important for Southern 
Caucasus 

Results and experience of fibres acquiring and network sustainability in the Czech Republic, Poland, Slovakia 
and other countries solving similar problems previously were used for comparison internally in project.  

We have recognized, that support of government or big fibre owners is crucial in the time, when 
telecommunication maret and especially dark fibre lease market is not developed. Situation was different in the 
Czech Republic, where sufficient government support was financial only.             

 

Figure B.1: CESNET2 Topology 

The results in dark fibre acquiring in Switzerland, the Netherlands and Germany are also well-known, although 
the density of fibre footprint and fibre availability are quite different comparing with Southern Caucasus. There 
is an important indication that fibres are seldom leased from incumbent or former incumbent operator. In 
general, we feel this position of incumbent operators as a preference of short term business interest before a 
long term view, when collaboration with NREN on the development of new network services can give mutual 
advantages. 
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The known exception was probably Serbia only, but it was reached after a serious attempt of AMREJ (Serbian 
NREN) to use fibres of alternative owners. Now this is lease of fibre infrastructure for research extended to 
Bosnia and Herzegovina and to Montenegro. 

 

Figure B.2: Bosnia and Herzegovina Topology, Serbia Topology 

Results from Switzerland and the Czech Republic show that using a single fibre instead of a fibre pair is 
feasible. There is a good reason to do so if the cost of a single fibre lease is lower than the cost of fibre pair 
lease, for example, about 60%. Another reason is to use one fibre of a pair for long distance connection and the 
second for short distance daisy chaining of local users along line.    

Comparing the NORDUnet countries and Southern Caucasus countries we see many differences, but also 
some similarities: there are long distances between universities or research institutions and a small number of 
intercity fibre owners. This brings difficulties and higher costs of fibre leasing in Northern Europe comparing 
with Western or Central Europe and some later date in migration to fibre lease, but the final solution 
(NORDUfibre) looks very good (see Figure B.4 presented by René Buch on 23rd NORDUnet conference): [13] 
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Figure B.3: NORDUfibre dark fibres 

The following is the cross border connection to POS countries (see Figure B.4). We can see the NORDUfibre 
topology and cross-border connection as initial recommendation for a regional research network in Southern 
Caucasus, despite the realization will take place later (hopefully 2007-2008) for economic reasons. 
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Figure B.4: NORDUnet future plan including POS connection 
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Appendix C Dark fibre network design 

From network designers’ point of view, it is very important to have an idea of a target solution. Design rules 
follows. 

·  �Where possible, national research and educational network should be implemented using leased dark 
fibres. This is especially important for the core of a national research and educational network 

·  For international connectivity inside the Southern Caucasus region usage of cross-border fibres is 
recommended as soon as possible. 

·  For international connectivity to neighbour countries of region usage of cross-border fibres should be 
expected in the future  

·  The most important PoP’s should have two geographically independent fibre lines (a single fibre line cut will 
not be reason for PoP connectivity outage) – both nationally and internationally 

·  If fibre lease is not available, existing fibre ducts are preferred for fibre cable laying. Another possibility is to 
build a new ground fibre cable. The cost is about 30 kEuro per kilometre in Central Europe (less in rural 
regions and more in cities). For cost reasons, it is used mostly for constructing of the missing last miles to 
university premises, sometimes in cooperation with municipalities. Delivery time is usually 6-9 months, 
including necessary licensing. In general, costs are higher if purchasing the right to the site is expensive 
(for example when it is necessary to cross private areas). 
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     Figure C.1: Internet2 Network 
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Figure C.2: Facilities –Based Regional Optical Network Map - QUILT 

·  In research networks in Canada, it is usual to use ground fibre cables in downtowns only. In peripherals 
and rural regions, fibre cables hang mostly on telegraph poles and electric power distribution poles. Costs 
are much lower than for ground cable case. There can be objections from the esthetical or legal point of 
view, but comparison of research and education networks in Ontario or Quebec based on air fibre cables 
with some European NRENs is quite convincing for the Canadian approach. In the Czech Republic, parts of 
leased fibres used by CESNET are in air cables along railways. 
 

·   If fibre lease is not available in coastal areas or for international oversee lines, it is sometimes possible to 
participate in submarine fibre cable laying and using. The POS project participates in the preparation of a 
new Black Sea cable (see the Istanbul meeting report). It should be noted that in-line (undersea) optical 
amplifiers in submarine cables are strongly influencing the future choice of a transmission equipment 
vendor. For comparison, we should see the prepared South-East Africa coastal cable (a project expected 
by NRENs of this region, see the Open Access 2006 workshop [10] or a cable fibre pair between England 
and Ireland used in the GN2 project. 
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 Figure C.3: South-East Africa coastal cable 

·  The primary rule for fibre topology is KIS (keep it short), because costs of fibre lease is the biggest part of 
network OPEX and depends on fibre length. Preferred connectivity between network PoPs or users are 
preference for lambdas, not for fibres (if fibre footprint is sufficient for lambda connection setup over the 
available fibre footprint topology, new direct fibre line lease is redundant and expensive). This means 
NREN fibre footprint topology will be close to fibre cable topology in a country, despite the preferred lambda 
connection topology. Good examples are the topologies of the National Lambda Rail network and Abilene 
network in US, which are very similar – the following fibre cable structure. Ring or Multi-ring topology is 
used to ensure both KIS and dual connection of the most important PoPs. 
 

·  QUILT map shows that in US there are still states using no or little fibre for research networking. This is 
usual when comparing countries in Europe, too, and inside most of the countries as well. 

 
·  Lambdas implementation on dark fibre lines is very cheap using the advanced photonics DWDM 

technology (see, for example, DWDM setup on lines Brno-Bratislava and Brno-Vienna). 
 
·  For international connectivity to Ukraine and to one of the nearest GEANT2 countries (Turkey, Bulgaria,  

Romania), plans of dark fibre acquiring should be prepared at last. 
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Appendix D Temporary and auxiliary connections 

Using dark fibres is a target solution for research networking. From the budget point of view, the step-wise 
solution is usually necessary. Building long fibre or duct lines is expensive and preparation of co-financing is 
difficult and slow.  

It is frequently possible to lease intercity fibres, but the last mile is missing. Building the missing last mile fibre 
cables is less expensive (shorter lengths), but co-financing can be even more difficult to achieve, because the 
number of institutions/enterprises needing such fibre segment is very small. 

Typical solutions used by research network designers in similar situations are: 

·  to lease lambdas or SDH services for long distances for some period of time 
·  to lease dark fibre connection including microwave last mile before building fibre cable last mile (this can be 

both in one contract) 
 
In Porta Optica Study it is necessary to prepare an initial connection of institutions in D.1.4 (a list of projects) 
that is not reached by known dark fibre topology (observatories, educational institutions, etc.). Main possibilities 
follow. 

D.1 Traditional terrestrial leased lines are for meanti me 

If dark fibre lease is unavailable or too expensive for some lines, acquire traditional terrestrial leased lines (both 
national and international). The lease period should be short (for example, one year), because offers are 
changing and the final goal is to have fibres. For cost comparison of lambda and fibre offers some multiplication 
coefficient should be set in the procurement call (CESNET uses coefficient equal to 6: fibre lease is better than 
6 parallel lambdas lease at an equal price). 

D.2 Dedicated terrestrial microwave lines 

If dark fibre or leased lines using cables are not available, dedicated terrestrial microwave point to point lines 
can be used for distances about 1 – 150 km (with up to 40 km hops) at a transmission rate of 10 – 34 Mb/s. 
Main advantages are usually low cost comparing with incumbent operator services, quick building and good 
usability in a relatively hard terrain (mountains, marshlands, desserts). In some cases these lines are used, 
because no other offer is available. Reliability of such links is acceptable for research networks, supposing rare 
atmospheric disturbances and stable power supply in retranslation points. Experience of CESNET and some 
other NRENs in using this connection type in rural country regions or as temporary last mile solution are 
available. Lines were delivered as a data transmission service with SLA by specialized operators or by fibre 
providers as last mile. For distances above, costs are usually lower comparing services based on wire or fibre 
in Central Europe. It is interesting for countries with high costs of telecommunication services, because transfer 
of microwave point to point terrestrial technology to these countries is relatively simple and can bring high 
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advantage in price. Higher microwave transmission rates 622 Mb/s are available too, but costs are relatively 
high. 

D.3 Example of point to point microwave line 

Digital microwave connection MicroLAN enables connection in frequency bands from 10.3 to 10.65GHz, which 
is not liable to any charge or registration in the Czech Republic. 

It is a narrowly directional of point-to-point type system with a high stage of elimination of a future interruption 
by any other device. 

Outdoor Unit is equipment consisting of two parts: 

·  microwave module – transmitting and receiving part of the unit usually installed to the focus of the parabola 
·  VF modem – processing the f. signal and converting it to the optical interface FO STII 
 

Equipment is interconnected by the coaxial cable (with the recommended length no more than 30 metres). 

Indoor Unit consists of Base Unit, in which up to four metallic interface modules [V.35, Ethernet Bridge, G.703, 
RS530, X.21] can be installed. This configuration enables to build a node with switching up to four lines in the 
SYNcom mode or to transmit up to four independent data channels [à 2Mbps] in E2 mode. An innovation is the 
modification for the 10Mbps Ethernet transmission with the possibility of adding of E1 channel for the telephone 
switches interconnection. 

The output and input units are connected by the optical fibre galvanic isolating both units and protecting follow-
up technologies (routers, etc.) against atmospheric disturbances. Optical fibre connection also allows the 
distance up to 1000m between both units. 

D.3.1 Basic MicroLAN modification overview 

MicroLAN 22FE is modification for Ethernet networking at 22Mbps (full duplex). Interconnected networks seem 
like one segment. Due to the transmission rate at 22Mbps it is possible to run distant server applications, 
seemingly the server is connected directly to the same network. Main device is a microwave VF modem with 
the integrated FastEthernet bridge module supporting 802.1q. There is no need to configure anything, it is a 
100% HW solution. However, the device is SW-adjustable 

MicroLAN AR is an active relay used for bridging the terrain obstacles. MicroLAN reguires a line of sight 
between two connected points – electromagnetic waves in 10,5GHz band are transmitted like light. If the line of 
sight is not possible, use of one or more relays is necessary. Active relay gives so good signal regeneration 
that it is possible to use many relays without signal degradation. This allows to deploy very large networks. 
Absence of the input unit is a considerable advantage of relay. 
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Microwave line Proteus AMT is a microwave point-to-point line working in 13 to 38GHz co-ordinated bands 
used for LAN-to-LAN and PBX connecting. A technically interesting and keenly priced solution offers 100Mbps 
Fast Ethernet transmission (full duplex) with a possibility to add the module for up to 8-times E1 channel 
transmission simultaneously. 

The main benefits of the system: 

·  100Base Tx + 8xE1 data interface, 
·  traffic in 13 to 38 GHz bands, 
·  Quadrature Phase Shift Keying (QPSK) multi-phase modulation up to 32 QAM, 
·  Automatic Transmitter Power Control (ATPC) function – automatic transmitter power regulation, 
·  1+0 or 1+1 configuration for the better line accessibility, 
·  SNMP agent – monitoring and management via SNMP management, 
·  fully software configurable, 
·  comparable quality of transmission with an optical fibre, forward error correction (FEC), bit error ratio (BER) 

better then 10-13, 
·  antenna makes a whole with the output unit, 
·  simple and quick installation. 

D.3.2 Price offer of the leased microwave digital circuit  for budgetary purposes 

 
Microwave Digital Circuit 3 hops (including 2 retra nslation) 

  Installation Transmission Rate Upgrade 
Transmission 

Rate 
Interface Installation 

Fee 
Monthly Payment 

(4 years) 
Installation 

Fee 
Monthly 
Payment 

10 Mb/s Eth 8,475 332   
30 Mb/s FE 10,248 363 2,766 +32 
100 Mb/s FE 31,879 918 2,766 +554 
155 Mb/s GE 48,227 1,074 11,064 +157 

Table D.1: Price offer of the leased microwave digital circuit 

 
Prices are in EUR and were calculated from CZK using exchange rate 28.20 CZK/EUR. Delivery time 
is 6 to 8 weeks after the contract signing. 

D.4 Dedicated terrestrial free space optic lines for sp ecial 

purposes 

In some cases, dedicated terrestrial free space optics lines (air lasers) are used. Transmission speed can be 
from 10 Mb/s to 2.5 Gb/s and costs from very low to very high depending mostly on transmission rate. 
Distances for one hop are from hundreds of meters to kilometres, depending on air cleanness. In south regions 
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there are better opportunities to use this technology, because the number of foggy days and density of fog is 
low. In such case, slower microwave backup can be used. If you strongly need FE or GE connection to near 
locality and no offer based on fibre or wire is available, it is an acceptable temporary solution. 


