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EXECUTIVE SUMMARY 

Broadband networks can contribute significantly to the economic and societal evolution of a 

region. In the competitive environment of the telecommunications sector, investment in fu-

ture-proof fibre based access networks will only be undertaken, if a positive business case 

materializes. Traditional telecom providers and other private investors, however, will in their 

business case calculations not consider external effects for economic development of the 

region. Municipalities can calculate the business case considering longer payback times and 

positive external effects. In this respect telecommunications infrastructure can be rather 

treated like other utilities.  

The city of Krk in Croatia has commissioned SBR Juconomy Consulting AG to conduct a 

feasibility study for the deployment of an optical fibre network. The result shows, that a posi-

tive outcome of the business case depends on several input factors turning out as positive as 

possible. However, we have not evaluated the external effects in a quantitative way.  

There are several possible business models for the city of KrK, ranging from vertical integra-

tion to concentrating on the infrastructure aspects. We recommend choosing the option of 

“municipal open access”, which means the involvement of the municipality only on the level 

of physical infrastructure and thus allows the city of Krk to concentrate on the utility aspects 

of telecommunications networks. However, the backhaul to the Internet exchange (e.g. in 

Zagreb) has been identified as one of the main bottlenecks and in order to get the project 

going we have included the cost for backhaul in the cost/benefit analysis. This allows the city 

of Krk to independently offer a basic internet access service and connect service providers 

locally or in Zagreb. In the long run the business model should be restricted to providing pas-

sive infrastructure (municipal open access).   

We believe that several factors favour the involvement of the city of Krk in rolling out a fibre-

based optical network: 

·  The current financial crisis has led to national and EU-wide programmes to foster infra-
structure investment. It should be possible to leverage these sources.  

·  Croatia is on the path to membership of the European Union and has committed itself 
to become a preferred location for businesses and tourism.  

·  The city of Krk has access to a duct network, which allows to avoid digging where 
ducts are available (see Annex B). Synergies can be found with other city owned utili-
ties.   
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We have identified the following main challenges 

·  The backhaul is a main cost driver and critical for the business case. Further investiga-
tions are necessary to bring down the price for the backhaul. Several options are listed 
in chapter 9.2. Using dark fibre would allow to profit from falling prices for transmission 
equipment.  

·  The costs of civil works are another important cost driver for an access network. The 
city of Krk can utilize existing ducts. Other alternative methods of civil works are de-
scribed in Annex A and should be investigated. 

·  The revenue side is also a critical element to the business case. Although it is recom-
mended to concentrate on business customers first, it is important to increase the cus-
tomer base as quickly as possible in order to generate the cash flow for the invest-
ments. Options which should be investigated are the deployment of public hot spots 
and marketing campaigns for residential customers.  

·  We have in chapter 4 identified several options for the financing of the project. It is rec-
ommended to analyze options for a PPP-model in order to generate the financial 
means.  

The deployment of a municipal optical fibre network in the city of Krk is a challenging project. 

A cost/revenue analysis without evaluating the value for the economic development of the 

region will only have a positive outcome if several critical input factors can be optimized. The 

best case in the following graph is characterized by prices of civil works at the lower bound-

ary of the estimated price interval and by assuming a cost of capital (WACC) of only 6%.  
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However, the city of Krk is in a better position as traditional network operators. A municipal 

optical fibre network as a political decision for improvement of infrastructure is a reasonable 

way forward. As many examples in the world show, investment in basic infrastructure will 

increase the value of the region as destinations for tourism and settlement of companies. 
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The cumulated cash flow chart also shows that private investors most likely will not deploy 

such a network in Krk due to lack of density effects and usually, such companies also calcu-

late with a substantially higher WACC. The municipality has the possibility to take a broader 

view and to also consider (at least qualitatively) where such a network will bring benefit to the 

local community in other areas. 
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1 Introduction 

1.1 A municipal owned optical fibre network 

This report investigates the potential for the realization of a fibre network in the city of Krk, 

Croatia. It covers technical and economic aspects of such a rollout and analyses the costs of 

network rollouts, achievable revenues, financing, legal and regulatory aspects, the business 

model as well as the rationale for public support for such a project. Thereby, the project fol-

lows examples of many other European and Non-European cities and regions to consider an 

enhancement of local infrastructure for electronic communications. At first, however, we ex-

plain the background of the project. 

At its meeting on 28th of September 2009 the town council took the decision to conduct a 

project to realize a municipality owned optical fibre network. Particularly, it was decided  

·  to conduct a cost/benefit analysis of such a modern network infrastructure,  

·  to collect the information of all existing infrastructures and to fill it into an infrastructure 
database and 

·  to adopt the ordinance for all municipality owned companies to install spare ducts in 
parallel with future civil works.  

The project of building an optical fibre network is seen as a long-term project and it was de-

cided to apply a step-by-step approach whereby at the end of each fiscal year the municipal-

ity will decide about the amount of capital available for the realization of the next step.  

The first step in the direction of establishing a municipality owned optical fibre network is a 

cost/benefit analysis. The purpose of a cost/benefit analysis is to examine the feasibility of 

building an optical fibre network with respect to technical, commercial and regulatory frame-

work conditions. In more detail, it includes the following tasks: 

·  Assessment of CAPEX and OPEX for the rollout of a optical fibre network in Krk 

·  Options for financing the rollout and operation of such a network 

·  The legal and regulatory framework with respect to such access networks 

·  Impact of the network with respect to the social and commercial development of Krk 

The elaboration of the cost/benefit analysis has been assigned to SBR Juconomy Consulting 

over a period of two months, whereby the study should be completed by the 1st of February 

2010.   
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Chapter 1.2 describes the rationale for the project and the local environment in the city of 

Krk. The second chapter of this study analyzes the options for the business model. Chapter 3 

estimates the costs and revenues incurred by the project. The fourth chapter examines the 

financing possibilities. The fifth chapter deals with national and international (especially with 

reference to the EU) legal and regulatory aspects concerning the ownership of the network 

and the sixth chapter highlights the social and economic impact of the network for the city of 

Krk. The study concludes with proposals of next steps necessary for a successful practical 

implementation.  

1.2 The rationale for the project 

The city of Krk covers an area of 40 km2 on an island with the same name in the northern 

part of Croatia and has approximately 6,000 inhabitants and 2,200 houses. The houses are 

mainly single family houses but there are also multi dwelling units with more than 15 units 

resulting in approximately 5,000 households, whereby 45% of the households are used by 

non permanent residents. This lack of permanent presence has an impact of the profitability 

calculation of such an investment. The main source of income in Krk is tourism based on 

13,000 beds in hotels and private accommodations resulting in 725,000 overnight stays in 

2007..  

There are currently two fixed network operators (T-HT and Optima Telekom) and three mo-

bile network operators (T-Mobile, Vipnet, Tele2) offering a range of telecommunications ser-

vices in Krk. The fixed access network used by both operators is owned by the incumbent 

operator T-HT and consisting of two telephony exchanges (one central in the town and one 

remote subscriber subsystem (RSS) in the area of Vidikovac). T-HT is also owner of the fibre 

backbone line connecting the town of Krk with the town of Rijeka which is also used by Op-

tima Telekom. Optima Telekom is using the wholesale offer of T-HT whereby the used op-

tions are unbundling (possible on 75% of the town area – the area covered by the main ex-

change) and carrier selection (100%). Both operators are offering ADSL products with down-

stream bandwidths of up to 16 Mbit/s, whereby the achieved bandwidth is in any case de-

pending on the distance between subscriber and exchange. By this only a very low number 

of users will be capable receiving the maximum bandwidth of 16 Mbit/s.   

The current situation with the theoretically possible provision of fixed high speed Internet ac-

cess is not only depending on the distance from the telephony exchange but also on the 
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condition of the network, especially the network termination (NT). Because of poor mainte-

nance of the network termination (open cabinets, moistness, rusted cables) the available 

speeds are limited. According to Mr. Goran Jurin1 (HAKOM) the telephony cables in the ac-

cess part are also in bad conditions because of the age of the cables and age-related ap-

pearances like humidity. Optima Telekom is using more sophisticated hardware than the in-

cumbent T-HT, which is more sensitive on the current setting of cabinets, resulting in re-

duced speeds and quality of connection. The additional usage of the newly introduced IPTV 

offer (of both operators) by customers is even downgrading the whole situation, concerning 

available Internet access speeds.   

The mobile operators are offering UMTS and HSDPA coverage on the whole area of the 

town, whereby the maximum speed of 7.2 Mbit/s is offered by two operators (Vipnet and 

Tele2) and the third operator (T-Mobile) offer speeds of up to 1.8 Mbit/s. Concerning the de-

clared speeds of mobile data it is very important to know that these transmission capacities 

of 7.2 or 1.8 Mbit/s are not dedicated to each user in the cell but rather shared between all 

users being active at the given moment. If there are 20 users of the mobile data service in-

side a cell with 7.2 Mbit/s the available bandwidth is shared almost equally between all of 

them, coming up to approximately 0.360 Mbit/s for each.  

By starting a project to deploy a fibre optical network the municipality of Krk has on the one 

hand emphasized the importance of modern telecommunications network for its inhabitants, 

enterprises and the tourism in the city of Krk. On the other hand it has also recognized, that 

traditional network operators will not invest in such a network because the business case for 

them is not sufficiently sustainable given a number of market and legal/regulatory uncertain-

ties. The business case for the city of Krk is quite different from a traditional network opera-

tor's business case because the return on invest is not achieved solely by revenues from 

services which are provided but also by other benefits like settlement of new companies, 

increased value of real estate and less migration of inhabitants to the mainland.  

The main costs of constructing a new network are the costs of civil works (i.e. the digging of 

the ground and subsequently the laying of cables), which are widely recognized to be be-

                                                
1 Meeting in the town of Krk at the 15th of December 2009 
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tween 60 and 80% of the total cost.2 The remainder of the costs are investments for hard-

ware, software, cables, service provisioning, operation and maintenance of such a network. 

Therefore the key element for a successful implementation of a new network is reducing the 

cost of civil works. In this regard the city of Krk is in the position to leverage their own infra-

structure built for other utilities and therefore bring down the cost burden for civil works and 

improve the business case. The key facts are:  

·  The city of Krk already owns a cable TV network which has been built in the years 
1987-1997 and which today connects 1,000 households. The core inside the cable can 
be replaced by fibre by using a special procedure and thereby the cost for civil works 
can be significantly reduced compared to digging.  

·  The municipality owned water supply company “Ponikva” has installed about 135 km of 
ducts on the island of Krk and about 11.6 km in the town of Krk, in parallel to civil works 
undertaken in the last 20 years. The intention behind this approach was to use the 
ducts for future optical networks. In the meantime almost all settlements on the island 
are reachable by this network of ducts. One part of the duct network is already filled 
with fibre optic cables and used for internal communication and monitoring.  

·  A further aspect in favor of building a municipality owned fibre optic network is that the 
city of Krk has not yet been totally covered by the sewerage system. All future civil 
works for connecting the remaining households on the sewerage system can also be 
used for extending the optical network.  

Last but not least it should be kept in mind that coordination of any civil work including the 

issuance of permits is under the jurisdiction of the town, facilitating the optimization of cost 

associated with deploying a fibre optical network.  

Beside these positive circumstances there are also challenges which have to be considered. 

There are questions about how to finance the project, what business model to choose, about 

technical decisions (as these decision will determine the network design and cannot be eas-

ily changed at a later stage), target-oriented marketing, but also about necessary organiza-

tional steps for a successful implementation. 

                                                
2  See e.g. PTS: Dark Fibre – market and state of competition, 2008; OFCOM: Regulatory Challenges posed by 

next generation access networks, 2006; ARCEP: Next Generation Access Networks and Net Neutrality, 2006. 



SBR Juconomy Consulting AG 

12 

2 Choosing the right business model 

The business model is determining how a company is planning to enter the market success-

fully with a sustainable business and how to achieve profit out of its investment in the long 

term. According to the fact that the town is planning to invest in an optical network for provid-

ing fast Internet access and other IP based services, the starting point of the analysis is the 

classical telecommunication business model, explaining the three main layers of the busi-

ness chain and analyzing possible business models for the municipality of Krk, from which 

we will draw a recommendation. It needs to be kept in mind that the city’s activity is not sup-

posed to replace private companies’ activities and that the city’s goal is not to achieve profit. 

However, also a municipality can only undertake and justify investments if it is in line with 

public finance and if such a project is solidly financed and does not burden the local inhabi-

tants. Thereby, also issues of securing the availability of public infrastructure can be an im-

portant facet of public policy. 

The classical telecommunication business model is based on revenues from private or busi-

ness customers, connected to the telecommunication network which is owned by the tele-

communication company (Figure 1).  

 

Figure 1: classical (vertically integrated) busines s model  

The commonly offered services offered today are telephony, IPTV and Internet. The most 

important fact in running a classical telecommunication business is the usage of own  infra-

structure for providing own  services to its own  customers. The investments in infrastructure 

and operation of the network are paid back mainly by revenues generated through service 
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provisioning. On the other side, new business models are developing based on the segmen-

tation of the classical model, shown in  Figure 2.  

 

Figure 2: new (horizontally separated) business mod els   

In this way we can clearly see the three main layers of which any telecommunication network 

and by this also an optical network, comprises of3: 

·  Infrastructure consisting of corridors, ducts, cables and buildings commonly denoted as 
passive infrastructure (P - PASSIVE) 

·  Equipment necessary for conveying data including O&M, commonly denoted as active 
infrastructure (A - ACTIVE)  

·  Service and application which are what the consumers request. Typical services are te-
lephony, internet access or IPTV. This part is commonly denoted as service provi-
sioning (S - SERVICE)  

The incumbent network operator such as T-HT today in its operation controls all three parts 

of the network which is denoted as vertically integrated business model being common prac-

tice for the last decades. During the last decade there has been a big change in the tele-

communication business starting with the liberalization of telecommunication which took 

place in Western European countries in the mid / late 1990s. The liberalization enabled com-

panies without active and/or passive infrastructure to provide their own services to subscrib-

ers by utilizing the infrastructure of the incumbent operators. In this way companies like H1, 

Optima, Metronet or Iskon entered the Croatian market. The competition on the service layer 

                                                
3  The letters SAP in figure 1 denote these layers (S-Service, A-Active and P-Passive). 
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has led to lower prices for telephony and Internet access for the customers on the one hand 

but also decreased the revenues and margins of T-HT on the other hand. These are the rea-

sons why T-HT is not ready to invest in new infrastructure, especially not in the most expen-

sive part, the passive infrastructure in the access4 part of the network. 

2.1 Options for business models  

By investing in future proof access infrastructure based on optical fibres, the municipality has 

to choose the appropriate business model. There are in principle four major options5 for mu-

nicipalities, depicted in Figure 3. These are being described from left to right.  

S
A
P

S
A
P

Full
Municipal

Integrated
Open Access

Municipal
Open Access

Passive
Open Access

Vertically
Integrated

Local Gov’t
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Public utility or private 
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Open Access to SPs
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and resells own 
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USA
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Small national 
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or and
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Quelle: Benoit Felten – www.fiberevolution.com  

Figure 3: Possible business models (Source: Benoit Felten, Fibrerevolution) 

The first option  for the municipality's business model is to copy the vertically integrated 

business model of traditional / historic telecommunication operators (“incumbents”) and to be 

in charge for all three parts of the network (“Full Municipal”). The advantage of this model is 

the full control over all three layers and a possibly shorter payback time period. The draw-

                                                
4  The access is the part which is connecting the home with the first exchange.  
5  The fifth option (vertically integrated) would mean investment by a private operator – like in the PSTN and DSL 

environment today. Since this is unlikely to take place also in a fibre environment which can be seen from the 
reluctance of HT to invest, the municipality needs to get involved to some extent, which is covered by options 1 
to 4.  
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back is that the municipality has to run the network and provide the services, i.e. it has to 

substitute a private run business activity and becomes a “market player” itself.  

The second option is to invest and take care of the passive and active infrastructure (pas-

sive AND active part) and to leave only the service provisioning to other providers (“Inte-

grated Open Access”). Regarding the source of financing, the infrastructure can also be con-

structed together with a private company (PPP – private public partnerships). The model is 

denoted as “integrated” because passive and active infrastructure is provided by the same 

entity. In this business model it is important to establish an open access policy for service 

providers, whereby the network operator is not discriminating between any of the service 

providers, allowing access under the same condition for each of them. If more than one ser-

vice provider is providing a specific service, there will be competition and therefore a better 

quality of the specific service and a lower price. The advantage for the municipality of this 

model is not to have to take care of service provisioning. The disadvantage could be in re-

duced revenues (but also less investments than in the previous model) and longer pay-back 

time. The “problem” is that in this approach usually the reduction in revenues is bigger than 

the reduction in investment compared to the first option. 

The third option is building only the passive part of the infrastructure (ducts and cables) and 

leaving the active part and the services to other providers (“Passive Open Access”). Also in 

this model a PPP approach can be realised for building the passive infrastructure. This 

model is known as provision of “dark fibre” whereby the passive infrastructure is rented to 

other network operators in a non-discriminatory way. The operators who are renting the fi-

bres need their own active equipment for providing services. The advantage of the passive 

open access model for the municipality is to concentrate only on building the network and 

leaving the operation of the network and the service provisioning to other companies.  

The fourth option  for the municipality is to build the passive part of the infrastructure (ducts 

and cable) and leaving the active part to exactly one network operator (“Municipal Open Ac-

cess”). The difference to the previous model is that the operator of the network can not be a 

service provider – he is only operating the network in a non-discriminatory manner for each 

of the service providers on top of it. Also in this model the PPP model for financing the pas-

sive infrastructure is an option worth considering. The advantage of this model is again that 

the only part the municipality is in charge is the roll-out of the passive network. By leaving the 

management to only one company which must not provide end-user services the municipality 
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is ensuring non-discrimination towards service providers. This model is also more attractive 

for service providers because they do not have to care about running a network.  

 

2.2 Recommendation: municipal open access model  

Our recommendation is to adopt the fourth option as a long term goal. By using the municipal 

open access business model the municipality will take care of the development of the pas-

sive fibre infrastructure in the same way as it is now taking care of roads, schools, the har-

bour and other utilities. The active part of the network management is in the hand of a pro-

fessional company or highly educated staff whose only task is to operate and manage the 

infrastructure by providing highest availability and transmission quality on the network layer 

(Layer 2). The provisioning of the end user services is in the obligation of the service provid-

ers who are connected to the network in the same way as any other user. Investments in 

building and operating the network are financed only by monthly access charges.  

For reaching the necessary amount of customers for the municipal open access business 

model, we recommend a step-by-step approach implemented in rollout phases. Intermediate 

steps will partly be based on other business models than the municipal open access model. 

The recommended rollout phases and the marketing strategy will be described in chapter 7.  
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3 Cost and revenue estimation  

SBR has calculated high level cost and revenue estimations, which are presented in this 

chapter. The estimations have been undertaken by looking at the specific situation in Krk and 

then calculating the cash flows and the profitability based on cost estimates derived from 

other projects conducted by SBR and other consultancy firms around the world as well as 

local information. Mark-ups for OPEX and indirect investment costs have been derived from 

cost models for regulatory authorities or from annual reports.  

The aim of the cost and revenue estimation is to provide a first insight into the cost drivers 

and the feasibility of the investment in a municipal optical fibre network in the city of Krk. The 

cost estimations are not accurate enough to take an investment decision, but accurate en-

ough to decide if further activities are rationally based on the business model planned within 

this framework. For a final investment decision, the completion of a comprehensive business 

case model is proposed. The information provided in this section can be used as basic data 

for a broader business case calculation. 

3.1 Calculation path and methodology 

The cost and revenue estimation has been calculated as an investment calculation, i.e. 

based on cash flows and the net present value. The following graph shows the structure of 

calculation. The yellow boxes are the endogenous input factors, the blue boxes the interme-

diary results and the black ones the aggregation steps and the final results.  
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Figure 4: Cost and revenue estimation path 
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3.2 Cost / Investments: Network components 

3.2.1 Overview 

For the project of building an optical fibre network the following elements need to be consid-

ered:  

·  Access network:  investments in ducts, fibre cables, buildings, installation costs, cost 
of laying the optical cables for connecting the premises in the local area. 

·  Active network elements:  equipment for running the network (hardware, software and 
customer premises equipment). 

·  Backhaul:  connection between the access network and the backbone. 

·  Termination of the traffic into the www . 

The cost estimation presented in this chapter includes all elements necessary to run a basic 

Internet service. Other service will be provided by independent service providers connected 

to the network in the same way as customers. Figure 5 shows the network components con-

sidered in the cost estimation.  
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Figure 5: Network components 

3.2.2 Access network 

In the first step, the passive network infrastructure was planned resulting in the total length of 

access loops to be deployed. Based on current infrastructure, the total length was divided 

into three categories. The first one regards the deployment of completely new access paths 

including digging of new ducts. The second regards the use of existing ducts and the third 

one the deployment of air cables (OTA) and other alternative ways. These amounts were 

multiplied by the cost per meter for each type of deployment in order to derive the CAPEX for 

the access network. 

The next two maps show the network deployment assumed for the calculations. The network 

deployment in the first years is designed to cover the main businesses and is also utilizing 

the existing duct network. The further rollout successively makes use of existing ducts and 

connects individual buildings by type 1 digging. Assuming that spare ducts will continue to be 

deployed the type 2 civil works continues although to a lesser extent. Type 3 work is increas-

ing during the project. This type of civil works encompasses OTA but also alternative digging 

methods as described in Annex A. Since civil works are the main cost driver of the project 

optimization is crucial.  

It is proposed to locate the main distribution point inside the building of Ponikve because of 

existing new premises for TK and IT equipment of the town owned utility company. This 

premises are of sufficient size for the main distribution point and dispose of air-condition, 

power supply and 24 hour supervision. The existing duct system is also terminating in the 

building of Ponikve. Although the geographical position of the main distribution frame is at 

the border of the town area, the additional costs of laying more fibre cables in a point-to-point 

architecture should be balanced by savings for constructing a new building for the main dis-

tribution point. Before making a final decision the town should evaluate the exact costs.   
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Figure 6: The network determined for the calculatio ns in year 1 

 

Figure 7: installed ducts in the city of Krk 
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According to the initial deployment and our assumptions for the rollout, the following number 

of meters of access loops will be deployed: 

Deployment in metres 

/ year 

Year 

1 

Year 

2 

Year 

3 

Year 

4 

Year 

5 

Year 

6 

Year 

7 

Year 

8 

Year 

9 

Year 

10 

Type 1 (Digging) 
775 500 500 500 500 1500 1500 1500 1500 1000 

Type 2 (use of existing 
ducts) 3825 3125 1000 1000 1000 1000 750 750 750 500 

Type 3 (OTA and other 
alternatives) 500 1000 1000 1000 1500 2500 2500 2500 2500 2500 

Table 1: deployment of access loops 

The total length of access loops achieved in this 10 year period is 40,275 meters.  

3.2.3 Active network elements 

As the architecture of choice we recommend a Point-to-Point architecture whereby each cus-

tomer/household is connected by a dedicated fiber to the main distribution point. This kind of 

architecture has demonstrated to be the most future proof. Compared to a Point-to-Multipoint 

architecture like GPON (Gigabit Passive Optical Network), where optical fibers from the 

households are aggregated into a splitter and from the splitter only one fiber is carried to the 

main distribution point, the Point-to-Point architecture is realized without the usage of corre-

sponding multiplexing equipment. The disadvantage of using an overall higher number of 

fibers is compensated by permanently falling prices of optical fibers. The costs for the fibre 

optic cables are included in the access network costs.  

Figure 8 shows the architecture for point to point optical fibre networks.6  

                                                
6  See WIK: The Economics of Next Generation Access – A study for European Competitive Telecommunication 

Association (ECTA), September 2008, figure 26. 
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Figure 8: FTTH Point to point illustration (source:  WIK Consulting) 

The optical fibre at the end customer site is terminated by a CPE router. This router commu-

nicates directly with the central switch in the metro core location via Ethernet. The fibres at 

the concentration point are terminated at the network side of the optical distribution frame 

(ODF). Only those fibres connecting active customers will be patched to the switch side of 

the ODF and then to the concentrating Ethernet switches.  

According to the recommended business model "municipal open access" the city of Krk 

would only be responsible for the passive infrastructure and leave the active elements and 

the service provision to other companies. We will show that this business approach is useful 

as final goal, but intermediate steps will be necessary to create the appropriate environment. 

In the first step active infrastructure needs to be built to allow the flexible connection of ISPs 

and service providers. The cost for an ethernet switch with 24 Fast Ethernet ports is as-

sumed to be 2000 €7. These ethernet switches do also have layer 2 and layer 3 functionality, 

which gives the necessary flexibility for the business model of the city of Krk. Service provid-

ers are connected to the network in the same way as customers. The ethernet switch allows 

to manage VLAN connections from a customer to a specific service provider. The ethernet 

switch is connected to the backhaul via a Gigabit Ethernet interface.  

                                                

7 An example product is ECI AS9205 Compact Carrier Grade FE Aggregation Switch 
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The cost for the CPE is assumed to be 90 € (SBR experience/analysis). This leads to costs 

for active equipment of 90 + 83 = 173 € (not including optical distribution frames). In addition, 

costs of about 10,000 € for the installation of racks, internal cabling and air conditioning are 

required. In this cost/benefit estimation we use the value of 173 € per customer and addition-

ally 10,000 € set-up costs in year 1.  

In order to determine the cost of active network elements, the cost per user was multiplied by 

the number of active customers.  

3.2.4 Backhaul  

The backhaul connects the access network to the Internet exchange. There are three options 

to achieve this connection:  

·  Connect to a local ISP: 
For the city of Krk this would restrict the choice of ISPs to the two existing (T-HT and 
Optima Telekom) and require to accept the prices of these ISPs. 

·  Build a connection to Rijeka: 
There are more options for connection to ISPs and for connection to the Internet in Ri-
jeka. The connection from Krk to Rijeka could be realized as leased line, dark fibre or 
self provided. 

·  Build a connection to Zagreb: 
There is an internet exchange in Zagreb (CIX) and the choice of ISPs in Zagreb is cer-
tainly much greater. The connection again could be realized as leased line or dark fi-
bre.   

Figure 9 shows the options available for the management of connections to ISPs and service 

providers.  
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Figure 9: Options for connecting the municipal netw ork to the www 

In the first step it is recommended to include the backhaul connection to Zagreb in the calcu-

lations. This would allow providing an alternative to the connection to the local ISP. The con-

nection can be realised in three different ways: 

·  Firstly, by a network provider who is offering Layer 2 provisioning from Krk to Zagreb. 
The Layer 3 connection will be established by the same or by other service providers 
present at CIX. 

·  Secondly, by establishing the own physical connection to the city of Rijeka (see chapter 
8.2) and renting a link to Zagreb. The Layer 3 connection will be established over the 
same or over other service providers at Rijeka or CIX in Zagreb.  

·  By establishing the own physical connection to the CIX in Zagreb. The Layer 3 connec-
tion will be established over service providers present at CIX. 

Within the short time frame of the project, it was not possible to collect proposals for leased 

lines. Due to the different ways of implementing and the special conditions of the project (i.e. 

with a very long lease time and the possibilities to implement an own connection to Rijeka), 

we regard further talks with possible wholesale providers necessary before an investment 

decision is made. For our calculations, we have used our benchmark values 40 €8 per km per 

month for dark fibre. The crow flight distance between Krk and Zagreb is about 140 KM, 

                                                
8  The experiences of SBR are based on offers made in Germany and Austria and amount between 32 and 40 € 

average price for a route containing both “highways” and rural connections.  



SBR Juconomy Consulting AG 

26 

equalling a duct distance of (1.69 x 140 KM =) 224 KM. In addition, the active transmission 

equipment of 12,000 € for 10 GigB-Ethernet at the both end points and for one repeater loca-

tion has to be calculated. In total, the connection between Krk and Zagreb would then 

amount 107,520 € for dark fiber plus 36,000 € for active transmission, i.e. 143,520 € for 

year 1. Further, we regard that the active transmission components must be replaced every 

8th year and that the price is decreasing with 15 % per year. 

3.2.5 Termination in the world wide web 

The cost for termination in www was calculated starting at 50 Cent per user per month falling 

by 10% per year. Here, the costs for termination were multiplied, by the traffic these users 

would generate.  

3.2.6 OPEX and indirect investment cost 

By summing up the CAPEX for the access network and the active network elements the total 

CAPEX was derived. This value was then used to determine the total OPEX and the indirect 

investment costs. From earlier projects, SBR has access to benchmarking values for OPEX 

and indirect investment mark-ups. These were then applied to the total CAPEX. Due to the 

fact that the network modelled is comparably small, the calculation regards a minimum of 

one full time employee, including the costs of overhead and common costs, for indirect op-

erations costs. 

3.2.7 Traffic dimensioning 

The traffic dimensioning needs to consider the number of active customers. Assuming that 

each customer is connected by a 100 Mbit/s line and further considering, that nearly all of the 

traffic will be to the public internet, a tremendous amount of traffic has to be conveyed 

through the backhaul. Since not all customers will be active at the same time and not all will 

utilize the maximum bandwidth an overbooking factor has to chosen. A typical overbooking 

factor is 1:30.  

                                                
9  The factor 1,6 is based on experience values of SBR comparing the actual duct distance with the crow flight 

distance for backbone networks in Germany. 
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For 3,000 customers and a speed of 100 Mbit/s the maximum bandwidth would be 300 

Gbit/s. Considering the overbooking factor of 1:30, this leads to a backhaul capacity of 10 

Gbit/s. This is the reason why we have chosen dark fibre and deployment of own transmis-

sion equipment. 10 GE (Gigabit Ethernet) can be deployed at a reasonable price from the 

very beginning in order to allow conveying the traffic to the internet exchange.  

3.3 Revenues 

The OPEX and CAPEX derived were then compared with potential revenues. The revenues 

were determined as ARPU (average revenue per user) for two segments, i.e. Class 1 cus-

tomers (partner customers) and Class 2 customers (other customers). This was then multi-

plied by the number of users.  

The estimated number of new users for each year is given in the following table:  

Net adds 

p.a, 

Year 

1 

Year 

2 

Year 

3 

Year 

4 

Year 

5 

Year 

6 

Year 

7 

Year 

8 

Year 

9 

Year 

10 

Partner 
customers 45 15 5 5 5 5 5 5 5 5 

Other cus-
tomers 20 50 50 100 100 250 400 500 500 500 

The accumulated number of partner customers (hotels and other VIP customers) users is 

100, the number of residential users is 2570. This table reflects the marketing strategy. In the 

first rollout phases focus is on business users and in the second phase residential customers 

are targeted.  

The following graph shows the number of meters of access network deployed and the growth 

in number of active revenue generating customers: 
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Meters of access lines and number of revenue generating customers
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Figure 10: total length of access network and activ e customers 

The average fixed access data package taken by private customers is 4 Mbit/s (10 Euro by 

Optima Telekom and 15 Euro by T-HT) and volume based charging. The flat volume option 

is charged 7 Euro by Optima Telekom and 14 Euro by T-HT. The average spending of pri-

vate customers would be around 18 Euro.   

For the partner customers, we regard a higher ARPU due to the better service quality (QoS) 

and a better customer care support. We calculate with an ARPU twice as high for these cus-

tomers. 

The graph suggests, that focus on residential customers start even earlier than assumed in 

our model. There are certain optimization potentials which should be explored in a detailed 

business model.  
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3.4 Determination of inputs 

The following table shows the input values used for the calculations and the related sources:

  

Input parameter Value Source 

CAPEX per meter in the access 
network 

See below Various benchmarks and cost 
studies, see below 

Number of meters of ducts See below Market projection by SBR, see 
below 

Number of homes connected See below Market projection by SBR, see 
below 

Market share Starting by 100% in year one, 
then falling by 2% for each year 
until year 10, thereafter constant 
at 80 % 

Market projection by SBR 

Cost of Peering/IP-Upstream Starting at 50 Cent per user per 
month falling by 10% per year 

SBR experiences from cost 
gathering from small ISPs (Aus-
tria and Germany) – adjusted 
due to high bandwidths per user 
and general cost reduction in 
peering and IP-Upstream 
wholesale costs.  

Cost of leased line from Krk to 
Zagreb 

Installation: 36,000 in year 1, 
approximately 9,800 in year 8, 
2,700 in year 16 and 730 € in 
year 24 
 
Yearly rental of dark fiber: 
107,520 €   

See above 

Investments in active network 
elements per user 

173 € per customer plus set-up 
costs of 10.000 € in year 1. 

Our figures are resulting in 173 
€ per customer for CPE, and 
router plus 10,000 € set-up 
costs in year 1. 10 

Direct equipment O&M 9.70% SBR Benchmark 

Indirect equipment investment 4.00% SBR Benchmark 

Indirect OPEX 4.20% SBR Benchmark 

Indirect operations costs (EP-
MU) 

12.60% SBR Benchmark 

                                                
10  As a comparision AT Kearney has determined costs of 231 € per user for Thesaloniki in Greece. See AT Kear-

ney and Planning SA., “Developing the Hellenic Ministry of Transport and Communications 5 year broadband 
strategy for Greece”, Athens, May 2008 
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Input parameter Value Source 

Minimum EPMU 75,000 € Based on the mark-ups for 
OPEX and Indirect operations 
costs, the absolute costs for 
OPEX are underestimated in 
case of a small size of the op-
erations. Therefore, a minimum 
for indirect operations costs of 
75,000 € per year equal to one 
full-time-employee has been 
budgeted.  

WACC (cost of capital) 15% The EU Commission has pro-
posed 15% for NGA invest-
ments in order to incentivize 
investors. The average value in 
EU is around 10-14% for fixed 
and mobile networks. It is ex-
pected that the risks are higher 
for a completely new network 
and therefore we assume 
15%.11 

ARPU, Class 1 
(Partner customers) 

Base case: 36 € per Month for 
the bitpipe service 

Best case: starting at 50 € per 
month 

Worst case: starting at 24 € per 
month 

SBR assumption 

ARPU, Class 2 
(other customers) 

Base case: 18 € per Month for 
the Bitpipe service 

Best case: 25 € per month 
Worst case: 12 € per month 

SBR assumption 

 

3.4.1 CAPEX per meter 

The main cost driver in the whole case is the number of meters of the access loops that will 

have to be deployed in order to provide the internet services to the customers. In chapter 3.1 

we showed how the network can be planned and how many meters of access loops are re-

quired. In the calculations, there are three ways to roll out the access networks. How the cost 

for each type has been determined is described below: 

                                                
11  ERG Report, Regulatory Accounting in Practice 2008, September 2008. p.26 
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CAPEX in case of existing ducts : This type refers to the case where the duct is already 

available and the fiber is implemented within this duct. The costs have been researched in a 

number of cost studies around the world. A literature study has been conducted by WIK 

Consult for the European Industry Organisation for telecommunication operators (ECTA) on 

the costs of deployment in case of existing ducts within rural areas and comes to the follow-

ing results12:  

  

As these figures are an abstract from a large number of different studies, we apply these 

values in our calculations. Based on the WIK Benchmarking, the range for P2P access in-

vestments are between 1,160 € and 2,111 € per homes connected at a market share of 50%. 

In our case, we calculate with a market share of between 100% in the beginning and 80% at 

the end. Adjusting the range for this parameter (using 80%) results in a range between 725 € 

and 1,425 €. For the base case calculations, we calculate with costs of 1.000 € per access 

line, for the best case with 725 € and the worst case with 1,425 € as CAPEX per access line 

including inhouse cabling. Based on an average of 50 meters of access loop per customer, 

the cost per meter in our case is 14.5 €/m (best case), 20 €/m (base case) and 28.5 €/m 

(worst case).13 

                                                
12  WIK Consult, „The Economics of Next Generation Access - Final Report”, Study for ECTA, September 2008, 

page XVI 
13  These figures have been compared with a tariff filing from Deutsche Telekom in Germany for fibre in the ac-

cess network between the MDF and the street cabinet. Assuming a planning an implementation of 50 lines per 
ordering and 20 lines per route, the costs for ordering, planning, implementation of fibre and the rent of one 
forth duct for thirty years results in costs around 235 €, except for costs of implementing muffs, bundles, boxes 
etc. In this tariff filing, there are no costs for the inhouse cabling. Regarding the fact that the regulatory author-
ity normally regulates lower costs than those filed for, the tariff filing can be used to validate or benchmarking 
values. 
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CAPEX per meter of digging : The cost of digging has been researched in a number of cost 

studies around the world. In the benchmark of WIK Consult, the duct costs have an average 

of 50-120 € per meter, with the OPTA study in the Netherlands as an exception with about 

30 € per meter per homes connected14.  The study by Avisem for ARCEP (the French regula-

tory authority for telecommunications) concludes costs of deployment of civil infrastructure of 

25 €/m. These costs includes technical implementation studies (2 €), ducts (3 €), Manholes 

(10 €) and Trench-extension (10 €)15.  The price of 25 €/m has also practically be confirmed 

by GP and Eletroprimorje, for work done on paved roads for a row of 40 cm broad and 80 cm 

deep. Therefore we regard the costs of 25 €/m for a high level cost estimation to be applica-

ble for Krk and also allude to Annex A of this document for the overview of alternative meth-

ods for civil works. As these costs come on top of the CAPEX for deployment in case of ex-

isting ducts (see above), the CAPEX per fiber meter in case of digging is therefore as fol-

lows: 

• Best case: 25 + 14.50 =  39,5 €/m 

• Base case: 25 + 20.50 =  45 €/m  

• Worst Case: 25 + 28.50 = 53.50 €/m 

CAPEX in case of OTA and other alternative ways : For the costs of other alternatives in-

cluding OTA cabling, we assume that these are higher than the CAPEX in case of the use of 

existing ducts, but lower than in case of digging. In Japan, where the access loops are de-

ployed as OTA and other alternative ways to a significant extent, the cost based price for 

fibre loops are 28,80 € per month for fibre deployed as PON. Regarding an average length of 

50 meters per loop and a payback time of 7 years16 , this would result in costs of approxi-

mately 48 € per meter. This value is though based on PON and a mixture of OTA and other 

ways of cabling. Therefore, we regard this value to be a worst case scenario, while in the 

best case, the CAPEX will be approximately 10% higher than the use of existing ducts and 

the base case is calculated as the arithmetic average of the best and the worst case. The 

following values are derived: 

                                                
14  WIK Consult, „The Economics of Next Generation Access - Final Report”, Study for ECTA, September 2008, 

page 5 
15  Avisem, “Etude portant sur les spécifications techniques des infrastructures de genie civil susceptibles de 

supporter des réseaux d’accès FTTH “ ; partie 2 de l’étude: Eléments de spécifications des infrastructures”, 
study for ARCEP, September 2007 

16 See WIK Consult, „The Economics of Next Generation Access - Final Report”, Study for ECTA, September 
2008, P. 55f 
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• Best case: 22 €/m 

• Base case: 35 €/m 

• Worst Case: 48 €/m 

3.5 Results from the cost and revenue estimations 

Based on the methodology described in section 3.1 and the inputs in section 3.4, a high level 

cost and revenue estimation can be made for a base case, a best case and a worst case. 

Due to the inaccuracy of a high level estimation, the range of possible results is accordingly 

large, but due to the specific results and the profitability considerations, this is not to be re-

garded as a problem as the results are definite. 

In the base case, the net present value (NPV) is negative with a value of 1,3 Million € at a 

WACC of 15%. The break-even is reached from year 11 an onwards. The following graph 

shows the expected cash flow for the next coming 30 years: 
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Figure 11: Cash flow for 30 years 17 

                                                
17 Out-Flow is defined by money paid by a firm as a result of its operating activities, investment activities, and 

financing activities 
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If these values are cumulated and discounted to present values (i.e. regarding the cost of 

capital of 15%), the following picture is given: 
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Figure 12: Cumulated cash flow (discounted) 

As can be seen in this graph, the discounted cumulated cash flow (whearas the red line is 

equal to the NPV) is -1,3 million € after 30 years of operations. 

It is interesting to look at the distribution of costs in Figure 13. These are shown as undis-

counted values for the 30 years calculated in the following graph. As can be seen, the costs 

for deploying the physical access network is only making up 15 % of total costs. A large part 

of the costs are derived from the transport from Krk to Zagreb. For these costs, the optimiza-

tion possibilities exist. If Krk for instance cooperates with a national ISP, the ISP is expected 

to be able to realise this connection at much lower costs. Further, the indirect OPEX (over-

head costs) are making up 22 % of total costs. This is due to the fact that we calculate with a 

minimum of one full time employee at a cost of 75.000 € per year. We regard this to be nec-

essary, inter alia, to provide the necessary support for the class 1 customers (hotels and 

partner customers).  
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Cost distribution (undiscounted)
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Direct equipment O&M Indirect equipment investment
Indirect OPEX Indirect operations costs (EPMU)

Figure 13: Cost distribution  

As stated in section 1.2, for some input values, there is a range and not a fix value deter-

mined. The most positive values are used to calculate a best case scenario and the most 

negative values for the worst case scenario. The different input values are listed in the follow-

ing table: 

Input parameter Best Case Base Case Worst Case 

CAPEX per Meter, type 1 39.50 € 45 € 53.50 € 

CAPEX per Meter, type 2 14.50 € 20 € 28.50 € 

CAPEX per Meter, type 3 22 € 35 € 48 € 

Revenue (partner customers), 
p.A. 

600 € 432 € 288 € 

Revenue (other customers), p.A. 300 € 216 € 144 € 

Number of homes connected Starting with 
65 in year 
one increas-
ing to 2,700 
in year 8 

Starting 
with 65 in 
year one 
increasing 
to 2,570 in 
year 10 

Starting with 
10 in year 
one, in-
creasing to 
1,300 in 
year 15 
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As a result, the following cumulated and discounted cash flows are derived for the three 

cases: 
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Figure 14: Cumulated cash flow for different scenar ios 

The calculations have been made with a WACC (cost of capital) at 15 %. For some projects, 

the municipalities have the opportunity to finance investments at a much lower rate. By as-

suming a rate of 6% instead of 15%, the outcome of the calculations for the net present value 

is -880,000 € for the base case, -4.8 million € for the worst case, while the best case be-

comes much more positive with a positive present value of 2.4 million €: 
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Figure 15: Cumulated cash flow assuming a WACC of 6 % 
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Summing all these results up, the outcome is that the investment case is most likely to be 

negative. There is a slight chance of a positive outcome, but to achieve such a result a num-

ber of parameters must turn out to be as positive as can be expected. 

3.6 Conclusions 

The high level cost and revenue estimates provided clearly show that the investment can 

only be made with public support or by applying another business model. The contribution 

margins won’t be able to cover the CAPEX of 1.5 million € in fibre local loops. In total, a re-

sult of between -2.8 million € (net present value) for the worst case and 230,000 € (net pre-

sent value) for the best case, with a most likely result of approximately -1.5 million € (present 

value)  is to be expected. 

These calculations are only high level, but clearly show that another concept is advisable. 

Based on optimization of the business model, as for instance a close cooperation or joint 

venture with an ISP in combination with creative financing, the investments in a fiber network 

in Krk has the chance of being profitable. A crucial factor thereby is to reduce the costs for 

the connection to Zagreb and for costs of management and operations. Before such deci-

sions are made though, we strongly recommend calculating a detailed business case based 

on bottom-up investment values and local proposals from vendors and construction compa-

nies as input values. This business case should though be calculated for a different imple-

mentation of the business model. 
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4 Financing 

4.1 Introduction 

Wherever fibre optic networks are being built, usually significant financial amounts of invest-

ments are needed in order to ensure that such networks can be deployed. The amount 

thereby is large relative to the available budget respectively the size of the city or municipality 

that shall be equipped with fibre access networks, i.e. such investments often represent the 

single largest project that has been undertaken for a city or municipality. Assuming a figure of 

above 1,500 € per house connected, one can easily imagine that such a figure for the com-

plete population implies a large total amount. For the city of Krk this would lead to an invest-

ment of 3.3 million Euro for 2,200 households. This amount needed to build such a network 

in the city of Krk is in any case substantial in relation to the available funds in the city. Espe-

cially against the background of the recommended model (“Municipal Open Access”), the 

aspect of financing needs consideration. 

Examples abroad have shown that market solutions i.e. private investments have succeeded 

to a very divergent degree in these countries and whether private investment is taking place 

or not depends on a larger number of factors such as (1) the sustainability of the business 

model, (2) existing competition, (3) broadband penetration and usage as well as also (4) 

regulatory and legal environment. These factors determine the likelihood of private invest-

ments taking place for the deployment of such networks. Where conditions for private in-

vestment are not optimal, other solutions with stronger public involvement may have to be 

investigated. 

4.2 International comparison 

Europe is in general lagging behind in terms of investment into fibre access networks com-

pared to other regions in the world. Especially the Far East has shown significantly higher 

investments into fibre access networks mostly supported or financed by central government 

respectively public funding. In Europe it seems that where such investments take place, they 

are mostly originating from the alternative network operators and not from incumbents. Fur-

thermore, direct public funding of such networks is also rather limited although broadband 

access networks have been identified as a key driver of economic development and growth. 

However, this may change over time and first signs of this are visible in Switzerland and the 
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Netherlands where incumbents now start to invest in FttB/FttH. On the other hand we see 

that in Croatia there seem to be no signs from the incumbent operators to seriously invest 

into fibre access networks and especially not on the island of Krk.  

Therefore, other options have to be evaluated. The business model described above goes in 

the direction of a municipal solution. A municipal network does not necessarily have to imply 

that also funding is fully from the public budget but it could also involve private participants. 

For example PPP models may be a solution where the public institutions as well as private 

investors cooperate in order to realize such networks. However, where the municipality al-

ready has decided in favour of deploying the network, there is usually little room for a co-

investor from the private sector. The sharing of tasks in a PPP model usually implies that 

also a certain portion for financing the project is provided by private investors.  

4.3 Public support and public funding 

What should not be kept out of the scope is that certain measures can be undertaken in or-

der to make such a business approach more successful. There are possibilities of supporting 

either the supply or the demand side which could foster the development of fibre access 

network. Fostering the supply side would be financial incentives for operators or the equip-

ment industry to roll out such networks. On the demand side there could be tax breaks for 

people or companies who subscribe to a broadband access line respectively incentives could 

be given to real estate companies and project developers who equip newly built resorts and 

developments with broadband infrastructure. Whether or not the city of Krk is able to intro-

duce such measures in the city is an important question but we assume that such an auton-

omy for taxation issues doe not exist. Therefore, it will be difficult to support the demand side 

with geographically focused measures. It seems as if the city of Krk would rather have to 

focus on supporting the supply side. 

4.4 Systematic approach to financing investments to  broadband networks 

In financing we differentiate so-called classical options and alternative options. As classical 

options there are basically four different scenarios which are investments by  

·  (savings) banks,  

·  private investors,  
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·  banks “for reconstruction and development” and  

·  telecommunications operators.  

These options are called “classical”, because they mirror an approach of investment that has 

been usual in the past decades where we have seen various types of investors coming in 

from these sources. As “alternative” options we basically see three different models which 

are  

·  private public partnership models,  

·  public spending through certain stimulus programs and support, and finally  

·  cities and municipalities financing such network roll out directly 

Due to the approach that we recommend for the city of Krk, we in the sequel are going to 

focus on the alternative approaches due to the fact that the model foreseen in Krk does not 

rely on telecommunications operators to roll out the networks but the city having a major role 

in the further development. 

With respect to stimulus programs like IPA18 or other EU access funds for Croatia, listed on 

www.strategija.hr, one has to see that there is not necessarily a direct allocation of funding. 

Rather, there is a high administrative burden before such funds are allocated and usually 

they are also small in comparison to the whole project. Finally, especially for countries in the 

EU (and therefore potentially also applicable to Croatia in the long run) there exist state-aid 

rules which need to be adhered to. Also, stimulus programs are characterized by giving 

funds to someone (e.g. a telecom operator or a utility) to roll out the network. As the business 

model in Krk sees the city itself in the driving seat, this approach is rather unlikely. 

Therefore, we are basically left with the option that cities and municipalities start to conduct 

the investment completely on their own or they enter into a public private partnership. The 

challenge here is that cities usually have only little amount of equity available in order to 

cover the complete task of financing the network as well as being responsible for the opera-

tion. There is, however, a certain possibility that cities may become partners in a PPP model. 

                                                
18 Instrument for Pre-accession Assistance (IPA) 
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On the other hand cities and municipalities usually have the option of accessing funds at 

relatively attractive conditions at local banks. This could facilitate financing. 

As stated above, it is rather unlikely that cities and municipalities will take the position of an 

operator but they will rather contribute to the financing by proving debt or equity. They may 

also want to supply the infrastructure, however, the operational side is usually not managed 

by cities and municipalities. 

An international overview shows that in different cities and different regions of the world we 

have seen all of these models that have used such tools of financing. Direct investments by 

the cities or municipalities were firstly available in Stockholm19 (which is big in comparison to 

Krk) and in the US where two cities (Burlington20 and Monticello21) have gone down the path 

that the city was becoming the financing institution as well as the operator of a municipal fi-

bre network.  This shows that it is not such an unlikely solution that cities finance such pro-

jects. 

In various countries around the world, special institutions such as specific banks for recon-

struction and development or specific banks to finance municipal activities have been estab-

lished. For example in France there is the CAISSE DES DEPOTS which is a state-owned 

financial institution taking care of local public institutions and provides them either with equity 

or with debt in order to undertake such financial efforts.  

On the European level there is the European Investment Bank (EIB) where telecommunica-

tions belong to those areas which are supported by the financial means. There, some of the 

projects can be supported by financing up to 50 percent of the overall project costs. Espe-

cially the small size of the project in Krk could make an attractive option for the European 

Investment Bank at relatively forthcoming conditions. However, our experience shows that 

such banks look very much into the business plan and support models with vertical integra-

tion instead of pure wholesale models. 

                                                
19 http://www.stokab.se/templates/StandardPage.aspx?id=306 
20 http://www.burlingtontelecom.net/ 
21 http://www.monticellofiber.com/ 
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4.5 Options and recommendations 

From the decision regarding the business model, it seems to be quite clear that the city of 

Krk is moving towards the municipal network and this may also to the larger extent involve 

financing by the city. Thus, the city can choose between various options:  

·  It could enter into a PPP model looking for an additional private investor who supports 
the project, especially undertakes the financing. The PPP institute22 in Zagreb could be 
a very helpful facilitator of such an approach. 

·  The city could look for external financing through the Banks for Reconstruction and De-
velopment (EBRD) or the European Investment Bank (EIB) where telecommunications 
projects are generally something that is supported by the means available to these in-
stitutions.  

·  The city of Krk may also be forced to provide some of the money for the investment lo-
cally. In such a case one could consider to which degree certain local taxes and fees 
may be used in order to foster such networks. For example one could consider to 
which degree house owners could be asked to contribute to the financing of such a 
network. This could either be done via an obligation to participate in the financing or it 
could be done by issuing bonds by the city of Krk for such projects where the investors 
later on have the possibility to receive a payback from such investment. However, this 
would require that the city outsources the activity in separate units which is then di-
rected according to commercial criteria. 

Although international experience shows that PPP models are difficult to implement, we be-

lieve that a PPP model would be the best solution for the city of Krk in financing the network. 

This is for the following reasons: 

·  The economic viability of the activity is uncertain and therefore, project financing ori-
ented towards long term goals seem to be an attractive approach 

·  PPP is a model which has gained some importance through successful implementation 
in Croatia and experience in this area is available 

·  The risk of an alternative infrastructure to be deployed in Krk by private investors is low 
– and once the municipal network is in place, it is even lower 

·  The network is being developed to support the social and economic development of 
Krk. These goals are related to public functions. However, operational know how is im-
portant to be added – something that can be organized in a PPP project. 

 

                                                
22 http://www.himk.hr/r5.html 
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5 Legal and Regulatory aspects 

National and EU general conditions favour the involvement of a municipality in rolling out 

telecommunicationns infrastructure. The position of HAKOM is described in chapter 5.1, the 

EU position is included in chapter 5.2.  

5.1 National regulation 

According to the Electronic Communications Act (NN 73/08 - Zakon o elektroni� kim komuni-

kacijama (ZEK)) there is no objections for a municipality to build and operate a fibre optical 

network. Thereby, ZEK is not regulating the ownership of the network, which is regulated by 

national law regulating ownership in general.  

A specialty in Croatia is the open question about the ownership of the conduits (DTK) where 

telecommunication ducts and cables are located. The incumbent operator T-HT was in 1999 

sold to Deutsche Telekom. According to a confidential supplementary agreement between 

the Croatian government and Deutsche Telekom, T-HT is claiming that the conduits have 

been part of the contract and are now owned by T-HT. On the other side, conduits buried in 

the streets are part of the street and thereby part of the communal infrastructure if there is no 

registered right of way or servitude. In European cities this fundament is used for the devel-

opment of community broadband network based on fibre optics. In chapter 9 we are discuss-

ing about necessary next steps concerning DTK.  

In terms of infrastructure not only DTK is part of it but also buildings, distribution points, ducts 

etc. According to HAKOM, municipality and towns should build out their own infrastructure – 

there are now legal obstacles for doing it! HAKOM is calling this approach “integrated infra-

structure“ by which the roll-out of telecommunication infrastructure would be in parallel with 

existing work the community facilities and infrastructure. Additional cost for the parallel roll-

out of the new communication infrastructure is good investment, because such infrastructure 

is inquired by traditional telecommunication companies and can therefore easily be rented. 

The town could also operating the new network and rent the whole network to service pro-

vider. The possible business models have previously been described in more detail in chap-

ter 2.1.   If the town of Krk owns their own network there is an additional saving, because all 

public buildings can be connected to each other, leading to savings in telecommunication 
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and IT costs. This is the course of development in the sense of an „digital city“ for all citizens, 

where less “counter-travel” is needed and more tasks can be done from home. .  

In this sense the regulator is supporting the investments in infrastructure, whereby the HA-

KOM is aware of the fact, that a classical network operator is not going to invest in building 

new infrastructure in rural areas. The ordinances23  of HAKOM are therefore relating on civil 

works, whereby the direction is to fill up the ducts with pipes if there is additional space in the 

ducts and the pipes have additionally be filled with microducts. The effect of this direction is 

not only the faster roll-out of new infrastructure but also environmental effects by preventing 

additional digging and reducing CO2 emission. For the small towns and villages on the island 

of Krk there is also to consider the general problem connected with digging in narrow streets 

and the occupancy of limited street areas, which is reduced by applying the ordinance.  

The intention of HAKOM is that every citizens of Croatia has access to electronic communi-

cation. Therfore EACH initative is supported which is leading to the realisation of this goal 

and which is beneficial to the user or citizen. The HAKOM is not supporting infrastructure 

competition but the roll-out of only one new infrastructure based on microducts and dark fi-

bre, which is used by all.    

It has also to be considered that classical network operators in rural areas, on the one hand 

are not ready to invest in building new infrastructure but on the other hand they are also in 

need of replacing existing cables or even connecting two locations. If there is a request from 

an operator for installing new conduct on poles, the community should refuse the issue of the 

building permission with reference on using the existing municipality owned ducts.   

5.2 EU regulation 

Taking into account the European context with regards to public funding and state aid, re-

spectively a municipality needs to consider the following issues and regulative provisions: 

- the compatibility of state aid with Article 87 of the EC Treaty in general; 

- the general funding programs of the EU to obtain state aid; and 

                                                
23 NN 73/08: Gesetz über elektronische Kommunikation (ZEK); NN 154/08: Anordnung über die gemeinsame 

Nutzung der Infrastruktur 
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- the Community guidelines for the application of state aid rules regarding the deploy-

ment of broadband networks. 

These provisions are mentioned here as Croatia is in the accession process to the European 

Union and the provisions of EU law could become relevant in a foreseeable period. Accord-

ing to Article 87 of the EC Treaty, the general rule with respect to state aid, and consolidated 

case-law there is state aid within the meaning of Article 87(1) when: 

- there is an intervention by the State or through State resources; 

- it confers an economic advantage on the recipient; 

- it distorts or threatens to distort competition; and 

- the intervention is liable to affect trade between Member States. 

Thus, for all projects by EU member states or their communities/municipalities that are pub-

licly funded or that involve aid within the meaning of Article 87(1) of the EC Treaty, it is nec-

essary to consider whether the measure can be found to be compatible with the common 

market. 

The two main funding programs of the EU are the European Agricultural Fund for Rural De-

velopment (EAFRD) and the European Regional Development Fund (ERDF). The ERDF 

aims to strengthen economic and social cohesion in the European Union by correcting im-

balances between its regions. In short, the ERDF finances: 

- direct aid to investments in companies (in particular SMEs) to create sustainable jobs;  

- infrastructures linked notably to research and innovation, telecommunications, envi-

ronment, energy and transport;  

- financial instruments (capital risk funds, local development funds, etc.) to support re-

gional and local development and to foster cooperation between towns and regions; 

and 

- technical assistance measures. 



SBR Juconomy Consulting AG 

46 

The program can intervene in the three objectives convergence, regional competitiveness 

and employment and European territorial cooperation. 

The EAFRD is a European agricultural fund which was set up for the financing of rural devel-

opment programs. As part of the Recovery Plan and with the aim of achieving 100 % high 

speed Internet coverage for all citizens by 2010, the European Commission decided to inject 

EUR 1.02 billion into this fund. Part of this amount will be used for deploying broadband in-

frastructures in rural areas to help rural areas get online, create new jobs and help business 

grow further. 

Regarding the provision of broadband networks and high speed connections the European 

Commission in September 2009 has been published “Guidelines for the application of State 

aid rules in relation to rapid deployment of broadband networks”. 

Finally, all these rules and conditions are only applicable if Croatia becomes or is a member 

of the European Union. Otherwise the country has the option to apply for financial funding or 

aid within some other programs for example by the European Bank for Reconstruction and 

Development (EBRD). In Croatia, EBRD supports privatisation, foreign direct investment, 

financial sector restructuring and infrastructure development. EBRD financing for private sec-

tor projects generally ranges from EUR 5 million to EUR 250 million, in the form of loans or 

equity. The average EBRD investment is EUR 25 million. Smaller projects may be financed 

through financial intermediaries or through special programmes for smaller direct invest-

ments in the less advanced countries. 

To be eligible for EBRD funding, the project must: 

- be located in an EBRD country of operations;  

- have strong commercial prospects; 

- involve significant equity contributions in-cash or in-kind from the project sponsor;  

- benefit the local economy and help develop the private sector; and 

- satisfy banking and environmental standards. 
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With respect to the role of a municipality/community that is running a business or wants to 

focus on it, e.g. the operation of a network or the provision of telecommunications services 

with the aim to make profit, one has to consider that on the general European level there are 

no specific legal provisions in place focussing on such economic activities. Thus, usually the 

subsidiarity principle has to be applied. This means in the first step the application of national 

law and by-laws and afterwards the law of the European Union. The latter in general is on a 

more abstract level. 
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6 Social and economical impact 

SBR assessed the impact of a city-wide optical network on opportunities within the city of Krk 

for job growth, economic development, transportation and energy savings, health care im-

provements, community development and tourism. This analysis is supported by interna-

tional benchmarks and studies which describe the qualitative and quantitative impact of 

broadband infrastructure. 

6.1 Availability and affordability of broadband in Croatia 

In a status report on broadband internet access in the Republic of Croatia published in Feb-

ruary 2009, the status of broadband access at the end of 2008 is compared to international 

benchmarks.24 The following graph shows the broadband penetration rate in EU27 and the 

Republic of Croatia. 

 

Figure 16: Broadband penetration rate in EU27 and t he Republic of Croatia 

Compared to the EU average of 21.7% Croatia has reached a penetration of 10.18% mid 

2008 and ranks between Romania and Slovakia in the lower ranks of European penetration. 

Considering the late start of broadband development in the Republic of Croatia25 the last 

years showed a huge improvement and growth rates well above the average growth rates in 

                                                
24 see Broadband Internet Access in the Republic of Croatia, http://www.e-hrvatska.hr/sdu/en/e-

hrv/contentParagraph/01111111111111/document1/Broadband_internet_access_Croatia_2008.pdf 
25  In 2003 there were only 4.400 broadband internet connections and a density of only 0.01%. 
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the European Union. The government of the Republic of Croatia has recognised a signifi-

cance of broadband for growth and development of knowledge and economy in general. 

6.2 Economic development and job creation 

Over the last decade several studies have proved that the economy benefits of enhanced 

information technology infrastructure investment and usage. A synopsis of these studies 

demonstrates the consistency of these findings: 

·  Roller and Waverman, 2001, found that about one third of the per capita GDP growth 
could be attributed to telecommunications infrastructure investments. 

·  OECD: "Broadband and the economy (DSTI/ICCP/IE(2007)3/final)", May 2008. This 
OECD study emphasises that the impacts of broadband on the economy are more sig-
nificant than the impact of electricity, steam engines and information technology in the 
past. 

·  At the third international IT-Summit of BMWi (Federal Ministry of Economics and Tech-
nology in Germany) in November 2008 the strategy paper "Broadband of the future" 
described broadband as engine of the transformation of economy and society. 

·  The report "Connected Nation" shows the advantages of the rollout of broadband in ru-
ral areas and states that an increase of broadband penetration in the U.S. of only 7% 
would result in 2.4 million new jobs. 

Applying the results of e.g. the study of the Brookings Institution would mean that for every 

percentage point increase in broadband penetration employment is projected to increase by 

0.2 to 0.3%. This implies that such rollout also can contribute positively to employment in 

Krk. 

6.3 Teleworking and E-government 

The ability of very high bandwidth infrastructure built to every home and business in the area 

of Krk would increase teleworking and e-government opportunities as an important commu-

nity benefit. Concerning teleworking, today many people commute between Krk and Rijeka. 

An opportunity to use teleworking would save the commuters a considerable amount of trav-

elling time and also reduce congestion and pollution in the traffic system. In the analysis of a 

similar project in Portland, Oregon, USA uptown services described that over 13% of the 

work force were working from home more often if FTTP would be deployed. Based upon this 

increase in teleworking a significant reduction of commuter miles, annual congestion and 

pollution would result. Also the private costs of travelling (fuel etc.) would be reduced. 
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E-government has already been part of the strategy of the Republic Croatia about IT and 

communication technology development for the 21. century.26 In the study it has been stated 

that the citizens of Croatia are having all rights to be unsatisfied with the way, quality and 

pace of public services and information retrieval provided by public authorities. By e-

government the citizens should get fast retrieval with high quality of all requests, any time 

and any place this request are initiated. The prerequisite for this is the availability of a fast 

and secure communication network like the municipality owned fibre network will be.  

6.4 Health industry 

An additional community benefit would be to use the municipal optical network as a vehicle 

for health care. Applications could be remote access to large files connected with diagnosis 

of patients. Further benefits could be leveraged by using the municipal optical network for 

assisted living, which would mean that elderly people could stay at there familiar living places 

for a longer time and would enjoy a quick and comfortable communication with support cen-

tres. 

6.5 Increased real estate values 

There is evidence that residential areas that have access to municipal optical fibre are seeing 

increases in real estate values compared to those areas that do not. Examples for this can 

be seen in Sweden where this approach has been applied in several locations as well as in 

Monticello in the US, a small town with 4,000 inhabitants which also went for a municipal 

fibre network. 

6.6 Tourism 

Why go back to drizzle and fog in Germany, if the excellent connectivity and the fine climate 

in Krk provides a perfect work environment? Beside being used by citizens or business part-

ners, the optical network will also be used and appreciated by tourist, therefore leading to a 

higher number of overnight stays in the post-season. By this the season will be spread over 

the usual summer season and significantly contribute to the overall income of the town of 

Krk.  

                                                
26 Ured za strategiju razvitka Hrvatske: Hrvatks u 21. stoljecu – informacijska I komunikacijska tehnologija, 2007  
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Beside the direct usage for connecting to the Internet from the hotel or apartment, there are 

also other possible scenarios of usage of the infrastructure like multimedia information centre 

or “data station” spread over the area of the town, where tourist and inhabitants can upload 

there pictures or files from their cameras to desired web pages. The optical network will also 

improve the image of the town of Krk and the installation of definition web-cams on some of 

the nicest spots in town could attract additional number of tourists.  

Because the optical network is influencing the development of tourism in the town of Krk, 

also the tourism organization of the town of Krk should actively be involved in marketing ac-

tivities for promoting the optical network.  



SBR Juconomy Consulting AG 

52 

7 Marketing strategy and implementation phases  

7.1 Rollout phases 

As recommended in chapter 2 the goal of the city would be to connect each building inside 

the area of the town to the optical network and establishing the municipal open access busi-

ness model. This goal could be reached step-by-step whereby it is also very important that 

the town is considering a reasonable business plan preventing sunk costs jeopardizing the 

whole project.  

Our recommendation for the marketing strategy is distinguish between two rollout phases:  

The first roll-out phase  will concentrate on connecting local business customers and public 

buildings in the sense of direct income (monthly fee) and on business customers choosing 

Krk as preferred location. Why go back to drizzle and fog in Germany, if the excellent con-

nectivity and the fine climate in Krk provides a perfect work environment? This would lead to 

a higher number of overnight stays in the post-season.  

Local business customers are hotels and other touristic infrastructure, with the focus on tour-

ism as one of the primary tax sources for the municipality. In the municipality of Krk there are 

6 hotels and about 1,300 private accommodations. The main part of the tourists is coming 

from western European countries like Italy, Austria and Germany. The choice of the holiday 

location is increasingly also depending on the availability and quality of the Internet access. 

Every accommodation in Krk, independent of whether it is a hotel or a private facility, will 

have a big advantage if their offer is extended by a fast optical Internet access.  

The first phase should also include connecting public buildings to the municipal optical net-

work. The primary and secondary school, the ambulance, the court, the kindergarten and 

municipality buildings should also be targeted as primary customers. 

Because the main focus in the first phase of roll-out is in the area of tourism it is also very 

important that the local tourist board is one of the active partners involved in supporting and 

prolonging this new offer of the town of Krk. Public “users” could also have the function of 

“representative” users which motivate residential users in the later phases to get connected 

in light of the advantages. 
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In the second roll-out phase  the focus will be on residential customers. Parallel to the first 

roll-out phase the municipality should inform, educate and support the inhabitants of the town 

of Krk in the usage and importance of the optical network. For this purpose the town should 

use existing organizations and citizens groups for organizing seminars, workshops and con-

tests with the goal of educating and making the inhabitants of the town interested. This will 

create demand for the fast Internet access provided by the city of Krk. The exact rollout plans 

will depend on the number of interested customers inside a certain area or street but also on 

the distance from this area/street to the nearest access point. Another factor of reducing 

connection costs will also be by connection a multi-storey dwelling compared to single-family 

houses.   

Another income source from the network will be in renting the whole or parts of the network 

to other service providers.  By renting the network we understand the rent of ducts or dark 

fiber27. The renting of ducts has also been regulated by HAKOM in the way that HAKOM 

suggested the price of 5.35 Kuna per Meter of duct usage per month on the complete terri-

tory of Croatia. This price is calculated on the basis of the building costs, depreciation over a 

25 years period and a reasonably profit for the investor. The price does not comprise the fee 

for the right of way because this is not in the jurisdiction of HAKOM.  

7.2 Marketing 

Marketing aspects are very important for the success of the project. Advantages of optical 

access networks are not self-explanatory and for private inhabitants it will not be enough to 

inform them about the intention or even realisation of the optical network. The marketing 

should contain different activities like: 

- Blogging about the development of the municipality optical network, available ser-

vices, events 

- Regular information events for citizens and business partners  

- Integrating the facts about the optical network in Krk with current tourism advertise-

ment 

                                                
27 In fibre-optic communications, dark fibre or unlit fibre refers to unused optical fibres, available for use. 
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- Courses of using the Internet and different internet applications - How to use PCs for 

elderly; How to make very cheap telephony calls (VoIP) over the Internet – currently 

the citizens of Croatia are spending more money on telephony services than on fruit 

and vegetables together28; How to advertise the apartment/room over Internet sites; 

How to buy or sell over the Internet; Hot to play over the Internet  

- Courses of developing new services, programming and creating new content for the 

optical network 

- Different Idea/programming contest in the schools 

The main idea behind all this activities is to inform the citizens about the actual development 

and to encourage the usage of the Internet. By these activities a certain nucleus of interested 

persons will emerge, which should be involved in the future development of the open munici-

pal network.  

7.3 Achieving the municipal open access business mo del 

In chapter 2 we have recommended, that the city of Krk adopts a municipal open access bu-

siness model as a long term goal. In the first stages however, a basic internet services 

should be provided and the necessary active elements and the backhaul are included in the 

business case. This strategy serves to generate the necessary cash flow to make the in-

vestments for the rollout.  

In parallel a “service marketplace” should be built. The basic infrastructure allows service 

providers to connect in Krk as well as in Zagreb to customers on the access network. Ser-

vices provided could be for instance telephony, IPTV or internet access but also “old econ-

omy” services which become available by internet (e.g. remote security systems, web host-

ing services etc.). If and when this market place represents a competitive market, the city of 

Krk could withdraw from providing services by themselves and restrict the business model to 

open access. The active infrastructure could also be given to a separate company to operate 

and maintain. This would in the long run lead to the municipal open access business model.  

                                                
28  http://www.jutarnji.hr/na-telefon-i-cigarete-trosimo-dvostruko-vise-nego-na-povrce-i-voce/522956/ on the 30th of 

January 2010 
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8 Conclusion 

SBR Juconomy Consulting AG has undertaken a cost/benefit analysis for the deployment of 

a municipal fibre access network for the city of Krk. The study has investigated costs for a 

fibre based access network, active elements to provide a basic internet service and connect 

service providers, backhaul and connection to the www. On the benefit side we have calcu-

lated revenue from residential and business customers in the area of Krk. The assumption is, 

that the superior bandwidth offered on the fibre based access network will allow to capture a 

high market share of internet access market.  

Assuming these general parameters the business case is not likely to turn out positive. The 

only way we have achieved a positive outcome in our model is using a cost of capital of 6% 

and assuming the cost of civil works at the lower range of our estimations. However, the low 

cost of capital is justifiable given the fact that municipalities are less under pressure to make 

profit and as they can achieve better financing conditions. 

This leads to the following conclusions:  

·  It is recommended to calculate a bottom-up business case.  

·  By doing this all parameters need to be optimized. Critical parameters are:  

�  Cost of capital 

�  Backhaul 

�  Evaluation of externatlities 

�  Demand side 

Within this project, there were limitations as to the degree of detail that could be outlined. 

The findings of this feasibility study should lead to a careful evaluation of all parameters. De-

ployment of a municipal fibre based access network should not and cannot be based on cost 

and direct revenue alone. In order to justify the project external effects for society and local 

economy need to be taken into account. The municipality is the only stakeholder that will 

consider such factors and therefore, roll out activities of other operators are rather unlikely. It 

is rather difficult to quantitatively evaluate these external effects, but it is evident that these 

factors make or break the case.  

The following chapter recommends next steps to advance the project.  
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9 Next steps 

On the one side it is important to collect more information on the existing infrastructure and 

on the possibilities of using infrastructure of other operators. On the other hand also educat-

ing/informing the local inhabitants is very important.  

9.1 Ownership of Telecom infrastructure in Croatia 

Referencing to chapter 5.1, the problem of ownership of the passive telecommunication in-

frastructure is not solved – not in Krk and not in the rest of Croatia.   

Practical experience has shown that one of the biggest problems is the lack of records of the 

existing infrastructure. Interested parties like alternative operators are coping with the prob-

lem of having the right to access to something which is not well documented. The incumbent 

operator T-HT doesn’t have a big part of these documents and there is no obligation for any-

one to complete them. Therefore alternative operators like Metronet are doing the documen-

tation on their own and are handing their findings to HAKOM.  

One of the next steps for the town of Krk is to demand the entry of all infrastructure by the 

owner of DTK in the land register. The realisation of this step will have to consequences: 

- The part of DTK which is not entered as ownership of T-HT or other operators is part 

of the communal infrastructure of the town 

- With the knowledge of the exact position of ducts owned by T-HT, the town can make 

a request to T-HT for the usage of spare capacity in this ducts 

The following part is explaining step-by-step how the procedure for the usage of existing 

ducts and the installation of fibre is to be realized.  

The may issue of Mre�a in 2009. is explaining on pa ge 67 how to install own cables in exist-

ing ducts in 10 steps.  
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9.2 Options for realization of backhaul connectivit y 

9.2.1 Own backhaul to Rijeka 

For the realisation of the own physical connection to the city of Rijjeka, the city of Krk can 

make use of already existing duct infrastructure. The starting point of the Backhaul connec-

tion is the main building of Ponikve where the main exchange of the optical network is lo-

cated. The terminating point of the Backhaul in Rijeka is Kozala. The overall distance is 55 

km. About half of the distance (22.5 km) can be realized by using existing ducts of Ponikve. 

The last point of the existing duct system is located at the crossroad where turning from the 

main road (state road nr. 102) to the town of Omisalj (Brgucena street). The overall length of 

the duct system on this route is 28 km whereby there are two interruptions – one in Malinska 

with a total length of 200 meters and one in Kijac with about 1,000 meters. If using another 

route through Malinska the first interrupt can be bypassed but the total length is increasing by 

2.5 km.  

From the 28 km of duct system on the route from Krk to Omisalj, 18,9 km of ducts are all-

ready filled with fibre. Fiber cable with 12 optical fibers (Single Mode, SM) is already avail-

able between Krk and Malinska (12,500 meters) and between CS Jezero and Omisalj (6,400 

meters). Through Malinska there is an installed only copper cable in the conduits. According 

to Silvio Giorgolo (Ponikve), calibration of the ducts and blowing fibre cables can be calcu-

lated by 4.8 Euro (35 Kuna) per meter. Digging costs for the installation of DN50 duct is 25 

€/m on paved roads and 10 €/m on unpaved roads. For the interruption of 200 meters in Ma-

linska it would cost 12,000 Euro if blowing fibre in the bypass route or 5.000 Euro if digging 

the shorter distance and immediately laying the fibre. Therefore we prefer digging and 

roughly calculate with digging of 400 meter of paved roads, 800 meters of digging on un-

paved road (Kijac) and the calibration of ducts and blowing of fibre in 9 km of ducts. Alto-

gether the costs would roughly be 61,200 Euro , whereby the main costs are the cost of cali-

bration and blowing fibre over the 9 km of ducts (43,200 Euro).  

The missing link is still the part between Omisalj and Rijeka, whereby DTK of companies like 

T-HT, Janaf, Hrvatske autoceste, Plinacro and Hrvatske zeljeznice can be used.   
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9.2.2 Renting dark fibre / layer 2 from Janaf 

Another potential supplier of dark fibre or Layer 2 connectivity to Zagreb, could be Janaf 

(Jadranski naftovod). They are located at Omisalj and the part which could be of interest for 

the town is the optical connection between Omisalj and Sisak. The optical infrastructure of 

Janaf is composed of three main parts, whit overall 542 km: 

- Omišalj – Sisak: 184 km 

- Sisak – Virje – Gola: 112 km 

- Sisak – Slavonski Brod – Sotin: 246 km 

The network is realised by the usage of Gigabit Ethernet switches. There are 24 mono-mode 

optical fibres installed over the whole length of the ducts, whereby 12 fibres are in use. The 

rest of the fibres are reserved for future energetic projects on the state level and for the fu-

ture development of Janaf. From all together 7 ducts installed, Janaf is using 4 and the rest is 

open for usage for other companies. Janaf has already send an invitation to pontential cus-

tomes of this infrastructure to reveal their interest for usage by offering the free ducts for rent. 

Thereby it is essential to note that free capacity is not referring to the installed fibre but only 

on the free ducts where fibre is not jet installed.  

9.2.3 Renting dark fibre from HEP 

Hrvatska elektroprivreda (HEP) is offering fibre connections between the town of Krk and 

Rijeka or Zagreb. The official offer is not received until the 1st of February and will be added 

in the Croatian translation if received in the mean time.  

9.2.4 Optima Telekom 

Optima Telekom is offering fibre connection between the town of Krk and Rijeka or Zagreb. 

The official offer for a 155 Mbit/s Layer 2 connection is: 

- One time connection charge: 15.000 Euro 

- Monthly charge: 6.740 Euro 
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Depending on the distance of the location which has to be connected to the Optima Telekom 

PoP (Point of Presence) there could be additional charges. On the other hand the city of Krk 

has established good connections to Optima Telekom and it should be realistic to get a cer-

tain discount on the official prices. It has also to be mentioned that Optima Telekom is not 

using own fibres between Krk and Rijeka but fibres owned by T-HT. 

9.2.5 T-HT 

T-HT is offering fibre connection between the town of Krk and Rijeka or Zagreb. There is no 

official offer. The source we have found in the Internet is a document issued by the marketing 

department of T-HT dated with 1st of August 2009, but can not be found on the official T-HT 

web sites. This unofficial offer for a 155 Mbit/s Layer 2 connections contains following prices: 

- One time connection charge: 8.425 Euro 

- Monthly charge: 3.705 Euro 

Obtaining an official price was not possible during our investigations despite intensive efforts. 

For official prices the city has to contact T-HT directly.  
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10 Annex A – Civil works – options and best practic es 

It has already been stated in the introduction that the main burden of building a network are 

the costs of civil works. Therefore civil work has to be planned well and optimized in order to 

keep total expenditure for digging low. We are starting the CAPEX analysis by listing the 

prices for civil work and the prices of alternative methods for laying optical cables in the ac-

cess network.  

Referring to civil work projects on the island of Krk on behalf of the power utility company 

“Elektroprimorje”29, we are assuming that the cost for one meter of digging for the optical 

network is 25 Euro . This price is given for projects of rolling out the power network on the 

island of Krk which are comparable in effort for rolling out an optical network. This is also the 

price we have used in the cost and revenue estimation on chapter 3.  

Since civil works are the major cost driver of rolling out a fibre optical access network alterna-

tive, innovative engineering methods are being developed. This annex describes five alterna-

tive methods to bring down prices for civil works. This annex is presented as background 

information in order to facilitate the choice of the optimal method by the city of Krk.  

The first alternative method  for preventing civil work (digging and excavation works) is by 

substituting the copper base of the coaxial cable of the municipal cable-TV network by optical 

fibres. This procedure has been developed and patent protected by the Austrian company 

Kabel-X. The procedure is based on the usage of a special fluid which is pumped between 

the cable core and the sheath of the cable. This lubrication allows the extraction of the cable 

core. Thus, the copper core can be pulled out, and a fibre optic cable can be inserted at the 

same time.  

                                                
29 Information given by Mr. Loncaric and Mr. Variola at the meeting in the premises of Elektroprimorje at Decem-

ber 2009.  
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Figure 17: Substituting the copper base of cables b y optical fibres 

One of the preconditions for a successful replacement is the stability of the sheath which 

should allow applying a certain pressure without bursting. The cable-TV network in Krk is 

build with four different types of cable whereby the difference between the first and the sec-

ond as well as between the third and the fourth type is only in a different realization of 

grounding (meshed sheathing which is more flexible or closed sheathing which is fragile). 

The type of grounding is not influencing the ability of applying the method and therefore the 

two different cable types have been tested.  

Another precondition for applying the method of extracting the cable core is the availability of 

the information of the position of muffles, sockets and joints, because these parts have to be 

cut out before starting pulling out the core, because the fluid will not lubricate here. Likewise, 

the method does not work if parts of a cable are broken or damaged.  

The different deepness of buried cables, the different gradients and the age of the cables is 

not a big hurdle for the practical realisation. The average length of substitution is between 

300 and 400 meters per day .  The costs connected with applying the method is between 15 

and 16 Euro  per meter. These costs are made up by: 

1. The fluid price – for 1 meter of cable approximately 1 litre of fluid will be necessary. 

The price per litre fluid is 3.5 Euro. The fluid can also be produced by any company 

buying the necessary mixing engine (200,000 Euro).  

2. Engine – rent is 1 Euro  per meter 

3. Licence – the cost for the licence is 3 Euro per meter 
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4. Incidentals – approximately 1 Euro per meter 

5. Staff – the price depends on the size of the project. In average 4 Euro per meter. 

Kabel-X is also offering training the own team. One team consists of 3 to 4 workers. 

The training can be conducted in Austria (Waidhofen) or in Krk with a duration of 3-4 

days. After the training also approximately 3 projects would be done in common.  

6. Digging – for accessing the cable at places where no shaft is in place between 3 and 

4 Euro per meter is calculated. 

The price can be different if parts of the work are taken over by the client. Kabel-X’s primary 

business is the sale of the technology. If calculating with 16 Euro per meter the cumulative 

price for replacing the complete cable-TV network (approximately 40 km) would be 640.000 

Euro . The cable-TV network with the date of January 2010 has 1.000 active subscribers.  

The amount of copper extracted from coaxial cable is not significant compared to a 900-

bundel of twisted pairs. Therefore the value of the extracted copper can be neglected.   

For being able to provide a binding offer with exact prices, Kabel-X would need the exact 

plan of the existing network with the correct position of all existing closures and shafts. If the 

documentation is not complete, Kabel-X can also provide a mapping of the missing parts of 

the network by applying special measuring equipment which is detecting the correct type, 

position and depth of the buried cables as well as the position of closures, shafts and ampli-

fiers. This information is enriched by GPS data and entered into a GIS where a map of the 

town has to be present. The format of the map is irrelevant. Detecting the position of the ca-

ble costs 1 Euro  per meter and mapping the information into the GIS is about 2 Euro  per 

meter. If also other conduits have to be detected, this would increase the cost by 0,3 Euro 

per meter.  

A second alternative method  for preventing civil work is the use of micro-trenching. Micro-

trenching, such as the “vertical inlaid fibre” system marketed by Canadian firm Teraspan, can 

replace traditional trenches with a narrow slit that is sliced or sawn in the surface of the road.  
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Figure 18: Micro-Trench 

It makes use of micro-ducts with narrow, vertical cross-sections (12mm by 30mm for exam-

ple, rather than circular) and very small diameter fibre cables (for example 24 fibres in a 4mm 

diameter cable, and 72 fibres in a 6.1mm cable)30. A video of showing how micro-trenching is 

been done can bee seen at http://www.youtube.com/watch?v=hQVybjkF9vU. While digging 

and reinstating the road for a traditional trench is a time-consuming and expensive exercise, 

the micro-trench can avoid many costs as it does not penetrate the surface layer of the road 

(asphalt). This means the crew can dispense with traditional expensive backfill material and 

road re-surfacing, instead backfilling with grout, concrete or similar substances, which once 

sealed may be practically invisible. It is claimed that micro-trenching can cut the cost of the 

civil works by 80%31.  

A variant of micro-trenching is “nano-trenching”, another invention of Kabel-X. The difference 

compared to micro-trenching is the lower slicing depth of the trench. Compared to the com-

mon depth of 15 cm, nano-trenching is only 4 cm deep. By this the obligation of sealing the 

trench with concrete is no longer given and therefore simplifying the process and additionally 

                                                
30 http://www.teraspan.com/ 
31 http://www.teraspan.com/system/files/u11/Australia_Cover_Story.pdf 
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reducing the costs. Slicing the surface, blowing off the dust, inserting the cable and filling the 

trench whit Vialit32 or other filling material is done in one individual operation.  

 

Figure 19: Nano-trenching vehicle 

The amount of progress is between 300 and 400 meters per day. The cost is about 10 Euro 

per meter , whereby the cost of material (cable, fibre) is about 1 Euro  and the cost of equip-

ment renting and personal cost are 9 Euro  per meter. The slicing machine is a common ma-

chine used by road building companies, adapted with a blowing unit and a funnel for adding 

the filling material. If the work is done by a local company the overall cost of 10 Euro per me-

ter could be significantly reduced.  

A third alternative method  for preventing civil work is laying fibre optic cables inside the 

canal of the existing sewage system. By this method no construction works on the street sur-

face are necessary and the canal serves also as protecting pipe for the fibre cables. The in-

stallation work is not depending on weather or season which is shortening the overall con-

struction time. The only prerequisite is that the existing canal pipes are statically intact which 

is given for the sewage system at the town of Krk because it is relative new. The Germany 

based company FAST-Opticom33 (whereby FAST is abbreviation for Fibre Access by Sewer 

Tubes) is using remote-controlled robots in the process of installation. This robot is installing 

a stainless steel pipe (empty duct) inside the sewerage, measuring 11,5 mm in diameter in 

                                                
32 Vialit is a common term for „Rapsasphalt“. Rapsasphalt is a sort of asphalt with a high amount of rape in the 

bitumen ratio. 
33  http://www.fastopticom.de/ 
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the head of the pipe, into which the fibreglass cable is blown in later. A duct of 11,5 mm is 

sufficient for up to 144 optical fibres. If more fibres are needed also 15,5 mm ducts can be 

installed, raising the number of fibres to 216. The pipe is fastened without damage of the 

sewage with straining rings (0,8 mm thick hose clamps), made of stainless steel 4VA. The 

usage of such a system inside the sewage is reducing the diameter of the sewage for only a 

few percentages and also the frictionless cleaning of the sewage is warranted.  

A fourth alternative method  for preventing civil work is using existing poles. This method 

has also been used when rolling-out the cable-TV network in the old town of Krk. Compared 

with other methods this is one of the most inexpensive and fastest method for rolling-out a 

fibre network. Particularly in areas where the houses are very close to each other like the 

situation in the old town of Krk. The only question arises if the municipality is planning to use 

the poles in the future or if the intention is to eliminate poles and bury the entire infrastructure 

(telephony, electricity, cabel-TV) now carried by poles. The price of installing a network on 

poles is mainly determined by the price of the work-hour of the executing company.  

A fifth alternative method  for preventing civil work is using existing empty ducts. The mu-

nicipality owned company “Ponikve” has during the last 20 years installed 135.656 km of 

50 mm ducts (“Alcaten”), whereby the main part of the duct network are connections be-

tween settlements on the island.  The length of the installed ducts in the area of the town of 

Krk is 11.671 km 34. An exact overview of the installed ducts in the town of Krk is given in An-

nex B. During the construction phase of the sewage system in the old town, also additional 

empty ducts have been installed. The intention for installing these ducts has been to replace 

the cables for the cable-TV network installed on the poles by cables installed inside the 

ducts. There is no documentation of the installed ducts. The only person in knowledge of the 

position and number of installed ducts is Damir Muzdeka35. If the position of ducts and shafts 

for accessing the ducts is known, these ducts can be used for blowing in fibre cables. The 

price for blowing fibre cables is 1.65 Euro 36 per meter. Before blowing in fibre cables the 

ducts have to be calibrated because during the time the useful diameter of the duct is chang-

ing according to environmental influences.   

                                                
34 As of January 2010 
35 Muzdeka is the technician in charge for operating the cable-TV network, now employed in the municipal owned 

company “Vecla”. 
36 Ponikve: Privitak ponudi SVK Cizici.xls 
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11 Annex B – installed ducts in the town of Krk 

Red.br Id Opis pozicije kabla Du�ina (m) broj cijevi

1 33 odvojak ul. Mate Balote 160
2 10 Koprivi�  - Veli mul 240
3 9 ul. Bra� e Juras 230
4 18 ul. Frankopanska 420 2 X DN 50
5 30 ul. Je�evac 116 3 X DN 50
6 25 Lukobran - Autobusna stanica 50 3 X DN 50
7 22 Lukobran - Je�evac 500 3 X DN 50
8 20 ul. Kralja Tomislava 308 2 X DN 50
9 16 ul. Ru�marinska 213 2 X DN 50
10 32 ul. Rije� ka 148 2 X DN 50
11 31 ul. Dubašljanska 115
12 19-316-318 ul. Slavka Nikoli� a 656 2 X DN 50
13 17-309 ul. Kr� kih iseljenika 211 2 X DN 50
14 28 ul. Crikveni� ka 351 2 X DN 50
15 27 ul. Vidikovac 182 1 X DN 50
16 35 ul. Narodnog preporoda 504 2 X DN 50
17 11 Kru�ni tok - Vela placa 438
18 12 ul. Miroslava Krle�e 172
19 13 ul. Mate Balote 871
20 14 Vela placa - CS Dra�ica 1.165
21 15 ul. Matka Laginje 58 2 X DN 50
22 34 VS Krk - ul. Mate Balote 485 2 X DN 50
23 229 Kru�ni tok 129 2 X DN 50
24 303 ul. Put mora 107 2 X DN 50
25 314 ul. Vinogradska 135 2 X DN 50
26 320 ul. Vrbni� ka 150 2 X DN 50
27 321 ul. Maslinik 58 2 X DN 50
28 356 ul.A. Cesarca 131 2 X DN 50
29 341...343 ul. Sv. Ivana 109 2 X DN 50

30 374...376 ul. Stjepana Radi� a 717

2 X DN 50; 4 X 
DN 50; 5 X DN 50

31 377 ul. Splitska 72 2 X DN 50
32 419 ul. Jurja Kri�ani � a 152 2 X DN 50
33 420-424 ul. Dinka Vitezi� a 206 2 X DN 50
34 421-422-423 odvojak ul. Dinka Vitezi� a 244 2 X DN 50
35 166 Upravna zgrada Krk - VS Lizer 1.868        3 x DN 32

Grad Krk

 

Table 2: Streets in Krk with ducts 
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12 Annex C – Public Private Partnership 

The primary idea behind Public Private Partnership (PPP) is that the public sector has limited 

financial resources and furthermore is limited in raising debt and borrowing money from the 

capital markets, amongst others to fulfil all its duties regarding the provision of public ser-

vices in the fields of all types of infrastructures, e.g. roads, railways, airports, gas and water, 

education, environment and health. Taking into account the aforementioned aspects, PPP 

refers to forms of cooperation between the public sector and private businesses which aim to 

ensure the funding, construction, renovation, management or maintenance of an infrastruc-

ture or the provision of a service. 

Examples like the Stokab37 project of the town of Stockholm, the CityNet38 project in Amster-

dam or in towns like Burlington39 and Monticello40, show that several cities and municipalities 

on a worldwide scale co-operate with local and/or private partners within PPPs to deploy 

their own fibre optics network. In general quite different, all of the respective models have in 

common to use the particular strengths of each of the partners to act successfully. Building 

their own fibre optics network a city or municipality invests in their future because of realising 

a sustainable communications infrastructure for residential and in particular for. Investors are 

realising a long term investment with if applicable lower earnings on the one hand but on the 

other hand got more reliability because of the participation of the municipality. 

Saša Marenjak in his article „Pravni okviri javno-privatnog partnerstva“41 has denoted a set of 

advantages for the public sector in case of a realization in the frame of PPP: 

- If the public sector is having a demand for the realization of a project of great public 

interest but is not in the position to realise the project on there own, the realization in 

some of the forms of PPP could be one of the solutions of this problem 

- If some preconditions for PPP are met, this project is not treated as actual public dept 

of the public sector 

                                                
37 http://www.stokab.se/templates/StandardPage.aspx?id=306 
38 http://www.glasvezelamsterdam.nl/actueel.php 
39 http://www.burlingtontelecom.net/ 
40 http://www.monticellofiber.com/ 
41 Marenjak, Kušlji� : Pravni okvir javno-privatnog partnerstva, Gra� evinar br. 61, 2009 (hrcak.srce.hr/file/57020) 



SBR Juconomy Consulting AG 

68 

- The integration of all parts of the life cycle of big projects or the economical life cycle 

of the product (or service) is giving great opportunities for the optimization of the ac-

cumulative expenses of the project 

- Enabling faster intergration of new technologies because the private sector is more 

dynamic in accepting innovation than the public sector 

Marenjak is further stating that the most important EU document in the field of public private 

partnership is issued from the European commission in 2004. known as “ “Green paper on 

Public private partnerships and community law on public contracts and concession”42. This 

document is defining PPP but also describing characteristics and it is giving a systematic 

approach of classifying the field of PPP.   

The document is describing following forms of PPP: 

- Contractual form of PPP by which the partnership between public and private part-

ners is based on contractual conditions. The contractual form can be based on two 

main models: 

o Concessionary form of PPP: Private partners are accounting their service from 

the end user but in the same time they are also under control of the public 

partner 

o PFI model (Private Finance Initiative): Private partners are accounting their 

public service from the public partner in the form of a rent, which can be fixed 

or modifiable over time, depending on the quality of the delivered service 

- Institutional form of PPP (or statutory PPP) which inherent the cooperation between 

public and private partners by a separate business unit. This form of cooperation is 

apprehending the establishment of a business unit which is commonly owned, 

whereby the task of the unit is to deliver or obtain service of public interest. This unit 

can be formed as a new company or by overtaking an existing public business unit by 

the private partner43  

                                                
42 http://europa.eu/legislation_summaries/internal_market/businesses/public_procurement/l22012_en.htm 
43 Marenjak, Kušlji� : Pravni okvir javno-privatnog partnerstva, Gra� evinar br. 61, 2009 
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Marenjak is continuing in his article by stating again that one of the biggest advantages of 

public private partnership is that these projects are not treated as part of the actual public 

dept. In the Eurostat decision from 2004. with the title “New decision of Eurostat on deficit 

and debt treatment of public-private partnerships”,44 the influence of PPP projects on the 

budget and dept balance of the public sector is analysed. By the Eurostat this projects can 

be classified as property which is not public and therefore shell not be noted as a statement 

of financial position if following conditions are met:45 

- The private sector is carrying the risk of building 

- The private sector is carrying at least one of the risk of disposal and request 

By this also the existing risks are stated which are existing for the roll-out of an optical net-

work in the town of Krk – the risk of building, the risk of disposal and the risk of request. 

Thereby the risk of request doesn’t has to be directly connected with the service quality, but 

rather is the result of other factors like the business environment, new market conditions, 

direct competition or technology changes. 36 

Concerning the institutional/legal framework of the Republic Croatia in the area of private 

public partnership, Marenjak is stating that the first PPP projects in Croatia have been in the 

form of concessions and different institutional forms of PPP, where the main legal statute 

have been “Law about concessions” 46, ”Low about public procurement”47 and others.   

At the 23th of November 2008, the Croatian Parliament brought the “Low about public private 

partnership”48 by which the mentioned area has been constituted. Based on the fact that this 

law is part of the area of public procurement, the choice of the private partner has to be done 

in the framework of the “Law on public procurement” and “Law on concessions”. For the ful-

filment of contractual  obligations the most important document is the “Law of affirmative rela-

tionships”49. Beside this Marenjak in his paper also pointing on the fact that it is necessary to 

account on other lawful regulative of the Republic of Croatia, which is relevant for this area of 

work just as future regulation and ordinances foreseen by the “Law about public private part-

                                                
44 Eurostat Press Office: STAT/04/18; 11.02.2004. 
45 Marenjak, Kušlji� : Pravni okvir javno-privatnog partnerstva, Gra� evinar br. 61, 2009 
46 http://narodne-novine.nn.hr/clanci/sluzbeni/342111.html 
47 http://narodne-novine.nn.hr/clanci/sluzbeni/329474.html 
48 http://narodne-novine.nn.hr/clanci/sluzbeni/314973.html 
49 http://narodne-novine.nn.hr/clanci/sluzbeni/288230.html 
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nership” when publicised and being valid. Special care has to be taken for the lawful regula-

tive concerning special terms of the project environment like environmental protection, pro-

tection on cultural heritage, technological process and others.  

In the case of realization of PPP projects in Croatia, beside the state administration (govern-

ment, ministries) and local government (regional, town and municipalities) also the ministry of 

finance (MFIN) and the Agency for PPP50 hast to be involved.  

If the town of Krk is deciding to consider the option of the realization of the project by the 

PPP model, the most important point is to clearly understand the different models of PPP 

and to decide which model is the most appropriate for the town of Krk. Beside this it is also 

very important to fully understand all legal obligations which are part of the project and which 

have to been taken by the municipality. This will minimise the risk and improve the chances 

of an successful realisation of the whole project.   

 

 

                                                
50 http://www.ajpp.hr/ 


