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Executive Summary

This task brings costs and revenues together tluaeathe business case for the Physical
Infrastructure Provider (PIP) and the Network Pdevi (NP). By establishing revenues

models using the input from D6.2, and by dividirig ttotal cost calculated by WP5 in

between PIP and NP responsibilities, we are ablma&e relevant conclusions about the
economic viability of the business case for these layers.

It is clear that, under normal market conditioi® business case for the PIP is almost never
viable. We therefore suggest several improvemdiks, aggregating demand to ensure a
certain take-up from the start of deployment, negisexisting ducts to lower the trenching
costs, extending the planning horizon to includeo ghe revenues in a further future, etc.
These proposals lead to significant improvementghexdense urban and urban scenarios,
deploying in a rural area however never works. Asotoption is to explore the indirect
benefits of the network: the benefits for othertsecthan telecom itself. Identifying these
benefits and quantifying then, both from a bottgmas well as top-down approach, can
increase both the incentive for market playersdplaly, or can increase the willingness to pay
for end-users.

The business case for the NP is much more optonistat is if the cost for the Customer
Premises Equipment (in-house cabling and ONT) cuebed. When assuming a high take-up
for NGOA technologies (which is not unrealistic wheonsidered that these technologies will
be there only in 2020), there is a reasonable basinase in the order of the €10 per customer
per month that resulted from the case study revanasysis.

Having different actors on different layers regsien open access interface. This deliverable
models this open access interface on three netwaydrs: dark fibre, wavelength and
bitstream and calculates the needed costs relatequipment, management and processing,
and business. Offering dark fibre open access ase® the monthly fee per customer with
€1.70, whereas wavelength open access will nevescbaomically feasible because of the
diseconomies of scale and bitstream open access€&d80 to the monthly cost per customer
(but allows only competition in between SPs, nosNP

Offering this open access interface enables therantion between multiple players on
different levels in the value chain. Using the MATR approach and a game theoretic model,
we evaluate the objectives, power relations anategjic actions of these different market
players in various settings. We can conclude tabtest option for a municipal infrastructure
provider is to deploy an open network, to whichemative network operators and the
traditional telcos will migrate. However, real apts analysis shows that if the transaction
costs are above 15% of the yearly revenue, the aipatiprovider will suffer from a negative
payoff in all cases.
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Abbreviatio

ns

3G Third Generation
AAA Authentication, Authorization, and Accounting
ADSL Asymmetric DSL
ANP Active Network Provider
AOB Alternative Operator Board
AON Active Optical Network
ARPU Average Revenue Per User
ASP Application Service Provider
ATM Asynchronous Transfer Mode
AWG Arrayed-Waveguide Grating
CAN Consolidated [or Central] Access Node
CapEx Capital Expenditures
CEO Chief Executive Officer
co Cable Operator
CPE Customer Premises Equipment
Equip Equipment
Infra Infrastructure
CPEV CPE Vendor
Csp Content Service Provider
CwWDM Coarse Wavelength Division Multiplexing
DCF Discounted Cash Flow
DOCSIS Data-Over-Cable Service Interface Specification
DSL Digital Subscriber Line
DU Dense Urban
DWDM Dense Wavelength Division Multiplexing
EC European Commission
EU European Union
FTTB Fibre-to-the-Building
FTTC Fibre-to-the-Cabinet
FTTH Fibre-to-the-Home
GDP Gross Domestic Product
GIS Geographic Information System
GNA GlasvezelNet Amsterdam
GPON Gigabit PON
GPRS General Packet Radio Service
HC Homes Connected
HC Housing Company
HD High Definition
HE High-End
HFC Hybrid Fibre Coax
HH Household
HP Homes Passed
HPON Passive Hybrid WDM PON
OASE Page: 21 of 192

FP7 — ICT- GA 249025



Value Network Evaluation
OASE_WP6_D6.3_IMINDS_31012013_V1.0

ICT Information and Communication Technology

IDC International Data Corporation

IGP Individual Fibre Pair (dutch: Individueel Glasvezel Paar)

IP Internet Protocol

ISP Internet Service Provider

IT Information Technology

KPN Koninklijke PTT Nederland (Royal Dutch Telecom)

LL Link Level

LLU Local Loop Unbundling

LRIC Long Run Incremental Cost

LT Long term

LTE Long Term Evolution

MACTOR Matrix of Alliances and Conflicts: Tactics, Objectives and
Recommendations

Mbps Megabits per second

MDU Multi Dwelling Unit

MIAM Multi-Issue Actor Model

MINP Municipal Infrastructure and Network Provider

MIP Municipal Infrastructure Provider

MNO Mobile Network Operator

MPLS Multi-Protocol Label Switching

N/A Not available

NDM Network Device Manufacturer

NE Nash Equilibrium

NG AON Next Generation AON

NGOA Next Generation Optical Access

NP Network Provider

NPV Net Present Value

0] Objective

OA Open Access

ODF Optical Distribution Frame

OECD Organisation for Economic Co-operation and Development

oLo Other Licensed Operator

OoLT Optical Line Termination

ONT Optical Network Termination

ONU Optical Network Unit

OpEx Operational Expenditures

OPTA Onafhankelijke Post en Telecom Autoriteit

Osl Open System Interconnection

P2MP Point-to-MultiPoint

P2pP Point-to-Point

PA Public Authority

PCP Physical Connection Point

PDA Personal Digital Assistant

PIC Photonic Integrated Circuit

PIP Physical Infrastructure Provider

OASE Page: 22 of 192

FP7 — ICT- GA 249025



Value Network Evaluation
OASE_WP6_D6.3_IMINDS_31012013_V1.0

PON Passive Optical Network
PoP Point of Presence
PPP Public Private Partnership
PTS Post and Telecom Agency Sweden
PVC Permanent Virtual Connection
QoE Quality of Experience
QoS Quality of Service
Reg. Regulator
RGW Residential Gateway
ROA Real Option Analysis
ROI Return On Investment
ROT Real Option Theory
RU Rural
SCB Statistical Bureau of Sweden
SDSL Symmetric Digital Subscriber Line
SbuU Single Dwelling Unit
SEK Swedish krona
Serv. Prov. Service Provisioning
SME Small and Medium Enterprises
SMP Significant Market Power
SP Service Provider
ST Short term
TCE Transaction Cost Economics
TCO Total Cost of Ownership
TDMA Time Division Multiple Access
Telco Telecommunication Operator
TG Technology Giants
UDWDM Ultra Dense WDM
UR Urban
VAT Value Added Tax
VDSL Very-high bit-rate DSL
VLAN Virtual Local Area Network
VoD Video on Demand
VPN Virtual Private Network
VVA Vergoeding voor Abonnement - Fee for Subscription
WACC Weighted Average Cost of Capital
WiFi Wireless Fidelity
WiMAX Worldwide Interoperability for Microwave Access
WR + FF Feeder Fibre WR WDM PON variant
WR + WSS Wavelength Selective Switch WR WDM PON variant
WR WDM PON  Wavelength Routed WDM PON
WS WDM PON Wavelength Selected WDM PON
WSS Wavelength-Selective Switch
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1. Introduction

It is clear that the next big step in fixed telecomarket is the upgrading of the current
networks to all-fibre networks. This deploymentfiire goes hand-in-hand with the search
for new business models in which multiple actorspmrate to deliver the network that is too
expensive to deploy on their own, and with the tlgwaent of new technological solutions,
both on passive as well as active optical netwdtia, help in better exploiting the virtually
unlimited speed of the fibre cables. Based on ttpgeeted costs (from WP5) and revenues
(see D6.2), a quantitative evaluation and comparisothe proposed business models and
value networks (see D6.1) was performed and doctedeim this D6.3. Different cases,
taking into account penetration of existing broadband/or multimedia services, economies
of scale, technological solutions, etc. will be leated. An evaluation will be done for all key
actors making use of a multi-actor analysis. Finaibmpetition and strategic decisions will
be considered

1.1 Research objectives

The goal of this document is to provide the readién more insight on the profitability and

economic impact of the business case for a FTTHréRio-the-Home) deployment, while
focusing on the different actors (physical infrasture provider, PIP, and network provider,
NP) involved. Different scenarios will be evaluated that a good overview of the different
geographical, demographical and economic situatioEsirope can be achieved.

The following list of specific research questiontl e answered:

- From the total cost of the system (calculated in5)Yow much is paid for by the
PIP, how much falls under the responsibility of N?

- How much revenues are needed per customer inelffecenarios for the PIP to have
a positive business case? How much revenues adedhgrr customer in different
scenarios for the NP to have a positive busineseZ&low much should the NP pay
the PIP? How much should the SP pay the NP?

- What is the impact of economic decision parametiks, the WACC (Weighted
Average cost of Capital)?

- How could the business case for the PIP and thééNilproved? What is the impact
of start penetration? What is the impact of the aeanprofile?

- Is there a case for infrastructure competition. (miltiple PIPs)? Is there a case for
competition on the network layer?

- How can you offer open access on top of the PIBrlegnd how much will this cost?
How can you offer open access on top of the NPrJayed how much will this cost?

- What is the impact of churn?

- What are the power relations in between the diffeptayers in the field?

- How can flexibility throughout the planning processduce the risk for a FTTH
business case?

- What are the indirect revenues on top of the diveets? How can they be quantified?

- How do the value networks look like in real-lifesea?

- What is the impact of regional parameters?

1.2 Structure of the document

These research questions will be tackled in thHeviohg chapters:
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Chapter 2 gives an overview of the different waysopening the value chain, so that
competition on NP and/or SP layer becomes feasipart from describing open access on
fibre, wavelength and bitstream layer qualitatiyéhe chapter also deals with a description of
the entailed costs.

Starting from the revenue scenarios built in D&42][ Chapter 3 details the revenues that will
be used in this deliverable for the quantitativaleation of the business cases for the PIP and
NP.

As mentioned before, this deliverable will perfoamalysis for multiple scenarios, in order to
cover the most important types of regions and swigtin Europe. Chapter 4.2 therefore
describes the parameters and their variations.

In Chapter 4, the actual business cases are egdluBhe costs are divided in between PIP
and NP, and the needed revenues for both playerswluated for multiple scenarios.
Improvements are suggested for both business caseshe impact of open access interfaces
on the costs and needed revenues is investigated.

Chapter 5 looks into competitive analysis by iniggging the power relations in between the
different market players using a MACTOR (Matrix Bfliances and Conflicts: Tactics,

Objectives and Recommendations) approach, and Udgulaang Nash and Pareto

equilibriums for different games, in which publiacaprivate players can opt for multiple
strategies.

The flexibility and uncertainty of the NGOA (Nexe@eration Optical Access) deployment is
studied in Chapter 6, using real options theoryh@ough introduction to the theory itself is
also provided.

Another way to improve the business case, espgdail public players, is to include the

effects of indirect benefits, frequently also rederto as the ‘uncaptured value’ of FTTH. In
Chapter 7, these effects are identified and quadtifising two methods: bottom-up and top-
down.

Finally, Chapter 8 concludes this deliverable.
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2. Opening up the value chain

Within OASE, different business models have beentified. However, they have only been
implicitly defined so far, based on figures likegiie 1. All models are constituted of three
(potentially integrated) conceptual network layephysical infrastructure, network and
service layer. These conceptual network layerscatdi the responsibilities taken by the
different actors. The actors on these layers goeadily called resp. physical infrastructure
provider (PIP), network provider (NP) and servicevider (SP).

SHS S S SHSHS SHSHS E
P P P PLUPLP PLUPLP @
end2end
P
LL
LL
PHY
WDM
T 0 =
0 O =
0O =
] | duct
1 O —
] ] Row
(a) (b) (c) (d) (e) (f)

Figure 1: Conceptual business models, as describedD6.1 [57]

When accurately defining a business model for ghiog an optical access network, however,
we should go into more detail and definitely coesithe aspects described in the following
subsections. When investigating open access magaelshould look into the level at which
the network is opened, which open access interimagsed, and how much extra cost it
entails. On the other hand, we have to considechvioles are taken up by which parties, i.e.
what part of the network deployment and operatifails under the responsibility of the PIP
or the NP. It should be noticed that, although aeklinto the possibility of having multiple
SPs, a detailed cost-benefit analysis for thisrafdtls beyond the scope of this project.
Finally, we will not evaluate the business modelsdll architectures, but only focus on those
that fits the requirements as set up in collabonaivith WP2 and WP3.

2.1 Layer at which the network is open

Opening the network at some network layer aimsllatvang competition on the higher
layers. We open the network at some specific néwayer, we provide aprovisioned
elemeriton that layer to all users of that layer (mear@atprs on the layer above).

2.1.1 Mapping of conceptual layers to actual network layes

Conceptually, we can open the network either atRHe level (allowing NP competition)
and/or at the NP level (allowing SP competitiory, iadicated on Figure 2. In practice,
however, there is a multitude of options. A mappanghe different relevant levels to the OSI
(Open System Interconnection) network layers iggiin Figure 2. It is important to exactly
mention the provisioned element rather than onéydbnceptual level in order to define the
business model.
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(a) opening on PIP level (NP competition) (b) opening on NP level (SP competition)
Figure 2: Opening the network

Opening at the fibre layeneans that different parallel fibres are availablthe same cable /
trench infrastructure, and that each NP therefai®e dt least one dedicated fibre to reach its
customers. The provisioned element is the fibre fi&twork is opened at the PIP level. This
model allows NP competition. The main advantagepening at the fibre layer, is that it is
technology agnostic. Its main disadvantage is tgledn fibre count.

Opening at the wavelength layereans that every NP has access to one or moreatkedli
wavelength to reach the customers. The provisi@heaient is the wavelength and the model
is opened at the PIP level. Note that the mappetgvéen customers and the wavelengths
required to reach them is dependent on the artchrsdodesign. In order to allow a user to
connect to multiple NPs simultaneously, multiplensceivers are required. Those form the
so-called provisioning interface. This model alloMB competition.

Wavelength open access is a fairly cheap and epsgno(depending on technology), by

installing limited extra equipment to divide the weéengths among the NPs on the central
office side, and among the end-customers on the SIRE The main disadvantage is that this
way of open access is not technology-agnostic. begret on the PON architecture used,
different equipment should be installed, and sholédefore also be replaced when switching
NPs or migrating to next-generation options.

Opening at the bitstream leveleans that there is a provisioned element on Blen@twork
layer 2 (Ethernet or even TDMA) or layer 3 (MPLB).IHere, the network is opened at the
NP level, so that SP competition is allowed. laimitedly complex way of providing open
access (no problems arise from the co-existenceuttiple operators’ equipment), albeit that
it only allows open access on top of the NP. Itef@e only allows competition on SP layer,
while the other two options allow for competition NP layer.

3 (Network Layer Open Access) Basic network service provided

e.g. IP layer service over cable to support MPLS-based VPN %

2 (Data Link Layer Open Access)  Dark fibre and link-layer electronics at each end E
e.g. Ethernet-based VLAN, or ATM-based PVCs 3

1 (Physical Layer Open Access) Dark fibre leasing T
Optical Layer open access (CWDM or DWDM) in PONs '§ %

0 Conduit and Collocation Facilities

Figure 3: Opening on different network layers and he associated provisioned elements
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2.1.2 Unbundling versus open access

We distinguish between unbundling and open accasedon the existence of a vertically
integrated operator.

« Unbundlingrefers to the case in which a single actor is @kply both a particular layer
and the layer on top of that, while still allowitige co-existence of other actors on top of
its own passive infrastructure/network (models (@), (c) in Figure 1).

* Open accessefers to the situation in which the lower laysrprovisioned in a non-
discriminatory way to different actors on the lagdove (model (d), (e), (f) in Figure 1).
This is typically the situation in a newly deployeetwork where split responsibilities can
be one of the objectives from the start. The mdiferénce with unbundling is that the
actor responsible for the lower layer does not iacthe layers above. For example,
unbundling on the bitstream level means that theraaffering the connectivity at the
network layer, the NP (potentially integrated witie actor on the physical layer, the PIP)
Is not offering any services at the service layer $P is integrated with the NP here).

Both unbundling and open access can exist on atoddtof network layers, as indicated in
the previous section. Tlprovisioning interfaces the first point where different NPs/SPs (at
least 2) are brought together on the same devige fibre cable, ODF, splitter, AWG etc).

Depending on the situation, it is called tirdoundling or open access interfaespectively.

2.1.3 Number of competitors per layer

It is important to note that the providers on thigedent conceptual layers (PIP, NP, and SP)
don’t necessarily cover the same geographic areas.

If we consider the models presented in Figure fefiect the situation in a single geographic
area, situation (e) would represents a situatiomhith case a single building is connected by
three different NPs on top of a single PIP, so thate is true competition for this customer
on NP level. In order to support fibre open accéss would require sufficient spare fibre
being deployed, and there must be a PIP that i;mgi&nd able to allow access to its fibre
network. Note that a multi-fibre infrastructureniseded if you have two NPs competing in the
same geographical area. In reality, having coripetion NP layer within the same
geographical area is not expected, although nobgsiple. In Amsterdam, KPN and BBNed
are both NP within the same geographical area,rafdance, there is a law that obliges the
PIP to deploy multiple fibres to every building.

This is a fundamentally different situation fronettase where multiple NPs are active on top
of a single PIP but they don’t connect the samédimgs or are even geographically totally
split. The easiest way to represent this situat®ro use model (f) in Figure 1. This
corresponds to the model deployed by Stokab (Stdokh

2.2Business and operational requirements from the diffrent
actors

The responsibilities on the three conceptual layedscated above (PIP, NP, SP) are in
practice taken up by different kinds of actors (8ee@ex A for a description of real-life case
studies). These actors differ in their backgrolmhwledge and objectives. Where a PIP can
be seen as a real infrastructure provider (verylaino a provider of another type of utility
networks like gas, water of even roads), an Nmiadaual telecom player with a background
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as an incumbent or new entrant in the telecom donepecific telecom knowledge and
working on shorter timeframes (5 to 10 years ragfeof more years for the PIP).

2.2.1 Specific NP and PIP requirements

Typical requirements from the perspective of the iNElude the following. The first two
requirements (multi-NP support and inter-NP isolatican be considered strict requirements
as they will be required by any NP in the fieldeTast one (no master NP) is strict in an open
access scenario, however, in an unbundled scertheiagynbundled operator would naturally
take up this role of master NP, so that here #gsiirement is not existing.

« Multi NP support. Multiple NPs per network and even network area khde
possible, so that each end-user choose betweegretiff NP. However, once the
choice is made, the end user will be connectetddbdne NP, until the contract ends
and a new NP is selected. This means that theeelisited set of NPs offering
network connectivity in a certain area (from théserg networks studied — Annex A
— we see that the maximum number of NPs is abdats and that an end-user can
freely choose between them. Note that this requergranly holds for the open access
schemes that allow for multiple NPs, i.e. the filsred wavelength layer. Since
bitstream open access only allows for competition Sp layer, the requirement
doesn’t hold there.

« Inter NP isolation A rogue ONU (a misbehaving ONU — deliberate or sbyuld not
be able to effect the service of any other custooher different NP. This means that
while hybrid ONUs that affect other ONUs in the saMP domain are allowed,
ONUs that effect ONUs of other NPs are not. This istrong requirement that was
confirmed when talking to AOB members, with longpexence in multi-operator
open networks.

+ No master NPA dedicated NP (which would otherwise become a lohdmaster
NP’) should not take up any coordination activitiéghere is a need for coordination
player this function should not lie with one of eeal NPs offering service in the same
area, it should rather be taken up by the PIP rfotheer independent third party). In
an open access scenario, this fact was also seppbst a discussion with AOB
members, due to the consequent loss of credilafitthe open access network being
open to all under fair and non-discriminatory cadiadis. In an unbundling scenario,
there should definitely be a coordinating rule iseplace. This rule set needs to be
defined between all players within one dedicateghall his agreement should include
all relevant technical (incl. e.g. resource allawat, process related as well as business
aspects / interfaces required for providing sesvimethe customers. In the best case,
there is a basic framework already defined by dipalithority.

From the perspective of the PIP, on the other hémete is typically the intention to
remaintechnology agnostjcwhich is perfectly in-line with the PIP characteging an
infrastructure provider. However, in some case thight be conflicting with the NP
requirement not to have a master NP, for instancéne case of WDM-PON (which is
currently out of favour among e.g. our AOB (Altetima Operator Board) members on the
ground that it implies maintenance of WDM equipmédat the PIP). When the
provisioning interface (unbundling/open accessrfate) is owned by the PIP to maintain
neutrality to NP/SPs, the PIP may become technedpggific over some or all of its
infrastructure.
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2.2.2 Resulting actor responsibilities

In D5.3 techno-economic studies, the total costowhership of FTTH architectures is
classified into 5 categories according to actopoesibilities. For more details and a concrete
overview of the entire cost classification, we rafethe TONIC tool itself.

* Network Provider costs (NP) include any active pqent in the CAN and remote
node, such as OLT, reach extenders, Ethernet ssitaic. Optical fibre distribution
frames for system connections are also consider@ah of NP cost.

* PIP Infrastructure (PIP Infra) includes fibre cahlducts, installation, trenching, etc.

* PIP Equipment (PIP Equip) mainly covers passive mmments such as power
splitters, wavelength splitters, fibre patchingstdbution and cross-connect frames
(ODF), etc.

* CPE infrastructure (CPE Infra) refers to the cdshehouse and in-building cabling,
optical sockets and their installation. It is lgtas an individual category because a
separate actor (e.g. housing corporations) care$gonsible to take the cost of this
part.

 CPE Equipment (CPE Equip) includes the ONT costas as its installation, which
end-users are partly responsible for.

2.3 Short-listed architectures

D3.3 describes a multitude of different architeetum support of the open access business
model. Especially on wavelength open access therenany different architectural solutions
possible. In D2.2 and D6.4, the list of requirerseas seen in chapter 2.2.1 has been
concluded.

The last requirement onTFhere should be a coordinating rule set in plackads to two
different types of PIP, a transparent and an opabjue difference between the two is that the
opaque PIP includes optical devices (e.g. splitt&¥@¢/Gs, and WSSSs) in its physical
infrastructure. This puts requirements on the &echires that want to utilize the PIP’s
services.

The second requiremeninter NP isolation— impacts mainly the PON type architectures by
a higher dependency on optical devices with higbelation, like AWGs, WSSs, and inter
leaver filters.

Bitstream open access can be accomplished ovardilitectures, but in order to meet both
fibre rich and poor scenarios, only two will beesstéd, one for each option.

All architectures described in WP3 were evaluatedhe criteria described above (see section
7 in D3.3), and only the ones fulfilling all thegrarements sufficiently, were withheld. The
resulting short list of open access architectuses i

» Fibre open access (transparent PIP)
o fibrerich
= Green field infrastructures which maximises ondibount
o Point-to-point on fibre and optical level
« Wavelength open access (Opaque PIP)
o Usually fibre poor
= Brown field infrastructures that optimizes on film@unt
0 Includes optical devices
= Optical devices — e.g. optical splitters, AWGSs, BSS
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= Legacy installations are normally point-to-multippon optical level (i.e.
splitter based), while new installations can benpto-point (i.e. purely
AWG or WSS based)
o WDM PON
= Wavelength routed (WR) WDM PON
* AWG and multi feeder fibre based
o Hybrid WDM PON
= Passive hybrid WDM PON
e Bit-stream open access
o WR WDM PON
= A *pure” optical P2P WDM PON
* No optical splitters for shared medium applications
0 NG AON
= Active remote node with WDM backhauling

The following chapters will go through these in madetail but D3.3 covers this in even more
depth.

2.4 Cost of open access

The goal of this chapter is to describe the impactosts if one opens the value chain in order
to stimulate competition on network and serviceetayDne way of describing is to identify
additional cost building blocks compared to theieaHy integrated case (Figure 4).

In general the costs are related to the interfaeéseen the real actors within the value chain
of an open access business model. We distinguisteba three levels of open access: bit-
stream level, wavelength level and fibre level. éendifferent levels are related to different
architectures as described in chapter 2.3.

The additional cost for open access can be sptiifiarent building blocks: equipment related
cost, management related cost and business relasedFigure 4).

Bit-stream access WO unbundling Fiber unbundling
interface open access interface apen access interface
: ) . idei i find information about
Business discuss with regulatar ahout pruwdg |nf0rma_t|un on ; .
Business Layer : : unbundling lacations and awvailable infrastructure,
related cost hitstream access prices prices ducts, etc.
IT landscape Independent - Management T
andscape
(OSSESS Order system,
IManagement o) | IT landscape | (BSS/ Order system, etc.)
and process
related cost i
Patching {man.ual Fiber patching
and automatic)
additional netwark elements additional netwark elements
interfaces, interfaces, PS, AWG, filter,
power, etc. etc.
Equipment Physical Co-location space, climate, ODF_chSS—CDnne_ct,
lated cost Infrastruct power, security concepts, co-location space, climate,
rela e PS, &W0G, band filter, etc. power, security concepts
CPE OMT different models,
tuneahle, etc.

Figure 4: Open access cost building block model ratled to equipment, management and business
(note that the wholesale perspective is consideré@re, see section 2.4.3)
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2.4.1 Equipment related cost (differs per architecture aml layer on which

the network is open)

In order to provide open access, extra equipmedtirfnastructure should be foreseen that
can connect the PIP to the different NPs in a fcure and transparent way. These costs
should in most cases be made upfront, i.e. onelghmake the decision to include the open
access possibility at the moment of deploymentc@irse, adding the possibility later is also
possible, but will inevitably entail decommissioginosts as some of the current equipment
would need to be replaced.

This section will investigate what changes neetbdégperformed on the architectural layout
(we base ourselves on input from WP3), and whatsctigese changes would bring. As
mentioned before, the costs will depend on bothldlger at which the network is open and
the architecture deployed. The section is there$okedivided in three: open access on dark
fibre layer, wavelength layer and bitstream operess. Although the costs for patching don’t
include extra equipment, they are described in Haistion, because they depend on the
architecture under study, and are therefore easiglained next to the right figure.
Theoretically however, they belong in the sectionneanagement and process related cost
(section 2.4.2).

As WP6 focuses only on the no node consolidatienaco, we will only evaluate open
access possibilities for this area size. Howevérere the impact of the node consolidation
could be significant, we will qualitatively desceiltt.

2.4.1.1Scope of open access studies

All equipment described in the previous sectiond aspecially the provisioned elements
need to be physically located in one of the idesdifPCPs (for the definitions of the PCPs,
see D3.1 [55]). Based on the applied business maddl open access schemes, we can
differentiate between several options.

In case of a residential offer, the residentialruseerface is typically located in the home
(PCP2), whereas the service provider interfacenighe local exchange (PCP5), central
exchange (PCP6.1), aggregated central exchangéP<ite6.n) or in the core sites (PCP7),
depending on the scenario. As we consider heredbeario without node consolidation, this
Is typically PCP5.

* In case an open access PIP will own the fibre stiftature in the full OASE scope (PCP2
to PCP5), ensuring the PIP is technology agnoshie, network is not opened in an
intermediary PCP, this is calleend-to-end open access on the fibre lay&ctual
changing of NPs will be harder in case they doagvee on using the same technology (as
this would require the end users to change theirpagent, see also section 4.5.1.3). The
network opens up

0 At the customer side: in PCP2 (home)
0 At the network side: typically in PCP 5 (possiblpi67 depending on scenario)

* In case the network is opened at the fibre level tere are different NPs, the fibre
network is opened in an intermediary PCP. The udladhpart (PCP2 till PCP5) is
typically owned by the unbundled actor (incumbetitis islocal loop unbundling on the
fibre layer. Here the network opens up in PCP2 (home) and RIGP& exchange).

* In case ofbitstream end-to-end open acce8® entire access and aggregation network
(PCP2 till PCP7) is covered by the single PIP/NBre+Hhe network opens up in PCP 2
(home) and PCP7 (core). This is similar to the jomev case, but here we have a single
PIP/NP, where in the previous case we have a sitifeand potentially different NPs
(covering the entire OASE scope).
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* In case ofocal loop unbundling on the wavelength laydre network opens up in PCP 2
(home) and PCP5/6 (depending on consolidation sicgnAgain the fibre between PCP2
and PCP5 is owned by the unbundled actor, the gioned element to the different NPs
iIs the wavelength, and the provisioning interfagpenhds on the actual architectural
solution.

In case of a backhauling/business offer, the badkiw service interface can be anywhere

from PCP3 to PCP 6.x depending on the scenaricase of open access on the fibre layer, it
will naturally be PCP3, PCP4 or PCP5. In case ehagccess on the bitstream layer (Ethernet
or MPLS) it will be PCP5 or PCP6.

Note that we will not include this business offardetail in our calculations, however, the
potential additional revenues resulting from this mcluded in the quantified results for the
PIP business case, in section 4.3.2.3.

2.4.1.20pen access on the fibre layer

The first option for offering open access is lodata the fibre layer, and the scope of fibre
open access is PCP2 to PCP5 (possibly to PCP7sen afafull node consolidation). In this

type of open access, each NP has control over maded fibre to each of its customers.
Within WP3, two possibilities for this open accegsre defined: a (1) mono-fibre and (2) a
multi-fibre infrastructure between PCP2 and a P@&bkng access to the fibre.

In case of the multi-fibre infrastructure, thereaidibre from every NP to every customer,
even if the customer is not subscribed to that Nis option falls beyond the scope of the
OASE requirements (see section 2.2), where it wefined that one customer is only
subscribed to one NP at a time.

For evaluation in this deliverable, we will only wowith the mono-fibre infrastructure, in
which there is one dedicated fibre in between t8®@2and the PCP enabling access (Figure
5). Based around discussion with WP5 and in lietheir results (presented in D5.3) showing
a significant increase in cost required for theessary infrastructure at the cabinet level to
provide open access, we do not consider the catonie¢ a suitable location for fibre OA.
Therefore, we consider only the PCP2-PCP5 scenaittibin this deliverable.In case a
customer wants to change NPs, the customer’s $ihoeld be patched to the right NP’'s ODF.
For a more in-depth discussion on the technicatipations, please refer to D3.3 [53].
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F;ICbErZ PCP enabling PCP without
P accesstoa accessto
termination dedicated end- end-user fiber
socket ;
user fiber
Fiber : PR —_—
Socket, oDF | | NP1 || FT FT|| NP1
ystem ||| 1| System NP1

System __+
\ J —J

1 \ /

|

< Mono-fiber access > < Dark fiber access > Co-location

Responsibility: D -PIP [:] -NP1 [:]-sz ® - Fiber Termination (FT)
Figure 5: Schematic overview of fibre open accessfno-fibre approach)
AON as reference architecture for open access orbfe layer.

The most likely architecture for fibre open accss80ON. The provisioning interface will be

an extra ODF, whereas the provisioned element asfitire. Figure 6 shows an example
diagram of ODF model for fibre open access. Thenmag fibre cable is terminated at an

ODF of which the PIP has ownership. On the systata, ghe network equipment from

different NPs is connected to their own ODFs arwhted at their own premises or system
racks which can be only accessed by themselvesopée access interface is an extra ODF
with full cross-connect function acting as a bridggween fibre termination side and system
side. It is only accessible by PIP or another raulvird party, i.e. the actor that is responsible
for performing the physical provisioning. This irepientation secures the fibre patching
activities without touching either the incomingrhtermination part or the outgoing network

system side.
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System side connections

. .

Hl Open access part /2 ODF, NP1

e
Fibre termination side g i~.gross-connect ﬁl
:’l Access Fiber

= i
- |3 HE=
H — i —Q
Termination H — kT = —- = [P 4
i o i NP 1 properties

O—i=

Year1l

TTEIZ??T

LI

PIP Properties

__________________________________

..............................

The extra equipment that is needed is shown inrEigu

* A cross-connect ODF at the OLT location (PCP5 seaaf no node consolidation)

* Physical patching costs for switching users frore dl° to the other one. This physical
patching contains the patching time, patching nelteand the travelling to the right PCP.

Of course, there still are the logical patchingtsagquired to logically connect the new or

changing customers to the NP. This logical patchingudes the registration of all

administrative tasks and execution and testingeofisautomated tasks.

Fibre OA

“..
|

PIP NP
> < >
Figure 7: AON Open Access on fibre layer
The costs for this extra equipment and operatisealices are summarized in Table 1.

We assume a full upfront deployment of the opereseinfrastructure and equipment (in this
case, this is only the ODF) to allow for a fair qmamson with the wavelength open access
case (see next section). The installation of theegBRipment itself, however, scales more
linearly with the uptake of customers in the caséAON, so this advantage will still be
shown in the final results (see section 4.5.1).
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Table 1: Overview of costs for providing open accesor AON
Location| Type Cost More information

PCP5 ODF €890,00DAssuming an upfront installation of the
ODF for 100% of potential customers

PCP5 patching €100- | Cost per patch (physical and logical),
150 including travel, technician, patching cable,
connector etc.

Impact of opening up at different PCPs

Opening up the network on the fibre layer can, heoty, be done at multiple Physical
Connection Points: PCP3, PCP4 or PCP5 (for theode ronsolidation scenario). In practice,
however, opening up the network at PCP4 requirepliicement of a cabinet with an ODF at
this location as, in a P2P network, fibre is simplyried at this location. This creates a
substantial increase in the cost and it is diffidol divine a benefit that may be realised
through this mechanism in a P2P network. Therefeseconsider PCP5 to be the only PCP
with open access potential.

The impact of the location of the open access feateron the OpEXx cost of open access is
however limited, and mainly depends on the numbecustomers that are served in that
point. The patching cost is not limited to the cfust patching itself, but also includes the

travel needed to go to the right PCP to perform gh&h. If multiple customers can be

patched at the same time, one can save a sigrificember of the travel times and distances,
and hence also on the cost.

An example for fibre open access on AON is showirigure 8 (in Cost Units, as used in

Travel / connection 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Travel to PCP5 time /connection 0.05Ph 0.05Ph 0.05Ph 0.05Ph 0.05Ph 0.05Ph 0.05Ph 0.05Ph 0.05Ph 0.05Ph|
Travel to PCP5 car cost and fuel consumption /cont 3.33km 3.33km 3.33km 3.33km 3.33km 3.33km 3.33km 3.33km 3.33km 3.33 km
Travel to PCP4 time /connection 0.32Ph 0.32Ph 0.32Ph 0.32Ph 0.32Ph 0.32Ph 032Ph 032Ph 0.32Ph 0.32Ph|
Travel to PCP4 car cost and fuel consumption /cont 471km 471km 4.71km 471km 471km 471km 471km 4.71km 4.71km 4.71km
Travel to PCPS5 total cost (CU) /connection 0.08CU 0.09CU 0.09CU 0.09CU 0.09CU 010CU 0.10CU 0.10CU 0.11CU 0.11CU|
Travel to PCP4 total cost (CU) /connection 045CU 047CU 048CU 050CU 051CU 053CU 054CU 056CU 0.57CU 0.59 CU|

Fiber patch / connection

patching+installation (CO/CAN PCP5/6) time 0.25Ph 0.25Ph 0.25Ph 0.25Ph 0.25Ph 0.25Ph 0.25Ph 0.25Ph 0.25Ph 0.25Ph|
patching+installation (RN PCP4) time 0.20Ph  0.20Ph 0.20Ph 0.20Ph 0.20Ph 0.20Ph 0.20Ph 0.20Ph 0.20Ph  0.20 Ph|
patching+installation (CO/CAN PCP5/6) cost 0.34CU 0.35CU 036CU 037CU 0.38CU 039CU 040CU 041CU 0.42CU 0.44CU|
patching+installation (RN PCP4) cost 0.27CU 0.28CU 0.28CU 0.29CU 0.30CU 031CU 0.32CU 0.33CU 0.34CU 0.35CU|
cable+connector / connection 0.13CU 0.43CU 0.13CU 0.13CU 013CU 0.13CU 0.13CU 0.13CU 0.13CU 0.13 CU|
patching cost PCP5 0.55 0.56 0.57 0.59 0.60 0.62 0.63 0.65 0.66 0.68
patching cost PCP4 0.85 0.87 0.90 0.92 0.94 0.97 0.99 1.02 1.04 1.07|
administrative tasks 1.18 1.21 1.25 1.29 1.33 1.37 1.41 1.45 1.49 1.54
total costs patching @PCP5 1.73 1.77 1.82 1.88 1.93 1.98 2.04 2.09 2.15 2.21
total costs patching @PCP4 2.03 2.09 2.15 2.21 2.27 2.33 2.40 2.47 2.54 2.61

Figure 8: Impact of open access PCP on the cost fpatching

2.4.1.30pen access on wavelength layer

The second option for open access in between tAeafd the NP is to allocate wavelengths
to the different NPs. Each end-customer can suiesdo one NP, and should therefore
correctly be configured to only receive the wavgtals) of this NP. Opening up at
wavelength layer is mainly possible in passive aghthetworks, although it can be combined
with fibre open access for AON networks. In thididaable, we will only study the
architectures that were selected based on the dassimequirements (see section 2.3): HPON
and WR WDM PON.
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Before describing these architectures and thein @oeess options, we however need to make
an important remark that clearly gives a disadvgetaf wavelength open access vis-a-vis
fibre open access. In case of wavelength open scgea need to know upfront how many
NPs will compete on top of the passive infrastrigtisince the dimensioning of the open
access equipment depends on this number. In thee afagpen access on fibre, there is no
theoretical limit on the number of NPs that can tise physical infrastructure provider:
adding a new “NP-ODF” at the network system sidé emnnecting that to the “open access
ODF” is possible at any moment in time.

Passive hybrid WDM/TDM PON (HPON) as a reference aghitecture for open access on
wavelength layer

The first architecture selected from the shortisstPassive Hybrid Time and Wavelength
Division Multiplexing PON (HPON). Here the provisimg interface is the ODF, the
provisioned element is the feeder fibre.

Figure 9 represents how open access is offeredryEsmgle NP (M in total) sends
information for different customers on differentweéengths by the use of an AWG or power
splitter. The information is sent on a dedicatextit fibre per NP, using an ODF (typically in
PCP6, PCP5 in the case of no node consolidationjhé AWG (typically in PCP5) the
information is split per group of customers (N gl In a following step the information is
sent to all individual customers (P customers peujg) using a power splitter (typically in
PCP4). The customer needs to tune to the right agth in order to select “his” NP
(tuneable ONUs are assumed). Note that, becaustheofuse of power splitters, the
requirement of inter-NP isolation cannot be guaradt

The choice between an AWG or power splitter atNifretermination side, should be made
based on the choice between Photonic IntegratecliCi(PIC) based OLTs and tuneable
OLTs. When using a PIC based OLT (that is autoraliyicoupled to an AWG), the overall
cost is cheaper, but less flexible, as the numberavided wavelengths per NP depends on
the number of NPs. When considering a limited nundfeNPs of 3 to 5 maximum which
seems to be realistic when referring to the caséiest in Annex A of this deliverable), the
number of wavelengths per NP would never becomewdhat not every NP will be able to
serve every customer. However, when limiting thenbear of NPs to 3 to 5 maximum, there
will never be a problem. We therefore opt to worikhwthe PIC based OLT combined with
the AWG at PCP5 (or PCP6). For more technical mdion about the use of different types
of OLTs, we refer to the deliverables of WP3.

Another remark to be noted here is the impact efrtbde consolidation on this open access
solution. In the case we are studying here (no nmmwesolidation), PCP5 and PCP6 are
collocated, so the extra costs of adding feedeedilin between the M:N AWG and the ODF
are negligible. However, if a node consolidatiaiti 7500 to 4000 or 1000 nodes) would be
evaluated, an extra feeder fibre should be added\pein the LL5 (i.e. the section of the
network between PCP5 and PCP6), which would of ssowentail an additional cost,
depending on the scenario under study.

Figure 9 shows the final architecture layout thdl e quantitatively evaluated in WP6, so
no node consolidation and using a PIC based OLTbawed with an AWG at the network
system side.
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Figure 9: Schematic representation of open access wavelength layer for HPON

The extra equipment required by a HPON architectoreffer wavelength open access can
then be summarized:

At the OLT location, an extra ODF which allows irennecting the different NPs to the
right fibre (customer) within the same cable.

For the node consolidation scenario, each NP regjuwne feeder fibre. The cost of this
fibre will depend on the length as well as on tlable size (not applicable for WP6
evaluation).

At the AWG location, we will use an M:N AWG insteatlithe 1:N AWG, where M is the
number of NPs.

Given these components and the scenario considergd dense urban area without node

consolidation, and 3 concurrent NPs), the costcatsnl to offering open access can be

evaluated as shown in the following table:

Table 2: Overview of costs for providing open accesfor HPON (assuming dense urban, no node
consolidation and 3 NPs)

Location| Type Cost More information

PCP5 AWG €3,600 3:N AWG instead 1:N AWG, 1.2* AWKax1).
This cost given is the increase in cost over|the
standard AWG.

LL5 Feeder €0 One extra feeder fibre per NP, but not appleabl
fibre when PCP5 and PCP6 are collocated.
= 1/3 LL5+2*splicing
PCP6 ODF €900 An additional ODF which will haveethrtimes

the number of ports as the number of AWGs.

WR WDM PON as a reference architecture for open a@ss on wavelength layer

The second architecture to be studied in the caseaeelength open access is WR WDM
PON (Wavelength Routed Wavelength Division Multypley Passive Optical Network).
Although there are multiple options to provide opstess on wavelength layer for this
architecture (see also D3.3 [53]), two options wsetected to be evaluated here techno-
economically.

WSS based wavelength open access

In this architecture the provisioning interfacahie Wavelength Selective Switch (WSS). The
provisioned element is the wavelength, so that éHellisposes of a single wavelength.
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Every single NP sends information for different tomsers on different wavelengths by the
use of an AWG or power splitter. The informationaifNPs (M in total) is then put together
on the single feeder fibre by the WSS (typicallyP@P6, which is collocated with PCP5 in
case of no node consolidation). Every NP is usipgra of the spectrum (some wavelengths),
note that the spectrum distribution between NRiymamic based on the use of the WSS. The
AWG at the remote node (typically PCP4) is thenttspd the signal for the customers (N in
total) on different fibres. In case a customer wdatchange NP, the NP needs to provide the
right wavelength.

The argumentation for choosing between an AWG avegposplitter at the NP termination

side made for HPON, holds too for this architectikke therefore opt to work with the PIC

based OLT combined with the AWG at PCP5 (or PCRB6g also Figure 10. For more
technical information about the use of differemigy of OLTs, we refer to the deliverables of
WP3.

S = N subscribers in total

Point of unburﬂing a

— | /
©] e =
: < FF !
PIP: Passive Infrastructure Provider NP: Network Provider
<> <> < >
PCP1/2/3 PCP4 PCP5

Figure 10: Schematic representation of WSS waveletigopen access for WR WDM PON
The costs for this WSS wavelength open accessuanenarized in Table 3.

Table 3: Overview of costs for providing WSS wavelegth open access for WR WDM PON
Location| Type Cost More information
PCP5 WSS €2,673,510Assuming an upfront installation of the

ODF for 100% of potential customers,
one customer per AWG.

PCP5 WSS €13,702 Utilising 2020 energy costs.
Energy per year
Cost
PCP5 WSS €281,785
Failure per year

Costs
PCP5 ODF €24,000 OA ODF Cost, needed to intercdnnec
between NPs and the WSSes
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Feeder fibre wavelength open access

This second open access solution of WR WDM PONery similar to the HPON solution
since it also requires adding LL5 fibre, adding@DF at the OLT location and replacing the
AWG splitter as shown in Figure 11.

S= N subscripers
A
FF
Q =z
s
: /M= 3
PIP: Passive Infrastructure Provider NP: Network Provider )\80+(M_1)
<> < >
PCP1/2/3 PCP4 PCP5

Figure 11: WR WDM PON open access with node consdétion
Hence, the cost modelling is also similar to theONPscenario; for more details we refer the
reader to the results from WP5. The actual numiiersummarized in Table 4.

Table 4: Overview of costs for providing feeder fibe based wavelength open access for WR WDM PON
(assuming dense urban, no node consolidation and\B>s)

Location| Type Cost More information

PCP4 AWG €292,3203:N AWG instead 1:N AWG, 1.2* AWG (Mx1)

LL5 Feeder €0 One extra feeder fibre per NP, but not appleabl

fibre when PCP5 and PCP6 are collocated.

= 1/3 LL5+2*splicing

LL4 + | Fibre €70,800 | Triple the volume of fibre to getRE€P4. Thig

LL3 will not triple the cost due to the economies| of
scale in fibre cables.

PCP6 ODF €16,000, The OA cost will triple, but theseno need to
interconnect so a standard will suffice. Therefore
the additional cost is twice the ODF cost.

As you can see, the reduced fan-out per AWG resulgssignificant increase in cost when
compared to the HPON solution above.

2.4.1.40pen access on bitstream layer

Open access on bit-stream layer is a potential evesim for any architecture, area type and
business model. The advantage is the reduced nraeag@nd administration effort with the

possibility of sharing infrastructure, like switc)en the highest possible manner. On the
other hand, the freedom of choice in the definitafnservices will be limited and some

features could not be supported, e.g. QoS schernsecority issues. Details about the impact
on the business model are given in section 4.5.3.

The main purpose of the NP business (and open admestream) is the operation of a

connectivity network on top of the infrastructurghnan increase of isolation between service
providers utilizing the shared infrastructure on eactrical forwarding level and on the

OASE Page: 40 of 192

FP7 — ICT- GA 249025



Value Network Evaluation
% OASE_WP6_D6.3_IMINDS_31012013_V1.0
control and management level (see D3.3 [53]).divjates service providers with virtual pipes
between the distribution point at core, regionalamal level (PCP5, 6, 7 or another peering
point at the core) and the customer, representethNT. From operational point of view,
the NP is responsible for correct administration tieé virtual pipes in the SP facing
equipment and the ONT, the continuous operationidfial pipes and the maintenance in
case of failures. Here the provisioned elemenitsrbam access. The requirements listed in
chapter 2.2.1 could be fulfilled with bitstream ess depending on the architecture used and
the corresponding implementation. With isolatedtadrand management the current “black
box” problem could be alleviated in bitstream op&gess networking where the operator of
the shared infrastructure has full control over tieéwork while the service provider usually
has little insight in the state of the shared istinacture. For example, a fully-fledged
management interface could allow the dynamic aedilfle support of QoS schemes and
provide sufficient OAM mechanisms as well. Thissigbject to further studies and not
detailed in D3.3.

The impact on the cost side of the NP/PIP busirgesso-fold. First the NP could choose an
optimal technology (e.g. GPON) and therefore oesithe roll-out of the PIP (e.g. P2MP),
too. So a reduction of some percentages of cobbwipossible (see section 4.4.1 and 4.4.2).
Second, an interface for service providers willrbguired allowing the physical transport
(e.g. an Ethernet interface, cross connect funalitynfor collocation space, power, etc.
detailed in section 2.4.1.5), configuration of ideg (e.g. IT interface to BSS / OSS systems
see section 2.4.2) and a general business pantiafj;megotiation of contracts, distribution of
information, billing, etc. (detailed in section B4

Overall, one could assume that serious scaling®sffexists, if a player reuses the model for
NP operation and cost might reduce significanthytfe business related parts, the IT parts,
but not for the pure technical part except in cass consolidation of numerous areas (but

here additional costs have to be taken into accawan if they are lower compared to total

installation and operation costs from several seryproviders). Overall, one can assume that
the transaction cost part is the same for all teldgies and architectures under investigation
in OASE.

2.4.1.5Additional infrastructure cost

All open access costs described in the previousiossc relate to the system or the
infrastructure itself. However, there are clearthes infrastructure related costs like co-
location space, power and cooling, etc.

Depending on how open access is implemented, teraifferent requirements for floor
space, power, and air-conditioning.

« Looking at the layered model with one NP, only codtion of SP equipment is
needed. The NP is distributing the SP signals withibe SP needing to install their
equipment in different CAN locations. In principlthere is a need for one large
location in which all the SP present on the netwamdce their equipment.

« This should be compared to an unbundling situafigpical of ADSL) in which
competing operators need to place equipment in €#dl that they want to reach.
The co-location cost in a larger central locatisrdifficult to model. In principle, it
may be lower than in the case of a considerabbelaumber of smaller locations in
an open access.

Hence we decided to neglect any open access cagtimorfor co-location, in our simplified
model.
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2.4.1.6CPE cost

Open-access CPE may be more costly because custbmi®rfaces cannot be used and
termination of services from different SPs mustgbaranteed. However, costs connected to
change of service providers in an open access sodreve the potential to be lower than the
case of an integrated provider with regulated udbadh access, for which a new CPE

generally needs to be shipped to the end user.

2.4.2 Management and process related cost

The second building block in the open access oestt to the equipment related cost, is the
management related cost. One basic assumption ais @l wholesale core processes

(provisioning, failure and maintenance) are the esmmmpared to the retail business of an
integrated operator [61]. This includes as wellkafids of patching which are related to the

provisioning process of a physical or logical castize for a bitstream product. The analysis

for these patching costs depends on the archieectuder study. Therefore, these costs were
already described in the previous section on eqerroosts (section 2.4.1).

One open cost building block would be the overakeded software and IT hardware
infrastructure. This is strongly related to theesif the wholesale department for instance and
the size of the operator involved especially. We wot investigate this specific topic any
further, since it is difficult to receive any valigput material on it.

2.4.3 Business related cost

Based on the insights from Transaction Cost EcoosrifCE) costs, the business related

costs are divided in two groups — transaction castsproduction costs. Transaction costs are
the business related or management costs. A triamsamst is a cost related to making an

economic exchange. The central claim of TCE is tfaaisaction costs are minimized [91].

Transaction costs strongly impact the decision fifna whether or not to vertically integrate.
The costs and difficulties associated with markesmsaction sometimes favour internal
supply and sometimes market procurement, leadirgtker vertical integration or opening
up the value chain.

Note that, by opening the network on some laydiréfivavelength/bitstream) two types of
interfaces have to be considered and can be deda®bfollows:

* Wholesale One actor is offering lower layer capacity (fioveavelength /bitstream) to
customers on higher layers. Especially SMP opesatoil have to fulfil these
regulatory decisions. In case of bitstream acdbsse exists a good example of the
NGA Forum in Germany with the consensus that opeess requires clearly defined
interfaces and processes, in order to realise mktawgerarching services in general
[51].

« Wholebuy: The actor is using lower layer capacity for affigrhis services to broaden
their product coverage in areas without own netwedources on a certain layer. For
him there are costs related to using (or evenriigdihe lower layer capacity offer.

In this work we focus on the wholesale side, asaitter offering an open access/unbundling
solution will have additional costs compared tovkeically integrated situation.

2.4.3.1Classification of transaction costs

Transaction costs have been described in econderiature by Williamson [92]. Transaction
costs typically consist of 3 parts: search and rmfdion costs, bargaining costs and
enforcement costs.
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e Search and information costsare related to the amount to which the open acaeds
unbundling process has been standardized and\cl@acmented. The different actors
involved should be aware of the requirements ofother actors. A PIP wanting to deploy
a network should ideally dispose of a databasexitieg infrastructure (empty ducts,
available fibre deployments, etc). An NP should ehav clear view on the existing
interconnection points and the requirements andipiites to deploy its own network
equipment there.

» Bargaining costsare related to all negotiations needed in ordeette the contracts. For
a new entrant this cost can be minimal in case dgalated unbundling scenario, as it
will be clear which terms to comply to. For an inteent there might be some bargaining
cost related to the discussion with the regulabmua the unbundling tariffs. Negotiations
on the used cost-sharing keys can be required nOther level, also negotiations with the
local authorities on permit granting can be needed.

* Finally, there are thenforcement costsrequired to make sure that everything works
according to the agreements made. In a standatdioet; there is only a need to monitor
the integrated player. In joint rollout, the othparties will need to be monitored as well,
again increasing the transaction costs.

It is clear that these transaction costs limitgaens resulting from other cost reductions for a
competitive unbundled or open access roll-out, &nd here that policy can have a large
impact.

Janjua indicates that fibre deployment will make timarket procurement preferable to
internal supply for an NG network operator [43].

We can go one step further and consider a joinastifucture roll-out between different utility
networks (telecoms, energy, gas, water). Alreadyes countries push towards joint rollout
by issuing regulation. More recently, the Europe@ommission organized a public
consultation on possible measures to reduce theé abshigh speed communication
infrastructure [27]. Here again, we observe tratisaaosts that should be minimized. E.g.
the search transaction costs can be reduced by usiegrated Geographic Information
Systems (GIS), whereas a one-stop-shop for permahtigg could drastically reduce
bargaining costs.

2.4.3.2Measuring transaction costs

Different authors have tried to measure transaatmsts in empirical studies as the cost for
locating trading partners and executing transacf&8], [6]. Alternatively, the difference
between the price paid by the buyer and the remgiamount for the seller can be observed
[23], [8].

Within OASE, we have tried to estimate and quantbme of the transaction costs by
reviewing the structure of companies active in épen access market, and by interviewing
senior managers.

The business costs identified in Figure 4 generaibnsist of marketing, sales, bid
management, product management and information gieament. These costs typically range
between 8% and 15% of turnover for PIP and NP. T&i® varies from case to case and
depends on how open the network is. As a rule wintly PIPs who achieve large levels of
point-to-point dark fibre lease to private busimsséhence increasing revenue, in some case
by 100%) generally tend to do so by devoting largeources to marketing and sales.

* We could then use a general model in which 10%n@jlof the NP to PIP fee is
considered as transaction cost, and 20% (wors) cdgbe revenue from point-to-point
dark fibre lease is considered transaction cost.
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e Similarly, for an NP, a 10% of the SP to NP feeassidered as transaction cost, and 20%
of the revenue from point-to-point bit stream castion is considered to be transaction
cost.

These costs are generally higher for the SP, inchwitiase billing is also an important
component. These costs are however related tonieeface with the end-user and are
therefore not to be considered as transaction .cOstshe other hand, interface costs towards
the NP, which are indeed transaction costs, areenddficult to estimate. These would
include the portion of time project managers needevote to interface external NPs, as well
as hardware and software costs for the equipmésrfaice. We were unfortunately unable to
quantify those costs. On the other hand much &f ¢bst accrues from different NP and SP
using different vendor equipment currently not builth open access applications in mind.
As open access becomes more widespread, interdostyeissues are progressively being
addressed. Moreover standardisation discussiorh (botterms of technical and business
interfaces) is currently on-going at different fors (e.g. Open Network Forum or
Stadsnatfabriken in Sweden).

* We hence propose using a simple model in whichras#ction cost of 15% of SP revenue
in 2020, declining to 5% in 2030.

Because of the uncertainty of the actual valuehefttansaction costs, they have not been
included in the open access evaluation in chap&erHlowever, their impact is studied in the
work on the cost of flexibility in section 6.2.

2.5Conclusion

Within this chapter we have studied the businegmonhof opening up the value chain in case
of an (NG)OA offer.

Starting from the description of the three concaptayers (physical infrastructure, network
and services), we indicated the difference betvogram access and unbundling scenarios. The
former are typically new deployments designed fiblowang competition on higher layers
from the start, the latter originate from vertigailhtegrated scenarios that have been opened
up because of later regulatory intervention.

Based on discussions with various actors in thhl fidifferent business and operational
requirements have been identified for physicalastiructure providers as well as network
providers. The OASE architectures have been bendfetavith these requirements resulting
from an effort in WP3, leading to a short-list a€laitectures for quantitative evaluation for
open access on the different layers.

Finally, the cost of open access has been descdbeslisting of equipment related costs,
management related costs and business related costs

Actual calculation for the cost of opening up at thfferent layers for different considered
architectures in some specific scenarios are fodnred in section 4.5.

OASE Page: 44 of 192
FP7 — ICT—- GA 249025



Value Network Evaluation
S OASE_WP6_D6.3_IMINDS_31012013_V1.0

3. Direct revenue model

This chapter will focus on the direct revenues, ite revenues that the service providers
receive directly from the end-customers through tignsubscription fees. New business
models (see Figure 1) evolve towards a verticahuligration of the value chain into three

basic roles: Service Provider — SP, Network PravideNP and Physical Infrastructure

Provider — PIP. Although paid only to the SPs, divect revenues from the end-customers
should also be used by the network and physicehstructure providers as a return for their
upfront investment and operational expendituress Thapter will describe the total revenue
potential, as well some estimates about the revpotentials for the different layers (SP, NP
and PIP).

3.1Total revenue potential from the end-user for offeing
broadband connectivity

The following figure shows the model building blscko quantify the 4 direct revenue
scenarios for modelling the total direct revenwsvifor the PIP and the NP in the timeframe
2011-2030.
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Service Bundles
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" )
Service view from Competition on NP Revenule
survey | SPlevel Mode
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Sngle +double/ &Case
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Figure 12: Direct revenue building block model

In D6.2 ([54]) 4 FTTx direct revenue scenarios hbeen defined based on different levels of
competition: inter- and intra-platform competitiomter-platform competition refers to

competition in between different networks, opemithfferent technologies (e.g. DSL, cable,
wireless). Intra-platform competition, on the otland, includes competition on top of one
physical infrastructure (e.g. multiple NPs on tdpooe PIP). We observed a wide range of
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inter-platform competition (from xDSL, cable andrgless networks) on a country as well as
case study level for the Netherlands, Germany awdd8n, which is modelled by two
extreme cases: either the DSL and cable playerp Wesr market shares and the FTTH
player is taking only the new customers, or the 28H cable players lose their market share
completely to the FTTH player. For inter-platforrongpetition (between different FTTH
networks), we assume that there is only one sitilgle PIP active in all cases. Therefore, this
assumption is also made in our revenue scenarios.

We define basically 4 revenue scenarios, basedlaombinations between high and low
inter-platform competition and high and low intriagform competition.

1. Low competition from other technologies, low inpratform competition
This is the reference scenario in order to iderthiy maximal revenue potential. In
this scenario, almost all customers will migratettie monopoly FTTH network.
It's highly optimistic since DSL is almost everywheavailable in Europe, but it
might be possible in cases where fibre could suletifrom the beginning all
other fixed technologies.

2. Low competition from other technologies, high iaplatform competition
Once the fibre infrastructure is deployed the miaek@ry barrier for additional
active NPs will be much lower. Therefore two NP8l Wwe assumed here. Inter-
platform competition is considered to be negligible

3. High competition from other technologies, low inpiatform competition
The impact of alternative technologies will be gsabl. The proposition is that,
even in 2030, several access technologies are ¢mgpsith each other. This
heterogeneous situation leads to much less revpotsmtial expected for every
player.

4. High competition from other technologies, high aplatform competition
A realistic situation comes into the place, whelletechnologies (DSL, cable,
FTTH and wireless) compete, but also multiple NR®oe FTTH infrastructure.

3.1.1 Top down: Country wide approach translated into OAXE areas
related direct revenue potential model

For the quantification of the competition scenanwes apply three different adoption rates
based on the analysis in D6.2 that are shown ifiolfeving figure.

Variation of FTTx adoption rate
(related to 100 % of population)
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Figure 13: Generic FTTx penetration evolution relaed to 100% of the population

The calculation for the revenue scenarios starts thie generic FTTx penetration evolution
which is normalised to population. The OASE teclkegonomical and business case
evaluations are based on households and therefor@owmwnalise the values to this approach.

For simplification we use the intermediate valuanirGermany which means one household
consist of 2.03 people.

Table 5: Population and household relationship fothe three different penetration evolutions
and the related Countries under evaluation [54]

Population M. o]
pu Households | HH factor
(millions) .
(millions)
The Netherlands 16.7 7.26 2.30
Germany 81.7 40.30 2.03
Sweden 9.4 4.95 1.90

In principal we use the same approach as in D&.2hio Country wide revenue calculations.
The difference is that now the OASE area potewtigtomer definition will be used to derive
the potential revenues per scenario, per penetratiolution type and per area.

The resulting values are presented within the Yahg figures. Because the resulting revenue
potentials for scenario 2 and 3 are very similathée two NPs compete with each other
without being pressured by other technologies, ™y @ne NP on the fibre infrastructure
faces high technology competition in a single greee results for scenario 2 are not shown.

In general all revenue potentials distinguish betwihe two services bundle which are

1. “Single + Double Play” referring to only voice (gie play) and voice combined with
Internet access (double play) bundle and

2. “Multi play” includes all triple play services likeoice, internet and video and other
like gaming for instance.

Each service bundle revenue potential is showrtiferOASE service areas separately but
always in the order of D Urban, Urban and Rural.c@ifrse the “Multi play” bundle always
leads to higher revenue potentials than the “Simdbouble Play” category.
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Figure 14: Scenario 1: monthly revenue potential floOASE area according to “conservative” and
“aggressive” penetration evolution
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Figure 15: Scenario 3: monthly revenue potential loOASE area according to “conservative” and
“aggressive” penetration evolution
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Figure 16: Scenario 4: monthly revenue potential floOASE area according to “conservative” and
“aggressive” penetration evolution
From the figures above, we clearly see the impadhe adoption curve, as well as the
competition level, both on inter- and intra-platforWe can therefore conclude that a reliable

estimate of future developments is needed whenstigating the business case for FTTH
deployment.

3.1.2 Bottom up: Benchmark of selected provider

The previous chapter, which we use as a referaaerevenue model, has some limitations
if we consider smaller areas. Especially the patietr evolution can be expected as different.
This chapter starts from more regional projects pnodiders and combines these input values
with our penetration curves. One input is publicalailable from Benoit Felten, CEO of
Diffraction Analysis, who gave a presentation a FI'TH Council conference this year in
Munich [29]. He presented the demand for FTTH/Bsefected projects and providers in

OASE Page: 49 of 192
FP7 — ICT—- GA 249025



Value Network Evaluation
/7 S OASE_WP6_D6.3_IMINDS_31012013_V1.0
relation to the time since these products werereffeand introduced the linear black curve
(Figure 17).
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Figure 17: Take-up versus years in operation of setted FTTH/b project’s and providers [29]

If we take our “likely” penetration curve and adjike start penetration at 10% (i.e. if we
assume some level of upfront demand aggregatioe)have one lower limit (blue curve)
which fits into the different presented exampldsraeveral years in operation. To introduce
the upper limit (red curve) the “aggressive” peatdn evolution can be adjusted at 20% start
penetration.

Table 6: Regionalisation impact on revenue potentlanodel cumulated over 20 years for one example
urban OASE area

Cumulated Delta
Revenues |compared to
Penetration Start 2011 - 2030 |[the reference
Ewlution | Penetration | OASE Area| Scenario [Mill €] case
0% 1 1,43
likely 0% urban 4 0,423
10% 1 1,99 39,16%
10% 4 0,59 39,48%
0% 1 3,1
aggressive 0% urban 4 0.97
20% 1 4,2 35,48%
20% 4 1,33 37,11%

The impact is shown exemplarily on the OASE urbasaatype. The increase of 10%
combined with the likely curve leads to about 39%reased cumulated revenues over 20
years. Applying the upper limit turn out (“aggressiincreased by 20% start penetration) we
observe between 35 and 37% increased revenue jbtarer the period of 20 years.

Figure 18 shows the impact on regionalisation ef different areas for scenario’s 1 and 4.
Only one example the likely evolution increasedlifo start penetration has been chosen
here.

OASE Page: 50 of 192
FP7 — ICT— GA 249025



Value Network Evaluation
7 S OASE_WP6_D6.3_IMINDS_31012013_V1.0

flonthly Revenue Potential (PIP+MPI for OASE Arcas

Thilcly cosluiam - L soars ponoirisiany

ki

Scenario 1

SCenarin 4

Lmm

yoar

Figure 18: Monthly revenue potential (PIP+NP) for OASE areas ith likely evolution increased by 10%
start penetration rate
However, these revenues were calculated basedpmatied charges from the end-customers.
With the evolution towards vertically disintegratiedsiness models, revenue sources for the
different layers separately are needed to evaloateenchmark our results. These revenue
sources will be described in the next sections.

3.2Revenues for the PIP and the NP: sources of input

Apart from the input gathered from our case stydies very hard to find actual numbers

describing the revenue potential for the threeray8P-NP-PIP) separately. The total income
(i.e. the total sum of monthly customer subscriptiees) can be easily found from digging

into operators’ offers, but only little is known @i how this amount of money is divided

amongst the different players on the market sc&hes section will provide some ideas of

starting values for the revenue for the PIP andsbifarately.

3.2.1 Regulated DSL pricing

One possibility is to compare revenues for a FThffastructure provider with the charges
OLO’s (Other Licensed Operators) currently pay he incumbent for unbundling. The

revenues for the NP layer can analogously be sutbtigrom the DSL pricing for bitstream

access. Since the regulated DSL prices vary adtbs8/ember States, we try to get some
overview by focusing on three representatives amst Germany, the Netherlands and
Sweden (Table 7).

Table 7: Regulated prices for DSL for Germany, theNetherlands and Sweden

Germany The Netherlands Sweden
(C\:}J:.troir:;L detcci)) =l Not regulated Not regulated Not regulated
(SVITAEI?SZIU ded) Not regulated €19.6946] Not regulated
(NvPAtTOeTzu ded) €7.17-10.8[12] €6.54-7.59[62] Not regulated

! Wholesale access for non-shared VDSL bondingéprior shared and ADSL are lower)

2 Dependent on MDF (access between end consumeremtichl office) or SDF (access between end consumer
and street cabinet)

% 1dem
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CAst
3.2.2 Regulated fibre pricing

Analogously to regulated prices for unbundling dniidtream access, some countries have
regulated prices for access on dark fibre, as agelWholesale access on NP level.

For instance, in the Netherlands, OPTA (the Dutcatidthal Regulatory Agency) and

Reggefiber agreed on prices for ODF access [67¢yTdharge a fixed upfront price and a
monthly tariff per customer. These depend on thabar of customers and the initial CAPEX
per home passed (represents the difference betwgeont investment for different areas —
rural versus dense urban). The exact charges céoubd in Table 8 and Table 9. Table 8
details the upfront connection fees per Area Po#tufen 3), the VVA per Area PoP

(Vergoeding voor Abonnement — Fee for subscriptifor) using the room for placing

equipment in a collocation PoP or City PoP (coludsd 5).

Table 8: Upfront tariffs (dependent on the number & IGPs - Individual Fibre Pairs — Individuele
Glasvezel Paren)

Collocatie tarieven per Area PoP > 2.880 IGP per Area PoP

Area PoP | Aantal IGP per Aansluitbijdrage | VVA Collocatie | VVA City-ring
type Area PoP per Area PoP per Area PoP per Area PoP
1 Tot 2.880 1x€3.07547 1x€512,58 € 615,09

2 2.880 - 5.760 2x€3.07547 2x€512,58 €615,09

3 5760 — 8.640 3 x€3.07547 3x€512,58 €615,09

4 8.640 — 11.520 4 x€3.07547 4 x€512 58 € 615,09

5 11.520 — 14.400 5x€3.07547 5x€512,58 €615,09

N’ (N-1)x2.880—Nx | Nx€3.07547 N x € 512,58 €615,09

2.880

Table 9 gives an overview of the monthly chargesem customer, both the real charges
(row 1) and the maximum charges (row 2).

Table 9: Monthly charges per IGP (Individual Fibre Pair), so per end-customer, dependent on the
CAPEX per home passed

ODF tarieven
Gebiedstype
CAPEX | CAPEX | CAPEX |CAPEX | CAPEX
775-825 | 825-875 | 875-925 | 925-975 | 975-1025
Huur IGP (per Eindgebruiker) | 12,30 13,07 13,84 14 61 15,38
per maand
Tariefplafond 14,86 15,63 16,40 17,17 17,94

Furthermore, the wholesale tariffs (prices charggdhe NP to the SP) are also publicly
available for the Dutch incumbent KPN. They chasgevice providers €19.00 per month per
line (VAT exclusive). Wholesale prices for non-stiFibre-to-the-Office are much higher,
around €97 [46].

3.2.3 Case studies

Another source for gathering revenue data for tifferdnt layers, are the case studies we
investigated [54]. Although not all the cells cam blled, some information and good
estimates could be gathered from these studiede Ti&bgives an indication of these prices
(unless mentioned otherwise, prices are per mamdipar end customer).

Table 10: Prices charged for the different layersn the case studies (N/A denotes not available)

Stockholm Norderstedt and Bavaria Amsterdam

OASE
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Hamburg
g/ﬂomﬁﬁdte%) .l €18-45 €26-55 €35-55 £33-100
(S\/F:AtTO ;I(I(D:Iuded) N/A N/A N/A Around €19
VAT oxcued) | oR ateerion] NP

These different sources of revenue flow that asglue cover PIP and NP investment in real-
life countries and specific investigated cases, t@n alter be compared to the needed
revenues per layer that result from our analyse {arther in section 4).

3.3Direct revenue flow towards the service provider

As OASE doesn’t focus on the cost-benefit analysis services and applications, the
following revenues will be presented just to contgplihe picture for the whole value chain.
Based on the IDC worldwide new media market modeddast from Aug. 2011 [42] we see
for Western Europe the mean additional monthly meres per customer.

Consumer monthly spendings for online content related
to BB households in Western Europe

(source: IDC worldwide new media market model Aug. 2011)
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Figure 19: Consumer monthly spending for online cotent related to BB households in Western Europe
Figure 19 shows the evolution of these revenueferdifitiated into video, audio, online
playing games, eBooks and other categories in Hsirg the Oanda exchange rate from the
18.04.2012 [52].
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4. Profitability studies
4.1 Introduction

While the previous sections were more focused ttimgeup the scenarios and gathering the
right input data and parameters, this section ewaluate the business case for various
scenarios, actors and business models.

Because of the evolution towards more open accestdss models, and because the
investment level and payback period differ stronfgly the passive infrastructure and the
active equipment, we chose to evaluate the busicess for these different business layers
separately. An evaluation of the cost for the sysées a whole is performed in D5.3 [61], and
will therefore not be repeated here. After havingaduced the parameters for the reference
scenarios (section 4.2), we will first focus on thesiness case evaluation for the PIP, in
which we make a distinction between P2P and P2Msogiments (section 4.3). Secondly,
the business case for the NP is evaluated, if @ tivere only one NP on top of the PIP
(section 4.4). Finally, section 4.5 investigates itmpact of offering open access possibilities
on the business cases for both PIP and NP, andnhtmithe competition on the NP layer and
the effect of churn.

As mentioned before, the OASE project doesn’t famughe SP layer, but does calculate the
transaction cost between NP and SP, allowing catigrebn the SP layer.

4.2 Scenario description

As an extension to the work done in WP5, the gbajuantitative evaluation in WP6 is to
understand the cost-benefit trade-off for differantors involved in a certain scenario. For
this purpose, a scenario is defined based on tleviag parameters

+ Area covered We consider either urban, dense urban or ruraasarbased on the
reference areas put forward by WP5 [56]. The typeaarea is defined based on the
population density: less than hundred of subsrtsiket is considered as rural area; less
than thousand of subscribers/i® considered as urban area, whereas more thasahod
of subscribers/kfis considered as dense urban area (Table 11).

Table 11: Parameters for the area types (note: HH households)

Household Total Trenching
Number | Surface . :
Area type of HH (km?) density trenching length per
(HH/km?) length (km) | HH (m)
Dense urban (DU) 15,600 5 3,120 12,950 6.75
Urban (UR) 8,640 24 360 14,040 19.00
Rural (RU) 3,060 57 54 7,840 16.50

« Network architecture. Apart from the traditional architectures (GPON2Lg&hd AON),
different next-generation architectures have be®pgsed within the project, which are
[55]:

o WDM PON: There are three variants of WDM-based s&ce&chnologies:
Broadcast-and-select WDM PON, wavelength-routed WB®IN and UDWDM
PONSs.
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o Hybrid WDM/TDM PON: There are two variants: passhydrid and wavelength-
switched hybrid variants.
o Two-stage WDM PON
o Next generation Active Optical Networks (NG AON)wd variants have been
defined: Home run and Active star.
« Adoption curves. We consider three possible adoption curves: likebnservative and
aggressive, based on the reference curves desanilgi2 [54].

Adoption curves

1
09 _
08 conservative
o likely | /' _
06 — aggressive / P
05 /
04 /
03 / i
02 / ~
01 // —
0

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Figure 20: The adoption curves for the reference smarios

+ Revenue modelsWe base ourselves on revenues from real-life sas#ies, regulatory
price settings and other relevant sources. Reveauesthen directly defined by the
combination of the revenue model and the adoptionec For more details, we refer to
chapter 3 of the current deliverable.

+ Discount rates Discount rates represent the expected returthfinvestment at hand,
and should reflect the risk level of the investméfie assume a discount rate of 5% for
the PIP, 10% for the NP, and leading on averag6.%06 for the total system in the
reference scenarios, but also perform some stodi¢ise impact of these discount rates on
the outcome of the business case.

« Deployment strategy This can be green-field or brown-field (S to Xkge [56] for more
info.

« Competition. The number of competitors per network layer isdolhon practical cases.
We do not consider more than one fibre PIP. The bminof NPs in a certain area is
limited to a small amount (max 5, typical 2 or 3).

Costs Costs are directly defined by WP5 based on tmebaogation of architecture and area.
Analysis of different scenarios within WP6 aims amparing costs and revenues, for
different scenarios, i.e. combinations of the pastmrs described above.

4.3 Evaluation of the business case for the PIP

The provision of NGOA will, by definition, requiran end-to-end fibre connection between
the customer and the Network Provider’'s equipmeigure 21 below shows a case where a
single entity has installed the entirety of therdibn the network. When considering multi-
dwelling units in urban and dense-urban environsyahis will involve negotiating access to
buildings to install ducts and fibre. This has ateges and disadvantages. Best practice can
be observed and well-documented by a single astoeye multiple organisations might lead
to inconsistencies and a variable quality of insthequipment. However, negotiating access
to the buildings in order to install fibre is likelo be a convoluted process complicating (and
thus increasing the cost of) any fibre deployment.
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Figure 21: End-to-end connectivity with a single AP

An alternative can be seen in Figure 22. In thenado, the connectivity within a MDUis
installed by the owner of the building. This canpp@n through renovation of existing
properties or through the introduction of fibre nentivity into new-build designs which will
result in future building projects being fibre-efeh

In order to provide end-to-end connectivity withnis scenario, the PIP and the building
provider must work together. Where in the previeasnario there was a cost for negotiating
access for installation, here we may find additiarwests for negotiating transit rights for the
fibre that’s available.
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Figure 22: End-to-end connectivity requiring coopeation.

It is important to note that, outside of considerations of economyate, 4bese two scenarios
do not differ in installation cost. The same amount of ducting an@ cabst be installed in
both scenarios to provide connectivity. However, they imply significéfifiérences in the
way that they may be monetized.

In the first scenario in Figure 21, the single PIP must chaug®mers a monthly fee that will
guarantee a positive ROl considering the penetration curve unggy. sthis has the
implication that income will only be generated from connected customers.

The second scenario detailed in Figure 22 is significantly mbeeesting. For example, if we
consider the case of a new-build property where fibre was irtkthilethe construction

company during construction, the cost of the final network segmeneée PCP2 and PCP3
will be factored into the sale price of the dwelling. In thierszio, the monthly fee required
to support the PIP will be reduced because this section of therkemil have been paid for

already. Alternatively, the building owner may renovate to provide fdmcess and recoup
this cost through rental fees. In this scenario, the cost of theilaing network will be borne

by all occupants, irrespective of whether they choose to take Bid Bdrvice or not. We can
envision this as a 100% penetration curve for this network segmeainatively, access to
these fibres may be negotiated by the PIP, with the PImgalye building owner a few for
their usage. This is similar to the “single PIP” scenanidrigure 21, but with additional

overhead for contract negotiation and the uncertainty inherent in a multi-aearisc

Therefore, while the cost of the scenarios may be identical; #xpected costs to the
customer may be significantly different. It is uncertain whi€hhese scenarios is the most
likely. Certainly, for newly built properties, adding fibre durithg building phase results in
significantly decreased costs as fibre can be installedeasdame time as the electrical and
other utility installations. However, from internal consultationisitclear that paying the
building owners for leasing of privately-held fibre optics is not attra¢tiveperators.
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Because of the uncertainty on the way the in-bogdiost is recouped, we will first detail the
PIP cost from PCP3 onwards; from the customer'sitfsoor in case of SDU, from the
basement in case of MDU. Following this, the 20ryeasiness case for the PIP will be
analysed, including an evaluation of the necessasyomer charges to support the PIP. The
needed cost for recouping the in-building infrastiwe will later be analysed. Finally, the
total needed CPE revenue will be evaluated, whiem tincludes in-building infrastructure,
the ONT and its installation — see section 4.4.

4.3.1 P2P deployment of fibre infrastructure

In this first analysis, we will analyse the busmease for a P2P deployment of passive fibre
infrastructure, for all adoption curves and OASEerence areas. The parameters used are
summarized in Table 12.

Table 12: Overview of the parameters used for thelP P2P business case analysis

area dense urban, urban, rural
adoption curve likely, aggressive, conservative
revenue PIP DSL and Reggefiber
discount rate PIP BC 5%

discount rate NP BC not applicable

discount rate total system not applicable

planning horizon 20 years

topology P2pP

Duct reuse Greenfield deployment

4.3.1.1TCO for the PIP

Deploying the passive infrastructure requires aehuadgial investment that consists of manual
labor cost for trenching and costs for fiber captegcts and micro-ducts. The combination of
this outside plant cost with the upfront cost fastalling the necessary, passive, equipment in
the central office and street cabinets (e.g. Ok results in the total Capital Expenditure
(CapEx) for the PIP. Of course, there are alsoscdsting the lifetime of the infrastructure: a
cable may break, which requires digging and sgicomrepair, and renting costs for the floor
space in the central office have to be paid evergryThese yearly recurring costs are
grouped as Operational Expenditures (OpEx). Thal tobst of ownership (TCO) of the
physical infrastructure clearly reflects the diéieces in number of users and average distance
covered per user (Figure 23). As the PIP cost &lynentirely driven by upfront, distance
based trenching cost, there is negligible impamtfthe adoption curves, therefore, only the
results for the likely curve are shown here. Whenstdering the cost for the physical
infrastructure spread over all potential custon{eost/home passed = cost/HP), we clearly
see that this is growing with a decreasing houskld®nsity and therefore decreasing
trenching cost per household. Note that the cosiiHRe dense urban area (€572) is doubled
in the urban area (€1094) and tripled in the rarala (€1764). The TCO for the physical
infrastructure, on the other hand, also shows rifgact of the total amount of customers per
area. Here we observe that the overall cost fordh&l area (€5.40 million) is significantly
smaller than that for the urban area (€9.45 mijlimnly based on the significantly lower
number of customers. The cost for the dense urbbaa €€8.92 million) is only slightly
smaller than for the urban area.
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Figure 23: Total Cost of Ownership for the PIP andper HP for a P2P fibre deployment, cumulative and
discounted over 20 years (for likely adoption curve
When considering the OpEx/CapEx ratio for the défe areas (Figure 24), we see it growing
with the trenching distance covered. This is cleecause the OpEXx is mostly driven by the
fibre repair cost in case of a cable cut.

Dense urban Urban Rural

3.7% 4.5% 5.5%
“ “ “ M CAPEX
OPEX

96.3% 95.5% 94.5%

Figure 24: CapEx - OpEx split for the PIP for the dense urban area and likely adoption curve
(cumulative and discounted over 20 years)

4.3.1.2Possible revenues for a Physical Infrastructure Prader

Chapter 3 already described the possible revermgePiP could receive by renting out dark
fibre infrastructure. In this results section, wél work with two revenue sources: typical
DSL unbundling values and specific fibre leasegwiased by Reggefiber in the Netherlands
(in agreement with the Dutch NRA, OPTA). When takihe average DSL unbundling prices
described in section 3.2.1, we arrive at an averagenue per user per month of about €10.
This price will then be used throughout this setas a benchmark.
The Reggefiber revenues on the other hand are baiseobth an upfront charge, fixed
monthly charges per NP and monthly charges peomest A summary of these revenues for
the different areas is given in Table 13. For mafe on these revenues, we refer to section
3.2.2.

Table 13: Revenues for the PIP as charged by Regdwdr

Dense urbary  Urban Rural
Connection charge €18,453 €9,226 €6,151
Monthly charge fixed €4,304 €2,767 €2,254
Monthly charge per customer €7.839 €14.49 €25.39
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When combining the revenues described above withtlihee typical areas (dense urban,
urban, rural) and the three adoption curves (coas®e, likely, aggressive), the total revenue
potential for each scenario can be defined (Fi@®)e For regulated revenues in case of DSL,
we have assumed a fixed fee per customers (lovhi§, €10), which obviously leads to a
growing revenue with the population per area aradtoption curve. For the case of the
regulated prices for fibre unbundling, however, Reggefiber scheme was used, which is not
that straightforward. As the prices are based erstircalled CapEx-ranges, relatively higher
revenue is obtained for the areas with lower hoolskettensity and therefore higher trenching
distances.

Revenues based on regulated DSL and fiber prices

-
N

iy
o

(o]

M DSL low

DSL high

W Reggefiber

cumulative dicounted revenue(Million euro)
(o)}

Aggressive
Aggressive
Aggressive

Conservative
Conservative
Conservative

Dense urban Urban ‘ Rural

Figure 25: Total Revenue potential for the PIP (curalative and discounted over 20 years)
4.3.1.3PIP business case over 20 years

With the assumption at hand, the business casthéoPIP over 20 years is only viable in a
dense urban area with aggressive adoption (FigblyeThis means that in all other case the
monthly revenue of €10 for the PIP, which was asslias the high-end (HE) of the expected
revenues, does not suffice to cover for the costs.
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Figure 26: cumulative costs, revenues and NPV

It should be mentioned that, although the cost rhigdelatively detailed and accurate, it does
not take administrative and other overhead codts ascount. This should be kept in mind
when analyzing the results of the business cagairbg a zero-NPV will most probably not
be economically viable.

4.3.1.4Estimated payback time

Discounted cash flows for the three areas and thdegtion curves (Figure 27) indicate that
we only have a payback which is lower than 20 y¢2040-2030) in the case of aggressive
adoption in a dense urban area.

This observation can be interpreted in two waythdfithe observed time frame of 20 years
(or the combination of the time frame of 20 yeand ¢he used discount rate of 5%) is not
appropriate for the evaluation of an infrastrucforgject as considered here; or 20 years is the
right timeframe indeed and the business case sirdpbs not fly based on the current
regulatory prices, so that we cannot assume thainenwith ever invest in it under market
conditions. In section 4.3.2 we will study somegmtial improvements to the business case as
it described here.
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Figure 27: NPV curves for the nine scenarios assumg an ARPU of €10 flowing towards the PIP

4.3.1.5Revenue needed per home connected

In the previous sections, we have calculated tHe BRIsiness case starting from known
revenues. However, the reverse calculation can gnagher insight in the problem: we can
calculate the revenues needed (per subscriber @nch@nth) based on the known TCO. The
following formula is used:

Z0
1
Z 12 + X # absolute adoption; + | ———— = TC0 over 20 pears
- (1+r)
where X = revenue per user per month
r =the discount rate
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The obtained required monthly revenues per homeeaxiad for the break even case (Figure
28) confirm our previous results: only in the denskan area with the aggressive adoption
curve the needed revenue per user and per monih) (€8ower than the DSL price cap of
€10. In all other scenarios, a much higher montélenue is needed (for urban at least €16.5,
for rural even €26.5, both for the aggressive adapturve)!

Revenues needed per HC
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Conservative

Aggressive

Likely

Urban

Conservative

Aggressive
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Dense urban

Conservative

|
I
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Figure 28: Revenues needed per subscriber per montbusiness case with planning horizon of 20 years)
4.3.1.6lmpact of variable revenue, better reflecting costs

All results above indicate that the business casdhe PIP is very difficult. Based on the
assumed an average revenue of max €10 per mondugtemer, the case is only profitable in
a dense urban area with aggressive adoption. lotther scenarios, the estimated payback
time clearly exceeds the considered 20 years.

One explanation is in the fact that fixed revenpescustomer for the PIP, independent from
the area, do not reflect the cost base. Thereforerder to reduce risk PIP pricing should
better reflect costs by charging based on distdikeethe Stokab model [30] or by at least
differentiating between some area types like thgge&ber model (Figure 25).

Figure 29 shows the cumulative costs and reventawding to the regulated prices used by
Reggefiber. It is clear that using these pricintpesges, which do depend on the area,
improves the business case for the less denselylagepg area (urban and rural), a lot.
However, the business case is never positive, wherextra administrative and overhead
costs would be taken into account.
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Figure 29: Cumulative costs and revenue accordingtReggefiber’'s assumptions, as well as resulting NP
(cumulative and discounted after 20 years)

Using pricing schemes adapted to the region urtdey <ould make a lot of sense to improve

the business case for the PIP, but is not an opti@xtend to the higher layers of NP and SP,

or even the end-customers: it is a question whethveould be fair to charge people in rural

areas triple the price for the same internet caipabs offered in densely populated cities...

4.3.2 How to improve the business case?

Since the results from section 4.3.1 indicate ratfegative business cases, other sources of
revenue or other means to improve the businesssteméd be found. This section proposes
some specific measures that could be taken to mhekemvestment in a passive infrastructure
a good choice from an economic point of view.

4.3.2.1lmpact of demand aggregation

The business case for the PIP is especially dlffioacause of the combination of a high
upfront cost and revenues that have a very slowkaptOne solution could be to have the
revenues sooner in the project lifetime. Demandegggion is a process in which interested
customers sign a cooperation agreement beforedpyiment is started. In this way areas
can be chosen in which there will be a guarantgetdke from the start. For example,
Reggefiber expects a level of 30-40% demand agtoegaefore starting the deployment
[13]. We have modelled the impact of demand agdi@gaf 20 or 40% on the adoption
curve, by adding this percentage to the expecte@dtamh. However, we assume that the curve
doesn’t exceed the original maximum adoption pesgmof 81.20%.

In the dense urban case, also the original aggeessirve led to a positive business case,
which is clearly strengthened by an additional desn@ggregation. For the urban area, we see
that the negative NPV of minus €4 million is halvied demand aggregation of 20% and
nearly equalled out by a level of demand aggregaifo10%. The rural case remains difficult

though.
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Figure 30: Cumulative costs, revenues and NPV in sa of aggressive adoption curves, as in their oritl
forms as well as with a level of demand aggregatiasf 20 and 40%

4.3.2.2lImpact of duct reuse

It is clear from Figure 24 that the majority of tR&P costs, and by extension of the entire
FTTH deployment cost, is in the CapEx. More spealfy it is in the ducting costs, as the

cost for trenching and ducting is significantly lmég than the cost for the fibre itself [15]. In

case some parts of the ducts can be reused, thitievefore lead to a significant reduction in

the necessary cost outlay.

Actual duct reuse can take different forms. Of seufold” telecom ducts used in the copper
network or the FTTC network can be an option, louteikample in Paris, fibre was deployed
in sewer systems [83]. In the EC guidelines foreasmetworks, the bottom-up approach was
suggested as an investment vehicle (for more detedl D6.4 [59]). This can also facilitate
access to publicly owned infrastructure such agsguwnd therefore drastically reduce this
cost.

To quantify the effect of possible duct reuse am ltlsiness case for the PIP, we compared
three scenarios:

» a Greenfield deployment, where no ducts can beseeku

« a “small” scenario, where between 25% and 70% efdicts in the feeder fibre section
can be re-used, and 15 to 20% in the distributadecsection of the network

« a “large” scenario, with a duct re-use of 35 to 8@the feeder fibre section, and about
20 to 40% in the distribution cable section.

The variances in duct reuse are explained by ardifit estimation of the available ducts in
the different areas: the available ducts will becmbigher in a dense urban region, where
most probably, an existing telecom network is alyepresent, while the availability and/or

quality of current telecom network in rural areagtmbe much lower.

Figure 31 shows the impact of the three levels wft deuse on the TCO, which clearly is
significant. Because of the higher duct reuse endénse urban area, the savings that can be
achieved are also higher. Reusing ducts makes tistndss case better, but still not
economically viable for deployment in an urbanwat region.
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Figure 31: TCO for the PIP (cumulative and discouned after 20 years), for three levels of duct reuse
(according to the aggressive adoption forecast)

However, while this is useful in reducing the neaeg capital outlay, it must be stated that
this should not affect the cost that the PIP mhsrge to network providers. If we imagine a
PIP that has yet to deploy a FTTH network but lmasesaccess to ducts, it is easy to envisage
that the PIP would charge other businesses forsactethese ducts. For example, before
deployment, a business customer or mobile netwgeraior might wish to use this duct
segment and they would be charged accordingly. €fbiex, when this section of duct is
utilised in the deployed FTTH network, network powers that utilise it should be charged
accordingly.

This is extremely important for considerations t@ite aid. For example, as reported in D6.4
[59], in the UK state aid is being provided in Husaenarios for the provision of broadband.
This state aid uses a gap funding model, wherarm@unt contributed by the state is equal to
the gap between the market value of the project isghrojected cost. However, if the
projected costs include a reduction in charge baseduct re-use (available at zero cost only
to the incumbent) this means non-incumbents coel@ncompete even with gap funding.

Therefore, while duct reuse reduces the capitdhpyas discussed in D5.3 [61]), it should
not be used for business case optimisation.

4.3.2.3Additional revenue sources

Results up till now have assumed PIP revenues baiset per customer fee (of maximum
€10), in some cases differentiated based on theciassd cost (Reggefiber model) combined
with an expected adoption for advanced broadbarwices. However, there can be additional
revenues for a physical infrastructure provider,ifstance because the dark fibre deployed
can also be of interest to other telco and noretelestomers than those in the access market
described above. These revenues can be signifiaargtokab reported they can add up to
50% of their total revenue [11], and similar figsirare reported by AOB member Karlstad
Stadsnat, and around 70% among the members of Skarfederation of 35 municipal
networks in Southern Sweden.

Possible additional revenues can come from larganbases or public institutions (like
administrations, hospitals, schools, etc.) that twam lease an end-to-end dark fibre
connection, and use their own active equipmentlifiting it up. This ensures a safe and
secure connection between multiple establishmdntei® enterprise (e.g. a bank). If a FTTH
network is present, it can also be used as a batkigiwork for Next-Generation wireless
offerings, like LTE or WIMAX. The base stations thiese networks can be connected to the
fixed fibre network, and the wireless operators gagir fair part of the lease. For instance,
Skanet currently secures €10 million annually frofE customers, and this is expected to
grow substantially in the near future.
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4.3.2.4Prolonging the planning horizon

Since the passive infrastructure that is curreptigviding internet to all, the incumbent’s
copper network or the cable operator's HFC (Hylgilske Cable) network, has been deployed
decades ago, and still hasn’t reach the end difetame, it is likely to expect that the same
holds for the fibre cables. It thus makes sengwd@ng the planning horizon, since it's very
likely that the fibre infrastructure will generatvenues for more than 20 years. Furthermore,
prolonging the business case will also extend twpton curve, leading to a higher adoption
potential in a later stage of the project (Figu®. Ihese revenues are not captured in the
initial business case with a lifetime of 20 years.

Prolonged adoption curves
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/ _
/ /
// /
0.4 [ conservative
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2010 2015 2020 2025 2030 2035 2040 2045 2050

Figure 32: Prolonged adoption curves

When considering discounted cash flows over a genio40 years (2010-2050, Figure 33),
we observe a discounted payback time of less tliagedrs in the dense urban scenario,
independent from the adoption curve. Also for agragsive adoption in the urban scenario,
we see a positive case in less than 40 years.

When comparing needed monthly revenues over 2@n8040 years for all scenarios (Figure
34), we see that the €10 clearly satisfies the itiondof a break even PIP for the dense urban
area for all adoption curves after 40 years.

The difference between the business case for 2@ yea 30 years is much higher than going
from 30 to 40 years. This can be explained by t¥feces. First, in 2030, the adoption curve
hasn't reached its maximum potential, so more enete will subscribe in 2030-2040 (while
the number of new subscribers between 2040 and i20%€yligible). Secondly, the further in
the future the revenues are paid, the higher tfeztedbf discounting, and thus the lower the
impact on the cumulative revenue. Therefore, wedaelcnot to look beyond a business case
of 40 years.
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NPV curve for a prolonged business case
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Figure 33: NPV curves for prolonged business cases
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Figure 34: Revenues needed per subscriber per mongfor 20, 30 and 40 years planning horizon)

OASE Page: 67 of 192
FP7 — ICT- GA 249025



Value Network Evaluation
7/ S OASE_WP6_D6.3_IMINDS_31012013_V1.0

4.3.2.5Physical infrastructure: in-building versus accessietwork

Thus far we have considered the case where theildity cost is not included in the PIP
solution. However, as mentioned in the introductiors possible that the PIP may be directly
responsible for this cost or may be responsiblgéying another entity for access rights. It is
therefore interesting to examine these alternaoanarios. In contrast with the more-likely
scenario of the in-building model being recoupedrént or initial sale price (rather than
negotiated access from the PIP), we consider tieetedf including this cost on the service
charge in thechart in Figure 14 belowwhich shows a Greenfield scenario with a 20year
planning horizon and a 5% discount rate for an &2Ritecture.
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Figure 35: The impact of including the PCP2-PCP3 ggnent in calculations

From these results it is clear that this segmerth@efetwork is responsible for a significant
proportion of costs in some scenarios, due to tame of infrastructure required and its
associated maintenance. In Dense Urban scenawosexample, this can increase the
necessary PIP charge from €22 per month to aro8ad€ per month.

However, due to the limitations of the geographmdel upon which these results are based,;
the increased costs of such a scenario may be stwveated in Urban and Rural scenarios.
This is due to the decreased proportion of multeling units and the increased prevalence
of single-occupancy houses. In the latter scendhniexe is no practical distinction between
PCP2 and PCP3, although this was made in the testmmomic model in order to provide
consistency between scenarios. However, withinranli-dwelling unit (dense urban, urban,
or rural) there is clearly a significant increasecost associated with the need to directly pay
for fibre connectivity.

4.3.3 P2MP deployment of fibre infrastructure

Thus far, we have dealt with a P2P PIP scenaribiaffers the largest number of business
opportunities by which the network may be monetis¢alwever, it is also possible to deploy
a point-to-multipoint (P2MP) network. In contrastthe P2P example where each customer
has a dedicated fibre channel as far as the loadlamge, P2MP employs passive optical
devices in the cabinets in order to aggregate pleltustomers onto a single fibre.

For example, an AWG may be deployed in the cahimeirder to aggregate wavelengths,
resulting in a smaller number of fibres requirednsen the cabinet and the local exchange.
An example of this can be seen in Figure 36 below.
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Figure 36: P2P vs. P2MP deployment

In order to assess the difference in cost we aeatysGreenfield scenario without node
consolidation utilising the WP6 likely demand cur#es differences between dense urban,
urban and rural settings might prove interesting,will analyse for these areas. The cost will
be presented as the charge necessary to the custopagy for the PIP (in €/month). This cost
includes the in-building model, representing thenseio identified in Figure 21.

The results can be seen in Table 14 below. Foscaharios, the P2P deployment is more
expensive than the P2MP (13% increase in dens@ ustiz® in urban, 4.5% in rural).
Table 14: P2P vs. P2MP costs for the PIP

Scenario Cost €/month)
Dense Urban P2P 8.4
Dense Urban P2MP 7.9
Urban P2P 16.1
Urban P2MP 15.3
Rural P2P 25.2
Rural P2MP 24.1

4.3.4 Impact of economic decision parameters

The evaluation of the PIP project is so far based dixed discount rate (5%) without any
analysis of the parameter as such. The discus$fiontdhe important input parameters and
the potential range of values for the discount tzseed on the weighted average cost of
capital (WACC) can be found in Annex C. Therefae,analysis of the impact of the WACC
range is given hereafter.

Based on the analysis of Annex C, the WACC will vagied from between 0% to 15%,
whereas the most probable range will be betweena@# 10% The result based on the
complete cost (including CPE) is shown below.
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Revenues needed for different WACC
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Figure 37: Required monthly fee in € for differentarea types and WACC (NPV = 0, excluding CPE for the
likely adoption curve)

It can be seen that the curves have an exponebipe, which was expected. The level of

required monthly fee varies:

« Dense Urban: €18 to €120
+ Urban: €30 to €206
* Rural: €43 to €308

It can be concluded that this will end up in a poofitable business case in most cases for the
WACC, only the cases for Dense Urban area typeaa®ACC between 0% (€18) and 4%
(€31) seems to be in a reasonable level. In additican be concluded that the most probable
range for business case calculations of 0% to 1@8%rumerous question marks and it is
highly recommended to look for other financing ops (like the indirect benefits which will
be discussed in section 7).

4.3.5 Conclusions on PIP business case

This first quantitative evaluation section providége: business case results for a physical
infrastructure deployment, for both P2P and P2Mpblimgies. We analysed shortly the total
cost of ownership for the infrastructure, therebgking the distinction between one PIP
covering all PCPs and the case where a separdtailding PIP provides the cabling inside
MDUSs. The portion of the total cost consumed byithbuilding part of the passive network
can reduce the total cost by up to 30%. It is lagto exclude the cost for the in-building
infrastructure when calculating the business casetlie PIP for two reasons. First, the
TONIC model assumes MDUSs in every area, whereasrfman and rural areas, the portion of
MDUs in the total amount of households will mosplpably be limited, especially in rural
areas. Secondly, real-life cases (e.g. in Sweddmwsthat frequently, the housing
organizations invest in the in-building infrastuet and recoup this cost by increases the
rental fees amounting to a couple of euro a month.
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When investigating the business case for the palysndrastructure in the reference case
parameters (see section 4.3.1), while excludingriimuilding infrastructure, it is clear that
the needed revenues are much too high to fillnkiestment pit in a 20 year timeframe. Based
on an average revenue of max €10 per month peoroest the case is only profitable in a
dense urban area with aggressive adoption. Inttier scenarios, the estimated payback time
clearly exceeds the considered 20 years. The agicns show that there is at least a monthly
revenue needed of €16.5 per customer per montarfarrban deployment, and even €26.5
monthly per user to cover a rural area.

Taking a closer look at the business case assunsptive have indicated several potential
refinements that improve the case. Demand aggoepaimsures a significant market share
and therefore revenue immediately after deploynignhaving interested customers sign a
cooperation agreement upfront. A level of demangreggation of 40% can nearly make all

scenarios in urban and dense urban areas profithhkeng advantage of duct reuse has an
important impact on the cost base: and leads tufgignt decreases of the trenching costs.
Another option is to look for other types of custas than the pure residential ones:
additional revenues from public institutions or imesses (both large, medium and small
enterprises as well as mobile operators) can loalpprove the case.

Furthermore, as we are considering an infrastractovestment, it might make sense to
prolong the planning horizon beyond 20 years. Aalisited payback time of less than 40
years was observed in the dense urban scenarigpaendent from the adoption curve. Also
for an aggressive adoption in the urban scenamos@e a positive case in less than 40 years.
Despite all measures discussed above, the busiassedor the PIP in rural areas seems to be
unfeasible. The use of public funds might be remfultere.

As there are multiple possible actors to take wprtile of Physical Infrastructure Provider,
and taking into account their different financialdaeconomic background, it makes sense to
evaluate the impact of the weighted average cosapital (WACC) on the business case for
the PIP. From the analysis, we can conclude thatdifficult to assess the impact in general
terms as it depends mostly on concrete situatiog. (eelationship to parent company,
negotiation power, type of industry, desired vadtep to be taken, etc.). Available databases
suggest an industry WACC between 4% and 10%, f@nftial institutions and even higher
WACC of 11%-13%. Public authorities (on a natiotatel) could lend money at rates
varying about 1%-8% (assuming Greece is currenttyobscope with 17%).

Taking a variation of WACCs of 0% to 15% leads tougie impact on the needed revenue per
user per month (e.g. in the dense urban case abgitween €18 and €120).

4.4 Evaluation of the business case for the NP

In this section, we will investigate the businessse for a network provider, who is

responsible for deploying, activating and operathngyactive equipment on top of the passive
infrastructure. We make the distinction between ttaitional architectures (AON and

GPON 1:32) and a selection of NGOA architecture= (section 2.3). For the traditional

architectures, we consider a planning horizon ofy&@rs (from 2010 to 2020), since this
corresponds more or less to the typical lifetime astive equipment. For the NGOA

architectures, we take a planning horizon of 20rgeand consider migration from the

traditional ones to the NGOA in 2020 (so that eathitecture covers a lifetime of about 10
years).

This section deals with the business case of onenNfaning that we make abstraction of
open access possibilities and competition on NErl&yr now (this will be taken up in the

section 4.5). We therefore only consider serviocavigioning costs for new customers (as
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customers cannot change NPs), and churn on they#? is set to zero. Although churn on
the service provider layer (SP) is possible, itl wibt be taken into account here in the

evaluation of the NP business case; because wenasthat this extra provisioning cost is
covered by the SP or paid on a separate basisebgnith customer.

We will focus on the evaluation for the businessector the NP for traditional architectures
(AON and GPON 1:32) over a planning horizon of Eang. We will calculate the NPV and

needed revenues per customer for the NP for the combinations of regions and adoption
curves (dense urban/urban/rural x conservativéyliltggressive) as described in section 4.2
Furthermore, we investigate the impact of the CB& (which includes the cost for in-house
cabling and the ONT and its installation), and Idok alternatives to improve the business
case. So depending on the scenario under studigtleNP cost contains NP CapEx (Central
Office equipment and installation), NP OpEx (operat and recurring costs like energy,
maintenance and fault management), Service Prowmmgjo (actual connection of the

customers) and CPE costs (in-building infrastriet@and ONT, as well as operational
expenditures related to those).

4.4.1 AON

The first architecture under study is AON: an aetoptical network in which each end-
customer is served by a dedicated fibre from timtrakoffice. We will first give an overview
of the TCO for an NP, to continue with the evaloatof the NPV and needed revenues for
multiple scenarios.

4.4.1.1TCO for the NP

When evaluating the TCO for the NP (Figure 38)patomes clear that this cost is much
lower than the cost for the PIP (see section 4.3.1t is furthermore much more influenced
by the actual customer uptake, which can be exgiaby the fact that the NP only installs
new equipment the moment it is needed (i.e. when ewestomers subscribe), while the PIP
deployed everything in the beginning of the plagriorizon.

TCO for the NP
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Figure 38: TCO for the NP, including NP, CPE and Ser. Prov. cost
(cumulative and discounted with 10% after 10 years)
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The share each of the three costs takes up isirdls@sting to evaluate in more detail: the

CPE cost is definitely the highest, and doesn’ywao much with the adoption curve, while
this impact is more visible in the NP and Serv.\Pomst.

This can be explained by investigating the cosakuewn in more detail. As mentioned
before, the CPE cost consists of the cost for mhleouse cabling and the cost for the ONT
(including installation). While the ONT cost is urced only when the end-customer actually
subscribers, the cost for in-house cabling (betteterstood as in-building cabling: providing
the cables between households in Multi-Dwelling te)nis largely upfront (e.g. when one
house organization decides to fibre up all itsdings). The ONT related costs in the CPE
will therefore be impacted more by the adoption,ilevithe upfront in-house cabling
installation is to a large extent independent ftbmadoption curve (Figure 39).
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Figure 39: Cumulative and discounted CPE cost forlte dense urban region
(10 years period, discount rate of 10%)
The impact of the adoption curve on both CapEx@pé#x costs of the NP, as well as on the
service provisioning is shown in Figure 40 (an egkemfor the dense urban area and
aggressive adoption curve). The S-shaped adoptiore €an be clearly seen from this graph
and thus reflects the time-dependent expensesdflkh It is exactly this time- or customer-
dependency that differentiates the business casleedNP from that of the PIP: for a large
part, the NP costs will only be made from the monienhas ensured revenue, while the PIP
has to hope for a high subscription rate to redtaipuge upfront investments. This leads to a

higher uncertainty
for the PIP business
case, which TCO for the NP over time therefore is
subject  to 600 higher risk.
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Figure 40: Cumulative and discounted NP and servicprovisioning cost for the dense urban area,

aggressive adoption curve
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4.4.1.2Evaluating the business case for the NP

Keeping the cost analysis as described above id,mms paragraph will investigate the
business case for the NP, i.e. will compare thésomgh the expected revenues.

When using estimated monthly customer revenue 06f Eigure 41 shows that the business
case for the NP is not economically viable. The N®Yegative in all scenarios, and doesn’t
seem to improve on the long run. This can be empthivhen returning to the cost breakdown
described in the previous paragraph: the largesimvent pit in the beginning of the planning
period is due to the in-house cabling cost thatNRemakes upfront, while the extra costs
incurred later in the planning period are due te @NT costs and installation. Although
amelioration is seen at the end, it doesn’t cowerttie high initial pit. The curves are quite
similar for the different areas and adoption fostegFigure 41), it's only the debt of the
curve that is different. As will be concluded laterthis paragraph, this can be explained by
the dependency of the overall NP cost on the nummbgubscribers.

NPV curves for the NP

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

500 1 | dense urban

41000 | | === likely

Thousands €

1500 4 conservative

— 3ggressive

-2000 -

-2500 -

-3000 -

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

500 11 yrban

-1000

Thousands €

-1500 \/

-2000 -
-2500

-3000 -

T T T T T T T T T 1
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

-500 —
1 rural

-1000 -

Thousands €

-1500 -

-2000 -

-2500 -

-3000 -

Figure 41: NPV curves for the NP business case (&k/ and conservative curves are coinciding)
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It is clear that €10 per customer per month will saffice to cover the business case for the
NP (with the forecasted adoption curves and plaphorizon), but how much is needed then?
Figure 42 provides the answer: in the aggressivptash scenario at least around €21 per
customer per month, in the likely adoption €75-8@ & the conservative even €90-110! It is
thus clear that the business case for the NP setheonomic conditions does not fly!
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Figure 42: Needed revenues (per customer per montk) arrive at a positive business case for the NRtar
10 years, including CPE cost

4.4.1.3Possibilities to improve the business case for tidP

From the previous analysis, it has become cledriththe assumed conditions, the NP will
never have a positive business case. Other pathddstherefore be explored to verify what
can be done to improve the business case. Thignagta will discuss several possibilities,
like charging the customer an upfront fee to cdeerthe high CPE cost, prolonging the
planning horizon, ensuring a higher adoption uptakdemand aggregation etc.

Recouping the CPE cost by charging an upfront fee

From Figure 38, it is clear that it is the high CB&st that makes the business case so
negative. This paragraph will therefore focus awliing other ways to recoup this high costs.

As seen from Figure 39, the CPE cost mainly comgiftwo parts: the in-house cabling on
the one side, and the ONT including installation tke other. Both also incur some
operational expenses for fault management and gnesgsumption (but those are only
minor).

How to recoup the in-house cabling cost?

As described above, the in-house cabling is maiiolye upfront, when a group of building
owners or housing organizations decide to wirertheildings with fibre. This wiring can be
done by the PIP, by the housing organization itsmifby the NP. It therefore can be the
responsibility of the NP, but this is not necess&myrthermore, this responsibility is only
applicable for multi-dwelling units, since for slaghouses, the fibre will most likely end at
the front door of the customer’s premises.

In this case, we assume that the in-house caldiragked for by the housing organizations,

and consequently paid by them. The housing orgaommsathemselves can then recoup the
costs by increasing the rent for the apartments svitouple of euro a month.

If we assume 50% of the people living in MDUs, Hwising organizations there would have
to increase their monthly rent with €3-€4.50 (faregone, independent of their actual

OASE Page: 75 of 192
FP7 — ICT- GA 249025



Value Network Evaluation
; S OASE_WP6_D6.3_IMINDS_31012013_V1.0

subscription to the FTTH network), depending onahea, which is a marginal increase when
compared to the average monthly rentals for apantsreecross Europe.

How to recoup the cost for the ONT and its installaon?

When a customer decides to subscribe, a sockeDaldshould be installed in his home to
ensure the end-to-end connectivity. When compariogcurrent VDSL or DOCSIS
installations, operators frequently charge the arast’s a one-off installation fee. It thus
makes sense to investigate how much this fee woeddl to be in the case of FTTH ONT
installation.

When taking into account that this upfront costudtia@over for the ONT, its installation and
the possible operational expenditures over a pesfotl0 years, an upfront charge of about
€50 - €55 should be charged to each customer, whickasonable and comparable to the
upfront fees charged by DSL or DOCSIS operatorsauays. It furthermore is not too high,
because this fee is charged in the same time péyeat) in which the cost for it is made. If
costs are only recouped in a later stage, the igfadiscounting makes that a much higher
fee should be paid then.

What is the impact of excluding CPE costs on the winess case for the NP?

Following the results of the extra upfront chargel anonthly rental increase, which can be
assumed as reasonable, we decide now to leavedhemhen calculating the business case
for the NP. The updated NPV curves, which now omgiude “true” NP and service
provisioning costs, are shown in Figure 43 (for@thly customer revenue of €10). It is clear
that this evaluation definitely is better from asoeomic point of view, the business case is
positive in every scenario.
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NPV curves for the NP (CPE excluded)
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Figure 43: NPV curves for the NP business case (éxding the CPE costs, likely and conservative cunge

are coinciding)
Using estimated monthly revenue of €10 per custptherresults are positive, but how many
revenues are now exactly needed? The answer ia givEigure 44: €5.75 - €7.50 per user
per month, depending on the area and the adoptioe cAlthough the difference in between
area types and uptakes are much smaller than éoPtR results, there is a trend in these
dependencies on area type and adoption curve. @&italthe PIP, the cost for deploying
active end-to-end connectivity in a dense urbaa &e&heaper than in a rural area, and thus
the needed revenues there will be lower. When taplit the adoption curve on the other
hand, we see a different trend: the higher thekaptdne higher the needed revenue. This can
be explained by the impact of discounting: in cabé¢he aggressive curve, customers are
connected earlier on, so that, although the absalast is the same, the discounted cost is
higher.

How come these charges are so much lower thami@r@sented in the business case for the
NP including the CPE costs? An explanation carobed in the way the costs are recouped:
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- The upfront in-house cabling is recouped by leti#id. households pay a higher rent
if the MDU is fibred up, even if the household Ifs#oesn’t subscribe to the network
(and thus decides not the take an internet suligsr)p Dividing the high in-house
cabling cost by all residents leads to a very latveefee (a couple of euro per month),
in comparison to a very high fee for the few FTTibscribers.

- The ONT cost is recouped at quasi the same monseiti@ made, which filters out
the impact of discounting (i.e. if fees are paidinly a later period in time, they are
less worth because the value of money decreasesime.
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Figure 44: Needed revenues (per customer per montk) arrive at a positive business case for the NP
after 10 years, for the case including CPE costs drexcluding CPE costs

Demand aggregation to ensure take-up from the begiing

Although recouping the CPE costs in one or anotfer is the most likely option to improve
the business case for the NP, we also investigpa@téntipact of demand aggregation: what is
the impact on the business case if there is anretsiake-up of 20% or 40% from the
beginning of the project?

Figure 45 (example of the aggressive adoption quslows that there is clearly an
improvement to the business case if there is a ddraggregation of 20% or 40%. In the case
of 40%, the NPV is almost positive after 10 yeansthe dense urban and urban regions, and
even absolutely positive for the rural regions. Thiference in between regions can be
explained by the fact that, for the rural regidmere is less in-house cabling needed since
there are not so many MDUSs.

The revenues needed per customer per month shrarklg to about €13 for the aggressive
adoption curve with 20% demand aggregation, and @égearound the assumed €10 per
customer per month for 40% aggregation of demamu the start.
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NPV curves for the NP
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Figure 45: NPV curves for the NP business case (inding CPE costs) for a demand aggregation of 0%,
20% and 40% and an estimated revenue of €10 per usger month

4.4.2 GPON 1:32

The second architecture under study is GPON, anabptetwork which has a dedicated fibre
between the customer and a passive, power spldtrd aggregation point and a shared fibre
from that point on. The analysis concentrates ai3 power splitter resulting in an on
average maximum bandwidth per customer about 8@/84kt should be noted that this is
much lower than the 150-500 Mbit/s detailed in DfBQ], but sufficient for the calculation
time frame of 10 years. Similar to AON, an overvialout TCO for the NP, a calculation of
NPV and needed revenues for different scenaridsoeigiven.

4.4.2.1TCO for NP

Similar to the AON architecture, the total costosfnership includes three main parts: the
actual network provider costs, the customer presnsguipment and the cost for service
provisioning with the same cost split as detail@dAON in section 5.3.1.1. The overall cost
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Is shown in Figure 46 below. Overall, one can codelthat the cost is similar to the AON
case, slightly lower or higher. When evaluating tbost in detail, it becomes clear that this
cost is much lower than the PIP cost (see sect®3) It is more influenced by the customer
take up, there as dimensioning rules for GPON systare some kind of worst case scenario
with technology investment in the beginning and @enOpEXx driven approach in the end.
Here, AON deployments scale better with customeratel. So in reality, costs will be lower
for GPON based on an improved deployment strateggy {urther in section 4.4.3).

TCO for the NP

m CPE

Millions €
N

Serv. Prov. -

B NP Capex and Opex

Aggressive
Aggressive
Aggressive

Conservative
Conservative
Conservative

Rural

Dense Urban Urban

Figure 46: TCO for NP based on GPON 1:32, all coshcluded
(discounted with 10% after 10 years and cumulated)
The split in between the different cost groupsinsilar to the AON case: the CPE costs are
the most dominant costs (and are required partllgerbeginning of the deployment, followed
by service provisioning costs and the relative msts for the network provider itself. As a
proof of concept, the CPE costs are detailed batowigure 47.

Total CPE CapEx for dense urban area

type
3.5
w
"
HE —
225
2 4
ONT + Installation
1.5 1 M In-House cabling
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0.5 -+
0 4

Conservative Likely Aggressive

Figure 47: Split of CPE cost for the dense urban a&a

(discounted with 10% after 10 years and cumulated)
The impact of the adoption curve on OpEx and CapExhe NP as well as the service
provisioning costs is presented in Figure 48. Rleasde that the cost for in-house cabling is
excluded. The shape of the curve is to some ekkenan S-curve and follows in principle the
adoption curve. Again, it is exactly this time- arstomer-dependency that differentiates the
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business model of the NP from PIP. Revenues andacesissociated to each other and there
is a lower gap in risk and financing the whole bess.

TCO for the NP
0.25
W
[7,]
§ e Capex NP
= 02
= Serv. Prov.
Opex NP
0.15 / A
0.1
0.05
0 = o 1 _ L T T 1
2010 2012 2014 2016 2018 2020

Figure 48: NP and service provisioning cost for dese urban area with aggressive adoption
(discounted with 10% after 10 years and cumulated)

4.4.2.2Evaluating the business case for the NP

Keeping the cost analysis as described above im,ntiis paragraph will investigate the
business case for the NP, i.e. will compare thésomgh the expected revenues.

When using estimated monthly customer revenue bf Eigure 49 shows that the business
case for the NP is not economically viable. Théetdénce to the graphs in of the AON section
is that the revenue is increased to €15 inste&&il0f The €10 level would be similar to the
business cases based on AON, just with a sligldglyet negative level. But the €15
estimation for the aggressive case shows alreatytiibre is a potential to bridge the gap to a
positive business case. Again, the effect of thg lun and slow improvement of the business
case (starting in year seven or eight) can be ggaavhen returning to the cost breakdown
described in the previous paragraph: the largesinmvent pit in the beginning of the planning
period is due to the in-house cabling cost thatNIFemakes upfront, while the extra costs
incurred later in the planning period are due ®@NT costs and installation.
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NPV curves for the NP (excl. CPE cost)
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Figure 49: NPV curves for the NP business case balsen GPON 1:32
(€15 monthly fee, likely and conservative curves arcoinciding)

It was already clear that €10 is not sufficient opositive business case due to the similar
CapEx and OpEx of AON and GPON 1:32. In the previsaction, the NPV calculation
included a €15 fee per month and the aggressivetiatoforecast is close to zero NPV
(meaning 10% return on invest). The detailed regumonthly fee could be found in Figure
50. The aggressive curve leads to needed revenubés order of €15.70 to €17.30, whereas
all other are in the order of €62-90. This could éelained by the required network
equipment dimensioning rules and the upfront investt for the CPE.
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Figure 50: Required revenues for a positive NPV busess case after 10 years
(10% discount rate and constant monthly rate per cetomer)

4.4.2.3Possibilities to improve the business case for tidP

From the previous analysis, it has become cledrithéhe assumed conditions, the NP has a
lot of uncertainties for a positive business c&3her paths should therefore be explored to
verify what can be done to improve the business.casnilar to the AON analysis, these are

* Prolonging the planning horizon

* Recouping the CPE cost by charging an upfront fee
o For in-building network
0 For ONT

« Higher adoption uptake by demand aggregation

The first point seems to be difficult. Besides ke cabling, the majority of investment is
into technology with a high degree of upfront inbh@ network sided equipment in the first
three years. This means that the technology wilehita work for a time frame of 7-10 years
which is a relative long time frame and it seemseasonable to assume that no replacement
is required in the next five, ten or even twentyrge Second, even ten years are a relative
long time frame for an investment of a privatelynad company, whose services typically
have contractual durations of two years.
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The second bullet is split into two parts, as alredy detailed in 4.4.1. The argumentation would be i
same for GPON. Overall, that would reduce the requied monthly fee for the NP significantly, as showin

Revenues needed per HC
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§ B CPE excluded
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c
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Figure 51. The resulting monthly fees are in theeoof €3.80 to €7.20.
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Figure 51: Required revenues for a positive NPV busess case after 10 years

(10% discount rate and constant monthly rate per cetomer)
The third aspect on demand aggregation was cowertbeé AON case, too. For completeness,
the modified NPV curves are shown in Figure 52 Wwel®bviously, the enhanced income
improves the business case, so that any aggreadiygtion is reaching break even before
2015, the likely adoption forecast in 2019 and evlea conservative adoption forecast
provides a very positive trend and reaches a besak in the end of the time frame under
investigation (not shown in Figure 52).
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Figure 52: NPV curves for the NP business case balsen GPON 1:32 and demand aggregation
with 20% and 40% in 2010 (€10 monthly fee, 10% digmnt and cumulated)

4.4.3 Impact of demand aggregation with cherry picking onthe business
case for both NGOA technologies

The previous two sections detailed the busines® das the AON and GPON 1:32
deployments in a time frame of 10 years (2010-202)wever, the outcome of this
investigation was not always too positive. We hiérefore in this section investigate other
ways to improve the business case, namely by usengemand aggregation discussed before
in conjunction with cherry picked rollout, and coang the impact of this suggestion for a
selection of different technologies studied in OASE
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The geographic model, as described in WP5 [58]ndsfthe service area of the NGOA under
study, including the subscriber count. As demarwleiases, defined by the adoption curves
identified within WP6 and detailed in D6.2 [54],e8e potential subscribers connect to the

network. The tonic tool assumes that this demanohi®rm; there is equal possibility of any
particular client connecting to the network.

Unfortunately this is not realistic. It is likelyhat certain areas will be sources of higher
demand than others, based on the socio-econontics std their inhabitants. Given this
understanding, it is possible to build on the workdemand aggregation above by showing
how an operator might take advantage of high derbgraherry picking such areas.

This may provide significant cost savings, as \asllprovide a differentiating factor between
the architectures. Architectures with higher fam-éor example, may suffer more under such
a scheme as the benefits of smaller deploymentsotdre realised because of excessively
high equipment dimensioning needs.

In order to evaluate the expected benefits, thevahg scenarios were defined. Firstly, we
define a “uniform” scenario where there is an eqci@nce of subscribers arising from
anywhere in the network. Customers are connectabdetmetwork as soon as they demand.
This closely models the assumptions of tonic, ardle seen in Figure 53 below.

1

® Connected Customers

Increased
Demand
overtime

=
O R MW R NS N0 Y D O NWRLD RO S

B Connected Customers

—

Cabinets

Figure 53: The evolution of customer connections @v time for a uniform scenario with no demand
aggregation.
Secondly, we define a “uniform scenario with demagdregation” scenario. In this instance,
there is a uniform chance of demand arising in @any of the network. However, rather than
being instantly connected to the network, subscrileenand is recorded and the customer is
placed on a waiting list. Once this waiting lisspas a threshold, the customers on the waiting
list are connected and future connections arentetaous. We define the threshold at 32.4%
as this is similar to the threshold utilised by Befiper and an easy scenario to implement in
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the simulator, and consider the area as all cusweunnected to a particular cabinet. This
can be seen in Figure 54 below.

Figure 54: The evolution of customer connections @v time for a uniform scenario with demand
aggregation

Finally, we define a “triangular with demand agggn” scenario. This follows the same
mechanic as the “uniform with demand aggregatioenado”, but instead of customer
demand being uniform we assume that it is triantpldistributed over the entirety of
potential subscribers. This leads to high and lemand areas, where the high demand areas
will be provisioned first. This should lead to a re@rganic rollout that better matches the
real-world case. This can be seen in Figure 55/elo

Figure 55: The evolution of customer connections @v time for a triangular scenario with demand
aggregation
All these scenarios were defined using a dense nurbavironment, with no node
consolidation, and utilising the “likely” demandrga and the medium bandwidth evolution
curve.

All aggregation scenarios may lead to a delay lloub due to the lag incurred while waiting
for demand to aggregate. In order to investigatediployment over its natural ten year life,
it is therefore necessary to show results thatneikteeyond the 2030 timeframe where
deployment begins after 2020.

In order to investigate how this might affect theoice of network technology, especially
where those technologies differ by fan-out, we stigate three distinct examples: P2P NG
AON, 32 wavelength WS WDM PON and 80 wavelength titydPON employing 1:16
optical splitters.

4.4.3.1Analysis of geographic demand distribution

Firstly, we will analyse the potential benefit dfecry picking utilising only a single network
technology. For this scenario, WS WDM PON was choas it represents an interesting
middle ground between the low fan-out (NG AON, l1lahd high fan-out (Hybrid PON
1:1280) technologies.

Connected Customers

&

. 12000
w
£ 10000
Uniform
8000 //-
— Uniform with Demand

1000 Aggregation
// ——Triangular with Demand

//// Aggregation
0

20200 2021 2022 2022 2024 2025 2026 2027

Year

Connected Custo
[=3]
(=]
(=]
(=]

Figure 56: Connected customers for WS WDM PON in th three scenarios

Figure 56 above shows the uptake in the three deénsamnarios. The uniform scenario
perfectly mirrors the demand curve; customers ammected as soon as there is demand. The
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“uniform with demand aggregation” curve shows tletag incurred while waiting for demand

to pass thresholds in the cabinet areas. This slellag start of rollout by a year, and
contributes to slow rollout until year 2023. Theidhgular with demand aggregation”

scenario tends towards the demand curve over tinoalsinets become “NGOA enabled” and
their uptake profile comes to mirror their demanafige.
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Figure 57: Capital expenditure for WS WDM PON in the three scenarios

Figure 57 above shows the capital expenditure redum each of the three scenarios. The
uniform scenario shows the characteristic high ropif cost that is necessary to provide
service to a small number of customers who are topblogically localised. This is
problematic, as the equipment is extremely undidized, it consumes energy and contributes
to failure costs while having low income attachémlotigh customer subscription costs.
Adding demand aggregation reduces this profile sadmag but is nonetheless associated with
a large increase in cost in 2023. This is natuéhout demand being varied by topology
location, demand aggregation merely delays theubknd does little to limit the initial cost
spike. The triangular scenario, however, is muchenmatural. There is no high spike in costs
with the associated under-utilisation of equipment.

In order to investigate this effect more closely walculate the service charge necessary to
support the NP by solving for 0 NPV as has beeredorprevious studies. For the specific
case of uniform demand with aggregation, we comsad&€0 year timeframe from 2022 until
2032. The other scenarios utilise the standard -20830 timeframe. This does somewhat
complicate the comparison of the results, as tmfdum with demand aggregation” utilises
the higher-value years in 2031 and 2032, wherecsiltes count (and therefore income) is
high. These results can be seen in Table 15 below.

Table 15: Benefits of deployment scenarios for WS M PON

Uniform Uniform with Triangular with
Demand Aggregatio Demand Aggregation
Necessary Revenue 12.21 10.57 11.61
(€)
Percentage reductig 13.4% 4.9%
compared to Uniforn
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The results show a modest reduction in the necgssemtomer charge when examining the

triangular scenario. The uniform scenario employilegnand aggregation does show higher
benefits, but this comes with a cost of later dgmlent time.

4.4.3.2Technology analysis

Comparing the benefits of demand aggregation ad¢ea$siologies poses problems. Because
of the different absolute costs of the network sc@s, it is important to analyse the relative
cost savings that are possible. Therefore, theepéage reduction introduced in Table 15 will
be employed in this analysis. The percentage kef(@fier the uniform scenario) when
utilising uniform and triangular demand aggregation NG AON, WS WDM PON and
Hybrid PON can be seen in Table 16 below

Table 16: Technology response to demand aggregatiand cherry picking

Uniform with Triangular with
Demand Aggregatiol Demand Aggregatior
NG AON 4.9% -5.1%
WS WDM PON 13.4% 4.9%
Hybrid PON 8.7% -0.6%

These results are fascinating, if they seem unustufadst. First of all, it is important to note
that, for all network architectures, there is adfgnn the usage of demand aggregation in the
uniform scenario. This benefit is more pronounced\WS WDM PON, where the fan-out
(32) corresponds well to the aggregation threshaltich (in a dense urban scenario)
corresponds to 50 connections per cabinet. ThdtsestiHybrid PON are less pronounced
because each remote node can support 1280 cligrgge is, therefore, correspondingly less
potential for optimisation with hybrid PON. NG AO$hows the fewest benefits of uniform
aggregation; its natural support for low connectamunts means that the main benefit is
delaying rollout to take advantage of the high supgson count in 2031 and 2032.

The results of the triangular distribution analyare more interesting. Here, we can see a
fascinating artefact: NG AON becomes less costctffe when utilising triangular demand
with aggregation. This is due to the reductionhe tiptake profile (as can be seen by the
number of connected customers in Figure 56. As ioeed earlier, P2P NG AON does not
suffer at low penetration — it is extremely simfilescale and does not require the high initial
investment of the PON solutions as discussed eavhéch necessitates demand aggregation.
Therefore, employing an aggregated rollout stratmgy serves to reduce the demand - until
demand reaches 30% no-one in an area is connegtedhs demand is unrealised. This
scenario is, therefore, not one that would everubksed in real life for this network
architecture.

Hybrid PON too becomes slightly more expensivehim triangular scenario. This highlights
the importance of fan-out and how it relates to #ggregation threshold. In the model
employed here, utilising per-cabinet decisions, liigh-fan-out of the Hybrid PON means
that, in some instances, a PON capable of suppot@80 customers needs to be provisioned
to support just 50. Utilising a larger aggregatiemea, where the area size more-closely
matches the fan-out of the equipment, may resusinmlar savings to the WS WDM PON.
However, this may lead to an increase in the “ecgpbf demand” effect shown in Figure 56.

4.4.3.3Conclusion

Cherry picking areas of particularly high demantijlevwaiting for demand in other areas to
reach a critical level, can provide a significaenéfit, provided that the areas are carefully
chosen to match the technology employed. Howewamnahd aggregation only makes sense
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where there is a significant upfront investmenuregf to provide service for a small number
of subscribers when uptake is low. If there idditipfront investment and costs scale nicely
with increased subscription, as is the case withAGN in the results reported in D5.3 [61],
then cherry picking areas is unnecessary and hidwersusiness case.

This has interesting implications for open accesmarios. In a P2P architecture, while a
PON operator may need to wait until there is sigfitdemand in an area before deployment,
a NG AON operator may begin deployment immediatelyg capture valuable market share
and brand recognition, while denying the PON oertite subscribers that they need in order
to justify a deployment. In a P2MP architecture dach aggregation has advantages and
disadvantages. Choosing the right fan-out for #tgvark architecture is extremely important.
We have shown that technologies with smaller fats-can be utilised to target smaller high-
demand areas and therefore benefit more than higldt technologies. This could mean that
an NP utilising technologies with smaller fan-oatld be first-to-market, claim market share
and deny the demand needed to reach thresholée tagh fan-out technology operators.

The ability to enter a market early and gain atiotit is a particular advantage of the smaller
fan-out technologies in these scenarios.

4.4.4 Conclusion on the NP business case

The section 4.4 gives an overview on the businasg ¢or the NP and some influencing
factors. Similar to section 4.3, the analysis ikt $pto P2P/AON and P2MP/GPON1:32. In
addition, three NGOA technologies are covered with evolution of AON to NG AON, the
HPON and WS WDM PON.

The two main scenarios under investigation, AON &RDN 1:32, show high sensitivity on

the cost for CPE, which includes installation obimlding infrastructure beside the cost for
ONT. Including the cost for CPE, the required mbnthe for a positive business case of the
NP is about €15 to €115, with a 10-20% advantag&fON 1:32 compared to AON. If the

cost is excluded the required monthly fee fall€8 €8, with a rather low advantage for
GPON 1:32 (it is in the same relative magnitude,nagligible in absolute terms).

In general, common knowledge about the requiredthipnevenues was confirmed. The
higher the uptake, the superior is the business aad thus the lower the required monthly
fee. But it should be noted that without any imgnments or cost split, the only viable
penetration curve is the aggressive one leading twice as high monthly revenue as the
desired target of €10. The impact of the area tgpather low; the delta between the three
area types is in the order of 10% only.

There are three general improvements for the bssioases. First, the CPE costs have a huge
impact on the business case and there exists épiog$o find alternative financing options,
which could improve significantly the business ¢as® outlined in the previous paragraph.
Second, one could increase the monthly fee, aédtns unlikely that it is possible to charge
such high fees in certain scenarios: the likely @odservative adoption curves require
monthly fees between €63 and €115 for the connigctimly. The aggressive curve is in the
order of €15-€22, which seems to be reasonableomesscenarios but well beyond the
desirable level of €10. The third option it the sggation of demand. Due to the high upfront
costs of the in-house, the business case statisawitige burden and several million € below
the ground line. In the all-in NP business caserdselt is disappointing; the business cases
will not fly. Using demand aggregation improves Husiness case a lot, even with a monthly
fee of €10. With 20% of customers aggregated upfrdtre AON cases are tending to a
positive direction, but do require 40% for reachimgarly breakeven (most probably 2-3
months after observation time frame). The GPON t&ss are more promising, while even
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20% demand aggregation in the beginning results Imeak even between 2018 and 2019.
While accumulating already 40% at the beginninghefroll-out, the breakeven is reached at
latest six years after the start (2015) and hasaal goerformance until the observation time
frame of 2020.

Beside the traditional FTTH technologies, the asialyor three different future technology
options was performed: NG AON, WS WDM PON and HgPON. Assuming a migration
in 2020, other assumptions for the penetration weduired. Therefore three different
scenarios were developed, a uniform, a uniform wigmand aggregation and a triangular
with demand aggregation. It could be concluded that WS WDM PON with uniform
demand aggregation provides the best results widgaired monthly fee about €10.57, 13%
lower than the uniform distribution. This is basaa the high sharing factor and the same
explanation could be applied for the second betbopHybrid PON, and NG AON: both
architectures have lower fan-out or sharing factord do not scale in cost as well as the WS
WDM PON. For lower demand, it could be assumedttiatNG AON scales better and there
are break evens with Hybrid PON and WS WDM PONighér levels of demand.

To conclude, the business case for the NP is a locaitgd one. If the most dominant cost, the
in-house infrastructure, could be shifted to anothlayer, the business is positive in both
architectures with slight cost advantages for GP®i82 over AON. With demand
aggregation, the business cases could be improvet r@aching a break even including the
in-house costs with a level of 40% penetratiorhatlieginning of the project. For the NGOA
technologies, there is a reasonable business pabe iorder of the desired €10 per month,
assuming a high take-up, which seems to be reakoimathe future.

4.5 Allowing competition in the network: impact of open access
possibilities on the business case

The evolution from vertically integrated towardsma@pen business models allows multiple
operators to compete on the same level of the mkjvib@ it on the service or the network
level. General market theory has proven that coitnpetenhances intra-firm efficiency and
productivity, and leads in most cases to lowergpdlcarges towards the end-customer. On the
other hand, providing the opportunity for competfitientails extra costs for setting up
cooperation interfaces between the different adtorslved. The kind and type of costs that
are needed have already been described in secldh I this section, we will evaluate the
extra equipment and infrastructure costs needeg@rwriding open access through different
models, and investigate the impact the new busimesdels can have on customer’s
behaviour.

We will investigate and compare the cost for opeceas on fibre and wavelength layer, for
the shortlist of architectures as defined in sec83. To allow a fair comparison of the three
options, we will evaluate them for the same paranset

Table 17: Parameters used for the open access evations

Parameter Choice Explanation
Planning 20202030 | A 10-year planning horizon for the
horizon passive fibre case suffices, because of the

scaling with the adoption curve.

) For the wavelength OA, we use a 20-year
2020-2040 time period to be able to fully reflect the
impact of the higher adoption curves.

Network Greenfield | We assume a full Greenfield dgplent
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deployment in 2020 for both passive and activeastfucture
in 2020, as Greenfield cancels out |all
possible cost savings that could have
been done for one architecture but not|for

the other.
Node None (7500 Most relevant in comparison to the other
consolidation | scenario) studies within WP6.
Adoption curve| Likely The cost for open access is an upfrpnt

cost, independent of the expected number
of users. Comparing multiple adoption
curves thus brings no added value. Do
note that starting in 2020 means that jwe
start with a certain level of demand
aggregation.

Area Dense urban From the cases studied, the more
populated the area, the higher the chance
that competition on NP layer will arise.

Bitstream open access will be evaluated separaslythis type entails competition on SP
layer (instead of competition on NP layer), andsihteneed extra equipment or infrastructure
to be installed.

4.5.1 Evaluating open access on the fibre layer

Deploying a P2P fibre network is a fibre rich sagmameaning that every customer has its
own dedicated fibre all the way up to the Centratédss Node (CAN). This P2P network

topology allows for multiple network technologieshkie implemented on top, and in this first
section, we will make abstraction of the networkht@logy that is implemented on top.

However, where needed, the AON technology will beduexemplarily, because it is the most
likely technology to deploy on top of P2P, whichIvme compared to the reference case of
AON with only 1 NP (so no open access).

We will first calculate the extra absolute cost fadding open access to the physical
infrastructure, to later see what the impact o$ #xtra cost is on the needed revenues per
customer. Furthermore, the impact of churn will dtedied, by looking into how much it
would cost to switch a customer from one NP todther.

4.5.1.1Extra cost needed to provide open access

First, we will analyse the extra cost needed tovid the possibility of open access. This
extra cost will most likely be carried by the P &nother neutral third party). The cost can
be separated into two parts: an upfront investrnfmnthe installation of the extra ODF, and
recurring costs to patch the new customers (forenmtfio on the technical details, we refer to
section 2.4.1.2 or to the results of WP3).

When assuming that customers don’t change NPstorer(thus thereby calculating the best
case scenario in terms of added costs), the eastaneeded, cumulative and discounted, sums
to a little over €1 million, where about €890,00fvers the ODF and its installation, the rest
is needed for the extra physical patching (assurairdgnse urban scenario and the likely
adoption curve).
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Cost of open access
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Figure 58: Cumulative and discounted (5% rate) cosbf open access for the dense urban area and likely
adoption curve (for AON)
When comparing this additional open access costedotal cost for deploying the physical
infrastructure, we see that including the posgibiif open access, adds 12% to the total PIP
cost.

4.5.1.2Impact on the NP business case

The additional open access costs are all locatetherPIP layer, so in theory, there is no
direct impact of open access on the cost for thelNPractice, the business case for the NP
will of course be impacted if he operates on annopleysical infrastructure. The following
paragraphs describe these impacts in more detail.

Lower market share per NP

Open access on the fibre layer allows competitiorN® level, which implies that the total
market will be shared instead of fully allocatedtee NP. In most cases, a lower market share
would also lead to a worse business case, unlesBlhopts for the AON technology. The
total cost in this case (when the in-building isfracture is excluded) scales nicely with the
adoption curve, and therefore, the total marketeshall not impact the NPV for the NP. The
relation between adoption curve and the total NfR isorepresented graphically in Figure 59.

Relation between uptake and total NP cost
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Figure 59: Relation between the adoption curve anthe total NP cost for AON (dense urban area, likely
adoption curve, cumulative and discounted with 10%)
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If the NPs would not opt for the AON technologyge tlhosts would not scale so nicely
(because of the shared fibres and thus sharedreqotpin a PON implementation). Such a
graph can be seen in Figure 60 below.

Relation between uptake and total NP cost
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Figure 60: Adoption curve and total NP Cost for a iybrid PON (dense urban area, likely adoption curve,
cumulative and discounted with 10%)

Impact of switching customers

On top of the physical patching at the PIP siderdhwill be an added cost per switching
customer, the ‘current NP has to logically discartnevhile the ‘future NP’ has to logically
connect this customer. Both physical and logicétiiag costs depend on time.

Secondly, there is the possible cost of replacemktite ONT at the customer’s side. When
the ‘current’ and ‘future’ NP don’t operate the sametwork technology, the ONT would
most probably have to be replaced, which entaifsuah larger cost. If the customer wants to
change, the cost for this potentially new ONT (iaggrom about €50 to €150, dependent on
the technology), could be recouped through arainitistallation fee.

4.5.1.3Cost of switching customers: churn modelling

Taking into account all calculations from the poms sections, the cost per switching
customer could now be calculated. This cost indude

- Physical patching at the cross-connect ODF (resbitibsof the PIP)
- Logical patching:
o disconnection of the customer at the ‘current NP’
0 connection of the customer at the ‘future NP’
- possible replacement of the ONT (an AON ONT is takere exemplarily)

The total cost would sum to about €135-€165, dejpgndn the year of switching (see also
Figure 61, input from section 2.4.1.2).
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Cost per switching customer
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Figure 61: Cost breakdown of the cost for switchin@ customer

Looking deeper, let us assess the burden thapkites on a network provider. If we assume
a scenario where two network providers have equaket share at any given time, and a
churn rate of either 10% or 20% (defining the fi@ttof their customer base that will choose
to switch each year) then we can evaluate the @sstsciated. This analysis was performed
utilising an AON network in a Dense Urban scenanthout node consolidation and utilising
the “likely” adoption curve. For comparison, wevhalso included the total costs of the NP
(including equipment such as switches, failure nganzent, energy costs etc.) but excluded
the costs of the PIP. This is shown as undiscourstiunits in Figure 62 below.
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Figure 62: Cost of customer churn
It is clear that this cost, while an unpleasantitamid for a network provider, is not
excessively burdensome especially when considéhniigthe PIP cost is not included here.
4.5.1.4impact on the needed revenue per customer

It can be discussed who will be responsible forakiea equipment and patching costs in this
open access scenario, but in the end, the exttawlbaeed to be covered by the end-users.

Taking into account the upfront deployment of thess-patching ODF and the physical
patching, the PIP would need to charge €1.70 gdraustomer per month.

For the NP, the additional cost is only there wharustomer decides to switch. This cost was
calculated before and sums to about €150.
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CAst
4.5.2 Evaluating open access on wavelength layer: WR WDNPON and
HPON

Within section 2.4.1.3, three schemes were ideatifivhich allow open access on two
different architectures. These are the feeder #tP©N scheme (which we refer to as HPON
in the following section as it is the only schentbg wavelength selective switch WR WDM
PON variant (WR+WSS), and the feeder fiore WR WDIKNP variant (WR+FF). Also
provided within that section were the cost increatet might be expected to arise from
designing a network that supports open accessafmipfrom the schemes.

In this section we will analyse this further, loogiin detail at each scheme and analysing
how it affects the total cost and the amount thatRIP must charge per customer connection.

4.5.2.1Extra cost to provide Open Access

The three schemes vary significantly in the costrbgad for providing open access on the
wavelength layer. The most significant cost incee@s associated with the Wavelength
Routed variant utilising Wavelength Selective Shats. These devices are expensive, they
consume power and they have a relatively high faihate. It is thus likely that their usage
will increase the cost dramatically.

In order to assess this, we analysed the tota) watstout considering any discount factor, for
the twenty years of operation of the PIP in accocdawith the scenario outline presented
above in the introduction of section 5.4. Theseltexan be seen in Table 18 below.

Table 18: Increase in TCO necessary to provide Opefsiccess

Single NP Open access Delta (%)
HPON € 8,519,398.82 € 8,523,898.820.053%
WR+WSS | € 8,523,166.54 € 16,835,356.84 97.525%
WR+FF € 8,523,166.54 € 8,605,586.540.967%

As expected, the WSS variant is extremely expensmetributing to an effective doubling of

the TCO of the PIP. This is due to both high upifroosts of the WSS as well as the energy

and failure costs. To evaluate this further, antht@ into account the effect of discounting,

we performed an NPV analysis and analysed thethasthe PIP must charge the connected

customers in order to reach 0 NPV. The result isfstudy can be seen in Table 19 below.
Table 19: Increase in charge necessary to providep@n Access

Single NP Open access Delta (%)
HPON €6.66 € 6.66 0.054%
WR+WSS | € 6.65 €11.46 72.205%
WR+FF € 6.65 €6.72 0.988%

It is clear that providing open access is posgilsiag both architectures utilising at least one
scheme, and furthermore that the cost increaseder o do so is negligible. In the case of
HPON this is achieved by leveraging the high fah{ouenable a small amount of upgraded
equipment to reach a large number of users. Incdse of WR + FF this is achieved by
utilising economies of scale in fibre provisiontire LL3+4 segments; moving from a 4 fibre
cable to a 12 fibre cable (and therefore triplifg tfibre count) increases the cost per
kilometre by only a third.
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4.5.2.2Impact on the NP business case

Unfortunately, the above may lead the reader todbeclusion that open access on the
wavelength layer for these architectures is a vadidition. Unfortunately, this is not the case
where homogeneity must be conserved.

The fibre open access discussed in the previousoseallows for excellent utilisation of
equipment. For example, adding a customer conmedtiosuch a scheme is as simple as
connecting one port on the ODF to one free switah. By ensuring that additional cards are
purchased only when required, a high utilisatiopafts may be achieved. Furthermore, these
cards are able to provide service for any custangwhere on the network.

This is not possible with the architectures abdmeorder to see why, let us investigate the
case of the wavelength routed PON above. At sabm,aB0 customers are connected to a
single line card through an AWG as detailed in Fegl, giving excellent utilisation of
equipment and therefore sharing of the cost. Howelie cost is invariant with the number of
users, and the capacity may only be provided to8theustomers directly connected to the
AWG; spare capacity cannot be utilised elsewhereaisimple manner. Due to these
restrictions, in order to provide for the first tuser on a different cabinet, another entire 80
channel line card has to be purchased and onlgedikt 1/88 of its capacity.

If we imagine that the customers are equally dididg preference for two network operators,
then this would result in 40 customers connectongrie NP and 40 connecting to the other.
Such a scenario would require two line cards eagparted by half the number of users,
meaning that the customer charge would have tcease. Other costs, such as the cost
associated with providing customers with CPE wohltayever, decrease linearly. In order to
investigate how significant the diseconomy of scassociated with open access is, we
investigate a situation where demand is spreadllgcqa@oss two NPs. This is the “best case”
scenario for open access; another ratio would teaa better business case for one provider
and a worse for the other. This result is then cmexb against a “single NP” scenario where
there is no open access (although in the intefdsiroess, both scenarios utilise the OA PIP
cost in order to focus on the diseconomies of saakociated with the NP). These results,
presented as the customer charge necessary tod@#el, can be seen in Table 20 below.
Table 20: Customer charge (per month) for differentOA scenarios

Single NP Two NPs Delta (%)
HPON | €12.77 € 16.59 29.8649
WR+FF| € 14.40 €19.11 32.725%

It is clear from these results that the diseconsnuiescale associated with offering open
access are responsible for a significant increaseecessary customer charge that, while
dependent upon the technology, increases costdundra third. This diseconomy would be
amplified as the number of operators increases.

4.5.2.3Churn Modelling

It is unlikely that users will make a single chomeNP once and then stick with it for the
remainder of the network’s life. When offered theice, some portion of users will likely
wish to switch service (for a variety of reasonshsas dissatisfaction, better offerings from
other providers or lower cost, for example) at sqoiat over the investigated time period.

In order to model this we assume a certain fixagpertion (the churn rate) of customers
make this switch each year. For the architectunesstigated here there are no costs for
switching (for example, there is no manual patctahgCP5 which is needed for some other
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OA variants presented in WP3 that were not selefttiednalysis). Users can even keep their
CPE; for both variants it simply needs to be tuteed different wavelength.

However, if we broaden our analysis to include eetugeneous NP scenario then users who
switch will need to have their CPE (especially ON&placed. In this specific instance it is
worth analysing the effect on cost if we assumé@RE must be purchased and there is a 0%
reuse rate. Given that the WR variant providegtieatest potential for heterogeneity, we will
investigate the impact on a NP utilising WR WDM P®M heterogeneous OA scenario with
four churn rates: 0% (no churn), 5%, 10% and 15Be fesults of this analysis, presented as
the customer charge necessary to reach 0 NPVyesered in Table 21 below
Table 21: Churn modelling in a heterogeneous scenar

0% 5% 10% 15%
WR+FF| €19.11 €19.61 €20.11 € 20.61

There is a small but measurable increase in thecedsd cost in this instance which would
favour homogeneity at the network provider level.

4.5.3 Open access on bitstream layer

Open access on bit-stream layer is a potential avesim for any architecture, area type and
business model detailed in section 2.1.1.

In general, it can be assumed that only one PIPbeipresent in an area, so the NP will rely
on a local monopoly for physical infrastructure amct as a local monopoly for logical
connectivity, too. This is reasonable based onatieysis in section 4.4, where the business
case is difficult for one NP per area already. Rinadly, the NP will operate in other areas,
too, but this is only relevant in consolidationrsaeos or for certain cost types like overhead,
marketing or transaction costs as such.

The main activity of the NP business is the operatf a connectivity network on top of the
infrastructure between the distribution point ategcaegional or local level (PCP5, 6, 7 or
another peering point at the core) and the custorapresented by an ONT. This represents a
two-sided market with several consequences foramgtrevenue part.

The impact on the business case cost is two-foldesailed in section 2.4.1.4. First the NP
could choose an optimal technology (e.g. GPON) thedefore optimizes the roll-out of the
PIP (e.g. P2MP), too. Second, an interface forisemproviders will be required allowing the
physical transport, configuration of devices angeaeral business part allowing negotiation
of contracts, distribution of information, billingtc. Overall, one could assume that serious
scaling effects exists, if a player reuses the mémteNP operation and cost might reduce
significantly for the business related parts, theparts, but not for the pure technical part.
Overall, one can assume that the transaction austip the same for all technologies and
architectures under investigation in OASE.

Under the previously detailed assumption that @mg PIP / NP will be operating an area in
parallel / monopole situation, churn has other ati@ristics on cost compared to other open
access solutions. The activities for order manageme. will be the same, but the activities
required for technical implementation will be higtdutomated, so the cost is more or less
zero. The detailed cost of churn is not quantiBalblut in D5.3 total results per area for the
likely adoption are documented. For dense urbaa @ns about 40k CU, for urban 19k CU
and for rural about 6k CU. That results in cost pestomer round about 3CU or 150€.
Assuming a 50% part for churn, the overall contiidtouto the required monthly fee is in the
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order of 0.30€ undiscounted and most probably distaml not the significant part, but should
be taken into account in an analysis.

The impact on the revenue side of the business dapends on the scaling effects the
operator is able to achieve. In principle, the NiB B monopole situation, being the only one
providing the connectivity. In addition, the NPimsa similar demand aggregating position
like the PIP: achieving fastest, highest adopti@ssible. Another important factor is the

ability to sell the virtual pipes to service proerd, which will mainly depend on competition

with other technologies and attractiveness of tlea.aDepending on the ability to achieve
high adoption and market shares between other odmyies and reaching cost levels, a
sustainable business should be possible. Thisisrsin the analysis of the different adoption
curves throughout section 4.4, where the differebheéwveen the aggressive, likely and
conservative is analysed.

To be more concrete, several interviews have begformed in order to get a meaningful
level of cost and an overall business case assassie specified in section 2.4.3.2, the
typical transaction costs are in the order of 8%616f turnover. On the other side, the
concentration on an open business model could aser¢he performance of the player to
reach a positive business case and therefore sgas® of adoption / penetration.

4 5.4 Conclusion

Within this chapter we have studied a number dfed#ht approaches to open access. The
fibre open access layer clearly provides the gstategree of flexibility and should result in
the largest possible market competition thank$i¢ogase of deployment of multiple network
providers that may opt for heterogeneous netwockrtelogy. This allows for true product
differentiation between network providers. Howewéris not without its problems as the
fibre-rich deployment contributes to an increaseapEx cost and the need for manual
patching of customers contributes to a signifigaaotease in OpEX. In general, end-customers
would have to pay about €1.70 more per month tedmnected to an open access network,
while switching will cost them about €150.

While open access on the wavelength layer is plesstbs fraught with technical (as reported
in WP3 + WP5 results) and economic issues. FundeaiignOA can be enabled for both the
studied architectures for a marginal increase st doelow 1% if choosing the right option).
However, due to the diseconomies of scale assdcwitd the use of PON architectures by
network providers there is a significant disinceatto utilise such a scheme. Paradoxically,
increased choice availability results in increasest to the consumer, leading to an optimum
(cost) solution of a monopoly.

Finally, we have discussed the possibility for toiam level open access which should be
possible with all system variants, and have idmatifsome additional cost overheads
associated with providing access at this level.cémtrast, there are some benefits (for
example, optimising deployment, reducing duplicatgdipment, lower service provisioning

costs while no physical patching required), toosé&hon the monopole nature, it can be
assumed that the costs are offset by the highéormes numbers and the limited churn within

the fibre infrastructure.
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5. Competitive analysis

At the beginning of this activity it has been dexldo evaluate the competition within the
targeted market gaming field in a two-step appro&atst a qualitative analysis should be
introduced to create a better understanding offiEH market players and especially their
interrelationships and objectives. Therefore, th@QWOR methodology was chosen to
establish a structured way of gathering the opmioh stakeholders involved. MACTOR
stands for Matrix of Alliances and Conflicts: Tasti Objectives and Recommendations [4].

After creating this better understanding of the HTinarket, a quantitative analysis was
performed. It is clear that game theory is a powetbol in predicting the outcome of
competitive interaction on the business casesefltfierent (existing and emerging) market
players in the broadband market.

5.1 Qualitative Multi-Actor Analysis - MACTOR

From the case studies described in Annex A, it lemarcthat in the newly deployed
telecommunication networks, multiple actors aravacon different layers of the network.
These actors comprise not only of pure telecomnatioic market players, like incumbents or
former cable operators, but other parties, like $tioy Corporations, Equipment Vendors,
Regulators, etc. also play an important role. Haistion investigates the objectives of these
market players and looks deeper into how they citact or influence each other in their
strategic decision making.

The identification of available strategic optiomsthe value creation network is a key step
when developing new products. When multiple actord a variety of objectives within the

ecosystem are involved, multi-issue actor model M) is the obvious choice to conduct the
analysis. MIAM is applicable in situations where Itiple actors are confronted with a

situation whose future is difficult to foresee, .dlge launch of a new product. Apart from the
varying interests, perspectives and options thatatttors have, MIAM recognizes that they
might manipulate important factors of the focalteys that will influence the future outcomes
of the situation. The influences can go so far thdividual actors or alliances of actors might
threaten the existence of others through theipastj57].

5.1.1 Fibre-to-the-Home ecosystem analysed with MACTOR

In this section the FTTH ecosystem is modelled wh#gnMACTOR approach. The MACTOR
analysis explains the interplay of actors and idirst step towards game theoretical
approaches. Possible alliances and conflicts arttumgctors can be identified and the power
sources among the actors are explicated. Basedhisrand the light that is shed on the
interests that the actors pursue, strategic optians recommendations concerning
cooperation’s and the competitive environment armtilated.

First, all relevant actor’s that are potentiallyotved in the FTTH deployment are listed and
described (section 5.1.1.1). Second, strategiesssmd objectives of the FTTH market are
identified (section 5.1.1.2).

5.1.1.1Actors
All in all we came up with 13 different actors, whican be arranged in five groups:

¢ Device related
¢ Network related
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e Large-scale enterprises

e Service related

e Public

In the device related group the Network Device Maowrer (NDM) and the CPE Vendors

(CPEV) are the most prominent actors. Network Dewtanufacturers are companies that
provide hardware solutions to other companies ameeigpments enabling them to deliver
voice, data and video services. CPE Vendors arganias that produce and sell electronic
devices to end users. Examples are mobile phoaesdskts, PDAs, mp3 players, TVs, set-top
boxes, home servers, etc., including residentiwvgays (RGWSs).

The network related group involves Housing Comp@ty), Private Municipal Infrastructure
Provider (Private MIP), Public Municipal Infrasttuce Provider (Public MIP) and Active
Network Provider (ANP) Housing Companies can construct, manage and iexqgtical
FTTH networks restricted to the in-house area. Tofégn act in public interest. Private and
Public MIP construct, manage and exploit opticall HTnetworks (or to the building, where
they may interface with housing companies) withities. They intend to provide every
dwelling with a connection. Private MIPs act in igtelder interest whereas Public MIPs are
driven by the public interest. Active Network Prders are sometimes referred to as
Communication Operators. They operate a network wilvn active equipment without
application services. They mostly depend on Mumilchbetwork Providers.

The next group includes the large-scale enterpriséise market. Examples are incumbents
such as Telecommunication Operators (Telco) andleCdbperators (CO) or other
international companies such as Technology Gians).( Telecommunication Operators
operate the networks necessary for data, voicelRulhsed video transportation. This actor
includes the incumbents in telecommunications db agemobile network operators (MNO).
Both are mostly vertically integrated companiesnsjiag several roles in the ecosystem.
Cable Operators maintain and operate cable netvawhksasis for Cable TV. Rather recently
Cable Operators started to offer Internet access,Tthe activities of Technology Giants span
several levels and are ever muting. Despite theieatgfinition, their big economic impact
unifies all of them, as does their potential to astmediator, their large financial assets and
their significant market power (SMP).

Service related actors are the Internet Servicei@®eos (ISP) and Service Providers (SP).
ISPs offer access to the Internet for their custsmé&hey maintain the customer data and
provide AAA functionality (Authentication, Authoréion, and Accounting). However, these
companies do not necessarily operate their own ar&twService Providers can take two
different roles: Content Service Provider (CSP®)dpce, own, aggregate and resell content
and often have own service platforms. In contrégiplication Service Providers (ASP)
develop and offer internet services.

The last group represents public organizations asdRublic Authorities (PA) and Regulators
(Reg). Public Authorities have a funding, supp@tand legislative role that directly impacts
regulation. Regulators can enforce their will imnfioof regulations, state & federal laws, EU
laws, etc. Technical policies are not meant here.

5.1.1.2Strategic Issues and Objectives
We identified eight strategic issues with altogetE objectives as shown in Table 22.

* The Municipal Infrastructure and Network ProvidékINPs) who construct optical fiber networks withi
cities and operate these networks with own actiugpment are not considered in this MACTOR analgsist
is a combination of Private MIP, Public MIP and ANP
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Table 22: Strategic issues and objectives

Strategic Issue Operational Objective

Technology Al = Technology preference: Prefer fibre network instefd
other technological solutions (coax, copper, wss)e

A2 = Long term commitment for fibre networks

FTTH deployment | B1 = High FTTH network coverage

B2 « Fast roll out of fibre networks

Collaboration Cl = Build cooperation for fibre roll out (cooperation =
collaborate to achieve common goals and interagt, w
or without contract)

C2 « "Coopetition": Cooperation & Competition, i.e.
cooperation in less attractive areas & competition
highly attractive areas (geographical & risk depaarijl
collaborative efforts for funding in least attraetiareas

Costs D1 = Minimize production costs for fibre networks
(hardware, infrastructure)

D2 = Minimize operational costs

D3 = Minimize transaction costs (e.g. contract relatedts
incl. initiation, negotiation and execution costs)

D4 = Cost sharing according to risk, mainly infrastruetu
related costs because of high investments, alstvamin
design in terms of traffic patterns (flat vs. volim
based)

Rules & Standards | E1 = Standardization: Aim for standardized fibre equipine
(active and passive including interfaces)

E2 = Define long-term, stable and reliable terms and
conditions for construction and operation of fibre
network

Services F1 = Offer new services, e.g. broadband telecommunicatio
services, smart metering, health care services, etc

F2 = Provision of wholesale products on the infrastreetu
and operational levels

F3 = Q0S/QoE: Implementation of Quality of Service &

® “Coopetition” refers to the term cooperative cotitimn. It describes market situations where actarsperate
in some parts of their businesses but competeewithh other for the overall market [10].
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Quality of Experience within the network

Net neutrality Gl = No traffic discrimination: Ensure net neutralitystead
of traffic discrimination

G2 « Product differentiation: Allow product differentian
on infrastructure & access level

G3 = Open access networks: Enable open access networks b
separating players according to infrastructure yatpen
and service layer

Public & H1 = Minimize negative social effects accepting possible
social factors cost increases, e.g. avoid road works, ensure
sustainability, maintain townscape

H2 = Actin shareholder interest and not necessarijyiblic
interest

H3 = |Increase area attractiveness: Increase attractiseoie
selected & geographically limited areas

5.1.2 Interaction within the FTTH ecosystem

While we have described the FTTH ecosystem inan@ér section 5.1.1, we will present our
main results — the interaction of actors within #@system — in this section. First, the
position and attitude of the actors on each objeds shown (section 5.1.2.1). Second, the
balances of power in the market are analyzed,the.actors’ influences on other actors
(section 5.1.2.2). Last, both results are combarad potential alliances and pending conflicts
are discussed (section 5.1.2.3).

5.1.2.1Actors’ position on the objectives

Summing up the results of our analysis the 13 itledtrelevant actors have a positive
attitude towards the deployment of FTTH (see sachd.1.1). It is currently the preferred
technology for a network expansion and high netwookerage shall be obtained fast.
Simultaneously, standards and fixed long-term domts are favourable for all actors.
Cooperation and coopetition regarding FTTH deplayhae interesting for most actors but
some resistances remain, especially from cableatger as they use a proprietary system
which raises the complexity for collaboration. Neservices, wholesale products and
implemented quality of service mechanisms are psogi for most of the actors. Net
neutrality and open access networks shall be edswaibeit it is not in the interest of
telecommunication and cable operators. However, h bdtecome acceptable for
telecommunication and cable operators in case ptadifferentiation on the infrastructure
and access level remains allowed. Our study alswslthat negative social effects, e.g. noise
disturbances due to road work, will not be preverageany cost. This can be ascribed to the
fact that most actors are bound to shareholderast® and not the public interest.

Summing up the evaluation of the position of eactoraaccording to the opinion of the
questionnaire respondents we notice that the diffees between all actors are rather small
and occur in minor details only. All 13 actors haaepositive attitude towards 8 of 21
objectives. The predominantly positive attitude also valid for the other objectives.
Differences can be observed particularly in obyegiabout collaboration, net neutrality and
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public and social factors. This is mostly due te thfferent position of Telco’s and cable
operators in these areas.

Figure 63 shows the absolute number of actors whiahe a positive (“Pro”), neutral
(“Neutral”) or negative attitude (“Contra”) towar@sch objective for all 21 objectives. The
strength of their attitude towards an objectivangicated by the number of blocks under
“Intensity”. More blocks imply a stronger positivéhorizontally striped) or negative
(vertically striped) attitude across all actors.

Contra Neutral Pro

abs. Intensity* abs. Intensity* abs.

Technology Preferences 1 I 1 EE= 11

Technology Long term Commitrment 0 0 EE=EE 13
FTTH High FTTHnetwork coverage 0 1 B 12
deployment  Fastroll out 1 m 1 EE 11
- Coaperationforfiberroll out 2 m 3 = 8
Collaboration Coopetition 2 m 2 = 9
Minimize production costs 0 0 =E= 13

Minimize operation costs 0 0 E= 13

Costs Minimize transactioncosts 0 0 == 13
Cost sharing 0 2 EBE= 11

Rules& Standardization 0 0 EE 13
Standards  Definelongtermtermsand conditions - 0 0 EE=E 13
Offer newservice 0 0 EE=EE 13

Services Provision of wholesale products 0 2 = 11
QoS QoE 0 1 BEE 12

Net Notrafficdiscrimination 2 m 1 E=E= 10
neutrali Product differentiation 0 0 B 13
ty Openaccessnetworks 2 m: 1 =EE 10

. Minimize negativesocial effects 1 il 6 = 6
soP(l:fg: Ifai?g_s Actinshareholder interests 3 m 1 =EE= 9
Increase areaattractiveness 0 3 E= 10

*  Intensityof cumulated actor‘s position

towards objectives

Figure 63: Actors' position on the objectives
5.1.2.2Balance of power between the actors

This section covers the balance of power betweeratiors. The questionnaire revealed each
actor’'s strength of direct influence on each othetor. The direct influence originates in
customer-supplier relationships, general marketgrpwr other dependencies. However, the
direct influences do not reflect reality sufficigntindirect influences via third parties have
significant impact as well. Often an actor can exas influence on another actor to
manipulate a third party in his interest, e.g. tlglo buyer-supplier relationships where one
actor depends on the other. Figure 64 is the redwur qualitative analysis that shows the
relative differences of influences between the ractth captures the direct as well as indirect
influences on the x-axis. In other words the actioke of an actor is displayed. The y-axis
indicates the passive part of each actor, i.esttength of dependencies on other actors. Be
aware that Figure 64 highlights the balance of powdy in the FTTH market. Therefore,
some actors that are generally perceived as bé&ioggs(for example the Technology Giants)
do not have to show up as especially powerful inamalysis.
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Influences by others (passive)
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low Influenceson others (active) Mo

Figure 64: Balance of power between the actors
The market actors can now be split up in four gsoup

« “Hot spots” — influences on others: high, influesds others: high

+  “Puppets” — influences on others: low, influencgothers: high

+ “Game-changers” — influences on others: high, grilces by others: low
+ “Underdogs” — influences on others: low, influenbgsothers: low.

The actors (Telco’'s and Cable Operators) within“thet spots” group have a high conflict
potential. They have strong influences on otheoracand at the same time both are strongly
influenced by other actors. Due to their power witthe market the whole market will be
affected in case of divergences between these two.

In the upper left group, the “Puppets”, two typésactors are represented: 1) vendors (CPE
Vendors, Network Device Manufacturers) and 2) serrelated actors (Service Providers,
Internet Service Providers). Vendors have classaogblier functions: low active influence
and a strong passive role. The main reason foratasthe vast number of companies that
exist, e.g. Huawei, Alcatel-Lucent, Ericsson, e NDMs; Samsung, LG, Sony, etc. as CPE
Vendors. The service related actors show up asivella passive in our analysis although
they are often perceived as being very strongirat $ight this seems to indicate errors in our
analysis. However, the reason for the differensesur focus on the FTTH market only and
not the whole ICT ecosystem.

The Active Network Providers are in-between thstftevo groups. Their active influence on
others is present but not very distinctive. At g8ane time influences by others are rather
high. An explanation for this position in the gadn be found in the regional limits of their
operation: they often operate local networks. Thiagy have only limited influences in the
whole ecosystem but depend on suppliers and laege@onk operators. Active Network
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Providers are caught in the middle of the valuarcdae to their dependencies on the lower
infrastructure on the one side and on higher sesvim the other side.

The group “Game-changers” where actors are relgtivedependent with only little
influences by others is made out of public autfesitind regulators. Public Authorities, e.g.
municipalities, have strong influences on othemmctas they can set the conditions for
deployment of city networks. Regulators constitthie overall rules for the ecosystem,
authorized by law. The influences on Public Auttiesi are stronger than influences on
regulators. This has two reasons: 1) public autilesrihave to provide a good public
infrastructure and therefore depend on the actdre twild the infrastructure 2) public
authorities are indirectly influenced by voterseTdtrong position of both actors can be seen
as a crosscheck for our methodology as this positi@s expected in advance.

The Technology Giants showed up in the last grodprderdogs”. Here, actors have only
limited influences on others but are also not ghpmnfluenced by others. We believe that
this position can be lead back to the less actleeaf Technology Giants in the FTTH market
yet. However, they are very powerful in other mé&sk&here they compete with some of the
same actors, e.g. Telco’s and SPs in the servickem&upplementary, they draw additional
power through their ability to create market treadsl new services, thus generating demand
for bandwidth and FTTH networks eventually. Ultielst technology giants may play an
important role in the future and should not be weskmated or neglected when looking at
the FTTH ecosystem.

Similar considerations are valid for housing comeanAt the moment their influence is
relatively low. However, in the future they can deected to have an important role when
the mass market FTTH deployment begins. They canrena high starting penetration by
committing to equip a large number of residentigeots with FTTH connections. After the
initial deployment phase their power is expecteddorease to a lower level again due to their
comparably small size.

Private and Public Municipal Infrastructure Provelevill also be important in the early
phases of FTTH roll-out. This trend can alreadybserved in some parts of Europe, e.g. in
Sweden and the Netherlands. Their future role angortance is uncertain as of today.
Accordingly, they can currently be found in the di&l of the chart and do not belong to a
specific group, yet.

5.1.2.3Potential alliances and pending conflicts

Based on the actors’ position on the strategicasfwarmony and hostility between them are
revealed. Taking into account the distribution @iwer in the market as well, potential

alliances and pending conflicts can be identifiedFigure 65 we show four potential co-
operations and one potential conflict that arelyike arise:
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Figure 65: Potential alliances and pending conflict

For clarification and readability reasons, we gaeeh alliance and the conflict a name to
refer to (see Table 23).

Table 23: Potential alliances and pending conflicts

Potential alliances Pending conflicts
A) City networks Z) Publicly supported city networks
B) Publicly supported city networks vs. incumbents

C) Publicly supported services
D) Lighthouse projects

In alliance city networks could be built collabovaty by different actors: Housing
Companies, Municipality Infrastructure Providersgtixe Network Providers and Internet
Service Providers. The networks they could deployd aoperate would be locally
concentrated. Nevertheless, they could become gstammpetition for incumbents like
Telco’s and cable operators as this alliance cadlagpt the network deployment to specific
local requirements and would have direct accesthe¢oend-user. Successful examples for
such city networks exist for example in SwedenyGftStockholm) [72].

Another possible alliance (B) arises if Public Aatlies and Regulators would support the
city networks. The core cooperation and initiatinethis case would be between Municipal
Infrastructure Providers and Public Authorities ltoild a city network. This cooperation
could even be extended by Housing Companies anvéAbtetwork Providers as they are
necessary to provide full-fledged city networkseTdctors of this cooperation share at least
one common goal: reducing market power of few iganizations. This would be in public
interest. Nevertheless Private Municipality Infrasture Providers might be also interested to
be involved. They are often bound to Public Auttiesiand municipalities to get licenses to
build city networks. Regulators can only be invalve a “round table” (in contrast to an
alliance) since they are neutral by law.
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Alliance C, publicly supported services, would havmore indirect cooperative character as
it is not based on contracts but on same interBigtgertheless, it would be an interesting type
of cooperation because some key objectives, efgnedrality, service offerings, etc. are
involved. Public Authorities and Regulators areerasted in a large variety of services
offered by many service providers. This is why theg interested in supporting smaller
organizations and networks to facilitate compatiticAdditionally, Technology Giants,

Service Providers and Internet Service Providersidcdake the initiative and request
Regulators to enforce net neutrality to overcomeketgpower of incumbents.

The last possible alliance D — Lighthouse projectis already visible today. Technology
Giants approach city network consortia to realigathouse projects. Google, for example,
started an experimental FTTH project in the US0A®to test new services before entering
the mass market [36].

Besides these promising alliances and cooperatie aonflict (Z) is pending: publicly
supported city networks versus incumbents. Thidlicorswells between Telco’s and Cable
Operators on the one side and Municipal InfrastmgctProviders, Public Authorities and
Regulators on the other side. Eventually, it isomsequence of co-operations similar to
alliance type A and B — city networks — as these arcounterpart of Telco’'s and Cable
Operator’'s own ambitions. They both aim at enhandireir own network in cities and seek
to avoid new competition which would certainly artbrough city networks.

5.1.3 Qualitative Multi-Actor Analysis Conclusions

Overall, the actors show a mostly positive attitudevards the deployment of FTTH.
Convergences across all objectives outweigh diverge between the actors by far. During
our analysis, city networks emerge as the most @iagico-operation. They would be built
collaboratively by Housing Companies, Municipalityfrastructure Providers (both private
and public), Active Network Providers and Inter&srvice Providers. It is likely that they
would be supported by Public Authorities and Regutabecause both aim for a higher level
of rivalry and a multitude of choices for customdvireover, city networks could serve as
counterbalance to incumbents such as telecommionicanhd cable operators. Thus, these
city network alliances are likely to face fiercengoetition because incumbents will defend
their strong position in the market. Exactly thanflict was revealed as the most severe one
in our analysis. Incumbents will aim to enhancertien networks in the most profitable
dense urban areas and will defend their core bssifield of infrastructure provision by all
means.

5.2 Game theoretic analysis

5.2.1 Game theory basics

Game theory is “aimed at modelling situations iniahdecision makers have to make
specific actions that have mutual, possibly cotifig, consequences” [28].

In game theory, all players have sufficiently gokwowledge of each other’'s possible
strategies and payoffs. These assumptions allovesepting the game by means of a payoff
matrix. This matrix has a payoff (e.g. NPV) for players for each possible combination of
strategies. This is called the strategic form @& glame and allows finding an equilibrium in
the game (Figure 66). An equilibrium is a set ahtsigies (one for each player) at which
players are not inclined to change their strat&yfferent equilibrium concepts have been
proposed in the field of game theory. The most comgn known equilibrium is the Nash
equilibrium (NE), which is defined as a situationwhich no player can gain by unilaterally
changing its strategy. In a pure NE, each playdruse a pure strategy, whereas in a mixed

OASE Page: 108 of 192
FP7 — ICT— GA 249025



Value Network Evaluation
; S OASE_WP6_D6.3_IMINDS_31012013_V1.0

NE, the players can play mixes (probabilistic camalibns) of strategies [28]. It is often
assumed that a game with fully rational playersn@sghis equilibrium as criterion) is
expected to result in one of the NEs being chosen.

Typically static games (the game has one stagehichathe players interact) can also be
reduced or solved by removing strictly dominatedtsgies. These dominated strategies have
a strictly lower payoff than another (dominantagtgy for all possible counterstrategies. No
fully rational player would play a strictly domimat strategy but would instead play the
dominant strategy. As such this strategy can beovenh for the considered player. By
iteratively using this approach for the differentyers, the matrix of the game can be
simplified and can in some case be solved to auengjrategic choice for each player. In
these cases, this strictly dominant strategy sé¢thaésonly NE of the game. Applied to the
example case in Figure 66, it is clear that stsa#®8 is dominated by A2. With this strategy
removed, the strategy B2 is no longer interessing;e he gains a larger payoff in all cases for
strategy B1. Now only the strategic combination$,(B1) and (B1, A2) remain, and player
A will always choose A2.

/ AN
N
strategies

2N SN

Al A2 |A3

BT 10 |12 0.
— . B2 |03 |o1 |20

Figure 66: Strategic form of a game and Nash equilrium

Pareto optimality is based on the Pareto improvénoemcept. Given an initial set of
strategies, a change to a different allocation n@kit least one player better off without
making another actor worse off is called a Paretgprovement. When no Pareto
improvements can be made from a given strategyhsetet is Pareto optimal or efficient. An
economic system that is not Pareto efficient ingplleat changing the strategy set would make
some players better off without reducing the payoif the other individuals. From an
efficiency point of view, it is clear that non-Pareoptimal points should be avoided. When
looking at the example given in Figure 67, strategly(B1, Al) is not Pareto optimal, since
player A can improve its payoff from 0 to 2 withaetducing the payoff off Player B if it
chooses action A2. Extra analysis shows that thet®aptimal points are in this small
example (B2, Al), (B1, A2) and (B2, A3). Anotheryv® identify Pareto optimal points is
using the Pareto frontier concept. The Pareto iieom$ the set op Pareto optimal solutions
and can be graphically presented (Figure 67).
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Figure 67: Pareto optimal strategy sets for the exaple game

5.2.2 Game theory in telecom

Game theory has already been widely used in telecesearch. However, the main
application of this theory is in wireless netwodsearch, more specifically networking games
for flow and congestion control, network routingadtl balancing and quality of service (QoS)
provisioning. We refer to [2] for a complete literee overview of these networking games.

However, techno-economic telecom research candisatly benefit from the concepts of

game theory. Investment projects in new fixed anckless networks never occur from a

monopolistic perspective. Typically, for both tlveeild and mobile market, customers have the
possibility to choose between different vendorsgrafors and service providers. So when
launching a new product, network or service, therdtas to take into account the effect of its
decision on the competitive equilibrium in the nerkTechno-economic oriented game
theory offers important methods and concepts t@sasshis competitive interplay in the

economic assessment. To use the concepts of gamey it is important to model the impact

of the competition between all players on theipessive business cases. Most likely, the
chosen strategies will have an impact on the divisif the market between all players.

Competition modelling by means of game theory betwdifferent operators is a more recent
field. Typically, a mathematical model is built &nalyse the game and the resulting
equilibriums. For example, [93] studied the comipati equilibrium in the Chinese triple-play
market. Another example is [73], where the optiprating strategy for new telecom services
in developing countries is assessed using matheahgiame theory models.

However, while such mathematical models can prosédful for general reflections on
competitive interplay, they lack the possibilityrtadel competition between different players
with an underlying developed techno-economic modich research has already been used
in several techno-economic publications. In [16§ viability of a municipal FTTH network
rollout was assessed. It introduced a first mowhraatage to divide the potential market
between the cable operator and the FTTH networknd@é¢he first to offer services to
consumers resulted in a faster adoption and larggal market share. This allows for an
analysis of the business case of the FTTH deployrmaeder more realistic assumptions,
especially since the viability of such a deploymkmgely depends on the take rate and as
such the competition with other operators. If tid R network is rolled out in regions where
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existing communication infrastructures, like copmard/or cable, are present, this could
drastically impact the economic assessment. Apgliethe specific case of a municipality
rolling out an FTTH network where an existing caloleerator upgrades its network to
DOCSIS 3.0, game theory offers insight in the mpsifitable rollout scenarios under
competition. Since an FTTH rollout suffers from tigipfront installation costs, it is
advantageous to start with a slower rollout comghdoethe cable operator and focus first on
the largest industrial sites. In residential ardaEJH should focus on the densest regions,
since this reduces the digging costs per connedborthe other hand, the cable operator has
less digging constraints and focuses on the laggedential areas.

In another case, using game theory to model thepettion between different wireless
operators, price competition was introduced to déivithe market between the different
operators [75]. Based on this market division, thability of different business models
offering wireless access was studied. A municipalFiWwhetwork was found to be
economically interesting, even in competition wghveral mobile operators offering 3G
femtocell access. However, when other players Ido&e rolling out commercial WiFi
networks, a public-private partnership (PPP) betwibese players is designated.

5.2.3 Competition aspects in the NGOA context

It is clear that game theory is a powerful toolpredicting the outcome of competitive
interaction on the business cases of the diffdeeqsting and emerging) market players in the
broadband market. In the following section, thdatis/e impact of the rollout of a physical
P2P fibre infrastructure by a public MIP will bedinated. The newly installed infrastructure
will compete for market share with the existingyeles. Two levels of competition can be
distinguished. First, infrastructure competition tre wholesale market can be observed.
Existing ANPs will have an alternative for theirr@nt legacy copper wholesale provider,
and can choose between the copper and fibre infaste. An ANP moving towards the
public MIP will have an impact on the profitabiliof the MIP, but also of the copper Telco.
Secondly, the retail market will be impacted aslvegl the rollout of a fibre infrastructure.
Consumers will have new offers to choose from, ragaipacting the bottom line of all
players in the market.

Before conducting the game theoretic analysis fogtructure competition, a short overview
of the different players, their objective functiand possible strategies will be given.

5.2.3.1Players and strategies

In the introduction, the three players in the isfracture game were already described briefly.
Here, we will look at the distortive effect thelmlt of a fibre infrastructure by a public MIP
will have on the existing market. As such, the puMIP is the first player in the game.

As public MIP, there are still different possiblegasegies open. A very basic decision this
player has to make is the one between an openosedlinetwork. Choosing for a closed
network, where the public MIP takes up both thes rot infrastructure provider and ANP
creates a more closed environment. An open intretsire allows additional ANPs on top of
the infrastructure, creating extra competition. ©hsly, both strategies have advantages and
disadvantages. In the closed environment, the piilP claims more revenues from the fibre
ANP market, as he is the only one offering suclvises. While these revenues might be
reduced in an open environment, such an infrastreanay increase the total fibore market,
improving the profitability of the fibre infrastruae.

The rollout of a public MIP will impact two kindd players. First, the existing Telco’s and

CO’s, who have their own infrastructure, will defely observe an impact of fibre on their
market share on the retail market. A certain amoficustomers will move towards the fibre
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infrastructure, depending on the price and quaditghe fibre offers, but also on the price
sensitivity of these customers. In order to safedjtiaeir profitability, these players also have
different possible strategies. The first one is $haplest strategy, namely staying on their
existing infrastructure. Although they risk losingstomers to new entrants, they can avoid
investments. A second strategy is extending thaireat offer on their legacy infrastructure
with a fibre offer. Either they decide to roll otlteir own fibre infrastructure, making them
independent of the public MIP, as private MIP. @&y decide to become an ANP on top of
the municipal infrastructure. While the first segy will result in high investment costs, they
will be independent of the MIP. It should be notledt the move towards the fibre network of
the Telco does not mean the copper infrastructsinenused in these scenarios. The Telco
offers a fibre service, next to his existing copp#ers. As such, he risks cannibalisation of
his copper service.

The second player impacted by the emergence oWanfeastructure is the group of existing
ANPs. While they are currently bound to the Teldoistheir broadband offers, they will now
have a choice between different infrastructuregyTtan either choose to stay on the legacy
copper network, or migrate towards the municiplatei Again, the decision will impact their
market share and as a result their profitability.

As such, the broadband market will be divided betwaifferent offers. First, the public MIP
will obviously capture a part of the market throuthoffer. Additionally, the existing Telco
legacy and CO legacy will notice the impact of tlmgoduction on their offer. The same
rationale goes for the ANP legacy. If the TelcdAdIPs decide to migrate towards fibre, these
offers will also capture a market share.

When strategies of one player have an impact oergitayers (e.g. with a closed municipal
infrastructure, Telco’s and ANPs cannot migrateamlg this infrastructure), game theory is
very well suited. Here, the resulting game will kdike Figure 68. In order to conduct the
game theoretic analysis, the objective functionthefdifferent players need to be modelled,
to estimate their payoff in the different strategambinations. In this game, the goal of all
players will be to maximize their net present value

Public MIP
CLOSED OPEN
STAY COPPER
FIBER
o [%]
S |MIGRATE COPPER 12
2 FIBER | <
OWN COPPER
FIBER

Figure 68: Strategic combination in infrastructure competition

5.2.3.2Pay-off function per player

As a payoff function, the NPV of each player in #pecific strategic combination is used. As
such, cost and revenue models are built for eaayepl These models are based on a bottom-
up approach. The different models are discussetbie detail below.

We chose not to analyse the existing OASE referaneas, but implement the game theoretic
model on an exemplary case of an FTTH deploymettiarcity of Ghent, Belgium. This city
consists of roughly 135.000 households, spreacboet an area of 156 KmThis area was
the specific study case of the ICON TERRAIN projg@], where detailed GIS models were
used to calculate the optimal deployment pathdidigh we could not use the TONIC model
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(it doesn’t allow for the needed automated repatitialculations need for the game theoretic
model), we did implement the German market shaoes DASE in the analysis.

Public MIP

The goal of the infrastructure competition gamwigvaluate the impact of fibre rollout by a
public MIP on the existing market. Therefore, tlwstfpart of the payoff function of the
public MIP is the NPV of the fibre infrastructurellout. Based on GIS modelling, the total
trenching, duct and fibre length was calculatedyefber with the amount of homes passed, a
full deployment cost model can be built. To covee entire area with the FTTH network,
trenching of 1.200 km, a duct length of 1.500 krd arst over 5.000 km of fibre is required.

These lengths were used as an input for the equipmedel, described in [84], and adjusted
to calculate the cost and revenue structure foptheic MIP.

Although the physical infrastructure provisionirgyd major part of the costs for the public
MIP, the costs of his ANP unit should also be takea account. Both in case of an open and
a closed network, the public MIP also provides ABHtvices. The related costs are now
driven by the number of homes connected by theipdNP.

The only additional aspect still required is thgemue model. For both the PIP and ANP

layer, this is based on a monthly revenue per hooneected. Concerning the ANP layer, the

revenue is based on the KPN charges in the Netits;at about €20.00 per month. For the
MIP layer, the regulated fibre access chargestioamareas from the Netherlands were taken
as well, at €12.14 per month per line.

To model the net present value, the yearly cashsflare discounted with an appropriate
discount rate. In order to diversify between thegléerm investment in physical infrastructure
and the more short term oriented investment frommANP, the discount rate for the latter is
placed higher (10% vs. 5%).

Telco

The payoff model for the Telco is very dependenthtnchosen strategy. Three different parts
can be observed in its model.

In case the Telco decides to stay on his existgady copper network, the payoff for this
network needs to be taken into account. A simglifreodel was used, taking into account
both wholesale and retail revenues. In the whodesabdel, the costs and revenues the
incumbent incurs since it offers access to ANPs @akulated. However, since these
regulated wholesale access prices are based onR#@ talculation, the revenues the
incumbent gains from the ANPs should cover thescost

For the retail model, the cost is based on thdrbdm access prices, plus an additional cost
for service provisioning. Additionally, a cost tormect a new customer is included. The

revenue model is based on the monthly subscriptioce per customer. The used input

parameters can be found in Table 24.

Table 24: Cost parameters for the Telco legacy netwk model (per customer)

Parameter Value
Yearly LLU cost €96.36
Yearly bitstream access cost €83.40
Yearly cost for service provisioning €144.60

However, in case the Telco chooses to migrate plogiehis own fibre network, extra costs
and revenues need to be taken into account, irtianldo the legacy network model. Note
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that it is assumed that the Telco continues tordgggvices through the existing network!
When migrating to the public MIP, the additionalstsoand revenues for the Telco can be
modelled through the ANP model introduced in théligpuMIP section, now driven by the
number of customers the Telco attracts as ANPase of deploying its own fibre network, a
special case is taken into account.

Different studies have showed that a joint rollofitnfrastructure can decrease the total cost
of the outside plant installation [5]. When tworBhinfrastructures are rolled out, one by the
Telco and the other one by the public MIP, such sasings of 20% on the total trenching
costs are taken into account for both actors.

ANP

The payoff model for the ANP is again strongly ughced by his strategy. Comparable to the
Telco model, the ANP model is based on a simpliiedt-benefit model, starting from the

existing regulated access prices. Per customerAMR pays a monthly price to the Telco.

Again, extra costs were taken into account forisergrovisioning and customer connection.
For simplicity, the same costs as for the Telcoenaken into account. The revenue model
simply multiplies the number of customers with ylearly income.

However, in case of migration to the fibre netwoitke payoff from being active on this
infrastructure need to be taken into account a$ Wghin, it is assumed that the ANP does
not stop directly with offering services throughe tlegacy network, and still reaps some
revenues from its old business model. The costfiiemedel is again based on the ANP
model, already described in the public MIP section.

5.2.3.3Market model

It is clear that the amount of customers in evergryis the main driver for the total cost and
revenue structure in each year for all playersrdioee, a market module implementation was
used to estimate the take-up of all offers. Usirass-elasticity and initial market shares, the
evolution of the market share of all offers wasineated. We refer to Annex B for an
overview of this model.

The market model calculates the market share gblallers active on the market, based on
their offer. Consumers choose an offer from thalabke set, but it is taken into account that
these customers are rational, and thus price amprality sensitive. As such, they always
have a preference for the cheapest or best quaffgr. In order to model this price
sensitivity, a cross-elasticity measure is usedjcating how sensitive consumers are to
broadband prices or quality. Previous researclcatdd a low price sensitivity for broadband
of -0.0476 [64] for a €1 difference. This meand thlhen an offer is €1 cheaper compared to
another offer, it grasps 5% more of the markeshttuld also be noted that the market model
also takes into account the effect of timing onnges in the market shares. Not all customers
change instantly when a price or quality gap isomiced. This is modelled through an
‘available to churn’ concept. Every time perioderinis only a portion of the market that can
switch between different offers. These are custsnwvenose contract ended, or who are
actively looking for a better offer. In this cag®% of the total market can switch offers each
period. However, the most expensive offer will taste 20%, since some customers will still
decide to stay with this operator.

Additional parameters and the initial market sharethe players can be found in Table 25
and Table 26, based on the revenue scenarios fi@& [B4] and Chapter 3 from the current
deliverable. Although the market model allows inmpéating a growing or shrinking market,
this was left out in this analysis. It is assumbdttbroadband is a saturated market. The
introduction of new offers will not increase thaalomarket size. The price competition is
played on the retail prices found in Table 27.
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In Figure 69 and Figure 70, the evolution of the'kaain two of the strategic combinations is
shown. In Figure 69, the evolution of the marketisdelled when the fibre infrastructure is
closed, forcing existing players to stay on thegdcy infrastructure. It is clear that this results
in a strong growth of the uptake of the public MW over 15%. The results of players
migrating to the open fibre infrastructure can twend in Figure 70. Here, the evolution of the
market under strategic combination [MIGRATE — OPENRIBRE] is shown. The market
shares of the copper and cable Telco’s show a dexgr, due to the introduction of a fibre
offer. Additionally, the market share of the coppedPs also decreases. There is only a
marginal difference between the market shares effibre offers, due to the low price
sensitivity for broadband.

Table 25: Current broadband market shares in the cae study (relative to the market size from Table 26

Offer Initial market share
Cable 18.19%
Telco 45.45%
ANP copper 36.36%

Table 26: Parameters of the market model [54]

Parameter Value
Market size 2011 66.0%
Market size 2030 81.1%
Cross elasticity -0.0476
Available to churn 20%

Infrastructure competition
Telco and ANP stay on legacy networks

35%

30%

25% o

==K g Public MIP

g 20%
f ~—Telco fibre
Q
3 M A= ANPfibre
= 15% g
M === ANP legacy
/l === CO legacy
10% Telco legacy
5%
0%
Figure 69: Market share evolution under infrastructure competition
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Infrastructure competition
Telco and ANP migrate to new fibre infrastructure
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Figure 70 Market share evolution under infrastructure competition

5.2.4 Actual evaluation results

5.2.4.1Price competition

The main question that rises from the figure abmvabout the profitability of an FTTH
deployment by a MIP. In Figure 70, it can be seeat the uptake for the fibre offers
combined only reaches 42% after 25 years. Compartdte uptake scenarios from WP, it is
to be expected that fibre rollout will not be ahl& project. The negative outcome is also
reflected in the payoff for the public MIP in Figui7l. When two fibre infrastructures
compete, the uptake on each fibre network will benelower than this 42%. This uptake is
insufficient to result in a positive business casesn when cost savings in the rollout phase
are taken into account.

The graphical representation of the game can bedfon Figure 71. The results show the
NPV for each player after 25 years in millions téislimmediately clear that under the given
circumstances, an FTTH rollout is unprofitable ase the public MIP chooses for a closed
network. Even with an open access network andpdraiors moving towards this network,
the business case for the MIP is still negativeGRATE — OPEN - FIBER]. However, this
is clearly the best case for the public MIP. Wheoking at the rollout of two fibre
infrastructures, it is clear that this is unintérgs for both infrastructure owners [OWN —
OPEN - FIBER].

Table 27 Monthly retail prices for broadband acces$54]

Retail offer Monthly subscription
Telco DSL €30.00
ANP DSL €30.00
Cable €33.00
Public MIP fibre €40.00
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Incumbent fibre €41.00
ANP fibre €40.00
Public MIP
CLOSED OPEN
STAY 5.65  -33.00 5.00 5.65  -40.00 5.00|COPPER
-00 -0o -0o 557  -15.00 4.95|FIBRE
o ) -oco -oco o g
S MIGRATE 6.92 25.00 4.50|COPPER c
[ -0 -0 -00 6.83 -5.40 4.50|FIBRE <
OWN -31.00 -29.00 450 -31.00 -36.00 4.50{COPPER
-11.00  -29.00 450 -31.00 -16.00 4.50|FIBRE
Figure 71: Results from infrastructure competitionunder different strategies (Telco — public MIP — ANP)
(in million €)

When analyzing the game in more detail, the follaywconclusions can be drawn. The first
Nash equilibrium, where no player can unilateraliynge his strategy to improve his payoff
is [STAY — CLOSED — COPPER]. In case the municiyathooses for a closed network, the
incumbent can only choose between two strategesely deploying his own network, or
compete through the legacy copper network. Howewer latter strategy clearly dominates
the fibre deployment option. Also, in this case &Ps can only choose to continue buying
access from the incumbent. Although this is cleardgative for the business case of the
municipal fibre network, it is one of the prevagicompetitive equilibriums.

The second Nash equilibrium is [MIGRATE — OPEN —RRER]. In case of an open access
network, the Telco will definitely migrate to theone profitable municipal fibre network.
However, the best business case for the ANP rentlankgacy network case. The COPPER
case is slightly higher than the FIBER case, buinoa be observed in Figure 71 due to
rounding of the numbers. While this second comipetiequilibrium could also result from
the free competition between the different playérds also the Pareto optimal strategic
combination. In this point, no player can change dtrategy to improve his payoff, without
hurting another player. It may be clear that ineortb reach this Pareto optimal point, the
municipal policy maker can influence the strateghioices of the competition. By choosing
for an open access network, the physical netwolkattract the Telco. Although this point is
Pareto optimal, the public MIP does not attractugiocustomers to come to a viable business
case. His case could be considerably improveds #he ANPs would migrate to the fibre
infrastructure.

5.2.4.2Price and quality impact — measuring willingness tgay

In the previous analysis, it was assumed thatalséomers were indifferent for the differences
in quality between the different broadband offensgd only based their choice on the retail
price for their offer. However, fibre based broaadbaccess offers a significant increase in
download and upload speed. This way, new serviaasbe offered to users, and result in a
higher willingness to pay for fibre broadband.

Here, this was taken into account by dividing th&it prices by the download speed they
offer. The used speeds can be found in Table 28.
Table 28: Perceived broadband quality measured byalvnload speed

Offer Speed (in Mbps)
Price Incumbent Copper 20
Price ANP Copper 20
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Price Cable 30
Price Incumbent Fibre 60
Price Public MIP 60
Price ANP Fibre 60

When taking such a quality measure into accours, tid be expected that the uptake of fibre
based services will be significantly higher. Asesult, the business cases for the different
fibre cases (MIP and ANP) in the game will imprax@npared to the strategies where the
operators continue to use the legacy copper netwidrk resulting game can be found in
Figure 72.

Due to the higher willingness to pay for fibre, fhwevailing equilibriums change. [STAY —
CLOSED - COPPER] remains an NE, but if the munidipapt for an open access network,
the increased take-up of fibre services due towilengness to pay, shift the dominant
strategy of the ANP to migration to fibre. As aukesthe second NE is [MIGRATE — OPEN -
FIBRE]. In this point, which is also Pareto optimtie payoff for the Public MIP is also
maximized. However, their case remains negativepagh it is improved compared to the
case without willingness to pay. The resulting neardivision for this strategic combination
can be found in Figure 73. The difference with phevious case is only marginal. A second
Pareto optimal strategy set can be identified, marfdIGRATE — OPEN - COPPER].
Although no player can improve his payoff withoetlucing that of another player, the Public
MIP and the ANPs would prefer the first Pareto iyl solution.

Public MIP
CLOSED OPEN
STAY 560 -32.00 4.95 5.60 -39.00 4.95|COPPER
-00 -00 -0 5.55 -15.00 4.97|FIBRE
% MIGRATE -o0 -00 -00 6.92  -23.00 4.45|COPPER §
[ -0 -0 -0 6.82 -5.10 4.50| FIBRE <
OWN -30.00  -28.00 4.45 -30.00 -35.00 4.45|COPPER
-11.00  -29.00 4.50 -31.00 -16.00 4.50|FIBRE
Figure 72: Infrastructure competition with willingn ess to pay
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Infrastructure competition
Telco and ANP migrate to new fibre infrastructure
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Figure 73: Market evolution with WTP

It is clear that in both scenarios, with and withaillingness to pay, the business case of the
infrastructure provider is negative in all caseswdver, in the initial assumptions, especially
concerning the market, a rigid market was modell@dly one fifth of the customers can
switch each year to another provider, and the paioe quality difference between different
offers has almost no impact on the distributionthe free customers between offers (low
cross-elasticity).

5.2.4.3Market distortion due to fibre rollout

Assuming that the introduction of a new infrastawmetwould have a large disturbing effect on
the market, these assumptions (cross-elasticityrnafig customers) can be challenged.
Increased churn would result in a faster take-upherfibre network, and a stronger decrease
of the market shares of the existing players. Bbilrn and cross elasticity have been doubled
for the following analysis. This will of course F@an impact on the evolution of the future
market shares. The evolution of the market sharse found in Figure 74. Comparing these
with the results from Figure 73, the uptake ondils faster and reaches a higher market share
in 2030.
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Infrastructure competition
Telco and ANP migrate to new fibre infrastructure
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Figure 74: Market share evolution with WTP and market distortion

As a result, the business cases of the differeatadprs in the infrastructure competition game
will also be impacted (Figure 75). Due to the ias®d price sensitivity and volatility of the
customers, the business case for the public MIPrawgs significantly in all strategic
combinations. Compared to the previous analysishout higher churn and price-quality
sensitivity, the same equilibriums occur. But ualé&bove, the public MIP now has a positive
business case in the Nash and Pareto combinati®&RMTE — OPEN - FIBER]. Therefore,

it is of key importance that fibre adoption is gtiated on all ANPs, e.g. through marketing
campaigns. Prevailing of new, innovative servicas also push the fibre uptake.

Public MIP
CLOSED OPEN
STAY 4.84  -23.00 4.50 4.84  -30.00 4.50|COPPER
-co -00 -0 4.75 -0.91 4.86|FIBRE
% MIGRATE -0 -0 -o0 6.77 -9.90 3.82|COPPER §
- -0 -0 -0 FIBRE <
OWN 22400  -21.50 3.82| -2400 -28.20 3.82|COPPER
-0.25  -23.40 4.50 -26.00 -4.30 4.21|FIBRE

Figure 75: Infrastructure competition with WTP and market distortion effect

5.2.5 Conclusions from the game theoretic analysis

Rolling out a fibre infrastructure as municipaliyill happen in the existing competitive
broadband market. As a result, the new fibre badtsis will have to compete for market
share with existing legacy copper networks andecaktworks. Additionally, when multiple
NPs are allowed on top of the physical infrastreetintra-platform competition will most
likely also impact the business case of the fibfeastructure.
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By modelling a realistic market environment, theeyous section indicated how market
shares of different offers change under the infbeeof price and quality preferences by end
consumers. In addition, the strategies from exgsind new actors on the market will also
influence the market division. Using a game theoranalysis, this section modelled the
dynamic interaction between different operators amticated the prevailing competitive
equilibriums.

Three games were modelled, to check the outcomedifferences in willingness to pay for
higher broadband speeds and market dynamics. itévito cases studied the impact of fibre
rollout in the current market, leaving out the ditte effect this rollout might possibly have.
In both cases, two equilibriums existed in this pefitive environment. In the first
equilibrium, the fibre infrastructure was a closefilastructure, pushing existing operators to
remain on the legacy networks. Additionally, thesiness case for the public MIP network
was unviable. The second equilibrium, where thelipukllP opted for an open access
infrastructure, resulted in existing players migrgtto this infrastructure. Now, the total fibre
adoption rose from 17% to 42%, spread out overf@afnamely the public MIP, Telco fibre
and ANP fibre. As a result, the fibre business ¢ag@oved significantly. This equilibrium is
a Nash equilibrium, and could be reached under etithye interaction. However, since the
municipality not only focuses on profitability dig fibre network, but also on social welfare,
it can push the market towards the more preferrashNequilibrium. In fact, the equilibrium
where all players migrate towards the fibre netwierélso Pareto optimal, and should thus be
preferred. By opening up the physical infrastruefuthe municipality can push the other
actors towards the social optimal situation.

However, under these assumptions, even when theo Tasdd ANP migrate to the fibre
network, the business case for the public MIP reshainviable. On the other hand, precise
forecasting of how the market will react or evois@s complicated as rocket science.

For instance, to model the distortive effect adibollout can have on the retail market, the
dynamics of this market were increased. Customeitsis faster and are more price sensitive
due to the increased competition. In this specéise, the same equilibriums were observed
compared to the previous two games, but in thet®@a imum, where all players migrate to
the fibre network, the public MIP has a positivesipess case. It can be concluded that the
viability of the public MIP business case will beglly dependent on the adoption.
Stimulating measures, like marketing campaigns atadg the emergence of new services and
applications could push the adoption to viable leter all actors.

5.3 Conclusions from the competitive analysis

Within this chapter, we have evaluated the competisetting between the different actors
(Telcos, Housing Companies, Municipal Infrastruet@roviders, Active Network Providers,
Internet Service Providers, Public Authorities aRegulators) in the field of NGOA
deployment, both in a qualitative and in a quatititeamanner.

During our qualitative analysis, city networks egest as the most promising co-operation.
They would be built collaboratively by Housing Coamges, Municipality Infrastructure
Providers (both private and public), Active Netwétioviders and Internet Service Providers.
It is likely that they would be supported by PubMathorities and Regulators because both
aim for a higher level of rivalry and a multitudé a@hoices for customers. Moreover, city
networks could serve as counterbalance to incumsbmmnth as telecommunication and cable
operators, who would have conflicting objectivespared to the municipal player.

Using a game theoretic analysis, this section misdelled, now in a quantitative manner, the
dynamic interaction between different operators amticated the prevailing competitive
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equilibriums. We indicated different equilibriuntugtions between the Municipal Network
Provider and the Telcos. We focused on the case fibre infrastructure deployed by a
municipal infrastructure provider (which was ind& as most promising by the qualitative
analysis). Although a closed infrastructure coukbae an equilibrium situation (where the
telco and other NPs are forced to stay on the iegatwork), an open infrastructure clearly
leads to a more preferable equilibrium situatiothvai better business case for the MIP (which
remains difficult though). Since the municipalitgtronly focuses on profitability of the fibre
network, but also on social welfare, it can eveshpthe market towards the more preferred
equilibrium.
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5.4

6. The effect of uncertainty and strategic decision on
profitability studies

6.1 Applications of real options theory in telecom netwrk
planning from literature

6.1.1 Real options basics

Real option theory is a more recent addition togb@nomic evaluation theory [19]. It allows
implementing the value of managerial flexibilityrchg the project lifetime in the economic
assessment. An excellent definition of real optiggyiven in [49]:“Real options is a
systematic approach and integrated solution usimgrfcial theory, economic analysis,
management science, decisions sciences, statatidseconometric modelling in applying
options theory in valuing real physical assets ppased to financial assets, in a dynamic and
uncertain business environment where decisionglexéle in the context of strategic capital
investment decision-making, valuing investment dppiies and project capital
expenditures.”As this definition states, the real option themyased on the option concept
as used in financial markets. A financial optiordéfined as the right to buy or sell an asset
for a predefined price during or at the end of gread period. Transferring the financial
option concept towards business investment deds®iguite straightforward. A real option
is the right to invest or disinvest in businessvittés. For an introduction to the foundations
of real option theory (ROT), we refer to [93].

A real option analysis (ROA) always starts from 8standard NPV analysis taught to all
business school students. In fact, the standambuliged cash flow (DCF) approach is a
special case of the real option analysis, evalgatwe project as if no flexibility is present. It
is therefore vital to start any ROA with a corretandard NPV valuation. The total value of a
project is expressed by the following formula.

Project value = NPV + Flexibility value

Three different solution methods have been propts@dlculate the value of real options in
investment projects. We will give a short descaptiof each of them in the following
sections.

6.1.1.1Black and Scholes model

Since real options are derived from financial apsiat is logical that the calculation methods
for financial options were transferred to real optivaluation. The mathematical Black and
Scholes model is one of the most used option vialuaihodels in the financial sector [6]. It
was developed in 1971 to evaluate the value of @&an option. This indicates the first
underlying assumption of the model, namely thearptian only be exercised at the end of the
time period. Most of the parameters of the matharalainodel are straightforward but others
cannot be directly transferred to investment pitsjec

6.1.1.2Binomial tree model

The binomial tree model is a discrete time modelbiAomial tree model is applicable to
simple processes. The main assumption is that tloertain input can only take discrete
values. This allows modelling the problem by a s&acture. The main assumption results in
both the greatest advantage and disadvantage aintitkel. An uncertain parameter only
taking discrete values largely simplifies the asaybut realistic cases are generally subject
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to continuous uncertainty. Detailed examples usiregbinomial tree method can be found in
[47].

6.1.1.3Monte Carlo simulation

The Monte Carlo simulation is the last calculatimethod we will discuss. While the two
previous models allow for a simple option valuecuadldtion, they both have their own
drawbacks. Their underlying assumptions do not wwmatch reality. A Monte Carlo

simulation solves these problems but results in aentomplicated calculation method.
Sawilowsky defines the Monte Carlo simulation asepeated sampling to determine the
properties of a phenomenon [69]. Since the MontdoGQenalysis allows for the most detailed
option valuation, it is this technique that will bsed in the real option analysis in this work
package.

To perform a Monte Carlo analysis, spreadsheetaséutions exist. In general, these
consist of extending a standard NPV analysis wighexisting options. Since an option comes
down to maximizing payoff, this is quite straighti@rd. After indicating all uncertain input
parameters with an appropriate probability distitny the Monte Carlo simulation can be
conducted. Choosing these probability distributidos the input parameters is the most
delicate task in the Monte Carlo simulation. Foemvsimulation, the input parameter is
randomly sampled from the defined probability dmition and the best project path is
selected. The NPV is calculated for thousands tadreds of thousands of possible
combinations of input parameters within the prewsdi distribution boundaries. As indicated,
the model automatically selects the best optioeanh scenario. The result from a Monte
Carlo analysis is a probability distribution of teepected payoff. From this distribution, an
extended NPV can be derived, together with theooptalue for the studied case.

6.1.2 Option valuation in realistic cases

In this section, the methodology commonly usededgesm real option analyses is discussed
[19], [47]. However, before the ROA can be conddgctbe business case must be assessed on
three conditions.

- First, there needs to be uncertainty in the projeating the standard NPV evaluation,
some assumptions on future costs and revenues ldemre made.Some assumptions
come with a certain degree of uncertainty. Futwstamer uptake, the future price of
raw materials and components can only be estimaiten this is the case, the
project meets the first condition.

- Secondly, the project offers some kind of flexiyili This flexibility can easily be
recognized if one of the options in the 7S framdéwmee further down in section
6.1.3 and Figure 77) is present in the case.

- The last condition concerns the timing aspect. & gtion analysis can only be
performed if the investment decision covers a taronfore) phased project. An initial
decision is made at the start of the project, Btraedecisions can be made during later
stages of the project. For example, the networkaipe can, after the first part of the
network has been deployed, still decide in lategas what his next steps will be. Will
he do nothing or extend the network to other regffon

After the case has been assessed, based on thesedhditions, a clear methodology needs
to be followed to perform the ROA. In this paper use the methodology proposed in [19],
[47]. It is clear that the second and third stepthe methodology are closely linked with the
preconditions. In essence, the second step comen to identifying the uncertain input
parameters that can influence the result of thgeptoThe third step links back to the second
and third condition listed above. When the manage¢rh@s no options to act against the
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changing parameters, a real option analysis istlessn To identify the different options
present in the studied case, the 7S framework eamsbd (see Section 6.1.3). The conditions
and methodology are summarized in Figure 76.

Uncertainty Flexibility Phased decision
C(i)Aan | identify Can | counter Can_ t_he final
ifferent future ; decision be
: uncertainty?
scenarios? postponed?

1. Execute a standard NPV analysis
Perform a regular techno-economic analysis, as if no
real options were present.

2. ldentify the uncertainties
Find out which parameters impact the result the
most, and how certain their value is. Typical numbers
on customer adoption come with a degree of
uncertainty.

3. Identify the flexibility
Use the 7S framework to indicate how the
uncertainty in the project can be countered during the
project path.

4, Calculate the option value
Compare the value of the case with the option with
the standard case. Different calculation methods
exist.

Figure 76: Conditions and methodology to perform aeal option analysis

6.1.3 Option categories and telecom examples

In general, the different existing options can bledsvided in three distinct categories, namely
growth, shrink and learning options. The most Welbwn real options categorisation is the
7S framework by Copeland and Keenan [20]. The whffereal options and telecom specific
examples are shown in Figure 77.
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Sequential investments in a
later stage as market grows

Switch products, process or
plants given a shift in underlying
price or demand

Phased network
rollout
Acquiring licenses

Technology upgrade,
e.g. ADSL to VDSL2
or 2G to 3G

oROW Ent ther industry wh

GROW nter another industry when .
cost-effectively possible. Link gg{g’:?ezlr?lyaccess
and leverage.
Delay investments until more Trial project

STUDY/START

SHRINK
DISINVES

SCALE DOWN

SWITCH DOWN

SCOPE DOWN

information and/or skills are
acquired

Shrink or shut down a project if
new information changes the
expected payoffs

Switch to more cost-effective
and flexible assets as new
information is obtained

Limit the scope of operations in
a related industry when there is

Testing of LTE
Market studies

Adapting network rollout
scenario
Abandoning project

Lease wavelengths
instead of dark fiber in
case of lower demand

Withdrawal from
ISDN market

no further potential

Figure 77: Overview of the 7S framework and telecorexamples

As can be seen from Figure 77, real options caspipéied to a wide range of telecom related
investment projects. While study/start and scal&éaop are the most common options studied
in both fixed and wireless networks telecom redgaswitch up and down options are

typically found in the rollout of wireless networkgpgrading the technology from 2.5G to

3G is studied in [82] and [37], while [38] focussead the extension of GPRS networks with
WiFi integration. Research on scope up or downoogtiis less widespread, but typical

examples are the extension of the product porttoleards triple play, or offering bit stream

access [48].

A literature review can be found in Table 29. Reptions have been applied to service
oriented cases, e.g. [85] applied the scale upopb the case of the Belgian rail operator
offering internet services on board. However, moflsthe existing literature applies real
options to telecom infrastructure rollout [1], [3968] and [82]. This rollout is related to a
large investment covering several years and tHawslfor flexibility in the rollout path. The
scale of such projects covers large areas, andthetlollout area and speed can be changed
during the project to optimize the return on inwesht. Abandoning the project due to
unsatisfactory results is a special case of aggtbn. A quantitative and simplified example
to illustrate real options is the M-commerce prgjedescribing an investment by a
telecommunications firm [47]. This is a typical exale of a scale up and scale down option.
During the project, management has two optionegeiéxpanding the project scale by 60% if
expectations are exceeded, or abandoning the proggopletely and reaping the salvage
value. Another paper describing scale options lectan networks is [39]. The feasibility of
Mobile WIMAX as an alternative for fixed DSL and BFnetworks is analysed, with the
possibility of extending the scale of the projeSeveral rollout scenarios are studied,
changing the rollout location from nationwide tolyom urban areas and with the option to
change rollout speed. Closely linked with this pagethe research of [68] who studied the
rollout of a WiMAX network in Eindhoven, The Neth&nds. In this case, the value of a
study/start option is investigated. Before extegdile network to a larger area, the
technology is first tested on a very small scalehe second phase, based on the results from
the trial phase, the operator can decide to inmeabandon the project.
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While study/start and scale options are the mostncon options studied in both fixed and
wireless networks telecom research, switch up awindoptions are typically found in the
rollout of wireless networks. Upgrading the teclogyl from 2.5G to 3G is studied in [82] and
[37], while [38] focussed on the extension of GRBvorks with WiFi integration.

Research on scope up or down options is less wieadp but typical examples are the
extension of the product portfolio towards triplayy or offering bit stream access [48].
Table 29: Real options in telecom literature

Option Flexibility Reference Uncertainty
Scale up/down Rollout area [1], [39], [47], [50] Adoption
[77] and [82] Costs
Tariffs
Speed up/slow down [1] and [39] Adoption
rollout Costs
Tariffs
Abandon project [47] and [85] Adoption
Costs
Tariffs
Switch Technology [37], [38] and [82] Firm value
up/down Adoption
Costs
Regulation
Scope up/down Product portfolio [48]
Study/ start Trial project [68] Technological
Performance
Wait and see [1], [9], [15], [30], Market
[68] and [82] Technology
Regulation

In addition to the analysis of large infrastructprejects, a lot of research has been performed
on the impact of regulation on investment decisiopsetwork operators. Regulatory bodies
imposed local loop unbundling (LLU) on the incumbeperators to improve competition.
For new entrants, LLU has the advantage that tloegad have to make large investments in
network infrastructure before they can offer netwservices. However, fixing the price for
network access is not straightforward. One shaaiteé into account that new entrants should
also pay for the financial risk of the incumbenhcg he did invest in the network
infrastructure. LLU in fact offers a study/starttiop to new entrants, while the incumbent
gave up his option when he invested. In [85], fn@blem has been discussed in more detalil.

Next to large investment projects and the regwatmpact on these investments, telecom
licences are a last important field of researcthiwitreal options and telecom. Licenses for
wireless networks are known to be very expensioet 5 important to correctly evaluate the
license investment. For example, in the UK, 35dmlldollars was paid for the 3G licenses. In
[5], the authors try to estimate the value of thiesenses based on a real option approach.
Buying the 3G license resulted in acquiring a gjromarket position and a broad range of
options, including scale up, switch up and down #ermdporarily halting the project. This
research showed that with the correct valuatiohrtees, the value of the 3G license was
close to the price paid for the acquisition. Speutrmanagement is closely linked with
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telecom licenses. Dynamic spectrum management, avithio stage assignment through the
use of options was proposed in [22]. The optiorncephallowed calculating the penalty value
and the overbooking ratio.

6.2 Flexibility options throughout the NGOA planning problem

6.2.1 Impact of providing open access

One of the important questions that needs to beeaddd during the planning phase of the
NGOA network, is whether the infrastructure providdl offer an open or a closed network.
While this decision may be partially driven by rigary and policy decisions, the impact of
this choice on the business case cannot be neglecte

Indeed, offering an open access network comes withupfront cost and an additional
provisioning cost when a customer connects toitire hetwork. Linking this back to the real
option concepts above, the infrastructure provimers the option to offer open access to the
end users during the deployment phase. Later omaheoffer open access to other players
and lift this option.

The effect of this option can already be observethé game theoretic analysis in 5.2.4.1. In
Figure 71, strategic combination [STAY — CLOSED ©FRPER] indicates a situation where
the public MIP did not buy the option for an opertess network. Comparing this with
[STAY — OPEN — COPPER], all underlying assumptians the same, apart from the public
MIP buying the option here. As a result, his businease decreases significantly, since he
bought the option, but no other player migrateggdibre network. Since the option is not
lifted, due to strategic choices by the other miagtayers, no extra revenues are gained. The
same result can be seen between the combinatididl[© CLOSED — COPPER] and [OWN

— OPEN - COPPER]. Again, the option is not exetgiseesulting in a significant
deterioration of the payoff for the public MIP.

However, in cases when the option is lifted, a ifiggnt improvement of the public MIP
business case can be observed. In the base scestanion in Figure 71, exercising the
option, by offering the open access network, cleaushed the other players towards a
migration to the fibre network. A twofold reasomn this behaviour can be given. First, when
the option is not exercised, the public MIP redutles possible strategies for the other
players. Neither the Telco’s nor the ANPs can m&ta a closed network. Secondly, if the
option is exercised, the uptake of the fibre nekwisrincreased (Figure 69 and Figure 70),
increasing the viability of the PIP business cds$es can be seen by comparing the COPPER
and FIBRE strategies in case of an open network.

It can thus be concluded that in this case, theéigpdtP profits from buying the open access
option in the planning phase. By effectively openms network and exercising the option,
the existing players migrate to his network andrionp the viability of the public MIP’s
business case.

6.2.2 Cost implications of providing open access

However, an important remark must be made. Up t®, ke impact of transaction costs for
the public MIP was not taken into account. TheseeHzeen estimated between 10 and 20%
of the yearly revenue for the MIP (see section®2}, and can thus significantly impact the
viability of the business case.

In case no transaction costs are present, thetsdsnin section 5.2.4 hold. In order to check
for the impact of transaction cost, an extreme modelled, with a transaction cost of
20% for the public MIP. For every customer conmegtio the physical infrastructure via the

OASE Page: 128 of 192
FP7 — ICT- GA 249025



Value Network Evaluation
% OASE_WP6_D6.3_IMINDS_31012013_V1.0
Telco fibre or ANP fibre, the monthly revenue o€ thublic MIP is reduced with 20%. The
results of this analysis are shown in Figure 78d@se of a dynamic market). First, it is
important that the transaction costs only havengwact on the public MIP. The payoff for the
other players remains the same. Indeed, since tteeds are limited to the public MIP, and
are not reflected in the retail prices, the mardtision does not change. Secondly, the
prevailing equilibriums do not change under tratieaccost uncertainty. In this sequential
game, where the public MIP can make the first ahgapen or closed network), it remains in
his best interest to exercise the option of thenopecess network. Although his viability
decreases significantly in [MIGRATE — OPEN - FIBRé&je to the transaction costs, it
remains the most profitable strategic combinatromfhis point of view.

Public MIP
CLOSED OPEN
STAY 4.84  -23.00 4.50 4.84  -30.00 4.50|COPPER
-00 -00 -00 475  -15.50 4.86|FIBRE
% MIGRATE -c0 -co -c0 6.77  -22.50 3.82|COPPER §
- o0 -c0 -00 6.54 -5.58 4.21|FIBRE <
OWN -24.00  -21.50 3.82| -2400 -28.20 3.82|COPPER
-0.25  -23.40 450 -26.00 -16.70 4.21|FIBRE

Figure 78 Impact of transaction costs on infrastruture competition

In Figure 75 and Figure 78, the two extreme casethkE game theoretic analysis are shown,
but there is a large degree of uncertainty on thght of transaction costs for the public MIP.
A scanning was performed between these extremethéopayoff of the public MIP in the
strategic combination [MIGRATE — OPEN - FIBRE] (kg 79). It is clear that the
transaction costs have a significant impact onviability of the public MIP business case.
Once these costs rise to about 13.5% of the moméwgnue per customer, the public MIP
business case turns negative (Figure 80). Agamtrimsaction costs have no impact on the
prevailing Nash equilibrium and Pareto optimum. Daethe modelling of the transaction
costs, the relation between the public MIP payaff the transaction costs is linear.

15.00

10.00 /

Millions

5.00

e public MIP
payoff

-5.00

-10.00

Figure 79: Impact of transaction costs on the pubti MIP business case
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Public MIP
CLOSED OPEN
STAY 4.84  -23.00 4.50 4.84  -30.00 4.50|COPPER
-co -0 -0 475  -10.70 4.86|FIBRE
% MIGRATE oo -c0 -c0 6.77  -18.40 3.82|COPPER §
- -co -00 -00 6.54 0.20 4.21|FIBRE <
OWN 22400  -21.50 3.82| -2400 -28.20 3.82|COPPER
-0.25  -23.40 450 -26.00 -12.20 4.21|FIBRE

Figure 80: Infrastructure competition with 13.5% tr ansaction cost

6.3 Conclusions

The initial choice between an open or closed néiwall have a significant impact on the
viability of the public MIP. Not only will the opeaccess solution result in a higher upfront
investment and provisioning costs, transactionscesll also reduce the profitability of the
MIP.

Here, both effects were studied. First, it was ghdkat deploying an open access network
(buying the option) without exercising it, due tther players not migrating, already has a
large negative effect on the viability. However,dan competition, it is always more
interesting to exercise the option, as existingygrg will choose to migrate to the network.
The extra revenues due to the increased uptakieeofibre network clearly offset the upfront
and provisioning cost.

Secondly, transaction costs are expected to ptagjar role. These can amount up to 20% of
the yearly MIP revenues, and will as such affeet piofitability of this player. While the
prevailing competitive equilibriums remain, the Mé#affers from a negative payoff in all
cases when transaction costs are above 15% o&Hré/yevenue.

7. Extending the business analysis to include indirect
effects and therefore indirect revenues

In the traditional telecom operator perspective itheestment decision is based on a simple
cost/benefit calculation in which the benefit ie tlevenue that the operator gets from selling
services over the network. This calculation becomese complicated in the converging

network scenario, in which several service type&siacreasingly provided over one and the
same network, by competing service providers. Maggoconcentrating on the revenue from
the end-users leaves out an important portion afefis which are not necessarily

internalised and represented by the end-user giibss to pay for specific services: we call
these the uncaptured values and they should aldake® into account when considering

costs and benefits of a deployment. It should kedhthat these are benefits for society and
the economy at large, independently on who funds déployment. In other words, the

benefits of a deployment may not accrue those hgithhe employment. This is particularly

true in the case of telecom operator-funded fikeplayments, whose business case will be
little affected by uncaptured values, while opegess business models with participation
from public actors will tend to more successfutiyernalise them.

As with any other infrastructure project, theresekioth positive externalities (the uncaptured
values mentioned above), and negative ones.

This section will describe two approaches of idgmg and quantifying these uncaptured
values: a top-down and a bottom-up analysis. Bpfir@aches aim at getting a full overview
of these benefits, and propose different calcutaticethodologies. We have also identified
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some potential negative effects. It should be nabed we only attempted to quantify the
effects that seem to be substantially large.

7.1 Top-down analysis

In this analysis, the identification of the diffateeffects starts from what can follow from the
deployment of FTTH. These effects can be divided direct, indirect and induced effects,
whereas the category refers to the level of imgacthis section, we explain these three
categories and link them to the various stakehsldeurthermore, we identify the effects that
can be quantified, and perform this quantificatbased on statistical regression methods.

7.1.1 Direct, indirect and induced effects

Direct effectsof the construction of FTTH are significantly heghaccess capacity, access to
a new future-proof infrastructure and direct ecommowalue generated by the network build

up, construction, fibre cables and active equipmEnése values are available immediately at
construction (and we can therefore expect that #reyisible already after 1 year), leads in
turn to view otheindirect effects, such as:

« higher access capacity allows better service guadithich in turn may lead to
increased use and development of new services: ebthese services may depend on
high bandwidth in itself, for example, some videaséd services;

« higher capacity can enable new services, includergices that work on other types
of broadband connections which can nonethelessfibémen the higher bandwidth
provided by FTTH because the total available badtwis not saturated by other
services delivered at the same time (such a cueemtple can be sensor networks
with services video surveillance, smart grid systetmaffic and congestion charges,
accident avoidance through the monitoring of buddi and social functional
infrastructur8. Although many of these services can be indiviguaperated over
copper infrastructure, the aggregate bandwidth h&f growing number and the
increase in data-intensive services are best stgapby fibre connection).

+ FTTH represents a future-proof infrastructure tpetdvides higher bandwidth and
lower signal loss compared with radio and micro &ength, therefore leading to
higher housing value;

« The installation of a new infrastructure offers thkility to more easily abandon
traditional business models (in favour of more om&gess models) and to solve
marketing problems in the presence of ownershimgderm agreements and
established benefits

« The disruption of current business models may ereatlesired economic effects on
market actors, for instance the open access bgsmedel may lead to higher market
efficiency, lower end-user prices and new revenugrces especially for new and
alternative service providers, but may be so astléa part at the cost of reduced
revenue streams for incumbent operators, and rddlat®mur demand (and hence
employment).

The direct and indirect effects of FTTH in theirrtthave a positive impact in areas other than
ICT: we call thesenduced effects.For example,

® Some such examples, we see already in the muliiicipathat invested and quantified them — seedése
studies in Annex A

" To grasp this is largely a matter for regulatord the public sector [34]
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services like high-quality cloud computing, videanterencing and tele-presence have
a positive impact on productivity e-learning (with benefits on education and
competence development) and distance working, whichturn reduces traffic
congestion, increases virtual labour mobility, aaduces the cost of doing business.
Reliable and high-quality e-health services redute need for expensive
hospitalisation and home visits; while e-governmssnvices increase efficiency and
transparency in public administration, which inntgtrengthens democracy, increases
transparency and decreases corruption and therbofdrireaucracy;

widespread use of advanced ICT services broughtitabp FTTH increases ICT
maturity of the population, which creates both nmtential customers of, and new
human capital for the production of new services piroducts;

This in turns leads to the creation of new ICT camips, which in turn increases the
level of entrepreneurship, favouring the creatibmore companies, or the improved
management of existing ones;

putting in place the correct business model indwatesr benefits back on the ICT
sector: if network and service providers are frkech the heavy upfront investments
required to deploy the passive infrastructure tlhap scale investments with the
number of users served, and therefore achievetghdity in the short-medium term;
This, together with the availability of end userghwery high access speeds will
allow the provision of bandwidth-hungry, but prabte services like HDTV, 3D TV,
Video-on-Demand (VoD). Those profits will then pagate down the value chain to
the network providers (NP) and the physical infrature provider (PIP).

Better broadband quality may lead to changes inakdiehaviours, both positive
(increased interaction with individuals far awayithwpersonal and intercultural
enrichment; attraction away from more passive ¢mtanent habits like TV-
watching, increased exposure to quality informatiand culture) and negative
(decreased incentive to physical social interastioisk of isolation, exposure to new
and poorly understood cyber risks).

Figure 81 describes the complex interactions batvaetors that are affected by and have an
impact on FTTH.

8 Katz et al (2009) refers to a number of studies tramonstrate increased productivity in the sersieetor,
and partly in the manufacturing sector in the ceintd increasing broadband penetration [44]
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Figure 81: Direct, indirect, and induced effects oF TTH Deployment

entrepreneurship

7.1.2 Identification of currently quantifiable effects, calculation method
and data sources
Figure 81 shows that the effects of fibre deployhar many and complex. We have chosen

in this study to identify a number of effects tltain be quantified. We then calculated the
total return that they provide. The effects we helvesen are:

The economic activity directly generated by thewaek deployment; this will also
have both positive effects in terms of increased”GBut also negative ones such as
traffic disruption, pollution. Deployment. It shaube noted that similar effects of
economic activity would also take place when buaiddany other type of infrastructure
(a bridge or a road for instance)
Savings of data and telecommunications dostsinly due to increased transmission
efficiency as well as competition between provid&d) for

o Municipal administrations

o Regional administrations
Savings/added value to individugperceived quality of lifethrough higher speeds
and better services, lower prices through competitbetween service providers);
estimated through an agreement between tenantiadidrds on the value for fibre
connectivity

° To this corresponds a lost revenue for the incurnbperator, which is however difficult to currgntuantify;
the model i R=S—EG -NR whereLR is the lost revenu&G is the efficiency gain forced on the incumbent by
more competitive market, aidR is the new revenues made for the incumbent p@sbiph better infrastructure
and a market with increased ICT maturity..
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« Higher employment that leads to increased GDPutatled by means of statistical
analysis of the situation in different municipagi(note that this will be the net sum
of positive and negative effects on employment meet above)

« Population evolution, a measure of reduced forcegation (currently not quantified
in monetary terms)

The effects that we have chosen to analyse occumaiious forms and are therefore best
estimated using different methods:

+ The (short-term) increased GDP due to network coason is estimated using the
input-output approach; while we currently lack ®otd monetise the negative effects
(mainly traffic disruption and pollution), althougtur estimation is that these are of a
smaller order of magnitude and can be safely dasceyl in a first approximation;

« the indirect savings have been calculated by ealatipn of examples from some
local governments; while lost revenue for the inbemt is left not quantified,
although anecdotal evidence suggest their magnisuiiraited™;

« the direct positive impact on value for end usexs been estimated in the form of an
agreed rent increase,;

« the indirect employment effects are estimated bitivawiable regression analysis;

« the impact of FTTH on population evolution was atstculated using multivariable
regression analysis, but we refrained from quainighthe financial return, due to the
lack of a robust method for this;

« we do not investigate social effects and leave talysis to specialised studies.

The remainder of this analysis focuses on the gempdmt of FTTH in Sweden, more
specifically in Stockholm and other Swedish muradijes (both urban and rural). We focus
on Sweden, because it had the most extensiveflsvailable data, and because Sweden is
well advanced in the deployment of fibre.

Data for fibre penetration was collected by the @sle telecom regulator's (PTS) online
database [66] and from a survey conducted by A&?&& data provides fibre penetration in
each municipality for the years 2007, 2008 and 2@0@rms of percentage of population in
the community who are able to adhere to the filetevark'* and for the year 2010 in the form
of connected customers. Acreo's survey collecta ftata number of municipalities in terms
of percentage of population in the community whe able to fibre, as well as with pre-fibre
connector and active customers, for the year 20Hlso collects other relevant information
such as IT policies, technical and business saigfiprices and services, and more. We have
also collected demographic and socioeconomic data Statistics Sweden’s (SCB) annual
report [70].

Another important source of information has been@ECD, and the FTTH Council Europe,
as well as Acreo’s network of contacts among keyeis in the fibre market, from the city
network, to systems manufacturers, installers, arebe institutes, local authorities and
operators. From these latter sources, we have ctelledata to estimate the investment
required to build out FTTH to all of Sweden. We dawsed the research findings from the
literature to estimate the direct economic actithiy investment will result in.

1 The incumbent telecom and cable operators in Swé@eliaSonera and Comhem respecitvely) are intgrea
wealth and have seen a positive development dihiegast ten years, during which fibre has beerogled
massively by municpalities and alternative opesaitorthe country, and currently show margins at84% [18]
[78].

1 pTS definition: interest in or within 353 metefsadiber-connected property
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7.1.3 Economic activity generated by FTTH deployment

The most direct effect of FTTH investment is theoremmic activity needed to build
FTTH. This is displayed as soon as the build-uptstand disappears when the network is
completed. Its effect is short lived, but may begyéa The best way to make the calculation is
to use the multiplier from thinput-OutputApproach [87]. As a first approximation, we use
the results of a study from 2010 on the German @ogn[45] where it is found that the
investment will result in a GDP increase of 0.98ds the investment. This figure may differ
slightly for fibre-only deployments and between wmtries, so it would therefore need to be
recalculated for FTTH deployment in Sweden in a eanoomprehensive study. We decide
nonetheless to use this figure as a first appratxamawhich would lead to an increase in
GDP in Sweden of 52 billion SEK (&85.8 billion'®) the value of the economic activity
generated by the total fibre investment to coventhole country’.

It is clear, as mentioned elsewhere, that this eeon activity generated by FTTH
deployment is a general effect that would occumfiany infrastructure deployment.

7.1.4 Effects measured: Savings on local data and telecomnications
costs

There are several examples, and all point to tbetfet fibre allows a saving of around 30%
of the total municipal data and telecommunicatiasts. This is partly due to increased
efficiency (reduced equipment, energy consumptamgfootprintper unit of transmitted
information), partly due to the fact that the fibretwork with high capacity allows for more
competitiort*.

Some examples to vouch this number: tiy of Stockholnstarted in 1996 purchasing
telephony from an open market. A prerequisite fug procurement of telephony in full
competition (which was unique to public organizatidn Europe at this time) and to drive
down costs for was that the city had recently cotewits operational sites and offices with
its own fibre network. The city's external telepfi@ost at this time was 150 million SEK per
year. The competition made available on its fibpieonetwork, resulted in a savings of 30%,
i.e. 45 million SEK [25]. However, this is a congative estimate, and savings have probably
grown larger than that over time, says Per-Oloft&sson, who at that time was active in the
City of Stockholm's city council office.

In Jonkoping, Swedenvhere the fibre connection has been less extentie saving figure
was around 10% to 15% [63]. If one compares thardéig for fibre penetration (25% of
workplaces had access to fibre in 2010) with thenigipality of Stockholm (62%) one can
see a nearly proportional relationship betweerefiienetration and savings rate. We have no
examples to quantify the savings brought about @3%d penetration, so we work with the
Stockholm figure. If one extrapolates this figureni Stockholm to all municipalities in
Sweden, FTTH would lead to savings of approximab€l§ million SEK in annual municipal
data and telecommunication costs for the entirezyty.

12 ysing a long-term exchange rate of €/SEK=9.

13 |f we consider that current fibre penetration @ pero, both actual cost and benefits would haveet scaled
down as we will argue in in Section 7.1.8; pleaderralso to [33] for a broader analysis.

4 e.g. in Stockholm, there are about 90 differemraors in the network

!> |f we consider that, according to PTS, about 3G%wedish households already have access to FTHi$, t
figure would scale down to 350 million SEK annuadly a return of the total FTTH fibre investmentéwer the
remaining part of the country.
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Similar savings have been observed at regional radtration as well. The Stockholm
Regional Council (Stockholms lans landsting) reduite data and telecommunications costs
by 50%, equivalent to 60 million SEK thanks to flire network [25]. INNorrbotten a fibre
network has been installed, linking five hospitaé88, clinics and 34 dental clinics, which
reduced communication cost also by 50%, while gliog a fifty times faster communication
[26]. Service providers have been able to creatatiens for digitised medical records,
transmission of digital radiography, digital re@pe&ideo conferencing and IP telephony. If
we extrapolate the Stockholm’s and Norrbotten’si®&g Council savings to all of Sweden,
FTTH would result in a saving of around 270 millioBEK of annual data and
telecommunications costs by the regional governgienSumming this figure to the one
extrapolated for the municipalities leads to aoral saving of around 770 million SEK (or
€86 million) annually.

7.1.5 Effects measured: Savings/added value for individals

As we argued before, the individual benefits of HTVary in direct and indirect ways: high-
guality services at lower prices, especially eaiarhent and communications, the ability to
work remotely and more free choice of work and hhagysimproved individual health,
reduced need for hospitalization, simpler and muesmsparent interaction with public
services, etc. It is difficult to estimate the \alof FTTH for end users in dollars and some of
the effects may only show up later (indirect anduiced effects). We can still estimate a
conservative figure for the direct effects, in teraf willingness to pay, by observing that the
Sweden’s tenants’ associatiofyfesgastforeninggnhas agreed with property owners’
associations and housing companies to an increasmi between 45 SEK and 47 SEK per
month (equivalent to estimating the value of FTDHah average 46 SEK per household per
month) [55]. This would lead to a value of 2.3 ibii SEK (or€258 million) per year if
Sweden's 4.2 million homes connected to fibre-opsiwvork”.

7.1.6 Effects measured: Population evolution

A way to verify and quantify the benefits of fibeto collect relevant data for a large number
of municipalities with different fibre penetratioand relate fibre penetration to how some
economic indicators have changed over time. Ofsmuhe socio-economic development in a
municipality depends on more than fibre investmA@ntelevant analysis of the effects of the
fibore must be based on a model that takes into uletcas many relevant factors as
possible. Such a model can be described as adancti

Y=f(X1, Xz, ...,XN), (1)

whereY is the socio-economic indicator that one wishes explain (thedependent
variable),andX, are the various factors that have impact on tdeator.

When such a model has been developed, one canveblsew well it reflects reality by
measuringr andX; Xz, ..., Xnyin a number of different municipalities. The diface
betweenY andf (Xi, Xz, ..., Xn) gives the errore,which depends partly on the model's
limitations and partly to errors in the measuremehy andXy, X, ..., Xy (measurement
error). The smalleeis, the better the model.

16 Calculated with a simple linear extrapolation, egivStockholm County’s and Sweden's population being
2,073,952 and 9,446,812, respectively, in June 2011

7 If we consider that, according to PTS, about 3G%wedish households already have access to FTHi$, t
figure would scale down ti.6 billion SEK annually as a return of the total FTTH fibre invesnt to cover the
remaining part of the country.
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We can expect that the evolution of population $ias a tendency to continue in the trend it
is in, unless something else happens, i.e.:

P(t) / P(to)= {P (to) / P(to — T)}, (2)
whereK is a factor that tends to be equaltte-{o)/T. The trend may be affected by various
factors, which may increase or decrease the attemetss of the municipality, such as housing
rent, improvement/deterioration of various serviaad infrastructure, economic situation in
the region and more. We can model the effect addlehanges as a contribution in terms of
percentage increase/decrease in population, whactslates into an exponential term in our
equation for any such effect. Equation (2) theretogcomes

P(t) / P(to) = {P(to) / P (to — T)}  exp {k1 X 1 + K2 X2 + ... + Ky X} 3)
If we take the logarithm of both sides of the etratve obtain:

Ap(t) = |Og P(to) + KIAPT + k1 X1+ ko Xo+ ...+ Kn XN, (4)
whereAPt = {P(tp) — P(to— T)}/ P(to— T) is the population change starting from titpever
the time period’, where we have used log(L0 x — 1 for x << 1. Which ones, among all
possible factors, we choose to include in the maldetermined by a compromise between
model accuracy and availability, reliability andcaracy of factor measurements. Statistical
independence between factors is also an importamanpeter for the model to be

applicable. In this study, the measurement datdadla to us, allow us to specify the model
tolS

log P(t) = log P(to) + K/AP (to) + A= F(to) + AsAS(t) + &y U(to), ()
wheret = 2010,tp = 2007,T = 10, so thaP(t) andP(ty) are the population of the municipality
in the years 2010 and 2007, respectivARy(t) is the relative population change between
1997 and 2007 (t—3) is the proportion of the population of the mupadity provided for
connection to fibre-optic network As(t) = s(t) — s(to) is the change in tax set, and) is the
share of foreign citizens in 2007 (with resident&weden for at least two years, according to
SCB definitionf®. That is, the model looks for a correlation betweke situation in the
municipalities in 2007 (namely population trendyré infrastructure, and demographics) and
the change in the population three years later.Weduced the time shift for two
reasons. One is that the effects of the changeasaraly not instantaneous (except taxation
change$). The second is that it eliminates the problemesErse causality (although not the
possibility that a third factor is the cause oflbibre investment and change in population
trend).

We can now use the model to quantify the impaeaah effect. Equation (5) has the merit of
being linear, which allows us to verify the modsing linear multi-variable regression, which
consists of estimating the unknown coefficietshat minimize the errdf, & More

18 Other factors that we considered are the costetraining costs, costs of elderly and disablegypation in
the age group 20-64 years, proportion of populatigad 65 years, and average income, but all sheitleer
non-significant correlation with P(t), or high celation with APT, or both; measurements of educational
attainment (which we judged as possibly relevarmt} wot available.

19 pTS definition: interest in or within 353 metefsadiber-connected property
20 \We observe that U(t) as well As(t) and F() are uncorrelated withP;(t) for t = 2010, ¢ = 2007

% That's why we look at the s(2010) — s (2007); w&ehactually run the analysis by taking into act¢daxation
changes in previous years, but found much lesagtorrelation.

2 That is,p, is the estimate of the unknown fackqr
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specifically, for each municipality we measur®(t)?, P(to) ©, AP:" F(tg)® + As(t)” and
then measure the erroras

£¥ =10gPt)" - { log P(to) ¥ + K /APy + & F(to) " + k& As()® + Ky u(t)) . (6)
We can compute an error indicator @s= = |¢"”F and then look for the smallest values
of g. by varyingK, &g, ks, k. The valuesfk, G G B which minimiseg, define our
estimate of the effects &, &, s, K.

When we run the calculations in the software emritentMATLAB ®,using a linear
regression toolbox, we get the following results:

bc=0.27 + 0.02
G- = 0.025 + 0.008
Ss=—0.50 % 0.42
3,=0.18 +0.13,

where we have also indicated the 95% confidencervat. We can see that much of the
population evolution is explained, as expectedtheyprior trend (angk is close to the value
which we would expect, if the trend from 1997 tdd20emained unchanged in the period
2007-2010, i.e. 3/10 = 0.3). We can then obserae FTTH has a positive effect: a 10%
increase in the proportion of the population theatehaccess to fibre, corresponds to a positive
change in the population after three years of 0.298t surprisingly, tax cuts also have a
positive effect in the short period (3 years), thlodheir significance is not strong, as shown
by the large confidence interval. Finally, perhdgss expected, high proportion of foreign
citizens has a positive effect on the populationettpment (although also with a weak
significance).

Let us now analyse the effect of fibre in more detiigure 82 shows a graph in which each
municipality is represented by a point whaseoordinateshows the municipality's fibre
penetration (measured as a proportion of the ptpualavith a fibre connection) in 2007, and
whosey-coordinate shows the adjusted change in its ptipaldetween 2007 and 2010. The
adjustment represents‘@eansing” of other factors, and a removal of the avefagéhe
black line follows the model’s forecast, wifh = 0.025. Each municipality deviates from the
forecast with a certain erras®, which is explained by other factors that the mattes not
take into account.

It is important to recall that 95% margin of er®08 means that a municipality’s population
would have increased between 0.17% and 0.33%][Q025 £ 0008] x 10%) if it had 10%
more fibre and if everything else had been exabiysame; and this statement is true with a
95% certainty. The fact that a particular munidiyashows a population development that is
greater or less than the model’s prediction dodsdepend on the confidence interval, but
because everything else that the model did notitdkeaccount (and thatas notexactly the
same in all municipalities), as well as measureneerdrs. The reader who is more familiar
with multi-variable regression can see more detdithe calculations in Table 30 below.

It should be noted that the changes populationugenl is most likely due to reallocation
between municipalities, hence extrapolating a finigen positive population evolution to the
whole country and conclude that Swedish populatimuld be boasted by fibre would be

2 We will have a specific error for each municipalibecause, even except as regards to measurement e
each community is unique and will therefore be dbed better or worse by the model than other nipalities

24 In mathematical termg® = log P(t)” — log P(to)? — B« [4P1o" — <AP15>] — Bs [45(t)? — <As(t)>] - B, [u (o) —
<u(tp)>], where <> = %N x(i) is the mean value of the factor x over the N € B@unicipalitiest = 2010,t, =
2007
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wrong. Rather, what is most likely happening ist thb@ople living in municipalities with a
good fibre infrastructure are more free to choasdite where they prefer (often their
hometown) because they are able to work theregadsof being forced to move to larger
urban areas. In other words the effect of fibréh& of stopping migration from rural to urban
areas. This is generally seen as a positive fadhBsocio-demographic and economic fabric
of the country, although the slow-down in urban@aper se may represent missed efficiency
opportunities and has some positive as well negagifects on the environment which are
hard to quantify.

15% T T T T T T T T T

10% -

0% - 4

Andring invanare Dec 2007 - Dec 2010 (justerad)

_15% 1 1 1 1 1 1 1 1 1
0% 10% 20% 30% 40% 50% 60% 70% @80% 90% 100%

Andel med forutsattning for fiber ar 2007

Figure 82: Effect of fibre installation in the municipal attractiveness: one can see that higher fibre
penetration in 2007 (measured as a percentage ofgrondition for fibre according to PTS definition)
point to a higher occupancy (or lower emigration fom) the local authority (measured as percentage
change in population, adjusted for other effects).

Table 30: Performance of Linear Multi-Variable Regression

Nurmber of observations: 290

R-square: 0.77335

Adj. R-square: 0.77017

Expl ai ned vari abl e: | og(pop_Dec_2010 ./ pop_Dec_2007)

beta coeff | std. err | tstat | 95% conf int | paraneter
0.02548 | 0.0042499 | 5.9954 | 0.017116 0.033845 | PTS_FN_2007
-0.50148 | 0.21558 | -2.3262 | -0.92579  -0.077174 | (s2010 - s2007
)
0.27269 | 0.0105 | 25.971 | 0.25203 0.29336 |

Del t a_pop_10_2007

0.18092 | 0.066612 | 2.716 | 0. 049817 0.31202 |
f orei gn_share_Jun_2007

-0.0013712 | 0.0017409 | ~-0.78766 | -0.0047977 0.0020552 |
ones(| engt h(K01), 1)
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7.1.7 Effects measured: Employment

When it comes to employment, we make the assumpghah a municipality with high
employment is also an attractive place. This iswgh qualitative argument, but it will help
when we try to separate the effect of FTTH fromeotfactors. An indicator describing a
municipality's attractiveness is its population i@ over the decade 1998-2007 (see
previous section). One can thus expect that a npatity that has had a positive evolution for
a decade has great potential to have a positiveoecp, which can lead to positive
development of employment. This is currently onlyvarking hypothesis that needs to be
verified in the calculation. We can then identifynamber ohewfactors, i.e. factors that
appeared around 2007 (or a short period aroundsith potential due to the change in
employment. Fibre is one such candidate, as disdussChapter 3 (although we expect most
of its effects on employment to occur in a periodder than three years). Other factors that
we can identify are immigration, tax changes frof02 to 2010, education, and other
infrastructure and services in the municipalityefidfore, we can construct a similar equation
as we did for the population development

Aw(t):KMPT+K1X1+ KXo+ ..+ KnXnt Do, (7)

where we have now added a tedly, which accounts for the national change in empleryim
due to general economic conditions, and that affalttmunicipalities.

Again, which ones among all possible factors weoskdo include in the model is determined
by a compromise between model accuracy and avidyaleliability and accuracy of factor
measurements, and statistical independence. Ouelrtiogh becomés

Aw (t) = K[APr (to) + A F(to) + A" U’ (to) + 2, (8)

wheret = 2009,tp = 2007,T = 10, so thaf\P+(t) is the relative population change between
1998 and 2007 (to) is the proportion of the population of the mupadity provided for
connection to fibre-optic netwotk andu.(t)is an indicator ofeconomic
advantageousimmigration, defined as:

Uu*(to) =u(to) [T i(to) >ir]. 9)
The indicator is based on the observation that gnation can lead to positive and negative
effects, depending on its nature. One can expattgylum based immigration has a negative
effect on employment in the short term, while thmigration of highly educated people has
a positive effect. The statistics about the typenohigration is missing, so we used average
incomei(ty) for a municipality as a guide: we made the asgionpthat highly educated
immigrants have higher purchasing power and wilréffore settle in the area with higher
average income (and typically higher housing pjicés municipality has an average income
exceeding a certain threshajd the municipality is classified d8ch” and its share of
foreign citizen§’ u(to) is equal to théeconomic advantageous”
immigrationu®(tg). Otherwise, u’(t) = 0. However, we could not find an indicator
of "economic disadvantageousifnmigration.

% Here also, we have tested the effect of pre-tgigsts, costs the elderly and disabled, populatiaghe age
group 20-64 years, proportion of population agedyéars, and average income, but all showed eitbar n
significant correlation withP(t), or high correlation wittAPT or both; neither changes in taxation nor taxatio
level inty showed any correlation withi(t) either; neither did immigration (as defined byE§Chowever, there
was significant correlation betweaw(t) and u’(ty); again, measurement of educational attainmentcfwive
judged as possibly relevant) was not available

% PTS definition: portion of population within 353eters of a fiber-connected property
2" Again, u(t) as well asts(t) andF(to) are uncorrelated withPy(t) for t = 2010,t, = 2007
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Again, we look for effects on employment after ata@@ time. SCB's latest data on
employment, however, was November 2009, therethetime lag is 2.5 years. We expect
stronger results with longer lags. Again, we aakiog for 5, G, B, o which minimise the
error varianceg; which estimates the effed(s &g, x," andxo. Matlab ® calculations give us
the following results:

G =0.11 +0.02

G- =0.011 + 0.010
B =0.51+0.44
[o=-0.017 £ 0.002,

where we have also indicated the 95% confidencerniat. We can see that some of the
employment change is correlated to population chabgtween 1998 and 2007, which
supports our hypothesis that this is a good indrcat the municipality's attractiveness (and
margin of error foysx is relatively low). The economic cycle also hasignificant but less
powerful influence: all other factors being equahployment declines by 1.7% (and in the
years 2007 to 2009 actually showed a reductiompleyment in Sweden).

We can then observe that fibre has a positive gffathough with less intensity and
significance than on population development: a ldrease in the proportion of the
population that have access to FTTH, correspontiragpositive change in employment after
two and a half years between 0% and 0.2%. Finallyigh”economically
advantageousimmigration has a positive effect on employmen% higher share of
immigrants in the "rich" municipalities in 2007 repents a 0.5% higher employment.

Let us now analyse the effect of fibre in more deflagure 83 shows a graph in which each
municipality is represented by a point whaseoordinateshows the municipality’s fibre
penetration (measured as a proportion of the ptpualavith the condition of fibre) in 2007,
and whosey-coordinate shows the adjusted change in its emmoy between 2007 and
2010. The black line follows the model's forecasith 5 = 0.0011. Details of the
calculations are shown in Table 31 below. Fibreegtnent are expected to show positive
effects on employment through indirect and induettelcts, so it will be interesting to follow
developments in order to verify & increases significantly in the coming years.

As in the case of population evolution, what thgression analysis tells us is that there is a
causal correlation between fibre penetration andrtghedium-term employment:
municipalities with higher fibre penetration terw have better employment evolution than
those with lower fibre penetration. In principleisthcould be given explained by two
phenomena:

a) Fibre-rich municipalities attract jobs from neighipimg municipalities, or

b) Fibre-rich municipalities create new jobs that wbatherwise not have existed.
In case (a), there is a mere job reallocation ffilame-poor to fibre-rich municipalities, so the
total gain is zero. In case (b), new jobs are adaledi any fibre deployment leads to a job
increase. In fact, one can imagine a further case:

c) Fibre-rich municipalities create new jobs withieithterritory, and to a lesser extent in
neighbouring municipalities, due to spill-over eti&®.

In fact it is reasonable to assume that a mix ef tfree effects takes place. Anecdotal
evidence suggests that case (a) has stronger irtigaccase (B3, while case (c) may have

%8 This effect could actually be measured in a mophisticated regression analysis, using geo-taggfrthe
municipalities, which will be implemented in a foet stage of the study.
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importance in Southern Sweden, as well as in theopalitan regions of Stockholm and
Gothenburg, where physical distances between npalites are smaller.

25% T T T T T T T T T

20%

15% - .

10% - .

Okning/minskniny av sysselsatta, 2007 - 2009 (justerad)

nlllln 1 1 1 1 1 1 1 1 1
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Andel med forutsattning for fiber ar 2007

Figure 83: Effect of fibre installation in municipal jobs: one can see that higher fibre penetratiomi 2007
(measured as a percentage of pre-condition for fileraccording to PTS definition) point to a better
development of employment in the municipality (meagred as percent change in employment rates in the

municipality, adjusted for other effects).

Table 31: Results of Linear Multi-Variable Regresson

Nurmber of observations: 290

R-square: 0.30812

Adj . R-square: 0.30087

Expl ai ned variabl e: (w_Nov_2009 - w_May_2007)

beta coeff | std. err | tstat | 95% conf int | paraneter
0.010579 | 0.0049547 | 2.1351 | 0.00082698 0.020331 | PTS_FN_2007
0.10806 | 0.012329 | 8.7646 | 0. 083794 0.13233 | Delta_pop_10_2007
0.50822 | 0.22574 | 2.2514 | 0. 06393 0.95252 | | _plus_Jun_2007
-0.016827 | 0.0012631 | 13.322 | -0.019313  -0.014341 |

ones(| engt h(K01), 1)

% |In the many interviews with key people involved fibre deployments we heard many stories of local
companies staying put or of new companies beingtede but not much about companies leaving a nadity
with low fibre penetration for a fibre-richer muigality.
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7.1.8 Overall socio-economic returns

If we consider a rapid deployment scenario in whiel FTTH network is built in four years,
with a 40% investment in the first year and the agder distributed over the year 2-4 with
gradually decreasing intensity (see Figure 84)cifipally the investment in yedar=1, 2, 3, 4
and 5 is

(1) = 0.4K,
1(2) = 0.3K,
1(3) = 0.2K, (20)
1(4) = 0.1K,
[(5) =0.
We assume that the resulting fibre penetrationacheyear is proportional to the cumulative

investment up to the year before, and we do ndtidecoperating costs. Similarly, we take no
account of inflation, and discount rate, but makeaalculations in real terms.

With these assumptions we can take the figure ke above, and weigh them with fibre
penetration reach at each year. Direct returngdart are given as:

Aq (t) =0.93I(t - 1), (11)
according to the calculation results that [44] Haseloped for direct return for investment in
broadband infrastructure (whdi— 1) is the investment in the previous year).

Indirect returns are counted as:

A (t) = (b + b + bi Nn + 0.01y No) R(t) [1 —F(0)], (12)
whereby is the municipalities’ total savings,is the municipality total savingb,is the
individuals’ savings/added value per househhldis the number of householdsandN, are
Sweden’s current average income and labour foF¢B). is the current fibre penetration in

Sweden (30% according to PTS), &t — 1) is the accumulated years bef8r&he total
return in yeat is simply:

Aot (t) =Aa () + A (D). (13)
The resulting returns as a function of time arespnéed in figures below. We can note that a
total investment of about 39 billion SEK @®4.3 billion) giving a cumulative return of about
59 billion SEK (or€6.6 billion) after five years. In other words, €linvested festwnow and
about four years, brings back a minimum of €1.5iva years. We expect that the returns to
be greater than that, due to other effects thatliffieult to quantify. We plan to tackle this in
a more extensive study. Furthermore, it shoulddiechthat a similar effect can be expected
by another type of municipal investment.

We use the results generated above in Equations«({D3) to calculate the investment and
return over time. The results are presented inlgrdipat show how the investment and return
may look like in five years.

Figure 84 shows the investment and returns in a Yteean be seen that during the first year
investment is highest, but decreases in the foligwyears, according to the assumed
investment plan of Equation (10). On the other handignificant return starts appearing as
early as at year two, thanks to the direct econ@uiivity generated by fibre deployment.

The return due to direct effects starts decreasiitly time (Figure 85), while indirect and
induced economic effects increase. Induced effaadikely to grow larger with time, but a
more comprehensive study is needed to quantify this

%9 |n mathematical terms0t | (t — 1)

OASE Page: 143 of 192
FP7 — ICT- GA 249025



Value Network Evaluation
S OASE_WP6_D6.3_IMINDS_31012013_V1.0
In Figure 86 we see that the cumulative investmeathesbreakeven”in terms of societal
impact of 3.5 years, and after five years the tairn to 1.5 times the total investment.
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Figure 84: Investment (red) and socioeconomic retus (blue), in million SEK
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Figure 85: Direct and indirect socioeconomic yieldmillion SEK)
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Figure 86: Cumulative Investment (red) and socioeammic returns (blue), in million SEK

7.2 Bottom-up approach

A second methodology for identification and quacdfion of the uncaptured value or
indirect benefits of broadband or more specific#flyTH, aims at listing all the specific
services that will have an effect on the differstatkeholders (or society at large) when being
deployed in an environment where a good-qualityabband network is present. The
identification of these services and their effestdbased on a developing a tree structure,
starting from the different sectors, going overvems and sub-services, to end up at the
concrete effects. The aim of this second approadhean to pick some specific effects that
have the greatest impact and for which data idabai so that they can easily be quantified.

In order to identify as much indirect effects asgble, we chose to start from the various
sectors that are influenced by the availabilitygobd-quality broadband and identify specific
services for each sector that use this availabibtygain efficiency or reduce the costs of
operation. The specific effects for these serviaes then identified, sometimes directly,
sometimes through the use of sub-services.

7.2.1 Bottom-up methodology for identification and quantfication of social
benefits

This section will describe the model designed faaleating the value of the indirect effects
of a broadband and FTTH network using a bottomypp@ach. This type of approach allows
to more clearly link the monetary results to thdividual effects, while a top-down method
starts from aggregated macro-economic data. Wectselethis bottom-up methodology
because of its transparency and because it enablespredict the individual indirect effects
of broadband deployment.

The methodology consists of two main parts: firsthe important effects are identified by
means of a tree structure (section 7.2.1.1) andnsi®yg, the individual effects are modelled
and quantified (section 7.2.1.2). The value forehg&re sector or actor can then be calculated
by summing the values of the related effects.

7.2.1.1ldentification approach: building a tree structure

The identification process takes the form of a s&ecture, starting from the different sectors
that can be influenced (e.g. eGovernment), to itl@mg specific services that are deployed
(e.g. an e-counter deployed by the city or munidygato finally arrive at the actual effects
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of these specific services (e.g. reduced numbeisads to the administrative centre, leading to

reduced travel and waiting time and costs, as wasllreallocation of the administrative
personnel’s time). A generic example of this treacture is given in Figure 87.

Effect 1

Service 1

Effect 2

Sector

Service 2 Effect 3

Figure 87: Generic example of identification tree

The individual effects are subsequently categorededg three axes: measurability, term and
actor. A summary of the categorization axes, as$ agltheir abbreviations, can be found in
Table 32 in section 7.2.2.

The axis measurability indicates whether the valuine effect can easily be transformed into
a monetary value. There is a distinction betweebjestive (cannot be converted in a
monetary value) and objective (can be more easityerted into a monetary value).

The second axis is the term: here the effects iemepgd on basis of the period in which the
underlying services need to become “operationaBamning that 50% of the target audience
uses the specific service and will therefore beaotgd by the effect. A distinction is made
between short term (the service is operationaliwizhyears after deployment of the network)
and long term (the service needs more than 2 yedrscome sufficiently adopted). Examples
of short term effects are the gains in travel tohe to working at home, or the reduction in
letters sent when changing to an e-counter atdh@rastrative centre of the city. Long term

effects are then for instance the reduction in ajpamal expenditures of a company that
allows its employees to work (partly) from home, amreallocation of the administrative

personnel of the city from front to back office.

The third and last axis of categorization referswibo benefits from the effects. The
distinction is made between “government” (all loaatl general authorities), “companies” (all
private entities, both SME’s (Small and Medium Eptses) and larger firms), “individuals”
(inhabitants of the region under study) and “sgti¢a more general actor that accounts for
e.g. environmental effects).

7.2.1.2Quantification of the individual effects

After the identification of the different effectdhie most important (and quantifiable) effects
are monetarized by multiplying the amount of sasitigat can be gained for one entity (e.g.
per person) with the total amount of entities iafluaed. A schematic overview of the different
steps in the model is given in Figure 88.
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. Amount of savings * Monetary value of 1
e EEn ey x or profit (units) unit (€)
Labor force about 35 km each time €0.5 per km
% assigned to each Adoption rate of the
Amount per year n
x pery x actor x service
44 per year 8.75% for companies 32% market potential
91.25% for individuals
% assigned to
traditional % assigned to FTTH
broadband
x 80% x 20%
Adoption rate of .

P - Adoption rate of
traditional FTTH
broadband

] -
[ ]

Value of effect due

to traditional

Value of effect due
to new FTTH

broadband

network

Figure 88: Overview of the quantification model wih integrated example for teleworking

The model calculates the monetary value per elfgchultiplying eight different parameters.
The indirect effects of teleworking are used tdelate on these parameters in the following
paragraph.

Firstly, it is assumed that each specific effediyonfluences a specific section of society, so
only the rightpopulation groupis taken into account. For example, teleworkint anly be
possible for the labour force (people aged betwegrand 65). Secondly, themount of
savings or profitthat can be made per member of the populationpgretevaluated (e.g.
amount of km saved by avoiding commuting). Thisieashould then be “transformed” into a
monetary value in Eurdn our teleworking example, 1 km equals €0.5i(tgknto account
the fuel and insurance costs of the vehicle, acegrtb own calculation based on [32] and
[81]). If we multiply this with theamount per yea(in case of teleworking, we assume that
people work 1 day per (work)week from home, whieads to 44 days a year), it gives us the
average saving for the entire population per y@arcourse, these savings shouldassigned

to the right actor(in the example, around 90% of the cars are miyatwned, while about
10% of the employees drive with company cars, wheells to 90% assigned to “individuals”
and 10% to “companies”) and tlagloption rate of the servicghould furthermore be taken
into account. This adoption rate reflects how fimt service is adopted (relates to the
short/long term classification), as well as the mmaxm percentage of the population group
that is eligible for using the service - the mangetential, 32% in our example [65]. Finally,
the split between traditional broadband (up to 2Bbpks) and FTTH is made, where the
specific adoption rates of both technologae taken into account, as well apaacentage
that indicates if traditional broadband sufficeshimher-speed FTTH is necessary.

This methodology can be followed for all the indireffects individually. The results for the
specific sector (e.g. eBusiness and eGovernmedfpafor specific actors (like “individuals”
and “companies”) can then easily be calculateduoyrsing the related values.
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7.2.2 Identification and categorization of indirect beneits for eGovernment

and eBusiness

Using the methodology described above, we will fdigrand quantify the effects for the
sectors eGovernment and eBusiness, because ingbetsgs, the most important effects for
the near future can be found [40].

eGovernment or electronic government utilizes & environment in an integrated manner
to offer public services to all, at any momentlwd tlay. Using eGovernment will improve the
guality and speed of those public services, antlemhance the support of the government
policy and the democratic process [31].

eBusiness on the other side, is typically definetha application of ICT for the support of all
kinds of business activities. Using ICT in the wiatkenvironment improves the efficiency of
the employees, can help to improve the productieftthe company and allows flexibility in

working hours and location.

This section will identify the most important ineat effects of both sectors, and will
categorize them based on the three axes descnbsettion 7.2.1.1. The abbreviations used
in the identification tables, are shortly explainedhe table below:

Table 32: Abbreviations used for categorization

S/O S Subjective
O Objective
Term LT Long term
ST Short term
Actor G Government and local authorities
influenced C Companies
I Individuals
So Society

7.2.2.1 eGovernment: from physical contact to electronicdrms

Within the eGovernment sector, two main servicegehzeen identified, and their effects are
summarized in Table 33. The first includes all a#tlons for which the citizen needs to
contact the administrative centre (e.g. extractom of birth certificate, application for a
driver’s license, etc.). Transforming this physicahtact into an electronic format, saves the
citizens (at least some of) the travels to the biyl. For the (local) authorities, this effect
entails a huge amount of savings on paper andddtiebe sent. One typical example of this
electronic format is the online submission of taxekich is now already used by a fair
amount of the population in most cities.
Table 33: Identified services and effects for eGovement

Service Subservice Effect S/O | Term | Actor | Quantified?
eGovernment
Government- | Switching  from| Reallocation of the time of theO LT G Yes
citizen personal contact t¢ administrative personnel (capacity
transactions | electronic contact can be used for other services,
(income tax| like back office)
preparation  and™Time gain 0 ST [ Yes
return,  applying _
for licenses, Travel cost saving, both fuel andO ST I, C Yes
parking costs
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paying for tickets,| Decreased consumption of pape© ST G Yes
etc.) (e.g. sending letters)
Decreased traffic jams and roadD LT So Yes
accidents
Less stress S LT I No

Reduced C@emission (and other O LT So Yes
harmful gasses)

Providing Time gain (0] ST I, G No

information  and"Reajiocation of the time of theO LT G No

resources for administrative personnel

citizens online _

(e.g. e-newsletters, Travel cost saving (0] ST I, G No

city information,| Decreased consumption of pape© ST G No

personal  profile,| (e.g. brochures)

etc.) Retrieving information outsidé S LT I No
office hours

7.2.2.2eBusiness: travel savings from teleworking and dianhce training

In eBusiness, the most important services thattergalirect effects are teleworking (also

referred to as working-at-home) and training of Eywpes (from a distance). A high-speed
broadband connection (preferably over fibre) wlilba people to access their files at home as
quickly as they would be able to do from the office enable employees to discuss with
colleagues all over the world through real-time kiBeoconferencing. These options permit
employees to work (partly) from home, reducing th@mmuting time and cost, give the

companies the opportunity to cut back their operati expenditures (e.g. rental fees for
office space), while videoconferencing decreases rtcessity of business travel. These
services and their categorized effects are sumethiiz Table 34.

Table 34: Identified services and effects for eBusess

Service Subservice Effect S/O | Term | Actor | Quantified?
eBusiness
Teleworking Working from| Reduced travel (time and costs for
home both fuel and parking) (0] ST I, C Yes
Decreased traffic jams and road
accidents 0] LT So Yes
Reduced emission of GQand
other harmful gasses) (@) LT So Yes
Reduced stress S LT I, C No
Decreased number of absenteeism
by illness (@] LT C,G Yes
Reduced office space and
operational expenditures (0] LT C,G Yes
Higher independency and
flexibility for the employee S ST I No
Reduced spending on human
resources 0] LT C,G| Yes
Videoconferencing| Less business trips o LT C Yes
Training of Grouped Reallocation of the time of the | 4 LT C No
employees management of support staff
ICT infrastructure | More efficient use of network-
for clustered and ICT services
companies (@) LT C Yes
Online training Reduced travel (time and costs for
(possibly from both fuel and parking) (0] ST C, I Yes
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home) Reduced stress S LY C, No
Reduced emission of GQand
other harmful gasses) @) LT So No
Decreased traffic jams and road
accidents @) LT So No

7.2.3 Evaluation for Ghent: an urban area

7.2.3.10verview of the input parameters

The model will be applied to a specific case studyhe city of Ghent, an urban city in
Belgium with a well-developed DSL and cable netw@okit no FTTH yet). The city was
chosen because it definitely has the charactesigtipossibly benefit significantly from a fast
and reliable broadband network. The city houses dl-egtablished university with
comparable number of students, as well as a bisscaapus where lots of smaller high-tech
enterprises are settled (among which grew as dpicampanies from the respective
universities).
Table 35: Regional data for Ghent [71]

Parameter Ghent
Number of inhabitants 246,719
Number of households 106,805
Number of SMEs 7,289
Number of students at the 31,445
university

Commuting population 138,597

If comparing these regional data with the data ftbe parametric areas as defined in OASE
(Table 11), we see that we can clearly qualify Glanan urban area (household density is
about 600/krfy, SME density 45/kfi). The calculation period will be limited to 201230,
and the discount rate set at 10%. We assume an E€pldyment at the start of the business
case analysis (2013), which means that first FTifeces will be visible in 2014.

7.2.3.2Results from the bottom-up methodology

. We will first discuss the total value of the irefit effects for both sectors, identify the most
important effects, to finally evaluate the value petor (according to the categorization axes
as described in section 7.2.1.1).

Total value

The first result we show is the total value fortbaectors (Figure 89). This total value
represents the addition of the effects due to atilbeoadband and the effects of fibre. The
total value for Ghent sums to €930 million (cumwatand discounted until 2030). Clearly,
the value of the indirect effects from the eBussnssctor is much higher than the value for
the eGovernment sector (about a 1/10 ratio). Thxaeation can be found in the individual
effects that make up this total value, on whicH & elaborated further in the next paragraph.
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Total cumulative effect for eGovernment Total cumulative effect for eBusiness
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Figure 89: Total cumulative effect for both sector{cumulative and discounted with 10%)

Evaluating this total value is of course relevamii calculating down to the value per
individual (for eGovernment) or per company (eBess) might give a better insight. These
values are shown in Figure 90 (cumulative and distaxd over 20 years), where a distinction
is made between the value obtained by custometshéwe “normal” broadband, and those
who are subscribed to fibre.

A more important result that can be concluded fritms graph, is that there is a clear
advantage of broadband and fibre for both sectdtBpugh the value for eGovernment is
limited to €100 spread out over 20 years. This lvawever easily be explained by the types
of services identified for eGovernment: most ofnthean also easily be used on “normal”
broadband (for more details on these servicesTabke 33). The value of about €150,000 per
company, on the other hand, is significant.

Value of eGovernment per individual Value of eBusiness per company

Ghent

M broadband

fiber

€0 €20 €40 £60 £80 £100 |€0  €20,000 €40,000 €60,000 €80,000 €100,000 €120,000 € 140,000

Figure 90: Value of the indirect effects for eGovarment per individual, and eBusiness per company

Most important effects

To identify the most important effects, we step waweom the adoption curve of the
technology, but only look into the maximum potehtiithe service itself. Referring to Figure
88, only the first six parameters are taken intcoaat. We opted to compare the services in
this way to exclude the impact of adoption of teehnology, so that we can compare both
cases on a fair basis.

The comparison for eGovernment is made in Figuterg travel savings take up the largest
part (88% respectively). These savings includerggmvon time, fuel costs, parking costs and
other costs related to automobiles, like insurafideas to be mentioned that these costs only
apply to inhabitants that visit the administratoantre of the city hall by car. We didn’t take
public transport or biking into account, so thisueacould even be higher. The other effects
are much smaller, but not negligible.
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eGovernment

M reallocation time
administrative personnel

M travel gains (both time
and costs)
[l less paper and letters

reduced CO2 emission

other

Figure 91: Indication of the most important effectsfor eGovernment

The same analysis can be performed for the eBussegor (Figure 92). Here, about 80% is
taken up by savings in travel and office space {a103,000 per company). Allowing
people to work from home, can on the long term cedilhe amount of office space needed.
On a shorter term, these effects are already awetslin operational savings (for e.g.
lightning, electricity, cleaning staff, etc.). A moon remark made on these operational
savings is that they are not really saved, butsteared to the employee itself (since this
employee now has to pay for the electricity, hegtetc. at home). However, this electricity
cost represents only a small part of the totalregsithe largest part of the savings is made by
renting costs for office space and furniture (ckitad here as the savings in office space if
16% of the working population would work feom hoatdeast 1 day per week). Quantifying
these savings might therefore provide companie$ whie incentive to pay the internet
subscription of their employees at home, whichumtcan provide a higher willingness to
pay and as such an incentive to deploy fibre neksvor

eBusiness

M travel gains (both time and
costs)

M reduced office space and
opex

M more effcient use of ICT

reduction in expensesfor
trainings

other

Figure 92: Indication of most important effects foreBusiness
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The same reasoning holds for a more efficient d4€: if a fast broadband connection is
present, companies can centralize their ICT infuastire (servers etc.), which allows sharing
this infrastructure among different locations.

Although not included in the eGovernment sector @gsumed one administrative centre
location in each city), this sharing of ICT infrastture could also entail large savings for the
authorities, and should be kept in mind when evalgapublic investment in fibre
infrastructure.

Value per household

To conclude this results section, we give an owsvwf the value that these indirect effects
can entail per household, since the costs for lraad connectivity or telecommunications in
general is to be paid per household, and not mkvidual. When dividing the total value for
both eGovernment and eBusiness by the number femlds, we arrive at a total sum of
about €8700 over the calculation period of 2013R20is is of course a very high number,
and perhaps too optimistic, since in this fastuakon, all the benefits were subscribed to the
households. More fair is to allocate only thosedbiés to the households or individuals,
which were identified as being beneficial to themeality (Figure 93).

Society —i

eGovernment

Companies I
Government F
€0 €5 €10 €15 €20 €25
Millions
eBusiness
Society
Individuals -
Government F
€0 €200 €400 €600 €800
Millions

Figure 93: Value per actor for eBusiness and eGovement

If we then use these number for calculating theergler household (talking into account 2.22
individuals per household [71]), we arrive at aatdienefit of having broadband of about
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€1250 per household over the total calculationgagrand a total benefit of having fibre of

about €530. If this €530 would be used to invedthre deployment, the business case would
look a lot better... It is however uncertain thasthmount of money will be invested by the
households themselves, but it could provide fopadgconvincing argument to make people
pre-subscribe to a fibre offer (thereby helpingdieenand aggregation).

7.2.4 Benchmarking our results: comparison to other studes

To benchmark our results, we will compare them wather studies available in literature.
Based on transparency and degree of comparalbiiige studies were selected, among which
two of them also used the bottom-up approach (Nesalahd Institute, 2007 [80] and
Columbia Telecommunications, 2009 [17]), the thistudy opted for a top-down
methodology (Katz et al., 2009 [44]).

7.2.4.1Comparison with other bottom-up studies

Both studies identify different types of effectsit those to only quantify the more objective
effects (similar to the strategy followed here)rtharmore, they both claim to quantify the
incremental effects of high-speed broadband orofagxisting infrastructures. Although this

seems to be the case for New Zealand, the metg-efudayes [40] showed that the baseline
for Seattle is no broadband at all. We will therefoompare the results of New Zealand with
the incremental effects of FTTH found in this studgd the results for Seattle with the total
effects of this study (from traditional broadbamal & TTH combined).

The methodology of the New Zealand Institute is moasnparable to the methodology used
in this paper: they also start from a number ofasc for which they expect indirect benefits.

Evidence and values for these indirect effectsgathered from national and international

sources. The main difference is that they quanutifiee value for the each effect at once, and
did not start from the value per individual or y@is was done in this paper.

The study of Columbia Telecommunications is leasdparent in its methodology, the main
similarities with our study are that they also usedategorization tree, they only quantified
actual monetary savings, and they used intervieitls @perts on the field to identify the

effects and gather input data.

Comparison with New Zealand for eBusiness effects

Unfortunately, the New Zealand Institute did notqtify the effects for eGovernment, so
there is no basis for comparison here. They didhtiiyathe effects for eBusiness extensively,
allowing us to make a detailed comparison. Stafftiagn the cumulative total values found in
Figure 89, we calculated the value per capita asdyear for Ghent, by dividing by the
number of people living in the area, and by thepiag horizon (20 years in this case). Table
36 shows that the results for New Zealand and Ghemtvery comparable. The highest
benefits for eBusiness for New Zealand were alsmdoin remote working (or teleworking)
and reduced travel costs in general.

Table 36: Comparison of the monetary value of thencremental effects of FTTH, per capita and per year
for eBusiness

This study — New
Ghent Zealand

eBusiness €15 €12

U

Comparison with Seattle
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Comparing the results of our study with the stulfColumbia Telecommunications (2009),
is less straightforward than the comparison with study for New Zealand, because the
report is not very transparent in explaining itgmoeology. The positive point is that they did
calculate values for eGovernment. Table 37 showas tihe results are in same order of
magnitude.
When comparing eBusiness, it is clear that theesdund in Seattle is higher than the results
of this study (around triple). This can howeverdxglained by the type of effects that were
taken into account in both studies: in Seattle, enttran two third of this value can be

accounted to a reduction in traffic congestiongé#fect that we did not quantify (because of
subjectivity, and a lack of available input data).

The same, tripled, result is found for the eGoveaninsector. Again, this value can be
explained by the fact that this study did not tale effect into account that was rather
important for Seattle: the more efficient use ofTl®y sharing infrastructure amongst
governmental buildings. As mentioned before, werditltake this value into account because
we started from the assumption of one administeatentre per city.

Table 37: Comparison of the monetary value of theotal effects of broadband and FTTH, per capita and
per year, for both eBusiness and eGovernment

This study — Seattle
Ghent
eBusiness €198 €547
eGovernment €5 €15

7.3Comparison between top-down and bottom-up results

It is relevant to compare the results of the topsil@nd bottom-down approaches presented
above. Taking the results from the top-down apgraacSection 7.1.8, and converting them
to 100% coverage (those results were obtained asguanstarting penetration of 30%), and
to euro (using an exchange rate €/SEK=9), we olataacio-economic return of €9.2 billion,
after five years, or €205 per capita per year.

Katz et al. (2009) investigated the impact of biwadl on the German economy, using input-
output analysis on two investment scenarios, anatibroadband strategy (50 Mbps for all
by 2014), and an ultra broadband strategy (at Badibps on VDSL, 100 Mbps on fibre by
2020). The results of this study predict that theer@an GDP (Gross Domestic Product) will
grow with €170.9 billion between 2010 and 2020.

This total value counts both direct and indiredeets, and includes all sectors (so doesn’t
limit to eBusiness and eGovernment). The directaf include the direct economic activity

related to the deployment of the network (job d¢ogatand the purchasing of expensive

equipment), the indirect effects consist of a fiasteovation process and the creation of new
business activities.

It is of course far from straightforward to comparenacro-economic analysis starting from
general economic indicators with a bottom-up anslybat identifies the value for the
different effects separately. We opted for an eatiom of the importance of eBusiness and
eGovernment vis-a-vis the other sectors (like etdeaEntertainment etc.), and used this
percentage to calculate the macro-economic valusBaokiness and eGovernment, as found
by Katz et al.
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Based on [86], the combined share of eGovernmedteBusiness in the total share of
possible indirect effects, is 59%. Calculating ttedue found by Katz et al. down to this
percentage (Table 38), leads us to the conclubmttihese values are very similar.

Table 38: Comparison of bottom-up to top-down (yedy basis)

Total Percentage allocatg  Result: value per
value per | to eBusiness and | capita for eBusiness
capita eGovernment and eGovernment
This  study €198 100% €198
(Ghent)
Katz et al. €333 59% €196
(Germany)
This  study / / €205
(Sweden)

8. Conclusions

The focus of this deliverable was on the cost-beaaglysis for multiple actors in the field of
FTTH deployment and operations, looking at multiptenarios and business models. Based
on the expected costs (from WP5) and revenues (frask 6.2), a quantitative evaluation and
comparison of the proposed business models anck vadtworks (from Task 6.1) were
performed.

The revenue potential for the different scenari@s wuantified both bottom-up, by using
existing regulated prices and input from case stdas well as top-down, based on an
extrapolation of existing market shares and by aisiifferent scenarios for inter- and intra-
platform competition.

The total costs, originating from WP5, were spptaccording to PIP (Physical Infrastructure

Provider) and NP (Network Provider) responsibifitido this base cost, the cost of open

access was added, which relates to equipment, reareag and business. Equipment related
costs include the extra equipment and infrastrectibat need to be foreseen that connect the
PIP to the different NPs or SPs on a fair, secur@ taansparent way. Management and

process related costs consist of all wholesale payeesses of a retail business, as well as all
kinds of patching to physically or logically conhdbe customers to the right SP or NP.

Business costs, finally, relate to the costs linkedhe transaction between the different

players itself (contract issues etc. between PIPAN® NP/SP resp.). All these costs were
evaluated for a short-list of architectures, whioatches the main business requirements
(multi NP-support, inter-NP isolation, no master, X#zhnology agnostic PIP).

Combining these inputs with more general geographidemographical and economic
parameters (household densities, adoption rateg, etlowed us to evaluate costs versus
benefits for the different actors involved. Thisalation led to the conclusions that, in the
reference scenarios, the business case for thevifIRever be positive, even if the cost for
the in-house cabling is excluded and recouped aih&n way. Several refinements that can
improve the case were therefore suggested. A Evdmand aggregation of 40% can nearly
make all scenarios in urban and dense urban aretieple. Taking advantage of duct reuse
has an important impact on the cost base and keaslignificant decreases of the trenching
costs. Another option is to look for other typescaktomers than the pure residential ones:
additional revenues from public institutions or imesses (both large, medium and small
enterprises as well as mobile operators) can leelmprove the case. Furthermore, as we are
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considering an infrastructure investment, it migtatke sense to prolong the planning horizon
beyond 20 years. A discounted payback time oftleas 40 years was observed in the dense
urban scenario, independent from the adoption cuksdhere are multiple possible actors to
take up the role of Physical Infrastructure Progided taking into account their different
financial and economic background, the impact & Weighted average cost of capital
(WACC) on the business case for the PIP was ewadudiaking a variation of WACCs of 0%
to 15% leads to a huge impact on the needed revesuaser per month (e.g. in the dense
urban case varying between €18 and €120).

The business case for the NP depends strongly enirtblusion of the in-building
infrastructure and ONT. If the most dominant cdbg in-house infrastructure, could be
shifted to another player, the business is posftveall scenarios (areas and adoption curves),
with slight cost advantages for GPON 1:32 over AOMith demand aggregation, the
business cases could be improved a lot, reachimgak even including the in-house costs
with a level of 40% penetration at the beginninghef project. Besides the traditional FTTH
technologies, the analysis for three different feattechnology options was performed: NG
AON, WS WDM PON and Hybrid PON. For these NGOA tealogies, there is a reasonable
business case in the order of the desired €10 mathmthat results from the bottom-up
revenue analysis, assuming a high take-up, whiemséo be reasonable in the future.

Adding open access on the fibre layer, and theadloyving competition on the NP layer,
would increase the needed revenue per customengeth with about €1.70, while switching
will cost them about €150. Theoretically, open asaen wavelength layer is possible, and the
cost increase needed is marginal. However, thealiganies of scale associated with the use
of PON architectures by network providers make $kaiseme not cost efficient at all. Finally,
there are no real extra costs for equipment oastfucture when offering open access on
bitstream layer, only an increase in transactists;deading to an overall increase in needed
revenues of about €0.30 per month.

Offering this open access interface enables therantion between multiple players on
different levels in the value chain. We therefotsoalooked into the objectives of these
different market players, like Housing Corporatiogguipment Vendors, Regulators, etc.,
their power relations and strategic actions inedéht settings. We performed this analysis
both qualitatively, using a MACTOR approach, ancamfitatively, using game theoretic
modelling. During our qualitative analysis, citytwerks emerged as the most promising co-
operation. For our quantitative analysis, we treeeffocused on the case of a fibre
infrastructure deployed by a municipal infrastruetprovider (which was indicated as most
promising by the qualitative analysis). Althoughclased infrastructure could also be an
equilibrium situation (where the Telco and othersN&e forced to stay on the legacy
network), an open infrastructure clearly leads taae preferable equilibrium situation with
a better business case for the Municipal Infrastingc Provider (which remains difficult
though). Since the municipality not only focusespoafitability of the fibre network, but also
on social welfare, it can even push the market td&/¢he more preferred equilibrium.

The choice of opting for a closed or open municigale network seemed crucial, and was
therefore further investigated using real optidreoty. First, it was shown that deploying an
open access network without any other players ringydo it, already has a large negative
effect on the viability. However, under competitiagnis always more interesting to open up
the network indeed, as existing players will chotsanmigrate to the network. The extra
revenues due to the increased uptake on the fibreonk clearly offset the upfront and

provisioning cost. Secondly, transaction costsexgected to play a major role. These can
amount up to 20% of the yearly Municipal Infrasture Provider revenues, and will as such
affect the profitability of this player. While th@revailing competitive equilibriums remain,
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the Municipal Infrastructure Provider suffers fromn negative payoff in all cases when
transaction costs are above 15% of the yearly texen

Because, despite all the improvements proposedbiiseess case for a PIP, especially a
municipal PIP, still is not too optimistic, the &éihchapter of this deliverable looked into other
advantages a FTTH deployment would entail. We ifledtthese so-called indirect benefits,
and quantified them according to two methods: mottgpp and top-down. The analysis
concludes that there is an additional gain formiread benefits, which can of course
significantly help to improve the business case.
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A.Overview of existing fibre initiatives

In order to evaluate and compare the costs anchuegefor the different actors involved, it is
necessary to get a good overview of their respdits&b. In D6.1 [57], an overview of
possible business models was given, ranging frorartically integrated operator taking up
all the roles (g) to more open business modeld)(@yvhere competition on both network and
service level is encouraged. This section will déscthe business model used in each of the
cases described in D6.2 [54], as well as give alcation of the revenues that flow in
between those actors. Analyzing the case studiee wbcusing on the revenue and
interaction flows, will provide us with more insighn the practicalities of the operational
functioning of the different business models repnésd below, and will help us when
defining qualitative and quantitative interactiooatels for the different actors involved in an
FTTH network deployment.

%H I

Vertically
Integrated
Operator

Vertically
Integrated
Operator

Vertically
integrated
Operator

with bit
stream access

@ ®) © @ © ®

Figure 94: D6.1 business models

Al. Stockholm (Sweden)

The first case describes the FTTH network in Stotkh Sweden. This network is an
example of business model c, since every netwookiger (NP) has its own geographical
region (no network equipment needs to be sharethendifferent regions, so no cost or
revenue allocation in between different NPs is eéedtkre).

The PIP role is taken up by Stokab; the company stesed in 1994 following deregulation
of the telecoms market. The company was startechwloeoperator showed any interest in
deploying passive fibre in Stockholm, but the mipatty felt there was a commercial need
for it. The city wanted good IT infrastructure telf contribute to growth, and so formed
Stokab, a company 100% owned by the municipalityas felt important that the broadband
infrastructure and services were split in ordefully promote competition. One indication of
success is the price of Internet access througbtmakholm. A recent publication "Computer
Sweden” marked the price of 100Mbit/s broadban8twckholm at €550 per year (compared
to an average of €950 for the rest of Sweden). Bwsprice is stimulated by the 90+ service
providers in Stockholm, which is much more thanmost other cities in the EU. In total,
Stokab has over 800 business customers. The fittsiese customers came from banks and
finance houses who wished to control their own wneka. One of the key success factors was

with LLUB "All-in-a-box”
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that Stokab did not try to compete with its custsn&tokab maintained this role to promote
stability for its customers.

Al.1.Overall business model

The passive infrastructure is owned and operatedr®y single PIP: the publicly-owned
Stokab. Stokab is responsible for the deploymedt grerations of the dark fibre network,
and they also rent space in the basements of tfpe &partment buildings, where they install
empty racks that can be leased out to the NPsigtallation of the active equipment.

The NP-layer is split up in between one public aederal private NPs. The public NP, St.
Erik Kommunikation, is responsible for connectinget city's own buildings and
administration, as well as for the in-building wigi St. Erik Kommunikation provides no
services itself, they put out tenders for e.g.detmy, internet etc. Tender winners get the
monopoly of operating the specific public service & limited amount of time (a couple of
years), after which a new tender procedure is pefThe changing tender winners for the
public services are the reason no specific namesndicated in Figure 95). As mentioned
before, several private NPs offer connectivity gsBtokab’s network, each operating in its
own geographical region. There are firms that caty as a NP, making contracts with
different SPs for offering services. Other act@am@ng which the incumbent TeliaSonera and
the former cable network operator ComHem) act ab INP and SP, offering their own
services.

SP for telephony
SP for internet
SP for ?
Canal Digital
Disatra
Bredband Bahnhof
All Tele
Tele2
etc

Ownit
TeliaSonera
ComHem
etc

S:T Erik

Kommunikation OpenNet | | Zitius| | etc.

Stokab

Figure 95: The different companies active on the FTH network in Stockholm
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S

Al.2.Division of roles
The figures below describe the business model pteden [54] in more detail based the

responsibilities in the different network lifecycfghases and physical connection points
(PCPs).
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Figure 96: Division of roles based on network lifegcle phases (Stockholm case)
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Figure 97: Division of roles based on Physical Comation Points (case Stockholm)
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Al.3.Revenue models

Now it is clear which actor takes up which respbitisy, we should look how the different
actors interact. They share technical requiremeanrtd, thus costs, but of course, they also
share revenues. Basically, all the revenue flowst $tom the end customer, and find their
way through the value network. A graphical représton of this value network for the
Stockholm case is given in Figure 98.

) . Price for the x-

Service prowder4 play service Customer
Price for using the Rent for the
active network to apartment
reach customers

v \

Price for use of

Network Provider | thepassvein- 1 Hoysing company

building network

Lease of dark Lease of dark fiber
fiber to the inside local areas
and pay for the
connecting-points
to the citynet

connecting-
point of houses

\/ v
Physical Infrastructure Provider: Stokab

Figure 98: Revenue streams for the Stockholm case

The end-customer pays a monthly subscription fees@eice (or for a bundle of services) to
the SP and of course they pay rent to the housingpany. Monthly fees range from €20 per
month for basic broadband (1 Mbps download speédbfs upload speed) to about €50 per
month for very fast broadband (100 Mbps down, 1d8pMup) (for details of these monthly
subscription fees, see section 4.2 of D6.1 [57he €nd-customers don’t pay directly to the
NP for end-to-end connectivity. This actor receiv@gnues from the SP and in return offers
the use of the active network and marketing thronighwvebsite. The NP pays Stokab for the
use of the dark fibre access network and the hgusimpanies for the use of the in-building
network. Stokab receives money from the NP anddoising companies for using the access
network. Stokab charges the NP’s about €200 peok&b-7 per customer (dependent on the
number of customers the NP serves) for the cus®inang in the inner city (regardless of
distance).

It is important to mention here that these reveraressufficient to make the involvement in
the FTTH network into a viable business case. $tokar example, had a turnover of €63
million in 2010.

A2.Norderstedt + Hamburg (Germany)

The wilhelm.tel GmbH is a regional provider of wenmunications services based in
Norderstedt, Germany. The company operates itsfibra network that is deployed up to the
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individual households and is 100% owned by the aftiNorderstedt. In addition, it operates
in different other cities / regions of the fedestdte of Schleswig-Holstein covering an area
about 1200 km? with about 1 million households ahase to 2 million residents. The
company operates under two major brands, willyitelHamburg) and Wilhelm.Tel (in all
other areas).

Wilhelm.Tel (WT) was the first company that offeraccomplete multimedia package (triple

play) throughout Germany. Today Internet accessh vdata rates up to 100 MBit/s
downstream and 5 MBIt/s upstream are available.

A2.1.0verall business model

In principle, Wilhelm.Tel is a public company (fullowned by the city of Norderstedt —
Schleswig-Holstein, Germany) that is responsibletfi@ deployment and the operations of
the passive fibre infrastructure connecting thetregnoffice to the basements of the
residencies. WT uses mainly FTTB (Fibre-to-the-8imi¢), although some minor parts are
FTTH. P2P topology is utilised (based on a ringstogy) with single-mode fibre which
includes “the last mile”. In general the choicaethnology depends on the network operator,
although Ethernet is mostly used for the last mile.

The fibre network of WT is shared (in Hamburg) witblefénica/HanseNet. Willy.tel is a co-
operation between Wilhelm.Tel and Thiele GmbH. A bidvantage for WT is the strong
interaction and co-operation with apartment assiocia and building companies in Hamburg
(e.g. SAGA_GWG). By doing so, the in-house wiringcomes the responsibility of both
apartment management and WT and the customerdaped” to use WT’s offer. In some
cases, the apartment associations and building @oieg could make WT a mandatory part of
their rental package and increase the rent by thamy fee.

The private network providers don’'t own a netwobkjt offer services. Telefénica, (in
particular with the brands HanseNet and O2) remgditense to offer fibre-based internet to
its customers, using the fibre network of WT.

WT is an infrastructure, network and service previdt the same time. A large portfolio,
where the focus is strictly on the “full media” t@gmnet, phone and TV) package, is offered to
the end-customers and supported by a 24-hour sdime/website. Some examples of several
services by different providers are given in D&2t®on 4.3.4 [54].

Both public and private housing associations erisiamburg+Area. An example is SAGA-

GWG owned by the City of Hamburg, and a leadind estate company in Hamburg and the
surrounding area, with more than 130.000 apartmprsisin Hamburg. In Hamburg the

operation of the network is outsourced to seveedlvark operators. SAGA is in close co-
operation with WT concerning the internet/telephaaryd television service. Using this

channel provided by SAGA-GWG, WT can reach manypgtential customers directly and

try to create a monopoly-like situation.
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wilhelm.tel
willy.tel
Telefonica (Hanse-Net, O2)

wilhelm.tel

A2.2.Division of roles

Figure 100 and Figure 101 below give a more detairlepresentation of the actor's
responsibilities. First, a mapping of the actorstbe different phases versus the network
layers is given (Figure 100), which stresses trspaasibilities of the integrated provider
wilhelm.tel on the operations of both active andgpee infrastructure. The public and private
housing companies act in different manners, fomgx{a the ImmoMediaNet company was
built to organise failure management between WT S8AGA-GWG. The second Figure,
Figure 101, represents an analogous mapping, lbusés on the seven Physical Connection
Points (PCPs), which were described earlier in B7].
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Figure 100: Division of roles based on network lifeycle phases (Norderstedt/Hamburg case)
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A2.3.Revenue models

The revenue flows within the FTTB/H network are éamto an integrated operator model,
both for Wilhelm/willy.tel and Telefonica. Both apgoviding to Wilhelm.Tel the part of the
revenues required for operating the network. linslear whether the network provider pays
directly the housing company for use of the in-tnidy network or indirectly via the physical
infrastructure provider. Based on some analysiseéms that the customer has to pay the
housing company as part of the rent a certain de¢hle in-building network too or at least
has limited possibilities in choosing other opersito

The fees paid by the end-customer range from ar@30dper month with several options to
add other services, depending on the customer dksae section 4.3 of D6.2 [54] for more
details).
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Figure 102: Revenue streams for the Norderstedt/Haburg case

A3.Bavaria (Germany)

The M-net of Communications GmbH is a regionaldefemunications provider in Bavaria
and operates its own telecommunications networlke dbmpany was founded on 30 July
1996 and the main shareholder of the company ispth@ic utility company “Stadtwerke
Minchen”. Originally M-net provided data servicasddeased lines in the greater Munich
area for business customers only. In 2004 teleplamk Internet services were offered to
private customers and the company started a canighaxpansion of the own network in the
Munich and Nuremberg area.

The classical network covers an area about 50,000 With approximately 12.6 million
residents in 6 million households. In October 20d7#net started the construction of a new
fibre-optic network in Munich and Augsburg.
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In addition, M-net is heavily involved in the brdmhd for rural areas in Bavaria, but this is

mainly based on FTTC and out of scope of this amlyn certain areas, M-Net cooperates
with LEW TelNet, another integrated operator.

A3.1.0verall business model

In principle, M-net is a public company (fully owhéy the Stadtwerke Munchen, which is
owned by the city of Munich) that is responsible tfte deployment and the operations of the
passive fibre infrastructure connecting the certfi€e to the basements of the residencies.
M-net mainly constructs new outdoor locations foFTE in combination with VDSL
technology for residential customers and SDSL fasitress customers although some parts
are FTTB. For the FTTB technology, m-net implemeatsMulti-Dwelling-Unit” into the
basement of the buildings to redirect the signalghe apartments via already installed
infrastructure within the buildings. The topology the fibre-network is based on a ring-
topology, to provide flexibility and independenc$ome minor parts in Bavaria are going to
be built completely new and therefore have a firstallation of broadband internet at all, e.g.
“Westside”. In those areas M-net is trying to impent FTTH because the cost difference
between xDSL and fibre is not that high if there h&en no first implementation of a DSL
network before. An important key fact here is thlahet currently only plans to build FTTH
in places, where they do not have VDSL alreadygirateed. For their fibre network M-net
uses the GPON (Gigabit Passive Optical Networkhrietogy, which enables in addition to
telephony, a speed of 100 Mbit/s and digital tedewvi with HD quality. For residential
customers, m-net uses the GPON (Gigabit Passivéecadtletwork) technology, which
enables in addition to telephony, a speed of 10@/Mand digital television with HD quality.
In contrast business customers are attached dithe¢he shared infrastructure and GPON
technology or with separated fibres and other teldgy choice like SDH which provides up
to 10Gbit/s. So, M-net is an integrated operatoictvicooperates with LEW TelNet for
physical access.
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Figure 103: The different companies active on the FTB/H network in Bavaria case
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A3.2.Division of roles

Figure 104 and Figure 105 below give a more detailepresentation of the actor’s
responsibilities. First, a mapping of the actorstba different phases versus the network
layers is given (Figure 104), which stresses tlspapsibilities of the integrated provider M-
net on the operations of both active and passivastiucture. The public and private housing
companies act in different manors, but detailedrmfation was so far not available. But it
can be assumed that some political willingness le#id to cooperation between publicly
owned housing companies in Munich or Augsburg awéth M-net. The second Figure,
Figure 105, represents an analogous mapping, lbusés on the seven Physical Connection
Points (PCPs), which were described earlier in D&7].
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Figure 104: Division of roles based on network lifeycle phases (Bavaria case)
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Figure 105: Division of roles based on Physical Coection Points (Bavaria case)

A3.3.Revenue models

The revenue flows within the FTTB/H network are #éamto an integrated operator model,
both for M-Net and LEW TelNet. It is very similan the Norderstedt/Hamburg case except
that the dualism of service and network provideexsended to the Physical Infrastructure
Provider as well. It is unclear whether the netwgrovider pays directly the housing
company for use of the in-building network or imditly via the physical infrastructure
provider. Based on other cases, it seems reasotiadiléhe customer has to pay the housing
company as part of the rent a certain fee fortHeuilding network too or at least has limited
possibilities in choosing other operators.

The fees paid by the end-customer range from ar@30dper month with several options to
add other services, depending on the customer dksae section 4.4 of D6.2 [54] for more
details).
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Figure 106: Revenue streams for the Bavaria case

A4.Amsterdam (The Netherlands)

The business model for the network in Amsterdambmcategorized between model ¢ and
model d (see Figure 94). At first, there was onhe metwork provider that was chosen
through a tender procedure. Nowadays, the actiugegent is operated by both BBned (now
Tele2, the original tender winner) and KPN, thedhuhcumbent operator.

A4.1.Overall business model

The planning and deployment of the passive infuasiire falls under the responsibility of
Glasvezelnet Amsterdam (GNA), which is a companywany shareholders: 70% is owned
by a joint venture between Reggefiber and KPN, evthle other 30% is in the hands of the
city of Amsterdam and the major housing organizetioThe operations of the passive
infrastructure are outsourced through a tenderguhoie, which is always limited in time.
Currently, there are two network providers respalesifor the active equipment: the
incumbent KPN, which also delivers its own servj@sl the original tender winner: BBned.

On the service layer, we find competition. Apadnirthe service offered by KPN, three other
main service providers compete for customers: Nit&let, Alice and ConceptsICT. More
information about their current offer can be foumd6.2 [54].
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Figure 107: The different companies active on the FTH network in Amsterdam

A4.2.Division of roles

Figure 108 and Figure 109 below give a more detailepresentation of the actor’'s

responsibilities. First, a mapping of the actorstbe different phases versus the network
layers is given (Figure 108), which stresses teparsibilities of the network provider on the

operations of both active and passive infrastrectilr needs to be indicated that we have
chosen here to put BBned’'s name on this operati@salonsibility, but, as mentioned before,
this role is granted to a certain actor based tamder procedure which is limited in time. The
second Figure, Figure 109, represents an analogmping, but focuses on the seven
Physical Connection Points (PCPs), which were desdrearlier in D6.1 [57].
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Figure 108: Division of roles based on network lifeycle phases (Amsterdam case)
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Figure 109: Division of roles based on Physical Coection Points (case Amsterdam)
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A4.3.Revenue models

The revenue flows within the FTTH network of Amskam are quite similar to that of
Stockholm. Revenues originate from the end-custandrfind their way to the PIP, passing
by Service and Network Provider. Interesting heréhat KPN acts both as SP and NP at the
same time, so there is only one intermediate “stapbetween end-customer and PIP. On
Stokab’s network, there were also companies atiiniy as NP and SP, so a similar reasoning
can be followed there.

The fees paid by the end-customer range from ar@3ddto €100 per month, depending on
the bandwidth you get (see section 4.5 of D6.2 [fa4]more details). Details about the
revenue flows to the NP and PIP are however muafenh&o find.

Customer
Price for the x- Price for the x-
play service play service
v Pricefor using the v
active network to
Service provider | reachcustomers >
Price for using the Service and
active network to .
reach customers Network PrOVIder
v
Network Provider
Price for Lease of dark fiber Lease of dark fiber
operating the to the connecting- to th‘e connecting-
active network point of houses pointof houses
'y v

Physical Infrastructure Provider: GNA

Figure 110: Revenue streams for the Amsterdam case

A5.Saffle

The Saffle Municipality (Saffle Kommun) is a murpality in Varmland County in
west/central Sweden. Its seat is located in thentodv Saffle. The municipality covers a
peninsula in Lake Vanern (Varmlandsnéas), and hdarge fresh water archipelago. Its
geographical and demographical characteristicsarenarized in Table 39.

Table 39: Geographical and demographical charactestics of Saffle
Municipality | Population | 15,600 inhabitants
Land area | 1,221 km
Density 6.2 inhabitants/km

Séffle town Population | 9,156 inhabitants
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In the town of Saffle itself, the economy is largblhsed on industry. Saffle has continued to
grow as the pulpwood industry has expanded in Swmetlee pulp mill in Saffle has been a
major driver of the local economy.

In the rest of the municipality farming is importaifhe Varmlandsnas peninsula is very
significant to the economy by the produce of pdrke area supplies more than 200,000
people with pork. The archipelago off the peningwhich also has old rune stones and other
ancient monuments) is a touristic attraction.

The territory is largely rural with smaller locais of few hundred inhabitants each. Two
thirds of the population are however concentratettheé main town, so the fibre deployment is
of three very different characters: urban in tovooyvering the largest portion of the
population, “sub-urban” in the villages, and spatgal in the largest part of the territory.

In its broadband strategy, the Saffle municipatiglieves that every household should have
access to a high-speed network. Due to the lactoofmercial operators ready to invest in

broadband in the municipality, it decided to starfiibre deployment project through a

municipality-owned company called Sdkom. All inveshts have been made on commercial
terms, and have received financing partly by EWdtrral funds, partly through commercial

loans.

The work started in rural areas because that wasenbroadband was lagging. Sdkom has
built a 930 km long fibre-optic network that cont®262% of households and businesses in
rural Saffle. This 930 km networks consists of S86kbone, 50% distribution network, 92%
connection (100% within a few hundred meters), eating from 30 to 50 households each
year. The project in rural areas is now comple8d(@homes connected of 2500 possible) and
Sakom moved to the expansion of urban areas ileS&ffth 1227 apartments, which will
shortly replace cable TV with TV over fibre. Allggs of property (apartment buildings, villas
and other properties) are offered connection td&Siidle fibre network.

A5.1.0verall Business model

Sakom operates a “pure” open access business rfwadent (c) in Figure 94). The NP role
is taken up by Telia (agreement autumn 2009), dimdwegh initial pledges were made that
Telia would not be allowed to sell services, diifiees in guaranteeing enough SPs (the
agreement stated at least 5 SP and 3 TV provideadg so that Telia is now allowed to offer
their customers services for Internet, telephorg/tafevision (Figure 111).

Sakom is a small organisation, of which the CEQediko define a group of "qualified
purchasers”. Sdkom needs to be financially indepainth the long term, but should not
generate profits.
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Figure 111: The different companies active on the H'H network in S&ffle

A5.2.Division of roles

The figures below detail the mapping of the différactors involved on both the network
layer versus network lifecycle phase matrix, asl welon the network layer versus physical
connection point (PCP) layer. The division in betweSP-NP-PIP as described in the
beginning of this chapter, is clearly visible here.

Telia was awarded the NP contract and initially was allowed to sell services. The reason
for this was that if Telia had been there in thgibeing to sell services, other SP would have
found it hard to establish themselves, but it waswery popular with all citizens. This ban

was then later removed, once other SP had thetonbecome established, and Telia is not
considered dominant anymore. Moreover, meanwhiléa Te&hanged their overall business
model with the introduction of Telia Open Fiber.

The separation of the PIP and NP role makes thimdsss case viable for operators to come
and provide connectivity and service provision, s&ase the long-term investment for the
infrastructure deployment is no longer weighing them, which typically have a return
horizon of five to ten years or less. On the otmand, the municipality can rely on a longer
term return on investment and take over the infuatiire capital investment, while avoiding
meddling in technical issues on which it does raatehcompetence. Moreover, the bid of the
NP contract goes to a national operator, which redy on significant economy of scale,
bringing down the operating cost of the network.

The business case for service providers is enhabgdtie existence of infrastructuesmd
connectivity, so they can focus on efficient seevprovisioning (with cost reduction coming
from know-how and economies of scale due to thaiional or sometimes international
scale), customer care, marketing and product dpuedot. Efficient service provisioning is
especially important for Internet service (incregty seen as a commodity), where price and
reliability are the major selling points, whereas TV product offering is an important
differentiating factor.
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Figure 112: Division of roles based on network lifeycle phases (Saffle case)
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Figure 113: Division of roles based on Physical Coection Points (case Saffle)

A5.3.Revenue model

The digging cost is 4.5 €/m on average (varyingveeh €2 to €11 in the rural area, and
around €35 in town), around €8 to €10 per meto®ifnections costs are included.
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Housing cooperatives and housing companies pay0@2@ connect to the fibre network,
while the in-building network is their own preroiyat (and have to finance that by
themselves). Private property owners do not sealanmotivation to do that (they see the cost,

around €400 to €500 per apartment, but they doesily get the concrete benefit), so that is
for the moment not really picking up that fast ther

Housing companies on the other hand are now 100¥1Fbnnected (and of these, after six
months 100% subscribe to IP-TV, and around 15%ntermet). One effect of the housing

companies having fibre cabled their dwelling umtshat more young people moving in, and
that there are now no empty apartments, which \wascase before). An agreement was
reached thereby housing companies pay €11 per npamthpartment and the tenant pays €2
to Sakom for 15 years.

When it comes to other revenue streams than tlad seictor, Sakom is offering dark fibre

rental. Among current clients are "Net for Mobilit{dark fibre rental for ten years), the

municipality, the Swedish Church. Business thatehaxpressed interest for dark fibre we
find the ICA food chain, TDC, and others. Capadtyiot really demanded, especially since
there is so much fibre installed (96 fibres in tlaekbone network, 24 to the nodes).

Currently per-kilometre pricing is followed, buther models like price per connection, or
specific price for specific fibore spans (some arerenpopular than others) are being
considered. Large firms are currently connectedaogper 100 Mb/s, and they are generally
bound by long-term contracts. When these run et are likely to migrate to fibre.

Price for the x-
Service prowders‘ play service Customer
(e.g. €20-25 I

for 100/10
Mb/s Internel)

Price lor using the active
networl Lo reach customers,
£14 per month per user

I

i One-off
connectlion lee

for house
owners,
£2,200

v
Network Provider

(TeliaSoner)

connecting-point, £7.20
per month per user

|
I
I
I
Lease of dark Tber Lo the |
I
|
v

v
Physical Infrastructure Provider: Sakom

Figure 114: Revenue streams for the Saffle case
The services currently offered over the networkthesfollowing:

* Internet service (five providers present), at pot€20-30 for symmetrical 10 Mb/s,
and €25-35 for 100 Mb/s downstream and 10 Mb/sreast. Symmetrical 100 Mb/s
is also offered but at rather high price (above)€£50

* TV is provided by three SP: Alltele, Telia and tygen platform Severado; the base
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package is offered free of charge (the nationahdcaster's four must-carry channel,
plus three other channels), other channel packagesbe bought on the Telia or
Severado portals. A service separator is needegravitied free of charge by the NP.
In the case of Telia, a set-top box is loaned, evfol Severado the open set-top box
must be purchased for €150. A degree of complgsiyvice separator, set-top box,
internet, NP, SP, etc) means the solution can sorastbe perceived as challenging.

e Telephony, two providers (Alltele and Telia), theeaper one for €4 per month for a
basic plan, or €15 for flat plan.

A5.4.Examples of socio-economic impact of fibre

One positive effect that is being observed alreadie creation of a new industry related to
the fibre network installation in the municipalityibre installers (now building other
networks), maintenance activities which are localcontract from the national NP and SPs.

Another welcome effect is that businesses can ekpathin the municipality now and are
not threatened to move. Interestingly, also, soompanies were able to move from the urban
areas in order to save on rents.

A5.5.Successes and challenges and future directions

Sakom was started in 2007 and is still showing mechbers, but the ambition is to reach
breakeven in 2016. Information towards the popoilats seen as very important to generate
support for deployment and increased take up.

In the countryside power goes down now and therthabmay give problems because the
nurse alarm for elderly and reduced mobility ciizerigghetslarn) needs to be active at all
times, so providing e-health services over fibre ba take these practical problems into
account.

Sakom is satisfied with Telia as NP. There is haven issue with the interface interworking

with SP using different equipment, and it is indéleel case that NP equipment works better
with Telia’s services (according to the authorss #hows in a neat way why NP and SP roles
should be taken up by independent entities in oiml@uarantee fair and non discriminatory

conditions for all SP). According to Sakom’s CEOwbuld be good to have a standard for
open networks to NP uses Open Access equipmenshieuhinks it is going to be hard.
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A6.Impact of regional differences on the business case

In this final paragraph of this appendix, we witinepare the results of the case studies with
the outcome of the model as developed in OASE. riteroto cope with the regional
differences in between the three countries undadyst(the Netherlands, Sweden and
Germany), we use different input values for thoseameters that are influenced by the
economic and cultural differences in between coesitwhich are summarized in Table 40.
For an overview of used references, we refer to@e8.2 of D5.3 [61].

Table 40: overview of the values for the regionalarying parameters

the Netherlands Sweden Germany TONIC
energy indoor (€/kWy) 1402.50 1297.50 1795.50 2700.00
energy outdoor (€/kWy) 1662.50 1537.50 2127.50 3200.00
energy ONT (€/kWy) 1935.50 1839.00 2227.50 1925.00
floor space (€/m2*y) 123.50 123.50 123.50 166.50
labour costs (€/h) 50.50 54.00 43.50 45.00
final BB penetration (% of people) 84.70 66.57 64.00 74.02

When comparing the input data, we see the energig @@ TONIC are typically higher than
the regional data found in our case study countrigsle the labour costs are mostly lower.
For the final BB penetration (i.e. take-up in y2@B80), TONIC provides an average. We can
now adjust the TONIC model to cope with these neput values for the different case study
countries, and verify if the needed revenues testilt from our calculations reflect the real-
life values better once these ranges are takeragdount.

A6.1.Evaluation for a vertically integrated operator

We will first take a look at the business case dovertically integrated operator, i.e. an
operator taking up both NP and PIP responsibiliiegure 115 shows the monthly revenue
per customer that is needed by the vertically irattsgl operator to recoup its investment costs
in a 20-year timeframe, for different levels of damd aggregation. The results are averaged
out over all areas (dense urban — urban — rurdfgrent levels of duct reuse, different node
consolidation scenarios and different architectudésis clear that the impact of start
penetration is huge: starting from a 30% subsaniptiate reduces the needed monthly
revenue in all cases with over 50% vis-a-vis the &#ge! This graph therefore justifies the
strategy followed by Reggefiber [13]. A second imtpot conclusion that can be drawn from
this graph, is that the impact of start penetraisohigher for Germany and Sweden than for
the Netherlands, and that the overall needed revéuthe Netherlands is lower. The main
explaining factor is the final broadband penetratiohich is significantly higher estimated in
the Netherlands.
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Figure 115: Needed revenue per customer per montlif the three country case studies, to recoup the
initial investment in a period of 20 years for a vically integrated operator, for different levels of
demand aggregation (ranging from 0 to 100%)
When comparing the needed revenues calculatedtbabe average revenues that resulted
from the different countries (see Table 41), we g&# they are in the same range. The
revenues from Table 41 are slightly higher, butude a fee for offering services, while the
costs for services was not taken into accounteni@NIC model.

Table 41: Average revenue for low-end double playral high end multi-play [54]

Country Average Revenue low-end (€) Average revenue high-end (€)

The Netherlands 26.09 68.42
Sweden 21.38 60.33
Germany 27.04 42.42

A6.2.Evaluation for the Network Provider

Secondly, we will evaluate the business case ®iNé&twork Provider (NP) only. We take the
CapEx, OpEx and service provisioning, but inclutk® all CPE costs (including in-house
cabling and ONT costs). Figure 116 visualizes theded revenue per customer per month for
different timeframes. For this analysis, we used tbference case for WP6: Greenfield
deployment (so no duct reuse), no node consolidgso the 7500 scenario). We did we
average out for area and architecture. It is cteat, apart from the impact of demand
aggregation as shown in the previous paragraphptpact of the timeframe for analysis also
is very important.
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Figure 116: Needed revenue per customer per montl recoup the NP investment on different timeframes

The sharp shift in needed revenue when considesirignger planning horizon can be
explained by the high impact of the upfront CPEtgowvhich are divided over a higher
number of customers if the planning horizon is EmgHere, the higher final broadband
penetration for the Netherlands (and thus highecgrgage of customers in each year) helps
to reduce the needed revenues per customer frostdtte The decrease in needed revenues is
however larger for Sweden and Germany, which caexpdained by the lower energy (for
Sweden) and labour (for Germany) costs. These aaiitonly become important in the
longer run, as they are administered when needbdul costs will, in the NP case at least, be
most used when customers need to be connectec: eidrgy costs are typical operational
expenditures.

A6.3.Evaluation for the Physical Infrastructure Provider

Finally, we shortly look into the business casetfa Physical Infrastructure Provider (PIP).
As the analysis of section 4.3 showed is thereggaifstant impact of the area (dense uran,
urban or rural) on the needed revenues per custdfigarre 117 shows the needed revenue
per customer and per month to recoup the PIP imadt over a time period of 20 years
(2010-2030). The graph was built under the assumgtiof a no node consolidation,
Greenfield scenario, where the impact of start patien (ranging from 0-100%) and
architecture (AON versus PON) was averaged out.
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Figure 117: Needed revenue per customer per montl recoup the PIP investment for different areas

This figure is interesting when being comparedhe &ctual case study scenarios, because
those were analysed for a specific region in a tgurather than for the country as a whole.

For the case study of the FTTH deployment by StakaBtockholm, we can agree that the
results obtained here match closely to the acesxadrnues charged for the use of the passive
infrastructure (being €5-7 per customer per moathhe inner city), see also section Al. The
values obtained here are slightly higher, but likisly to assume that Stokab, being a publicly
owned company, can justify with longer return oveistment (ROI) periods than the 20 years
we worked with here.

For the case study of Amsterdam, we use the regeasecharged by Reggefiber. These
revenues are variable per area type, and thereéfiect the difference in cost better. In
section 4.3.1.6, we already evaluated the busic&ss for these revenues, and noticed that it
never reached a positive NPV. However, this doasan that our model doesn’t hold. We
can again use the argument of using a longer R@bggwe didn't find the period
Reggefiber or OPTA assumed for their calculatioasy] we didn’t take demand aggregation
into account in section 4.3.1.6. When we do taki® iaccount some level of demand
aggregation (being here averaged out between A@0Rb), we see the needed revenues drop
significantly, and see that they are in the sammgeaas the revenues charged by Reggefiber
(see also Table 13).

For the case of Norderstedt/Hamburg, the compaisaomore difficult, because the operator
wilhem tel is not a PIP only. We can compare theehealculated revenues with the
subscription fee (flat fee) the operator charges the ‘telefonanschluss’, the minimum
connection required before being able to receiwesx to services. This fee is set at €12.30
per month (see also [90]), which is slightly lovtlean our values (around €17).

For the case of Saffle, which truly is a rural aréee comparison is also not easily made.
Although the revenues charged for the physicalstfucture are known, they are not only
charged in monthly fees (€7.20 per month), but alstude a one-off connection fee of about
€2200. Assuming a ROI period of 20 years, our datmns would generate a total (non-
discounted) revenue of around €6500, while theutaiing the revenues according to the case
study leads to €2200+7.20*12*20 = €4000, which sila significant difference. This could
again be explained by a possible longer ROI pebatlithis we cannot state with certainty.
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Finally, the case for M-net included no revenuestlie PIP case, so we refrain from making
statements about the comparison of our model.

A6.4.Conclusion

This section compared the results of the TONIC rhtwlecal-life data for different countries
and specific case studies. In general, we can agdadhat the overall needed revenue that
results from our calculations matches with the nesss found for the different countries.
Where possible, we also compared the specific nagiesults (for our generic dense urban,
urban and rural area definitions) with the rea-Ilfevenues that are being charged in the
studied cases, and concluded that, at least foPHRethe revenues are of the same order of
magnitude.

Furthermore, we proved the significant impact offgening demand aggregation and can
therefore agree with the strategy performed by RB&ger (that only starts deployment after a
certain take-up rate is ensured).

Finally, we confirmed the importance of differenarameters, like the estimated final
broadband penetration, the energy and labour cetstspn the evaluation of the business case
for different countries. We can therefore only s¢réhe importance of a good estimation of all
the input parameters, and the dependence of ewsiynd-economic model on them.
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B.Market modelling module

The market modelling module aims at calculating tharket shares of different players,
based on their strategy. Price, or quality-cormqbeice, is the typical strategy on which
market division can be based. However, not onlyniaeket division is influenced by price,
the total market size is also driven by this factar economy, price elasticity is used to
indicate this effect. It gives an indication of holke total demand varies in function of price
changes.

The calculator present in this module allows ediingathe elasticity based on different

factors. For example, the price that impacts th& slemand could differ. For some products
or services, it is possible that an increase ofhiglest price on the market has a positive
effect on the total demand (in case of Veblen dfe@igoods). This is typically the case for

luxury products, where the prestige linked with greduct rises with the price and thus
increases demand (Veblen). Otherwise, it can atsardor common products. A rising price

for bread results in a higher demand, since loweome groups notice a large effect of this
price on their income, so they start substitutitit;gomore expensive food with bread.

However, in general it is the average price levahe lowest price on the market that drives
the demand. The price drop for computers, cardain pickets has had a positive effect on
demand. An example of how a decrease in pricesdnfles the total market is shown in
Figure 118.
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Figure 118: Impact of two decreasing prices on dennal

The elasticity concept as described above has @adtron the total market. This object is
also available within the market module, and ibw&B defining a market based on a minimal,
maximal and expected market potential, togethen eiasticity. When strategies are defined
for the market, a corrected yearly market potengiaistimated based on the elasticity.

With the total market estimated, it has to be dididhetween the different actors active on the
market. Before estimating the total market shareagh actor, it has to be decided which part
of the market is available to be divided between different actors. The introduction of a

new product or service will not immediately chanlge entire market distribution, since only

a percentage of all customers can change betwéers.of subscription can only be stopped
after x months or lock-in of customers all have ¢ffect that some customers cannot switch
between offers. Only a part of the market can talige between offers, the so-called free
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market. This free market constitutes of the custsme¢ho consider switching, but also the
new market that became available in that periagl,due to adoption increase. In Figure 119,
only 10% of the total market is available to chaath period.

o1 2 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Time

|—ma|'l et potential —Free marl .et|

Figure 119: Determining the free market

It is this free market that can be divided betwdendifferent players. Based on the strategy
of each player, a distribution parameter is caledaDifferent models exist to determine
these parameters. As was already indicated in mt@duction, price difference might
influence the distribution of customers. The lowefér captures the largest part of the free
market, but other offers till have some adoptionthvthe price difference between different
offers increasing, the cheapest offer capturesasingly more of the free market. This is
typically referred to as cross-elasticity. Otherdmis exist, where the offer with the best price
or quality captures all of the free market, a Wimhakes-All model. An example of each
distribution model can be found in Figure 120 aigufe 121.
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Time
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Figure 120: Distribution based on churn
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Figure 121: Distribution based on Winner-Takes-All

Combining these four aspects, Elasticity, Marke¢eFMarket and Market Division allows to

model the market shares of all players in the niafikgure 122. It should be noted that the
module can work with initial market shares, whdre market evolution is determined from a

given starting position.
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Figure 122: Estimating the adoption per player

Some more stylized examples of the usage of th&eharodel can be found below. Note that
these are not realistic values as they typicallyogb of reach of typical elasticity and inter
product price discrimination factor. These examplesonly intended to see the influence of
changing one parameter at a time and how thischdinge the market shares of 2 different
players. Throughout the remainder of the examplauik around two offers which can have
the same price — taking out the inter product pdiserimination factor influence. The second
subsection shows stylized examples when the tweroffiave a different pricing but where
one offer stays constant and the lowest pricedr efféaking out the broadband elasticity

influence.
2 offers with the same price
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2

No Yearly Churn 10% yearly churn 20% yearly chur

constant equal prices
Vi
Vi
\
\
\
\
Vi
|
|
\

full elasticity

full elasticity
\

decreasing equal prices| Increasing equal prices,

When two offers have the same price, the marketshaill remain the same even when the
churn is high and the market is growing or shrigkitn the case the initial market is
(unjustly) not evenly divided, the market sharedl wrow to each other with a speed
depending on the churn. This is shown in the figurelow. All examples start from an initial
market split of 40%/60%. We left out the cross-&taty as this will have no influence when
prices are equal in each year and the distribuietween the two offers is 50%/50%. In the
cases of increasing/decreasing prices, full el&gtis considered, leading to an increase or
depletion of the customer base. Finally in the aaisdecreasing prices, the initial market
potential is only set at 50% of the total theowdtit00% market potential leading to an
increase in market potential with gradually decregagrices.

2 offers with different price

When the pricing of both offers is not the same, ldwer price offer will gain a larger share
with the extra gain depending on the differencgrice and the cross elasticity between the
different offers. Additionally the larger the chuttee more customers will be divided between
the different offers per year and the higher thiduance of the move of customers to the
lowest priced offer. The following table gives aveoview of offers with different prices in
which the pricing of the first is constant and técing of the second is increasing. This
means that the influence of normal elasticity in-eaisting.

OASE Page: 187 of 192
FP7 — ICT—- GA 249025



Value Network Evaluation
S OASE_WP6_D6.3_IMINDS_31012013_V1.0

No Yearly Churn 10% yearly churn 20% yearly churn
‘c
=1
0
©
(]
1]
1)
o
-
o
o 50 725 10,0 125 15,0 0,0 50 725 10,0 125 15,0 17,5 20,0 5,0 75 10,0 125 15,0 17,5 20,0
Z Time Time Time
2
o
k7
©
@
1]
%)
(]
S
o
; 75 10,0 125 15,0 17,5 20,0 0,0 25 50 75 10,0 125 15,0 17,5 20,0 0, 25 50 10,0 125 15,0 175 20,0
(=} Time Time Time
i
o
@
©
@
1)
1)
o
S
o
-C 75 10,0 125 15,0 175 0, 5,0 75 10,0 125 15,0 175 0, 75 10,0 125 15,0 17,5 20,0
k=) Time Time Time
T

OASE Page: 188 of 192
FP7 — ICT—- GA 249025



Value Network Evaluation
; S OASE_WP6_D6.3_IMINDS_31012013_V1.0

C.Potential value range of discount rate for PIP

The valuation of the PIP project was set on a fidisgount rate (5%) without any analysis of
the parameter as such. The discussion about thertamp input parameters and the potential
range of values for the discount rate based omwtrighted average cost of capital (WACC)
can be found in the following. An analysis of tmepact of the WACC range is given in

section 4.3.4.

Before the evaluation of the WACC formula and iésgmeters is assumed, the business case
under analysis must be more precise. It shoulddiednthat the discussion about business
cases of about a twenty-forty year time frame themadifficult for “normal” companies.
Nonetheless, the analysis here takes always thes fiame into account and assumes that a
company is willing to go for such projects / fungliof new companies.

First of all, there is a need for understanding rislationship to the parent company. If the
company is founded as a separate legal entity mattaffiliation (beside ownership limited
liability), it has to organise its financial aspetty its own. This could result in a lower level
of negotiation power, especially in financial aggetn contrast, if the PIP is organised as an
integrated entity in the parent company, it hasamply with all parent company obligations
like fulfilling cost of equity.

Second, the situation of negotiation power for ggand debt must be taken into account.
Here the parent company can give (a) equity tanthely founded PIP company, (b) provide
no cash but an indirect effect on the level of coktdebt for negotiation (some debt
negotiation power) or (c) a mixture of (a) and @ase (a) is reasonable for situations where
the parent company’s WACC is expected to be loWwantcost of debt of the new company.
The case (b) depends on the ownership or perceptidrthe associated risk assessment by
the lending company, but with the “name” of thegmarcompany or a legal relationship in the
background, it could be cheaper for the PIP compamgnd money.

Third, it is important to acknowledge the potenpdyers being the parent company for a
new player. In D6.1 four roles are identified faking the PIP role: Private and Public
Municipal Infrastructure Provider, Municipal Netwkorand Infrastructure Provider and
Telecommunication Operator. The latter identifiasradustry directly, where the others are a
mixture of different industries. For the Private hMeipal Infrastructure Provider, Reggefiber
is mentioned as an example. Lately, Reggefiber swdd to KPN (which is in the group of
Telecommunication Operators), but before it was advn by Reggeborgh
Glasvezelinvesteringen BV, a subsidy of the investmand construction company
Reggeborgh groep. The public companies could beedwoy either a city or a utility
company which is owned by a city. To conclude,ftil®wing industries should be taken into
account in the analysis (and therefore their respgetinancial ambitions and situations):

» Public authorities like cities

* Telecommunication operators, excluding mobile

» Utility companies

* Investment and financial service companies
Fourth, the desired target of the project will play important role for the analysis of
appropriate financial parameters. For example]exeenmunication operator will potentially
use the deployed network for his own services (NBP)} and will not grant access rights
without sufficient risk premium. Whether the redgalawill be able to force openness or not is
not important at all, but in any case a certaik geemium should be granted. Otherwise, an
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infrastructure project with an unclear level ofkriwill not be done in the future (or only
riskless projects, but this could end up in highigital divide and is excluded in this section).

Overall, it is not possible to calculate all scemsr In contrast, the target is to analyse the
most important input factor, its parameters spaxckta conclude on the overall business case.

One, potentially the most, important parametehaavaluation of the projects is the WACC.
The respective formula is given below.

. I £
WACE = 1, (1 — TL}KF+ e

The meaning of the different parameters is asalo

* iy is the company’s cost of debt

» 71, is the company’s marginal tax rate

e Il is the company’s debt

* I is the company’s market value and calculatl’ = * + E

* iy 0s the company’s cost of equity

e £ is the company’s equity
Going into detail of the parameters, it is difficub find detailed and reliable values,
especially statistical significant ones. Some iatdens are available and detailed in the
paragraphs below.
Wikiwealth collaborative research analysis of irtdes uses a database of 3200 publicly
listed companies from all over the world [89]. Hlaulates ten industry values using the
largest 30 companies. Four different industry geowpuld be identified with a WACC
varying between 6% and 13%.

Table 42: WACC parameters for various industries baed on Wikiwealth [89]

: . Debt
S Equity risk S required
Industry | risk free . return of | equity WALC
rate premium equit ratio debt | return of
quity debt
Telecom| 4o, 5% 9% 6% | 7% 5% |  10%
industry
Utility 4% 5% 7% 96% 7% 5% 6%
Energy 4% 5% 9% 22% 7% 4% 8%
Financial 4% 5% 9% 5% 7% 5% 13%

Another source is the database of Prof. Aswath DRiEmsm [21] (based on Value Line
database with 5891 firms), which calculates valieeshe WACC. Unfortunately, they are
available for companies from the US only. With e&po the scope of this project, one could
argue that global companies are converging in t&ffisancial performance or are measured
with a similar performance. Here a WACC could beeskied with a level between 3.91% and
10.78%.

Table 43: WACC parameters for various industries baed on Prof. Damodaran [21][24]

Equity- . Debt-
Industry COSF o market St | el market WACC
equity . debt Tax Rate .
value ratio value ratio
Cable TV 10.15% 59.50% 3.37% 27.35% 40.50% 7.03%
Electric Util. 6.41% 53.72% 2.37% 31.82% 46.28% 4.19%
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(Central)

Electric

0 9 0 0 0 0
Utility (East) 6.08% 60.18% 2.37% 33.14% 39.82% 4.29%

Electric

0 0 0 0 0 0
Utility (West) 6.40% 54.19% 2.37% 31.30% 45.81% 4.21%

Public/Private

) 15.01% 62.55% 3.87% 3.79% 37.45% 10.78%
Equity
Telecom. 7.78% 74.58% 3.87% 14.22% 25.42% 6.65%
Services
Utility
. 7.68% 39.21% 2.87% 26.07% 60.79% 4.30%
(Foreign)

WaterUtility 5.85% 55.12% 2.37% 35.22% 44.88% 3.91%

Assuming that a company is fully owned or backedjbyernmental organisations, one could
argue that the cost of capital is the same ashgbvernmental organisation itself. Therefore
one could simplify the formula for the WACC down tiee cost of debt without any tax
related part. For reference the governmental batesrwith a maturity of close to ten years
are presented below [24], other information for dyog.g. with maturity in 20 years, was not
available at a comparable level. One can seehidetels of costs for debt vary significantly
between 1.29% and 17.96%. In the light of the eureconomic or debt crisis, the levels
reflect to some extent the current situation indtigerent countries.

Table 44: Interest rates for government issued borglwith 10 year duration [21][24]

Euro area Oct 12 Non-euro area Oct 12
Belgium 2.44% Bulgaria 3.39%
Germany 1.47% Czech Republic 2.24%
Estonia - Denmark 1.29%
Ireland 4.77% Latvia 3.52%
Greece 17.96% Lithuania 4.32%
Spain 5.64% Hungary 6.94%
France 2.19% Poland 4.57%
Italy 4.95% Romania 6.85%
Cyprus 7.00% Sweden 1.54%
Luxembourg 1.62% United Kingdom 1.54%
Malta 3.99%

Netherlands 1.77%

Austria 2.02%

Portugal 8.17%

Slovenia 5.74%

Slovakia 4.20%

Finland 1.78%

Some critical remarks have to be noted. First,giresented data reflect companies with a
business scope much broader than the discussidhsidocument. A number of parameters
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in the calculation vary among the companies sigaiftly (e.g. level of debt, cost of
refinancing, etc.). In addition numerous parametieysend on other parameters and company
strategies as well like dividend policy, negotiatipower with lenders, and concrete situation
of lender. Second, the key assumption of usinggdvernmental bond yield for publicly
financed projects does reflect the concrete prapety in the case that the government will
provide the financing of the FTTH project. Othermvis.g. a federal state, a city or even a
village is project leader; the financing costs depen the same parameters and situation
dependent parameters as a company. In additiogdhernment bonds are based on a ten
year maturity, but FTTH infrastructure part reqaieven longer investment time frames (20
years or more) which will be reflected by higheelgli rates. Unfortunately, this information
was not available and is open for future analy=is.companies a similar discussion on risk is
valid. Third, the financial details vary over tintep. For example, the long-term interest rates
of Ireland decreased from 8.10% to 4.77% in a oz yime frame. Another issue on the
analysis of the risk is the argument that the itmest into infrastructure (like FTTH
infrastructure layer) has only limited risk. Agaithis is case sensitive and needs to be
investigated in detail for a concrete project. Base the analysis before, the WACC was
varied from between 0% to 15%. The result basedhencomplete cost including CPE is
shown in section 4.3.4.

---End of Document ---
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