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1.1 Background 

In 2002, the National IT and Telecom Agency (NITA) commenced regulation of a 
number of TDC s wholesale prices in accordance with the LRAIC pricing 
methodology. To facilitate this process, an Excel-based model was constructed in 
collaboration with the industry (including TDC) with the intention of incorporating 
suitable inputs both from a Top Down as well as a Bottom Up perspective. This so-
called Hybrid model has since been updated annually.  

In addition to the annual updates to the model, NITA is committed to consider every 
three years whether there are suitable grounds for a more extensive update. Since the 
last major review in 2005, the pace of change and progress in the telecommunications 
market has continued unabated. In particular: 

 

The trend of decreasing prices for the conveyance of traffic (both voice and non-
voice) shows no sign of stopping, even though there is now a declining volume of 
traditional telephony traffic being carried over the legacy circuit-switched 
network. 

 

New services, such as IPTV, are progressively being introduced that are centred 
on the broadband (that is, packet switched) network. These services also cover 
displacement services such as VoIP which are acting as an additional driver for 
the decline in use of equivalent services carried over the legacy network.  

 

The development of the packet-switched network has reached the stage where it is 
now commonplace for industry observers to reflect on the need for a final 
migration of all remaining circuit-switched services to an all-IP core network, 
resulting in the so-called Next Generation Network (NGN). 

 

The demand for increased bandwidth to the end subscriber is also driving 
deployment of advanced technologies and techniques into the access network, 
resulting in the deployment of so-called Next Generation Access (NGA) 
networks. These typically revolve around the deployment of fibre into the access 
network, either as a means of reducing the overall length of the final copper 
connection, or as a means of displacing it entirely with Fibre to the 
Home/Building (FTTH/FTTB).  

During 2008 NITA concluded a consultation process where it elicited the views of the 
industry participants regarding the need for a more extensive revision of the current 
Hybrid model. As part of this process, NITA impressed on the industry the 
implications of the use of an LRAIC pricing methodology, namely that it required the 
modelling of an efficiently operated company making use of an optimally structured 
network infrastructure based on latest generation equipment. The methodology thus 
seeks to minimise, if not remove, the effects of outdated technological solutions and 
inefficient operating practices.  

One important conclusion that NITA arrived at was that there now needs to be a 
complete updating of the modelled network to one based on packet-switching 
technology. NITA believes that prices based on such a network should be incorporated 
into the price regulation starting from 1 January 2010, accepting that consideration 

1. Introduction 
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might still need to be taken of the fact that TDC could not be expected to have 
completed an NGN migration by that time.  

1.2 The use of LRAIC price estimation methods 

By using the LRAIC price estimation method, the total price for an interconnection 
product cannot exceed the sum of long run average incremental costs of producing the 
relevant interconnection product, as stated in § 14, section 2, of Executive Order no. 
930.  

The LRAIC price estimation method consists of a spreadsheet model developed in 
Microsoft Excel, which is published on NITA s website. The model  named the 
LRAIC Hybrid Model  is the basis for the determination of LRAIC-based prices for 
various interconnection products.  

All material that has previously been part of the development of the LRAIC price 
estimation method is  with due respect to the rules concerning exceptions from the 
right of access to documents in the Act on Right of Access to Documents 
( Offentlighedsloven ) 

 

published on the NITA website.  

1.3 The Hybrid Model 

As stated in § 14, section 2, of Executive Order no. 930, NITA is required to develop a 
LRAIC price estimation method for the following products: 

 

Exchange of traffic between telecommunications nets or services  

 

Lease of Unbundled Local Loop 

 

Co-location costs from common use of buildings, switching equipment, etc. 

As a consequence of § 15 of Executive Order no. 930, the first version of the Hybrid 
Model cost base was estimated as a combination of two cost analyses: 

 

A Top-Down cost analysis conducted by the suppliers of public 
telecommunications nets or services, who are obliged to offer interconnection 
products at LRAIC-regulated prices (in this case TDC), cf. § 15, section 3, of 
Executive Order no. 930. 

 

A Bottom-Up cost analysis conducted by the suppliers of telecommunications nets 
or services wanting access to interconnection products at LRAIC-regulated prices, 
cf. § 15, section 3, of Executive Order no. 930. The suppliers in question have 
formed a formalised network  known as the LRAIC Working Group  in order to 
conduct this analysis. 

In accordance with § 15, section 7, of Executive Order no. 530, NITA established 
criteria and minimum requirements for the two cost analyses. These criteria and 
requirements were laid down in a Model Reference Paper prior to the development of 
the original Hybrid Model. This reference paper consists of three parts: 
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Common Guidelines for the Top-down and Bottom-up Cost Analyses 

 
Guidelines for the Top-down Cost Analysis 

 

Guidelines for the Bottom-up Cost Analysis 

An updated version of the Model Reference Paper has been published on NITA s 
website and forms the basis of the current revised version of the Hybrid Model.  

1.4 The purpose of this report 

This report sets out to describe the overall methodology underpinning the Hybrid 
Model. It also provides detailed documentation on the different components of the 
Hybrid Model  access, core, co-location, and other LRAIC services  as well as 
information on how costs were determined. In particular, it documents revisions that 
have been introduced in version 2.5 of the Hybrid Model.  

In addition, the report incorporates a user guide. This offers practical guidance to 
interested parties about how the models work and on the nature and role of each of the 
spreadsheets. A general introduction to the model is provided in Chapter 7, and more 
specific guidance for each individual model (Core, Access, Colocation and 
Consolidation) is included in the relevant chapters in Sections 8 to 11.  

Furthermore, in relation to the revision of the hybrid model, NITA has on 14 
November 2008 updated a draft note on the identification of Other services , that are 
included in the co-location model.  In this consultation NITA received comments from 
TDC, the Danish Energy and LRAIC Working Group which the agency has 
considered in a consultation response dated 14 January 2009, released on 19 January 
2009. NITA has now completed the work to clarify the content and work for "other 
services" for the review of LRAIC model for 2010. The updated note is annexed to 
this report (Appendix D).    
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LRAIC is the long run average incremental cost of providing either an increment or 
decrement of output, which should be measured on a forward-looking basis. Use of 
the LRAIC cost estimation method therefore demands a more detailed definition of the 
terms long run , average , increment , and forward-looking .  

Long run is understood as a time horizon, in which all inputs  including the cost of 
equipment  are allowed to vary as a consequence of market demands. Average 
denotes that costs connected to the production of the relevant interconnection services 
are divided by the total traffic in order to return an estimate of the average incremental 
costs. There are several definitions of the term increment , which is why this subject 
is discussed in detail below. When talking about forward-looking costs, the actual 
meaning depends on what is meant by forward-looking  and on the computational 
assumptions that lie behind the optimisation function within the LRAIC method used. 
Of special importance is the scorched node assumption, which is explained below. 
Finally, it must be decided which specific services should be included in the LRAIC 
price estimation. This is also discussed below.  

2.1 Defining the increment 

In principle, there are an infinite number of different sized increments that could be 
measured. However, these increments can effectively be grouped into three different 
categories: 

 

A small change in the volume of a particular service  

 

The addition of an entire service 

 

The addition of an entire group of services. 

The first definition of the increment refers to the economic concept of marginal 
costing, i.e. it measures the cost associated with adding a single unit of output. In the 
case of a fixed network a single unit  such as a call minute or byte of data traffic 

 

is 
so small that the costs of providing it are effectively zero. This makes the approach 
impractical for modelling purposes and makes it necessary to increase the size of the 
increment.   

The second definition may apply to services of very different sizes, such as 
interconnection, local calls, and premium-rate calls (e.g. 70, 80, and 90 numbers). This 
definition may also be referred to as service-based LRIC.  

The Hybrid Model adopts a variant of the third definition. The two main increments 
modelled are the sum of all services in the access network (the access increment) and 
all services in the core network (the core increment). These are described in detail in 
Chapters 8 and 9, respectively. The LRAIC methodology is based on these main 
increments.  

The incremental costs of the core increment are those incurred when adding a core 
network when the access network is already present; similarly, the incremental cost of 
an access network are the costs incurred when adding an access network when the 
core network is already in place. The LRAIC of co-location is the cost incurred when 

2. Overview of Methodology Used to Build the Hybrid 
Model 
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providing co-location services. These definitions include the services provided by the 
SMP operator s network division to its own retail division as well as services provided 
to other operators.  

The unit costs typically increase following the increment size. This is due to the large 
proportion of the operator s cost base that changes less than proportionally with 
changes in output. If your current output is different from zero, the marginal duct costs 
will be very small for almost all changes in the output. For this reason, the unit costs 
will be largest in the third definition of the increment and smallest in the first 
definition. Unit costs in the second definition will be closer to the first than the third 
definition. 

The definition of the increment used for LRAIC means that fixed costs1 specific to 
either the core or access networks are included. These costs include a large proportion 
of optical fibre costs and the trenching and duct costs in either the access or core 
networks, but not the trenching and duct costs used by both networks (defined as 
common costs). Costs that are shared by a number of services using a network will 
comprise a significant proportion of an operator s cost base. The difference between 
shared and common costs is explained below.  

2.1.1 Shared and common costs 
Common costs are defined here as the costs of those inputs necessary to produce one 
or more services in two or more increments, where it is not possible to identify the 
extent to which a specific increment causes the cost. This is in contrast to shared costs, 
which are defined here as the costs necessary to produce one or more services within a 
single increment.  

Box 1 describes the relationship between directly attributable, shared and common 
costs. The first definition of the increment, as outlined in the previous section, would 
only include some of the directly attributable costs in the core and access networks. 
The second definition would include all directly attributable costs. But the variant of 
the third definition taken to be the increment in LRAIC would include all directly 
attributable and shared costs in the core and access networks. Only common costs 
would be excluded.  

There are two main types of common costs between access and core that need to be 
considered. First, there are the costs associated with trenching and ducting which is 
shared by the access and core networks. By implication any knock-on costs associated 
with this trenching, e.g. maintenance costs, are also common costs. Secondly, there are 
certain fixed costs associated with host and remote subscriber stages and DSLAMs, 
such as installation costs. Again, any knock-on costs associated with these common 
fixed costs are also common fixed costs.  

The treatment of common costs in the Hybrid Model is described in Chapter 3.

                                                

    

1 Fixed costs are defined here as costs that do not change with the level of output 
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Box 1: The Relationship Between Cost Concepts  

 

Core Network CostsAccess Network Costs

Directly attributable
costs in the access necosts in the access
network  (e.g. MDF)

Shared costs in the
access network (e.g.

trench in access network)

Common costs (e.g.
trenctrench shared by access

and core)

Shared costs in the core
network (e.g. trench in core

network, ADMs

 

etc)

Directly attributable
costs in the core
network (e.g. tandem
exchange)

   

Directly attributable costs are those costs that are incurred as a direct result of the 
provision of a particular service in a particular increment. These costs fall into two 
types. First, the costs of some inputs vary with the level of output, so that even if 
the output of more than one service requires this input, the extent to which a single 
service causes the costs can be calculated. Second, there are assets and operating 
costs which are fixed with respect to the level of output but which are service 
specific.  

Shared costs are the costs of those inputs necessary to produce two or more services 
within the same increment, where it is not possible to identify the extent to which a 
specific service causes the cost. Examples of shared costs in the core network 
include optical fibre, transmission equipment and related overheads, all used by 
voice, data and video services.  

Common costs are the costs of those inputs necessary to produce one or more 
services in two or more increments, where it is not possible to identify the extent to 
which a specific increment causes the cost. Trenching costs provide a good example 
of the difference between shared and common costs. The costs of trenching specific 
to the access network (or the core network) will generally be a shared costs, since 
the trenching is likely to be used by two or more services. However, some trenching 
will be used by both the access and the core network. In these instances, the costs 
will be common costs.    

2.1.2 Defining the core and access increments 
The advent of new technology is increasingly blurring the boundary between the core 
and access networks. Nevertheless, the traditional definitions of core and access, 
described below, provide a useful basis for measuring the costs of the two main 
increments.  
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2.1.2.1 Core 
Costs in the core network are primarily driven by the volume of traffic and by the 
number of call attempts, whereas costs in the access network primarily are driven by 
the number of subscribers. In practice, the number of subscribers and the volume of 
traffic will be correlated. Nevertheless, it is possible to consider the implications of 
increased volume of traffic by keeping the number of subscribers constant (implying 
an increase in the usage rate) or to consider an increased number of subscribers by 
keeping the volume of traffic constant (implying a decrease in the usage rate). 

Assets within the core network typically include: 

 

Exchanges and exchange equipment (e.g. traffic related costs of 
DSLAMs/MSANs, core and edge routers, aggregration switches, media gateways) 

 

Transmission links between the exchanges (IP network, DWDM) 

 

Trenching and duct between all levels of exchanges. 

2.1.2.2 Access 
As defined above, costs in the access network primarily depend on the number of 
subscribers and only to a very limited extent on the number of calls or volume of 
traffic. Consistent with this, an alternative definition of access is that it is the service 
allowing the subscriber to send and receive traffic.  

Both definitions suggest that the access network includes all cable and trenching costs 
associated with subscriber lines between the customer s premises and the 
concentrator/DSLAM. The definitions also suggest that the access network includes 
analogous costs for other lines, such as those for public call boxes between the 
customer s premises and the concentrator. Furthermore, the definitions suggest that 
the access network includes subscriber related costs (such as the line card) within the 
active network equipment (for example, the concentrator and/or DSLAM). This is 
consistent with the first view since, for example, line card requirements are driven by 
the number of subscribers or, more accurately, by the subscriber requirements for 
lines. It is also consistent with the second view, since the line card is essential to 
sending and receiving traffic.  

Assets within the access network typically include: 

 

The dropwire to the subscriber 

 

Trench (including any duct) between the concentrator and the subscriber s 
premises 

 

Street cabinets 

 

Copper cable and optical fibre in this part of the network 

 

Other assets such as manholes, poles and overhead cables (if used); etc. 

 

Network Termination Points (NTP) 

 

Subscriber related costs, such as line cards, in the active network equipment such 
as concentrators/DSLAMs. 
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2.1.3 Other increments 
In practice, there will be several other increments in addition to the core and access 
increment. Examples include a retail increment for the access and core networks; an 
increment for premium rate services; an increment for the mobile network; and an 
increment for other services.   

In the LRAIC Hybrid Model these other increments are not modelled explicitly. The 
model identifies the costs that are common between other increments and the core and 
access network increments.  

2.2 Other main assumptions 

The LRAIC Hybrid Model is based on a Bottom-up Cost Model, which has been built 
according to a number of specifications or assumptions. The most important of these is 
the scorched node assumption. An optimal network structure has thus been built under 
the restriction that all exchange sites in the existing network are populated with 
equipment; however, this will be modified as a consequence of more effective 
technology.  

The use of the scorched node assumption is described below.  

2.2.1 The scorched node assumption 
The legislation in Denmark requires the LRAIC price estimation method to adopt the 
scorched node approach to modelling. In § 2, section 4, of the Executive Order, it is 
stated that:  

The cost analyses [ ] shall start from the basic geographic network 
structure at providers of public electronic communications networks or 
services that are subject to price regulation following the LRAIC price 
estimation method. This implies that exchange equipment or similar 
equipment shall be placed at the geographical sites of the providers 
network architecture (scorched node).

 

This implies that the optimisation in the LRAIC Hybrid Model is constrained by the 
existing number of sites and their geographical locations. The scorched node 
assumption does not imply that the transit net  cable, duct, trench, etc. 

 

is constant. 
Nor does it imply that the geographical sites shall be populated with the same number 
or types of exchanges as in the existing network structure.  

As a consequence of this assumption, the following types of exchange sites in TDC s 
network comprise the constraint in the Hybrid Model:  

 

A Remote Subscriber Stage 

 

A local switch 

 

A transit or tandem switch 
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A DSLAM/MSAN 

 

A site containing Layer 2 switching and/or Layer 3 Routing equipment. 

In Denmark, a number of buildings are referred to as technical houses . To the extent 
that these houses contain a concentrator and hence line cards they are accordingly 
deemed to fall within the definition of the scorched node.  

2.2.2 A Network Element approach 
The Hybrid Model adopts a network element approach to costing. This means that the 
costs of network elements are estimated and the network elements bundled together to 
create the relevant interconnection products. The actual bundling of the products will 
be determined by the routing factors for the particular services use of network 
elements.  

2.3 Services in the LRAIC Hybrid Model 

Telecommunications operators typically carry a wide range of services over their 
networks. In addition to voice services, operators provide leased lines, broadband and 
other data services, and other services such as cable TV. The proportion of data-
related traffic has grown rapidly, largely because of the growth in internet traffic. This 
trend is likely to continue.   

The models need to account for all of these services. To exclude some would result in 
an under-dimensioned network and increased costs for the remaining services as 
shared costs, such as duct, would be allocated to fewer services.  

The core and access models categorise services under the three broad headings 

 

PSTN (including ISDN) and broadband (including bitstream); leased lines; and other 
services  described below.   

2.3.1 Voice and broadband data services 
Voice services include standard call services that originate and terminate on exchange 
lines. Broadband services include both broadband to own customers and wholesale 
(bitstream) services. Table 2.1 lists the most important services.  
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Core Access 
Local calls PSTN Line Rental 
National calls ISDN 2 Line Rental 
International calls  Inbound ISDN 30 Line Rental 
International calls  Outbound Wholesale Line Rental** 
International calls  Transit Shared Access** 
Fixed to mobile calls Full Access** 
Mobile to fixed calls Other Access (including fibre and wireless 

technologies)** 
IN Basic  
IN Advanced Broadband 
Interconnection  Transit Within Area  
Interconnection  Transit Between Areas Broadband to own customers 
Interconnection  Local Area Bitstream access 
Interconnection  Within Area Other broadband based services (such as 

VoIP and IPTV) 
Interconnection  Between Areas  
Operator Services   
Other calls  

**Where the demand for these services has not been included in other categories, such as PSTN or ISDN 
line rentals. The purpose is to estimate demand for all access lines, avoiding double counting.  

2.3.2 Leased lines 
Users of leased lines may be classified in the following three groups:  

 

Retail subscribers, who usually require leased lines to provide a permanent 
connection between subscriber premises 

 

Other operators, who usually require leased lines to provide a permanent 
connection between networks 

 

The network operator, who requires leased lines for a variety of reasons. 

SMP operators may carry some other services, such as data services over leased lines.  

2.3.3 Other services 
Other services using the core network will increase in importance over time. Examples 
include IPTV, packet-switched Virtual Private Networks (VPN) and video-on-
demand. The costs of servicing and supply of dedicated equipment for these services 
are not modelled. However, the capacity effect on the PSTN/IP Core Network 
increment is taken into account. Due to the effect of cost-volume relationships, this 
increased capacity reduces the average cost per unit of products and services using 
that capacity.  

Table 2.1: Voice and broadband services 
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This chapter describes the assumptions made by NITA regarding unit costs (direct and 
indirect) and operating costs.  

This is followed by a chapter discussing the assumptions and the approach used to 
annualise these costs.  

3.1 Defining costs 

There are two methods of defining costs within the core and access increments.  

The first method is to look at costs that are directly attributable to services within the 
increment. For example, ADSL line cards are directly attributable to the xDSL part of 
the access service within the access increment. However, because of the significant 
extent of fixed and shared costs in telecommunications networks, there will be 
relatively few directly attributable costs. Most costs will be considered to be shared 
costs (that is shared by a number of different services in the increment, such as leased 
lines and voice traffic). Common costs arise only when two increments (for 
example, access and core) actually share costs. This is discussed in Section 2.1.1 
above.  

Another method to use when looking at costs is to consider how they relate to the 
network. For example, costs could be defined as:  

 

Direct network costs (such as processors, ports, ducts, and fibres) 

 

Indirect network costs (such as power, accommodation, and maintenance) 

 

Interconnection specific costs (such as billing and billing systems) 

 

Overheads (such as the human resources department). 

Network costs measure the cost of those inputs necessary for the network to run. They 
can be divided into direct and indirect network costs. A direct network cost is defined 
as one where the volume of inputs  and therefore the cost  depends on factors 
exogenous to the network, such as the level of demand. For example, the number of 
line cards, and therefore their total cost, will depend on the number of subscribers.  

In contrast, an indirect network cost is one where the volume of inputs, and hence 
cost, depends on choices made concerning other (direct) inputs. An example is racks, 
since the number and size of racks necessary will depend on the choices made 
concerning ports and line cards.  

Interconnection-specific costs comprise costs which may be associated with supplying 
interconnection services at the wholesale level. These are typically subscriber-related 
costs such as billing and billing system costs.  

Overheads cover those costs that are not necessary to run a network, but must 
nonetheless be incurred in order for the network operator to function.   

3. Costs 
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The approach used to estimate these types of costs is presented below. Table 3.1 
shows how the different costs have been treated in the Hybrid Model.                                

3.2 The treatment of common costs 

There are various approaches for dealing with common costs. Mark-ups can be either 
additive or multiplicative and similarly be either differentiated or uniform. A 
(uniform) additive mark-up implies that common costs are divided by the number of 
increments and the resultant total is added to each increment (thus, if common costs 
were 2,000, 1,000 would be added to both the core and access increments). An 
additive mark-up implies that the allocation of common costs is independent of the 
total costs of the various increments.   

A multiplicative mark-up implies that common costs are split in relation to the relative 
level of incremental costs of each of the increments. For example, if the Incremental 
Cost of Access is 75% of total incremental costs and the Incremental Cost of Core is 
25% of these costs, then the access increment would be allocated 75% of common 

Table 3.1: Definition of Costs Used in the Hybrid Model 

Cost Category Examples of Costs Included 

Direct costs Trench 

Line cards 

Copper cable 

Ports 

Fibre 

Accommodation 

Power 

Security 

Indirect capital costs 

Air-conditioning 

Operating costs - direct Installation, operation, and maintenance of the 
network  FA costs 

Operating costs  indirect Travel and management costs 

Executive 

Business planning and development 

Accounting, finance, and audit 

External relations 

Human resources 

Information management 

Legal 

Procurement 

Overheads 

Other general administration 

Subscriber related costs Interconnection specific costs 

Billing and billing systems 
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costs and the core increment 25% of these common costs. Multiplicative mark-ups are 
sometimes referred to as equi-proportionate mark-ups.   

More sophisticated forms of mark-ups are also possible. However, these methods can 
be information sensitive and be subject to subjective judgements. For that reason, 
mainly equi-proportionate multiplicative mark-ups (EPMU) are used in regulatory 
cost models. In a few cases additive mark-ups are used. In the current LRAIC Hybrid 
Model, the EPMU method is used for non-network related common costs and 
wholesale costs, whereas network related common costs and shared costs are allocated 
on the basis of cost causality.  

3.3 Unit costs 

One of the most challenging tasks when developing a Hybrid Model is to collect 
robust cost estimates. This section reviews the data sources and volumes used and 
discusses the approach taken to populate the Hybrid Model with cost information.  

3.3.1 Sources of cost estimates 
The cost estimates used in the Hybrid Model are based on a number of sources 
including TDC, the LRAIC Working Group, various equipment suppliers, and 
benchmarking data from comparable models (such as the Swedish LRIC Hybrid 
Model) plus publicly available data sources (including Statistics Denmark).  

3.3.2 Cost estimates in the Hybrid Model 
According to NITA, the cost data used in the Hybrid Model should 

 

to the extent 
possible  be recent, robust, and relevant to a national network in Denmark. 

Therefore, NITA has obtained cost estimates from the various sources listed above 
and developed a consolidated estimate based on all the information available. 
However, more emphasis or weight has been placed on estimates accompanied by 
robust and documented evidence. 

The choice of price data used in the revised version of the Hybrid Model has been 
based on a qualitative assessment of the estimates and documentation available. 
Where NITA has found the documentation for certain estimates to be less substantial, 
only limited weight has been put on the estimate in question. 

Estimates from the Swedish LRIC Hybrid Model have been used as a documented 
benchmark for equipment prices on several occasions. This model is comprised of 
both publicly available data and confidential data. Where the equipment price used as 
a benchmark is publicly available, it is used without further adjustments. 

The Swedish telecommunications regulator (PTS) has informed NITA that the 
confidential data used in the model are the actual equipment prices masked by 
randomly applying an uplift in the range of +/- 10 percent.  

Furthermore, NITA has access to various international benchmark prices that may be 
appropiate for use in the Danish LRAIC Hybrid Model. Documented and evaluated 
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price information from the Swedish model as well as other benchmarks have, 
therefore, been used as a basis of comparison with the estimates from other sources. 

NITA has not been able to identify installation costs separately in all the equipment 
prices available. Therefore, it has been necessary to integrate installation costs in the 
model in one of the following three ways: 

 

As a documented cost (when information on specific installation costs has been 
available) 

 

As an estimated mark-up on equipment prices (when only the latter have been 
available) 

 

As an empty entry in the model (when only the sum of equipment and installation 
costs has been available). 

3.3.3 Data input and confidentiality 
NITA takes the view that the cost data used in the Hybrid Model should 

 

to the 
extent possible  be transparent and accessible for all parties in the process. 
Transparency in the data input makes it possible for all parties to use the Hybrid 
Model, to comment on the data input used, and to supply NITA with further estimates 
and documentation that could enhance the quality of the LRAIC Hybrid Model.  

For these reasons, the data input on unit costs (e.g. equipment prices) used in the 
Hybrid Model is  whenever possible  transparent and accessible to all parties 
involved in the process.  

Nevertheless, in some instances it is necessary to ensure the confidentiality of the data 
on unit costs. This is done using the following procedures:  

 

The method for evaluating the data or their sources is not stated explicitly. This 
means that it is not possible to identify the implicit weight of different inputs used 
by NITA and thereby to get access to the underlying confidential data. 

 

Moreover, when the cost data used are based on confidential data, NITA has 
estimated the cost for a particular type of equipment where cost information is 
available from several suppliers. 

This is a continuation of the procedure that was used for the first draft version of the 
LRAIC Hybrid Model. 

For data inputs other than unit costs, NITA has  whenever possible  followed the 
same principles as when dealing with unit costs. However, in one instance it has not 
been possible to let the actual data inputs be accessible to all parties, since they are 
highly dependent on confidential data supplied by TDC. As a consequence, NITA has 
chosen to submit a public version of the model containing masked data instead of the 
underlying values used in the model. This is done by adjusting the actual data inputs to 
the model by a random factor (negative or positive). In the published version of the 
Hybrid Model, it is indicated explicitly by the use of a specific colour code when data 
is masked. 
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The very limited use of masked data makes it possible to use the model with almost 
accurate data input. The random adjustments to the published model produce only 
very small deviations from the model producing the correct non-masked data.   

3.4 Operating costs 

In previous publications, NITA has acknowledged the difficulty in modelling 
operating costs in a bottom-up model, and noted that only sparse documentation and 
justification had been provided for the mark-ups used in earlier versions of the model. 

To improve transparency and model operating expenditures more directly, NITA 
chose to adopt a Functional Area approach in the Hybrid Model, which was based on 
the FA method used in the Swedish LRIC Hybrid Model. 

The FA method identifies a number of major cost categories that are based on the 
basic functional areas of a telecommunications provider, as shown in Table 3.2. 

This approach to the modelling of operating expenditures is comparable to the method 
normally used by providers developing business plans. 

LRAIC operating, overhead, and annualised indirect capital costs or FA costs should, 
thus, comprise the costs that are relevant for the wholesale provider in the core and 
access increments. Any cost being directly related to end user activities should be 
excluded. This ensures that costs for other increments not modelled directly in the 
Hybrid Model are excluded from the model. Moreover, costs that are modelled 
indirectly (e.g. non-PSTN costs) are also excluded from the final allocation of costs to 
specific interconnection services. 

The method is based on two main steps: 

 

Statement of costs per functional area 

 

Allocation of costs. 

These steps are described in detail below. 

3.4.1 Statement of costs per Functional Area 
The cost categories are defined in accordance with the overview in Table 3.2.  
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Table 3.2 Detailed Summary of the Functional Areas 

Costs 

 

Network related on-
going costs 

Network related one-off 
costs 

Non-network related 
cost 

Interconnection specific 
and commercial 
operating costs 

A
rea 

IMS management and 
planning 

IMS maintenance 

Network Management 
System 

Core infrastructure 
management and 
planning 

Core infrastructure 
maintenance 

Core DWDM 
equipment 
management and 
planning 

Core DWDM 
equipment 
maintenance 

IP network 
management and 
planning 

IP network 
maintenance 

DSLAM management 
and planning 

DSLAM maintenance 

Access infrastrucuture 
management and 
planning 

Access infrastructure 
maintenance 

IMS installation 

Core infrastructure 
installation 

Core DWDM 
installation 

IP Network installation 

DSLAM installation 

Access infrastructure 
installation 

Corporate Overheads 

Human resources 

Finance 

Support systems 

Administration 

Customer oriented 
costs 

Billing 

Debtor handling 

Other IC specific costs 

 

The cost categories summarised in Table 3.2 represent a significant departure from 
those used in version 2.4 of the Hybrid Model. This was necessary to take account of 
the considerable differences in the underlying network structure and hierarchy 
resulting from the adoption of an IP-based core network.  

Costs are split into continuous and one-time costs. Personnel demand is calculated per 
FA area, and the total wage costs are calculated using a standard price for the pre-
defined position categories. This is based on the following three standardised 
personnel categories: 

 

Technicians 

 

Administration (e.g. secretaries) 

 

Academics (professionals such as solicitors, engineers, etc) 

NITA has estimated an average yearly gross wage (including employer or employee 
paid pension) for each of these categories. Estimates for gross wages are based on 
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publicly available data drawn on the 1st of October, 2005, adjusted to reflect 2009 
costs. 

Data from the Danish Metalworkers Union (Dansk Metal) was used for the 
technicians, and for the academic employees, data was collected at The Association of 
Danish lawyers and Economists (Danmarks Jurist- og Økonomforbund) and The 
Society of Danish Engineers (Ingeniørforeningen i Danmark).  

On the basis of these estimates, an effective hourly wage for each type of position was 
calculated. Assumptions have been made regarding the number of possible working 
days per year, weekly working hours and corrections for days off and other absences 

 

including illness, training courses, and general administrative activities. Furthermore, 
extra costs such as higher wages for managers have been taken into account by 
effectively moving 10% of technical staff into the higher academic wage bracket. 

The input parameters are shown in Table 3.3 below. 

Table 3.3: Staff Cost Calculations 

5.1 Working days assumptions Adm. staff
Potential working days per year Days 252
Absence (sickness, injury, other) Days 10
Holidays Days 30
Administration Days 10
Courses Days 3

Actual number of working days per year Days 199.0                       

Average number of hours per day for administrativr staff Hours 7.4                           
Average number of hours per day for technician 7.4

                           

Average number of hours per day academic staff Hours 7.9                           
Correction for additional work % 25.0%

5.2 Average employment costs Per year
Mark-up

Administrative staff DKK/pa From consolidation model (estimate)364,558                   
Technician DKK/pa From consolidation model (estimate)485,283

                   

Academic staff DKK/pa From consolidation model (estimate)600,185

                    

Source: Co-location model, I_Costs  

Any use of time on activities that are not directly work related such as transport, 
waiting time, and other relevant wasted time is taken into account when calculating 
time usage for each specific activity, e.g. installation of raw copper. Moreover, new 
service categories have been added in the revised Hybrid Model to account for 
unsuccessful customer visits and unproductive fault handling.  

Regarding services/tasks in which area the estimated cost is based on the number of 
hours and wage level, a mark-up of the hourly wage is needed to take into account the 
indirect costs derived from other types of personnel who, indirectly, contribute to time 
expenditure for that activity.  

For example, a problem on an access line will primarily need a technician, who will 
use a certain amount of time on repairs and testing, but the same problem will also 
result in extra use of administrative and managerial hours. Similarly, an academic 
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employee negotiating with a provider about a relevant interconnection contract will 
also draw upon administrative and managerial resources.  

To consider this extra indirect cost derived from other personnel s time consumption, 
a 25 percent mark-up has been applied to all three wage categories.  

In version 2.4 of the model, the list of functional areas was clearly based on an 
underlying circuit switched network and thus for the revised model the areas needed to 
be adapted to reflect an underlying packet switched network.   

Furthermore, the staffing levels in version 2.4 were fixed for each functional area 
which is now felt to be no longer appropriate, given the more rapidly changing nature 
of both the quantities and types of equipment in IP-based networks. In addition to 
updating the list of functional areas to reflect the IP-based network modelled, the fixed 
quantities of staffing have been replaced with variables that can flex to some degree 
with underlying demand.  

For each functional area it is now possible to specify a minimum level of staffing, 
together with an additional number of staff per so many of a given driver. The list of 
drivers currently in the model is illustrated in Table 3.4, but could easily be adapted 
should more suitable drivers be identified later in consultation with the industry.  

Table 3.4: List of Opex Drivers  

1.1 Opex Drivers Quantity
# IMS 13                            
# Core nodes 1,838                       
# km Core trench 14,454                     
# DSLAMs 4,656                       
# DSLAM lines POTS and xDSL combined 2,585,819                
# NTPs 2,954,880                
# DWDM 46                            

   

The initial entries in the functional area staffing input table have been based on an 
assessment of the staffing levels in version 2.4, together with experience of inputs 
used in other such models. The overall level of staff covered by the complete set of 
functional areas has been kept broadly constant with the total in version 2.4 (1,435 in 
the release for 2009 of version 2.4 compared with 1,426 in the final revised model 
version 2.5).   

The complete new list of functional areas, together with the staffing level input 
drivers, is illustrated in Table 3.5.       
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Table 3.5: Functional Area Staffing Levels   

1.2 Areas relating to ongoing and one off (organic growth) costs Minimum + fte per driver

Ongoing
IMS management persons 10.00

                       

1.00

                         

2.00

                              

# IMS
IMS maintenance persons 5.00

                         

1.00

                         

1.00

                              

# IMS
IMS planning persons 5.00                         1.00                         2.00                              # IMS
Network Management System persons 15.00

                       

Core infrastructure management persons 10.00                       1.00                         1,000.00                       # km Core trench
Core infrastructure maintenance persons 20.00

                       

1.00

                         

300.00

                          

# km Core trench
Core infrastructure planning persons 5.00

                         

Core DWDM equipment management persons 5.00                         
Core DWDM equipment maintenance persons 5.00

                         

1.00

                         

50.00

                            

# DWDM
Core DWDM equipment planning persons 5.00                         
IP network management persons 10.00

                       

IP network maintenance persons 20.00

                       

1.00

                         

50.00

                            

# Core nodes
IP network planning persons 10.00                       
DSLAM management persons 10.00

                       

1.00

                         

300.00

                          

# DSLAMs
DSLAM maintenance persons 40.00                       1.00                         10,000.00                     # DSLAM lines
DSLAM planning persons 10.00

                       

1.00

                         

600.00

                          

# DSLAMs
Access infrastructure management persons 10.00

                       

1.00

                         

50.00

                            

# Core nodes
Access infrastructure maintenance persons 100.00                     1.00                         6,000.00                       # NTPs
Access infrastructure planning persons 5.00

                         

1.00

                         

100.00

                          

# Core nodes
others -  to be added if needed persons

One Off (organic growth) persons
IMS installation persons 5.00

                         

1.00

                         

1.00

                              

# IMS
Core infrastructure installation persons 10.00                       1.00                         600.00                          # km Core trench
Core DWDM installation persons 5.00

                         

1.00

                         

50.00

                            

# DWDM
IP Network installation persons 10.00                       1.00                         100.00                          # Core nodes
DSLAM installation persons 10.00

                       

1.00

                         

400.00

                          

# DSLAMs
Access infrastructure installation persons 10.00

                       

1.00

                         

35.00

                            

# Core nodes
others -  to be added if needed persons

   

3.4.2 Allocation of costs 
Three types of operational costs are to be allocated: 

 

Network related costs, which are directly related to operating the network  e.g. 
network management, equipment maintenance or access installation. 

 

Interconnection related costs, which are directly related to the commercial 
operation of interconnection  e.g. subscriber support and interconnection 
accounting systems. 

 

Non-network related costs or other operational costs, which are necessary for 
running an organisation. For example, HR costs, Board of Directors costs, legal 
assistance, etc.  

3.4.2.1 Allocation of network related costs 
The division into FA areas may not be used directly for allocating the network related 
costs. Therefore, a model is used whereby the costs are first transformed or allocated 
to network elements and then to services, using the traditional routing table method. 

For this, the model uses an allocation table and the operational costs that are already 
allocated to network elements by use of mark-ups and, in the access model, the event-
driven method. The allocation table is comprised of the values of zero (do not allocate 
costs) and one (allocate costs). By using this table, and the costs that are already 
allocated to each network element, the model calculates FA costs for each network 
element. The formula used is: 

i
j

ij
opex
j

ij
opex
ji

j NE

NEFA
FA , where 
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FAj = FA costs for network element j 

 
FAi = FA costs for area i  

 

NEj = operational cost allocated to network element j by use of mark-ups and, in 
the access model, the event-driven method  

 

ij = allocation scale for network element j and area i 

In the model, this transformation is developed in the consolidation model in the 
C_FA_Costs sheet.   

3.4.2.2 Allocation of interconnection specific costs 
Some costs relate specifically to the exchange of traffic or wholesale access services. 
According to Table 3.2 above, these costs consist of: 

 

Customer related costs 

 

Billing and billing systems 

 

Debtor administration 

 

Other interconnection specific costs 

Even though these costs constitute a relatively modest part of the modelled total costs, 
they are still important for the final costs. These costs are allocated exclusively to 
switched interconnection services and wholesale access services. The costs are 
summed up as a total and then allocated between the two service categories using a 
distribution scale, as shown in Table 3.6: 

Table 3.6: Allocation of Interconnection Specific Costs  

5.4 Specific IC and Commercial Costs

Regulated 
access 

services
Co-location 

services

Non-regulated 
wholesale 
services

Split between access and interconnect % 20% 20% 20%
Regulated core split between voice and data (eg BSA) Voice Data

59% 41%

40%
Regulated core services

  

The costs are allocated to the services using a multiplicative mark-up. The mark-up is 
calculated from the interconnection specific costs for the increment in relation to the 
overall operating costs for the increment.   

3.4.2.3 Allocation of non-network related costs  
The LRAIC cost base also contains non-network related costs  that is, costs which 
are necessary for running a telephone company, but which may not be allocated 
immediately to the individual network elements. These elements are allocated directly 
to the services by use of a mark-up method.  

The mark-ups used in the hybrid model are shown in Table 3.7.  
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Table 3.7: Mark-up for Other Annual Indirect Common Costs, incl. Operational 
Capital  

 
Mark-up (pct.) 

Services in the access network  12.7 

Services in the core network 14.5 

Co-location services 13.2 

Other services 14.5 

 

These mark-ups are based on calculation of a common mark-up for all the services. 
The common mark-up was found to be 13.24 percent. It has subsequently been 
adjusted for working capital (see the paragraph below) for the individual categories. 
This results in four individual different mark-ups.   

3.4.2.4 Estimation of FA costs 
FA costs in the model are based on an offline analysis of the available data from the 
existing LRAIC model, TDC s latest cost statement, TDC s previous top-down model, 
and other benchmarking data, such as the Swedish LRIC model. 

However, these data may not be used directly. To consider the actual, modelled 
network and the FA method s cost categories, it was necessary to make a series of 
corrections of the data material available. The method is, therefore, an iterative 
process; consequently, both a bottom-up and a top-down approach have been used, 
with a subsequent calibration. 

The bottom-up approach is based on dimensioning factors defined by experience, such 
as number of employees per central or installation time for a certain type of 
equipment, converted into personnel hours. This approach is typically used for 
development of business plans and investment analysis. The top-down approach is, 
however, based on general key numbers such as maintenance s share of GRC. 

After convergence of the results of the two methods, a reasonability and/or 
consistency check is performed by e.g. comparing with the numbers from the current 
LRAIC model, to see whether a correction should be made.  

The relationship between personnel and non-personnel costs is predominantly based 
on TDC s data from the original top-down model. 

It should be noted that the network based FA costs do not include annual costs for 
premises, power, and cooling. These costs are modelled directly in the core model and 
then transferred to the consolidation model.  

3.4.3 Working capital  
The cost of the working capital is a percentage of the total working capital. The 
percentage value used is assumed to be the same Cost of Capital percentage that is 
used to define the return on fixed assets. The same modelling method is used as was in 
the previous version. 
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The Required Level of Working Capital (RLWC) is defined as the current assets less 
current liabilities. Thus: 

(1) RLWC = Stock + debtors  creditors + cash 

Stock is assumed to be negligible. (1) can subsequently be calculated as: 

(2) RLWC = (Debtor days * sales  creditor days * total creditor related costs) 
/ 365 + cash 

Sales are the sum of the sales revenue of Co-location, Core PSTN and Access network 
services. These are calculated in the model assuming a cost-oriented sales price is 
used.  

The total trade creditor related costs are made up of: 

 

Wages 

 

Power 

 

Other payments to suppliers, such as support contracts and equipment suppliers 

The bottom-up guidelines indicate that a percentage increase in the debtor days may 
be used instead of a figure for the amount of cash required by a prudent operator. Cash 
could also be defined as a percentage increase in sales revenue (in the equation (2) 
above, and these are seen as being equivalent).  

The working capital given by company accounts may not correspond to the working 
capital an efficient operator would need. For example, the adjustments to operating 
cost would affect the level of working capital by altering the level of creditors. 
Further, the efficient operator may have a smaller level of working capital due to 
better management of debtors, creditors, cash and the supply chain. However, given 
that the cost of working capital is likely to be small in relation to other costs, such 
inefficiencies might not be material.    

3.4.3.1 How the working capital is used in the model 
The total Working Capital (WC) is determined using the method outlined above. 

Next, the total WC value is multiplied by the cost of capital, to find the actual cost of 
WC. The cost of WC is then calculated as a fraction of the total costs (sum of costs of 
Core, Access and Co-location). This is then converted into a percentage value that is 
used to uplift the cost of services. The percentage value used in the model also 
includes the effect of common business costs, as well as WC.  

Working capital is calculated differently for Core and Access to show the difference in 
payment method for the usage of net services. This variation is taken into account 
through different assumptions for the number of debtor days. The model assumes that 
the average number of debtor days is -15 for Access and 105 for Core. This difference 
highlights the difference in payment methods. Raw copper is prepaid quarterly, 
whereas interconnection services in the overall net are paid after the end of a quarter 
(billed after being registered). 
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Mark-up for working capital is added to mark-up for other indirect costs to give a total 
overhead cost mark-up. 

The estimates in the model are shown in Table 3.8.      

3.5 Building costs for exchanges and technical houses 

To ensure that the value of the property used for housing equipment, such as 
exchanges and technical houses reflects the real costs, NITA has developed a method 
to assess property values that is more precise than the direct use of public valuations. 
Using this method, the public property values as informed by TDC have been adjusted 
by a factor representing the difference between the market price and the public 
valuation in each geographical area. 

3.5.1 Calculation of the real property costs 
TDC has supplied a set of data with the property records, including the value of the 
land, property area in m2, land area in m2 and postcode for each site. Information 
concerning the cost of land is primarily based on the public assessment from 2004, 
however, in a few cases, the details for 2004 were not available; here, the valuation 
from 2002 has been used. 

In order to correct the public assessment property data from TDC, NITA obtained data 
from Statistics Denmark illustrating the difference between market prices for factory 
and storage properties and the public valuation through four quarters, from the second 
quarter in 2004 through to the first quarter in 2005. For version 2.5 of the model, 
updated market values were obtained from Denmark Statistics for the period from the 
second quarter 2005 to the second quarter 2008 (the most recent available) to bring the 
TDC data up to date. 

NITA has calculated a correction factor at county level, whereby it has been possible 
to make an adjustment for the public assessment value data from TDC for exchanges 
and technical houses in the counties with sufficient data available. 

Building costs per m2 are calculated in the hybrid model and have simultaneously been 
split into indoor and outdoor costs, primarily because land and buildings have 
different salvage values, asset lives, and price trends. Another reason is so that the 
outdoor co-location area can be modelled. 

The following calculations have been performed: 

 

The average building costs per m2 and the average land costs per m2, for each 
geotype. 

Table 3.8: Estimates for Working Capital used in the Hybrid 
Model 

Type of cost  Estimate 

Core services 1.25%. 

Access services -0.58%. 



  
> 

Date: 25.6.2009 Page 30  

 
The market value of buildings in each geotype is calculated as the average 
building costs minus the average land costs. 

 

Annual costs per m2 for land and buildings, respectively, based on parameters 
such as asset life, salvage value, and price trends.  

 

Land costs per m2 are allocated to outdoor area in m2 in a 1:1 ratio for each 
geotype. 

 

Land costs per m2 are allocated to indoor property costs per m2 in relation to land 
area per building area for each geotype. 

Co-location occurs at exchanges and not in technical houses, making it necessary to 
calculate a separate price per m2 for co-location which excludes technical houses. 
Technical houses are included in the price per m2 for the rest of the model. 

In the revised model, a number of additional adjustments had to be made to the 
building values analysis in order to derive updates for 2008.  

As of 1 January 2007, the county structure in Denmark was reformed, whereby the 
former 13 Amter were reorganised into 5 Regions. These in turn are subdivided into 
11 Landsdele (or subregions). In order to derive a continuous data set for market 
values from Denmark Statistics, the old Amter had to be mapped to the new 
Landsdele. This was done by reallocating municipalities from the old Amt areas to the 
new Landsdel areas, based on a transition table provided by Denmark Statistics.  

Adjustments also had to be made for the different levels of source data available. The 
previous data set for Q2 2004  Q1 2005 contained sales volume and growth data at 
municipality (or city) level. From Q2 2005, data were only available at Amt level, 
and from Q1 2006 data were available at Landsdel level. Therefore the data were 
grouped into three distinct periods: 

 

Period 1: Q2 2004  Q1 2005 

 

Period 2: Q2 2005  Q4 2005 

 

Period 3: Q1 2006  Q2 2008  

A correction factor was calculated for each period by the following methods: 

 

Period 1: Obtained from the 2006 model for each municipality and averaged for 
new Landsdele. 

 

Period 2: Projected for each municipality based on 2005 average growth per Amt. 
The data were then averaged for the new Landsdele as for Period 1. 

 

Period 3: A correction factor was calculated by the same method as for the 
original analysis, using Landsdel-level data from Denmark Statistics.  

To derive the final continuous correction factor for Q2 2004  Q2 2008, the correction 
factors for the three periods were averaged, weighted by the number of quarters in 
each period. Finally, the new correction factor was applied to the TDC data to derive 
updated building values. This was done by applying the average Landsdel correction 
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factor to each property located within the Landsdel, using an updated postcode lookup 
table obtained from the Danish Post Office.   

The building values used in the revised Hybrid Model are shown in Table 3.9:  

Table 3.9: Building Values by Geotype 
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This chapter sets out to describe the assumptions and methods used for converting 
Gross Replacement Costs (GRCs) derived in the Hybrid Model to annual capital 
charges (annualised costs).  

The major assumptions affecting the annualised costs are: 

 

Cost of Capital (CoC) 

 

Asset lives 

 

Price trends 

 

Output trends.  

4.1 Annualisation methodologies 

4.1.1 The FCM principle 
The Financial Capital Maintenance (FCM) principle is used when the annualised costs 
for assets in the Hybrid Model are estimated.  

The concern of FCM is to maintain the financial capital of the company. This 
maintenance is achieved when the value of shareholder funds is the same in real terms 
at the start and end of the period. Using the FCM method implies adding a holding 
gain or loss to the annualised cost when the price of the asset changes during the 
course of the year.  

A number of annualisation methods may be used in combination with the FCM 
principle. These include: 

 

Straight line depreciation 

 

Standard annuity 

 

Tilted annuity 

 

Economic depreciation  

The following sections give a brief outline of each method. To ensure maximum 
flexibility, the Hybrid Model allows users to apply any of these four annualisation 
methods to individual asset classes or to the model as a whole. The method preferred 
by NITA (the default setting in the model) complies with the principles set out in the 
MRP and is described in Section 4.2 below.  

4.1.2 Straight line depreciation 
Straight line depreciation is the method most commonly used in financial accounts. It 
simply spreads the original cost of an asset evenly across its economic lifetime, so that 
an asset costing 5000 would be recovered over 5 years by charging 1000 to 
depreciation each year. The method is popular because of its simplicity, but is 
criticised for not reflecting economic reality, as assets typically lose most of their 

4. Annualisation Assumptions 
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value in the early years. It also ignores the cost of capital, which must be calculated 
separately.  

4.1.3 Standard annuities 
Annuity methods also spread the cost of an asset over its economic life, but in addition 
take account of the opportunity cost of capital, ie. the interest forgone which would 
have been earned had the cash been invested elsewhere. Therefore annuities consist of 
two separate elements: the annualised cost of the asset (depreciation), and a financing 
or cost of capital charge. In a standard annuity, the annual charge remains constant 
over the life of the asset. Again, the method has been criticised for failing to reflect the 
true depreciation profile of the asset and for assuming constant asset prices.   

Standard annuity formula: 

  

4.1.4 Tilted annuities 
Tilted annuities relax the assumption of constant prices. In fixed networks, asset prices 
tend to fall over time, whereas infrastructure costs (digging trenches for example) tend 
to rise over time. If, for example, the annualisation method ignored falling prices, 
Entrant 2 would have an advantage over Entrant 1 as it would benefit from lower asset 
prices and consequently lower depreciation charges. When asset prices are falling, a 
tilted annuity recovers more of the capital value in the early years (and vice versa), 
which ensures that two entrants with an identical asset base, though acquired in 
different periods, have identical depreciation charges.   

Tilted annuity formula:  

Annuity =  Purchase_Price * (WACC Price_Trend)    

1  ((1+Price_Trend)/(1+WACC))Lifetime   

A tilted annuity is consistent with the use of the FCM method. As with a standard 
annuity, the tilted annuity should still result in charges that, after discounting, recover 
the asset s purchase price and financing costs.  

4.1.5 Economic depreciation 
The main drawback of the tilted annuity method is that it ignores output trends. This is 
addressed by economic depreciation, the method which most closely reflects 
economic reality and is widely considered the theoretically correct annualisation 
method to use in LRAIC models. Economic depreciation is defined as the period-by-
period change in the market value of an asset. The market value of an asset is equal to 
the present value of the net cashflows that the asset is expected to generate over the 
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remainder of its useful life. As net cashflows vary with output, assets are depreciated 
at a rate consistent with use, resulting in a true depreciation profile.  

As with tilted annuities, economic depreciation ensures that two entrants have the 
same depreciation charges, regardless of when their assets were acquired.   

4.2 Annualisation methods used in the Hybrid Model 

According to the legislation, NITA will set the prices using the LRAIC Hybrid Model 
for one year at a time.  

During the first year in which the LRAIC prices were determined (2003), the Hybrid 
Model produced results based on information relevant for the year 2002. Prices for the 
following years were determined on updated versions of the model, reflecting any 
changes in equipment prices and volumes. This principle will also be used for the 
price estimation for 2010 and the years following, meaning that the prices for 2010 are 
based on data for the year 2009.  

The costs are annualised in order to ensure that they are recovered over the economic 
lifetime of the asset. In previous versions, the Hybrid Model used a tilted annuity, 
which calculates the sum of depreciation and cost of capital. In version 2.5 of the 
Hybrid Model, users are able to select from a range of annualisation methods; 
however, the approach selected by NITA (and used as the default setting) is a still 
tilted annuities.  

4.3 Calculation of economic depreciation 

The annualisation method used in the Hybrid Model should be consistent with two 
principles: 

 

Each asset cost is fully recovered for over its own lifetime; 

 

An existing network operator is able to compete on an equal basis with a 
hypothetical new operator entering the market in a later year on equivalent terms.  

In addition, annualisation methods should ideally reflect all of the following: 

 

An underlying price trend in the purchase price of the asset; 

 

An underlying output trend in the number of units of output produced per year; 

 

An underlying change in the reliability of the asset (and hence need for opex to 
maintain the asset).  

Depending on different economic conditions, both tilted annuity and economic 
depreciation can meet these requirements and therefore the Hybrid Model can make 
use of both methods. The conditions identified by NITA as influencing the most 
appropriate method are: 
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Whether output is constant, rising or falling; 

 

Whether asset costs are fixed or variable; 

 

Whether there is a price constraint, due to market conditions or regulation.  

Different combinations of these conditions can warrant different methods of 
annualisation, as shown in the matrix below. Even when Economic Depreciation is 
selected as the default, in practice the default method used in the Hybrid Model is: 

 

Black boxes  Tilted annuity; 

 

Red boxes  Output adjusted tilted annuity (Economic depreciation).  
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Economic depreciation may be modelled explicitly by forecasting capex, opex, asset 
prices and output year-on-year over the full economic lives of network assets, which 
for some assets (eg. trench, copper) may be 30 years or longer. Although a detailed 
30-year forecast may look impressive, it relies heavily on assumptions relating to 
annual output volumes, price trends, asset replacement cycles and WACC rates, which 
become progressively more spurious the further into the future the model attempts to 
forecast. A simpler approach, which has been adopted in the Hybrid Model, is to 
adjust the tilted annuity formula so as to account for changes in output as follows:      

Asset purchase price 

   
Fixed costs Variable costs 
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 p
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No advantage gained by later entrant as 
they still have to buy the same quantity 
of the asset over time since all costs are 
fixed (i.e. do not depend on output 
trends). 

Change in output is not relevant as the 
extra assets purchased each year are 
fully utilised over their lifetime. 
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If there are market and/or regulatory 
constraints on the product market price 
and output is increasing, then the 
depreciation charge should be 
increased over time to reflect the higher 
value of future cashflows generated by 
the asset. 

Another way of looking at this is that if 
the market price limits what can be 
charged for a product, then the 
company would tend to keep a static 
unit price over the years, which would 
equate to lower depreciation in the early 
years. 

Change in output is not relevant as the 
extra assets purchased each year are 
fully utilised over their lifetime. 
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No advantage gained by later entrant as 
they still have to buy the same quantity 
of the asset over time since all costs are 
fixed (i.e. do not depend on output 
trends). 

Makes good business sense to 
accelerate depreciation as later entrant 
can price lower since does not need to 
buy as much asset (i.e. it is not 
constrained by previous decisions). C
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If there are market and/or regulatory 
constraints on the product market price 
and output is falling, then the 
depreciation charge should be reduced 
over time to reflect the lower value of 
future cashflows generated by the 
asset. 

Another way of looking at this is that if 
the market price limits what can be 
charged, then the company would tend 
to keep a static unit price over the 
years, which would equate to higher 
depreciation in the early years. 

Makes good business sense to 
accelerate depreciation as later entrant 
can price lower since does not need to 
buy as much asset (i.e. it is not 
constrained by previous decisions). 




