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Management Summary

MANAGEMENT SUMMARY

E-Bridge was requested by the Nederlandse Mededingingsautoriteit (NMa) to study the feasibility of
determining TenneT TSO BV's (TenneT's) cost efficiency by means of process benchmarking. E-Bridge
has investigated whether, and how, the processes of TSOs — and, in particular, the TenneT processes
that contribute most to TenneT's costs — can be benchmarked.

The main findings of the study are summarized as follows:

Process benchmarking considers multiple factors

In principle different concepts for process benchmarking for TSOs are applicable. In contrast to overall
TSO benchmarking approaches, process benchmarking is a method for individual process
comparisons. Thus, process benchmarking is implemented at a lower organization level.
Consequently, more detailed information can be extracted from such an approach. Existing process
benchmarking initiatives are the TSO benchmarking group or ITOMS, which are both voluntary
benchmarking approaches.

Required data and derived KPIs — Processes are evaluated on the basis of the following factors: input
costs and outputs taking into account non-influenceable environmental factors and structural factors,
which determine the number of process runs. Based on these data key performance indicators (KPIs)
have to be derived for the evaluation and comparison of process cost efficiency and effectiveness.
Three groups of KPIs have to be considered: actual costs, quality measures and secondary measures.
While actual costs are directly observable, quality measures mostly relate to actual versus planned
performance, e.g. cost efficiency as planned versus actual costs per process outcome taking into
account environmental and structural factors. Secondary measures provide information over a longer
time horizon.

The study includes specific examples referring to actual TenneT processes.
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The primary value consists of realized improvements and greater process efficiency

In comparison to other (regulatory) benchmarking approaches, it is not feasible to aggregate all
process-efficiency values into one single efficiency value in process benchmarking. Appropriate
weighting factors for aggregating quantitative and qualitative measures over many processes cannot
be defined adequately. Therefore, the primary value of process benchmarking is in-depth information
on process performance which plays an important role in improving the actual efficiency of processes.

Major preconditions for successful process benchmarking

Scientifically justifiable assumptions — For evaluation of process-cost efficiency, a peer group must be
defined / obtained that is adequate in terms of size and of comparability. As a result of structural
differences between TSOs and of volatility in environmental factors, obtaining a sufficient number of
independent peers is the key to unbiased process evaluation. The greater the structural differences
across peers, the more peers are required before representative information on causality can emerge,
i.e. before a robust result regarding performance drivers can be obtained. Peers have to be selected
on the basis of their expected comparability with the company to be benchmarked.

TenneT's cost accounting (input data) is based on the department level, so an overall assessment of a
process has to be implemented via a combination of measures from the departments / cost-centers
that are responsible for the process. Consequently, input costs have to be attributed to processes, on
the basis of assumptions or distribution keys that distribute department costs to processes that
overlap multiple departments.

Estimated support required from TenneT — Adequate process benchmarking in terms of outcomes
and in terms of implementation efficiency depends on TenneT's support. Efforts for benchmarking
participants can be separated into efforts for generating inputs on processes and efforts during the
evaluation and comparison phase. During the first phase, TenneT support is roughly estimated to be
five to seven days per process in core TSO process groups. During the second phase, three to five
days of TenneT support are required per process.

Process benchmarking is partly regarded as feasible

Process benchmarking is found to be a feasible evaluation approach if it can be used to understand
the performance of a single process or process group. In addition, results can help to back-up and
complement current incentive regulation and to understand how processes can be run more
efficiently or effectively in the future. The acceptance of process benchmarking depends on similar
process descriptions of participants and the allocation of costs to the relevant processes. Moreover,
the adjustment of actual costs by an environmental factor and the use of quality aspects for a
comparison have to be transparent and fair towards participants. The implementation of such a
methodology will need sufficient time and resources (from TenneT and external resources), which can
only be roughly estimated at this stage. At first glance an implementation with low efforts is not very
likely (e.g. choice of processes and development of related KPIs have to be done).

Preconditions such as setting up peer groups and methods to define costs on a process level have to
be tackled by NMa or other regulators.
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Introduction
1.INTRODUCTION

1.1 Objectives and scope of the study

E-Bridge was requested by the Nederlandse Mededingingsautoriteit (NMa) to study the feasibility of determining
TenneT TSO BV's (TenneT's) cost efficiency by means of process benchmarking. The specific objective of the
resulting present study is to provide an indication of whether, and how, processes of TSOs — especially those
processes of TenneT that contribute most to TenneT’s costs — can be benchmarked.

The study describes, in detail, an efficient approach for recording, analyzing (in terms of variable influences) and
evaluating processes within the context of a process benchmarking procedure. The approach also takes into
account the key factors on which the success of process benchmarking depends, and it provides examples of
processes throughout the whole organizational structure of TenneT.

To describe requirements pertaining to TenneT's potential implementation of specific process-benchmarking
steps, the following questions have to be answered from TenneT's perspective, via analysis:

What kind of data is required for benchmarking?

How can processes be benchmarked?

What kinds of assumptions need to be made and agreed on beforehand, to maximize success (e.g.
acceptance of the outcome of the benchmark)?

To what extent are such assumptions scientifically/empirically justifiable?

What investments of time and finances would TenneT have to make in order to implement process
benchmarking?

This report summarizes the key approaches and findings that were developed on the basis of two interviews with
TenneT, of study of TenneT's pertinent documents and of discussions with NMa.*

! We wish to express our gratitude to the TenneT regulation team, who was most helpful in providing us with needed information via interviews and key
documents.
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2.Process Benchmarking Concept

2.1 Major Principles and Objectives of Benchmarking

Process benchmarking is a useful technique for comparing processes across departments, for comparing
companies with similar objectives and for comparing companies that have different tasks and yet use comparable
processes. In a “learning-from-the-best” approach, the key objective of process benchmarking is to identify, and
then implement, ways of improving a company's processes. Via in-depth analysis of related key performance
indicators (KPIs), process benchmarking can provide detailed information about the (cost-) efficiency of groups of
processes. By comparing alternative KPIs, one can then evaluate the robustness of comparison outcomes, for all
participants, thereby facilitating less-efficient benchmarking participants' adoption of process structures from
more-efficient benchmarking participants. In addition, process benchmarking can vyield in-depth performance
information — e.g. for regulators. In comparison to other TSO benchmarkings, process benchmarking is
implemented on a lower organizational level. Thus, the information entering into its analyses is less aggregated,
and it provides the more detailed picture of a TSO's performance from a process perspective.

Due to the consideration of a lower level of aggregation, process benchmarking requires defined boundaries of
consideration. This means that process benchmarking should relate to individual process groups instead of to
multiple process groups. In process benchmarking, processes have to be defined so that they can be quantified in
terms of common standards, or at least so that they can be evaluated based on commonly agreed criteria.

Processes usually depend on multiple elements or factors that affect the transformation of process inputs to
process outputs. Relevant elements and factors include the process environment and structural factors. For an
assessment of their individual importance, such elements and factors have to be quantified.

To compare processes across multiple companies, all participants must have a common understanding and
acceptance of the full range of available principles and objectives involved. In addition, all participants must be
willing to strive actively to reach all defined objectives and to implement them. In the following, we discuss the
major elements of process benchmarking and illustrate these elements with examples of TenneT processes.

To participate in process benchmarking studies, companies have to reveal detailed company information and
prepare and provide the information in a suitable format. Such information provision presupposes a special
willingness on the part of participants (or special regulatory enforcement). If participants consider the
benchmarking process to be non-transparent or unpredictable, they will tend to be hesitant in their information
provision.

Process benchmarking, applied to a particular company, considers a defined group of processes within the
company. The process group has to be clearly separated from other processes, in keeping with the hierarchical
level involved, to enable proper comparison and, if appropriate or necessary, process adjustment that does not
affect the structures of separate processes. A common understanding of which processes should be
benchmarked must thus be established before the procedure begins. Secondly, participating companies must
have adequate process structures and process definitions in place.” This usually means they must be using
process manuals that describe and structure individual processes, including their defined inputs and
transformation of inputs to outputs given the process-specific environment. Thirdly, they must identify distinct
measures for overall quantification and / or qualification of each individual process step and of how it engages in

? Otherwise, processes have to be defined before they can be used in a benchmarking procedure.
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the process. While processes and process sequences vary across participants, benchmarking requires the
existence of comparative measures that provide information about pertinent cost-efficiency and effectiveness.

A TSO should have an interest reason to take part in a benchmarking process as it should expect to benefit from
participation. In most cases, companies will indeed benefit, since their processes cannot normally all be optimal at
the same time. And for most companies — and TenneT is no exception in this regard — the more cooperatively
and transparently the benchmarking procedure is developed, the greater the resulting benefits will be.

Effective communication of the objectives and procedures of process benchmarking facilitates participants'
provision of information.” And effective communication will enable participants to understand that reluctance to
participate, as long as benchmarking does not require participants to provide information to direct competitors or
other business-influencing entities, is largely unjustified.

However, if benchmarking requires provision of detailed information to a foreign party, participants will tend to
filter their information or be highly selective in disclosing it. Therefore, participation is more likely to produce
useful results if it is voluntary, rather than regulatory benchmarking, and if the participants are not in competition
with each other.

While a selected group of processes to be considered in a given company should be independent from other
processes within a company, it will normally not be possible for process structures implemented in one TSO (such
as the "best” TSO) to be copied, as separate blocks, by other TSOs. Benchmarking requires measures for process
inputs and for the environmental factors that influence processes, but it can rarely cover all process drivers, all
process inputs and all relevant environmental factors. Moreover, no process benchmarking procedure can
quantify the differences in companies' cultures' and structures that can also be drivers of effectiveness and
efficiency.

In summary, process benchmarking is a comparison technique, based on a structured analysis, via which
participating companies can compare their own processes and process groups. For process-benchmarking
analysis to be adequate, process definitions, input measures, output measures and environmental factors have to
be in place that will enable process distinction to be straightforward and to be accepted by all participants.

Digression: Voluntary vs. regulatory process benchmarking:

Voluntary process benchmarking is implemented by companies for the purpose of comparing their own
processes to similar processes of other companies. For such benchmarking to be effective, i.e. for
information provision to be independent and objective, the participating companies should not be in
direct market contact. Moreover, participating companies should not have to fear that the information
they provide will be turned against own strategies and business targets by other companies. When these
conditions are fulfilled, voluntary benchmarking provides a fair and transparent basis for comparisons.
Companies that voluntarily participate in benchmarking tend to expect to benefit from the relevant results
and, thus, are normally willing to provide all required information.

Regulatory process benchmarking is implemented by regulators to obtain detailed information about the
performance of regulated companies. Such information can be used to adjust incentive regulation
schemes. Since it requires companies to provide detailed process information, such benchmarking

® The ambiguity described here is also a problem in connection with the implementation of external benchmarking to TenneT by NMa. It is therefore discussed in
more detail in section 4.2 on potential implementation hurdles.
E-BRIDGE CONSULTING GMBH
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facilitates development and introduction of subject-specific regulation schemes. In comparison to “cap”
regulation, whereby companies are free to adjust processes to meet regulatory requirements, detailed
process information provides much more insight into a company'’s structures. However, information
selection for regulatory benchmarking must overcome two major obstacles: First, regulators often lack
information about the regulated companies’ business processes. This can directly affect the efficiency of
the benchmarking procedure and of relevant process selection. Second, companies may participate
unwillingly in such benchmarking, and this can also affect the efficiency of the benchmarking procedure,
as well as of underlying information provision.

The present report discusses process benchmarking in general. In areas in which the differences between
regulatory benchmarking and voluntary benchmarking are significant, its discussion is more detailed and specific,
however. The following sections discuss key elements of process benchmarking, with a particular focus on
TenneT's organizational structure, in light of selected core processes.

2.2 General outline of a possible process benchmarking

Process benchmarking follows multiple steps, from preparation to the cross-company comparison phase. In the
following we derive a general approach of process benchmarking Figure 1 illustrates the overall procedure:
Within the appendix two existing benchmarking initiatives for TSOs are described.

In the following, we summarize the steps necessary to implement process benchmarking.
0. Preparation

In the preparation phase, a common understanding of the objectives has to be found. Such an understanding
must apply to the selected processes to be compared and, consequently, to the selection of adequate
benchmarking partners. Usually, companies and even persons in charge in a company use particular terms in
different contexts. This is particularly also the case in line with process definitions across companies. Thus,
processes have to be selected not in terms of terminology but in terms of contents. With regard to the processes
to be benchmarked, an adequate selection has to be defined that can feasibly be considered in terms of
organizational hierarchy and comparability across peers. Processes have to be sufficiently general, and thus
process actions have to be appropriately described in terms of such generality.

Peers have to be found, in keeping with the selected processes. In regulatory process benchmarking, this means
finding other regulators to join in a project for benchmarking a particular group of TSO processes. The number of
required peers depends on the distribution of participating companies' external and internal environmental
factors and process inputs. Moreover, the size of a sufficient peer group can be affected by differences in
structural drivers and by volatility of environmental factors. E.g. processes of European companies could be
compared more easily than processes of companies from different continents. European companies underlie a
common regulatory system and face more similar climatic or geographical influences than companies from
different continents.

“ Please note that the following summary provides a general overview of the individual steps. The subsequent procedure is described in Figure 1. Thus, paragraphs
directly refer to the figure. Individual process steps are discussed in more details in the course of Sections 2 and 3.
E-BRIDGE CONSULTING GMBH 9
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Cross-Company Comparison

Performance comparison and evaluation across companies

Figure 1. Procedure for process benchmarking

In the next step, an adequate benchmarking methodology must be selected. Depending on the selected

processes and the number of peers involved, largely structural methodology might be used, such as regression-

based analysis. If the number of peers is low, a more qualitative approach based on direct performance

comparisons may be more suitable.

1. Process Recording

In the process recording phase, processes are defined. This entails detailed process description, determination of
process inputs and outputs and identification of influencing factors. Process inputs are defined by various kinds of

costs. This facilitates the overall process analysis in the sense that it enables information to be taken directly from

process-based costing or from departmental cost accounting. Costs are separated into staff, material and external
costs. In each case, process output is defined as the result which has to be achieved at the end of one process

run (e.g. maintenance outcome of a station or number of exchanged switches, etc.).

E-BRIDGE CONSULTING GMBH
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Environmental factors are factors that are unaffected by the course of a process and that affect process
outcomes. They include factors such as laws, regulations, site characteristics and company specificities such as
structures or working habits. Quantitative or qualitative measures have to be found for such environmental
factors, in forms that can be used to adjust process performance indicators. Without such measures, processes
could not be evaluated and compared across different companies.

In each case, inputs, outputs and environmental factors relate to a single process run. In contrast, structural
drivers determine the number of process repetitions. Information about such drivers is required for three reasons:
First, costs are not always available per individual process run but are measured for a given period. The number
of repetitions can be used to distribute costs to process runs. Second, if KPIs have to be aggregated for a process
group evaluation, repetitions of individual processes within the process group might differ. Thus, a process with
more repetitions per period should be weighted more heavily within overall group performance. Third, a higher
number of repetitions should lead to improvements in individual process performance, as a result of learning
effects.

Influencing factors must be expressed as numerical values, in keeping with the benchmarking methodology
selected.

2. Determination of Process Measures

Based on the recorded process measures, KPIs are determined that allow an overall assessment of the considered
processes, under demands of cost efficiency. When KPIs are compared across multiple companies, benchmarking
participants must agree on how KPIs are to be determined. Process performance is evaluated especially in light of
three kinds of KPIs: actual process costs, quality measures and secondary measures. Quality measures are based
on the inputs and outputs of a single process run and should relate to costs. Secondary measures refer to
multiple process runs that provide averages for the quality measures.

Quality measures have to be adjusted in light of environmental factors. When an environmental factor for a TSO
can be summarized as a single figure, such adjustment can be carried out simply by dividing KPIs by that
environmental factor. In cases in which multiple environmental factors are in place, adjustments have to be
implemented environmental factor by environmental factor. In a more sophisticated approach, all environmental
factors are taken into account via regression analysis.

TenneT considers costs (input data) from a department perspective. Therefore, an overall assessment of the costs
of a process has to cover all departments / cost-centers which are responsible for the process. Consequently,
input costs have to be attributed to processes based on keys which distribute department costs to processes
within one department and overlapping multiple departments. Such distribution keys have to be developed and
agreed upon by the peers involved.

3. Process Comparison

The process-comparison phase includes a company-internal evaluation of process performance, consisting of
analysis of expected process runs and outcomes for actual process runs and outputs. Subsequently, outcomes of
the individual-company process KPIs have to be compared across companies. Such comparison is carried out in
keeping with the selected benchmarking methodology, taking into account environmental and structural factors.

E-BRIDGE CONSULTING GMBH 11
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2.3 Organizational Structure and Process Landscape

As this study is about TenneT'’s regulated processes, we only discuss TenneT TSO BV's (in the following, TenneT's)
organizational and process structure, for the transmission grid operator in the Netherlands. Figure 4 in the
Appendix shows TenneT's organizational structure.

TenneT has a process house in place which provides a detailed description of the process groups and their
relationship to each other, including preceding and subsequent processes. As TenneT explains, the process house
itself is vertically organized based on process groups which could be considered on multiple aggregation levels.

Depending on the aggregation level involved, processes can overlap multiple departments. This is why process
separation is possible on higher department levels and not on lower department levels. As cost-calculation is
implemented via a cost-center approach, process measures based on cost information cannot be directly
selected but have to be derived from the cost-center structure if required.”

2.4 Selection of Processes

The following core processes are further considered in the course of the feasibility study. Core processes are
process routines which run very often within a department / cost center and which determine a valuable
percentage of the total cost of that department / cost center. Core processes for the analysis have been selected
primarily based on their (expected) cost-contribution and the overall spread of processes throughout TenneT's
organization. In cooperation with TenneT, we have selected two processes for Grid Service, System Operations
Asset Management and two core processes from cross-divisional functions:

resource planning and allocation, work planning (grid service)
construction and asset realization (grid service)

identification and analysis of asset-related risks (asset management)
monitoring grid quality / performance (asset management)
purchasing ancillary services (system operations)

grid control management (system operations)

human resources education and training

procurement

While cost-related processes usually have adequate measures in place to quantify process performance, not all
processes can feasibly be considered within a benchmarking study on cost-efficiency. This is due to the fact that
not all processes can be defined in terms of quantitative measures that adequately represent the individual
processes.

241 Process Description and Determination of Inputs, Outputs and Environment

Processes can be characterized on differing aggregation levels. Primary processes cover TSO processes such as
procurement of ancillary services or infrastructure maintenance that integrate the key elements of a TSO's
transformation of inputs to outputs on a higher aggregation level. However, primary processes could hardly be
compared across different organizations as they comprise different sub-processes per company. In particular,
single elements of one primary process could overlap with other primary processes.

* However, as will be further discussed in Section 3.2, this goes hand-in-hand with problems of representativeness, which are better tackled via activity-based
costing that complements the existing cost-center approach. In contrast to the cost-center approach, activity-based costing enables cost-contribution based on
the operational load.
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Consequently, primary processes have to be subdivided into sub-processes. Taking infrastructure maintenance as
the primary process, sub-processes include substation maintenance, overhead line maintenance and
underground cable maintenance. These sub-processes could be subdivided again into lower level sub-processes.

A key requirement to be tackled in connection with separating processes into sub-processes is defining adequate
measures to describe a sub-process. While definition and description of a sub-process are possible per se,
considerations on this level might not be feasible, due to the problem of finding adequate measures to evaluate
the sub-process. These problems either come from the sub-process itself or are due to the organizational
requirements. For example, maintenance comprises repair and preventive maintenance. In contrast preventive
maintenance processes and repair processes have to be implemented ad hoc and usually cannot follow a
standardized procedure. Therefore, unambiguous measures could hardly be determined for repair processes.
However, companies’ past experience has shown that maintenance, as the primary process, can be described and
enforced more easily than the individual sub-processes can. Moreover, in comparison to sub-processes, primary
processes undergo lower variations over time as sub-process volatilities balance each other or are alleviated over
a longer time period.

Process description:

Process inputs include human capital, labor and capital, all of which enter the process in order to be
transformed into process output. For reasons of measuring cost-efficiency, inputs should be directly
quantified in terms of underlying costs, including staff costs (for human capital and labor), material costs
(for capital) or external costs (obtained from external suppliers).

Process output is the outcome of the activities within a process routine. It can be measured either
quantitatively or qualitatively or via a combination of both approaches.

Environmental factors
(Regulation, geography,
equipment specifications)

Input factors Output factors

Process cost Standardised units and/or
(Including staff, material quality measures in terms
and external costs) of KPIs

A
i
I
I

Structural measures

(point of comparison e.g.
number of substations)

Figure 2. Process description

The process itself is influenced by structural drivers and environmental factors, which are external to the process
but affect the relationship between process input and process output. Depending on the aggregation level
involved, a process to be considered comprises multiple elements or steps. For purposes of process
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benchmarking, such elements or steps have to be non-overlapping and self-contained. Costs have to be
determined for each element and step. Costs provide information about the individual implementation of each
step; consequently, cost data makes it possible to determine process costs for a single process run.

The following list provides an example of the main process steps of the construction and asset-realization
process:

Schedule a work order

Set up resource planning
Create purchase requisition
Create purchase order
Allocate resources

Set up plan

Agree on work plan

Need switching plan

Draft switching plan

Agree on switching plan
Compose week plan
Receive final week plan
Check and release work order

Construction and asset realization comprises 13 key steps which are passed through for each project. As this
example shows, individual steps follow a clear structure and are interrelated with preceding and subsequent
steps. The overall process starts with scheduling of a work order and continues with individual ordering of
required resources. In addition, steps are included for plan revisions and adjustments during the process. Such
steps include review loops, as the overall process figure provided in the appendix shows. The overall process
figure also shows how the process is interrelated with other processes (shown as tasks going to, and coming
from, individual steps on the side).

Process quality and costs per element or step vary in keeping with the number of repetitions of a process or
process steps. For an evaluation of overall process costs within a period, at least the main cost drivers have to be
determined. For example, the individual complexity of substation maintenance depends on the number of
relevant repetitions in a given period.

242 Selection of environmental factors

Environmental factors are not direct inputs to processes. However, they affect the outcome of processes. Such
factors may drive a process implemented by one TSO more efficiently than they drive the same process
implemented by another TSO, even if the corresponding inputs are identical. Environmental factors can be
grouped into factors exogenous to the TSO and those exogenous to the process but influenceable by the TSO.
Examples of factors in the first group include geographical or legal settings. Examples of factors in the second
group include a company's internal organization or site characteristics.

The following table shows examples of potential environmental factors for the selected processes:

E-BRIDGE CONSULTING GMBH 14
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Environmental factors of selected processes

Process Environmental factor
Resource planning and allocation, work Law, policy makers/local authority
planning
Construction and asset realisation Weather, site characteristics, regulation, population
density
Identification and analysis of asset-related | Weather, grid structure, redundancy in the network,
risks safety rules
Monitoring grid quality / performance (exogenous to TSO) Geography, weather

(endogenous to TSO) Planned maintenance

Purchasing of ancillary services Number of potential ancillary service providers
National regulation and international rules (ENTSO-E)
National requirement for ancillary services

Grid control management Weather, disturbances at other TSOs, planned
maintenance, generation and load location,
decentralized generation

Education and training Changes in regulation, law
Procurement Commaodity prices (steel, copper etc.), exchange rates,

law on tendering

Table 1: Environmental factors of selected processes

2.4 3 Selection of structural factors

Process benchmarking requires quantification of structural influences besides environmental factors. For example,
in the case of two identical TSOs that differ only in their numbers of substations, to compare substation-
maintenance efficiency, one has to relate each TSO's overall costs of substation maintenance to its number of
substations. Such structural drivers control the differences in process target size at the point of comparison and
have to be used to relativize cost-efficiency measures for comparisons across differing structural process
influences.

Table 2 shows typical structural drivers for the selected TenneT processes.

Structural drivers, thus, are required within process benchmarking, first, to break down overall costs per process
within a period to individual process runs, second, for comparisons of process groups if individual process
repetitions differ within the considered group and, third, to relate process runs to the number of affected objects
for cross-company comparisons (e.g. number of maintenance repetitions per substation).

24 4 Definition, Selection and Combination of KPIs

The efficiency and the effectiveness of a process have to be evaluated in terms of pertinent inputs and outcomes.
Inputs directly affect the quality of the process outcome. However, process efficiency and effectiveness also
depend on further drivers such as environmental factors and structural influences.
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Structural drivers of selected processes

Process Structural drivers
Resource planning and allocation, work | Number of planned resources
planning
Construction and asset realisation number of realised substations (per voltage
level),
number of bays (per voltage level)
number of transformers (per voltage level)
transformer capacity per voltage level
number of realised circuit kilometers (separately
for overhead and underground, per voltage
level and capacity)
Identification and analysis of asset- No structural driver available at this hierarchy level
related risks
Monitoring grid quality / performance number of bays
grid length
number of substations
number of interconnectors
number of generators
transmitted energy
maximum transmitted demand
number of quality reports
number of alarms
Purchasing of ancillary services number of ancillary services contracts
amounts of reserves contracted
Grid control management number of processed alarms,
grid length
number of injection and extraction points
Education and training number of trained personnel
personnel training hours
Procurement number of orders

Table 2: Structural drivers for the selected TenneT processes

Key Performance Indicators (KPIs) provide information about a process’ overall cost-efficiency or effectiveness.
KPIs relate company-specific process targets to actual process performance based on process input and output
information. This can be done via planned / actual comparison or by an adjusted planned / actual comparison.’
Cost-efficiency related KPIs can be subdivided into three groups.

Three groups of KPIs have to be separated from each other to enable an overall quantitative process assessment:
actual process costs, quality measures and secondary measures.

Actual process costs refer to the process inputs and are considered for a particular period. They can
directly be compared across TSOs to gain an understanding of cost efficiency as inputs are defined per
process run. After correction for environmental and structural factors, the required actual costs of process

¢ Adjusted planned means planned costs adjusted to actual process repetitions.
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implementation depend only on implementation efficiency. The higher the input costs for a process are,
the less cost-efficient the company is.”

Quality measures provide information for the point in time when the process is evaluated. Quality
measures are based on output-to-input ratios. Required input and output data are selected for the
comparison period and combined to quality measures. When environmental and structural factors have
been taken into account, a company's efficiency increases as its output-to-input ratio increases. On the
other hand, if more inputs are required to reach a particular outcome, the process is less cost-efficient.
Similarly, if with the same set of inputs a company achieves more output, the company’s cost-
effectiveness is higher.

While quality measures provide a snapshot of performance in an individual period under consideration, the
period under consideration need not be representative of usual process performance. By chance, or as a result of
uncontrolled influences, overall process performance might be exceptionally high or low at the point of data
collection. Using actual costs and quality measures as the only KPI groups for evaluation of a process can
exaggerate actual process performance, since regular and irregular process fluctuations may apply.

Thus, a third group of KPIs is required that controls medium-run performance of process steps to alleviate short-
run volatility:

Secondary measures provide information about process performance for multiple process repetitions and,
thus, alleviate cyclical and irregular volatility. Secondary measures are the average or the aggregate of
actual process costs or of quality measures over multiple periods when controlling environmental
influences. Comparing quality measures to secondary measures provides a relative picture of current
process performance and gives an indication of how to construe the observed performance figure.

Table 3 gives examples of the alternative KPIs for the selected TenneT processes:

’ Please note that in practice a correction requires additional efforts.
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KPIs of selected processes

Process

Actual process costs

Quality Measures

Secondary Measures

construction and asset realisation

Cost per construnction of asset x

Deviation from assigned budget (by Asset Management)

Average deviation from assigned budget

Duration of construction (Planned and actual)

Average duration of construction (actual)

Re-Working (add on time and costs)

Average xx% of add on time and costs

identification and analysis of asset-related risks

Cost per identified and analysed risk

Occurred risks of risk register (PAS 55)

Average of risks

Occured notidentified risks

Average of not identified risks

Contribution of total completely analysed risks

Average of completly analysed risks

Reported KPIs (Management SO, Maintenance Strategy)

Average KPIs (over years)

monitoring grid quality / performance

Cost per monitoring asset x

Deviation from network performance control

Average deviation from performance planned

assets and network data

guarding component

component related losses

purchasing ancillary services

Cost per purchasing asset x

Deviation calls from merit order list

Average deviation calls from merit order list

Difference realisation and forecast

Average duration of forecast validity

grid control management

Cost per grid control

Occured authority messages

Average occured messages

Network failure (per year)

Average network failures

education and training

Cost per education and training

Trainings rejected (time and costs)

Average trainings rejected (time and costs)

Gained certificates

Average gained certificates

procurement

Cost per procurement

Bid invitation (time and costs)

Average bid invitation

product a

product b

Table 3: Performance measures of the selected TenneT processes
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2.5 Company comparisons and dynamic benchmarking

A cross-company comparison of individual outcomes provides information about achieved process performance
and identifies potential for improvements. Usually, to assess a process’ overall performance one must compare
multiple KPIs simultaneously. Use of alternative approaches enables comparison at differing aggregation levels:

The easiest but most detailed approach is figure-by-figure comparison. For each benchmarking
participant, KPIs are compared to reference KPIs. Reference KPIs are either the (weighted) average KPIs in
the same category of all other benchmarking participants, the KPIs in the same category of the best-in-
class company or the average KPIs in the same category of a group of the best in class. For each KPI, the
considered company’s performance can thus be evaluated, and highly underperforming steps can be
directly addressed.

Overall process assessments require the aggregation of individual KPIs. As long as KPIs are of the same
unit or can be transferred to the same unit, the aggregation can be achieved via linear combination of the
individual KPIs (either additive or multiplicative, depending on the units).
Aggregating KPIs with differing units requires a transformation to a common dimension based on KPI-
specific weights. Weights are derived by standard regression analysis where overall process performance
is estimated from the individual category performance measures. Based on the derived weights, individual
companies’ process KPIs can subsequently be compared to other companies’ process KPIs. In contrast to
the first approach, aggregating individual KPIs with differing units to a common process KPI enables an
overall process comparison when individual category KPIs are of differing units.

Once the comparison methodology has been defined, the companies with which the benchmarking procedure is
to be implemented have to be selected. Alternative approaches include best-in-class comparisons, comparisons
against a group of best-companies-in-class or the overall average. In the following, the pros and cons of such
alternative approaches are discussed in greater detail:

A best-in-class company is the company with the highest overall performance for the processes under
consideration. For purposes of analysis, therefore, other companies’ processes are compared to the
process of this company. The best company in one process need not be best in all processes. Other
companies can be best-in-class instead, depending on the processes considered. And a company might
be best in one process but worst in other processes. As processes are connected to each other, adjusting
a process to the process of the best-in-class might affect other processes’ performance.

A major problem with the best-in-class comparison is that a company might be best because some
environmental factor has not been taken into account. Thus, a company might be the best due to the fact
that the relevant KPIs are biased. For example, when fixed assets are valued on the basis of valuation keys,
it will not be possible to take account of any biasing of the overall average age of one company’s
infrastructure to a very early point in time. Getting over this challenge requires a comprehensive analysis
of the benchmarking outcomes which includes critically scrutinizing quantitative results.

Challenges arising via single-company comparisons can be tackled via comparisons against a group of the
best three or best five in class. Multiple companies provide a more representative picture as long as
results within the group are not too heterogeneous. In particular, if best-group companies' individual
process performances are close to each other, this may be taken as a basis for systematic reasoning.

Benchmarks against an average are similar to comparisons against a group of best-in-class companies.
The average company will be a fictitious company with average performance over all peers. Comparing a
company against the average provides information about the current state of a company. However, it will

E-BRIDGE CONSULTING GMBH 19



Process Benchmarking Concept

hardly provide any indication of how a company could improve its processes.

In addition to being implemented as cross-company comparisons at single points in time, benchmarking analyses
can be implemented either across time for individual processes or across companies and time simultaneously.
Including the time dimension in the analysis provides at least two main advantages. Firstly, it makes it possible to
evaluate process dynamics and extrapolate them into the future; secondly, the time dimension discloses features
in addition to those provided by the comparison approach.

Static benchmarking approaches provide a snapshot of processes at a particular point in time. However,

process owners learn from benchmarking and adjust processes. Repeating process benchmarking yields
information about the extent to which processes can be adjusted and the speed at which such adjustment
could take place. Moreover, repetition forces process owners to learn proactively and to implement the
resulting new experience within their own processes. Thus, a dynamic benchmarking approach should be
in the interest of the benchmarked companies. On the other hand, it should also be in the interest of
regulators. Through dynamic benchmarking (as opposed to static benchmarking), regulators obtain more
information about the processes in place in the regulated company and learn more about the relevant
process dynamics. This provides insights into the effectiveness of regulatory measures and allows
extrapolation of the process adjustment path and, thus, of the overall change in performance when the
regulatory structure changes.

In addition to providing benefits in the area of content-related issues, dynamic benchmarking also
provides methodological advantages. Firstly, the overhead involved does not change significantly if
process-KPIs are collected more than once, rather than only once. It might well be possible to double the
number of observations, and the size of comparison group, at a low additional overhead cost. Secondly,
as the environment does not change comprehensively over time, the overall volatility in observations
decreases. Thus, a comparison of a particular process of one company at two subsequent points in time
can neglect environmental factors. Third, dynamic benchmarking can take account of time-dependent
structures that affect processes and that static benchmarking has to neglect completely. Examples of such
structures include asset management decisions, in which the time of investment plays a key role.

Short summary of Chapter 2

In this section, we have derived the key elements of benchmarking which comprise the definition and description
of processes and the selection of KPIs. KPIs are determined from process inputs, outputs and environmental
factors and have to be comparable across companies and across time. In our discussion, we have referred
particularly to TenneT's situation and have selected processes which are TSO-specific to illustrate the
benchmarking procedure. The next section refers to these descriptions and provides more details about potential
problems in connection with implementing process benchmarking for TenneT.
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3.Key Requirements for Benchmarking

In keeping with TenneT's specific characteristics and the particular role of regulatory benchmarking, any objective
evaluation of feasibility has to include a detailed determination, and comprehensive discussion, of the relevant
requirements, and a balancing of the costs and benefits of process benchmarking. In the following, key tasks in
connection with benchmarking of TSO processes and, in particular, with benchmarking of TenneT's processes, are
discussed. A detailed evaluation is then presented in the section following thereafter.

3.1 Determination of peer groups

An evaluation of process performance requires an adequate peer group in terms of size and in terms of
participants' comparability as a basis for evaluation of outcomes of individual performance analyses. This is even
more relevant if overall process performance has to be determined in light of multiple measures. The number of
peers depends on the distribution of company-external and -internal environmental factors and process inputs.
Due to the effects of structural differences, and to volatility in environmental factors, a sufficient number of
independent peers is the key to an unbiased process evaluation. The greater the structural differences across the
peers, the more peers are needed before representative information about causality results, i.e. before the results
relative to performance drivers are robust. As the problems behind these factors increase as the heterogeneity of
the peer group members increases, peers have to be selected based on their expected comparability with the
company to be benchmarked.

As these requirements compromise TSO benchmarking from a national perspective, it might be useful to select
other peers, such as Distribution Network Operators (DNOs), for at least some of the processes. However, we
consider such an approach to be hardly feasible, especially in connection with a focus on the costs with the
greatest cost contributions, since DNOs have other processes in place that are of relevance to the constellation of
process groups. Moreover, due to the higher number of customers, assets and activities involved, implementation
of DNO processes is much more standardized than is implementation of TSO processes. Due to the key
differences across different grid hierarchies, potential processes have to be carefully selected based on
comprehensive knowledge about the potential processes and on sufficient coordination of the participants. In
particular, even more controls for environmental influences on the considered processes are required, to prevent
systematic misspecification within the benchmarking procedure, as the majority of processes systematically differ
between TSOs and non-TSOs.

A careful selection of peers should result in a sufficient group of companies, at least at the individual process
group level that can be benchmarked to each other. Even if the number of participants is sufficient a priori,
certain companies might be outperformers with regard to some of the processes. In this regard, one could think
of a company whose grid is particularly weathered and thus requires more maintenance. This circumstance is not
directly under the control of the affected company as it is specific only for the individual company. While that
company routinely accepts its special weather influence, other companies are on average less confronted with
extreme weather phenomena. In process benchmarking studies, the company will be identified as an exceptional
underperformer if these particular circumstances are not controlled, and such control necessitates additional
consideration beyond the scope of benchmarking. Exceptional circumstances and the resulting consequences
have to be taken into account, via detailed additional consideration, in interpretation of benchmarking results.

If no reason can be found why a particular company strongly outperforms and why its performance strongly
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drives overall results, it may be necessary to take the company out of the sample with regard to this category. In
this regard, one could think of a company, within a peer group of 20 companies, whose maintenance costs are
ten times higher than the others’ average maintenance costs. Taking this company into account would thus
increase average maintenance costs by 45 percent.

These examples show that a careful selection of peers and a detailed consideration of all peers’ processes are of
key importance, as the companies’ individual performances affect the average performance of the peer group. In
particular, a careful selection of peers is especially important with smaller and more heterogeneous peer groups.

Suitable peers have to be selected carefully. Moreover, as publicly available data hardly include information on
internal company structures and, are subject to legal and accounting requirements, one can hardly use such
information for an adequate process benchmarking of TenneT. Therefore, we would suggest use of detailed firm-
and peer-specific information about processes in place. In light of the applicable heterogeneity, we would
recommend that peers be selected per process, and not from an overall company perspective. Thus, with highly
comparable processes and with a qualitative comparison methodology, the number of peers can be low which
means five to ten companies. On the other hand, to get a statistically significant outcome of process analysis, this
requires a number of at least 20 peers per process driver if processes strongly vary across companies.

3.2 Availability of input data, and accountability

As discussed in Subsection 2.3, TenneT has a comprehensive process house in place which, oriented to TenneT,
comprises all processes within TenneT’s organization and provides detailed descriptions for the most important
sub-processes. Processes are categorized into three hierarchical levels: 1) management and policy processes,
2) primary processes concerning asset management, grid services and required IT systems and 3) other sub-
processes.

Based on these process groups, sub-processes are defined and links between sub-processes are determined
within each process group and also across process groups. While primary processes are higher-level processes
which categorize sub-processes, sub-process descriptions follow the Plan, Do, Check, Act (PDCA) principle.
Measures are in place, at the department level, which allow for evaluation of the department.

An overall assessment based on actual costs per process view is not possible. Consequently, input costs have to
be attributed to processes based on keys that distribute department costs to processes that overlap multiple
departments.

While costs for processes which occur completely within one cost center can be derived more easily, it is much
more challenging to derive costs for cross-department processes.

Comparing KPIs across multiple TSOs requires exact definition of the underlying inputs, outputs and
environmental factors and adequate definitions in terms of units, rounding and aggregation. Discrepancies in KPI
definitions across peers directly affect comparability and can lead to misinterpretations of process benchmarking
outcomes. In particular, cross-country comparisons have to be based on legally defined, or other, KPIs which can
be directly tracked. If no legal definitions are in place, the involved parties have to agree on clear-cut definitions
of measures that allow no flexibility in interpretation.

While hardly any TSO can directly provide the relevant KPIs, measures might be in place that could be
transformed into required KPIs. Transformation usually goes hand-in-hand with a loss of information. Adjustments
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of existing KPIs should therefore be implemented with particular caution, also for the reason that process owners
have aligned processes to existing KPIs and not to the KPIs adjusted for benchmarking. Benchmarking
aggregated or adjusted KPIs could thus result in misinterpretations of outcomes.

To avoid these problems, one must apply transparent, replicable process-benchmarking analysis that will enable
participants to interpret the results and to adjust their own processes on the basis of the underlying KPIs and of
the resulting outcomes of peer companies.

Short summary of Chapter 3

In this section, we have considered key requirements in connection with process benchmarking. We first
considered issues involved in the selection of adequate peers, as TSOs have only limited numbers of
comparators. Then, we considered the input data that enter into the construction of KPIs. In addition, we
discussed approaches to aggregation of individual KPIs for purposes of overall process evaluation.

The following section describes issues which are specific for TenneT but which need not exist for other TSOs. In
particular, it discusses how process-benchmarking TenneT could be implemented most efficiently from NMa's
perspective, in coordination with TenneT.
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4. Evaluation of process benchmarking for TenneT

4.1 Feasibility of processes

Normally, not all defined processes of a TSO can be benchmarked, owing to constraints on the availability of data
on costs or quality, or to the limited number of peers which have a similar process in place. The issue of data
availability was briefly discussed in Subsection 2.5 in connection with the description of process hierarchies.
Measures of processes are usually not available at all aggregation levels.

Primary processes cover a set of sub-processes that define numerous different transformation steps. Therefore, a
complex combination of alternative KPIs is required that can adequately quantify overall process performance.
Aggregating sub-process KPIs reduces information on overall process performance. Consequently, the complexity
of evaluating a primary process increases as the number of combined different sub-processes grows.

On the other hand, sub-process definition and performance evaluation cannot be continuously separated for
lower-level processes. As the example of maintenance processes illustrates (Subsection 2.4.1) processes cannot
necessarily be quantified for any sub-process. For an overall evaluation of maintenance performance, sub-
processes have to be combined to their primary-process levels, on the basis of adequate aggregation keys.

Moreover, selection of the appropriate process level has to be further considered in connection with cross-
company comparisons, as individual companies may have defined measures only for sub-processes, because
they use a strong cost-center approach (as does TenneT). Other companies will define processes from an activity-
costing approach and, thus, use performance measures for processes across multiple departments. Aggregating
department processes to cross-department processes requires flexible transformation keys, since process KPIs, in
contrast to departmental performance measures, should reflect overall process performance. When inflexible keys
are used, department costs are proportionally distributed to processes, and this vitiates process KPIs.

Turning to process volatility, the numbers of required repetitions, or the volatility of measures, strongly depend
on uncontrollable external factors. TenneT mentioned purchase processes as an example in this regard: When
operating supply purchases are implemented more erratically, performance measures for these processes can
hardly be compared. Following TenneT's explanations, the performance of such processes strongly depends, in
each case, on the individual reason for which the process has been implemented. On the other hand, purchase
processes for operational expenditures are implemented more frequently, which means that they follow a more
common routine. Thus, volatility in running such processes is relatively low and company-internal learning and
process-improvement opportunities are very limited. For such processes, benchmarking provides great potential
for yielding new ideas to improve the performance of existing processes.

Table 4 lists process characteristics that, based on this introductory discussion, have to be taken into account in
determining the feasibility of benchmarking for particular process group.
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Process subject

Explanation

Processes are implemented either due to a
particular routine or a specific event

Evaluation of process benchmarking for TenneT

Consequence for benchmarking

= For processes following a particular routine
input and output, measures could be
defined to evaluate process performance

= For processes implemented on irregular
subjects, the course of the process is difficult
to measure

Availability of
adequate peers

Limited number of TSOs

Sufficient number of peers required whose
processes could be compared to TenneT's
processes

= Only a low number of TSOs available with
comparable legal and regulatory
requirements (European situation) — For
some processes an EU peer group would be
optimal, for others (e.g. maintenance) a
worldwide peer group may work as well

= The more similar peers are, the better their
processes can be compared and the lower
the required number of peers

= The more similar peers are, the more similar
their processes are; great process similarity
might reduce the benefits to only
incremental process improvement potentials

Availability of input
and output
measures

KPIs have to quantify overall process

= Representative process performance
measures to be selected based on adequate
input and output measures of processes

= Identical measures have to be available for all
peers

= Performance measures must not benefit one
company over others

= Performance measures must be based on
adequate environmental measures

Determination of
feasible KPIs based
on aggregation

Aggregation based on aggregation keys

Aggregation keys are company-specific

= Keys assume fixed relation of alternative KPIs
based on cost or process input relations

= Neglect other drivers, such as time, for
implementing sub-processes or quality
relations of sub-process implementation

= Aggregation keys are required that are
flexible across alternative process
determinants

= Process definitions differs in terms of sub-
process levels

= Different aggregation keys are required in
different companies

= Inflexibility of aggregation keys affects
comparability of process KPIs

Representativeness
of environmental
factors across
companies

Strength of environmental influences differs
within and across companies

= Regional, legal, regulatory conditions differ
across peers

= Company specifics that affect processes differ
across companies

= Environmental factors to be representative for
all peers

= Environmental factor selection should not be
assigned to just one particular company of
the group
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Number of
repetitions of a
process

The more a process is repeated, the more it
follows a particular routine

A high number of repetitions reduces the
relative volatility in process implementation

A high number of repetitions corresponds to
implemented exploration of company-
specific learning and process optimization

External comparisons open new perspectives
for optimization

The more processes are repeated, the more
identical are volatilities over time and in
implementation steps across different
companies. Cross-company variation in
volatility is therefore lower for more
repeated processes.

Heterogeneity of
individual process

Repetition and variation of process steps /
sub-processes differ the more steps / sub-

The more process steps / sub-processes that
have to be evaluated,

steps / sub- processes define a process o the higher the number of required KPIs
processes and, thus, the more weights that have to
be determined to define overall process
performance
o the more overall process volatility is
leveled by aggregation
Table 4: Process Characteristics

Table 4 summarizes the key requirements to be balanced before a process benchmark can be implemented. They
have been found to be the most important requirements that benchmarking participants need to clarify and manage
objectively.

4.2 Implementation hurdles and potential implementation steps

In light of the derived characteristics in Table 3 and the prior consideration of process benchmarking and TenneT's
situation, the present section discusses major implementation hurdles and potential ways of overcoming them.

Peer groups

Multiple alternatives could be thought of for implementing regulatory benchmarking. Regulatory benchmarking
requires the support of other national regulators or ACER in requiring TSOs to participate. While voluntary
benchmarking enables TSOs to participate in the conceptual preparation of the benchmarking study and facilitates
access to (secondary) information, external regulatory benchmarking requires detailed advance preparation, if it is to
be implemented efficiently in terms of regulators’ overall project perspective and analysis and of TSOs' information
preparation and provision.

In light of the requirements pertaining to multi-TSO benchmarking, the possibility of implementing a national
benchmarking approach, involving TenneT and e.g. national DNOs for comparable processes, was also discussed
with NMa. As DNOs serve different customer structures and focus on regional areas, the selection of comparable
processes would then be very limited. Moreover, such an approach would require particular attention with regard to
the accounting of environmental factors and, thus, might result in the need for a larger number of peers.

Until now, TenneT has not implemented activity-based costing. While costs are available from the implemented cost-
center structure, adequate transformations and complements have not yet been implemented. Thus, benchmarking
TenneT's processes requires an additional step before process benchmarking starts.

E-BRIDGE CONSULTING GMBH 26



Evaluation of process benchmarking for TenneT

4.3 Time and costs of a possible implementation

The time and costs required for implementing the benchmarking approach are not easy to estimate. In general, the
relevant efforts for a TSO can be divided into two main steps:

Efforts for generating the process inputs and efforts for evaluation within the comparison phase of the approach.
Table 5 shows a possible assessment of time and costs that is based mainly on the structure and organization of
processes of TenneT. Relevant effort for other TSOs can differ.

Time - Efforts in men days Costs

Process group
System Operation 50-70 30-50

per process 5-7 3-5
Grid Service 50-70 30-50

per process 5-7 3-5 Based on staff costs
Asset Management 50-70 30-50

per process 5-7 3-5
Cross functions 50-70 30-50

per process 5-7 3-5
Total based on 10 processes per division 200 - 280 200

* 10 processes are used as an indication only
Table 5: Time and costs

As the table shows, for input generation we assume 5-7 days of a full time employee (FTE) from the named process
group or department. For evaluation and comparison of a process, we assume 3-5 days. Therefore, a total of 8-12
men days of an FTE can be assumed as the effort for a single process by a TSO.

The resources that have been assessed include only the work of the staff that is necessary to make the information
transparent (TSO staff). The assessment includes no time or costs for execution (by NMa or a company) of the
benchmarking. Moreover, as the study describes the feasibility of an approach and not the set-up of an already
developed solution, the set-up costs for implementation should be estimated separately

Set-up costs mainly cover choice of processes, development of KPIs, the development of a common key for transfer
of costs from a center view to a process view and the exact choice of processes. It is necessary to determine the set-
up in a separate concrete planning or study.

4.4 Benefits and problems of benchmarking TenneT

Benchmarking TenneT’s processes provides particular insights into potential for further improvements of cost
efficiency and effectiveness of existing processes, and it provides indications of whether existing processes could be
reorganized to increase overall performance. On the other hand, not all processes can be benchmarked, owing to
legal, geographic and weather-related differences, across peers that directly affect the definition of processes.

Thus, a benchmarking study should be preceded by a cost-benefit analysis that evaluates the expected outcomes
and contrasts them to the required efforts for NMa, TenneT and potential benchmarking partners. In connection with
a pre-evaluation, information on existing studies and prior analyses can be revealed that should enter into the
benchmarking process and, thus, help avoid administrative burdens and overlapping with prior assessments. Based
on an introductory cost-benefit analysis, the overall extent of process benchmarking can be scaled and the analysis
reduced to particular process groups.
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Moreover, a pre-evaluation of prior process benchmarking studies, from both regulatory and company perspectives,
could address potential problems with regard to contents as well as conceptual requirements which came up in
connection with prior studies. By learning from such past experiences, the participating parties can reduce the overall
required overhead and, simultaneously, improve their current process benchmarking outcomes. In addition,
comparing outcomes of benchmarking studies comprising different peers or points in time provides additional
information on changes in processes and, thus, on cost efficiency and effectiveness.

For reasons of implementation efficiency, an integrated approach with strong participation of TenneT, beginning with
early steps of conceptual design, can help reduce the overall benchmarking overhead. TenneT is highly aware of its
specific organizational characteristics vis-a-vis benchmarking partners, and this increases the comparability and the
accountability of such characteristics. Moreover, an integrated approach guarantees that process benchmarking will
be transparent and predictable for all parties involved.

When the process benchmarking procedure is transparent, and the benchmarking outcomes predictable, the
benchmarking study provides traceability and, thus, the relevant results will be robust in the face of any changes in
process structures. Transparency in the benchmarking procedure enables the concerned parties to improve their
own processes and process structures, in light of all participants, and facilitates learning from benchmarking
outcomes and the experience of peers. In this regard, process adjustments and expected changes in outcomes can
be analyzed — and analyzed not only by an external analyst using an unknown model. Moreover, benchmarking
participants can evaluate the efficiency changes resulting from their own process adjustments, even before such
adjustments are actually carried out.

A key problem of process benchmarking TSOs has to do with the small number of TSOs and the heterogeneity of
installed processes. While all TSOs fulfill similar tasks and are subject to more or less identical regulatory
requirements, their processes differ, as a result of differences in their histories and of prior integration of TSOs with
energy generators. Nevertheless, TSOs have key processes in place that are comparable across all TSOs, such as
tower or substation maintenance or system operations. Thus, it is key in a benchmarking study to find a suitable
group of peers whose processes can be compared. Since one to twenty KPIs are involved per company, finding an
adequate peer group is a complex task.

As discussed in Subsections 2.5 and 2.6, TenneT's KPIs are defined based on a cost-center structure. Processes
usually overlap multiple departments. Therefore, conflicts of KPIs and measures of process efficiency could occur.
Departmentally defined KPIs provide performance indications based on the organizational structure of the relevant
departments and their organizational integration within the company. By contrast, process-KPIs provide information
on process performance, from process inputs to outputs and, thus, usually cover multiple departments. While
departmental KPIs represent the vertical structure of an organization, process-related KPIs represent its horizontal
structure. Thus, any benchmarking study of TenneT’s processes has to be preceded by definition of adequate
process input and output measures and subsequent derivation of process KPIs.

As different companies are subject to different influences, in keeping with their own regional, topographic and
weather circumstances, environmental factors have to be identified that can be used in cross-company comparison,
even if they are not necessarily in the focus of the individual companies concerned. Thus, new measures may have to
be derived that are based on external information and that control for external influences — and that the peers
involved have not focused on in advance. In this regard, the procedure of selecting adequate and comparable
measures that permit quantification of the overall performance of a process is a significant task in the benchmarking
procedure, one which requires close cooperation with the benchmarked companies.
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With regard to process descriptions, TenneT has a process house in place which provides detailed information about
individual sub-processes. However, other TSOs and potential peers have probably not yet analyzed their processes in
comparable detail. Thus, preparation of process benchmarking has to consider TenneT's state of process definition
and, in particular, the preparatory efforts to be made by benchmarking partners. As description of a company's
overall processes will extend beyond the scope of a process benchmarking study, such consideration would
disproportionally increase the benchmarking overhead. Therefore, suitable peers have to be selected on the basis
not only of business objectives and legal requirements, but also of the preparatory work of the peers involved.

While process benchmarking is a useful quantitative technique for analyzing and improving a company’s
performance, it can hardly provide an overall picture of a company’s situation and its development. Therefore,
interpreting the outcomes of a process benchmarking study requires a detailed consideration of existing business
objectives and how they relate to regulatory and market boundaries. Process benchmarking refers to single
processes and how they interact with each other. In this light, we maintain that process benchmarking should be
implemented on a process-group basis. By aggregating KPIs one can enhance the aggregation level on which
information can be derived. However, process information shrinks when KPIs are summarized.

4.5 Process evaluation cockpit (examples)

The chapter "process evaluation cockpit" provides examples of how single processes are gathered within the
benchmarking approach. Figure 3 shows a template in which two TSOs are compared using some random input
figures.

The example shows a comparison of a defined construction process between TSO A and TSO B. The results can be
interpreted as follows: We assume that KPIs are already adjusted for environmental factors.

In terms of actual costs: TSO A needs 50,000 € per realized whereas TSO B needs only 45,000 € per km. TSO B is
therefore less expensive, as it needs 5,000 € less per cable realized.

Process quality in terms of assignment: Both TSOs exceed their assigned budget. From a quality perspective TSO A is
more efficient as it only exceeds the budget by 5%, whereas TSO B exceeds the budget by 10%. The same result is
obtained via a 3-year perspective (TSO A 3%, TSO B 8%)

Process quality in terms of operation: Within a comparison of duration of construction TSO A seems more efficient
than TSO B (+5% to +10% of planned efforts). The secondary measure states a vice versa view as TSO B has a value
of -5% and TSO A a value of +3% on average. In terms of re-working TSO A is more efficient as the values are less
than the ones for TSO B (short-run and long-run perspective)

Based on the actual costs TSO A performs better than TSO B, whereas in terms of quality and most secondary
measures, the results are vice-versa. Thus, the manner in which the results are to be interpreted depends on the
analyst’s view.
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Figure 3:
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Overall Conclusion
5. Overall Conclusion

Process benchmarking is used to compare individual processes or process groups to those of a peer group, either to
permit peer-group members to learn from each other (voluntary benchmarking) or to extract information on a TSO's
efficiency and effectiveness. This study focuses particularly on TenneT's cost-efficiency and cost-effectiveness.
Therefore, exemplary processes have been used to illustrate a methodology and the individual steps of a process
benchmarking analysis.

The conclusions follow the five introductory questions put forward in Section 1.

What kind of data is required for benchmarking?

Robust process benchmarking is based on individual processes that can be described in terms of inputs,
environmental factors, structural drivers and outputs. As inputs are expressed in terms of their costs, KPIs can be
derived based on inputs and outputs (adjusted by environmental and structural factors).

How can processes be benchmarked?

KPIs are divided into three key groups, namely actual costs, qualitative measures and secondary measures to assess
and compare process performances — first, within each TSO and, second, across TSOs. Keeping the organizational
level under consideration, process benchmarking is used to assess single processes or particular process groups in
terms of cost-efficiency or effectiveness. Aggregation to a single cost-efficiency figure, taking into account processes
from diverse groups, is hardly feasible as aggregation must be based on selected fixed keys (e.g. asset-management
processes are assessed mainly by effectiveness, which is hard to measure at a single point in time, whereas grid
service processes are measured in terms of efficiency).

What kind of assumptions need to be made and agreed on beforehand, to maximize success?

Due to the level of consideration involved, it is not possible to consider all processes during a single benchmarking
run. Consideration of all processes would require too many resources and too much time, both from regulators and
from the benchmarked companies. Thus, process benchmarking should concentrate on a defined number of core
processes per process group. Therefore, in practice a selection of process groups (e.g. asset management or grid
service) has to be set up. Within a next step, core processes of this group are extracted and compared in terms of
actual costs and quality (Example Figure 3). Moreover, adequate control variables are required to control for
environmental factors and to enable a valuation of structural influences across all participants from an objective point
of view.

To what extent are such assumptions scientifically/empirically justifiable?

For a scientifically justifiable analysis, an adequate number of participants in terms of size and comparability has to be
defined. The size of a comparison group is mainly dependent on structural differences. The greater the structural
differences across peers, the more peers are required before representative information on causality can emerge.
Ideally, peers should be sufficiently similar in terms of tasks to be fulfilled and in terms of installed processes. Then,
fewer assumptions have to be made on environmental or structural factors. In addition, comparing processes of
TSOs to those of DNOs is not a particularly useful option, since only a limited number of processes qualify for such a
comparison. Second, peers usually do not voluntarily join regulatory benchmarking studies. Consequently, other
national regulators have to be found who are interested in implementing a process benchmarking study comparing
their TSOs with each other.

What investments of time and finances would TenneT have to make in order to implement process

E-BRIDGE CONSULTING GMBH 31



Overall Conclusion

benchmarking?

Efforts for participants of a process benchmarking can be separated into two steps: efforts for generating the process
inputs and efforts during the evaluation and comparison phase. Based on the discussions with TenneT, a rough
estimation without more detailed insights is five to seven days for providing the relevant inputs for a standard
process within the key process groups. In addition, we expect three to five days from TenneT experts during the
evaluation and comparison phase for each of these processes. These numbers only refer to TenneT efforts. Further
inputs have to be provided by regulators during the process selection phase and when interpreting the outcomes of
process benchmarking. We recommend expert support as this reduces overall efforts during the process selection,
the generation of process inputs and the evaluation and comparison phases and increases implementation efficiency.

While process benchmarking is a highly complex approach for obtaining information from TSOs regarding cost-
efficiency and effectiveness, it enables a much deeper analysis of organizational efficiency than other benchmarking
procedures. Moreover, it provides details in less-aggregated form, and this facilitates the analysis of the
benchmarked TSOs in greater depth than that permitted by any other analysis approach. Process benchmarking is a
feasible evaluation approach if results are used to understand the performance of a single process or process group.
Therefore, results can help to back-up and complement current results of other regulatory approaches.
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Existing process benchmarking initiatives

This section describes two examples of existing TSO process benchmarking initiatives: the International
Transmission Operating and Maintenance Study (ITOMS) and the TSO Comparison Group. Both initiatives
have more than twenty participants worldwide®. Furthermore, member TSOs participate on a voluntary
basis and the benchmark initiatives focus on detailed activities of TSOs. The main difference between the
two initiatives is that ITOMS focuses on asset/component related issues where the focus of the TSO
Comparison Group is on system operation, i.e. all activities in and around the TSO’s control centre.
International Transmission Operating and Maintenance Study (TOMS) °°

The International Transmission Operating and Maintenance Study (ITOMS) is a consortium of
international transmission companies facilitated by consultant UMS. The consortium was established in
1994 and consists of 27 transmission organisations from different parts of the world.

The main focus of the ITOMs initiative are the asset related activities of a TSO, including maintenance
practices. These activities are assessed on a detailed component level. Le. ITOMS concludes on the TSO's
performance of individual components separately, e.g. 110 kV circuit breakers and disconnectors.

On this component level, ITOMS determines the relative performance of each participant. TSOs may use
this information to identify their activities with improvement potential.

ITOMS also evaluates the impact of maintenance policy on network performance by assessing
transmission system performance including issues such as equipment outage rates, network reliability and
network availability.

Figure 5 shows a typical result for a participant on the aggregate level Substation Maintenance. The
graph compares the composite cost level (horizontal axis) and composite service level (vertical axis) of the
participant (in this case Transpower New Zealand) with the average performance of participants in other
parts of the world. The graph shows that this participant has a relatively high cost level and a low service
level. Furthermore, there is a trend to an even higher cost level.

¢ TenneT participates in both groups.

? Source: UMS Group website: http://www.umsgroup.com/partnerforums/itoms.asp

1% Source: Transpower's asset management strategies and plans an independent review by BW consulting for Transpower New Zealand
Ltd, December 2010 (published on www.comcom.govt.nz)
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Figure 5: Example of ITOMs result ‘composite scatter chart substation maintenance’ 10.

The ITOMS initiative further facilitates the exchange of information and ideas on performance
improvements and innovative working. This enables the participants to identify best practices and
introduce improvements in their operation.

TSO Comparison Group11

The TSO Comparison Group consists of more than 20 TSOs worldwide and was established in 1995. The
TSO Comparison Group's focus is on System Operation which is defined as the activities that are
concentrated in or close to the TSO’s control centre(s) and include load/generation balancing, ancillary
services and network operation tasks.

The members of the TSO Comparison Group take part in an annual benchmark study of their System
Operation processes that makes use of a data base with approximately 50 performance measures that
are collected annually for each TSO.

The main objective of the TSO Comparison Group's benchmark models is to learn from each other and
identify and exchange best practice in system operation. The members are more interested in their
position relative to their most comparable peers than in absolute efficiency numbers.

The TSO Comparison Group’s benchmark models compare five system operation benchmark processes
that cover the period from one year before operation to after the day of operation:

' Source. Benchmarking of System Operation Costs for 21 International Transmission System Operators, DiCaprio et al. Demsee
conference, Crete, September 2010.
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Figure 6: TSO Comparison Group Benchmarking Model

For all processes, the TSO Comparison Group has developed benchmark models. And although all
member TSOs perform the above activities, their organisation of these activities is quite different. In
addition to this, there are major differences in geography, market organisation and regulation that cannot
be corrected for in a benchmark model with only a limited number of peers and therefore a limited
number of cost-drivers. The TSO Comparison Group therefore adds a qualitative comparison of system
specifics in the form of key activity lists and questionnaires on specific topics.

Figure 7 shows the basic benchmark model that is applied by the TSO Comparison Group.

Environmental Factors

Input: C'C:>_IS_IE/ " 150 Prcess \ Output: Constant

Figure 7: Applied Benchmark Model

The models use either cost or number of Full Time Equivalents (FTE) of the particular process as the input
The output of System Operation processes is considered a 'balanced and secure system’. To date the
TSO Comparison Group has not found a meaningful measure that quantifies ‘a balanced and secure
system’ other than measures that are largely exogenous to the system operation department. le.
performance related measures like unsupplied energy, area control error, frequency response or network
losses might be (more or less) endogenous to the TSO, they are largely exogenous to the System
Operation departement. Since all TSOs in the group basically aim for a ‘balanced and secure system’, the
output is considered uniform for all the TSOs of the TSO Comparison Group. As a reference, the TSO
Comparison Group uses the performance related measures in their key graph (see Figure 9).

Environmental factors describe the environment in which the TSO operates its system. The TSO
Comparison Group considers two types of environmental factors: system size related environmental
factors and activity related environmental factors. In the benchmark model the system size related
environmental factors are combined into a composite environmental factor. This composite factor
consists of a combination of the number of circuit ends, generation units and number of interconnectors.

The benchmark model estimates for each TSO the costs that an average TSO would have if this average
TSO operated in the same environment as the TSO under study. For this, the TSO Comparison Group
applies a linear regression model. This results in the following formula (1).

Z;, =c+ B EF; + B,EF,; A
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where

Z estimated costs for TSO i;

¢ By B> factors, calculated by the regression model;
EF; environmental factor j for TSO i.

G B [> are model parameters that result from the linear regression with data for three years.
Multiplication of f; and B> with the applicable environmental factors for a TSO and adding the constant ¢
results in the ‘estimated number of FTEs' for this TSO.
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Figure 8: Typical results for Operations Planning cost benchmark model. The table provides the factors for formula 1.
The graph shows the results for each TSO. The Bars represent Actual FTEs (from Performance Measure database) of
the TSOs, where the dot represents the number of FTEs as calculated by the Benchmark model. The Bars represent
Actual FTEs (from Performance Measure database) of the TSOs, where the dot represents the number of FTEs as
calculated by the Benchmark model.

—

Figure 8 shows the typical TSO Comparison Group results for a single process. With the results of Figure 8
each TSO can conclude whether its cost for the relevant process is higher than average (central
tendency), lower than average or about average, taking standard errors into account. For members, the
graphs are available including the names of the TSOs. This enables TSOs to identify possible ‘peers’. In
order to facilitate this, the TSO Comparison Group developed activity lists for each of the processes.
These activity lists detail the level of activity of 10 to 20 activities that are performed by the TSO. The lists
have been filled out by all member TSOs and are available to the members.

The activity lists also enable the TSO Comparison Group to identify if a TSO outperforms in a specific
process because its activity in this process is very limited, this will be shown in the ‘activity lists’. During
workshops outperformers are invited to explain their position in the benchmark results. The objective of
these sessions is to learn from one another. Another tool that helps the TSO Comparison Group to better
understand the benchmark results are questionnaires.

In addition to the detailed benchmark results, the TSO Comparison Group developed a Key Graph which
provides a summary of the benchmark results on one single slide. This includes a two-dimensional
presentation in which the use of resources of a TSO (i.e. the benchmark results) is compared to the
performance of the TSO. Figure 9 shows an example. It should be noted that the System Operation
department can only partly influence these performance factors.
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Figure 9: TSO Comparison Key Graph summarises all benchmark results (each dot is one TSO). The resources axis
represents the aggregate results of the benchmark studies of the five processes. The performance axis shows a
measure that includes quality measures that are largely exogenous to the System Operations department: Average
Interruption Time (AIT), Voltage control, Average Overall System Deviation, Response time to Area Control Error (ACE)
or Frequency Error, Accuracy of peak load forecast.

The voluntary process benchmark initiatives are typically designed for identifying improvement potential

on detailed activities or components. The objective of the quantitative benchmark exercises is therefore to

find comparable peers rather than finding numbers on efficiency. The quantitative benchmark results are

further analysed to find the reasons for the differences. These may relate to different environmental issues
that were not included in the model or different approaches.
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