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REGULATION AND EFFICIENCY
ANALYSIS



Some principles

The relevant model of competition to inform
regulatory policy is not one of atomistic or
perfect competition, but rather one that
evaluates and rewards the performance of
regulated entities.

Weisman and Pfeifenberger, 2003
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Acceptability and adequacy of
regulatory benchmarking

Acceptable is a method compliant with current
national and European laws and directives.

Adequate is a method fit for achieving higher
economic and technical objectives in its
application in energy network regulation.
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Conventional view
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Regulator
Services y Contract M(y,t)
Operator
Effort
e
Cost C(y,e) ----------mmmmmmmmmmmmommmomo o

Infrastructure access, unbundled firm, inelastic demand for service
Cost is observable and verifiable, effort is unobservable, multi-
output service provision
High-powered regulation is optimal: Laffont (1994), et al.
Practical implementations: yardstick regimes: Schleifer (1985),
Laffont and Tirole (1986)
CORE
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Approach !

Responsabilities, skills and objectives
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Endogenous structural effects

PROCESS

INNOVATION » DEVELOPMENT
MARKET

DEVELOPMENT

STRY ENTRY

Is there an implicit sector agenda?
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set of regimes
cost for regulatory failure

S Regulator

parameters for regimes

appeal (if transfer is infeasible) effort (slack), k

Agrell and Lorenz (2010) CORE
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Common benchmarking methods

I T Stochastic

Parametric COLS SFA

Non-parametric DEA RDEA (Simar-Wilson)
StonED

Normative Reference models Simulation models
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Concerns for model use in regulation

Method validation
> Sound theoretical basis for policy making

Data validation
> Procedural impact

Controllability
> Inputs under management control
> Environmental factors strictly exogenous

Equity

> Process independent and unbiased in size, governance,
etc
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Efficiency in regulated business and
regulation using efficiency

Prospective (academic) studies
> EX post choice of parameters
> Ad hoc definition of reference set

> Category-based effects (private/public, reform,
governance)

> Choice of model depends on exact question

Regulatory benchmarking
> Ex ante choice of model, based on past data
> Formal definition and application of outliers
> Direct use in the setting of standards, tariffs or revenues
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Requirements for regulatory cost norms

A cost norm for regulatory use must respect

> Feasibility (evidence based estimate)
> Neutrality (unbiased estimate)
> Robustness (to data errors)

> Repeatability (endogeneity of parameters)

Model objective

> The cost norm is based on structural comparability

> The resulting rulings should be robust to judicial
recourse

Agrell and Brea (2017) CORE



R1. Feasibility

t C(w,y)

Figure 1: Feasibility violation of cost norm C(w,y|®) from scale y'.

1. Feasibility: all estimates in C(w,y, ®) are realizable for an operator.
E[C(w,y|®) —C(w,y)] > 0 for all w,y in .

Agrell and Brea (2017)
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R1 Feasibility evaluations

Parametric COLS SFA

Non-parametric DEA RDEA
StonED

Normative Reference models Simulation models

R1 corollaries

> The cost norm is based on evidence
> Data is filtered for infeasible outliers
> The cost norm has no extrapolations

> Data correspond to estimation type (det/stoch)

CORE



Engineering cost
function

CE(y|w.2)

True cost function
C(y|wz)

>
Production y
we R™
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R2. Neutrality

v’ v
Neutrality: there is no bias in C(w,y, ®) across the set .
E[C(w,y|®)/C(w,y)] = K < oo for all w,y in ®.

Agrell and Brea (2017)
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R2 Neutrality evaluations

Parametric COLS SFA

Non-parametric DEA RDEA
StonED

Normative Reference models Simulation models

R2 corollaries

> The model specification has no sample bias

> Norm error is homoscedastic

»  Efficiency distribution independent of type

» Model specification as comprehensive as possible
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Robustness: an estimate C(w,y, @) is insensitive to irrelevant, flawed or inefficient
data € added to .

E[C(w,y|®) —C(w,y|®)] =0forall w,yin 0,® = o+ €.

Agrell and Brea (2017) CORE
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R3 Robustness evaluations

Parametric COLS SFA

Non-parametric DEA RDEA
StonED

Normative Reference models Simulation models

R3 corollaries

> The cost norm is invariant to inefficient noise
> Data is filtered for outliers or mavericks
> Frontier units are identified and verifiable

CORE



R4. Repeatability

Repeatability: insofar the estimation of C(w,y, ®) would require the determina-
tion of technical constants, assumptions and numerical parameters, they are en-
dogenous or set a priori based on established practice and science. The calcu-

lation can be repeated with exactly the same results by a different set of equally
skilled analysts.

Agrell and Brea (2017)
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R4 Repeatability evaluations

Parametric COLS SFA

Non-parametric DEA RDEA
StonED

Normative Reference models Simulation models

R4 corollaries

» The cost norm has no ad hoc assumptions
> No numerical estimation procedures
> Reference set endogenously defined
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Principles

Activity decomposition

> Match process by process

> Careful cost decomposition
Cautiousness in method

> Minimal extrapolation methods

> Data quality procedures
Cautiousness in estimation

> Cost adjustments whenever relevant

Validation procedure

National validation by NRA

Validation with average European costs
Qualitative technical validation with detailed data
Cross validation by ranges, patterns, cost impact

v

VoV
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Process

Data validation

Structural comparability
> Costs (functional decomposition)
> Indirect cost allocation
> Personnel costs
> Time (inflation)
> Assets (standard types, lifes and functions)

Environmental comparability

CAS TS A
A W A
D e SR,y W N



e UCL Cost stan

Operating
costs

'
B, | p.ﬂ ‘

Benchmarked OPEX ’7

» Benchmarked
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data
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Two approaches

Standard (average) cost

> Specific claims for difference to average
> Less initial data, fast average results
> Burden of proof on TSO

Normative cost models

> Using cost estimates from engineering
> Higher initial cost, longer project
> TSO input on open standards
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Advanced environmental analysis TCB21

44 in 5 groups yShare.area

‘Ruggedness (iopography) 2 X Rugged
Siopeftopograpyl 4 X zSiope
Subsol (ravel, topsail) 4 X <Cravel T/s
Subsol (gravel,subsoil) 4 X ZCravel_s
Humty s X X zHumidity
Wetnessindex ] X X Zwwel
Subsol depthiorockl 4 X zSollcr
X zSoil.vs

2 X zDensity_po/co

8 X X zZTemp_min/max

4 X zPrec

1 X zZSnow

5 X X zZWR
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Principles

Data quality is primary objective

Data information management

Clear and fair communication

Results well explained, documented, justified
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Data collection

v

Data inventory

Data collection process
Planning issues
Auditing concerns

v

v

v

Data collection guides
Auditing guides

Data validation protocols
Cross validation
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Data quality assurance

Preparation prior to benchmarking:
> Data definitions
> Data guides
> Collection tools with error checking

Important with TSO/NRA reviews

During project:
» Feedback for validation
» External validation
> Dissemination of interim calculations for TSO control
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Lack of frontier robustness

Structural

> Heterogeneous and incommensurate technologies in
the reference set

> Operation at widely different scale in the reference set
> Variations in scope of operation across the sample
Behavioral

> Collusion (strategic reallocation of costs and outputs)
> Maverick reporting
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Source and intention of model error

Table 2: Four possible source for lack of robustness in Frontier-based models in regulation

Source of —Intention Level
uncertainty Low High
Firm Reporting errors Maverick reporting

Regulator  Poor variable specification Biased model design

Agrell and Niknazar (2014)
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Maverick reporting

A model-based regulation needs to pass a
credibility test at its launch

It may be in the interest of firms to provoke a
stress-test for the regulation by intentionally
creating unrealistic peers through strategic
reporting.

The misreporting is then revoked due to ‘reporting
errors’, but only after the frontier has been
established.

Agrell and Niknazar (2014)
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Outlier detection

1. Superefficiency test
2. Dominance test
3. Peeling test



CONCLUSIONS



Conclusion

Acceptability = method compliance
> Feasibility (evidence based estimate)
> Neutrality (unbiased estimate)
> Robustness (to data errors)
> Repeatability (endogeneity of parameters)

Model objective = Adequacy

> The cost norm is based on structural comparability
> The resulting rulings should be robust to judicial recourse

Real practice more open for new techniques (hybrid) than most
academic work

Main challenges
> Method integration through a consistent approach
> Addressing heterogeneity
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Early beginnings in electricity

Australia, BIE (1994)
New Zealand, IPART (1999)

ECOM (2002
ECOM+ (2003, 2005)
E3GRID (2009)
E3GRID (2013)
TCB18 (2018)

TCB22 (2021)
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Slow start in gas benchmarking

Carrington, Coelli, Groom (2002)

> International benchmarking for gas distribution, NZ
Coelli, Estache, Perelman, Trujillo (2003)

> World Bank book for regulators

Jamasb and Pollitt (2006)

> Gas transmission
» US data (FERC)
> European data
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Input orientation

Assumes that the major part of costs is incurred in
capacity and infrastructure provision

The grid, an input, is seen as one of the outputs put
at the disposal of the market

Output y = f(grid, context)

Output is now
> Partially endogenous
> Linked to assets and capital investments
» Technology dependent

CORE



Input orientation

Advantages

> No utilization focus, promotes investments

> Easy fit to cost functions (OPEX dependency)
Disadvantages for TSO applications

> Gold plating or poor investment plans?
> Risk for strategic choice of asset types?
> Not linked to ‘effectiveness’

CO‘E AT v



Output orientation

Advantages
> The configuration of the grid endogenous
> Priority to relevant investments for use

Disadvantages for TSO applications

> Part of output is forecast (load growth)

» Utilization is strongly influenced of commodity prices
and business cycle (post 2009 ...)

> Capacity provision is not clearly identified, still a value

CORE
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Hybrid orientation

Combination of input (grid provision) and output
orientation (variable services, volumes, quality
and flow)

Tradeoff between different services
> Capacity provision by asset provision
> Transport work (flow and distance)
> Customer service (connections, value-added services)
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TSO benchmarking framework

1. Data standardization 2. Output modelling
— XlIlnputs — TSO —— Y Outputs
Totex = Opex + Capex Transport work
I Capacity provision

Z Environment

3. Structural (environmental) modelling

Service provision

Proxies for
- Geography, climate, soil type,
- Complexity, density

COQE A s
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Jamasb & Pollitt, 2006

» DEA/SFA/COLS

O&M [in labor, out fuel, >
tax, rents] 1. Capacity (PeakDays)
Totexl [O&M, deprecation] 2. Length of Pipelines

Totex2 [Totexl, cost of capital]
Revenue [less fuel]

Data Source: CEER + FERC
Country: BE, DK, HU, NL, USA (43)
Years: 1996-2005 (unbalanced)

Observations: 47 TSO before data cleaning

50 CORE
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Sumicsid, BNetzA - 2010

> DEA/SFA >

1. Totex 1. Transport Moment Area
2. Pressure difference

3. Total connections

Data Source: Bundesnetzagentur (BNetzA)
Country: DE
Year: 2010

Observations: 10 RTO (1 year)

St CORE



s oo (| B Frontier, BNetzA - 2012

> DEA >

Peakload (m3n/h)
Total service area

Total linelength

No of connections

No of pot. Connections
Pipeline volume
Soiltype 4-5-6 (length)
No of meters

1. Totex (sTotex)

NG WN

Data Source: Bundesnetzagentur (BNetzA)
Country: Germany
Year: 2012

Observations: 200 DSO before data cleaning
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E2GAS, Sumicsid, CEER - 2016

. DEA >

1. Totex 1. NormGrid
2. #Connections

3. Pressure differences.adj

Data Source: CEER
Country: BE, DE, ES,FI, HR, NL, PT, UK
Year: 2010, 2014

Observations: 21 TSO (2 years)
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TCBI18, Sumicsid, CEER - 2018

. DEA >

1. Totex 1. NormGrid_Slope
2. #Connections

3. CompressorPower
4. Pipes_humidity

Data Source: CEER
Country: BE, DE, EE, ES, FI, GR, LT,LV, NL, PT, SI
Year: 2017 (2013-2017)

Observations: 29 TSO (2017, 2015 for DE), total 70
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TCB18 Model (2018)

— Xlnputs

Totex = Opex + Capex

Z Environment

Slope factors
Landuse

Subsoil

Y Outputs -

Transport work
— - NormGrid
Capacity provision

- Compressor Power
Service provision

- Connection points

— Pipeline length

Humidity ————



TCB21 Process

Criteria A
Statistical Screen

Environmental
correction

Criteria B
Robustness Screen

Efficiency analysis

Criteria C
Relevance Screen

Final model(s)
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TCB21 Model G1445.V3 (2023)

—— XlInputs ——

Totex = Opex + Capex

TSO

Y Outputs -

Capacity provision

f

Z Environment

Slope factors
Landuse
Subsoil

—— - Compressor pc
- NGC_ex.pipes
Service provision
- Pipe.surface.mplp
- Pipe.surface.hp

—>

Humidity
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TCB21 Model G4450.V3 (2023)

— Xlnputs

Totex = Opex + Capex

Z Environment

Slope factors

Landuse
Subsoil

Humidity S

Y Outputs -

Capacity provision
— - NGOex_10
Service provision

- Pipe.volkm.v16
- Pipe.vol.hp

- Cp.ip.tot

—>
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