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1 Executive Summary

This report is Phase II of a two part series to the CREG and MME for the purpose of rewriting resolutions that specify recoverable losses and to identify strategies for managing losses of electricity on the Colombia electric system.  The recommended level of recoverable losses is based on a forecast of losses on the Colombian system if distribution operators and retailers prudently manage the losses of electricity.  The Phase I Report documents the planning, operations, and administration of an electric system and how these processes impact the overall losses on the system.  

Losses on the STR/SDL during 2001 are estimated at 6,770 GWh/year at a cost of 645 billion Peso or $285 million US per year and account for 17.5% of energy delivered.

Based on the implementation of the loss management programs identified in Section 5, the losses on the STR/SDL could be reduced to 7.7% by the year 2026, which is equivalent to a loss of 2,980 GWh/year at a cost of 285 billion Peso or $125 million US based on a 2001 system.

The recommended recoverable losses for the period of 2003 to 2007 are based on the forecast of moving to the optimum level of losses by 2026 and are found in Section 8.8 and 8.9.

Section 8 moves through a series of options that start with a simple rewrite of the resolutions with no major structural changes.  Section 8 recommends a series of structural changes and shows the impact of those recommended changes.  The first recommendation is to differentiate losses for urban and rural areas.  The second recommendation is to base the recoverable losses on a more efficient, and more cost effective distribution voltage of 25 kV.  The third recommendation is to combine Level 4 and 3, and to refine the losses by the remaining three levels for both the distribution operator and retailer. 

Programs to manage losses have focused on non-technical losses.  To achieve the reduction in losses identified above, a comprehensive program of dealing with both technical and non-technical losses is required.  The cost to implement all of these programs through a rebuild of the entire system could be as high as $950 million US, spent over the next 20 years.  This estimate is based on the highest cost scenario, but there has been no extensive study to verify the estimate.  There are ranges of strategies identified that will have varying economics, and for economic efficiency, the lowest cost/high benefit programs should be implemented first. 

2 Purpose of the Studies

The purpose of this report is to provide recommendations to the CREG for the implementation of new Resolutions that will govern the recovery of costs associated with electrical losses on the distribution systems by the distribution operator and the retailers of electricity.

2.1 Introduction

Charges for use of the Regional Transmission Systems and the Local Distribution Systems are integrated unit charges at each voltage level.  These charges are calculated by dividing the accumulated costs by the useful energy at each voltage level.  The measure of useful energy corresponds to the energy available less energy losses as recognized by the methodology used to calculate charges.  Energy losses were deemed in Resolution 031/1997 for retailers, and in Resolution 099/1997 for distribution operations.  Energy losses for distribution operations were set at 1.5% for Level 4, 3.0% for Level 3, 5.0% for Level 2, and 15 % for Level 1 when the Resolution was put into effect.  Level 1 energy losses were reduced by 1% per year for the regulatory period of 1998 to 2002 as an incentive to reduce losses or improve the efficiency of the distribution system.  

Currently, charges are being developed that will take effect beginning in 2003.  It is therefore necessary to determine technically efficient levels of losses in transmission and distribution systems in Colombia.  The final objective is to capture, through a new methodology for calculating charges, an appropriate level of losses for which the distributor and the retailer should be compensated.  The distributor and retailer would then be responsible for the cost of losses above this efficient level.

For the purpose of this report, technical losses are considered to be thermal line losses plus copper and core losses in transformers.  Non-technical losses are all other energy losses and include losses resulting from administrative inefficiencies, errors, theft and fraud.  This report is a practical guide to technical and non-technical losses and how a regulatory agency can effectively regulate electric companies to manage losses.  Losses that result from corona, induction, acoustics, temporary faults, and other losses are small in magnitude are not studied in this report.   

3 Process for Development of Recommendation

The structure of this report follows the process that was used to develop the recommendations for new Resolutions and suggestions for optimal development.  

The process for the development of recommendations began with an initial trip to Colombia in November 2001 with a purpose of gathering preliminary information and meeting with various stakeholders to obtain a better understanding of the issues regarding electricity losses in Colombia.  Prior to the initial trip to Colombia, a review of losses was to consider losses on the STN, STR and SDL.  The focus of the issue was narrowed to losses at lower voltage levels and particularly losses on the STR and SDL at Level 1 to Level 4.

The Phase I Report discusses losses on the STN as well as the STR/SDL, and identifies the major factors that influence the losses on an electric system.

A second trip to Colombia occurred in April 2002 in order to get feedback on the draft Phase I report, obtain some more technical data, and meet with various distribution operators and retailers.  Codensa also provided a tour of the distribution system in Bogotá showing new construction, and some of the challenges that they face with respect to non-technical losses.  The input obtained from the stakeholders is documented in Section 3.1 and the issues are addressed Section 10.

The next step was to determine the existing levels of losses as a benchmark or starting point and this is shown in Section 4.  The determination of existing levels of losses was based on data from distribution operators and retailers, MME, as well as technical analysis of data obtained from CREG.

Section 5 then outlines how the level of losses could be reduced to optimal levels and Section 6 outlines the optimum level for losses.  The optimum level of losses is based on a number of parameters that may change over time.  The optimum level of losses should be reviewed again in 2007 (the last year of the 5 year test period) to review the appropriateness of long-term goals.

Section 7 outlines criteria for the development of new Resolutions.  The criteria for the development of new Resolutions also consider universal rate design criteria, and adapts them for use in the regulatory framework of Colombia.

Section 8 outlines a series of recommendations for new Resolutions applicable for 2003 through 2007.  These recommendations cover the 5 year test period for the recognized or recoverable losses for the use of the STR and SDL.  The recommendations include recoverable losses by distribution operators from the retailer, and by the retailer from the end use customer.

Section 9 provides some recommendations for tools outside of the realm of Resolutions from the CREG that may assist in the management of losses in Colombia.

Section 10 goes back to address input from the stakeholders and indicates how the input was used in the development of recommendations.

Section 11 is a summary of recommendations developed in the report.

3.1 Stakeholder Involvement

PS Technologies and the CREG met with stakeholders including distribution operators and retailers in order to listen to and understand the concerns of these stakeholders regarding the recovery of costs associated with electricity losses.  The following is a list of issues raised by the stakeholders that impact the losses on the electric system.  These issues are simply documented in Section 3.1 without any analysis as to the merit of the particular issue.  Section 10 goes on to analyze each issue as to the advantages and disadvantages, and how the input should be addressed in the final recommendation.

3.1.1 Customer Service

Customer service has not been sufficient to deter a component of non-technical losses.  Distribution operators and retailers have been slow to react to customer requests for new service.  Further, the paperwork required to obtain a new service is excessive, and the process has been time consuming and inconvenient.  Office locations have not always been convenient, and customers were not well informed as to the process of getting a new service.  Customer contributions, or up front charges are seen as a barrier to obtaining a new service.

3.1.2 Financing of Loss Management Initiatives

Distribution operators and retailers may not have the financial resources available to make investments to more effectively manage losses.

3.1.3 Meter Tampering

Some large customers are getting very sophisticated with respect to meter tampering.  This type of theft is very difficult to find and rectify.

3.1.4 Theft Occurs at All Levels

Distribution operators and retailers have experienced non-technical losses at all levels.  Non-technical losses cannot be generalized as associated with a specific geographic area, or with a specific group of customers. 

3.1.5 Rural and Urban Losses

Distribution operators and retailers experience higher levels of technical losses when providing service in rural areas.  The nature of an electrical distribution system is such that the capital cost, and the losses associated with a rural system are higher than those associated with an urban system.

3.1.6 Feeder Density

Distribution operators and retailers experience higher levels of technical losses on feeders that have a low load density.  The nature of an electrical distribution system is such that the capital cost, and the losses associated with a low load density feeder are higher than those associated with a high density feeder.

3.1.7 Vintage of Privatization

Distribution operators and retailers that have purchased their system from the state have been working at better managing electrical losses.  Those distribution operators and retailers, who have most recently acquired their business, have had less time to manage losses than those operators and retailers that were first to acquire their business.  Therefore, distribution operators and retailers who have had less time to manage losses should be allowed recovery of a higher level of losses.

3.1.8 Area or Zone

Losses of electricity vary from one area to another area.  Distribution operators and retailers suggest that loss factors vary by area or by zone to reflect the actual losses experienced in the various areas or zones.

3.1.9 Strata

Distribution operators and retailers experience varying levels of losses depending on the strata of the area being served.  They suggest that the recoverable losses should reflect the varying amounts of losses associated with each strata.

3.1.10 Rate Design for Administration

Retailers pay administrative charges to the distribution operator on the basis of a variable charge.  Since administrative charges are essentially fixed in nature, there is a cross subsidy between low energy consumption and high energy consumption customers.  When a competitive retailer engages a high energy consumption customer, the competitive retailer ends up paying more than a fair share of the administrative costs, and the distribution operator and affiliated default retailer end up with less than their fair share of administrative costs.

4 Existing Levels of Losses

The recognized level of losses is the recoverable losses shown in various resolutions and these losses vary by voltage level but do not vary by region, area, distribution operator, or any other factor.  The actual losses in the electric system will vary with system load, system configuration, that amount of illegal interconnections, fraud, and other factors that vary from area to area.

The existing levels of recoverable losses are laid out in Resolution 031/1997 (later amended by Resolution 159/2001) for retailers, and in Resolution 099/1997 for distribution operations.  Recoverable losses for retailers were set at 3.53% for Level 4, 5.06% for Level 3, 7.10% for Level 2, and 20.00%, 18.25%, 16.50%, 14.75% and 14.75% for the years 1998 to 2002 respectively for Level 1.  Recoverable losses for distribution operators were set at 1.50% for Level 4, 3.00% for Level 3, 5.00% for Level 2, and 15.00%, 14.00%, 13.00%, 12.00% and 11.00% for the years 1998 to 2002 respectively for Level 1.  

The reduction in recoverable losses by 1% per year for the five-year test period was designed as an incentive for distributors and retailers to reduce losses (improve efficiency), and to share the savings with the customers.

The difference in recoverable losses between distributors and retailers is indicative of the relative amount of losses associated with the responsibilities of the distributor and the retailer.

The recoverable losses are a function of the voltage at which service is provided.  The levels correspond to voltage as follows:

Level 4:  62 kV up to STN

Level 3:  30 kV to 62 kV

Level 2:  1 kV to 30 kV

Level 1:  Less than 1 kV

The correlation of loss to voltage level is an academic exercise based on the assumption that all energy production is inserted into the STN, and subsequently flows down through each voltage level to the end use customer.  This assumption is not necessarily valid because not all of the energy flows through the high voltage system.  This assumption is further eroded by any move away from large central generating plants to distributed generation.  Distributed generation has the benefit of energy consumption near the point of production, and therefore it bypasses the need to be transformed to high voltage for long distance transmission.  

The electric system is not linear where energy flows from level to the next.  For example, transformation may occur from 115 kV directly down to 13.8 kV or 11.4 kV, in which case, Level 3 has been skipped completely.  Further, metering data is not sufficient to differentiate losses by voltage level, nor is it economic to meter energy at each level of transformation.

Figure 1 indicates the existing correlation between voltage level and Level for loss determination.  Figure 1 also illustrates that generation can be interconnected at any voltage level and that energy flow is not necessarily linear from Levels 4 through 1. 

[image: image1.wmf]Concept of Distinction between STN/STR/SDL and Levels

Gen

Gen

STN (220 kV and greater)

STR/SDL Level 4 (62 kV to STN)

STR/SDL Level 3 (30 kV to 62 kV)

STR/SDL Level 2 (1 kV to 30 kV)

SDL Level 1 (Less than 1 kV) 

230 kV

115 kV

230 kV

115 kV

230 kV

13.8 kV

230 kV

13.8 kV

230 kV

13.8 kV

230 kV

44 kV

230 kV

44 kV

230 kV

44 kV

115 kV

13.8 kV

115 kV

13.8 kV

115 kV

13.8 kV

115 kV

44 kV

115 kV

44 kV

115 kV

44 kV

Load

Load

Load

Load

115 kV

44 kV

115 kV

44 kV

115 kV

44 kV

Load

44 kV

13.8 kV

44 kV

13.8 kV

44 kV

13.8 kV

Load

Load

13.8 kV

120/240 V

13.8 kV

120/240 V

13.8 kV

120/240 V

13.8 kV

120/240 V

13.8 kV

120/240 V

13.8 kV

120/240 V

13.8 kV

120/240 V

13.8 kV

120/240 V

13.8 kV

120/240 V

Load

Load

Load

Load

Load

Load

230 kV

18 kV

230 kV

18 kV

18 kV

115 kV

Gen

18 kV

115 kV

18 kV

115 kV

Gen

Gen

18 kV

44 kV

Gen

18 kV

44 kV

18 kV

44 kV

Gen

Gen

18 kV

13.2 kV

Gen

18 kV

13.2 kV

18 kV

13.2 kV

Gen

Gen

120/240 V

377 V

120/240 V

377 V

Gen

Gen

Metering occurs at Load,

And at high side in system.

Not all points are metered.


Figure 1 Correlation between Voltage and Levels for Loss Factors

Therefore, we recommend that the CREG move away from the 4 levels of voltage level classification.  As a first step, we recommend that Level 3 and Level 4 be combined into one group, called Level 3.

Less than 10% of the total load is currently served at Level 3 or Level 4, and would be affected by this change since the majority of load is served at 30 kV or less.  The consolidation of Level 3 and 4 has no impact of the majority of load.

In order to determine where losses occur, more meter data is required.  Meters should be installed at each commercial interface (purchase and sale of energy by distribution operator, retailer and customer).  Additional metering at the distribution feeder level, or at the low side of a transformer that steps the voltage down to the range or 11.4 to 34.5 kV may be of value, but it is not possible to quantify the benefits of this additional metering.  This data would allow more accurate determination of losses in the future, and will allow differentiation of losses either by voltage level, or by differing functions of transmission and distribution.  However, at this time, we make no recommendation with respect to this additional metering because there is insufficient data to carry out a cost/benefit analysis of this metering.

The actual technical losses on the system have been estimated through computer modeling, and through estimates provided by some distributors and retailers.  The actual non-technical losses can only be estimated through deductive metering information less technical losses.  Information provided by retailers was not audited.  In those cases where distributors have insufficient data to model technical losses, the only information available will be the estimation of total losses.

The first method of estimating the total technical losses on the system was by way of information provided by various retailers.  The following table shows data for those retailers that provided loss data broken into technical and non-technical losses.  As shown, the retailers that have estimated the breakdown between technical and no-technical losses make up slightly more than 1/3 of the total demand and the total technical losses are 13%.
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Table 1 Loss Data Separated into Technical and Non Technical Losses

A second method was used to estimate the existing level of technical losses.  A distribution system model was developed to estimate technical losses, and to determine the impact of various scenarios such as varying the voltage and conductor.  This is a model of a hypothetical distribution system, and is not intended to model any one actual system.  This model results in an estimate of technical losses of 13.37% for the year 2001 when the system is loaded near its thermal capacity.  This model also estimates technical losses for rural and urban areas, and uses a weighted average to determine the overall losses.  This same distribution model is used later in optimization studies to determine the ultimate level of losses that would be recoverable.  The results of this model are shown in the following table.
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Table 2 Estimated Technical Losses on STR/SDL by Computer Model

This computer model is based on distribution at 13.8 kV while standard distribution voltages in Colombia range from 11.4 kV to 13.8 kV.  As a result of the assumption of Level 2 voltage at 13.8 kV, the estimate of technical loss will be conservative.  The Level 1 and Level 2 loss model is based on a radially fed distribution system, with loading up to the thermal capacity of the conductor.  Level 3 and Level 4 were based on a separate model that calculated losses for 34.5 kV and 115 kV circuits respectively, based on the average length of these circuits and of typical conductor in Colombia.

A third method was used to estimate the total technical and non-technical losses in the Colombia system.  The third method is based on information provided from retailers as to the total loss on the system.  With retailers representing 59% of the market share, the average weighted loss was 17.5%.  With the largest sample size, this loss data appears to be the best information available.  Unfortunately, with this large sample size, there was no breakdown between technical and non-technical losses available.  In order to arrive at technical and non-technical losses, the proportion of technical and non-technical loss from Table 1 was used to allocate the Total Loss as shown below.
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Table 3 Results of Total Losses for Retailers

Based on these three methods, technical losses are estimated at between 11.4% and 13.4%, and those retailers reporting technical losses, estimate technical losses at 13.0% on average.

5 Options and Strategies to Manage Losses

Technical losses are a function of the current flowing through a line, and the resistance in the line.  Decreased resistance, and decreased line losses come at the expense of increased capital costs.  The existing deemed level of line losses by voltage level is not sophisticated enough to recognize valid differences in the level of losses.  Different distribution systems will experience varying amounts of line losses on the basis of load density, the number of services 

5.1 Technical Losses

Distribution operators and retailers appear to focus most of their efforts in the management of non-technical losses.  While the management of non-technical losses results in the fastest results, there are also benefits in the management of technical losses.  The following list of management strategies includes operational strategies, as well as planning strategies.  The operational strategies will have a small impact, but can be implemented at minimal cost while planning strategies will have a larger impact but will require more capital.

5.1.1 Increase the Voltage Level to the Maximum Allowable

Electrical systems operate most efficiently at the highest possible voltage within operational and nameplate rating limits.  There are a number of operational means of improving voltage levels including the installation of voltage regulating equipment, capacitor banks, upgrading conductor, conducting planned maintenance during low load periods, optimizing normally open points, balancing load on all three phases and potentially dispatching distribution connected generators to optimize losses.  The benefits from these operational improvements are a function of the current state of the electric system, and there was no data to estimate the potential for improvement in this area.  The potential for improvement in this area is limited and is generally small in comparison to other areas for improvement as listed below.

5.1.2 Minimize the Flow of Reactive Power

Electric lines with a poor power factor will experience higher levels of losses than those with a good power factor.  Poor power factor will occur where load included lightly loaded induction motors.  Poor power factor can be corrected through the addition of strategically located capacitor banks.  In addition, tariffs that consider power factor both within the rates, and within the terms and conditions will provide an incentive to customers to improve their power factor.

In order to implement a tariff that considers power factor, both kVA and kW must be metered.  The additional cost of installing new meters generally outweighs the benefits of providing a financial signal to customers to improve power factor.  However, a distribution operator should require all customers to improve their power factor within their terms and conditions of service to an optimal level, for example 90% or 95%.  Resolution 108/1997 specifies a power factor of 90% and customers should be audited to maintain this level of power factor.  The distribution operator will generally know which customers have poor power factor, and then can approach those customers with the requirement to improve the power factor, without the expense of new meters for all customers.

New meters with kVA and kW measuring ability should be considered for services where power factor may be a problem to ensure that poor power factor can be detected and corrected.

5.1.3 New System Planning

The standard distribution voltage in Colombia ranges from 11.4 kV to 13.8 kV.  This voltage range may have been optimal in earlier systems that were designed for lighter loads, and still may be optimal for some unique systems, but this voltage is too low to be optimal for most distribution systems.

A distribution model was developed to consider the capital cost, and the cost of losses to determine the optimal voltage for a distribution system and also to optimize the conductor for the distribution system.  The distribution system model was developed to emulate a system typical of Colombia, but was not based on any particular distribution system.  The distribution systems in Colombia vary from very short feeders in urban areas to a distribution feeder as long as 186 kM and it is simply not possible to model all of the distribution systems.

The distribution model holds load delivery points constant throughout all of the scenarios (the customers don’t move or change), but allows changes in voltage, conductor, transformer efficiency, secondary conductor, and allows the changes in cost associated with each of these parameters.  The distribution model is actually two models, one for an urban distribution system, and one for a rural distribution system.  The model is for Level 1 and 2, and the regional transmission system (Level 3 and 4) impacts are calculated separately.

This model expands on the work completed in Phase I, that considers optimal line loading.  Based on work completed in Phase I, the optimal line loading in a distribution system is approximately 60% of the thermal capacity of the conductors.

A complete listing of the outputs of these models is found in Appendix A for the urban model, and Appendix B for the rural model.

The following table is an extract that shows that the optimum voltage for an urban distribution system is 25 kV.  While the 34.5 kV system experiences lower losses than the 25 kV system at Level 2, the important factor is that the overall cost (capital and losses) of the 25 kV system is lower than the 34.5 kV system.
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4.16 kV

13.8 kV

25 kV

34.5 kV

kW

kW

kW

kW

L2 - HV Core

21.0

21.0

21.0

21.0

L2 - HV Cu

51.7

51.7

51.7

51.7

L2 - 3 Ph Pri

375.1

55.9

30.3

23.6

L2 - 1 Ph Pri

288.6

41.3

12.6

6.6

Lev 2 Total

736.4

169.9

115.5

102.9

Level II

6.7%

1.5%

1.0%

0.9%

L1 - 3 Ph Core

6.8

6.8

6.8

6.8

L1 - 1 Ph Core

40.9

40.9

40.9

40.9

L1 - 3 Ph Sec

152.8

152.8

151.7

152.8

L1 - 1 Ph Sec

123.9

123.9

127.6

145.2

Level 1 Total

324.4

324.4

327.0

345.8

Level 1

2.9%

2.9%

3.0%

3.1%

Load

11,070.0

11,070.0

11,070.0

11,070.0

Total

1,060.8

494.3

442.5

448.7

Percent

9.58%

4.47%

4.00%

4.05%

Secondary

#4/3-C

#4/3-C

#4/3-C

#4/3-C

1 Phase

#2

#4

#4

#4

3 Phase

795

477

266.8

4/0

Pri Voltage

4,160

13,800

25,000

34,500

Cost Description

3 Ph Pri

$268,942,342

$191,133,111

$132,025,825

$117,089,408

1 Ph Pri

$880,141,694

$773,277,793

$773,277,793

$850,605,573

3 Ph Xf

$90,576,831

$90,576,831

$89,662,683

$90,576,831

1 Ph Xf

$736,803,288

$736,803,288

$723,814,769

$767,503,425

3 Ph Sec

$9,248,131

$9,248,131

$9,248,131

$9,248,131

1 Ph Sec

$554,887,836

$554,887,836

$554,887,836

$554,887,836

Total Capital Cost

$2,540,600,122

$2,355,926,990

$2,282,917,036

$2,389,911,203

tr

16.06%

16.06%

16.06%

16.06%

Life (yr)

25

25

25

25

Ann Cost Conversion Factor

16.46%

16.46%

16.46%

16.46%

Annual Capital Related Cost

$418,118,373

$387,725,857

$375,710,270

$393,318,797

Losses (kWh)

4,817,279

2,244,699

2,009,697

2,037,573

Cost of Losses ($/kWh)

$95.87

$95.87

$95.87

$95.87

Cost of Losses per Year

$461,832,580

$215,199,318

$192,669,637

$195,342,097

Cost of Capital and Losses

$879,950,954

$602,925,175

$568,379,907

$588,660,894

4.16 kV Optimal Average Primary Loading: Not Available - Constrained by max conductor data

13.8 kV Optimal Average Primary Loading: 53%

25 kV Optimal Average Primary Loading: 45 %

34.5 kV Optimal Average Primary Loading: 37%

Optimum Primary: 25 kV, Optimum Transformer Efficiency: CSA, Optimum Primary Conductor: 266.8,

Level 1 and 2 Optimization Program - Primary Voltage


Table 4 Output of the Urban Distribution Model Voltage Optimization

The rural distribution model is similar in structure, but the load density is lower reflecting a rural distribution system.  In the case of the rural distribution system, the 25 kV system remains the lowest overall cost (both lowest capital cost and cost of losses).  Note that a heavier conductor is optimal in the rural system on the basis that the additional capital cost of the conductor is more than offset by the savings in losses.

The following table is an extract that shows that the optimum voltage for a rural distribution system is 25 kV. 
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Description

4.16 kV

13.8 kV

25 kV

34.5 kV

kW

kW

kW

kW

L2 - HV Core

21.0

21.0

21.0

21.0

L2 - HV Cu

51.7

51.7

51.7

51.7

L2 - 3 Ph Pri

1875.7

279.6

85.2

118.2

L2 - 1 Ph Pri

1443.0

206.6

63.0

33.1

Lev 2 Total

3391.4

558.9

220.8

223.9

Level II

30.6%

5.0%

2.0%

2.0%

L1 - 3 Ph Core

6.8

6.8

6.8

6.8

L1 - 1 Ph Core

40.9

40.9

40.9

40.9

L1 - 3 Ph Sec

152.8

152.8

151.7

152.8

L1 - 1 Ph Sec

392.4

392.4

396.1

413.7

Level 1 Total

592.9

592.9

595.5

614.3

Level 1

5.4%

5.4%

5.4%

5.5%

Load

11,070.0

11,070.0

11,070.0

11,070.0

Total

3,984.3

1,151.8

816.4

838.2

Percent

35.99%

10.40%

7.37%

7.57%

Secondary

#4/3-C

#4/3-C

#4/3-C

#4/3-C

1 Phase

#2

#4

#4

#4

3 Phase

795

477

477

4/0

Pri Voltage

4,160

13,800

25,000

34,500

Cost Description

3 Ph Pri

$672,355,854

$477,832,778

$477,832,778

$292,723,521

1 Ph Pri

$2,200,354,236

$1,933,194,483

$1,933,194,483

$2,126,513,931

3 Ph Xf

$90,576,831

$90,576,831

$89,662,683

$90,576,831

1 Ph Xf

$736,803,288

$736,803,288

$723,814,769

$767,503,425

3 Ph Sec

$46,240,653

$46,240,653

$46,240,653

$46,240,653

1 Ph Sec

$2,774,439,180

$2,774,439,180

$2,774,439,180

$2,774,439,180

Total Capital Cost

$6,520,770,042

$6,059,087,213

$6,045,184,545

$6,097,997,541

tr

16.06%

16.06%

16.06%

16.06%

Life (yr)

25

25

25

25

Ann Cost Conversion Factor

16.46%

16.46%

16.46%

16.46%

Annual Capital Related Cost

$1,073,153,441

$997,172,151

$994,884,125

$1,003,575,805

Losses (kWh)

18,093,422

5,230,521

3,707,213

3,806,345

Cost of Losses ($/kWh)

$95.87

$95.87

$95.87

$95.87

Cost of Losses per Year

$1,734,616,380

$501,450,068

$355,410,493

$364,914,278

Cost of Capital and Losses

$2,807,769,821

$1,498,622,219

$1,350,294,618

$1,368,490,083

4.16 kV Optimal Average Primary Loading: Not Available - Constrained by max conductor data

13.8 kV Optimal Average Primary Loading: 53%

25 kV Optimal Average Primary Loading: 45 %

34.5 kV Optimal Average Primary Loading: 37%

Optimum Primary: 25 kV, Optimum Transformer Efficiency: CSA, Optimum Primary Conductor: 477

Level 1 and 2 Optimization Program - Primary Voltage


Table 5 Output of Rural Distribution Model Voltage Optimization

Based on these studies, new distribution substations and feeders should be designed to a new voltage standard with a minimum voltage of 25 kV. 

5.1.4 Voltage Conversion

A higher distribution voltage and reconfigured distribution system in Colombia would provide a number of benefits (lower cost, and reduction in theft), the question of upgrading the existing system becomes an issue.  The cost of upgrading an existing system is relatively expensive, and results in extended outages to customers during the voltage conversion.  Based on experience in other jurisdictions, the cost of a voltage conversion is not economic unless the voltage conversion occurs along with another program such as expansion of the system to accommodate growth, rebuild of the system at the end of its useful life, or reconfiguration of the system to manage non-technical losses.  In the event that a substation and distribution feeder is experiencing extremely high technical losses, a voltage conversion may be justified on the basis of the improvement in technical losses only, and this should be determined on a case-by-case basis.

A number of steps can be taken to reduce the cost of a voltage conversion such as the use of dual winding or tapped transformers that allow for operation at both the old and new voltage levels.  These transformers can be used to reduce costs as well as reduce the outage time associated with a voltage conversion.

A voltage upgrade shortly after the start of the useful life of a distribution system may cost up to 30% of the RCN of the system.  At the end of the useful life of a system, a voltage upgrade will cost a premium of between 0% and 15% of the RCN of the system depending on construction techniques, and the ability to arrange for extended outages.  Other barriers to voltage conversions include the need to have spare equipment for two different voltages.

On the basis that the value of the entire Level 1 and 2 system is $3.16 billion US, and that a 30% premium is required to convert the voltage, it would cost $950 million US to convert the entire system to 25 kV.  On the basis of a 20 year program, the program would cost $47 million per year (2002 dollars) for 20 years and savings would accumulate as the system is converted.  The accumulated costs and savings are shown in the following chart.
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Figure 2 Accumulation of Costs and Savings of Voltage Conversion to 25 kV.

As shown in the chart, the present value of savings is lower than the present value of costs for the first 8 years, and thereafter, the savings are greater than the cost.  From a long term perspective, the voltage should be upgraded.

Since a voltage upgrade is an expensive project, distribution operators may want to review their substations on a case by case basis to determine which substations are most economic to convert to a higher voltage (keep in mind that the chart above was developed based on a 30% premium, and in certain cases, the premium could be much lower, resulting in more economically attractive projects).

Therefore, we recommend that the CREG use 25 kV as the standard for determination of unit costs and losses.  The distribution operators can continue to operate and plan their distribution systems at the voltage level that they deem is appropriate, but recovery of costs would be based on the most cost effective voltage level overall.

5.1.5 Upgrade Conductor on Existing Lines

Distribution feeders that are overloaded, or running near their thermal capacity should be upgraded to heavier conductor.  The upgrade to heavier conductor has two benefits, the first being lower losses through reduced resistance, and improved voltage, further reducing losses in the feeder.  Conductor upgrades must be assessed on a case-by-case basis.  While a voltage upgrade is the preferred long term solution, a voltage conversion requires that the entire substation and distribution system be reconfigured at one time, which conductor upgrades alleviate localized problems without larger impacts to other customers.

5.1.6 Transformer Efficiency

Transformers consume energy in the form of core losses or iron losses that are relatively constant and vary with the voltage level, and in the form of copper losses that vary depending on the transformer loading.

Core losses (hysteresis and eddy currents) can be reduced through design alterations of the iron core in the transformer.  Thinner laminations and limiting the flux density will reduce losses but will increase the cost of the transformer.  Copper losses can be reduced by using a heavier conductor in the winding, which also has the trade off between capital cost and loss of energy.  

The optimum transformer efficiency is a function of the loading on the transformer.  If a transformer normally runs lightly loaded, or if a transformer is used only for short periods in a year, optimal transformer efficiency will be lower than if a transformer is heavily loaded on a continuous basis.

The CREG has provided transformer efficiency standards, but we have not been able to obtain relative costs and relative efficiencies to test for optimum levels.  Canadian standards (CSA – Canadian Standards Association) were tested for economic efficiency.  The increased cost of more efficient transformers was not justified by the reduction in losses of electric energy.

The distribution companies in Colombia may wish to review their design standards regarding transformer placement.  The distribution models show that the majority of losses occur at Level 1 since there are long and heavily loaded secondary conductors.  Using more but smaller transformers will reduce the need to run long Level 1 conductors, and will reduce losses at the level where they are most significant.

5.2 Non-Technical Losses – Commercial Strategies

The nature of non-technical losses is such that they cannot be measured, and are often estimated by subtracting technical losses from total losses.  Total losses are estimated by subtracting the total energy purchased, less the energy sold, and therefore are subject to meter error and any error of estimating energy consumption from non-metered loads such as streetlights.  Technical losses are estimated using load data, and technical conductor and equipment data, and therefore are also subject to error.  These two factors make it difficult to determine non-technical losses with accuracy.  Further, when considering individual components of non-technical losses, it is difficult to determine the accuracy of the estimates.  Surveys and field inspections are required to provide estimates of individual components of non-technical losses.  EPSA have provided estimates in the break down of non-technical losses.

Non-technical losses are broken into five components because each component requires a unique method to manage the losses.  The five components include illegal connections, fraud, administrative, Zonas Rojas and metering.

Illegal Connections

Illegal connections are those services that were not authorized by the distribution operator.  Electricians or former employees of distribution companies who are familiar with the electric system may construct illegal connections very quickly, and at little cost.  Illegal connections constitute an estimated 1/4 of all non-technical losses.

Illegal connections may be resolved through:

a) Improved customer service for new customers,

b) Financing options for customer contributions, or up front capital,

c) A cultural shift, where theft of electricity is not socially acceptable,

d) Enforcement shifts whereby law enforcement recognizes electricity theft as a crime.

The first two factors could be completed in the next 5 year test period, whereas the second two factors will require one generation (25 year) if conditions facilitate the cultural shift.

Fraud

Those losses associated with bypassing the meter, or tampering is considered fraud.  The customer has a legal connection but is not paying for all of the electricity consumed.  Fraud is estimated to make up 1/3 of all non-technical losses.

Fraud may be resolved through:

a) A cultural shift, where theft of electricity is not socially acceptable,

b) Enforcement shifts whereby law enforcement recognizes electricity theft as a crime.

These two factors are the same factors that contribute to illegal connections and will require one generation (25 years) to resolve if conditions are correct to move the Colombian society to a point where theft of electricity is not acceptable.

Administrative

Administrative losses include losses of energy because the proper administration has not occurred and an invoice is not being issued for payment of the energy.  Administrative losses may include inefficient business practices, incompetent staff, or fraud by staff.  Administrative losses are estimated to make up approximately 1/4 of all non-technical losses.  Our experience in other jurisdictions is that administrative losses are normally the largest component of non-technical losses.

Administrative losses may be resolved through:

a) Education programs for staff,

b) Well understood policies for staff,

c) Effective discipline,

d) Conducting business practices audits.

The corporate culture that allows administrative losses to occur takes some time to shift.  We expect that strong management could shift the corporate culture within a period of 5 years.  Management must first accept and tackle the issue of administrative losses before staff buy into the need for serious changes.

Retailers may incur further losses through the inability to collect the amount that was invoiced.  Collection practices appear insufficient, and customers continue to obtain service even though their accounts are in arrears.  Experience elsewhere shows that bad debt increases with the time available between an account going into arrears, and the time at which electricity is disconnected.  Therefore, the period prior to disconnection should be very short following an account going into arrears.

Conducting a business practices audit by a firm knowledgeable in electricity systems and billing may prove the most effective means of determining weaknesses in business practices.  The audit is often most effective when conducted by an external firm.

Zonas Rojas

Losses associated with Zonas Rojas are considered outside of the scope of a distribution operators or retailers responsibility.  Government and law enforcement agencies must provide a safe situation to conduct business.  A distribution operator or retailer cannot be expected to operate in an area without a safe business environment.  Losses associated with Zonas Rojas are estimated at 1/9 of the total non-technical losses.  The amount of losses associated with Zonas Rojas will likely vary significantly from one area to another.

The losses associated with Zonas Rojas are not expected to change significantly in the near future.

Metering

Losses associated with inadequate metering is estimated at 1/12 of the total non-technical losses.  While metering standards can be improved to eliminate non-technical losses associated with metering, it would not be economically feasible or practical to replace all of the deficient metering.  It is practical to use appropriate meters for new services and to upgrade meters as they require replacement.  The losses associated with metering could be eliminated in 11 years on the basis of meter life being 11 years. 

5.3 Non-Technical Losses – Technical Strategies

Non-technical losses can be reduced through cultural means and through technical means, and through a combination of the two.  Societal complacency with theft and fraud must be addressed through education, awareness and enforcement, and technical standards must be upgraded to impede those who will use illegal or unethical practices to obtain electricity.

Distribution companies in Colombia have begun implementation of new technologies to impede non-technical losses.  

Illegal Connections

The use of concentric cables has proven successful in the reduction of illegal connections where illegal cables are connected directly to the low voltage secondary conductors.  Concentric cables are technically more difficult to tap into because the grounded shield, and where concentric cables are tapped, the splice is likely to be obvious.  However, it is only a matter of time before better connectors and techniques become available, and these concentric cables can also be violated.

Other methods to combat illegal connections are the use of more, but smaller transformers.  This configuration will result in transformers being shared among fewer customers.  This configuration will results in shorter secondary conductors, which will in turn will results in loss savings in Level 4, the voltage level that experiences the highest level of technical losses.  Further, an illegal connection with this configuration will cause overloads in the secondary circuit or transformer and the overload will results in early detection.

Fraud

The existing secondary configuration facilitates fraud through the routing of secondary conductors through the customers’ facility prior to the meter.  The customer can tap into the secondary conductor prior to the meter and bypass the meter with the new tap.

The location of the meter should be moved further upstream before the secondary conductor enters the customers’ premises.  In some jurisdictions, meters are moved back to the property line and may be located on a post, or fence at the property line.

The best solution is to move the meter back to facilities owned and controlled by the distribution operator, and to have one dedicated secondary circuit for each individual customer.  This configuration may not be practical at this time as a result of existing laws that prohibit the placement of the meter on the distribution operators’ facilities.  Further, consumer advocates may complain that the meter registers the amount of energy lost in the secondary circuit in addition to the customers’ actual energy consumption, and the customer should not be invoiced for this lost energy.

In reality, energy is already lost in the customers circuits, which is being registered through the metered consumption, but granted, by moving the meter back, the amount of lost energy registered on the meter will increase.  

Additional benefits of moving the meter back to the distribution operators facilities include the facilitation of new technologies for remote, or automated meter reading, and reduced meter reading costs.  When the meter reader does not have to enter the customers property, the number of unreadable meters (no one home to allow the meter reader in) decreases, the number of complaints of property damage (ruined flower gardens) decreases, and meter reader safety improves through a reduction in guard dog attacks.

Administrative

Administrative losses can be better managed through well defined business processes and automation.  Automation can assist in a number of processes including new services, disconnection, reconnection, salvage, and meter reading.

Whenever a lineman is dispatched to install a new service, disconnect, reconnect or remove a service, an automated follow up process should be implemented to insure that the proper billing adjustments are made.  Where some customers may connect their own new services, the distribution operator and customer should engage in a written agreement, regarding certification processes, and audit processes to ensure that all billing adjustments and paper work are completed in a timely manner.  If the customer meets the requirements specified in the agreement, the customer may connect their own services saving time and money for both the distribution operator and the customer.  If the customer cannot meet the specified requirements, the customer cannot connect new services.  Many distribution operators in other jurisdictions suffer from poor billing practices regarding streetlights and other flat rate or unmetered services.  Streetlights are often connected and disconnected without distribution operators knowledge, and billing subsequently is inaccurate.  Implementation of these checking practices require that all work be dispatched through a central authority, and that lineman do not react to requests without first getting authorization from the central dispatch.

Automation can also assist in the management of administrative losses through meter reading errors.  Automated meter reading saves meter reader time and eliminates manual data entry and therefore eliminates the possibility of error or fraud by the meter reader.

Zonas Rojas

Losses associated with Zonas Rojas are extremely difficult to work with because of the risk to life.  Automation may assist whereby switching, and meter reading may occur remotely, thereby avoiding danger to personnel.

Metering

Metering audits should be implemented to thoroughly test the accuracy of existing meters, potential transformers, current transformers, and to make sure the turns ratio and meter multipliers are correctly correlated.

There currently is no requirement to have metering at each voltage level (Levels 4 through 1), nor does it make sense to install metering at each voltage level.  Subsequently, it calls into question the differentiation of losses by voltage level.  There are examples on the electrical system where a voltage level does not exist in the chain of supply, since the voltage level is stepped down without ever stopping at an intermediate level.  It is possible to step down the voltage to such a degree that two voltage levels are skipped.  In either case, the customers served at the lower voltage level are still subject to the cumulative losses of each level pursuant to the Resolutions.

We recommend that every service be metered, except in the case where consumption is small and readily predictable (for example streetlights, small rectifiers for cathodic protection, etc).  Our understanding was that all services are metered, but unmetered services were evident during our tour of an electric distribution system.

Therefore, we recommend a move away from the four levels to closer reflect the actual system.  This may be achieved by grouping Level 4 and Level 3 together in one group.  This change is one step towards the recognition that losses cannot be measured by level.  This change also reflects the fact that cumulative losses by voltage level do not reflect the actual system where one or two voltage levels may be skipped.  There still is the need to differentiate losses for small customers served deep in the distribution system from large customers that are fed from a dedicated large substation at a higher voltage, and therefore we do not recommend one universal loss factor.

Summary

Non-technical losses cannot be eliminated through by one simple approach but must be managed by a number of methods, that are continually updated to obtain better results.  While new technologies may facilitate the management of non-technical losses, they cannot eliminate it, and without a cultural shift, non-technical losses will continue.  While technical improvements such as concentric cables will reduce non-technical losses, it is only a matter of time that some clever people develop a connected that can tap into the cable without an obvious illegal connection.  Therefore, the cultural issues must be addressed at the same time that new technologies are implemented to reduce non-technical losses.

The cultural shifts will come about by trial and error of various programs.  Education in schools, community involvement, etc, are successful means of reducing non-technical losses.  The distribution operators must assist the government in helping to set good examples, and in becoming a partner for a more just society.  Technical means may facilitate management of non-technical losses, but without a cultural shirt, technical means will ultimately be beat by increasingly clever and sophisticated people who are intent on stealing electricity.

6 Optimum Level of Losses

The optimum level of technical losses is based on the tradeoff of reduced costs of losses against increased capital cost of upgrading the system.  The optimum level of non-technical losses is a tradeoff between the increased cost of audits and enforcement with reduced costs of lost energy.  The optimum level of non-technical losses is more difficult to determine because of the uncertainty of determining the level of non-technical losses, and the difficulty of determining the correlation between program cost and reduction in losses.  In Canada, where investor owned utilities have managed losses for over 20 years, non-technical losses have remained below 1%.  Colombia has additional challenges with Zonas Rojas, and therefore, the optimal level of non-technical losses is estimated at 1%.

The optimal level of technical losses was determined with a computer model that was developed to calculate the cost of a distribution system and the costs of losses that would be incurred on the system.  The issue of an optimal distribution system is relatively complex because of the choices available regarding transformer cost and efficiency, and conductor cost and efficiency.  As a result, an iterative approach was taken to find the optimal system.  The model was based on a radial system that accurately depicts a distribution system of Level 1 and 2.  The model for the regional transmission system was a simplified system because of the nature of the network for Level 3 and Level 4.  The model assumed that Level 3 and Level 4 exist in all cases, but in the actual system, Level 3 and/or Level 4 may not exist when the voltage is reduced in large steps.

The first step was to optimize the secondary circuits, or Level 1 system.  The computer model found that #4 AWG conductor resulted in the lowest overall cost of capital and losses.  This conductor is significantly larger than the existing standard of #8, and #10, and much larger than secondary conductors that were observed, that appeared to be approximately #12.  The second step was to optimize transformers.  The computer model determined that existing standards for transformer efficiency were optimal, and that the additional expense of more efficient transformers could not be justified.  The third step was to optimize the primary voltage on the distribution system.  The model showed that 25 kV was optimal for distribution circuits.  The final step was to optimize the conductor based on the findings from the three previous steps.  

The data outputs from the computer modeling are shown in Appendix A for urban circuits, and Appendix B for rural circuits.

The following two tables show the result of the optimal distribution system model for a 13.8 kV and a 25 kV distribution system.  As discussed earlier, the 25 kV system is lower cost overall in the long term, but requires a capital investment to convert the system.  These tables are used as the ultimate goal for technical losses in the development of the recoverable losses resolution.  It is forecast that the ultimate goal for technical losses would be achieved in 20 years through either reconfiguration and conductor upgrades at 13.8 kV, or a system rebuild to 25 kV.
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Table 6 Optimal Technical Losses when Maintaining 13.8 kV Standard
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Table 7 Optimal Technical Losses When Converting to a 25 kV Standard

7 Criteria for Development of New Resolutions

The development of new Resolutions requires a review of the criteria and goals of these Resolutions.  The Resolutions governing the recovery of electricity losses are ultimately an issue of rate design, cost of service and determination of revenue requirement.  Criteria for determination of these three items have been the topic of numerous books on electric utility regulation, as well as the issue in question in regulatory proceedings around the world.  

The agent that is able to manage the losses should be assigned the responsibility to do so.  The agent should also be subject to financial incentives, profits and losses, if the agent manages the cost of losses in a superior or inferior manner.  On this basis, the distribution operator and retailer should pay for all of the costs of losses, and should be able to recover those costs that it prudently incurs.  The Colombia regulatory regime currently operates in this manner with respect to losses on the STR/SDL only.

We recommend against a simple flow through of costs to the end use customer (assignment of the cost of losses to customers within the retailers tariff), because the customer has no ability to manage losses and the agent who could manage the losses has no incentive to properly manage these costs. 

The following principles and criteria were used in the proposal for new resolutions.

Transparency

The determination of revenue requirement (capital recovery factor and recoverable level of losses) should each stand on its own merits.  Therefore, the recoverable loss factors should as accurately as possible reflect the prudent level of losses, and the forecast level of losses if the distribution operators and retailers operate in an optimal business manner.  Further, the recovery of capital should be based on the investments made in the system.

In electric utility regulation in Colombia, there is the possibility of cross subsidization between losses and the recovery of capital.  For example, a distribution operator who cannot recovery all of the cost of losses through the loss factor in the Resolution, may recover those costs through a higher capital recovery factor applied to the total asset base.  However, this cross subsidization would violate the cost causation principle, and distorts incentives for agents to operate prudently.

Therefore, the capital recovery factor, and the loss factor should be determined independently of each other, and should stand on their own merits.

Although it is academically convenient to consider these factors separately, there is recognition that these two factors are heavily related.  For example, if another line is constructed to minimize losses, the revenue requirement will increase as a result of the new line, and the cost of losses will decrease.  The regulatory agency may require oversight so that there is a reasonable balance between capital costs and the cost of losses.  Further, the regulatory agency may recognize loss management programs through differential unit costs for 13.8 and 25 kV systems.

Recovery of Prudently Incurred Costs

The distribution operator and retailer should be allowed to recover all of the prudently incurred costs.  It is in the public interest to set the rates high enough to recover all of the prudently incurred costs so that the agents can remain in business, and to set the rates low enough that customers are not paying windfall profits to the electricity companies.  It is not in the public interest to set rates punitively low so that an agent is driven out of business, nor is it in the public interest to set the rates punitively high so that customers are financially harmed.

The distribution operator and retailer should each be allowed to recover the costs associated with their responsibilities.  Therefore, all of the technical losses associated with the distribution system have been assigned to the distribution operator on the basis that the distribution operator plans, maintains and operates the distribution system independently of any retail responsibilities.  Non-technical losses were considered on a case-by-case basis for determination of the responsible agent.

Illegal connections were assessed to be the responsibility of the distribution operator on the basis that the distribution operator maintains the electric system up to the meter and should deal with any connections on its system that are not authorized.

Losses associated with fraud were assessed at 50% each to the distribution operator and retailer.  While the distribution operator is responsible to maintain the system to the meter, the retailer is responsible to manage the meter and to ensure there is not tampering at or near the meter.  While the distribution operator has the responsibility for the system, the retailer is better placed to detect fraud at the time of reading the meter, and therefore these losses were assessed 50% to each agent.

Losses associated with Zonas Rojas are beyond the control of either agent, and therefore have be set arbitrarily at 50% to each agent.

The cost of non-technical losses associated with administration is the responsibility of the retailer.

Losses associated with metering were assessed to be the responsibility of the retailer.  The retailer is responsible for all aspects of metering and is best placed to manage the responsibility of these losses.

Regulation as a Substitute for Competition

Resolutions must provide incentives for distribution operators and retailers to actively manage their losses to optimal levels.  In competitive industries, the companies have the incentive to lower their overall cost to the benefit of the shareholder.  As other companies also reduce their costs, competitive pressures result in lower prices to consumers.  As a result, both shareholders and customers ultimately benefit through cost reductions.

The new Resolutions should result in savings to consumers, and the shareholder should also benefit if the company is superior in its efforts to reduce its overall costs.

Stability in Rates

Resolutions should provide for stability in rates.  While it is often temping to make large changes reflecting near term trends, large changes are confusing to customers, and increase the cost of administration to implement step changes.

The structure in the existing Resolutions provides the appropriate incentives.  The loss factors require updating to better reflect the current situation.  The loss factors implemented for the years 1998 through 2002 were aggressive in their goals of reducing losses.  While the large distribution operators and retailers appeared most progressive in meeting the target loss factors identified in the Resolutions, many distribution operators and retailers did not reduce their level of losses to the level of recoverable losses identified in the Resolutions.

Recommendations for future loss factors are found in Section 8, and provide for stability in rates and for options on how to best differentiate loss factors.

8 Development of Resolutions

The CREG will write resolutions to govern the recovery of the cost of losses to the end use customer by retailers, and to the retailer by the distribution company.  These items are currently covered in Resolution 031/1997, amended in Resolution 159/2001 (recoverable by retailer from customers), and Resolution 099/1997 (recoverable by distributor from retailer).  This section reviews the overall structure of regulations governing the electric industry, and how these regulations may provide the best signals to distribution operators and retailers to manage losses.

The electric utility regulatory framework in Colombia is based on determination of a revenue requirement through the application of a capital recovery factor or weighted average cost of capital (WACC) to the Replacement Cost New (RCN) of the electric system.  Further, the formulas in the applicable Resolutions also allow the recovery of the deemed costs of line losses.

This regime provides the appropriate financial signals for distribution operators and retailers to manage losses.  Both the distribution operator and retailer will not earn their allowed return when they fail to meet the target loss factors identified in the Resolutions.  The distribution operator and retailer can earn more than their allowed return if their losses are lower than the target loss factors identified in the resolutions.

With rate base regulation, a distribution operator would have a stronger incentive to rebuild the distribution system to new upgraded standards, than with the current form of regulation.  With rate base regulation, older facilities contribute little to revenue requirement because they are depreciated, and an upgrade to the system will increase the revenue requirement.  With the current form of regulation in Colombia, a system upgrade will not increase the revenue requirement, as much and therefore these is a smaller incentive for the distribution operator to upgrade facilities.

Various forms of regulation including price cap and rate base regulation each can provide incentives to distribution operators and retailers to manage losses.  While there are advantages and disadvantages to the various forms of regulation, there is no compelling reason to change from the existing form of regulation and no inherent advantage of other forms of regulation to provide better signals for distribution operators and retailer to manage losses.

8.1 Existing Practice of Setting Rates

Rate setting has been done on the basis of a linear sequential system starting from generators, through STN, and through Levels 4, 3, 2, and 1 respectively.  This system works well when all of the generators are large generators producing into a high voltage circuit but his model breaks down when smaller generators connect to the system at a lower voltage.  This system is not accurate since some levels may be bypassed through a large step down transformer and generation may be connected to low voltage levels without the energy ever being stepped up to high voltages.  Further, metering is not available at each step down meter making it impossible to determine precisely where losses occur, and who is responsible.

We recommend that Level 4 and Level 3 be consolidated into one level.  In order to simplify the transition, the new Level 3 would simply be the sum of the current Level 4 and Level 3 loss factors.  The impact of this change will be to increase the loss factor for those large consumers that have service at a voltage of greater than 62 kV.

8.1.1 Update of Unit Costs

The unit costs used for the determination of revenue requirements should be upgraded to differentiate between line voltage and conductor type.  This upgrade would allow the distribution operator to recover the cost of upgrading the system to manage technical losses.

8.1.2 Term of Resolutions

The current Resolutions were in effect for a 5 year period from 1998 through 2002.  The 5 year test period has the advantage of providing certainty to distribution operators and retailers regarding their responsibility for losses.  The 5 year test period has the disadvantage that the period is so long that it is difficult to accurately forecast the level of losses over the entire period.  Therefore, the CREG may consider a shorter period such as a 3 year period for the implementation loss factors.

8.2 Recoverable Losses – 2003 to 2007 – Across Colombia

The recoverable level of losses for both distribution operators and retailers was developed based on the existing level of losses, the options and strategies of managing losses, the optimal level of losses and the criteria developed above.  These levels of losses will provide incentives to distribution operators and retailers to reduce overall losses to optimal levels in the most economically viable and expedient manner.  While it is possible to reduce losses faster, that will be impractical, and uneconomic.  Those projects that are uneconomic in the short term may be economic when the system is being rebuilt.   The end of the useful life of the distribution facilities is a key decision point at which time it may be opportune to rebuild the system to new standards that will achieve an optimum level of line losses.

The recoverable level of losses are designed to continue to provide strong incentives to reduce technical and non-technical losses on the system, by providing resources to invest in loss reduction, and to allow a sharing of these savings with the customer.  It appears that most investment in loss reduction has occurred to reduce non-technical losses because this is where the best cost/benefit ratio is observed.  The distribution operators must also make further investments in infrastructure to optimize the distribution system over the long term.

Some distribution utilities have partnered with third party contractors to implement loss savings strategies.  It is not clear how a third party contractor can have a lower cost of capital than a distribution utility with a monopoly on electric distribution.  It is also unclear what obligations are made to third party contractors who make investments in the distribution system in order to reduce losses.

 The recoverable level of losses are aligned with the current level to ensure there is no undue discontinuity that occurs when the new Resolutions come into effect.

The following series of figures and tables show the development of the final recommendation for recoverable losses by the distribution operator and retailer. Each series consists of two figures and one table.  The first figure shows graphically, the recoverable losses by the retailer, the second figure shows graphically the recoverable losses by the distribution operator, and the table provides the numerical data.

The line in each chart shows the actual and forecast level of losses, while the shaded areas indicate the recoverable or recognized losses.

The first series is on the basis that that the current resolutions will be replaced by new resolutions that is the same in structure, but updated as to values for recoverable losses.
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Figure 3 Recoverable Losses – Retailer
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Figure 4 Recoverable Losses – Distribution Operator

The same information shown in tabular format is as follows.
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Table 8 Recoverable Losses for the Overall System in Colombia

On average, the distribution operators and retailers have made progress towards reducing line losses on the STR/SDL systems.  The rate of improvement has slowed considerably for those agents who have progressively managed losses.  This occurrence is a natural progression of the law of diminishing returns.  These agents can continue to reduce losses by progress will not be as rapid in the past, and this is reflected in the proposed Resolutions.

Some distribution operators and retailers continue to lag behind in their management of losses.  The line of actual losses shown in figures above are representative of all of Colombia, and do not show the diversity between distribution operators and retailers.  The best retailer is experiencing losses of approximately 10%, while the retailer with the highest loss is experiencing losses of approximately 50%.

8.3 Recoverable Losses – 2003 to 2007 – Urban Areas Only

Urban electric distribution systems will normally experience a lower level of technical losses than rural areas.  This is the natural result of shorter distances between customers, which results in lower line losses, and the opportunity to use less expensive conductor.  A move to distinguish between urban and rural areas with respect to recoverable losses will better reflect the actual losses on the system.
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Figure 5 Urban Electric Distribution System Recoverable Losses - Retailer

[image: image14.wmf]Recoverable and Actual Losses by Distributor - Urban - 13.8 kV System

Proposal for Resolution 2003 - 2007

0%

5%

10%

15%

20%

25%

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

Year

Percent Energy Lost

Level 1

Level 2

Level 3

Level 4

Actual

Actual    Forecast


Figure 6 Urban Electric Distribution System Recoverable Losses – Distributor

The same information shown in tabular format is as follows.
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Table 9 Recoverable Losses for the Urban Systems in Colombia

8.4 Recoverable Losses – 2003 to 2007 – Rural Areas Only

The same analysis carried out in Section 8.3 for urban areas is completed for rural areas with the following results
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Figure 7 Rural Electric Distribution System Recoverable Losses – Retailer
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Figure 8 Rural Electric Distribution System Recoverable Losses – Distributor

The same information shown in tabular format is as follows.
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Table 10 Recoverable Losses for Rural Distribution Systems in Colombia

8.5 Recoverable Losses – 2003 to 2007 – Across Colombia (25 kV)

The analysis in Section 8.2 is carried out on the basis that 13.8 kV remains the standard distribution system voltage with its associated losses.  The following data is determined on the basis that the standard distribution voltage is upgraded to 25 kV, and there are reduced losses as well as reduced costs in the long term.  Section 8.5 is determined on the basis that recoverable losses will be uniform across Colombia.
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Figure 9 Recoverable Losses – Retailer
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Figure 10 Recoverable Losses – Distribution Operator
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Table 11 Numerical Data for Recoverable Losses – Overall Colombia – 25 kV Standard

8.6 Recoverable Losses – 2003 to 2007 – Urban Areas Only (25 kV)

The analysis in Section 8.3 is carried out on the basis that 13.8 kV remains the standard distribution system voltage with its associated losses.  The following data is determined on the basis that the standard distribution voltage is upgraded to 25 kV, and there are reduced losses as well as reduced costs in the long term.  Section 8.6 is determined on the basis that these recoverable losses would be applicable in urban areas.
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Figure 11 Recoverable Losses – Retailer
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Figure 12 Recoverable Losses – Distribution Operator

[image: image24.wmf]Year

Level 4

Level 3

Level 2

Level 1

Actual

Year

Level 4

Level 3

Level 2

Level 1

Actual

1998

3.53%

1.53%

2.04%

12.90%

26.10%

1998

1.50%

1.50%

2.00%

10.00%

16.37%

1999

3.53%

1.53%

2.04%

11.15%

23.23%

1999

1.50%

1.50%

2.00%

9.00%

15.03%

2000

3.53%

1.53%

2.04%

9.40%

20.36%

2000

1.50%

1.50%

2.00%

8.00%

13.70%

2001

3.53%

1.53%

2.04%

7.65%

17.49%

2001

1.50%

1.50%

2.00%

7.00%

12.37%

2002

3.53%

1.53%

2.04%

7.65%

16.54%

2002

1.50%

1.50%

2.00%

6.00%

12.01%

2003

3.53%

1.53%

2.04%

7.65%

15.49%

2003

1.50%

1.50%

2.00%

6.00%

11.55%

2004

3.53%

1.53%

2.04%

7.33%

14.43%

2004

1.50%

1.50%

2.00%

6.00%

11.09%

2005

3.53%

1.53%

2.04%

6.28%

13.38%

2005

1.50%

1.50%

2.00%

5.63%

10.63%

2006

3.53%

1.53%

2.04%

5.22%

12.32%

2006

1.50%

1.50%

2.00%

5.16%

10.16%

2007

3.53%

1.53%

2.04%

4.87%

11.97%

2007

1.50%

1.50%

2.00%

4.94%

9.94%

Recoverable Losses - Overall - Retailer

Recoverable Losses - Overall - Distributor


Table 12 Numerical Data – Recoverable Losses – Urban – 25 kV Standard

8.7 Recoverable Losses – 2003 to 2007 – Rural Areas Only (25 kV)

The analysis in Section 8.4 is carried out on the basis that 13.8 kV remains the standard distribution system voltage with its associated losses.  The following data is determined on the basis that the standard distribution voltage is upgraded to 25 kV, and there are reduced losses as well as reduced costs in the long term.  Section 8.7 is determined on the basis that these recoverable losses would be applicable in rural areas.
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Figure 13 Recoverable Losses – Retailer
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Figure 14 Recoverable Losses – Distribution Operator
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Table 13 Numerical Data – Recoverable Losses – Rural – 25 kV System

8.8 Recoverable Losses – 2003 to 2007 – Urban Areas Only (25 kV)

Section 8.8 and 8.9 are the last in the series, and these sections form the basis for the recommendation for recoverable losses.  The recommendation includes differentiation between rural and urban areas to better reflect actual losses, and to move to a 25 kV standard which is a more efficient standard in the long term, and to combine the existing level 3 and 4 into a new level 3.  The distribution operator should be responsible for the technical losses at each level plus 50% of the losses associated with Zonas Rojas and Illegal connections, which are grouped in level 1.  The retailer will be responsible for the remainder of losses, which are also grouped in level 1.  The following series illustrates the recommendation.
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Figure 15 Recoverable Losses – Retailer
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Figure 16 Recoverable Losses – Distribution Operator
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Table 14 Numerical Data – Recoverable Losses by Level – Urban Areas

8.9 Recoverable Losses – 2003 to 2007 – Rural Areas Only (25 kV)

The analysis in this section is the same as for Section 8.8 with the exception that this analysis applies to rural areas.
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Figure 17 Recoverable Losses – Retailer
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Figure 18 Recoverable Losses – Distribution Operator
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Table 15 Numerical Data – Recoverable Losses by Level – Rural Areas

9 Development of Other Methods

During the course of developing the Resolutions, other issues arose and have been documented for review.

9.0.1 Agent Responsible for Managing Losses

The responsibility of technical losses rests with the distribution operator and he has the ability to plan, maintain and operate the system in a manner to optimize capital costs and losses.  The responsibility of non-technical losses rests with both the distribution operator and retailer.  If these two entities are not the same corporation, the possibility for conflict and sub-optimization between the two exists.  For example, when the distribution operator and retailer are two separate companies, and a meter has been tampered with, the responsibility for correction lies with the retailer, but the financial loss lies with the distribution operator.  In this example, the retailer has no incentive to correct the tampering, and the distribution operator does not have the responsibility to correct the tampering.  This problem is systematic within the current industry structure.  Possible solutions to this problem range from rigorous standards and enforcement of areas with overlap, to a change in the industry structure whereby the distribution operator is given the full responsibility of all distribution system operations including metering.

9.0.2 Imposition of Design and Construction Standards

Some of the state owned distribution systems have not managed losses as effectively as other distribution operators.  In order to assist the state owned distribution operators, MME may consider imposing minimum design and construction standards for all new construction with respect to voltage levels, conductors and transformers, to ensure that development occurs in an economically efficient manner.  The MME may also consider the imposition of minimum design and construction standards for the rebuild of the system when the distribution system has reached the end of its useful life.

9.0.3 Imposition of Metering Requirements

Consumption and bulk energy data is sometimes missing.  New standards for the requirement of metering should be introduced, and the requirement for metering should be aligned with commercial responsibilities.  The requirement for metering should be aligned with the review of the requirement for 4 different voltage levels to differentiate rate schedules and loss factors.

9.0.4 Imposition of Metering Standards

As discussed in Section 5.3, the meters should be placed further upstream to better manage illegal connections and fraud.  The MME may consider the imposition of standards where the meter must be located on the distribution operators facilities, as a step to manage losses.

10 Address to Stakeholders

Stakeholders graciously spent time with the CREG and PS Technologies to provide input into the development of new Resolutions.  All of the input was considered and was useful in the development of these Resolutions.  In some cases, we find that the stakeholders’ request has merit, and the suggestions should be implemented.  In other cases, the stakeholders’ suggestion must be weighed against other conflicting objectives.  In the event that the conflicting objective outweighed the stakeholders’ suggestion, we recommend against implementation of the suggestion.

10.1.1 Customer Service

Some stakeholders felt that customer service has been poor.  It took too long to get a new service, and the process of getting a new service was complicated and bureaucratic.

The advantage of requiring distribution operators and retailers to improve customer service would result in a reduction in losses.

The disadvantage of requiring certain standards is that this type of intervention results in micro management of the distribution operator or retailers business.  The development and maintenance of such standards would be time consuming and expensive.  Further, universal standards do not allow for the flexibility that may be required in any particular area resulting from local needs.

We recommend against setting customer service standards.  However, we would encourage each distribution operator and retailer to carefully examine their customer service.  Those distribution operators and retailers that have upgraded customer service have had success in reducing their losses.

10.1.2 Financing of Loss Management Initiatives

Distribution operators and retailers may not have the financial resources available to make investments to more effectively manage losses.  In order to ensure economically efficient expansion, the distribution operator may look to third party contractors to finance system upgrades.

The advantages of third party contractor financing is that the system upgrade will occur even if the distribution operator does not have the resources to upgrade the system himself.

The disadvantages of a third party contractor financing is that the distribution operator may lose control of the system through obligations to the third party contractors.  The obligations may restrict the flexibility of the operator to upgrade or reconfigure the system in the future.

Another alternative that should be reviewed is the imposition of upgraded design and construction standards along with a securitization scheme where the upgrades are financed by the distribution operator, and backed by the government.  The government may impose resolutions to ensure that the customers pay for the upgrade, and that the government will not be left with the debt.

We recommend against third party contractor financing if it raises the possibility that the third party contract may own, or have rights to parts of the distribution system.  Patchwork ownership of an electric system results in complicated operating practices, loss of economies of scale, and ultimately results in higher costs, and/or lower quality of service.

10.1.3 Meter Tampering

Some large customers are getting very sophisticated with respect to meter tampering.  This type of theft is very difficult to find and rectify.  Some retailers have experience in the detection and correction of meter tampering.

It is not clear how the CREG or MME could assist in the detection of meter tampering.  We would suggest that distribution operators and retailers get together to form an association to coordinate efforts, share information, and lobby government for any required regulations, and penalties to assist in the fight against meter tampering. 

10.1.4 Theft Occurs at All Levels

Distribution operators and retailers find that theft is not limited to any particular group of customers.  The problem of electricity theft appears to be facilitated by a culture that feels that theft from a large corporation is somehow acceptable.

It is not clear how the CREG or MME could assist.  We would suggest that the distribution operators and retailers get together to form an association with the purpose of shifting the culture so that it is no longer acceptable to steal electricity.  This association may coordinate with, or be the same organization suggested in Section 10.1.3.

10.1.5 Rural and Urban Losses

Distribution operators suggest that loss factors for rural and urban areas should be different to reflect the difference in technical losses that occur on the two systems.

The advantage of this differentiation between rural and urban distribution is that the differentiation more accurately reflects the system.  Urban areas have higher load densities and require less line to serve the same amount of load.  Lower levels of line loss are directly proportional the shorter line lengths.

The disadvantage of differentiating between urban and rural areas is the perception of discrimination against rural areas.  

Another concern that must be addressed is the distinction between rural and urban areas since there is a continuum of load density between remote rural areas, and higher density rural areas, to suburban and urban areas.  In addition, some distribution feeders may supply both urban and rural areas.

We recommend that separate loss factors be applied to rural and urban areas to more accurately reflect difference in technical losses in rural and urban areas.  The loss factors vary between rural and urban systems today, and will continue to do so as the system becomes optimized.  Loss factors are illustrated on average for all Colombia, as well as for urban areas alone, and rural areas alone.

We would recommend that those customers within the corporate boundaries of a city with a population of greater than 50,000 people be considered urban for the purpose of setting rates.  A city of 50,000 people or more will correspond to at least one substation dedicated to providing service to the city.  For all services in cities with a population of 50,000 people or less, and all services outside of the municipal boundary of cities with a population of greater than 50,000 people, the rural rate would apply.

10.1.6 Feeder Density

Distribution operators suggest that loss factors should be a function of feeder density to reflect the actual losses that occur on each feeder.

The advantage of this differentiation is that feeder density is an important factor in the actual losses that will occur on a distribution feeder.

The disadvantage of using feeder density is that there is a complete spectrum of distribution feeders.  Feeder density will vary across the length of the feeder and a distribution feeder may be heavily loaded near the source, and yet be lightly loaded at the end.  Further, distribution feeders may cross municipal boundaries making it very difficult to separate feeders into categories.  If each individual feeder had a separate loss factor based on its density, the administration would become complex, and expensive.  Differentiation of losses by feeder density would be difficult to justify to customers, and would be volatile for those customers who are switched from one feeder to another through the normal course of distribution system reconfiguration.

A review of distribution feeders shows there are 3,414 distribution feeders ranging in length from less than 1 kM up to almost 200 kM with an average length of 26.2 kM. Distribution feeder load also varies from no load to almost 14,000 kVA with an average load of 950 kVA.  Feeder load density varies from 0 to 2.4 million kVA/kM for very short lines.  There was no correlation between load density and CREG grouping of urban, suburban, rural greater than 50,000 population, and rural less than 50,000 population.  The following two charts show the load density of each feeder with data sorted by load density.  As shown in the charts, there are no natural break points or categories for classification purposes.
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Figure 19 Load Density of Distribution Feeders – Highest Load Density
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Figure 20 Load Density of All Distribution Feeders

We recommend against using feeder density as a means of differentiating line loss on the basis of the difficulty distinguishing between groups, the additional administrative complexity, and the difficulty in being able to explain the distinctions to customers.  

10.1.7 Vintage of Privatization

Some stakeholders suggest that the year of privatization be considered in the setting of loss factor.  Distribution operators and retailers have actively worked at reducing losses following privatization and with a longer time frame, are likely to be more successful.

The advantage of such differentiation is that loss factors would more accurately reflect the actual losses on the system.

The disadvantage of such differentiation is that progressive distributors or retailers would have the benefits of their programs clawed back.  Another disadvantage is that such differentiation would distort economic decisions made at the time of purchase of distribution or retailing operations.  Those companies that bid on distribution systems would have taken into account the recovery of losses in the determining of their bid price.  If loss factors now differentiate based on vintage, their bid development process will have been retroactively distorted.

This concept is shown in the following chart.
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Figure 21 Concept of Differentiating Loss Factors by Vintage of Privatization

We recommend against differentiating loss factors by vintage of privatization because it would distort past economic decisions by distribution operators to purchase distribution systems.

10.1.8 Area or Zone

Some stakeholders have recommended applying varying loss factors by area or zone.  The advantages of such resolution are that it accurately reflects the losses that occur in an area or zone.  However, the losses may be more accurately correlated to some other factor.  Other factors such as implementation of loss management programs or rural/urban density provide a stronger correlation.

The disadvantage of implementing loss factor by area or zone is that regional disparity occurs, and to the extent a distribution operator or retailer has been actively managing losses, the benefit of their work will be clawed back, resulting in a retroactive penalty for their active management.

We recommend against the implementation of loss factors varying by area or zone because there is no geographical reason that losses would vary from one area or zone to the next.

10.1.9 Strata

Some stakeholders have recommended that loss factors vary by strata.  Some analysis concluded that losses are higher in strata 1 areas.  However, we recommend against implementing varying loss factors based on strata for the following two reasons.  First of all, a higher loss factor would be applicable to those customers that are paying their bills, and not applicable to those customers that are stealing electricity, therefore, the penalty is applying to the wrong customers.  Secondly, there is a subsidy in place for strata 1, and a higher loss factor would simply work against some of the subsidy.  

10.1.10 Rate Design for Administration

Administrative charges are essentially fixed in nature, although they are charged on the basis of energy consumption.  This results in a cross subsidy between low energy consumption and high energy consumption customers.  The rate for administration should be similar in nature to the incurrence of costs to reduce any cross subsidization between competitive retailers, and affiliated default retailers.

The advantage of making the administrative charge fixed, is that a level playing field will be created between competitive retailers and the affiliate default retailer.  The change will also enhance economic efficiency through price signals that better reflect the cost of service. 

The disadvantage of making the administrative charge fixed, is that customers do not understand or like fixed charges, and are more comfortable with variable charges and the concept of zero consumption, zero bill.

We recommend that the variable charge for administration be changed.  Ultimately, the charges should reflect the incurrence of the expense.  The rate should be designed to reflect the cost of service.   The transition may be staged such that a portion of the administrative charge is fixed, and the remainder of the charge remains based on energy consumption.

11 Recommendations

The following is a summary of recommendations drawn from the body of the report.

As outlined in Section 4, we recommend that Level 3 and Level 4 be combined into one level, known as Level 3, and would apply to all customers served at greater than 30 kV.  There is insufficient meter and loss data to justify the differentiation of losses by voltage level.  The impact of this recommendation is shown in Section 8.8 and 8.9

Additional metering should be installed at each commercial interface.  Metering beyond the commercial interfaces would have to be justified on a case-by-case basis.  Computer modeling and estimation may be more cost effective than the addition of metering beyond commercial interfaces.  As outlined in Section 5.3, we recommend that every service be metered, except in the case where consumption is small and readily predictable (for example streetlights, small rectifiers for cathodic protection, etc).  While in theory, services are supposed to be metered, but many services are not metered.

As outlined in Section 5.3, we recommend a move away from the four levels to closer reflect the actual system.  This may be achieved by grouping Level 4 and Level 3 together in one group.  This change is one step towards the recognition that losses cannot be measured by voltage level.  This change also reflects the fact that cumulative losses by voltage level do not reflect the actual system where one or two voltage levels may be skipped.  There still is the need to differentiate losses for small customers served deep in the distribution system from large customers that are fed from a dedicated large substation at a higher voltage.

Loss Factors should be adjusted as shown in Section 8.8 and 8.9 to differentiate losses by rural and urban areas.  Further, Level 4 should be combined with Level 3, to reflect the fact that 1 voltage level is often skipped, and that energy flow is not necessarily linear from the STN, through each voltage level to the end use customer.

As outlined in Section 5.1.3, new distribution substations and feeders should be designed to a new voltage standard with a minimum voltage of 25 kV. 

As outlined in Section 5.1.4, distribution systems with a voltage of 25 kV are the most cost effective, and the CREG should use that standard when determining recoverable costs and losses.  The distribution operators still can operate and construct their system at the voltage level that they deem is appropriate. 

As outlined in Section 5.1.6, the distribution companies in Colombia should review their design standards regarding transformer placement.  The distribution models show that the majority of losses occur at Level 1 since there are long and heavily loaded secondary conductors.  Using more but smaller transformers will reduce the need to run long Level 1 conductors, and will reduce losses at the level where they are most significant.

As outlined in Section 9.0.4 and Section 5.3, the meters should be placed further upstream to better manage illegal connections and fraud.  The MME may consider the imposition of standards where the meter must be located on the distribution operators facilities, as a step to manage losses.

Glossary of Terms

CND:
Centro Nacional de Despacho or Center for National Dispatch of the electric system in Colombia

CREG:  
La Comision De Regulacion De Energia Y Gas of Colombia, the regulatory agency that oversees the gas and electricity industry in Colombia.

EPPM:
Empresas Publicas De Medellin E.S.P.

GWh:
Giga Watt hour, or 1 billion watt hour, as a unit of energy.

KV:
kilo Volt, or 1,000 Volts.

MCM:
Mega cirular mils, or cross section area measurements for conductor.

MME:
Ministro De Minas Y Energia, the Ministry of Mines and Energy in Colombia.

MVA:
Mega-Volt-Amp, or 1 million multiplied by volts multiplied by amps, and which is typically used as a capacity rating for electric equipment.

OPF:
Optimal Power Flow program is a software program and associated operating practices that assist the transmission controller to determine optimal times for switching capacitors, reactors, tap changers, etc. to minimize losses on the system.

PBR:
Performance based regulation intended to provide strong signals for regulated utilities to improve performance and to share the benefits of such improvements between shareholders and customers.

STN:
The national transmission system which is the high voltage system consisting of 230 kV, and 500 kV circuits.

STR:
The regional transmission system consisting of low voltage circuits between 30 kV and 230 kV.

SDL:
The local distribution system consisting of low voltage circuits below 30 kV.
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Appendix A

Output of Urban Distribution Technical Loss Model
 Appendix B

Output of Rural Distribution Technical Loss Model
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