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Transmission and Distribution system efficiency


Summary


While there are always opportunities to make efficiency improvements in regional transmission and distribution systems, there are attributes of these potential energy savings that make them difficult to quantify.  This is because:  


1.  Line losses (and loss reduction opportunities) are site-specific to each system and load patterns on that system.  Systemwide savings cannot be generalized.


2).  Economic management of transmission and distribution savings require a balance between the costs of lost power and the costs of increasing the system’s capacity.  


3)  Given the current industry restructuring, the economic signals that drive transmission and distribution system improvements will likely affect system owners and operators and are likely to be internal to the system.


For these reasons, the Council did not quantify an estimate of transmission and distribution savings in the Draft Fourth Northwest Power Plan.


Transmission and distribution systems transport electric power from the generating plant to the retail customer.  A simplified transmission and distribution system is illustrated in Figure G-42.  


�
Figure G-42


Simplified Diagram of Transmission and Distribution
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Step-up transformers increase voltage from the terminal voltage of the generating equipment (typically 13.8 kilovolts) to transmission voltage.  Power is transported over long distances between generating plants and load centers on transmission lines.  These operate at voltages of 69 to 500 kilovolts, or higher.  Higher transmission voltages can reduce electrical losses and allow use of smaller transmission conductors.  Near load centers, substation transformers reduce voltage from transmission levels to the voltage used for local distribution.  Power is distributed from the substation to end users on primary distribution feeders.  These run along streets and roads, above ground (overhead distribution) or buried (underground distribution), at voltages ranging from 2.4 kilovolts (older feeders) to 34.5 kilovolts.  Distribution transformers, located at intervals along the primary distribution feeders, reduce primary distribution voltage to customer service voltages (120 to 600 volts, depending on the user).  Power is transferred from the distribution transformer to the end user by secondary feeders.


It is estimated that between 7.5 and 9 percent of the total regional electricity load is lost during transmission and distribution.  Site-specific values used by individual utilities in the region range from 5 percent to 15 percent, depending on the distance between source and load and on the overall loading of the system.  Bonneville, having no distribution system, experiences lower losses as a percentage (about 2.5 percent) than the system as a whole.  Losses as a percentage, during peak loads can be significantly higher, because they are determined by the square of the current and the total impedance of the system.  Peak losses become important for capacity-constrained systems or areas with transmission capacity constraints, such as those being experienced in the Puget Sound area.


The following section discusses the regionwide technical potential for reducing energy losses on transmission and distribution systems.


Loss Reduction Measures


A number of measures may be used to improve transmission and distribution efficiencies.  These measures can be categorized as follows:


Replacement of transmission and distribution system components, such as transformers and conductors, with components having lower electrical losses.


Modification of system operating conditions, such as nominal voltage levels, to reduce losses.


Modification of load characteristics to reduce transmission and distribution system losses.  Examples include reducing peak loads and reducing reactive loads.


Reconfiguration of the transmission and distribution system.  An example is reconfiguring distribution feeders to reduce the average distance, and therefore losses between a substation and its loads.





In a study prepared for the Bonneville Power Administration, Westinghouse Electric Corporation assessed 88 measures, including 49 “state-of-the-art” measures and 39 “future” measures, as having potential to improve transmission and distribution system efficiencies (BPA, 1986).  In that study, 15 of the 88 measures were identified as having the greatest potential benefit for Bonneville and its customers.  Several of these 15 measures, such as revised transmission and distribution system design standards, are not in themselves efficiency measures, but rather means of implementing transmission and distribution loss reduction.  Moreover, not all of the “state-of-the-art” measures are commercially proven.  The Bonneville study of loss reduction potential on Bonneville customer systems (BPA, 1987) was based on three commercially proven loss reduction measures with widespread application to regional transmission and distribution systems.  These studies, along with discussions with utility transmission and distribution staff, suggest that the loss reduction measures described below hold the greatest promise for application to transmission and distribution systems in the Pacific Northwest.


Reconductoring


Transmission and distribution conductors may be technically adequate to serve their intended load, yet may experience high losses due to conductor resistance.  Substitution of larger, lower-resistance conductors may economically reduce system losses.


Increase Primary Distribution Feeder Voltage


Primary distribution feeders operate at voltages ranging from 2.4 to 34.5 kilovolts.  Increasing the nominal operating voltage of a feeder will reduce the current carried and hence losses.  Increasing primary distribution feeder operating voltage requires complete feeder rebuilding and replacement of most components.


Reactive Power Control


Transmission and distribution systems transport both “real” and “reactive” power.  Real power is the portion of the total power that provides useful energy to end users.  Reactive power is consumed by certain end uses, particularly motors, but does not produce useful energy.  Both reactive and real power transfers contribute to transmission and distribution system loads and losses.  Real power must be generated at a generating plant, but reactive power can be supplied by capacitors and reactors.  By locating these devices near the source of reactive load, reactive power transfer through the transmission and distribution system can be reduced.  This can reduce system loading and losses.


Feeder Reconfiguration


As utility systems have grown over the years, the physical and electrical configuration of distribution networks generally has not been optimized to minimize losses.  For example, some distribution feeders may be carrying heavy loads, with attendant high losses, while nearby feeders remain lightly loaded.  Loads can be shifted from heavily loaded feeders to more lightly loaded feeders by physical reconfiguration.  In some cases, the distance from the substation to the retail customer can be shortened by reconfiguration.


Phase Load Balancing


Primary distribution feeders generally consist of three physically separate conductors, one for each phase.  As single-phase customers, such as residences, are added to a feeder, an attempt is made to equalize loads on each phase of the primary feeder.  This minimizes losses.  But daily and seasonal variation in loads and long-term changes in the load of any single-phase customer may cause imbalance in the loads among feeder phases.  Technology is being developed to dynamically balance three-phase feeder loads by use of devices that automatically switch loads among phases.  This will minimize losses due to phase imbalance.


Peak Load Control


Because losses are proportional to the square of the load current, reductions in peak load will reduce transmission and distribution losses significantly.  Various techniques, including pricing incentives and interruptible end-use equipment operation, are available for reducing peak loads, and related transmission and distribution system losses.


Distribution Automation


Any of the four measures discussed above (reactive power, feeder configuration, phase load balance and peak load) can be automatically managed to minimize system losses.


Amorphous Metal Core Transformers


Use of amorphous metal in lieu of conventional silicon steel for the magnetic cores of transformers can reduce transformer core energy losses by 60 to 70 percent (EPRI, 1988).  Although amorphous core transformers cost more than conventional silicon steel core transformers of equivalent capacity, their use to reduce losses may be cost-effective, particularly in light-load applications where transformer losses are dominated by core losses.


High-Efficiency Silicon Steel Transformers


Transformer losses can also be reduced by replacing conventional silicon steel transformers with improved lower-loss designs, and by sizing conventional units to reduce peak loading.


Conservation Voltage Regulation


Reducing the electrical voltage supplied to customers to the lower half of the standard voltage control band increases the efficiency of certain types of end-use equipment.  The energy savings occur at the end use and at distribution transformers.  The measures are implemented only on the distribution system.


Improved Insulators


The porcelain insulators used in transmission and distribution systems allow a small amount of current leakage to ground.  Polymer-based insulators have lower leakage currents than conventional porcelain units and may reduce system losses.


Environmental Considerations


Other than local and generally minor disturbances during construction, transmission and distribution system efficiency improvements have few environmental effects.  Two environmental issues that may be associated with transmission and distribution system efficiency improvements are electromagnetic field effects and the retirement of equipment containing polychlorinated biphenyl compounds (PCBs).


Electromagnetic Field Effects


The voltage and current associated with the transport and use of electric power create electrical and magnetic fields that have the potential to affect biological processes.  Certain epidemiologic studies have indicated a relationship between magnetic fields and adverse health effects.  Two studies in the Denver area have shown some statistical correlation between cases of childhood cancer and nearby power lines carrying high-current loads.  Other studies have shown some correlation between chronic occupational exposure to strong electromagnetic fields and cases of leukemia and brain cancer.  The observed correlations between electromagnetic fields and disease in these studies is weak, and other environmental or social factors may contribute to, or be responsible for, the observed effects.  Moreover, other studies have produced conflicting results.  Nevertheless, there is sufficient concern that further research is under way to confirm or deny the hypothetical correlation between electromagnetic fields and health effects.


Certain transmission and distribution efficiency measures can affect magnetic field strength.  In particular, upgrading primary distribution feeder operating voltages reduces current flow and thereby the magnetic field associated with the feeder.  But the connection between adverse health effects and electromagnetic fields is too uncertain to attribute health benefits to loss reduction measures that also reduce magnetic fields.  Further research should better establish the relationship, if any, between magnetic fields and adverse health effects.


Polychlorinated Biphenyl (PCB) Disposal


Some transmission and distribution system components, including transformers and capacitors, are filled with oil for electrical insulation and cooling.  The cooling oil of older units contained polychlorinated biphenyl compounds (PCBs), prized for their insulating properties and inflammability.  But, PCBs have been found to be carcinogenic and are not allowed in new equipment.  Old equipment found to contain PCBs is decontaminated or disposed of under controlled conditions.


Transmission and distribution system loss reduction programs may accelerate the removal of PCB and PCB-contaminated equipment (though many utilities have already removed PCB-containing equipment).  This may create some additional interim hazard of inadvertent PCB releases through the handling and disposal of PCB-containing equipment.  These can be minimized through proper handling and disposal procedures.  In the long run, loss reduction programs should result in more rapid reduction in the overall hazard from PCB compounds as the stock of older, less efficient components containing PCBs is eliminated.


Technical and Economic Potential in the Pacific Northwest


This section discusses the potential for transmission and distribution system efficiency improvements in the Northwest.  Discussed first are potential savings on the Bonneville system.  This is followed by a discussion of potential savings on the region’s utility systems.


Bonneville Transmission System


In past years, Bonneville periodically convened a Loss Savings Task Force.  This Task Force assessed opportunities for loss reductions through upgrades to the Bonneville transmission system.  Promising efficiency opportunities were recommended for inclusion in Bonneville’s budget when they were considered cost-effective.  In general, cost-effectiveness has been defined under the conditions of surplus electricity that existed when these reports were written.


Non-Bonneville Transmission and Distribution Systems


The assessment of the cost and availability of energy savings through loss reduction on transmission and distribution systems other than those of Bonneville’s is based on a customer system efficiency improvement (CSEI) study prepared for Bonneville by Pacific Northwest Laboratory (PNL, 1987).  The Council and the Pacific Northwest Utilities Conference Committee conducted a series of consultations with transmission and distribution system staff of regional utilities to verify and update the assumptions and methodology used in the CSEI study.  


The Bonneville CSEI study was a “top down’’ study intended to produce an approximation of the cost and magnitude of regionwide transmission and distribution system savings potential for use in long-term regional planning.  The results of the study were not intended to be used as the basis for estimating loss reduction potential on any given transmission line or distribution feeder.  Assessment of the potential savings on a given transmission line or distribution feeder would require an individual engineering study.


Reduction Measures


The CSEI study assessed the availability and cost of savings from the components that are responsible for most of the transmission and distribution system losses.  The following measures were considered the most promising:


Replacement of existing distribution transformers with more efficient conventional silicon steel core transformers.  


Replacement of existing substation transformers with more efficient conventional silicon steel core transformers.


Replacement of existing transmission conductors with conductors that are three standard sizes larger.


Replacement of existing primary distribution feeder conductors with conductors that are three standard sizes larger.


Upgrading the nominal voltage of 12.5-kilovolt primary distribution feeders to 34.5 kilovolts.


Measure Costs and Performance


Cost information for the CSEI study was derived from utilities, equipment vendors and published literature.  For most measures, equations relating the cost of equipment to its physical or electrical characteristics were derived by regression analysis of specific component data.  This was done to facilitate estimation of costs for a wide variety of equipment ratings, including systemwide averages not corresponding to standard equipment ratings.


Achievable Potential: Transmission and Distribution System Efficiency Improvements


Barriers to Transmission and Distribution Efficiency Improvements


Several factors may discourage full implementation of the technically available transmission and distribution energy savings potential.  Among these factors are the following:


Inaccurate Marginal Resource Price Signals


As with other conservation resources, transmission and distribution system efficiency improvements costing less than the regionally cost-effective level can be viewed as having a price-induced component and a component that may not be achieved through price incentives.  The price-induced component of transmission and distribution system efficiency improvements includes measures whose cost is less than the utility’s marginal cost of new resources.  To the extent that the utility sees a long-term marginal resource cost equivalent to that of the region, the regionally cost-effective transmission and distribution efficiency potential on that utility’s system should be fully captured.  But, if a utility sees a long-term marginal resource cost less than that of the region as a whole, only a portion of the regionally cost-effective savings potential on that utility’s system will be acquired.  The remainder of the regionally cost-effective potential must be secured through other incentives.  


Some utilities use Bonneville wholesale rates as their long-term marginal resource cost.  Because Bonneville wholesale rates are based on average, not marginal, resource cost, only a portion of the transmission and distribution loss reduction potential on these systems can be expected to be acquired by these utilities acting in their self-interest.  Utilities using forecast Bonneville wholesale rates as their long-term new resource cost will not have an incentive to capture all regionally cost-effective savings.


Engineering Capability


Large utilities maintain transmission and distribution engineering staff capable of identifying opportunities for cost-effective loss reduction actions and preparing programs for the recovery of these losses.  Smaller utilities, however, may lack this in-house engineering expertise.  These utilities often rely on outside contractors for transmission and distribution engineering services.


Limited Return on Investment


Transmission and distribution system savings generally come in small increments.  The opportunities for efficiency improvements generally arise on a line-by-line basis, and the potential savings from upgrades of an individual feeder or transmission line generally are quite small.  For this reason, loss reduction proposals may be a difficult sell in an organization where higher-profile projects compete for funding.


Factors Encouraging Transmission and Distribution System Efficiency Improvements


Other factors may encourage implementation of transmission and distribution loss-reduction actions.  These include:


Improved Service


Some distribution system efficiency measures, including reconductoring and feeder voltage upgrade, will reduce voltage drop along distribution feeders.  This may alleviate substandard voltage conditions at the far ends of distribution feeder networks.  


Reduced Wholesale Power Cost


Transmission and distribution system loss reduction will reduce wholesale power purchase or generating requirements, but will not affect retail sales.  Utilities should therefore have an incentive to invest in loss reduction measures that cost less than their marginal power production or purchase costs.


Utility Control Over the Affected System


Unlike end-use conservation measures, a utility owns and operates the equipment affected by transmission and distribution systems efficiency upgrades.  This should facilitate implementation of these improvements.


The factors described above must be considered when estimating the achievable potential for cost-effective energy savings from transmission and distribution system efficiency improvements.  The principal factors constraining recovery of transmission and distribution losses appear to be the timing constraints imposed by the rebuild/replacement cycle of existing systems and possible low funding priority for transmission and distribution loss recovery activities.


Because loss reduction measures generally are cost-effective only when implemented in conjunction with equipment replacement or rebuilding occurring for other purposes, the energy savings potential will be secured only slowly.
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