Chapter 12: 





Guidebook for Managing a PCE-eligible Utility

Part 2: Operational Management








Alaska Energy Authority
December 7, 2018



	



6 | Page

Table of Contents
Chapter 1: Introduction	3
Goal of the guidebook	3
Big picture of what a utility manager should do	3
How to use the guidebook	4
Chapter 9: Operations Management—Overview of Typical Rural Power Systems	7
Overview of power generation system	7
Utility manager responsibilities to ensure safe and reliable power	13
Chapter 10: Operations Management—Inspections	18
Introduction	18
Checklist	18
Inspections	18
Report	31
Analyze	31
Chapter 11: Operations Management--Maintenance	37
Report	48
Analyze	48
Chapter 12: Operational Management—Operational and Infrastructure Health	49
Goals	49
Operational Metrics	49


[bookmark: _Toc532385753]Chapter 1: Introduction
[bookmark: _Toc532385754]Goal of the guidebook
Utilities are not like other types of businesses: The State of Alaska authorizes one electric utility to provide service in any given area. Since the utility receives a monopoly over a geographic region, the utility’s customers do not have another choice for getting their electricity. In return for the service area monopoly, electric utilities are required to provide and maintain “adequate, efficient, and safe service and facilities”[footnoteRef:1] at a reasonable price.  [1:  AS 42.05.291] 

Something about PCE here….	Comment by Neil McMahon: 
This guide aims to provide utilities with tools to track and analyze financial and operational information to improve the utility. Collecting and using more information will help the utility:
· consume less diesel fuel;
· be financially and operationally sustainable;
· increase safety for workers and the public;
· be better able to access loans to maintain and improve utility infrastructure; and
· identify ways to improve customer service.
[bookmark: _Toc532385755]Big picture of what a utility manager should do
1. Financial management
a. Collect enough $ to pay bills for utility operations
i. Set rates fairly for all customers
ii. Meters read & customers billed properly
iii. Collect on bills 
b. Pay bills for operations on time
i. Sufficient cash flow to pay for personnel, parts, contractors, insurance, etc.
c. Perform required reporting for PCE—monthly and annually [do a. and b. will make this easy]
2. Operational management
a. Safe, reliable, and affordable electricity to customers
i. Track: efficiency, line loss, safety incidents, outages
ii. Lowest cost to generate and distribute electricity safely
b. Assist operator with being able to be successful 
i. Manage personnel, inspections, routine maintenance, non-routine maintenance (work orders)
ii. Manage supplies & parts
iii. Know when to get help before too late
3. Plan for future
a. Capital purchases
i. Decide best options for current and future load
ii. Finance—savings, loans, grants
b. Operational improvements
i. Training, 
[bookmark: _Toc532385756]How to use the guidebook
The guidebook is intended to provide guidance for utility managers, consultants, regional energy managers, and government entities assisting utilities. The guidebook provides definitions, examples, and templates that can be used to identify, analyze, and develop plans to address financial and operational needs of the utility. Where possible, the guidebook uses existing reporting requirements, especially the Utility Monthly Report and the  Annual Power Cost Equalization Report for Nonregulated Utilities (generally known as the PCE Annual Report), which are submitted to the Alaska Energy Authority (AEA) and the Regulatory Commission of Alaska (RCA), respectively, as the starting point for all of the examples. The required reports include almost all of the operational and financial data that needs to be tracked to successfully manage a small rural utility. Along the way, this guide will also explain how to successfully collect and submit the information to maximize PCE reimbursement. This guidebook focuses on the utilities that are not economically regulated, and uses the associated RCA forms.	Comment by Neil McMahon: Use PCE reporting as starting point for good utility management practices.
Good data to make decisions: sales, income, generation, expenses, operations
Collect, Report, Analyze	Comment by Neil McMahon: Format for the following chapters
A utility manager must make difficult decisions with limited resources. By understanding and bridging the financial and operational needs of the utility, the manager can effectively steer the utility towards success. The manager does not need to be a master mechanic or accountant to run the utility, but needs to understand how to ensure that the necessary resources exist to support the operator and the utility clerk to be most effective in their jobs.
Figure 1, which is also included as Appendix H, is a checklist of weekly, monthly, quarterly, and annual tasks that the manager can reference to keep track of the financial and operational aspects of the utility. The rest of the guidebook will help to perform each of the tasks included on the checklist.


Figure 1: Utility Manager Checklist

While the ultimate purpose of this guide is to develop a multi-year utility improvement plan (covered in Chapter 8), the guidebook builds up the skills and resources to develop the plan in Chapters 3 through 7.
Chapter 2-8 financial management. 	Comment by Neil McMahon: This needs to be updated
Chapter 9-12 includes a range of resources to manage the long-term maintenance of the utility’s infrastructure. The inspection and maintenance logs can be used as the basis for the utility’s preventive maintenance plan for the generation and distribution facilities. The chapter also goes over how a work order system could be instituted so that the manager has sufficient information to understand what types of investment are or will be needed in the utility.
Chapter 13 brings together the concepts from the rest of the guidebook to create a multi-year utility improvement plan. 

	Chapter 1: Introduction	
1. 
[bookmark: _Toc532385757]Chapter 9: Operations Management—Overview of Typical Rural Power Systems
Financial management is just one part of running a business, the utility still has to deliver services to customers. Running operations of utility can be complex: multiple generating units that need regular maintenance, sufficient fuel, supplies, distributing power to tens, hundreds, or thousands of customer, all the while doing it safely, reliably and at a reasonable cost. 
This guidebook does not expect a manager to come from a maintenance background—if so, this part may be a review. If not, these two chapters can serve as a basis for understanding the  physical operations of the utility—how a utility can reliably convert fuel into electricity to sell to customers. 

Chapters 9 and 10 should provide sufficient information for a manager to manage maintenance—not actually perform. Guidance on what to look for, what types of questions to ask, how to interpret the information that is provided from inspections. Only through doing regular maintenance and inspections can a utility provide services required by Certificate of Public Convenience and Necessity (CPCN). Chapter 6 will assist the utility in developing a preventive maintenance plan and a system for identifying and prioritizing non-routine maintenance. 
[bookmark: _Toc532385758]Overview of power generation system	Comment by Neil McMahon: We need pictures of each of these components
Before delving into the specific inspection and maintenance procedures recommended for rural Alaska utilities, this section will provide an overview of the basics of power generation, including an introduction to the names and functions of important components in the generation and distribution system.  
The majority of rural Alaska communities receive most or all of their power from diesel-powered generators (these are also called engine-generator sets, or gensets for short). As shown in the figure to the right, a number of components work in concert to convert diesel into electricity consumed by customers. The powerhouse, which may be one or multiple buildings or modules, contains and protects most of the power generation components.
Fuel
Obviously, without fuel, a diesel-powered engine will not operate. In most communities in order to limit the amount of fuel spilled from a catastrophic failure, several tanks are used to store fuel on its route to the engine. The first tank is the intermediate tank, which is generally connected to the larger tanks in the bulk fuel tank farm. The intermediate tank will hold enough fuel to power the engines for weeks or months. The next tank is the day-tank, which is much smaller, and may or may not hold sufficient fuel for the day. 
In some powerhouses, used oil from the engines is collected, filtered, and blended with diesel fuel to be burned in the engines. The system will typically achieve a mixing ratio of approximately 0.5% used oil to diesel fuel. The used oil blending system provides a useful way to dispose of the engine oil that must be changed on a regular basis.
Some day-tanks are fitted with a fuel meter, which will provide information about the engines’ fuel consumption—information that is both vital for managing the utility’s fuel inventory and operations and reporting for PCE. If the day-tanks do not include a fuel meter, the operator will have to use a tank depth gauge and conversion chart, which will likely be less accurate than the fuel meter. Utilities participating in the PCE program are required to have an operational fuel meter on the day tank.[footnoteRef:2] [2:  3 AAC 107.200(a)(2)] 

The day-tank provides diesel fuel to all of the engines through a piping manifold.  In the engine, a fuel filter cleans out any impurities before the fuel pump pressurizes the fuel to deliver it to the fuel injectors. The pressurized fuel is injected into the engine’s cylinders to be combusted. If the fuel filter is clogged, the fuel pump fails, or the fuel injectors are clogged or eroded, too little or too much fuel can be delivered to the cylinder, which can make the engine run inefficiently or not at all.
Air
Since air, specifically oxygen, is needed for the diesel fuel to combust in the engine, powerhouses must have sufficient airflow to supply the engines with sufficient air. The intake air also helps to cool the building, protecting any electronics in the building from overheating. Ducted air intakes should be included in all powerhouses, with the intake air filtered to remove large particles from being sucked into the powerhouse. These primary air filters need to be changed on a regular basis or the engines may not run properly. 
Before going into the engine, additional air filters are used to clean the air further. If the engine air filters are not cleaned and replaced regularly, the engines can be starved of oxygen. Insufficient air will cause the engines to run inefficiently and potentially cause permanent damage to the insides of the engine.
Engines
It is not uncommon for people to confuse the terms “engine” and “generator.” The engine combusts diesel to produce mechanical energy, whereas the generator is attached to the engine and converts the engine’s power to electricity. The engine is a much more complicated machine, and most maintenance will be done on the engine.
Diesel-powered engines are simpler than gasoline-powered engines, such as most car engines, and thus have fewer parts that can fail. Since diesel engines rely on compression ignition instead of spark ignition, a diesel engine does not have spark plugs, distributors, or timing equipment. 
In electronically controlled engines, monitors are available to access data on engine parameters (temperatures, pressures, etc.) through the engine control unit (ECU). In mechanically controlled engines, physical dials should provide all the needed data. Irrespective of the type of engine, the manager should know how to find the normal operational parameters and understand the type and severity of potential issues if they go outside of the normal range. 
Cooling
Combusting diesel in an engine produces a significant amount of heat. While some of that heat is used for useful work, 60-80% of the energy in the diesel must be removed so that the engine is not damaged. 
The exhaust is the most direct way that the engine is cooled. The exhaust gases are very hot, up to 900°F, carry potentially dangerous gases, and must be directed outside of the powerhouse. Exhaust gases should be colorless, if they are not, this is an indication of an engine problem.
Not all of the engine heat is removed with the exhaust gases. A cooling system, generally using a glycol and water mixture, pumps fluid through the engine block that runs to remote radiators. This is sometimes called jacket water heat and can be used to provide space heat to other buildings through a heat recovery system. The heat recovery system includes a heat exchanger that transfers the jacket water heat into a secondary loop that pumps a hot glycol-water mixture to other buildings. A heat sales agreement with other building owners can be a new form of revenue for the utility and can be used to reduce customer rates. A powerhouse would need an energy meter to monitor the heat delivered to customers through the heat recovery system.	Comment by Neil McMahon: Call out
A series of filters, pumps, and seals for both the engines’ cooling system and heat recovery system must be inspected and maintained to ensure that coolant can flow through the system. If the cooling system is plugged, the pumps fail, or there is insufficient fluid, the engine can be severely damaged or even destroyed. An emergency scenario such as this could cause significant disruption for a rural community and be very expensive for the utility.
Lubrication
In order to withstand the high temperatures and stresses caused by combusting diesel, an engine must be very strong, which is why they are made out of metal. The downside is that with all of the parts that must move within the engine—the pistons moving up and down in the cylinders, the crankshaft rotating—there would be a lot of metal-on-metal rubbing. To allow the engine to operate, all of the moving metal parts must be constantly lubricated. The oil pump circulates the engine oil throughout the engine to provide lubrication. While an oil filter helps to extend the life of the oil, the high temperatures and contact with exhaust gases will cause the oil to degrade over time. Ensuring that oil is changed and topped off on a regular schedule is the single most important thing that a manager can do to maintain the life of the utility’s assets. Diesel engines are expected to burn oil during normal operation, which will cause the oil volume to decrease over time. Since the oil helps metal parts to slide against each other, if there is not enough oil or the oil is old and dirty, the engine can be damaged or destroyed by friction. Increased oil consumption, as well as reduced engine efficiency, is a sign that the engine will require an overhaul.	Comment by Neil McMahon: Call-out
Generators
Every engine in the powerhouse is connected to a generator through the crankshaft. In order to produce electricity, the generator must have a battery to power the exciter. As the exciter spins within the generator, power should be produced at the generator’s design voltage. 
Power is produced as either single-phase or three-phase. A utility’s generators produce alternating current (AC) power. Different from the direct current (DC) supplied by something like a battery, AC means that the current changes direction in regular intervals, its frequency. American electrical systems are all based around AC power delivered at 60 Hertz (Hz), or 60 cycles per second. 
Since the direction changes in AC power it has a wave-like quality, a generator is able to produce multiple phases of AC at the same time. Since multi-phase power is more efficient to produce and distribute, single-phase power is rare in Alaska’s communities. Each of the phases of three-phase power will be delivered from the generator, through the switchgear and the distribution system to customers on a distinct conductor.
Switchgear and controls
The switchgear provides control and monitoring of all power generation functions. Depending on the age and complexity of the switchgear, the powerhouse will be more or less automated. Switchgear can be fully manual units, where the operator will be responsible for selecting, starting, and synchronizing gensets, to fully automated, where no input is required from the operator in normal operation. In general, fully automated switchgear is more efficient, but requires greater technical know-how to troubleshoot and maintain.
Advanced switchgear containing a programmable logic controller (PLC) are capable of operating any combination of generator sets in parallel, monitoring the load on the system and selecting the appropriate and efficient generator to operate. This operation is referred to as the Demand Control. As the load increases the PLC brings a larger generator on line and takes the smaller unit off. As the load decreases and/or additional generation sources are brought online (such as wind turbines or solar panels) the PLC brings a smaller generator on line and takes the larger unit off. The system automatically parallels multiple generators to the bus for a smooth and seamless transition of power from one unit to the next. Any combination of generators can be operating in parallel to meet an extreme high peak demand. The system will automatically share load between the generators.  
In fully automated switchgear, each engine is controlled by a genset controller (commonly referred to brand names such GCP or EZGN), starting an engine and synchronizing the generator when requested by the switchgear’s PLC. The genset controller also monitors the engine functions such as temperature and oil level, automatically shutting down a unit in the event of a problem. 
The bus meter, also known as the main meter or totalizing meter, tracks the kilowatt-hours of electricity generated by the diesel gensets. Calculations based on this meter is the value reported as “Diesel kWh Generated” to AEA monthly and to the RCA annually for PCE reimbursement. In addition to the bus meter, additional data is available through the switchgear, including the running kW load, the voltage and amperage for each phase. Depending on the type and age of switchgear, the data will either be found on mechanical dials or through the operator information unit (OIU) or human machine interface (HMI), a computer interface that can be set up to provide a vast array of operational parameters.
Other meters may be available based on the community’s infrastructure. If there are wind turbines or solar panels, there will likely be meters similar to the totalizing meter. 
Supervisory control and data acquisition (commonly referred to as SCADA) offers another way to access the data available through the switchgear. If SCADA is set up properly, it can be used by external consultants and AEA to help troubleshoot generation issues, saving time and money to travel to the community. 
Station service
All AC power for the plant is provided from the main bus and recorded in the station service meter; the calculation from this meter must be reported to AEA monthly and the RCA annually. The station service electrical system provides power for operation of everything at the plant including interior and exterior lights, receptacles, battery chargers, fans, and pumps. Since all power consumed as station service must be produced by the powerhouse, the utility should aim to make the powerhouse run as efficiently as possible. Using high efficiency LED lights, using variable-frequency drives on pumps (VFDs), turning off unnecessary lights and appliances when not in use, and other behavior or technology changes could save the utility money by reducing the fuel consumption. 
Life, health, and safety
Although the powerhouse will not be occupied at all times, it is important that it is a safe place to work and that any risks to the utility’s assets are minimized. Aside from the routine maintenance mentioned above, this primarily relates to fire safety. One obvious task is to make sure that the powerhouse is clean and all ignition sources and flammables (oil, oil soaked rags, fuel, etc.) are properly contained and separated. All exits should be clear and clearly marked, and emergency lighting should be operational.
Buildings may have a number of systems to detect or suppress fires. The manager must know what systems exist, how and how frequently they are checked, and evaluate if additional systems should be installed. The premiums that the utility pays for insurance may be effected by the fire safety equipment in the powerhouse. This should be a task on the utility’s routine inspection checklist.
Step-up transformer
After the power leaves the powerhouse, it goes to the step-up transformer, which raises the voltage to the distribution voltage. The voltage is increased because it is more efficient to distribute power at high voltages, and because some materials, such as conductors, can be smaller and less expensive at higher voltages. 
One important thing to note about the step-up transformer is that it will have a limit for the amount of power (in kilowatts or megawatts) that it can deliver to the grid. If the power transmitted through the step-up transformer goes above its rated capacity for too long, it can be damaged or potentially destroyed.  For instance, if a powerhouse has three gensets with a total capacity of 350 kW, but the step-up transformer is only rated to 150 kW, the utility needs to be careful not to overload the step-up transformer with too much power. If the community’s peak load is near to or is greater than the rated capacity of the step-up transformer, it would be recommended to upgrade the transformer.
Distribution
The distribution system delivers power to customer on distribution lines, which can be either aboveground or belowground. Before power is delivered to customers’ meters, the distribution voltage is decreased by a step-down transformer. Most customers will only receive single-phase power, although some larger commercial and industrial customers will receive three-phase power. In order to maximize the generation and distribution efficiency and limit any potential damage to equipment, customers should be spread across each of the phases to balance the load on each phase; otherwise, there will be a phase imbalance. The voltage and amperage on each phase should be regularly assessed to see if the system needs to be rebalanced.
It is critical that all components of the distribution system are in safe condition and reliable. For instance, the manager should be certain that distribution lines are out of the reach of people, high voltage boxes are locked, and other safety measures are in place to protect curious children and adults. 
In addition to safety concerns, the distribution system can be a source of service disruptions and reduced efficiency. For instance, making sure that lines are stable and not overgrown by trees can decrease the risk of downed power lines, unexpected grounding, or other risks to the utility’s assets. Physical losses of energy in the distribution system—caused by ground faults, improperly sized or failed transformers, arcing, etc.—waste fuel and can also be safety concerns. 
Customer Meters
The utility ends at the customer meter, which measures the kilowatt-hours consumed by the customer. It is at the meter that the utility will be able to recover the costs of the generating and distributing power to customers, but only if the meters are accurate and are read accurately. 
Meters can go bad. If the sales to a customer do not seem to be reasonable, it is possible to test the accuracy of a meter. The first thing to check is that some meters have a multiplier that needs to be applied to the reading. A CT (current transformer) meter is a type of meter installed on high load customers that may require that the reading be multiplied by a factor to get the actual consumption. As these multipliers can be different for each CT and/or building, please refer to the meter manufacturer for how to calculate the multiplier. 
Meters are also inexpensive, so it may be cheaper and easier to replace a suspect meter than to check to see if it is faulty. 
[bookmark: _Toc532385759]Utility manager responsibilities to ensure safe and reliable power 
The manager is ultimately responsible for the operational and financial sustainability of the utility. Only by bridging the utility’s finances and operations, making informed decisions about appropriate expenses and investments, can the manager steer the utility towards long-term success.
While the utility manager will not be solely responsible for running all aspects of the utility, the manager must provide the support necessary for employees to be successful in delivering safe and reliable power at a reasonable cost to customer. This means that the utility must: 
1. have sufficient staff to cover the workload, 
2. provide personnel with explicit roles and responsibilities, 
3. provide opportunities for personnel to have adequate training to be successful, and
4. provide a safe working environment.
In order to make informed decisions on how to improve utility operations and infrastructure, the manager needs access to current, high quality, and meaningful information about the utility. By ensuring that inspections and regular maintenance is performed routinely, the manager can make better assessments about the utility’s needs, what non-routine work should be performed, and if the work can be done in-house or should be contracted out.
Staffing, training, and safety
Staffing and personnel management
A utility needs access to qualified personnel to complete utility tasks safely and competently. Having qualified personnel begins with hiring enough people with the needed skills and time to cover the utility’s workload, and if a perfect candidate cannot be found, the utility must be willing to find and provide training for staff. Since the utility is already operational, the manager will not be starting from scratch. Working through this guidebook will provide a reason to evaluate what skills are needed in-house, and what can be contracted out. 
It is suggested that the utility have at least one person, with preferably a backup or itinerant position to provide support that can and will accurately perform all of the inspections and routine maintenance covered in this chapter. 
Especially if there are multiple staff at the utility, everyone should know their responsibilities. All personnel should have a job description with the roles and responsibilities clearly explained.  Monthly and weekly schedules will help all employees to know what they should be working on within that period, particularly if jobs are shared. All inspections and routine maintenance should be planned ahead of time to ensure that the necessary materials and supplies are available. Even if all inspections and routine maintenance is done properly and timely, a certain amount of flexibility is needed to be able to take care of events that cannot be controlled by the utility, such as storms or floods. 
The manager will need to check in with employees about their work on a regular basis to see if additional support or correctional action is needed. All aspects of utility jobs require some oversight from the manager to ensure that tasks are completed properly. There should be no unnecessary tasks at a utility.
Many books, courses, and websites can provide advice on getting the most out of the utility personnel.  While effectively managing employees so that they can perform at their best and stay at the utility requires an understanding of what motivates each employee, some general suggestions can be used as a starting point. 
1. An employee should have their work recognized for the value it brings for the utility and the community that they live in. Even low cost forms of recognition, such as hats and jackets, can instill a sense of pride of a job well done. 
2. The utility should help the employee be successful by providing training in the skills necessary to perform their job. The employee should not have disincentives for attending training—such as losing pay for attending training.
3. An employee should understand the expectations of the position and receive timely and constructive feedback on their job performance. 
4. If the employee performs well or receives additional training, they should be eligible for incentive pay (bonuses) or raises as their skills improve. An employee’s pay should not decrease as they become more efficient and effective at their job. At a minimum, employee’s compensation should keep up with inflation.
5. Manager’s should listen to and act on employees’ suggestions, if they are in the utility’s best interest. 
6. If an employee is not performing adequately and positive motivation tools are not effective, the manager can impose negative consequences, including firing the employee and hiring a new person. 
Training resources
As indicated above, a utility must have skilled employees with training appropriate for the utility’s infrastructure in order to be sustainable. Unless a utility already has or is able to find experienced and skilled personnel, the utility must budget the time and money to improve the employees’ skills. As seen in Chapter 3, all training expenses can be recovered through rates and are reimbursable by the PCE program. Training can come from a number of sources.
On-the-job training (OJT): If the utility already has experienced or retired staff, the most effective training is on the utility’s own equipment. If a utility is able to plan for personnel changes, OJT can be implemented effectively as part of job sharing or as experienced staff starts to transition out of the utility. 
All new employees need to be trained on utility policies, so that everyone understands the uniform procedures that must be followed. Existing employees should be trained if policies are changed or are not being followed. It is also advised that all employees have some cross training so that each part of the utility understands what the other parts do and how each correlates with the other. For example, the utility operator should understand why it is important that accurate meter readings are provided to the utility clerk and how the clerk or manager uses that information to report to the PCE program. No matter the role, all utility jobs help to maintain the operational and financial viability of the utility.
AVTEC: The Alaska Vocational Technical Center (AVTEC) in Seward provides training for power plant operators in collaboration with the Alaska Energy Authority. In most years, AVTEC offers a Power Plant Operator (PPO) course and an Advanced Power Plant Operator (APPO) course. The PPO course is eight weeks and provides a nationally recognized certificate upon successful completion. The APPO course is three weeks. Dependent on funding, the tuition and room and board for the PPO and APPO courses are usually covered by AEA. Please contact AEA at (907) 771-3000 for more information about the training programs.
Circuit Rider: For complex repairs that are beyond the expertise of the local operators, the Alaska Energy Authority (AEA) offers technical support through its Circuit Rider Program. The extent and type of support is dependent on the utility’s needs and funding availability. Circuit Riders can provide remote support by the phone for troubleshooting issues, on-site training for personnel on the utility’s infrastructure, and/or on-site support for minor maintenance. AEA’s Circuit Rider program can be contacted at 1-888-300-8534.
Electronic materials: AVTEC and the AEA have prepared a Supplemental Training Resource Guide. This guide contains training materials in a video format on two CD-ROM’s. It is useful for both introductory training and as a refresher course. There is also a similar CD-ROM video resource available for bulk fuel systems.  Copies of the CD-ROM’s can be obtained from AVTEC or AEA. The videos, over 70 in total, are also available through AEA’s YouTube channel.[footnoteRef:3]   [3:  https://www.youtube.com/channel/UCVrd6OX8Wg4e8yHwhXd-SyQ/videos] 

In all cases, personnel should know the limits of their training and knowledge. Especially if there is a safety concern, if an employee is not qualified to perform certain tasks, the manager should get outside assistance. This could include remote or on-site support from the Circuit Rider program, hiring a contractor, or contacting a nearby utility to get advice. 
Safety
The utility is legally and morally responsible for protecting the public and employees from potential harm from the utility’s infrastructure and operations. The utility has four primary responsibilities that will protect workers, the community, and itself from potential harm.
1. Safe design and installation: The utility must certain that any new major redesigns or new infrastructure is designed and installed in a manner consistent with state and federal regulations and national codes and best practices. The State of Alaska Division of Fire and Life Safety (Fire Marshall) is responsible for ensuring that the powerhouse, fuel storage tanks, and/or other buildings comply with applicable fire and life/safety rules.[footnoteRef:4] [4:  https://dps.alaska.gov/Fire/PRB/Home ] 

Unless they provided funding for the infrastructure’s design and construction, no state or federal agency has the authority to enforce other safety standards for utilities. Per state law (Sec. 18.60.580), it is expected that a utility will follow the National Electricity Safety Code[footnoteRef:5] and the National Electrical Code. Appropriate signage and labels should be included for any potentially dangerous components. [5:  http://standards.ieee.org/about/nesc/index.html] 

2. Safe operations: Like all other business, utilities are legally responsible to provide workers with a safe working environment. It is common sense that people should not be put at unnecessary risk of being hurt while performing their job. Utilities work with a number of potentially dangerous substances: Electricity, diesel fuel, and cleaning products can all be dangerous. Many utility workers must perform work around moving machinery, be in enclosed spaces, handle hazardous substances, and other potentially hazardous situations.
The first step for safe operations is to make sure that utility personnel are adequately trained (see the previous section). Personnel should recognize the limits of their knowledge and training, and receive assistance if they are unsure that they are doing something safely. AEA’s Circuit Rider program and private contractors are available to provide assistance for training and assistance in the safe operation of the infrastructure. 
The utility manager should work with employees to make sure that everyone understands the importance of workplace safety. The Alaska Department of Labor and Workforce Development has resources, including the checklist provided in the back of The Manager’s Handbook, A Reference for Developing a Basic Occupational Safety and Health Program for Small Businesses, that can assist the manager in developing a safe work environment.[footnoteRef:6] The Alaska Division of Occupational Safety and Health is also available if the manager needs additional help.[footnoteRef:7] [6:  http://labor.alaska.gov/lss/forms/mgrhandbook.pdf]  [7:  http://labor.state.ak.us/lss/oshhome.htm] 

All utility personnel should know and understand the utility’s safety rules; the utility manager must enforce the rules, either through incentives for complying with the rules or penalties for not following the rules. The manager should also track all safety incidents, both for employees and for the public, to make sure that utility safety policies are effective.
3. Inspect and maintain infrastructure: The rest of this chapter will provide a number of checklists and methods that will help safeguard the utility. By performing regular inspections and routine maintenance, the utility should be able to avoid most potential safety issues. Particularly if the utility manager institutes a system that prioritizes routine and non-routine maintenance for life/health/safety issues, the utility will be able protect workers and the public effectively. 
Additional safety checklists are available in the Alaska Department of Labor’s OSH Manager’s Handbook.[footnoteRef:8] [8:  http://labor.state.ak.us/lss/forms/mgrhandbook.pdf] 

4. Insurance: Even if a utility and utility manager does all of the above to create a safe environment for workers and the public, unforeseen things can happen. In order to protect itself financially, the utility should carry insurance to cover potential damage to its facilities and liability if someone were to be injured or lose property from utility activities. Please see Chapter 3 for additional information about insurance.
Chapter 9: Operations Management
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[bookmark: _Toc532385760]Chapter 10: Operations Management—Inspections 
[bookmark: _Toc532385761]Introduction
Trained personnel. Hours per day. 
[bookmark: _Toc532385762]Checklist
· Collect info from inspections
· Report 
· External: UMR, RCA
· internal: Operator  Manager
· Analyze inspection data
[bookmark: _Toc532385763]Inspections 
While it is unlikely that the utility manager will be responsible for carrying out daily or monthly inspections, the manager will be responsible for ensuring that any issues identified in the inspection is adequately addressed. The most important thing that the manager can do to maintain and improve the performance of the utility is to make sure that the inspections are done properly and on a regular basis. In particular, the daily inspections will provide most of the important information that the utility manager can use to make decisions for the utility. In order to be able to make informed decisions, the manager will need to understand the purpose of each inspection. 
To be particularly effective, the manager needs to have a system so that issues that are found in the inspection are dealt with properly. The operator can easily fix some issues, but others will require the approval of the manager. It is only by setting up an efficient system of recognizing, cataloguing, and prioritizing issues identified through the inspection process can the utility provide safe, reliable, and reasonably priced power to customers. The inspection process should be closely integrated with a work order system. 
The following sections will walk through the recommended inspections for a utility’s generation and distribution infrastructure. The inspection forms included in the appendix are modified versions of inspection forms provided by AEA in the past and are divided into inspections that should be done daily, monthly, or on half-yearly schedules. 
Additional information is included in this chapter and in Chapter 7 to provide guidance on how the manager can interpret the information gathered in the inspection. 
Daily inspections - general plant, switchgear and generators	Comment by Neil McMahon: SCADA and internet in here?

I would frame it as Internet, cameras and SCADA together. 

This SCADA and camera is a tool for the utility manager and operators to monitor the condition of the powerhouse and control certain functions, both locally and remotely from the office or when the plant is not manned.  

Internet connectivity can significantly reduce contracted labor cost for travel, especially in diagnosis and in making changes in the multiple embedded controllers used in the powerhouse. 


The daily inspections are crucial to the long-term operations and success of the utility. The inspections should be performed by adequately trained personnel, and the manager should be informed immediately if anything is identified that needs to be fixed or improved. 
A Power Plant Daily Inspection Log is available as Appendix A. The generic form can and should be customized for the utility. The utility’s name should be added to the header, and if the utility has a log, it should be added to the top left box of each page. There may be columns that are included on the inspection form that might not be needed for the utility, and they can be removed or blacked out on the form. 
The inspection log includes the fields that engine manufacturers suggest tracking to plan maintenance and repair, and the logs have been compiled to assist utilities in tracking how well the infrastructure is working. If the utility uses another system that has been effective, then it should continue to use it.
The data that is needed for reporting to the PCE program have a light grey shading so that it will be easier for the utility clerk to find the required information on the form. 
Before performing the inspections, the operator must know what range of values are appropriate for each item—this includes normal ranges for temperature, frequency, pressures, voltages, and amps. Values that are outside of the normal range should be highlighted on the inspection log and will likely require some type of intervention. Depending on the utility’s policies, the operator will likely fix, recalibrate, service, or diagnose what is causing a reading outside of the normal range. It is expected that inspections will be performed three times per day.
Of particular importance to the utility manager, the operator should note on the inspection sheet anything that was fixed or serviced during the inspection. If supplies or materials were used during the inspection or repair, they should be included on the inspection sheet. If a problem still exists, or if the fix is likely temporary, the operator should notify the manager and submit a work order to provide a permanent fix, repair, or replacement. These will provide valuable information for the manager to understand the current status of the utility’s infrastructure and plan for the supplies and infrastructure that might be useful in the future. 
1. Temperatures: Inside temperature: The normal range should be between 60 and 75 Fahrenheit. If it is outside of the range, it could indicate an issue with the exhaust fans or engine cooling system. Outside temperature is included because it can be a key diagnostic value.
2. Plant & site secure: To protect the utility and the public, all gates, doors, and windows should be secure. This can include normal wear and tear as well as vandalism.

 
Figure 9: Power Plant Daily Inspection Log (Page 1) (See Appendix A)
3. Plant is sealed from the weather: Any leaks in the roof, broken windows, and holes in the floor or walls should be identified. While minor issues should be dealt with immediately, some damage may require a work order.
4. Exhaust color: A change in the color to black or blue could indicate an engine problem.
5. Intermediate tank secure: The utility has an obligation and financial interest to make sure that its supply is secure. This means that the fuel is protected from theft and there are no fuel spills. Spilled diesel can harm fish and wildlife, resources a community relies on throughout the year. Although it may not seem that a fuel leak or drip may be a big deal, small consistent leaks can turn into a lot of lost product and it is a very expensive project to clean up contaminated soil and/or water. 
Table 5: Fuel Loss by Drips and Drops
	Rate
	Gallons lost per Year
	Contaminated Soil (tons)

	1 drop/10 second
	                   40 
	150 tons

	1 drop/5 second
	                   80 
	300 tons

	1 drop/second
	   410 
	1,500 tons

	3 drops/second
	    1,200 
	4,500 tons

	Stream-breaks into drips
	    8,600 
	32,000 tons




Detecting a fuel spill may be very easy—there may be visible product on the ground or sounds of spraying fuel. Other indications may include a sheen of fuel on water or smell of fuel in the air. Dead vegetation around a facility or fuel line, or dead/oiled animals is the sign of a large or ongoing issue. If there are clear indications of deaths of animals, the public should be informed and the community’s water should be checked. In some cases, the loss might not be easily detected. Because of this, it is particularly important that the utility has an accurate fuel inventory. If the inventory does not reconcile, it is a possible sign that there is a fuel spill or fuel has been stolen (Please see Table 7 at the end of this chapter). 
If a leak or spill is detected, it must be reported to the nearest Alaska Department of Environmental Conservation office (during normal work hours) or call 1-800-478-9300 after normal working hours. If the utility is not the tank owner, contact the tank owner or manager. 
Additional information about the safe operation of bulk fuel facilities can be in AEA’s Rural Bulk Fuel Facilities Operator Handbook[footnoteRef:9] and the Alaska Department of Environmental Conservation Aboveground Storage Tank Operator Handbook.[footnoteRef:10] [9:  http://www.akenergyauthority.org/Portals/0/Publications/Resources/AEARuralBlkFuelFacOpHndbook2018.pdf?ver=2018-04-06-095604-733]  [10:  http://www.akenergyauthority.org/Portals/0/Publications/Resources/AdecAstOperatorHandbook2016.pdf?ver=2018-04-06-095604-643] 

6. Intermediate tank level (gallons): Unless there is a meter on the intermediate tank, the operator will likely need to dip the tank. Since running of fuel can damage equipment and cause service disruption, make sure that the tank if refilled before falls below 20% of its capacity. 
7. Gallons of fuel received in intermediate tank: On the days that the intermediate tank is filled, the number of gallons received should be recorded. All other times it should be recorded as zero.
8. The operator should check the day tank. The Day Tank [is] Normal  when the fuel level is between ½ and full, the filter bowl is checked and clean, there are no leaks in the piping inside or outside of the powerhouse. 
9. Record the Day Tank Meter Reading (gallons). If the utility does not have a fuel meter for the day tank, it should invest in one. It would be very difficult to effectively monitor the utility’s operations without having an accurate reading for the amount of fuel consumed by the powerhouse, and it is required for participation in the PCE program.[footnoteRef:11] Even if the powerhouse has the day tank meter connected to the SCADA system, the operator should still read it from the meter so that any potential leaks can be spotted. [11:  3 AAC 107.200(a)(2)] 

10. If the powerhouse has a used oil blender, the operator should determine if the operation is Oil Blender Status. The oil level in the hopper should be checked visually, and all the filters, pumps, and piping should be checked for leaks.
11. Check radiator status: The radiator should be free of debris and not be leaking.


Figure 10: Power Plant Daily Inspection Log (Page 2) (See Appendix A)
12. Check the Cooling system status. The coolant temperature and coolant pressure should be within the expected ranges, and there should be sufficient but not too much glycol in the expansion tank based on the system specifications. The radiators and all piping should be inspected for leaks. 
13. Cooling system temperature—Supply and Return: The temperature for both the supply and return should be recorded in case there is a fault with the cooling system. There should be an approximately 20 degree Fahrenheit difference between the supply and return temperatures.
If the power plant has a heat recovery system, record the information for #14-17.
14. Check the Heat recovery system status. The glycol pressure should be within the expected ranges, and there should be sufficient but not too much glycol in the expansion tank based on the system specifications. The radiators and all piping should be inspected for leaks. It should be noted that belowground systems might have water instead of glycol.
15. Heat recovery temperature—Supply and Return: The temperature of the supply and return should be recorded both to ensure that the system is operating adequately and that the meter reading is accurate. There should be an approximately 20 degree Fahrenheit difference between the supply and return temperatures. 
16. Heat recovery flow (gpm): If there is a flow meter on the heat recovery system, record the current rate of flow in gallons per minute (gpm). If the heat recovery system should be operational, but the flow is lower than expected, the system should be checked. 
17. The Heat recovery meter reading (Btu) must be done regularly so that the utility can receive the revenue from the heat sales. Depending on the type of meter, the amount of heat delivered in Btu can be read off the meter. Otherwise, a calculation might be needed that includes the total amount of fluid flow and the temperature differential between the inlet and outlet of the heat recovery system. The meters should include instructions on how to interpret the values.
18. Some general systems for the powerhouse are the last things that should be inspected. Verify that all Room Lights [are] working, the Ceiling & exhaust fans [are] working, and that the Red pilot light switches [are] on. Depending on the fire detection and suppression system, the Fire suppression status should be normal and all Fire extinguishers are in place and charged. 


Figure 11: Power Plant Daily Inspection Log (Page 3) (See Appendix A)
19. Unless the utility has fully manual switchgear, the switchgear performs a number of necessary functions for selecting and integrating generators, and metering the powerhouse. The operator should leave the Switchgear in auto mode. Any switchgear alarms or faults must be addressed as quickly as possible to ensure proper operation of the utility. 
20. The switchgear also displays most of the key data for the utility’s operation. Depending on the age and type of switchgear, the data might be displayed using with analog dials or through a computer screen. The Total Diesel kWh generated will be found on what might be labeled the main bus meter, bus meter, or totalizing meter. Station service kWh should be found near to the totalizing meter, and includes all the power consumed in the powerhouse. By performing a calculation on both the Total Diesel kWh Generated and Station service kWh, (subtracting the reading at the end of the reporting period from the reading at the end of the previous reporting period) this data should be used to report to AEA for PCE. Even if both of these meters, the bus meter and station service meter, are available through the utility’s SCADA system, the operator should read the values from the meter so that other potential issues in the powerhouse might be spotted during the walk through. 
21. The Running kW load is included as a way to check to make sure the correct engine is running. As mentioned earlier, some switchgear will include logic for which generator is operating based on the running load. The switchgear should be set up to run the most efficient unit at any time; this should be checked daily to make sure that the correct engine is being selected.
22. The Peak kW will give the maximum power generated by the powerhouse. This can be reset every month to ease in reporting to PCE, as it is useful to know how to size any future generation capacity. The operator will likely need to do a calculation to determine the Generation efficiency (kWh/gal). The calculation will find the kWhs generated since the last reading and then divide by the diesel consumed [subtract the current Day Tank Meter Reading from the previous reading]. 
23. The Frequency (Hz) should be between 59.5 and 60.5 Hertz. If it is on the low end of the range, or below 59.5 Hz, it is an indication that the engine is not able to meet the community’s load. If it is above 60.5 Hz, it is an indication that there might be issues with the governor, frequency control, or that the engine is not properly responding to the community’s load. High frequencies can also be caused by external generation (such as wind or solar PV) putting more power to the grid than can be consumed at the time. If this is the case, a secondary load or dump load may be needed to provide frequency response to the system.
24. The voltage and amperage needs to be recorded for each phase (Line A-B, Line B-C, Line A-C Voltage and Line 1-3 Amps). In the best-case scenario, the voltage and amperage should be equal across each line. At a minimum they should be within 5% from the lowest to highest number. The baseline voltage will depend on the generator make and model. 
25. Power factor is the ratio of real electrical power flowing to the system to the apparent power generated, it is determined by dividing the kW by kVA. A power of factor of 1 is the ideal condition, where all power generated is consumed. A power factor below 1 means that the load draws more current than needed. The cause is that the voltage and current waves are not in phase. In most rural Alaska communities, the power factor should be between 0.8 and 0.9. If the power factor is out of this range, an expert should be brought in to analyze the system. 


Figure 12: Power Plant Daily Inspection Log (Page 4) (See Appendix A)
26. Number of gensets available should equal the number of gensets in the powerhouse. If there are offline gensets, the problems should be resolved as quickly as possible using the Work Order system introduced at the end of this chapter.
27. The Operating Generator Number will be used for all operational engine information. 
28. The Total engine hours on operating engine is used to plan for future routine maintenance and Repair and Replacement activities (see page 73). 
29. The Crank vent outlet venting properly is a yes/no response. If it is not venting properly, it should be fixed.
30. Engine water temperature should be between 170-180F. If there are Engine coolant leaks to fix they should be submitted through the Work Order system if it cannot be fixed easily. Common places are around the water pump, hoses, and connections. 
31. Engine oil pressure and Engine oil level, should all be within the expected ranges. The engine should be checked for Oil leaks to fix. Common sites of oil leaks are around seals and gaskets, especially the oil filter, valve cover, and turbocharger.
32. Engine oil added (quarts) is included because it is expected that a diesel engine will consume oil between oil changes, even if there are no leaks. One of the signs that the engine needs to be overhauled is that the rate of oil consumption increases. If there are leaks in the engine, they should be fixed. 
33. Exhaust temperature range will be found on the engine technical specifications sheet. Excessively high or low temperatures indicate issues with the engine.
34. The Crank engine battery voltage should be within acceptable range based on the batteries installed in the powerhouse. Since the battery is responsible for starting the engine, it is important that the battery is operational.
35. The operator should always look for Oil leaks or Coolant leaks. All leaks should be dealt with immediately or submitted as a Work Order. The oil level should be checked daily. The operator must record the volume of Oil added (quarts) every time. The rate of oil consumption is an important indicator of engine wear and the need for an engine overhaul. The engines should be kept clean enough to be able to easily detect new leaks.
36. The Offline engine status should be recorded, although fewer pieces of information will be collected. The operator should verify that the block is warm, the battery charger is on, and there are no filter alarms. As with the operational engine, oil and coolant leaks should be addressed, and any oil added should be noted.
37. If the utility has wind, hydro, or solar generation, there are additional data that will be included on separate daily inspection logs, some of which will be very similar as for the diesel powerhouse. 


Figure 13: Power Plant Daily Inspection Log: Wind Power (See Appendix A)
WIND: Depending on the age and type of switchgear, the data might be displayed using with analog dials or through a computer screen. The Wind Total kWh generated will be found on what might be labeled the meter for the wind farm. By performing a calculation on the Wind Total kWh Generated, (subtracting the reading at the end of the reporting period from the reading at the end of the previous reporting period) this data should be used to report to AEA for PCE.
The performance of the turbines over the reporting period can be estimated by the Average running kW and Average wind speed for the reporting period. The output (in kW) from the wind farm should be close to what is expected at the wind speed. 
The availability of turbines can be found by counting the Number of Turbines online and the Number of offline turbines. The amount of curtailment will be recorded under Number of Turbines curtailed. If turbines are not offline or curtailed because of actions the utility took (such as maintenance), the reasons must be investigated. The Alarms and Error Codes should be recorded, and a plan for fixing the turbine developed as a Work Order. 
If the wind farm has a secondary load, load bank, or electric boiler to deal with excess production, the Electric Boiler Total kWh and Electric Boiler Running kW should be recorded to make sure that it is running properly. 
Monthly inspections
Powerhouse & Fuel Supply
A thorough inspection of basic systems in the plant needs to be performed at least one time per month. This is in addition to the daily inspections. 


Figure 14: Powerplant & Fuel Supply Monthly Inspection Log (see Appendix D)
Check the annunciator lights on the switchgear (Switchgear Lamp Test). Replace any lamps that do not work. The function of the day tank control panel should be tested by Day Tank Press to Test. The Battery Fluid Levels should be inspected and distilled water used to bring the fluid up to the proper level. All Fluorescent Lights and Emergency Lights should be checked, and replaced if needed. Replacing area lights with high efficiency LEDs or fluorescent lights will reduce station service. The Thermostats should be checked to ensure that the heating and ventilation equipment is work properly. 
The intermediate and day tank should be checked for water contamination at least on a monthly schedule, or when it is suspected that water has gotten into the fuel system. A sounding tape with water finding paste should be used to detect water in the tanks. If water is detected, proper procedures for removing the water safely and disposing of the fluids should be followed.
Distribution system	Comment by Neil McMahon: Also sparks. Coronas (look at night)
Since the distribution system is a major source of energy loss, reliability issues, and potential safety issues, the utility should consistently inspect the system and perform identified maintenance. Every kWh that is not delivered to a customer creates a cost that is not covered by revenue, and the unaccounted for power could create an unsafe situation for workers or the public. The distribution system inspection will be ongoing. All overhead lines should be inspected on a three-year interval[footnoteRef:12], and the utility should inspect poles at least every 8-10 years for decay and structural strength.  [12:  Additional information about inspecting poles can be found from the USDA Rural Utility Service at: “Electric Systems Operation and Maintenance, Bulletin 1730-1” https://www.rd.usda.gov/files/UEP_Bulletin_1730-1.pdf ] 

The Distribution Inspection Form provides a way for the utility to keep track of inspections on the distribution system. The operator or other personnel performing the inspection should have sufficient training to know what the distribution components should look like. The components are rated as Good, Maintenance Required, or Priority Maintenance Required. The sum for all of the components that need to be replaced or repaired are included on the far right. 
[image: ]
Figure 15: Distribution System Inspection Form (See Appendix B)
The form divides the distribution system into Overhead, Underground, and Equipment. The Overhead columns include components (such as poles[footnoteRef:13], cross-arms, insulation, conductor, guys & anchors, and grounding) that could wear out. If there are potential hazards for the lines, particularly trees near lines that could be affected by snow, freezing rain, wind, or rain, these need to be identified and dealt with appropriately.[footnoteRef:14]  [13:  Additional information about inspecting poles can be found from the USDA Rural Utility Service at: “Wood Pole Inspection and Maintenance” https://www.rd.usda.gov/files/UEP_Bulletin_1730B-121.pdf ]  [14:  Additional information about inspecting poles can be found from the USDA Rural Utility Service at: “Checking sag in a conductor using the return wave method” https://www.rd.usda.gov/files/UEP_Bulletin_1726C-115.pdf ] 

The Underground section includes components (such as pad condition, conductor condition, and grounding), as well as safety considerations such as signage and locks. The equipment section includes transformers, cutouts, arresters, devices, brackets, and conduit that can affect the efficiency and safety of the distribution system. 
The first time that the distribution system is inspected, the poles should be numbered and mapped so that it is easier to identify which areas need to be fixed. As with the maintenance identified from the other inspections, the distribution system repairs should be included in the Work Order system so that they can be evaluated against the other needs of the utility.
Twice yearly inspections
Every six months several other things in the powerhouse need to be inspected. Intake air filters need to be checked every spring and fall and more often during seasons with high levels of dust or insects so that the powerhouse gets sufficient airflow for both engine combustion and cooling.  Piping air vents are installed in the coolant and heat recovery piping and need to bled periodically. Test [the] glycol—engine cooling and heat recovery system for appropriate concentration and corrosion protection. 
Annual Inspection and Maintenance:
In addition to the daily, monthly and half-yearly maintenance routines there are three additional procedures that need to be performed once each year. 
1. The fire suppression system needs to be tested and re-certified each year. This must be performed by a qualified technician with proper certifications.  Typically a technician will be brought into a community each fall to certify the school fire alarm and/or fire protection system.  The most cost effective way to re-certify the power plant fire suppression system would be to combine it with the school and use the same technician.
2. The high voltage (bottom) section of the switchgear should be inspected each year.  This will require a planned outage to take the plant completely off line. Utility customers should be notified ahead of the planned outage. Make sure to record the planned outage on the outage log (introduced in Chapter 7).
3. The heat recovery piping is equipped with strainers.  These are primarily used to remove debris from the piping during system startup but should be checked and cleaned annually.  
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Generation efficiency
Generation Redundancy
On a daily basis, as recorded on the daily inspection log, the manager should make sure that the utility has at least two sources of generation that can provide the community power. Having generation redundancy will make sure that the community will not have an emergency if one generation source becomes inoperable, either due to scheduled maintenance or from some other issue. 
At the end of each reporting period, the manager should record whether there is or is not sufficient generation redundancy. 

1. Inspection Consistency: The next metric is to track how many of the daily inspections were fully completed. This will be useful both for understanding the effect on the infrastructure, but also as a way to provide feedback for the operator. The daily inspection should be fully completed every day. The utility manager should be reading through and analyzing the daily inspection log, and as part of this should keep a record of the completeness of the log. 
At the end of the reporting period, the manager can put together a simple percentage of fully completed inspections. So if there were 25 fully completed inspections in a 31 day month, the percentage would be 25/31 = 80%. Anything less than 100% indicates that the manager needs to find a way to ensure that operator performs the daily inspection properly.

Phase imbalance
The utility has an obligation to provide customers power that will not damage their appliances and devices. For customers that receive 3-phase power, the phase imbalance must be low or it can cause overheating and shortened lives of attached motors at phase imbalance of greater than 4% . Additionally, phase imbalance can cause similar issues for the utility’s generators, causing overheating and early failure.
By using the Voltage Line 1-3 recording on the Daily Inspection Log, the manager can track the phase imbalance. To determine the phase imbalance, the first thing is to calculate the average voltage of each phase. If the voltage on line 1 is 460, the voltage on line 2 is 430 and the voltage on line 3 is 480, the average is 

The maximum phase imbalance is then found by dividing the voltage of each line by the average voltage. 
a. 
b. 
c. 
The imbalance is 6% (as the sign does not matter in this case). For the sake of its customers and the life of utility’s generators, the load across the community should be better balanced.
Affordability
Line loss
Because of PCE program rules followed by most rural Alaska utilities, line loss is calculated by the difference between kilowatt-hours generated and kWh sold. The line loss calculated for PCE is not technically line loss, it is a measure of the electricity generated that can be unaccounted for. In the PCE program, a  line loss standard of 12 percent applies to all electricity sold.

The metric is defined as all kilowatt-hours generated or purchased, from whatever source, minus kilowatt-hours sold, divided by all kilowatt-hours generated or purchased. For instance, if the utility generated 100,000 kWhs but only sold 85,000 kWh, the line loss can be calculated as

Based on this equation, it is difficult to know the cause of the loss, as it could be a physical loss of power, a metering issue, or recording issue. In any case, the line loss figure represents a financial issue for the utility, either as a loss of revenue or unnecessary fuel expense. 
If the calculated line loss is above 5%, an achievable value for rural Alaska, the manager should determine the source(s) of the losses. Each kWh that is generated but not sold represents either fuel that was consumed needlessly or a kWh that should be creating revenue. In either case, utility customers are paying more for power than is needed. High line losses, if they are caused by physical losses in the system, can represent a potential safety issue for the utility.
The USDA Rural Utility System has guidance on how to evaluate two ways of potentially decreasing physical line losses: (1) increasing the system voltage and (2) replacing the distribution transformers. Since increasing the system voltage can be beneficial to the utility, including by reducing line losses, but the costs can be high, the USDA Bulletin 1724D-105 “Rural Distribution System Voltage Conversion Considerations”[footnoteRef:15] provides practical and financial advice on how to decide if it is worth increasing the utility’s distribution voltage. Transformers are another common source of physical line losses, but it might not always make financial sense to replace transformers. The USDA’s Bulletin 1724D-107 “Guide for Economic Evaluation of Distribution Transformers”[footnoteRef:16] and the accompanying Excel spreadsheet[footnoteRef:17], can assist a utility in assessing the potential benefits of replacing transformers. [15:  https://www.rd.usda.gov/files/UEP_Bulletin_1724D-105.pdf]  [16:  https://www.rd.usda.gov/files/UEP_Bulletin_1724D-107.pdf]  [17:  https://www.rd.usda.gov/files/UEP_Bulletin_1724D-107_Transformer_Loss_Formula.xls ] 

Diesel efficiency
For many utilities, the efficiency of diesel generation is a key determiner of the cost of electricity in a community; reducing the number of gallons consumed to produce required electricity in the community will likely reduce customer costs. Efficiency is also a key indication that the engine needs to be overhauled. In either case, efficiency is a key performance metric for a utility to track. 

Additionally, the RCA has established minimum generation efficiency standards for participation in the PCE program. The standards require that a utility’s fuel expense be calculated as if the generation system produced at least the minimum number of kWh for each gallon of fuel. As indicated by the chart below, the standards are based on size, with larger utilities that sell more kilowatt-hours having higher standards than smaller utilities that sell fewer kilowatt-hours. As the table indicates, there are also different standards depending on the percentage of diesel generation in the system. 
Table 12: Efficiency standards (kWh/gallon) 
	
	<100,000
	100,000 to 499,999
	500,000 to 999,999
	1,000,000 to 9,999,999
	>10,000,000

	PCE minimum for >80% diesel

	9.5
	10.5
	11.5
	12.5
	13.5

	PCE minimum for <80% diesel

	8.5
	10
	11
	12
	13

	Achievable efficiencies
	12
	12.5
	13.5
	14.5
	15


The last row of Table 13 also includes generic achievable kwh/gallon efficiency. Based on the utilities reporting to the PCE program, AEA has found that the standards for the PCE program are below what is actual achievable. Utilities should aim for the providing power at the lowest cost possible, and a key step is to improve the generation efficiency. 
To fully understand the efficiency of the utility’s infrastructure, the utility needs to know the expected generation of the engines actually installed in the powerhouse. It is quite possible that two utilities may have the same generation efficiency, but one may be operating towards the top of the potential efficiency of its engines and the other operating towards the lower end of its efficiency. All engines will have a generation efficiency curve that is developed by the manufacturer, see Figure 9 for an example. It is expected that the efficiency of the engine will change based on the load; most engines get more efficient as they near their rated capacity. By comparing the actual efficiency of the engine to the expected efficiency from the manufacturer, the manager should be able to tell if the engine is operating properly and if a major overhaul or replacement might be needed. 

Figure 19: Example of engine efficiency curve
Station service
Unlike line loss or generation efficiency, there is no specific standard for station service. Because each powerhouse is different in configuration and output, there cannot be a one-size-fits-all approach. That does not mean that it is unimportant for the manager to track. Each kWh that is consumed by the powerhouse is a kWh that must be produced but that cannot be recouped through sales. This means that utility customers must still pay for the kWhs used to run the powerhouse. The manager should aim for reducing unnecessary power consumption in the powerhouse—installing energy efficient lights, fans, and motors, making sure that things are operating appropriately and when they are useful, and training staff to operate the powerhouse efficiently. 
The manager should track the station service kWh by reporting period. Especially if there are increases in consumption, the cause should be investigated. Increased consumption could be a sign that a fan, motor, or filter needs to be replaced.
Heat recovery
If the utility has a heat recovery system installed, the manager should monitor that it is performing properly. By using the heat recovery meter reading on the Daily Inspection Log, the manager can make sure that the system is working as expected. Ideally, the utility would have an engineer’s estimate of the amount of heat that should be delivered for every month of the year; the reading from the heat recovery meter can be compared to this estimate. 
If there is not an engineer’s estimate, the manager can do a quick estimate based on the number of gallons of fuel consumed during the reporting period. 
a. Convert the Btu from the heat recovery meter to an equivalent gallons of diesel by dividing the reading by 138,000. (There are approximately 138,000 Btu per gallon of diesel)
b. Divide the equivalent gallons of diesel found in (a) by the gallons of diesel consumed to produce power. Subtract this number from one.  While in the summer months this could be close to 0, in the coldest months, this value should be between 10% and 20%.


Renewable Energy Efficiency
Even though renewable energy projects do not consume diesel, it is important that they are operating as expected. At a minimum, two metrics should be tracked to be able to communicate and analyze the performance of the renewable energy system. 
The most straightforward assessment is the Performance Against Goal (PAG). This calculation is based on comparing the kWhs generated by the RE system to the kWh expected in the same period. Since wind, solar, and hydro resources are not always consistent or foreseeable, there can be difficulties in estimating the expected values over a short period of time. Even a monthly estimate can be unreliable, so the yearly performance goal should be used. 
 * 100%
The PAG should be close to 100%. If it is much less than 80%, then the manager should investigate. There are three further metrics that can be used:
1. Resource: The cause of a low PAG may be that the resource is less than expected. Due to factors outside of the utility’s control, the wind may not have been as strong as expected, or rainfall might have been less over the year. 
2. Availability: The wind turbine or hydro plant might have been out of service. The daily inspection logs will include data that will allow the manager to know if there is an availability issue. The SCADA system should also be set up to trend this data. Availability will be set as a percentage: 100% means that the generator is always available to produce power even if the resource is not cooperating, say the wind is not blowing. 
3. Power curve: The last metric that would be checked to do an initial troubleshooting is to check the output of the RE generator versus what is expected based on the resource intensity. Just like a diesel engine will have an efficiency curve, the wind, hydro, or solar generator will have an expected output based on the resource input. 

Chapter 10: Operations Management
Inspections

[bookmark: _Toc532385766]Chapter 11: Operations Management--Maintenance
Routine Maintenance 
Some inspections are conducted based on the hours of use. At regular intervals of engine hours, a part is replaced or maintenance is performed to ensure continued operations. Scheduled maintenance of the electric utility generators is based upon the number of hours the engines have operated and, generally, are scheduled at intervals of 300 hours, 900 hours or 1800 hours for the size of engines that are most likely to be found in most communities (<300 kW capacity). The maintenance and hours of each engine must be tracked.
What follows are common maintenance intervals and the types of expected maintenance. Always know and follow the manufacturer’s maintenance schedule. Keep in mind that if the utility has multiple engine types, the maintenance schedules may be different for each engine. The utility manager should keep track of the inventory needed to perform maintenance. 
Performing the routine maintenance as required by the manufacturer is the best way to ensure that the utility gets the best performance of its engines for the expected useful life. In the long run, skipping or extending the maintenance intervals will end up costing the utility more money through lower efficiency and the more frequent engine replacements. 	Comment by Neil McMahon: Call out


Figure 16: Engine/Generator Maintenance Log (See Appendix C)
300 hour engine service
The following tasks need to be performed on each engine after every 300-hours of run time. If the required maintenance cannot be performed at the scheduled time, the engine should be taken out of service until all work has been completed. 
The most important maintenance that can be done on the engine is changing the engine oil and installing a new oil filter. Expect that during a typical year, the utility will need to budget for enough engine oil and oil filters for about 35 oil changes. All belts and hoses need to be checked for wear and aging, replacing them as needed.
Check the water pump for any fluid seeps. If there are seeps or leaks, the problem should be fixed during the 300-hour maintenance, or submitted as a Work Order. The dust trap (rubber boot) on the bottom of the air filter should be cleaned. Some engines may be require to have Grease Actuator Rod Ends.
900 hour engine service
If the required maintenance cannot be performed at the scheduled time, take the engine out of service until all work has been completed. 
Every 900 hours several additional tasks are added to the regular 300-hour service, several filters need to be checked and changed. Particularly the fuel filters, the glycol filters for both the cooling and heat recovery systems. The air filter should be checked, it may need to be changed.
1800 hour engine service
In addition to the tasks for the 300-hour and 900-hour service, the following tasks need to be performed on each engine after every 1,800 hours of run time. If the required maintenance cannot be performed at the scheduled time, take the engine out of service until all work has been completed. 
If the air filter was not changed at the 900-hour service, the air filter should be changed. On most engines, the operator should adjust the valve tappets. Inspect the wiring inside the generator enclosure.  
4500 hour engine service
In addition to the 300- and 900-hour services, after 4,500 hours of engine runtime, the battery should be service, and the radiator and after-cooler should be cleaned. No additional special supplies are needed for this servicing. The crankshaft damper should be checked.
The above should serve as a guideline for the most common maintenance schedules for engines. Always follow the manufacturers’ suggested maintenance schedules for the engines in the powerhouse. The Engine/Generator Maintenance Log is available as an Excel file that can be modified to meet the needs of the utility. 
If the community has wind, hydro, or solar generation, please see the manufacturer’s scheduled maintenance.
Repair and Replacement (R&R)
Even with proper maintenance, there will be wear and tear on the engines and generators. Periodically, non-routine maintenance, generally referred to as Repair and Replacement (R&R), will have to be performed. The expected intervals between R&R activities are highly dependent upon the type of engine and the quality of routine maintenance. 
Most manufacturers suggest that the performance metrics be tracked to determine when an overhaul is needed. The daily logs can provide data that will allow the manager to track some of the factors. In particular, the engine’s oil consumption and efficiency must be tracked. If the oil consumption increases or the efficiency decreases, these are signs that an overhaul is needed. If an engine is not able to produce its rated power, potentially indicated by frequency drops, this is also a sign that an overhaul might be needed. 
The most common schedule for R&R is at 10-15,000 hours, 30,000 hours, and 60,000 hours. Unless the utility’s operator is highly skilled, it is likely that the utility will need to budget for a contractor to come to the community to perform the R&R. Although each of these non-routine maintenance activities will be fairly expensive, they will increase the efficiency and life of the engine. The expenses associated with R&R can be amortized over multiple years (generally three years) so that customers do not have spike in their rates.
10,000-15,000 hour service
A top-end rebuild can be done in the powerhouse by qualified personnel. It is likely that the utility will have to hire an outside contractor to complete the service. The top-end rebuild will include changing the valves and injectors, inspecting the charge air cooler, and potentially replacing the water pump, fuel pump, main bearings, rod bearings, thrust bears, crankshaft seals, and turbo. 
30,000 hour service
A major rebuild (also known as an in-frame rebuild) can also be done in the power by qualified personnel. In addition to the service done at 10,000 hours, the cylinder liners and pistons will be replaced. The engine and generator-end bearings will also be checked and likely replaced 
60,000 hour service
For smaller engines (<300 kW), most engines will need to be replaced around 60,000 hours. Some engines may be able to have another major rebuild before needing to be replaced. 
If the community has wind, hydro, or solar generation, please see the manufacturer’s scheduled maintenance.
Work Orders
With the number of moving parts in a utility and the maintenance needs may outstrip the available budget, the manager will have to prioritize non-routine maintenance. Setting up an effective work order system is a way to provide the manager with the information needed to make decisions about which maintenance activities should be done when. The operators and manager should record all needed maintenance as a work order, even if it is not vital or time sensitive, so that upgrades can be made as the budget permits. The daily inspections and scheduled maintenance should be the primary source of work orders, although AEA’s Circuit Rider or contractors may also indicate additional items that should be submitted as a work order.
A work order is a way of documenting work done that is not on the operation and maintenance routine task plan.  The work order will produce an estimate of materials and labor for a specific job. Other work order systems exist. For instance, the USDA Rural Utility System has a Work Order Procedure that can be found at: https://www.rd.usda.gov/files/UEP_Bulletin_1767B-2.pdf. 
Either the operator, the manager, or both together can fill out the work order. Once the estimate is complete, the manager can then check the budget and the inventory to see if it is possible to do the job. The manager either approves, denies, or postpones the work. If the work order is approved, the manager schedules a time for the work to be done. After the job is completed, the actual materials and labor used are filled in so the manager knows how much the job really costs.


Figure 17: Work Order Form (See Appendix E)
There are three factors that can be used to prioritize work orders: The type of issue, the issue’s potential magnitude, and the time sensitivity of resolving the issue. 
All issues should be able to be categorized into one or multiple of the following five types of impact: Safety, risk of catastrophic failure, reliability, efficiency, or revenue.
2. Safety includes all potential harms to workers and the public. If an issue could cause injuries or to workers or the public, this should be the highest priority. 
3. Risk of catastrophic failure includes issues that could lead to long-term outages and/or destruction of property. These can be either caused by the natural environment (such as floods, thawing permafrost, eroding banks) or people’s action or inactions (such as vandalism or lack of structural maintenance that has allowed water infiltration). 
4. Reliability includes less catastrophic, but still serious, issues that can cause service disruptions. These can include distribution system issues such as trees overhanding the electrical lines or generation issues due to inadequate maintenance.
5. Efficiency includes issues that increases customer costs from inefficient operations. These can include issues in the distribution system that increases line loss (oversized or inefficient transformers) or poor servicing of the engine that has decreased generation efficiency.
6. Revenue includes issues that decrease the ability of the utility to capture revenue. These can include an inoperable heat recovery system or broken meters. 
After categorizing the type of impact, the potential magnitude should be estimated as high, medium, or low. 
2. High is anything that could cause a major problem for the utility or community. These include major safety issues that could result in the potential loss of life or severe injury, significant fuel spills, severe damage to property, and/or major loss of revenue. Other high magnitude issues could be the powerhouse or other infrastructure near an eroding bank or threatened by active permafrost thawing. 
3. Medium is less severe than High, but whose consequences could still be serious. 
4. Low includes issues that may have low consequences, but that the utility still would need to fix when time and money permit.
Some impacts may be more time sensitive than others, and these can also be ranked High to Low. 
1. High is an active issue that requires attention in the near-term, days to three weeks at a maximum. 
2. Medium includes issues that need to be addressed within the year.
3. Low includes issues that may need to be addressed within the next five years. 
Table 7 provides a way to visualize which work orders to prioritize. If a work order has a High impact and a High time sensitivity, it should be prioritized, as opposed to a High magnitude, but Low time sensitivity which can be postponed for the future. Some high magnitude/low time sensitivity will require significant planning and resources, such as if the powerhouse is in danger of an eroding bank. 
Table 6: Work Order Prioritization Matrix
	
	
	Magnitude of impact

	
	
	Low
	Med
	High

	Time sensitivity 
	High
	 
	 
	 

	
	Med
	 
	 
	 

	
	Low
	 
	 
	 



Inventory Controls (Non-Fuel)
To support the operator and protect the utility’s assets, the utility manager needs to make sure that all supplies and materials are available to perform the required routine maintenance. To facilitate this, the utility should have policies and procedures on how to perform inventory control. Good policies and procedures will help the utility in two main ways: 1) it will help to make sure that the right parts or supplies are available when they are needed, and 2) it will protect the utility from purchasing extra or unnecessary things. 
An inventory control system will keep track of what the utility has on hand, what it has used, and what it needs in the future. One person should not have the duties of purchasing and approval of purchasing of supplies and inventory. Since even good people sometimes make bad decisions, an effective inventory control system will make it difficult for people to spend utility money on non-utility purchases. This can be accomplished by requiring two people to be involved in any utility purchase, one to authorize the purchase, the other to make the purchase. The financial controls are just as important as making sure that the inventory is in a place protected from theft. 
Recommended Inventory 
After all the key inspection and maintenance tasks are defined, many of which should be identified in the previous sections of this chapter, the manager should review each task with the operator to know the specific supplies and materials that are needed for the utility’s infrastructure.
Since everything kept in inventory must be purchased with utility resources, inventory stock should be kept to a minimum. An item should be stocked only if a definite need for the item exists or if it will take too long to obtain the item if it is not in stock. Some items are infrequently used but may be vitally needed in an emergency. These items should also be stocked. 
The appropriate quantity of items to be stocked will depend on many factors. Usage patterns, delivery time, size, and availability will be some of the key things to consider. If a community receives most of its goods from a barge, and air freight is prohibitively expensive, it may be advisable to store enough inventory to perform all of the engine oil changes for the entire year. The decisions for each item and community must be made on a case-by-case basis. 
What follows is a list of recommended supplies and materials that a utility should keep on hand. A utility may have additional or fewer needs based on what infrastructure is in the community.
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1. Engine
· engine oil
· oil filters
· fuel filters 
· coolant filters 
· water pump & gaskets 
· thermostat and gasket 
· set of injectors
· belts 
· hose clamps 
· coolant hoses 
· turbocharger and gaskets 
· valve cover gasket
· engine glycol 
· air filters
2. 
3. Powerhouse
· day tank fuel filter 
· heat recovery glycol 
· oil absorbent pads 
· air intake filters 
· general cleaning supplies
· distilled water
4. Distribution
· transformers 
· poles
· secondary conductor
· primary conductor
· splices
· fuses
· meters
5. 
6. Fuel system
· Sounding tape
· Water finding paste
Tools can be handled a little differently than supplies. When tools are first purchased, they should be inventoried, but put in a separate file marked Tools. When a tool is issued, a tool sign-out book should be kept to record tools issued and returned, the dates, and the user. Tools that are regularly used by operators on a daily basis should be permanently signed out to them.
Catalog existing inventory
Inventory can be recorded either in a hand written system, a computer database, or using an app through a smartphone or tablet. Numerous commercially-available systems are available for utilities to use. The utility will want to find a system that is user-friendly and can be easily maintained by personnel. 
The utility’s major assets were catalogued in Chapter 4 and 5; this section will only deal with lower cost items that will not be depreciated. Before ordering new stock, the utility needs to catalog what the utility already has on hand. This will be done concurrently with updating the inventory storage system, if that is needed. The utility should only keep items on hand that are useful; if they are not needed, the utility should try to sell or dispose of the items. Each part, supply, or materials should be inventoried, including the specifics of the item (manufacturer, part number, type, etc.) and the volume or quantity. 
Monitor use and restock
Over time, parts and supplies will be used in performing utility-related business. As the parts are consumed, the inventory should be updated. This can either be done on a continuous basis or by doing a periodic inventory. The daily inspection logs and engine maintenance logs all provide a space to record what parts and materials were used. This can be an easy way for the manager to update the inventory list.  
Inventory Storage
The utility should have a separate dedicated locked room to store spare parts and tools. The utility has an obligation to protect its inventory both for safety and financial reasons. The utility likely has potentially dangerous (flammable and/or caustic) chemicals and tools that should be secured to reduce the utility’s liability. A secure location to store the inventory will also protect the items from theft and damage. 
At a minimum, a utility should have a storeroom that is clean and dry and has locking doors. The storeroom should be organized in a logical pattern with shelves and labels to make it easy to find materials, parts, and/or tools. Any dangerous, corrosive, and/or flammable materials and chemicals need to be stored properly. This includes both in the storeroom as well as on the job site. 
Fuel Inventory Management
Effective fuel inventory management is one of the most important jobs that a manager has: It is key to understanding operation and performance of utility. Fuel is frequently the largest line item in a utility’s budget, and ensuring that there is an adequate supply of fuel is imperative for the functioning of a utility. 
Only by tracking fuel can the manager know if there is sufficient fuel to run the utility until the next delivery, understand how the utility infrastructure is performing, and/or if the utility is losing fuel. 
Running out of fuel is a catastrophic issue for a utility. It is important that the utility is able to forecast how fuel will be consumed in the future and plan for the possibility of needing to get fuel delivered earlier than planned. The simplest way to do this is to track the inventory over time and extrapolate for future consumption, as seen in Figure 8. As in the case of the parts and supplies inventory, the utility should not carry more fuel than is needed for the period, as any purchases made will need to be paid for by utility customers. If the fuel will not be used within a year that will be an expense that the utility will not be able to cover until it is consumed. This could put the utility in a bad financial position. It is not advised to try to stock up on fuel that is not needed—trying to guess what the future price of oil is impossible and a number of utilities have had financial difficulties while trying to game the fuel price. 

Figure 18: Forecasting fuel volume
Since fuel consumption may not be consistent from month to month, if the forecast indicates that there might be an issue the forecast can be improved by including the expecting generation for each of those months. The expected generation can be estimated by using the amount generated from the previous year and use the current generation efficiency and line loss to estimate the amount of fuel that will be consumed in each month. 
Since fuel costs are one of the largest components of a customer’s rate, fuel efficiency (generally measured in kWh/gallon) is a primary metric to understand how utility is doing. Decreases in efficiency are also a sign that the engine needs an overhaul. Without proper fuel management, it is difficult to know how accurate the efficiency figures are. 
All utilities should have an accurate fuel meter going into the day tank to measure the gallons of fuel used by the powerhouse. Without an accurate meter, it will be impossible to know if fuel is being lost somewhere in the fuel system. Losses can be the result of leaks or spills or from theft. Utility customers will have to pay for any lost fuel. Additional costs can be incurred from spills and leaks, so it is important to detect spills and leaks early to limit the utility’s liability. 
Table 8 presents a way for the utility to calculate if any fuel is lost. By adding the gallons of fuel purchased to the initial amount of fuel in the tank and then subtracting the amount of fuel consumed, the expected level of fuel in the tanks can be calculated. If the actual amount of fuel in the tanks is different, the manager needs to investigate why there is a discrepancy.  

Table 7: Monthly Computation of Fuel Inventory Loss
	Item
	Action
	Gallons of Fuel

	a) Beginning: Fuel in Tank
	Measure
	

	b) Gallons of Fuel Purchased     
	Measure
	

	c) Gallons of Fuel Used           
	Measure
	

	
	
	

	d) Expected: Fuel in Tanks
	[calculation: (a) + (b) – (c)]
	

	
	
	

	e) Ending: Fuel in Tanks
	Measure
	

	
	
	

	f) Gallons of Fuel Lost
	[subtract (e) from (d)]
	

	
	
	



[bookmark: _Toc532385767]Report

[bookmark: _Toc532385768]Analyze
Maintenance and inspection consistency
Doing proper maintenance and timely inspections are the most important ways to make sure that a utility is at low risk. 
2. Maintenance Consistency: The first metric is to make sure that routine maintenance is being performed in a timely manner. Using the Engine Maintenance Log the manager should calculate the average interval for oil changes over the reporting period and compare it to the recommended interval per the manufacturer. 
a. The first step is to find average engine hours between oil changes. For example, if the intervals for three oil changes was 320 hours, 300 hours, and 270 hours, the average can be found: (320+300+270)/3=297 hours
b. The next step is to compare this average against the recommended interval. For instance, assume that the recommended interval between oil changes is 250 hours, the metric can be found by:  297 hours/250 hours between changes = 1.19
For proper routine maintenance, the average engine hours between oil changes will equal the interval recommended by the manufacturer; therefore the metric will be 1 in the best case. Having a metric less than 1 is likely not beneficial (there is likely no reason to do oil changes before it is recommended by the manufacturer), but having a metric much greater than 1 can be bad and be a sign that the engine will not last it’s useful life.
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This chapter will introduce a number of metrics that can be used to easily track and evaluate the operational performance of the utility. The metrics can be used to improve service to customers, give performance goals to employees, and report to board. 
[bookmark: _Toc532385771]Operational Metrics
Every month and year, the utility will create a lot of information that could be analyzed. Sorting through all of the data to see what is important can be overwhelming and that can be used to communicate with other people. This chapter will focus on a limited number of metrics, also sometimes called key performance indicators (KPIs) that can be used to track how the utility is doing. A metric is a simple way to measure a property; while some are based on a calculation, a metric will allow the utility to use a single number to evaluate the success of the utility. 
There are four main categories of operation that should be tracked: Safety, the risk of catastrophic failure, the reliability of power, and the efficiency of operation. Each of these will have just a few metrics that use generally available information. By using the same metrics on a month to month and year to year basis, the utility can see if things are improving or worsening over time.
One way that the manager could keep track of the metrics is by keeping a spreadsheet workbook with a tab for each of the metrics that the utility is tracking. This way the manager will have all of the metrics in one place and it should be easy to update and track over time. 
Safety
Ensuring that the utility is operating safely both for workers and the public should be the first goal of the manager. Per state regulations, a utility must keep a record of all accidents involving the utility and resulting injuries to the public.[footnoteRef:18]  Like other businesses, if a utility has more than 10 workers, the utility must report injuries and illnesses to OSHA using OSHA’s form 300.[footnoteRef:19]  For utilities with fewer workers, worker injuries to must be reported to the Division of Workers’ Compensation using Forms 07-6100[footnoteRef:20] and 07-6101.[footnoteRef:21]  [18:  3 AAC 52.480(c)]  [19:  https://www.osha.gov/recordkeeping/RKforms.html]  [20:  http://labor.alaska.gov/wc/forms/wc6100.doc]  [21:  http://labor.alaska.gov/wc/forms/wc6101_Crosswalk.doc] 

In addition to the reporting requirements, it is only by recording and tracking potential issues, will the utility be able to make sure that the risk of injury and property harm is as low as possible. 
Safety incidents
An example of a simple safety incident log is provided in Table 8. Setting up the table as a spreadsheet and recording the date will allow the information to be easily aggregated by month and year. A board might be interested to know if the incidents involved utility personnel or the public, so that is another column of info that could be tracked. The manager should want to know the cause of the incident so it can be prevented in the future, and the cost, to know if implementing a fix will be cost effective (although a manager should not only consider the cost effectiveness of an action, especially if it about worker or public safety.
Safety incidents can be found on the Daily Inspection Log, where the operator should record any safety incidents, or from other operators or community reports. 
Table 8: Safety incident log
	
	Safety Incident Log

	Incident #
	Date & time of incident
	Description of incident
	Cause of incident
	Public/
Worker
	Severity of incident
	Cost of incident


An effective way to show the safety incidents would be using a bar chart for each month or year. If the utility has an effective safety policy, the number of incidents should decrease over time. If the number of incidents increases, the utility’s policies and training need to be reevaluated. The utility can receive assistance from the state Division of Occupational Safety and Health in evaluating workplace safety policies (http://labor.state.ak.us/lss/oshhome.htm). Depending on what level of detail or the types of issues that the utility sees, it might be useful to separate incidents that involve workers from incidents that involve the public. 
Fuel leaks/spills 
The utility has also an obligation to protect the public and community from fuel contamination. By law, all spills must be reported to the Department of Environmental Conservation. Records are very important to know what issues have arisen in the past, particularly to document an ongoing infrastructure need. 
If the spills and leaks have been because of human error, then these records provide further justification for providing training to personnel. If infrastructure issues were to blame, the records can be used to show a need for assistance with infrastructure.
Table 9: Fuel leak/spill log
	Fuel Leak/Spill Incident Log

	Incident #
	Date & time of incident
	Description of incident
	Cause of incident
	Estimated gallons spilled
	Cost of incident


Risk of catastrophic failure
Utilities can be at risk of catastrophic failure from a number of sources, both environmental and human-caused. Especially as infrastructure ages and/or the physical environment changes, the utility needs to remain vigilant in keeping track of potential issues that will cause widespread and long-term outages. One of the most important uses for the daily inspections is to track of potential issues that could cause long-term problems. The utility should also use the expertise provided by AEA’s Circuit Rider program and any contractors to understand what potential issues may arise. 
Any and all issues that pose a risk of catastrophic failure should be submitted to the Work Order system. The utility manager will need to be able to track and effectively prioritize potential risks.
Identified infrastructure risks 
The identified risks submitted to the work order system should be maintained and continuously updated. A high-level summary is provided on Table 11, with the number of each identified risk being placed in the appropriate square. In reporting to the policy-making board, the manager should be able to explain important risks (particularly the high impact/highly time sensitive risks), and present a plan to address the issue.
Table 10: Infrastructure risk reporting
	
	
	Magnitude of impact

	
	
	Low
	Med
	High

	Time sensitivity 
	High
	
	
	

	
	Med
	 
	 
	 

	
	Low
	 
	 
	 


Stable and reliable power
The utility manager should keep a log of all planned and unplanned outages and reliability incidences throughout the year. The Outage Log template below is an example of how a simple outage log can be arranged. 
Table 11: Outage log template (based on 3 AAC 52.495)
	Incident #
	Type of Issue (Outage, High/low frequency)
	Beginning date & time
	Ending date & time
	Total hours of incident
	Number of customers affected
	Cause of outage/incident
	Cost of incident

	
	
	
	
	
	
	
	


Based on the outage log, the manager should report the number of outages and total outage hours per reporting period. The manager should be able to explain why there is an increase or decrease in incidents and what is being done to increase the reliability of the system. 
Per state regulations (3 AAC 52.490[footnoteRef:22]), utilities are required to provide the Regulatory Commission of Alaska with information regarding service outages. Depending on the severity of the outage, utilities have up to 5 days to report outages. Utilities are also required to provide the RCA a yearly summary of outages. [22:  http://www.legis.state.ak.us/basis/folioproxy.asp?url=http://wwwjnu01.legis.state.ak.us/cgi-bin/folioisa.dll/aac/query=%5bJUMP:%273+aac+52!2E490%27%5d/doc/%7b@1%7d?firsthit] 

For utilities interested in more information about tracking service interruptions, the USDA Rural Utility System has further explanations in Bulletin 1730A-119, “Interruption Reporting and Service Continuity Objectives for Electric Distribution Systems” (https://www.rd.usda.gov/files/UEP_Bulletin_1730A-119.pdf). 
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Utility Manager Checklist

Tasks to do weekly

[l Inspect and analyze the daily inspection log for trends
o Track generation efficiency

RE performance (if present)

System balance & power factor

Track metrics for engine overhaul: Oil consumption, engine hours

Check for out of range values (temperatures, pressures, voltages, etc.)
o Talk with power plant operator about inspection log

[J Process new work orders—determine what must be prioritized

[J Record any outages or power stability issues

O O O O

Tasks to do monthly

Customer accounts—bill customers and collect payment

Report to AEA for PCE

Line loss—track, investigate causes (metering issues or physical losses)
Fuel—track amounts and consumption

Check availability of inventory and order supplies & materials when needed
Track the consistency of routine maintenance

Safety

O 0O 0oOooodg

Tasks to do quarterly

Evaluate customer rates if there are new fuel purchases or purchased power agreements
Track budget to actuals

Evaluate collection rates

Evaluate training needs for employees

Track consistency of monthly inspection logs

Recognize employees that have performed well during the quarter

O O o0oogooo.o

Tasks to do annually

PCE Annual Report

Memorandum from RCA

Track financial ratios

Evaluate employees and provide raises or incentives

Renew insurance

Evaluate the success of the utility over the past year and present to the policy-making board
Set financial and performance goals for next year

Evaluate potential improvement projects for next year

Identify additional revenue sources

Create budget for next fiscal year

I B |






image3.emf
Fuel

Air

Engine

Generator

Distribution

Swtichgear

Step-up 

transformer

Customer meters

Heat

Station 

service


Microsoft_Visio_Drawing.vsdx
Fuel
Air
Engine
Generator
Distribution
Swtichgear
Step-up transformer
Customer meters
Heat
Station service



image4.emf

[Insert Utility Name]

POWER PLANT DAILY INSPECTION LOG Page 1 of 4 GENERAL PLANT STATUS
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Note: Perform complete inspection at least one time per day and walk through with meter readings at least two times per day.
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POWER PLANT DAILY INSPECTION LOG Page 2 of 4 GENERAL PLANT STATUS
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sdwnd) snieis AJanodal 1eay

Pres

uJn1ay-
-a4njesadwa) waisAs 3ulljoo)

Temp=

Alddns-
-a4njesadwa) waisAs 3ulljoo)

Temp=

(Jewuou aunssaud ‘|ana| yuey
*dxa) snieis waisAs Suljoo)

Pres

[Insert
utility logo
here]

Expected
value

Monday
Date:

Tuesday
Date:

Wednesday

Date:

Thursday

Date:

Friday
Date:

Saturday
Date:

Sunday
Date:

Note: Perform complete inspection at least one time per day and walk through with meter readings at least two times per day.
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POWER PLANT DAILY INSPECTION LOG Page 3 of 4 Switchgear

[Insert Utility Name]

[Insert
utility logo
here]

Switchgear in auto mode &
No alarms (if automatic

swtichgear)

Total Diesel kWh Generated

(Totalizing or main bus meter

reading)

Station service meter read

(kwh)

Running kW load

Peak kW load (reset after

reading)

Frequency (Hz)

Line A-B Voltage

Line B-C Voltage

Line A-C Voltage

Line A Amps

Line B Amps

Line C Amps

Power factor

Powerhouse generation
efficiency (kWh/gal), if

available

Expected
value

Y/N

59.5-60.5

o

Monday
Date:

Tuesday
Date:

Wednesday
Date:

Thursday
Date:

Friday
Date:

Saturday
Date:

Sunday
Date:

Note: Perform complete inspection at least one time per day and walk through with meter readings at least two times per day.
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[Insert Utility Name]
POWER PLANT DAILY INSPECTION LOG

Page 4 of 4 Operating Generator

[Insert
utility logo
here]

Total Number of Gensets

available

Operating Generator

Number

Total engine hours on
operating engine

Crank vent outlet venting

properly

Engine water temp

Engine coolant leaks to fix

((Y/N)

Engine oil pressure

Oil leaks to fix (Y/N)

Engine oil level

Engine oil added (quarts)

Exhaust temperature

Crank engine battery

voltage

Offline engine status (block
warm, no leaks, no filter

alarms, oil level OK, battery

charger on)

Comments, including Action Taken, Supplies Used, and
Unresolved Issues

Expected
value

<
S~
2

Y/N

Monday
Date:

Tuesday
Date:

Wednesday
Date:

Thursday
Date:

Friday
Date:

Saturday
Date:

Sunday
Date:

Note: Perform complete inspection at least one time per day and walk through with meter readings at least two times per day.
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[Insert Utility Name]
POWER PLANT DAILY INSPECTION LOG Page 1 of 1 Wind Power & Electric Boiler

Community

Number of Turbines

online

Number of offline

turbines

Wind

Total kWh Generated

Wind

Running kW load

Electric Boiler in PH Total

kWh

Boiler Running kW Load

Wind Speed (ft/s)

Alarms

Turbine operating within

normal range

Turbine wiring normal

Tower and foundation

stable

Comments, including Action Taken,
Supplies Used, and Unresolved Issues

Expected
value

Y/N

3
P

<
=

Y/N

Monday
Date:

Tuesday
Date:

Wednesday
Date:

Thursday
Date:

Friday
Date:

Saturday
Date:

Sunday
Date:

Note: Perform complete inspection at least one time per day and walk through with meter readings at least two times per day.
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Powerplant & Fuel Supply Monthly Inspection & Maintenance Log

COMMUNITY:

Monthly Inspection
Date:

Switchgear Lamp Test (master & engines):

Day Tank Press to Test:

Battery Fluid Levels (distilled water only):

Flourescent Lights (check & replace):

Emergency Lights (press to test):

Thermostats (heat = 70F, ventilation = 80 F):

NOTES: Other actions taken and/or unresolved issues

Check fuel tanks for water:

Monthly Inspection
Date:

Switchgear Lamp Test (master & engines):

Day Tank Press to Test:

Battery Fluid Levels (distilled water only):

Flourescent Lights (check & replace):

Emergency Lights (press to test):

Thermostats (heat = 70F, ventilation = 80 F):

NOTES: Other actions taken and/or unresolved issues

Check fuel tanks for water:

Monthly Inspection
Date:

Switchgear Lamp Test (master & engines):

Day Tank Press to Test:

Battery Fluid Levels (distilled water only):

Flourescent Lights (check & replace):

Emergency Lights (press to test):

Thermostats (heat = 70F, ventilation = 80 F):

NOTES: Other actions taken and/or unresolved issues

Check fuel tanks for water:

Monthly Inspection
Date:

Switchgear Lamp Test (master & engines):

Day Tank Press to Test:

Battery Fluid Levels (distilled water only):

Flourescent Lights (check & replace):

Emergency Lights (press to test):

Thermostats (heat = 70F, ventilation = 80 F):

NOTES: Other actions taken and/or unresolved issues

Check fuel tanks for water:

Monthly Inspection
Date:

Switchgear Lamp Test (master & engines):

Day Tank Press to Test:

Battery Fluid Levels (distilled water only):

Flourescent Lights (check & replace):

Emergency Lights (press to test):

Thermostats (heat = 70F, ventilation = 80 F):

NOTES: Other actions taken and/or unresolved issues

Check fuel tanks for water:

6-month Inspection
Date:

Switchgear Lamp Test (master & engines):

Day Tank Press to Test:

Battery Fluid Levels (distilled water only):

Flourescent Lights (check & replace):

Emergency Lights (press to test):

Thermostats (heat = 70F, ventilation = 80 F):

Intake Air Filters (check & replace):

Wipe Down Lights & Paddle Fans:

Piping Air Vents (coolant & heat recovery)(bleed then valve
off):

Test Glycol (coolant & heat recovery):

NOTES: Other actions taken and/or unresolved issues

Check fuel tanks for water:
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Date:                                        

MAP AREA COMMENTS

LOCATION

Pole Condition

Pole depth/vertical

Crossarm Condition

Insulators & Pins

Conductor & Ties

Guy & Anchors

Grounding

Trees near lines

Pad Condition

Signage & Locks

Conductor Condition

Grounding

Transformers

Cutouts

Arresters

Devices

Brackets

Conduit

Distribution System Inspection Form

                     Inspected by:

OVERHEAD UNDERGROUND EQUIPMENT

Rating Criteria

-----------------------

0) Good Condition

1) Maintenance Required

2) Priority Maintenance Required
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ENGINE/GENERATOR MAINTENANCE LOG

COMMUNITY:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 900 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Check/change air filter

Date:

Crankcase filter change

Check Belts & Hoses:

Maintenance performed by:

Comments and supplies used:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 1800 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Total Hours:

Fuel filter change:

Glycol Filter change

Date:

Crankcase filter change

Check/change air filter

TNSPEct WIFNg TNSIde GEnerator
Enclosure (look for wear, make sure
lugs are tight):

Adjust valve tappets

Comments and supplies used:

Check Belts & Hoses:

Maintenance performed by

Engine # :






ENGINE/GENERATOR MAINTENANCE LOG

COMMUNITY:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 2700 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Check/change air filter

Date:

Crankcase filter change

Check Belts & Hoses:

Maintenance performed by:

Comments and supplies used:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 3600 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Total Hours:

Fuel filter change:

Glycol Filter change

Date:

Crankcase filter change

Check/change air filter

Inspect Wiring Inside Generator
Enclosure (look for wear, make sure
lugs are tight):

Adjust valve tappets

Comments and supplies used:

Check Belts & Hoses:

Maintenance performed by

Engine # :






ENGINE/GENERATOR MAINTENANCE LOG

COMMUNITY:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 4500 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Check/change air filter

Date:

Crankcase filter change

Check Belts & Hoses:

Maintenance performed by:

Comments and supplies used:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 300 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Actual total hours:

Check Belts & Hoses:

Date:

Maintenance performed by:

Comments and supplies used:

Engine 5400 Hour Service

Lube Oil & Filter Change:

Grease Actuator Rod Ends:

Planned total hours:

Clean Air Filter Dust Trap:

Check Water Pump (leaks):

Total Hours:

Fuel filter change:

Glycol Filter change

Date:

Crankcase filter change

Check/change air filter

Inspect Wiring Inside Generator
Enclosure (look for wear, make sure
lugs are tight):

Adjust valve tappets

Comments and supplies used:

Service battery

Clean radiator & after cooler

Check Belts & Hoses:

Check crankshaft damper

Maintenance performed by

Engine # :
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Work Order

Date: |Work Requested by:

|Work Order number:

Description of work requested:

Type of impact (Safety, Risk of catastrophic failure, Reliability, Efficiency, Revenue)

Expected benefits:

Size of potential impact
(High, Med, Low)

Time Sensitivity (High, Med, Low)

Date Required:

Cost Estimate of Required Work

Materials Description Quantity Unit Unit Cost Total
1 $ $
2 $ $
3 S s
4 $ $
5 $ S
Total S
Labor/Equipment Estimate Quantity Unit Unit Cost Total
1 Hours S S
2 Hours S S
3 Hours S S
4 Hours S S
5 Hours S S
Total hours labor required for work Total S
Total Cost Estimate S
Work Order Approved by:
Date work performed: IWork performed by:
Description of work performed:
Actual Cost of Work Performed
Materials Description Quantity Unit Unit Cost Total
1 S S
2 S $
3 S $
4 S $
5 S $
Total
Labor/Equipment Quantity Unit Unit Cost Total
1 Hours S S
2 Hours S S
3 Hours S S
4 Hours S S
5 Hours S S
Total hours labor used for work Total S
$

Total Actual Cost







