Energy System Maintenance

	



�MAINTENANCE PLANNING AND BENEFITS



	Maintenance is one of the most cost-effective methods for ensuring energy conservation.  Inadequate maintenance of energy-using systems is a major cause of energy waste in both DoD and in the private sector.  Energy losses from leaks, uninsulated lines, maladjusted or inoperable controls, and other losses from poor maintenance are often considerable.  Good maintenance practices can generate substantial energy savings.  Moreover, improvements to physical plant maintenance programs can often be accomplished immediately and at a relatively low cost.



	Sophisticated modem heating and cooling systems require ongoing, comprehensive maintenance for peak operating efficiency.  Not only is maintenance necessary for existing systems, it is essential to sustain the savings gained from new energy conservation projects.  A comprehensive energy management program should include preventive maintenance that is custom designed for each building or system at the installation.



	Maintenance  programs  normally  include  the  following  components:



Preventive maintenance: Minor work carried out on a regular schedule to prevent deterioration in energy-using systems, including minor lubrication, adjustments, changing filters, and recording equipment settings.



Routine maintenance: Minor work carried out in response to incoming requests (work orders) such as replacing burnt-out light bulbs.



Scheduled maintenance: Major work carried out according to plan, usually on a rotating schedule, that restores equipment to peak operating condition.



Emergency maintenance: Work that must be done immediately to preserve safety, maintain critical mission requirements, or prevent major damage to equipment.  By its nature, emergency maintenance is unplanned (although plans should allow for such contingencies) and requires quick or immediate response.



	Preventive and scheduled maintenance are often accorded a low priority at military installations in favor of solving the most immediate problems.  As a result, the backlog of maintenance and repair grows.  Preventive maintenance reduces energy use by catching and correcting excessive energy waste before long-term losses occur.  In addition to saving energy, preventive maintenance also dramatically reduces the need for eventual corrective repair and extends equipment life.



	The emphasis on solving immediate maintenance problems is understandable because of limited available funds and staffing.  However, a good preventive maintenance program, once in place, frees-up maintenance personnel making them available to complete other productive jobs, including more and better maintenance.  By investing funds and staff effort on preventive maintenance, installations can save time and money in the long run.  Routine and preventive maintenance helps avoid expensive repairs by averting crises and avoiding the need -for energy system equipment replacement.



Obtain Top Management Support



	Energy managers should make sure that they obtain full support from their installation commit structure in order to carry out an effective maintenance program.  A good way to start is by establishing a written maintenance schedule and obtaining command approval for it.  Such a command-supported schedule is very important because it allows required or preventive maintenance to be scheduled with the same priority as other command needs.  Approaching energy efficiency by equating it with increased productivity is one way to gain management attention and support.



	In addition, energy managers should monitor energy consumption regularly and issue periodic reports to management that illustrate efficiency trends in energy systems.  Installation and activity commanders throughout DoD are beginning to pay more and more attention to productivity measures with the advent of management strategies that emphasize productivity, such as the Defense Business Operations Fund (DBOF).



	When designing management reports, energy use by each system should be compared with a base period.  For example, compare monthly energy use against the same month for the prior year, or against the same month in a particular base year (such as 1985).  If efficiency standards for a particular system are available, compare your system's performance against that standard as well.  The point of such comparisons in management reports is not to assign blame for poor maintenance and inefficient systems, but rather to motivate efficiency improvements through improved maintenance.



Maintenance Planning



	The fundamental purpose of an installation maintenance program is to conserve energy by optimizing the efficient operation of existing energy-using systems.



	To establish an installation maintenance program, the energy manager should do the following-



Establish a schedule for preventive maintenance.



Define specific maintenance procedures for the operations staff.



Train the operations staff in the principles and technologies applicable to their buildings or systems.



Provide continuous technical assistance to the operations staff by completing periodic reviews of the installation's performance.



Keep staff informed of new energy maintenance technologies.



Monitor energy consumption regularly (usually monthly) and compare it with a base period, the prior period, or with other energy-efficiency standards.



	The energy manager needs to plan maintenance activities and provide clear lines of responsibility for all maintenance tasks.  As described above, the first planning step is to develop a preventive maintenance schedule.  Most installations use some sort of work order request system for scheduling the other types of maintenance.  The work order system should be designed to provide a data base of historical records of repairs and alterations made to energy systems.  Scheduled preventive maintenance should also be included in that historical record data base.  Ideally, the system will assign priorities to work orders and estimate the time and staff required for each job.



	In addition to scheduled maintenance and work order generated maintenance, energy managers and their staff members must develop maintenance requirements by inspecting systems for potential and developing problems.  Catching such problems in advance of breakdowns saves energy, saves money, and reduces unexpected downtime.



	A well-maintained physical plant is a more efficient plant. Maintenance is easy to defer, but it is essential to energy efficiency.  Experienced managers, supervisors, and maintenance staff are key to good maintenance.



MAINTENANCE DUTIES



	Selection of the specific maintenance procedures to use depends upon the installation's particular energy systems and circumstances.  Nevertheless, general guidelines for the types of things to look for during an inspection and the actions to be performed in any maintenance program are described below.



Steam System Maintenance



	Many  DoD  installations  use  steam  systems  to  distribute  thermal energy.  Those systems are often prime candidates for improved maintenance.  Less efficient that "direct delivery" of energy to end sources, steam system efficiency rapidly degrades without proper maintenance.  A preventive maintenance program should require regular inspections and the prompt repair of leaks, malfunctioning traps, and stuck bypass valves.



	To keep steam plants operating at top efficiency, the maintenance staff should do the following-



Continuously survey the steam system to identify and repair all steam leaks.



Use acoustic or temperature probes to find non-visible steam leaks.



Perform frequent boiler tune-ups.



Inspect and repair steam traps periodically; replace steam traps at least every four years; ensure that all traps are properly sized.



Inspect insulation on pipes and pressure vessels annually, and repair or replace deteriorated or miming insulation.



Annually  the waterside and fireside of the boilers.



	Steam traps permit condensate, air, and noncondensible gas to pass out of the steam while trapping steam within the system.  Air and noncondensible gases act as insulators that reduce system efficiency.  Improperly-sized traps can be replaced either immediately or when the trap reaches the end of its useful life.  Old traps should not be maintained beyond their useful life; steam traps generally last less than four years and should be replaced before then.  Keeping track of component lives is one essential function of a good maintenance plan.  Damaged or missing insulation on steam lines is a major energy waster.



	Generally, continual inspection and upkeep of condensate lines ensures adequate return of condensed boiler water with a minimum loss of energy.



	To maintain condensate systems, the maintenance staff should do the following-



Look for steam coming from the collecting tank or deaerator vent, evidence of malfunctioning traps.



Check condensate line temperatures, since temperatures above 190 degrees Fahrenheit indicate a malfunctioning steam trap.



Insulate all condensate lines since condensate usually returns at about 190F.



Continually repair and replace all worn or damaged insulation, including tanks, valves, strainers, and piping.



Lighting System Maintenance



	Light output from electric lamps tends to decrease as fixtures get older because the dirt accumulating on lamps and lenses reduces the amount of light supplied.  Light emanating from recessed fluorescent fixtures can drop 15 percent in just one year, even in a fairly clean environment.  Designers compensate for light reductions by over-lighting the space so that adequate illumination is still provided as the lenses get older (and dirtier).  Dirty lenses can reduce illumination by as much as 50 percent.  Lens cleaning can sometimes reduce the amount of light degradation, even allowing some of the lamps to be removed without reducing illumination below the required level.



	To help remove some (redundant) lamps (luminaries) from service while preserving the same illumination levels, the energy managers should do the following-



Maintain interior illumination levels in accordance with the following guidelines from 41 C.F.R. CH. 101 - 20.107, Energy Conservation:



50 footcandles at workstation surfaces during working hours;



30 foot-candles in work areas during working hours; and



10 footcandles in nonwork areas.



Establish washing cycles for lamp lenses and luminaries.



Replace discolored plastic diffusers in fluorescent fixtures.  Prismatic lenses are generally the most efficient type for the degree of glare control provided; fresnel-type lenses are the most efficient for recessed incandescent and high-intensity discharge (HID) lights.



Use light-colored paints, carpets, tile, and upholstery when redecorating.



Replace all of the lights on a single switch at 70 to 80 percent of their average lamp life.  If delayed much longer, severe loss of lamps occurs in a relatively short time.



In areas with similar hours of operation, replace all lamps in a group to reduce relamping labor costs.



Cooling System Maintenance



	Many maintenance actions essential for proper and efficient cooling system operation may be covered by a contract with the manufacturer's service representative.  Those contracts usually address the following items"



Checking for leaks and proper purge system operation;



Brushing condenser tubes of water-cooled open tower systems;

Checking condition levels of refrigerant and oil; and



Checking chiller safety devices.



	Although most chiller maintenance is performed by skilled technicians, it is desirable to have someone on the maintenance staff who is  in the field of refrigeration system s.  This ensures proper system. operation between service intervals and reduces the potential for breakdowns.  Detailed maintenance procedures for particular machines an often found in the operating instructions.



Heating, Ventilation, and Air Conditioning System Maintenance



	To ensure that HVAC systems operate at peak efficiency, the maintenance staff should complete the following routine maintenance procedures:



Maintain building temperatures in accordance with the following guidelines from 41 C.F.R. CH. 101 - 20.107:



No higher than 70F in heated general office space and no higher than 55F when unoccupied;



No lower than 76F in air-conditioned  general  office  space; when  unoccupied,  cooling  systems  shall  be  turned  off where appropriate; and�

Domestic hot water no higher than 105F for  general  use  is highly recommended.�

Check, adjust, calibrate,  and  repair  all  controls  such  as thermostats, controllers, and valve and damper operators.�

Replace dirty filters and keep economizer dampers clean.�

Keep all heating and cooling coils clean.�

Eliminate  all  duct  work  leaks  at  joints  and  flexible connections.�

Keep hot and cold ducts adequately insulated.

Repair or replace all defective dampers.�

Check, adjust, or replace fan belts.�

Lubricate all bearings  and  other  friction  points,  such  as damper joints.�

Inspect fan wheels and blades for dirt accumulation  and  clean them as required.�

Adjust or repair packing glands and seals on  valve  stems and pumps.�

Ensure that no oil or water enters the main air supply for the control systems.



	Most air-handling units (AHUs) have both heating and cooling coils.  Leaking steam, hot water, and chilled water valves on those coils and leaky dampers require heating, cooling, and then reheating the same air.  Proper maintenance eliminates that inefficient use of energy.



	Pneumatic controls are the remarkably sensitive nerve-ends of the HVAC system.  Improperly calibrated controls degrade comfort conditions and waste energy dollars.  It is extremely important to have a staff member trained to inspect and service those controls.



	Excess HVAC capacities often hide the need for improved maintenance procedures.  In many cases, institution of a preventive maintenance program allows for the elimination of excess capacity - saving even more in energy costs.



Gas Line and Compressed Air Maintenance



	Leaks in combustible gas lines - natural gas, methane, butane, propane, or hydrogen - are not only a waste of expensive fuel, but are also highly dangerous.  Left untreated, such leaks can result in fires and explosions.



	Leaks in compressed air lines are less dangerous but also expensive.  Like steam lines, compressed air lines distribute energy throughout a facility.  Left untreated, such leaks waste air compressor horsepower and result -in either higher fuel consumption, less capability available from the compressed air, or both.



MAINTENANCE PERSONNEL



	Computerized energy management systems can be an important component of an energy maintenance program but are no substitute for manual inspections and repair by qualified personnel.  Inspections completed by experienced maintenance personnel can detect slight leaks, faulty connections, loose or missing parts, frayed belts, and other danger signs that computerized systems might overlook or detect only after failure.



Required Manpower Positions



	An effective energy maintenance program requires someone to be in overall control, usually the public works officer, utilities chief or plant engineer.  That person bears the overall responsibility for planning implementing, and supervising the program.  The energy manager must coordinate with that person to link the installation command structure with maintenance operations.  Through proper management, an effective maintenance program minimizes disruptions to mission accomplishment and the quality of life at the installation.  It is also the maintenance manager's responsibility to balance routine, scheduled, preventive, and emergency maintenance.



	The energy maintenance program also needs experienced maintenance superintendents or coordinators to carry out specific portions of the maintenance plan. The superintendent makes sure that work is carried out according to schedule, records repair and on results, and visits physical systems occasionally to assess progress.



	A highly-motivated maintenance repair department is essential.  They complete maintenance and repair tasks and observe additional problems on their inspection rounds.  They must stock the necessary parts and tools, process work orders, and record completed work.  The key to effective energy-system maintenance is the availability of "hands-on” maintenance and operations personnel - the more experienced and well-trained the better.



	In addition to fulfilling work order requests and performing scheduled preventive maintenance, maintenance workers need to spend some time periodically inspecting energy system components.  For instance, there are many examples of sophisticated, automated energy management control systems "controlling" air handlers when the belts driving the fans are actually broken or missing.  If the maintenance staff does not periodically visit each energy consuming piece of equipment on schedule, the energy management program will be flaws.



Coordination, Communication, and Motivation



	One of the keys to a successful maintenance program is organizational coordination.  The maintenance manager must not only effectively coordinate the maintenance staff, but must also coordinate maintenance efforts, including shutdowns, while minimizing disruptions to mission requirements and personnel comfort.



	Good communication is essential.  The energy manager must communicate with the installation commander, with the public works officer, with the maintenance staff, and with other installation personnel (or customers).  A meeting should be scheduled between the manager, superintendents, and staff at least once each month.  All major decisions, particularly concerning equipment shutdowns, should be announced publicly well in advance.  If the effect of the shutdown is localized, all affected personnel must be notified.  If the impact is base-wide, advertise the shutdown widely through the installation newsletter and through notices at the commissary and officers' club.



	An enthusiastic, efficient, public works, utility, or maintenance organization results from the efforts of people working together for the common good: furthering the installation's mission and saving energy.  Existing service and DoD award programs should be publicized.  For example, some installations organize a maintenance "employee of the month” plaque, which is posted in a conspicuous location.  Training pro  motivate employees in addition to adding to their knowledge, furthering their careers.  They give employees a feeling of recognition and they add to the organization’s capabilities.



Training Requirements



	One of the hallmarks of a good energy -management program is training.  The operations staff needs to be well-trained in the principles and technologies that are used in the buildings and systems that they service.  Training for maintenance staff should, -however, concentrate on the practical, hands-on aspects of maintenance.  Some good training practices are as follows:



Concentrate on the training that is specific to the systems for which the maintenance staff is responsible, although general energy systems management training is also useful.



Keep records on the effectiveness of different training courses; know which ones work and which ones are ineffective or not applicable to your installation's circumstances.  Maintain records to avoid duplication or inconsistent training.



Provide building staff that are not involved in maintenance ,with some cross-training from the maintenance staff so that building staff members become additional eyes for recognizing' potential system problems.  They can also be trained to assist the operations staff by monitoring energy use within each building.
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