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The current movement to “green” institutional facilities is beginning to gain more momentum throughout Europe and North America. The Europeans are clearly taking the lead with North America lagging behind. For this discussion I will focus on hospitals, colleges and universities, hospitality properties, criminal justice facilities, and food distribution facilities, both wholesale and retail. One doesn’t normally think of these types of facilities as having fluid power applications. Although not extensive, there are a variety of applications; including compactors, dock leveling systems, hydraulic elevators, shredding equipment, fork lifts, pallet jacks, stacking and retrieval systems, manlifts, and boiler fuel feeds; just to name a few.  For the majority of these applications small “open loop” hydraulic power units, 20 USG (75 liter) or less, are normally used.  “Closed loop” or hydrostatic systems are generally limited to mobile maintenance equipment, some hydraulic shredders, and boiler feed systems. Any institutional “greening effort” will encompass all fluid power applications. 
In general, hydraulics represents a number of risks to facilities, people, and equipment.  Hydraulic forces are powerful and unforgiving. Therefore, people safety remains the number one priority in the application and design of hydraulic power systems. Beyond the forces involved; hydraulics presents other potential challenges. From the late 19th century until today the dominant hydraulic fluid media has been petroleum based mineral oils. From the standpoint of being a good force transmitter and to provide good lubrication, petroleum based products have worked well. However, there are some significant downsides to petroleum based oils. 
The challenges to petroleum based hydraulic lubricants include the following:
· Petroleum based hydraulic lubricants are made from non-renewable resources. Since they are non-renewable; as oil supplies become stretched, the price will continue to rise with the demand, making petroleum based products ever more costly. Also, since oil supplies are unstable and are subject to changes in the geo-political climate; those changes can and will be dramatic.

· Petroleum based hydraulic lubricants are not eco-friendly. Although oils will eventually biodegrade, it occurs at an unacceptable rate. Oil releases, even small quantities, can quickly overwhelm soils and water treatment facilities. Uncontrolled releases have a highly negative effect on flora and fauna.
· Petroleum based hydraulic lubricant spills are considered as hazardous material. Large enough spills require HAZMAT callouts and could lead to environmental regulatory fines. They are difficult to clean up and to get the petroleum film off of surfaces.
· Petroleum based lubricants require special waste handling; and, spent fluids must be disposed of in accordance with federal, state and local laws and regulations.

· Petroleum based hydraulic lubricants are highly toxic. They require special handling and storage. Personnel are required to wear and use the appropriate protection when handling petroleum based fluids.
· Petroleum based hydraulic lubricants are flammable. This presents a serious problem for any equipment that may be subjected to high heat. In the case of fire, petroleum based hydraulic lubricants represent a ready fuel source. This is why many food processing facilities have banned the use of both petroleum and vegetable based oils around high heat processing areas such as frying equipment.

· Petroleum based hydraulic lubricants must remain isolated from O2 sources because of the volatility if they should come into contact.
· Petroleum based hydraulic lubricants rapidly oxidize with use and deposit sludge and varnishes on the inside of hydraulic components; thus reducing component lifetimes.

· Petroleum based hydraulic lubricants will emulsify when in contact with water and subjected to fluid pressures.
· Petroleum based hydraulic lubricants have poor viscosity at low temperatures and may need to be heated to be useful in cold environments.

· Petroleum based hydraulic lubricants has greater compressibility than water based lubricants, around 8% compressibility. Increased fluid compressibility negatively affects energy efficiency 
· Petroleum based hydraulic lubricants does not have good heat transfer characteristics. 

To overcome the challenges to petroleum based hydraulic lubricants a number of alternatives have been tried. This ranges from the use of potable water, water based lubricants, anhydrous lubricants, and other ester lubricants. Although these lubricants have been partially successful given the application, they have yet to provide the broad range alternative to displace petroleum based lubricants. The problem lies in the fact that petroleum based lubricants have so dominated the fluid power industry (over a century) that virtually all hydraulic components are designed to accommodate petroleum based fluids. The exceptions are for specific application where the systems and components are designed specifically to run on water and water blends.  Therefore, any synthetic lubricant must perform to the same standards as petroleum based fluids and must add value to offset its premium price.
Of all the synthetic lubricants available, water based lubricants offer the most value and has the best fit for the typical institutional user. Before pushing on let’s look at the anatomy of a water based lubricant.

Water based lubricants are composed of three primary parts; glycol, water, and amine additives. The common glycols used today are usually one of the following three: DEG (diethylene glycol); PG (propylene glycol); or, glycerol. Of the three, DEG dominates the water based lubricant market. It was developed prior to World War II and used extensively as a fire resistant fluid in naval vessels. After the war the DEG has been used in metal forming industries and others where fire-resistance is of chief concern.  DEG’s properties of biodegradability and eco-friendliness have widened the potential applications within the last two decades. PG lubricants are limited to food processing applications. It is not as robust a lubricant as DEG; but, unlike DEG it is safe for incidental food contact. Its fire-resistance makes it the preferred lubricant for use around high heat and open flame processes within the food industry. Of the three glycols, glycerol is the new comer.  Glycerin products have been around for nearly a century. It has been commonly used in personal care products such as skin creams and soaps. Glycerine is a fine base component for water glycols. In the last few years a glut of glycerin has become available as a byproduct of biodiesel production. This has provided the incentive to find a use for the surplus, thus the blending of glycerol water based lubricants. Water glycols vary in composition and the quantity of glycol in the blend; typically from 35% to 50% of the final blend. An additive is also blended into the glycol as a thickener.

The water utilized in water based lubricants is not potable water. De-ionized or distilled water is used.  If potable water were to be used the calcium and magnesium would clump up and cause blockages in the system.  Typically water constitutes from between 35% to 60% of the final blend. The water controls the fluid viscosity, fluid pH, and fire resistance. The water in the fluid also enhances the heat transfer characteristics and bulk modulus. Whereas, petroleum based lubricants have approximately 8% compressibility, the compressibility of water based glycols is 50% less or around 4%. This enhances the energy efficiencies of water based fluid when compared with standard petroleum based lubricants. In addition, water based hydraulic fluids have better heat transfer capability when compared to the hydraulic oils.
Amine additives constitute approximately 5% of the water glycol blend. The type and quantity of amines is usually proprietary to the individual chemical company. These additives perform a number of functions such as; anti-oxidation, anti-corrosion, anti-foaming, and anti-wear. Some blenders also blend in a leak trace additive. 
DEGs, PGs, and amine additives are petroleum derived; while glycerol is derived from biodiesel production. All of the glycols are considered to be “readily biodegradable”, degrading 60% within 28 days. However, glycerol does degrade quicker than either DEG or PG and since glycerol is made from a renewable resource, it is considered to be more eco-friendly. Water based glycols meet BOD/COD standards and is generally considered safe for water treatment and water reclaim systems. However, just as with all other industrial fluids and lubricants, EPA and local regulations prevent the disposal of glycols through the effluent system and must be captured, packaged and disposed of by a licensed waste recycler. 
The chemical property that provides lubricity to water glycols comes from the pH base. Depending on the manufacturer, the base ranges from 8.0 to 10.5 pH. Water glycols < 8.0 pH will not provide the necessary lubricity and must be replaced with fresh fluid. Lubricity of water glycols is equal to petroleum based fluids within typical operating temperatures and pressure ranges. However, continuous pressures > 210 bar (3000 psi), the lubrication boundary layer between metal to metal mating surfaces is more difficult to maintain. Since, the viscosity of water glycol doesn’t thin to the same extent as comparable petroleum based lubricants; high fluid temperatures can affect the ability of the water glycol to maintain the lubrication boundary layer. This is not surprising since the component was specifically designed for petroleum based oils. Therefore, fluid operating temperature is an important consideration when using water glycol lubricants with traditionally designed hydraulic components. Now that we’ve looked a little at the fluid power; let’s take a closer look at the challenges facing the institutional greening process.

In general, institutions face a unique set of challenges, not the least of which is their organizational structure. To meet their stated missions normally requires extensive bureaucratic organization. This can prove to be an encumbrance to rapidly plan and implement any type of comprehensive program, let alone a green program. In some cases the logistics by and of themselves involved can be overwhelming.  A comprehensive green program, by its very nature, necessarily transverses a wide range of disciplines, each with their own set of needs, wants and desires. The organization, as a whole, can be committed to the greening, but turning concept into action can prove to be a herculean task. One has to look to why institutions have gone green in the past and why they are going green today.

In the past going green was not necessarily tied to any overwhelming economic incentive. Many decided to go green “because it was the right thing to do”.  This is probably why the Europeans began the process long before their North American counterparts. In the developed states of Europe the general social and political awareness of long term environmental issues prompted industry and institutions to move to green. This process has been further aided by the European Union’s aggressive environmental regulations. Thus, much of the greening technology and processes have been born in Europe and have traveled across the Atlantic. However, North America is not Europe and the public awareness of environmental issues is only beginning to gain momentum. Also, North Americans are used to examining any program based heavily on the short term economic impact, foregoing the longer view. But, now North Americans are beginning to look to the long term giving more impetus to immediate and long term environmental issues. In addition, North Americans will look to see if there is any economic advantage to going green; and, if there is, will turn the going green phenomenon from simply the right thing to do for environmental reasons to, it’s the right thing to do for both environmental and economic reasons. This is precisely why the greening of institutions is now gaining momentum. In the long run going green can add to the bottom line.

When an institution decides on a green strategy it involves a lengthy comprehensive study. It has been my experience that the most widely utilized strategy is to look at those things that require the least capital investments first. This is commonly referred to as “Picking the low hanging fruit”. For example: Power usage and consumption are big ticket items for institutions. The first step is usually in the area of illumination. Switching from high energy consumption lighting to low or lower energy consumption lighting is a big energy saver. Coupled with energy conservation education, reminding people to turn off lights and computers reinforces the savings.  Going to a “paperless” operation reaps large savings also. Institutional owned or operated vehicles can be switched to alternative fuels; ethanol or electric. This also provides further savings. Switch diesel generators from oil diesel fuel to biodiesel fuels. Supply packaging is another area to obtain both good conservation and energy savings. Over packaging is not only more expensive to purchase but also requires a greater investment in recycling and waste removal. Moving away from items that are strictly “use and throw” to items that are “use, recycle and reuse” also provides long term savings. Getting rid of inefficient pneumatics and moving to either electrical or fluid power eliminates one of the most costly and energy inefficient systems in current use. After taking the initial steps then most institutions look to changing the high capital intensive areas. Probably the largest savings that can be accomplished is to green and modernize the HVAC systems. In addition, many institutions are also installing water reclaim systems that utilize “grey water” for use in toilets and other functions that do not require potable water. Changes to both the HVAC and waste water reclamation systems are both capital intensive and time consuming programs. Older facilities may have not been significantly updated from when they were originally built creating conditions that will require huge capital investments to bring them into a green state. However, it is not uncommon for institutions that go green reaping savings of 30% to 40% per annum; thus, paying for the investment with 24 to 48 months. 
Since this article is to address the greening of institutional hydraulics, it is time to get to the specifics.  Institutions, for the most part do not have extensive hydraulic applications. However, the hydraulics that is present is likely found to be in support equipment and systems; such as forklifts, compactors, shredders, hydraulic elevators and dock leveling systems. When drafting a greening strategy, the hydraulic systems sometimes get overlooked because of their limited use within the institution.  Hydraulics also doesn’t represent part of the “low hanging fruit” because in the grand scheme of things the power usage appears to be insignificant. In addition, many of the compactors, shredders, and mobile equipment is not directly owned by the institution but are owned by support service companies. The support service companies not only provide the support service, such as recycling, but also maintain the on site equipment. This tends to place the hydraulic equipment even further from greening consideration and many institutions reason that it’s not their responsibility. Given this view then the question must be poised; then why even consider greening the hydraulics? In response, I ask the following questions:
· If a leak, spill or fire were to occur; whose facility, personnel, and equipment is at risk?

· Initially who is going to pay for the cleanup and possible fines? Isn’t a cleanup with soap and water less prohibitive than a HAZMAT callout?
· Who is initially going to absorb the cost of a damaged water reclaim system?

· How much can be saved if hazardous storage space is reduced?
· How much can be saved if the insurance carrier is convinced that there is a reduced underwriting risk?

· Finally, can any facility claim to be green if there remains a significant source of danger to the facility, personnel, equipment and environment?

It is up to each institution to carefully consider these questions. I have heard some cite that leakage and spills from hydraulics is a minor inconvenience. However, a few years ago the EU published a report stating that nearly 10% of all hydraulic fluids are lost through spills and leakage. This represents million of liters per year to uncontrolled loss. Couple this fact with the damage that petroleum based lubricants can cause and you begin to get a picture that even small incidences do have lasting consequences on the environment. Therefore, anything that can be done to minimize the environmental impact is worth pursuing. This is why greening for greening sake is worth the money, time and effort. I recently had a conversation with someone who detailed a recent institutional system conversion. Let me be perfectly clear; I was not involved with this project and I cannot vouch for the veracity of the project details or who was actually involved. As I heard it, an institutional facilities manager (who wished to remain anonymous) supervises over 1200 facilities continent wide and stated that on average each facility has systems averaging 60 USG of hydraulic fluid per facility. Using the 10% loss rate, his facilities are averaging 6 USG per facility or a total system wide of 7200 USG. We discussed cleanup, disposal costs and fines; and it was estimated in the year 2005 that it cost over $42,000.00 US. One incident alone cost nearly $12,000.00, and the spill amounted to less than 100 USG, but it was in a particularly critical area and fluid got into the waste water reclamation system. In the following two years he has updated the hydraulic systems and reduced expenditures to $4000.00 US/annum. The two year investment to update the equipment and change to water based fluids was a little over $120,000.00 with an expectation that the ROI will be less than 36 months conservatively. How did he do it?
Through the direction of a fluid power consultant they did an extensive audit of all the hydraulic systems. The initial focus was on reducing weaknesses in the systems to prevent leakage. This involved replacing hydraulic fittings that were of an older style, replacing some hoses with tubes and pipes, and implementing a Planned Maintenance Program (PMP) for the hydraulic systems. This conversion process, through local fluid power distributors took a little over 14 months. The final step was a planned change out of petroleum based hydraulic fluid to water based fluids. The only other change to the hydraulic systems was to change return filters from paper filter media to fiberglass. These simple actions not only reduced cleanup and maintenance costs, but it greened all of the facilities hydraulics.
Although changing fittings, lines and fluid will have the most dramatic impact; other green changes can further increase the benefit gained.  As previously noted most institutional hydraulic systems are small self-contained stand alone units; usually performing only a limited number of tasks. Electric motor hp ratings are small and usually are not run continuously. However, there are some facilities that do have larger hydraulic power units providing power for multiple functions; such as multiple dock levelers, conveyor drives, multiple dumps, and stacking and retrieval systems. These systems usually start at about 15 hp and up. The older designed hydraulic power units relied on a single speed electric motor driving a fixed positive displacement pump. In these systems whenever it was running it was delivering maximum pressure and flow. This is quite energy wasteful. In newer designed hydraulic systems the normal approach to solving this problem is to use a variable displacement pump that changes volume to meet flow demand. However, retrofitting hydraulic systems with variable displacement pumps can be cost prohibitive. Another solution is to keep the fixed displacement pump and control the electric motor speed with a Variable Frequency Drive/Inverter. Not only will it accomplish the same result as a variable displacement pump but it will also “soft start” the electric motor, creating energy savings by reducing inrush currents and matching power input directly to demand. Additionally, this is a simple retrofit that doesn’t require many changes to the hydraulic system except for installing a pressure inducer to close the loop back to the inverter. It only follows that the bigger the system the greater the savings.
A rule of thumb in fluid power is that a hydraulic system’s convert around 30% of the input horsepower into heat. The heat is generated by the pressurized fluid overcoming friction while pushing through the lines, valves, actuators and other devices.   Frictional loss is called pressure drop; the higher the pressure drop the greater the force needed to put sufficient force at the actuator to get the desired work accomplished, thus the more heat generated. Since the generation of heat is significant; care is taken in the system design to reduce pressure drop as much as possible. The fluid power designer is challenged to reduce pressure drop while still containing cost. Therefore, this results in making certain compromises. For small hydraulic systems, especially those designed for intermittent duty, the compromise favors the cost variable; while in larger and more complex continuous duty hydraulic systems, compromise favors the pressure drop efficiency variable.

To increase hydraulic system efficiency and extend equipment lifetimes, the build up and retention of heat must be controlled. In simple systems and intermittent systems heat build up and retention is normally controlled through using the hydraulic reservoir as a heat exchanger. Through the process of thermal radiation the heat is dissipated to the atmosphere through the reservoir tank surfaces. However, if this proves to be insufficient, then another means must be sought to remove the heat. This is accomplished by the utilization of an external heat exchanger.  Fluid power uses two primary types; air/fluid fan radiator and fluid/fluid tube and shell.  Thermal radiation and air/fluid depend heavily on the difference between fluid temperature and ambient air temperature; while the fluid/fluid system relies on the difference between the hydraulic fluid temperature and the temperature of heat transfer fluid. Many industrial users already have an external heat transfer system for cooling production processes and installing the hydraulic heat transfer system into the wider plant cooling system requires little effort.  However, few if any institutional users utilize this kind of external system.  In considering the greening of the facility; the capture and reuse of the heat generated by the hydraulic system can help offset the costs of the power consumption of the hydraulic system.  This is generally not practical or even feasible when the only hydraulics is either a mobile system or a small stand alone intermittent use system.   Therefore, where it becomes feasible is in the larger stationary system such as the hydraulic elevator system or the dock leveling system. If the hot water feed system is used as the heat transfer fluid, utilizing a tube and shell heat exchanger; the heat captured is then used as a water preheater.   This accomplishes two functions; 1) cool the hydraulic system; and, 2) preheat the water feed to the hot water system.   Although it pays to cool the hydraulic system; the superior heat transfer properties of water glycol allows for greater reclaim of heat over equivalent hydraulic oils.                                                                     To attain the highest efficiency, reduce water evaporation and maintain optimum lubricity of water glycol fluids; the ideal fluid operating temperature is ( 50° C (122° F). This is not to say that the system doesn’t operate well at higher temperatures; but, ( 50° C (122° F) represents the ideal temperature to get the most out of the fluid. 
When consider the benefits gained from greening the fluid power system; the costs represent a minimum investment. For example: A small single function intermittent hydraulic power unit can normally be converted for less than $100.00. Systems with reservoirs between 15 and 50 USG can normally be converted for < $500.00 and the largest systems, including installation of a heat exchanger, Variable Frequency Drive/Inverter can easily be done for $5,000.00 to $7,500.00. 
Another important consideration in any greening action concerns the long term operation and maintenance of the fluid power system. First, let me state that any fluid power system requires good periodic maintenance. Many of the leaks associated with fluid power can be prevented by monitoring and attending to equipment and components. Fluid and system cleanliness is essential to get the most out of any system. Therefore, replacing dirty return filters is absolutely critical. In addition to the maintenance that all fluid power systems require; water glycol systems require attention and testing to the fluid’s chemical balance. On a regular basis the viscosity and pH of the fluid must be monitored. By maintaining the chemical balance of the fluid; it will reduce the number of fluid change outs and will guarantee the extended component lifetimes. This allows getting the full benefit of the green program.
Any institutional fluid power greening program will normally require the use of a lubrication specialist and a fluid power professional. Few if any institutional users have these disciplines on staff. Although it is rare to find one firm or person who can advise a user in regards to both disciplines, they are available; but it may require some research. Most large chemical suppliers are not equipped to advise on greening programs and are not set up to provide the fluid in putups less than 55 USG drums. Fluid blenders who specialize in biodegradable hydraulic lubricants are a better choice as suppliers for this type of greening program. There are a number of fine fluid power distributors available to assist with the equipment design and operation. However, the fluid power professionals will have to work closely with the fluid supplier to assure that the right equipment is matched with the fluid. 
Although the fluid power system in most institutions doesn’t represent “low hanging fruit”; it does represent a potential source of pollution and potential hazard to personnel and facilities. Even if the institution isn’t going green, it makes sense to upgrade the hydraulics to a more benign system.
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