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Abstract

The paper looks at the increasing power consumption of IT systems in contrast to the challenges facing electricity generation in the future; the assumption is that electricity prices will rise, and that IT will be challenged by this increase if its systems continue to become more and more inefficient. Further, energy inefficiency leads to other problems such as the inability to densely pack equipment in data centers, and the requirement that dissipated heat be removed with energy-hungry cooling equipment. By moving toward more efficient systems, systems can withstand increasing electricity prices for a longer period of time (thereby resisting expensive replacement), offer savings in the “post-development” stage of the system, and increase opportunities for cost recovery in the “disposal” phase, while also offering the opportunity for a halo effect for the organization stemming from its environmentally-responsible actions.
Introduction

IT system engineering is extremely dependent on electricity to produce its products, but as the raw materials required for generation become more scarce, concerns about global warming and its causes increase, and as generation facilities are approaching the dates at which they must be renewed, electricity prices are rising accordingly due to the limitations that these conditions place on choices for providing future generation capacity. Unfortunately, the electricity consumed by IT equipment is also rising, often beyond levels commensurate with the performance they provide, and this places price pressures on IT system construction endeavors, particularly as they accommodate the heat generated by this inefficiency through larger facilities with more powerful cooling equipment. System engineers are in a unique position to address this problem by using their positions to influence the construction of energy-efficient IT systems; doing so will produce environmentally-responsible systems that will have more immunity to escalating electricity prices, as well as having ancillary cost-saving benefits beyond the raw utility cost.
Importance of system energy efficiency
Small improvements in the power consumption of individual system components can, in aggregate, amount to significant savings beyond the cost of the electricity resource. A 2-year-old conservative estimate (Louis, 2006) of search engine company Google’s machinery, for example, estimates that Google manages 45,000 servers in its system. If the efficiency of each of those 45,000 servers was improved such that the power consumption was reduced by 20 watts, it would amount to a reduction in consumption of the servers by nearly 1 megawatt, which is the output of a modern wind turbine, or the consumption of approximately 640 homes (Department of Trade and Industry, 2001). Emphasis must be placed on the fact that this is a reduction in only one system component, in only one company – a modern company, at that – and that it is based on a 2-year-old conservative estimate. More generally, one estimate suggests that a 200,000 ft2 data center would require a 100MW supply, and an additional 60MW would be required for the supporting mechanical room, for a total of 160MW; the author duly notes that this is approximately 16% of the output of a nuclear power station (Belady, 2001, p. 5). Google has recently publicly recognized the significance of processor efficiency, but only in relation to electricity costs (Shankland, 2005).

Electricity costs aside, if less electricity is being used to produce the same amount of work, this means that less of that electricity is being dissipated as heat, allowing for less power-hungry cooling systems. Lower levels of consumption also extend the life of data centers; the power supply capability of many data centers is already being exceeded, which is becoming a problem as new server hardware is exceeding the Watts/ft2 specification of many existing server housing facilities
 (Belady, 2001, p. 5). A lower system power consumption allows flexibility in selection of data centers, and allows them to last longer and potentially be re-used from other systems as-is, having obvious implications to the overall system with respect to cost, logistics, and time-to-delivery. Other benefits include the ability to use smaller, less-expensive backup generators that last longer on the same amount of fuel, and lower real estate costs when less floor space is required to house the same processing power; components can be placed closer together when they dissipate less heat, and fewer components may be required to produce the same result.
In addition to the benefits to the system, the need for additional power generation facilities at the government level is reduced with efficiency endeavors, having obvious benefits at a time when a great deal of the electricity supply is aging and requiring replacement (Gellings & Yeager, 2004), and when concerns about natural resource supply, global warming, and air pollution are limiting the choices available for generation sourcing and placement, and thereby raising the costs, to build new supply. China (The Economist, 2006), the U.S. (Thibodeau, 2006), Canada (McClean, 2005), and the United Kingdom (Price, 2005) have all very recently been cited as being in a position of having uncertain electricity supply in significant areas of their countries; for this reason, it does not seem unreasonable that federal governments may, at some point in time, impose energy-efficiency standards on electronics as they currently do with automobiles; there is evidence to suggest that such a trend is already beginning (Gorrie, 2006).
Cost savings that are realized through power consumption reduction efforts can be reassigned to other parts of the system, or simply taken as profit. Assuming that the cost of efficient hardware does not negate the overall savings of energy efficiency, those savings can be used in areas where the system may otherwise be underfunded, such as up-front in the design phase (if the development of efficient systems presents a positive benefit to stakeholders), or in support subsystems: some of the savings will be ongoing throughout the life of the system. Additionally, efficient hardware used throughout the system has a higher chance of being useful for reuse in future systems, having future financial benefit and making disposal cheaper; this is especially so if electricity prices rise in the future, as they are expected to (Smith, 2006).
Energy can be saved in many system components and processes; for example:
· the power management policies set forth by the network administrator determine whether or not power-hungry display monitors are turned on and drawing power when not in use, and when computer hardware is consuming power when not actively in use (Gunaratne, C., Christensen, K., & Nordman, B., 2005).
· building management processes determine when lighting is turned on and off
· in proprietary components being built expressly for the system, the materials used to create physical components, and the sourcing of such, affect the amount of energy required to produce and dispose of or recycle the components; aluminum, for example, is energy-intensive to produce from primary-ore, but only 5% of that energy is required to reuse recycled aluminum (The Aluminum Association, Inc., 2004)
.
· system display monitors can be selected from newly-available LCD offerings, rather than their energy-hungry CRT counterparts, with positive aesthetic side-effects and smaller footprints, allowing more flexibility in equipment and facility design

· facility design incorporating natural lighting may reduce lighting costs
· end-user terminals can incorporate power supplies that are more efficient in their AC-to-DC power conversion

Energy efficiency has the added benefit of being useable to demonstrate virtue in corporate literature, thereby generating goodwill which may sway potential customers in your direction, as is done by companies like the IKEA Group (Inter IKEA Systems B.V., 2004).
Power consumption in a system context

System engineers are in a unique position to influence overall power consumption because power consumption is an attribute of a system, just as weight, dimensions, and operating costs are. In fact, other than the influence from stakeholders, system engineers are likely the only participants who will have natural and downward influence in this area.
The first system phase that will be explored is the “operation” phase, in order to generate momentum for the discussion that follows. Although it may seem backwards to do so, the “operation” phase is where most of the gains from energy-efficiency will be realized; however, the gains will be dependent on how long the system is expected to be in operation; the longer the system is in operation, the more will be the savings, as compared to the less-efficient alternative. In the face of increasing energy prices, all other things being equal, it is likely that an efficient system will be viable for a longer period of time than a system in which energy-efficiency was not much of a factor during design. A classification of potential savings during the “operation” phase is as follows:
· data center electricity savings

· less heat generated by equipment, requiring less power-hungry cooling effort

· less power drawn by equipment to do the same amount of work, resulting in lower raw electric utility costs
· less floor space occupied by equipment, requiring lower overall facility costs (assuming that facility electricity is, generally, consumed by the square-foot (Huber & Mills, 1999)).
· end-user electricity savings

· less heat generated by equipment, requiring less power-hungry cooling effort
· lower lighting bills due to natural lighting features of facilities, and shutdown of lighting during non-business hours
· less power drawn by equipment to do the same amount of work, significantly so during non-business hours, resulting in lower raw electric utility costs

· facility savings (data center and end-user)

· lower property taxes due to lower land use (higher component density)

· lower costs for property management, specifically, but not limited to:

· replacement and maintenance of backup power systems is less expensive due to their lower size and capacity

· replacement and maintenance of cooling systems is less expensive due to their lower size and capacity

· lower square-footage costs due to less floor spaces

Again, the emphasis is on many cumulative small changes having a large overall impact.

There is also benefit in the “disposal” phase of the system. Assuming increasing energy prices in the future, a system that is built from energy-efficient components is more likely to be able to re-sell those components for use in other systems post-disposal because the energy usage delta between current and future systems will be lower; not only are disposal costs avoided
, but benefit is actually obtained from the disposal. Similarly, energy costs that may force premature system disposal may allow a system to have a longer life than it ordinarily would have; the savings would be significant in this case because a system may be maintained or modified at a much lower cost than an outright system replacement.
The “concept development” stage of system engineering is where the initial specifications for energy-efficiency will be defined. It is in this stage that the energy-efficient strategy will be analyzed and evaluated to determine whether or not it is a worthwhile avenue to pursue; in some systems, the required components may not be available, their reliable supply may be questionable, or they may not have a sufficiently proven track record for incorporation into a system. Considerations like these much be weighed against the other requirements of the system. Hybrid solutions are, of course, possible, where easily-procured, efficient components may be used in the system where available, and traditional components may be used elsewhere; “quick wins” may be achieved while leaving more questionable technologies for others to prove and evaluate. There are many variables to consider; a short-lived system that must be delivered quickly and cheaply may not be concerned about future energy prices, and may be best-engineered using cheap, readily availably components that can be supplied immediately, while a system expected to last for a quarter of a century may afford the extra time required to develop an efficient system that will remain viable through its lifecycle by withstanding increasing energy prices. What is important is that the issue is at least considered, and the “concept development” phase is where the importance of the issue will be evaluated.

The components will be acquired, the subsystems formed, and the processes and policies described in the “engineering development” stage. From the perspective of this discussion, this stage represents the least important phases because the value of energy efficiency as a philosophy has already been decided and the direction for the system has been set. Since the benefits will be reaped in the “post-development” stage, the “engineering development” stage is simply the stage where the vision will be transformed into a reality and is therefore less relevant to this discourse.
Future directions

The research community appears interested in the power consumption problem, and it can be addressed from many different angles and is not limited strictly to hardware applications; for example: 
· Baynes, Collins, Fiterman, Ganesh, Kohout, Smit, et al. (2001) explore the issue from the software side, proposing a simulation environment for testing the energy consumption of different real-time operating systems.

· Zorzi, & Rao (2001) explored different versions of the Transmission Control Protocol (TCP) – a software protocol initially developed for wireline networks – could be modified to provide better energy efficiency than its default implementation when used over wireless networks.

· Vahdat, Lebeck, & Ellis (2000) suggest operating system modifications for applications requiring energy efficiency, such as time-sharing battery resources before CPU resources, and improving memory management strategies.
· Gunaratne, et al. (2005) suggest small improvements to hardware designs which would allow broader power management computer administration policies (implemented in software, to control hardware)  to be adopted based on their findings about why some network administrators do not use power management policies to their fullest extent, and why certifications such as Energy Star do not go further than they could. Interestingly, however, they note that the existing Energy Star program for office equipment will save approximately $30 billion in energy costs alone between 2001 and 2010.

· Mussol (2003) proposes changes to processor logic to shutoff unused regions, and Niu & Quan (2004) have similar goals, but with respect to real-time systems.
· Ye, Benini, & De Micheli (2002) propose a framework for estimating the power consumption of switch fabrics in network routers

Although the above references show a system-wide concern about power management, much of the current research effort in this area is ultimately oriented toward decreasing the power consumption of embedded processors and mobile devices such as cell phones and notebook computers, in which consumption determines the size and weight of the battery, which is a large and heavy physical component of the overall device, thereby making, even if indirectly, energy efficiency a competitive advantage. This effort is paying off in other ways: One example exists in Intel Corporation’s decision to base future processor developments on their Centrino platform. Centrino was originally a relatively efficient processor design intended for notebook computers, but has recently been extended to provide dual-core processors for the next generation of desktop computers, with the main reason for this transition being that their current, inefficient desktop processor line generates too much heat to be pushed any faster that it already is, mainly due to energy inefficiency (Krazit, 2005).
Conclusion

A case has been made for better energy efficiency in IT system development, but, even in an agreeable environment, it is difficult to act unless products that can be used as components in an energy-efficient system are available in the marketplace. As is usually true, once sufficient demand exists for a class of products, corporations will develop products to meet that demand on a scale that affords cost reduction. This is an emerging condition, and such energy-efficient products are now beginning to appear on the market. For the technological improvements toward better energy efficiency to be implemented, it is essential that awareness and appreciation of the issue be held by the system engineer; after all, this position is where the demand for such technology in system design is generated, where influence is most effective, and where many of the policies stipulating and incorporating energy efficiency will be passed down from.
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� Data centers equipped to deal with 40-70 W/ft2 are receiving servers requiring 75-225 W/ft2. The paper, from 2001, projects that 500 W/ft2 will be required “in the next 5 years”, bringing us to the current year, 2006.


� This issue is not directly relevant to the construction of IT systems because such factors would be reflect in the cost of equipment. However, it can be used to promote an environmentally-responsible company, and is included to illustrate the types of decisions that could be made to meet this end.


� It might be argued that the heat generated by inefficient equipment is of benefit in the winter in colder climates, but this depends on the climate, severity of winter, and the cost of different heating methods in different regions (Bartels, 1996). It also takes control of heating away from, and thereby undermines, the operators of the facility’s HVAC subsystem.


� Disposal costs are also expected increase in the future as environmental levies are used to reflect the harmful environmental effects of the disposal of toxic computer equipment, and tax credits are used to encourage recycling of such equipment (Hileman, 2006).





