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Figure 1. Simplified AC Power Delivery System for a Data Center
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Server Power Supplies

The same source of inefficiency inherent in AC power distribution systems is found at the server level.
The vast majority of servers in data centers are outfitted with dual AC power supplies. When power
reaches the server level (and has already experienced at least 5 heat-producing conversions and
transformations), the AC input power is rectified to DC power and is then isolated and reduced to
proper levels via point of load converters in order to operate the various components of the server
(i.e. processor, motherboard, fan, etc.)3.

There are several important points that must be understood regarding the performance of AC and DC
powered servers:

1. The efficiency of the servers varies dramatically as a function of load: the lighter the load, the
poorer the efficiency.

2. The server power supplies are usually oversized from the manufacturer to support the absolute
maximum power draw from that model server or to limit manufacturing costs.

3. In most mission-critical facilities, dual power supplies are provided in each server in order to
increase reliability. The requirement for this dual power supply further reduces the load on the
individual power supply and thus, negatively impacts the efficiency of the device.

4. Servers tend to operate at a low level of utilization for most of their life (5%-15%). This implies
that the power supply spends the majority of its life operating in the lowest portion of its efficiency
curve.

5. By eliminating the AC-DC power supplies and providing DC power directly to the IT equipment,
items 1-4 above are mitigated.
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Thus power supply efficiency – the percentage of energy that is lost in the form of heat when
electricity is used to power the server – has a substantial impact on overall data center power
consumption and more specifically, server densities. Higher server power supply efficiencies reduce
power consumption and heat generation, enabling IT managers to realize significant savings in
operating costs as well as increase the number of servers that can be supported in a given rack.

While equipment manufacturers have made progress developing high-efficiency AC power supplies,
they are much more expensive than their DC counterparts and are rarely purchased. Additionally, AC
power supplies still require an extra power conversion and voltage transformation in order to operate
the server, and thus have an inherent design inefficiency that cannot be avoided. This extra
conversion step also negatively impacts reliability. Specifically, removing the AC/DC conversion and
directly feeding DC could significantly improve reliability (fewer potential points of failure).

Load vs. Efficiency

The simple physics for all types of IT equipment is that efficiency varies dramatically as a function of
load. Specifically, the lighter the load, the lower the efficiency. Research by Lawrence Berkeley
National Laboratory showed that most server power supplies’ efficiency at converting AC to DC
typically peaks at loads between 50-60% and drops off dramatically at loads under 30%4.

While this rule substantially impacts the efficiencies of individual pieces of IT equipment in a data
center (i.e. server power supplies, as outlined above), it also has significant implications for a data
center’s overall end-to-end efficiency. Under normal operating conditions, it is expected that the
utilization level for a typical financial services data center would be 20% to 40% or less. Since the
requirements for redundancy call for a dual distribution system, it is not practical to attain end-to-end
system utilization levels greater than 40%-45%.

Additional Considerations

While certainly the norm in commercial applications, there are a number of factors that make AC
power delivery undesirable from an engineering and practical application. Technology has advanced
to a point where most of the AC power system challenges can be overcome, but doing so typically
adds great cost and complexity while reducing reliability and efficiency. The disadvantages of AC
power distribution include the following:

1. AC systems must be designed to limit or accommodate harmonics. This results in a design
solution that adds filters, reduces efficiency and increases the physical size of the copper
conductors and transformers by up to 30%. Heat losses increase as harmonics increase.

4 Tschudi, W., “DC Power for Improved Data Center Efficiency.” Lawrence Berkeley National Laboratory whitepaper
sponsored by the California Energy Commission. January 2007.






