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Introduction 

Computers move the wheels of our economy and represent some of corporate America’s largest capital 
expenditures. Of increasing concern to both the environmental and business community, however, are 
the hidden costs of computer operation, measured in kilowatt-hours of electricity and tons of carbon. 
Every year desktop computers in America’s businesses consume as much electricity as all of Idaho, 
costing those businesses $2 billion in utility bills and resulting in 16 million tons of CO2 emissions, a major 
contributor to global warming. The U.S. Department of Energy predicts personal computer energy use will 
double in the coming decades due to near ubiquity of computers throughout America’s homes and 
workplaces (Figure 1).   
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Figure 1: Projected energy usage for personal computers (Energy Information Administration 2006) 

  

The predicted growth in the energy consumption of personal computers has created concern among 
several stakeholders, resulting in numerous initiatives that encourage the sale of more energy-efficient 
computers, including the Climate Savers Computing Initiative®, the electric utility-funded 80 PLUS® 
program, and the ENERGY STAR® voluntary labeling program. Of the current set of efficiency initiatives, 
the ENERGY STAR program has the most comprehensive set of requirements, incorporating elements 
from 80 PLUS and taking into consideration a large number of computers currently on the market.  These 
programs, coupled with competitive pressure, have driven silicon manufacturers like Intel®, AMD® and 
Via Technologies® to develop highly efficient desktop computer platforms.  Hardware manufacturers, 
feeling many of the same pressures, have developed a new suite of energy efficient power supplies, hard 
drives, and memory modules.    

The rapid pace of innovation enabling radical efficiency improvements in computers begs the question, 
how low can we go? In 2007, the California Energy Commission’s Public Interest Energy Research 
Program (PIER) funded Ecos and the Electric Power Research Institute (EPRI) to collaborate with 
computer platform developers Intel, AMD, and Via Technologies to integrate and test office productivity 
desktop computers that push the limits of energy efficiency.   
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This work was carried out with the hope that it will adequately demonstrate the rapid improvements in the 
energy efficiency of computing technologies and inform government agencies and procurement 
managers of the significant energy and carbon savings that can be achieved with both market-ready and 
emerging desktop computer technology.   

 

  

Objective 

The objective of this research was to examine best-efficiency-in-class computing equipment and 
demonstrate two highly efficient desktop computer prototypes suitable for typical office productivity tasks:  

1. A market-ready computer system that meets a currently accepted retail price point for a commercial 
desktop computer  

2. An “ultimate efficiency” computer system that achieves the best combination of efficiency and 
performance regardless of cost 

Ultimately our project’s goal was to showcase a desktop computer that behaves like a laptop from an 
energy efficiency standpoint. As a part of the industry outreach for this project, we contacted leading 
computer processor manufacturers, namely Intel, AMD, and Via Technologies. These companies 
provided their most efficient desktop computer platforms. The computer systems were then assembled 
with other components — including power supplies, hard drives, memory, and CPUs — that were 
carefully selected to have comparable performance and higher efficiency compared to stock desktop 
parts. We conducted a battery of tests on these systems to determine the optimal configuration of 
components. Finally, we ran performance benchmark tests on the final system builds to ensure that the 
energy efficiency modifications did not adversely affect the performance of the systems while conducting 
standard office productivity tasks. 

 

 

Desktop Computer Efficiency Today 

In the past several years, a number of computer efficiency initiatives have arisen that have raised 
awareness of the importance of active mode efficiency. The first of these was the electric utility-funded 80 
PLUS program. The program grew out of Ecos Consulting and EPRI research for the PIER program that 
demonstrated significant energy savings opportunities through the use of highly efficient power supplies 
in desktop computers (Calwell and Mansoor 2005). The program established requirements for desktop 
computer multi-voltage, internal power supply efficiency (80% or better efficiency at 20%, 50%, and 100% 
of the power supply’s rated dc output) and power factor (better than 0.9 at 100% load). Since its inception 
the program has qualified over 400 power supplies as 80 PLUS compliant and is currently expanding 
coverage to single-output internal power supplies for servers.1 

In 2005 the ENERGY STAR program began to thoroughly revise its computer specification, which at the 
time only required that computers consume a certain level of power in Sleep Mode. The ENERGY STAR 
program created a more holistic specification in v4.0 by expanding specification requirements into active 

                                                      
1 See www.80PLUS.org web site for more information about current program levels and coverage. 
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modes of operation. ENERGY STAR adopted 80 PLUS power supply efficiency criteria for desktop 
computers and created a series of power requirements for Idle Mode, the time when a computer is 
switched on but waiting to perform tasks for the user. Idle Mode requirements were scaled based on the 
classification of a given computer’s performance and capability. Most typical office computers today fall 
into “Category B” and therefore must consume no more than 65W while in Idle Mode.2  

With advancements that include mobile-on-desktop platform engineering, more efficient multi-core 
processors, new hard drive technologies, and increasing availability of efficient power supplies, desktop 
computers designed for typical office productivity tasks can now greatly exceed the ENERGY STAR 
program’s v4.0 requirements.  The graphs below demonstrate the potential energy savings identified in 
this research across different modes of operation.  First we show the energy use profile of a computer 
that operates at the required ENERGY STAR v4.0 levels. Then we demonstrate the energy use of the 
most efficient technology we found in our research, what we call our ultimate efficiency desktop. We show 
commercial desktop computer usage in four different modes of operation: Active Processing, Idle, Sleep, 
and Standby. The average commercial computer uses over 90% of its energy while idling. Annual energy 
savings of 40% to 70% can be achieved with today’s most efficient available technology, largely through 
drastic reductions in Idle Mode power consumption. 
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Figure 2: Duty cycle and power consumption values for ENERGY STAR computers. Power consumption by mode is represented on 
the y axis. Hours of use per day by mode is shown on the x axis, based on a weighted average of observed commercial computer 

use (Roberson, Webber et al. 2004). 

                                                      
2 Category B computers must have a dual-core processor and at least 1 GB of physical memory. 
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Figure 3: Duty cycle and power consumption values for our team’s “ultimate efficiency” computer prototype. Power consumption by 
mode is represented on the y axis. Hours of use per day by mode is shown on the x axis, based on a weighted average of observed 

commercial computer use (Roberson, Webber et al. 2004). 
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Hardware Selection Process and Measurement Methodol ogy 

Platforms 

Industry partners Intel, AMD, and Via Technologies provided the following platforms for evaluation, shown 
in Table 1 (comprising a motherboard, chipset, and accompanying processor). All platforms utilized 
embedded graphics processors as opposed to a separate graphics card. 

 

Table 1: Computer platforms and processors 

Partner 
Motherboard 
Manufacturer Chipset Processor 

Graphics 
Processor 

Form 
Factor 

Intel Intel 
Intel 3 Series Q35 
Express Chipset 

Intel Core2Duo 
E4500 

Intel GMA 3100 Micro ATX 

Intel Intel 
Intel 3 Series Q35 
Express Chipset 

Intel Core2Duo 
E4500 

Intel GMA 3100 Micro ATX 

Intel Intel 
Intel GM965 Express 

Chipset 
Intel Core2Duo 

T7500 
Intel GMA x3100 

Custom, 
Biscayne Bay 

reference 
board 

AMD Asus AMD 690G 
Athlon X2 BE-

2350 rev G1 2.1 
GHz 

AMD 690G 
graphics core 

ATX 

AMD Asus AMD 690G 
Athlon X2 BE-

2350 rev G2 2.1 
GHz 

AMD 690G 
graphics core 

ATX 

AMD Elite Group AMD 690G 
Athlon 64 X2 

5000+ 2.6 GHz 
AMD 690G 

graphics core 
ATX 

Via 
Technologies 

Via Technologies C7-D CN700 C7-D 1.7 GHz 
VIA Graphics 

UniChrome Pro 
IGP 

Micro ATX 

 

The improved platforms (motherboard and CPU combinations) provided by our industry partners Intel, 
AMD and Via Technologies provided a large percentage of the energy savings reported. Researchers at 
EPRI conducted a visual inspection of the motherboards to determine which design elements were 
responsible for the observed power reductions over typical desktop systems. This inspection 
demonstrated that the improvements are due to the following modifications: 

�  Efficient on-board, “secondary” power supplies: utilization of high efficiency switch-mode 
power supplies instead of linear regulators resulted in a significantly more efficient 
motherboard design. For example, the Texas Instruments TPS54110 used in the Intel 
GM965/Biscayne Bay reference motherboard design offers a higher efficiency step-down 
voltage conversion than a conventional linear regulator.3 The high efficiency of the on-board 

                                                      
3 More detailed information about energy savings opportunities from improved “secondary” power 
supplies in computers can be found in another EPRI/Ecos study conducted for the PIER program:  EPRI 
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supplies is often indicated by the absence of cooling fans and the relatively small size of 
heat sinks compared to conventional desktop motherboards, shown in Figure 4. 

 

Figure 4: Intel Biscayne Bay mobile-on-desktop reference platform. The highly efficient components used on this and other mobile-
style boards result in much smaller heat sinks and significant reductions in heat sinking materials 

�  Optimized board layouts: on-board power supply losses were reduced by mounting 
components as close to each other as possible, often achieved by mounting components 
on both sides of the printed circuit board. 

�  Thickness of copper traces: motherboard copper losses can be reduced by increasing 
copper thickness near power traces and/or planes. One of the platforms used 1-ounce 
copper in their printed circuit board traces. This incurs a slightly higher copper cost on the 
bill of materials but can be cost-effective as an energy-saving technique.(EPRI Solutions 
and Ecos Consulting 2007) 

�  Low-profile inductors: new low profile inductors feature much lower resistive losses than 
conventional inductors and have a lower inductance roll-off due to the use of better ferrite 
materials. This translates into lower parasitic losses through the motherboard’s passive 
components. 

�  Use of low-loss active devices: use of low-loss active devices on the motherboard improves 
its overall efficiency as well. For example, we found that one of the platforms used the 

                                                                                                                                                                           

Solutions and Ecos Consulting (2007). Challenges and Energy Saving Opportunities in Measuring, 
Reporting, and Promoting High Efficiency Secondary Power Supplies, California Energy Commission 
Public Interest Energy Research Program. 
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Fairchild FDD8796 MOSFET, the lowest loss MOSFET manufactured by Fairchild in the 
needed range of operation. 

�  Non-traditional power architectures: in the case of one of our motherboards, the Intel 
GM965/Biscayne Bay reference platform, board designers used a mobile-on-desktop 
design right down to the power architecture. This board was powered with a commonly 
available 19V external power supply used for laptop applications. This approach delivers as 
much current as possible to the motherboard at a relatively high voltage (19V as compared 
to the standard 12V rails used in most desktops) through a highly efficient switch-mode 
power supply. This voltage is then down-converted through point-of-load converters on the 
motherboard, as shown in Figure 5. We believe this approach contributed to the overall low 
power consumption of this platform, although we point out that even mainstream computer 
manufacturers have begun to use external power supplies to power small form factor 
systems. 

 

 

Figure 5: the conversion of power in a standard vs. EPS-powered desktop computer 

 

Power Supplies 

The selection of efficient ac-dc power supplies, especially those that are appropriately sized for the 
required load, is important to trimming the overall power consumption of desktop computers. This project 
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required two types of power supplies, one a high efficiency ATX12V standard power supply (market-ready 
desktop) and the other a high efficiency external 19V laptop power supply (ultimate efficiency desktop).  

Ecos and EPRI’s past research on computer power supply efficiency demonstrated significant energy 
savings opportunities by upgrading to greater than 80% efficient power supplies (Calwell and Ostendorp 
2005). Since our initial research into computer power supply efficiency, a large variety of 80 PLUS-
compliant power supplies have become available on the market such that several mainstream computer 
OEMs now integrate them into common models.4  

However, a highly efficient power supply will only reduce a desktop’s power consumption so much. 
Ultimately it is the net power consumption of a computer’s power supply — the amount of electrical 
energy dissipated as heat by the power supply during typical operation — that governs the real world 
energy savings that a user might observe. Figure 4 demonstrates this concept. If a computer’s power 
supply is grossly oversized for the application, it might operate at a particularly inefficient part of its load 
curve, resulting in higher net consumption. A right-sized power supply, on the other hand, will operate at a 
higher percent of rated load, thus operating more efficiently, dissipating less power as heat, and 
generating more energy savings.  
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Figure 6: Net power consumption in computer internal power supplies 

 

Because our end systems require significantly less dc power than most desktops today, it was only 
sensible to build these systems using smaller power supplies. We tested three highly efficient 80 PLUS 
internal power supplies that had power ratings of 400W, 285W, and 200W.  We found that by choosing 

                                                      
4 Examples include new model lines from Dell®, HP®, and Lenovo® that meet 80 PLUS/ENERGY STAR 
v4.0 power supply requirements. 
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the appropriate size for the power supply (in this case choosing a 200W power supply instead of a more 
common 400W power supply), we were able to shave 3.4W off of the computers’ power consumption.   

 

Table 2: effects of utilizing appropriately sized i nternal power supplies 

PSU 

PSU Watt Rating  

(Wdc) 

Savings vs. 
Oversized Power 

Supply  

(Wac) 

SolyTech SL-8220EPS 200 3.40 

FSP group FSP270-65LE 300 2.20 

Jou Jye SGE-400AUUK 400 — 

 

Our ultimate efficiency system required a 19V laptop external power supply, so we repeated this 
procedure, examining the most efficient ENERGY STAR-labeled external power supplies in the 60W to 
120W output range. When we incorporated a highly efficient 60W external power supply in the system, it 
generated a 2W power reduction over the less efficient, oversized 120W power supply originally supplied 
with the system.   

Hard Drives 

In order to identify the most energy efficient hard drives, we purchased and tested multiple hard drives 
commonly used in laptops.  In particular, we wanted to compare energy and performance numbers for 
traditional hard drives and recently released hybrid hard drives.  The hybrid hard drive is a recent 
innovation that utilizes a flash memory buffer to cache a user’s most frequently used files, allowing the 
magnetic portion of the hard drive to spin down.  Although only typically available in laptops, these drives 
can prove valuable for saving energy in desktops as well. Hybrid hard drives provide the large energy 
savings with minimal performance sacrifices compared to conventional desktop drives. Tests were carried 
out to evaluate the performance and energy consumption differences between efficient drives and a more 
conventional 7,200 rpm, 3.5” desktop hard drive. Our recommended drives in both the market-ready and 
ultimate efficiency system builds used 5 to 6W less power than the stock drive, while demonstrating 
comparable performance. Laptop hard drives are also significantly smaller, quieter, and operate cooler 
than desktop drives, allowing for construction of smaller form factor systems. 
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Figure 7: comparison of typical laptop (left) and desktop (right) hard drive sizes 

 

A number of new and emerging technologies promise to decrease hard drive power consumption even 
more.  Just as we terminated testing for this research, Western Digital® released its 7,200 rpm Caviar 
Green Power hard drive, which the company claims can decrease power consumption by 40% over 
conventional magnetic storage. The Caviar GP could not be incorporated into the current research, but 
future studies will assess the impact of this technology.   Another technology that is now available in 
some laptops is the solid state, flash memory-based hard drive, which eliminates moving parts altogether 
and could yield even larger energy savings than we saw in our research. Ongoing research will determine 
the energy benefits of the diverse and rapidly evolving hard drive technologies on the market today. 

Memory Modules 

Today’s computers commonly contain 1GB or more of physical memory and can be configured with 
multiple low capacity modules or a single larger capacity one. We configured all of our systems with 2GB 
of physical memory.  We found that a single 2GB module consumed 1 to 2W less power than multiple 
smaller modules with no significant performance impacts. An additional benefit to installing a single larger 
module initially is that it makes it easier for computer purchasers to upgrade later without having to 
discard their old memory module(s). 

Case Fans 

Case fans are available in a variety of airflow rates, sizes and motor efficiencies.  We tested six 120 mm 
fans with flow rates between 34 and 45 cfm to determine if any significant differences in efficiency 
existed.  The most efficient fan consumed 2 to 3W less than the least efficient fan.  Large cost differences 
exist for the various fans.  Many of the most energy efficient fans cost around $20; however, the Enermax 
UC-12EB provided nearly identical savings as the most efficient fan while costing much less.   
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Good overall thermal and efficiency design can eliminate the need for case fans altogether. Our ultimate 
efficiency desktop was efficient enough that it only required a small CPU cooler fan. No case fan was 
needed, reducing power consumption and noise.   

Measurement Methodology 

The project builds upon the test methods developed by EPRI and Ecos for efficiency measurement of 
internal and external ac-dc and dc-dc power supplies (Mansoor, Fortenbury et al. 2007; Calwell, Foster et 
al. 2004) and prior investigations into holistic, performance benchmark-based approaches to measuring 
overall computer system efficiency (May-Ostendorp, Herb et al. 2006; Herb, May-Ostendorp et al. 2006).  

The project team used a combination of “modal” power measurements (Active, Idle, Sleep, and Standby 
Mode power) and efficiency benchmark measurements to track the efficiency and — to some degree — 
performance of computer platforms as they were outfitted with dozens of combinations of components 
and power electronics.  

For all modal measurements, we used the definitions and test procedures from the ENERGY STAR 
program’s version v4.0 desktop computer requirements (ENERGY STAR 2007).  We took all electrical 
power measurements with a Yokogawa WT1600 high accuracy digital power analyzer. The team 
connected the computers to the power analyzer through a low resistance wire harness, and power 
measurements were recorded for Standby, Sleep, Idle, and Active Mode.  

We measured Active Mode power consumption by installing BAPCo’s SYSmark® 2007 Preview 
benchmarking software on each computer and recording power consumption while running the 
“productivity scenario” that attempts to simulate common office tasks such as editing spreadsheets and 
typing word processing documents. We then logged power consumption during the course of the 
productivity routine and integrated the energy consumed over that period. We reported the median 
performance and energy use after five runs of the benchmark, ensuring that overall scores and energy 
use measurements converged on stable values.5 

 

 

Results 

Power Consumption in Idle and Active Processing Mod es 

We have found that today’s ENERGY STAR computers could consume 40% to 70% less power in Idle 
Mode by utilizing high efficiency platforms and components. Our base test platforms outfitted with stock 
components were already as much as 27% below the ENERGY STAR program’s Category B desktop Idle 
Mode power requirements. Idle power dropped further by 6 to 9W by building out platforms with right-
sized 80 PLUS power supplies, efficient case fans, and single memory modules. Idle power dropped by 
an additional 5 to 6 W after exchanging conventional hard drives for similarly sized hybrid hard drives. On 

                                                      
5 Our test systems were loaded with the Windows Vista Ultimate® operating system. This operating 
system has special caching features that enable quicker access of frequently used files and generally 
improve disk performance over time. We needed to ensure that the system’s performance “converged” on 
a stable value after several benchmark runs to account for the tuning that occurs as a result of these 
features. 



12 

 

 How Low Can You Go?:  Cutting Edge Efficiency in Commercial Desktop Computers 

average idle power consumption dropped an additional 25% to 36% simply by outfitting computers with 
improved components, as illustrated in Figure 8 and Table 4. 
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Figure 8: Idle Mode power consumption with efficient computer components 

 

Table 3: Impacts of efficient component upgrades on  desktop computers 

 

Even though computers spend less than 3% of their time actively processing tasks for users, their 
performance in this state does not need to be compromised for energy gains.  To ensure that each 
platform met basic requirements for performing office productivity workloads, we measured the systems 
with the SYSmark® 2007 Preview benchmarking suite and its office productivity tests. Our findings show 
that the trade off between performance and efficiency is very small. Figure 7 illustrates the performance 
and energy difference of the high efficiency and low efficiency systems.  The high efficiency system 

Component 
Improvement 

Idle Power 
Saved (W ac) 

Percent Idle 
Power Saved 

Total Annual 
Energy 
Savings 
(kWh) 

Percent Energy 
Saved 

Power Supply 3 - 4 6% - 9% 18 - 24 6% - 10% 

Hard Drive 5 - 6 10% - 14% 31 - 37 10% - 15% 

Physical Memory 1 - 2 3% - 5% 6 - 12 2% - 5% 

Case Fan 2 - 3 6% - 8% 12 - 18 4% - 8% 

Total 11 - 15 25% - 36% 67 - 91 22% - 38% 
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consumes on average 13 to 14W, or 25% less power in Active Mode, and has a performance score only 
7% less than conventional system.  In the majority of office environments such small changes in 
performance will have no impact on the real world productivity of employees.     

Active Mode Power Consumption While Running SYSmark  2007 
Preview Office Productivity Scenario (W)
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Figure 9: Active Mode power consumption while running SYSmark® 2007 Preview benchmark software 

Annual Energy Consumption Estimates 

Using a series of measurements of power consumption in all modes of operation coupled with 
assumptions about usage patterns for commercial computers (Roberson, Webber et al. 2004; ENERGY 
STAR 2005), the project team developed standard annual energy use estimates for every system 
measured, illustrated in Figure 10.  Below this chart, Table 4 compares the computer’s SYSmark® 2007 
Preview benchmark performance scores to its annual energy use, shown as a performance-per-kilowatt-
hour (kWh) metric.  Higher numbers are better. Users and potential computer buyers most concerned 
about obtaining an energy-efficient computer with strong computing power might use performance-per-
kWh metric to identify prospective purchases. Users interested in securing the most climate-friendly 
computer with a capable level of performance and the lowest annual operating cost might choose 
machines with the lowest overall bar height. 
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Figure 10. Annual energy consumption of high efficiency computers 

 

Table 4: performance-per-kWh of annual energy use f or variety of efficient desktops 

 

 

 

 

Intel 3 
Series 

 

Intel 3 
Series 

 

Intel 
Biscayne 

Bay 
reference 
platform 

 

AMD 
Athlon 
X2 BE-
2350 

rev G1 

 

AMD 
Athlon 
64 X2 
5000+ 

 

AMD Athlon X2 
BE-2350 rev 

G2 
Via C7-D 1.7 

GHz 

Benchmark 
score/kWh 

0.86 0.72 0.84 0.37 0.38 0.39 0.16 

 

Platform Efficiency, Performance, and Price Compari sons 

A substantial price difference exists between the platforms we studied during the course of our research.   
The motherboards capable of utilizing Via’s C7-D processor, which had among the lowest power 
consumption and performance scores, were the most affordable ones studied.  The motherboard and the 
processor have a combined price of only $60 at retail, 60% less than AMD’s platform and over 70% less 
than Intel’s platform.  This makes the Via C7-D platform a low-cost, high-efficiency option for enterprises 
that have very basic office productivity requirements.   

AMD’s platforms had comparable power consumption to Intel’s and cost 25% less.  The performance 
scores for AMD platforms did not nearly match Intel’s, but represent a significant improvement over Via’s. 
The performance, price, and efficiency of AMD’s platforms make them suitable to an office environment in 
need of highly efficient, conventional desktop computers. 
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Despite their somewhat higher price tag, Intel’s products were some of the most efficient products we 
measured, both in terms of absolute power consumption and on a performance-per-kWh normalized 
basis. Table 5 summarizes the cost of the three main market-ready platforms considered in the course of 
this research based on current retail prices in the late 2007 through early 2008 timeframe.6 

 

Table 5: platform and processor cost for different desktop systems 

Motherboard Cost Processor Cost Total 

AMD 690G $64.99 AMD Athlon X2 BE-2500  $99.99 $164.98 

Intel 3 Series Q35 $83.99 Intel Core2Duo E4500 $135.00 $218.99 

Via C7-D  CN700 $60.00 Via C7-D N/A* $60.00 

*Processor price is integrated into the motherboard cost 

 

 

Final Market-Ready and Ultimate Efficiency System B uilds 

Each of the machines we tested represents a remarkable efficiency improvement over the typical desktop 
computer purchased today.  From an energy sufficiency perspective, nearly all of the machines tested are 
sufficiently powerful to run typical business computing applications under Vista, yet consume about 40% 
to 70% less electricity than ENERGY STAR allows.  The Biscayne Bay system appears to be the most 
energy efficient of the group, demonstrating both the lowest annual energy consumption and the second 
highest benchmark score. 

Every computer tested in our study uses significantly less energy than typical desktops today and 
exceeds ENERGY STAR’s Category B desktop requirements by significant margins. Most of the 
computers tested are sufficiently powerful to carry out tasks common to office settings. Below we provide 
two examples of energy-efficient desktop computer builds — one ready for cost-effective adoption today 
and another that represents best available technology regardless of price. 

                                                      
6 It should be noted that the costs we report are based on the lowest price point found through web-based 
retailers at the time this white paper was released and do not necessarily reflect volume pricing for a 
mature product because products from different manufacturers were in different parts of the production 
cycle. 
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If all businesses purchased computers comparable to our market-ready desktop shown below, this would 
offset the CO2 emissions of about three typical coal-fired power plants. 

 

Figure 11: Market-ready desktop 

 
Table 6: Market-ready desktop build specifications 

 

Platform and 
Components Name/Model Number Cost 

Motherboard/Chipset Intel 3 Series Q35 $84 

CPU Intel Core2Duo E4500 $135 

Power Supply SolyTech 80 PLUS 200W  $30 (est.) 

Memory Wintec 1x2GB AMPx $37 

Fan Enermax UC12EB $7 

Hard Drive Seagate Momentus 120GB hybrid HDD  $81 

 Retail cost of system hardware  $374 

  

 

Table 7: Market-ready desktop national environmenta l impacts 
 

 Annual per- unit 
Savings 

Annual National Savings if 
Adopted by All U.S. 

Enterprises 

Annual CO2 Emissions Reduction 292 lbs. 8.6 million tons 

Energy Saved Per Computer 218 kWh 12.8 billion kWh 

Dollars Saved Per Computer $22 $1.28 billion 
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Our chosen ultimate efficiency desktop, based on Intel’s GM965/Biscayne Bay platform (Table 8), was 
the most efficient system measured in this study, with an extremely low annual energy use profile and a 
near-best performance-per-kWh score. This machine melds mobile design principles into a desktop form 
factor without sacrificing performance.  If all businesses purchased computers comparable to the one 
shown here, this would offset the CO2 emissions of about three typical coal-fired power plants. 

 

Figure 12: Ultimate efficiency desktop 

 

Table 8: Ultimate efficiency desktop build specific ations 7 
 

Platform and 
Components Name/Model Number Cost 

Platform Intel GM965 Express Chipset Unknown 

CPU Intel T7500 $250 

Power Supply 
DELL PA-1600-0601 65W (19V external 
power supply)   

$29 

Memory CEON 2 x 512MB Black Diamond $80 

Fan None required — 

Hard Drive Samsung HM16HJI 160GB hybrid HDD $150 

 Retail cost of system hardware  $509+ 

 

 

 

 

 

 

                                                      
7 We are unable to provide overall cost estimates for the motherboard used in this system because it is 
based on reference platforms that have not been commercially released. 
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Table 9: Ultimate efficiency desktop national envir onmental impacts 
 

 Annual per- unit 
Savings 

Annual National Savings if 
Adopted by All U.S. 

Enterprises 

Annual CO2 Emissions Reduction 380 lbs. 11.2 million tons 

Energy Saved Per Computer 284 kWh 16.7 billion kWh 

Dollars Saved Per Computer $28 $1.67 billion 

 

 

 

Conclusions and Recommendations 

In less than a year since the adoption of the ENERGY STAR v4.0 computer label requirements, 
technology leaders have already moved to embrace the challenge of the program’s Idle Mode 
requirements, exceeding those requirements by over 25%. With the addition of off-the-shelf efficient 
components, those same conventional desktop platforms can exceed ENERGY STAR Idle Mode 
requirements by 40% to 50%; ultra-efficient, small form factor mobile-on-desktop platforms can exceed 
them by about 70%. 

These dramatic energy savings have of course only been realized in a small number of computer 
systems sitting on a lab bench; however, we believe the technology exists today for large organizations to 
cost-effectively save over 40% of their computer operational costs, even if they already exclusively 
purchase ENERGY STAR qualified desktops. The challenge in realizing this is ensuring that savvy 
procurers demand this technology. Corporations and other large IT equipment procurers could save tens 
of thousands of dollars per year on operational costs and exceed ENERGY STAR and Climate Savers 
Computing Initiative targets by requesting desktop platforms and components like these in upcoming 
procurement RFPs.8 

Due to the commercial office focus of this research, our project was unable to investigate non-commercial 
computer usage models that are also ripe for efficiency improvements. For example, residential users are 
now confronted with an array of media, entertainment, and gaming PCs that can easily be connected to 
high definition TVs. Many of the technologies studied in this project can be applied to 
media/entertainment PCs and other varieties of computers as well — even servers — to demonstrate 
energy savings opportunities for other market segments. 

We believe that this is just the beginning of a series of technology advancements that will hopefully help 
to alter the energy use, operational cost, and climate impact of computers and servers. A series of 
emerging technologies — including solid state hard drives, further advances in computing platforms, and 
enhanced power management in graphics processors — may continue to squeeze additional savings out 
of these devices. We strongly encourage further research to document the additional energy savings 
opportunities that could lie ahead. 

                                                      
8 Refer to Appendix A of this report for a brief discussion of the cost-benefit associated with the 
components examined in this report. 
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Appendix A: Cost-Benefit of Efficient Components 

The components used in this research were originally purchased in the June 2007 timeframe, and since 
that time retail prices on a number of the key components have actually dropped. For example, in June 
2007 the hybrid hard drives purchased had just recently been released and cost between $100 and $150.  
According to web-based retailers, comparable to the 120 GB Seagate Momentus used in our research 
can now be found at under $100, just slightly more expensive than some standard 3.5” internal hard 
drives. Similarly, by the time research was completed in late 2007 and early 2008, other components from 
different manufacturers had hit the market, providing comparable efficiency, but at a lower price point.  

For our cost-effectiveness analysis we surveyed prices of these comparable components through online 
computer retailers and determined incremental cost for broad component categories based on prevailing 
prices. It is currently difficult to accurately determine an incremental cost at retail for computer power 
supplies. Power supply industry experts typically assert that computer manufacturers pay $0.04 to $0.05 
per watt of rated desktop power supply output to purchase these devices at large scale.9 It follows that 
smaller, right-sized desktop power supplies, such as the ones used in our project, would actually cost the 
manufacturer less upon initial purchase. In this instance we have assumed that power supplies could be 
sized at least 100W smaller than they are today, resulting in at least a $4 to $5 savings on the bill of 
materials and at minimum an additional $10 of savings at retail if those savings are passed to the 
consumer. We do not speculate what the absolute retail costs of the power supplies would be. 

 

 Table 10: Retail price points and incremental cost s for efficient computer components  

Efficient Component 

Efficient 
Component 
Retail Cost 

Range Stock Component 

Stock 
Component 
Retail Cost 

Efficient 
Component 
Incremental 

Cost 

200W to 300W, right-sized 80 
PLUS power supply 

— 
300W to 400W 80 PLUS 
power supply 

— -$10 

120 GB Hybrid hard drive $81 120 GB hard drive $54 $27 

Low speed, 120mm case fan $7 120 mm case fan $7 $0 

Memory module (2GB x 1 
DDR2) 

$56 
Memory modules (1GB x 
2 DDR2) 

$45 $11 

TOTAL $144 — $106 $28 

 

Table 11 shows the annual energy saved by utilizing the efficient components, their incremental cost, and 
the resulting simple payback period for the energy savings. These savings numbers account only for the 
components and not the energy efficient motherboards and processors used.  According to the U.S. 
Department of Energy the lifetime of commercial computers is approximately four years (Federal Energy 
Management Program 2007).  Depending on the configuration of components used, the incremental cost 
could be recouped in 3.1 to 4.2 years, just within the lifetime of most desktop computers. As prices on 

                                                      
9 Personal communication with Doug McIlvoy, Power Electronics Strategies. July 21, 2005. 
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more efficient components continue to drop due to the maturation of technologies such as hybrid hard 
drives, these energy savings mechanisms will begin to look increasingly cost-effective.   

 

Table 11: summary of cost-benefit for market-ready efficient computer components 
 

Annual Energy 
Savings (kWh) 

Annual Utility 
Bill Savings 

Incremental Cost 
of Components 

Simple Payback 
Period 

67 to 91 $6.70 to $9.10 $28 3 to 4 years 

 

We believe these estimates to be conservative for several reasons. The first is that all cost estimates 
were based on retail prices, which are not likely to reflect the volume pricing that large corporate 
procurers might expect to obtain. Secondly, we expect that the price difference between inefficient and 
efficient products will diminish when large entities purchase computers directly from manufacturers and as 
the technologies themselves mature. 

 

 


