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Executive Summary

The data center of today is a much different place than 

it was a decade ago. New high-density servers are ac-

celerating the demand for increased power and cooling 

capacity in the data center while the cost of upgrading 

or building new facilities may not be in the budget. Tra-

ditionally, data centers were built to last up to 10 years 

but today's centers are running low on cooling and pow-

er capacity in half that time. In addition to capacity con-

cerns, energy costs, government legislation and usage 

limits imposed by local utilities are increasing the pres-

sure businesses face in managing the data center. As a 

result, IT organizations are looking for more energy-effi-

cient products to lower their total cost of ownership. 

Dell's new line of PowerEdge Energy Smart servers are 

the first industry-standard servers configured to opti-

mize energy efficiency by not only improving perfor-

mance but reducing power requirements as well. 

Studies described in the “Generational Differences in 

Dell Servers” section show that the Dell PowerEdge En-

ergy Smart server increased performance by 80% over 

previous generation servers while requiring only 60% of 

the power, resulting in a 200% increase in performance 

per watt. 

The Energy Smart servers offer significant improve-

ments even in high performance computing environ-

ments where the PowerEdge Energy Smart 2950 was 

shown to provide an average of 17% to 23% better per-

formance per watt over a similarly configured HP DL380 

G5. (See Appendix A for more details.) 

The Dell PowerEdge Energy Smart server can dramati-

cally increase performance per watt as compared to the 

last generation server; and, when combined with Lie-

bert™ cooling solutions can drive total energy savings in 

the data center even further.

In addition to engineering advances, Dell's commitment 

to energy optimization includes its partnership with Em-

erson Network Power™ for its best-in-class Liebert 

cooling systems. Dell worked with Liebert to devise 

four scenarios, outlined in the paper below, that ad-

dress common customer problems by utilizing Dell En-

ergy Smart servers and Liebert cooling. In these 

scenarios where customers were either constrained on 

power or needed to replace older systems with newer 

systems for either more power or space, Dell demon-

strates increased performance, delayed need for costly 

data center expansions or retrofitting, decreased power 

consumption, and/or the recapture of data center floor 

space. Key results showed: 

• Up to a 250% performance gain with no increase in 

facility power requirements

• Up to an 80% performance increase with a reduction 

in facility power by 42%

• As much as a 65% reduction in facility power while 

maintaining the same level of performance

Introduction

Not long ago it was easy to add capacity to the data 

center. If there was space in a rack, a server could be 

placed into it. The amount of power that was available 

at the rack level was enough to power anything placed 

in the rack. Floor space to hold additional racks of serv-

ers was the key delimiting factor in capacity for the data 

center.

Server performance has increased significantly in re-

cent years and the power requirements to run those 

servers have also increased. At the same time, servers 

are now available in form factors that make it possible 

to load more of them into a single rack. Many data cen-

ters were designed to only accommodate up to 5kW 

per rack. High density servers address the space issue, 

but bring new power and cooling challenges to the data 

center.

Many data centers were designed for a life expectancy 

of 10 years but are experiencing early obsolescence 

due to the new high density hardware. The issue is that 

many businesses do not have it in their budget to ex-

pand or to build new centers so they need ways to 

"right-size" their current facilities. This includes figuring 

out how to get the most computational power given a 

fixed set of kilowatts available in the data center. 

Businesses that are able to meet their IT demands with-

out increasing power or cooling demands can forego 

data center redesign or expansion for several more 

years and increase the return on capital investment for 

the original data center. As a result, there is an ever-in-

creasing focus on maximizing data center resources. 

In the past there was concern that energy efficiency 

also meant diminished performance. This is no longer 
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the case. Today's data center can benefit from techni-

cally advanced servers that consume much less power 

but deliver a noticeable improvement over the perfor-

mance of past generations, such as Dell's PowerEdge 

Energy Smart servers. Coupled with advanced cooling 

technologies, companies are realizing decreased ener-

gy usage, increased performance and better space uti-

lization to prolong the life of the data center.

Generational Differences 

in Dell Servers

Dell 's ninth generation of PowerEdge servers incorpo-

rates the latest technology available in terms of pro-

cessing, memory, power, and thermal design. The 

PowerEdge Energy Smart server line is based on the 

ninth generation platform and is designed to consume 

less power while still providing excellent performance.

This section describes the differences in performance 

and power between generations of Dell PowerEdge 

Servers. Some of these differences are due to industry 

changes and advances in technology and many are due 

to advances in thermal engineering by Dell in the Pow-

erEdge Energy Smart server line.

Test Configuration

Four generations of Dell PowerEdge servers were test-

ed with the SPECjbb2005® benchmark. The servers 

were configured as similar as possible, but due to 

changes in technology between different generations, 

the exact same components could not be used. Table 1 

provides details on the configuration of the servers 

used in these tests. 

 Table 1 – Configuration of Dell PowerEdge Servers for 
SPECjbb2005 tests

The SPECjbb2005 benchmark is the SPEC® (Standard 

Performance Evaluation Committee) benchmark for 

evaluating the performance of server-side Java. SPEC is 

a non-profit group of computer hardware and software 

vendors, system integrators, universities, research or-

ganizations, publishers and consultants. This bench-

mark evaluates the performance of server side Java by 

emulating a three-tier client/server system, and empha-

sizes the middle tier. It also measures the performance 

of processors, cache, and memory hierarchy. 

SPECjbb2005 models more closely how today's Java 

business applications found commonly across the busi-

ness world are designed and implemented. For the lat-

est SPECjbb2005 benchmark results, visit 

http://www.spec.org.

Dell PowerEdge Energy Smart Servers

The results in Figure 1 show a steady increase in power 

consumption from 6th generation (PE1650) to 8th gen-

eration (PE 1850) servers. In that time frame, memory 

and processor technology were constantly improving 

with increased performance but at the expense of in-

creased power demands. 

Dell and the industry realized the problem with this 

trend and responded with newer, more energy efficient 

technologies that help increase the performance curve 

without a steep increase in power usage. Dell's Energy 

Smart design, coupled with industry changes, resulted 

in a significant decrease in power draw in its ninth gen-

eration servers (Energy Smart 1950), as shown in Figure 

1. 

Figure 1 - Dell PowerEdge Energy Smart Power Savings
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Genera-

tion 
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8th 
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2 x 2.33 
Ghz Dual-
Core Xeon 
5148LV 

RAM 4 GB 4 GB 4 GB 4 GB
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2 x 18GB 
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Power and Performance Comparisons of Dell 

PowerEdge Servers

Generational performance increases have been dramat-

ic within the last decade. Comparing 6th generation 

servers to the PowerEdge Energy Smart servers, it can 

be seen that performance has increased about 10 fold. 

Figure 2 shows the performance increases measured 

using the SPECjbb2005 benchmark. 

Figure 2 - SPECjbb2005 Score on Dell PowerEdge Servers

If we combine the power savings and performance 

measurements to derive performance per watt, Dell En-

ergy Smart engineering and industry technology ad-

vances are even more evident. Figure 3 shows an 80% 

performance increase in the Dell PowerEdge Energy 

Smart server while only using 60% of the power as 

compared to the 8th generation server - a performance 

per watt increase of over 200%. 

Figure 3 - Performance per watt of SPEC jbb2005 on 
Dell PowerEdge Servers

The performance per watt improvements are not just 

limited to applications commensurate with business 

type workloads; similar improvements are seen in sev-

eral other compute intensive workloads that put signifi-

cant stress on the CPU and memory subsystems.    

Figure 4 shows several compute intensive workloads 

and the relative performance per watt increase compar-

ing 8th generation and 9th generation Energy Smart 

servers. 

Figure 4 - Relative Performance per Watt 
for HPC Benchmarks

In summary, recent technology advances and Dell engi-

neering have resulted in a line of 9th generation Energy 

Smart servers that offer significant improvement in per-

formance and power usage, even in intensive comput-

ing environments. To further illustrate the performance 

of Dell Energy Smart servers in high-performance com-

puting (HPC) environments, a recent study compared 

the Dell PowerEdge Energy Smart 2950 to a similarly 

configured HP DL380 G5 system. The Dell PowerEdge 

ES 2950 system was measured to provide on the aver-

age of 17% to 23% better performance per watt over 

the three HP DL380 G5 configurations across four HPC 

applications. See Appendix A for a complete overview 

of the study.

Combining Energy Efficient Compute 

and Cooling Systems

With the demand for computing power skyrocketing 

and energy costs rising, the challenge of data center 

cooling becomes more complex - and more critical. Em-

erson Network Power's Liebert cooling solutions can 

help data centers cut costs and increase data center ef-

ficiency. The Liebert X-treme Density (XD) family repre-

sents a new class of cooling system designed 

specifically for high density systems. 

In this section, the advantages of combining several dif-

ferent Dell PowerEdge Energy Smart servers with cool-

ing systems that enhance overall energy savings are 
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outlined. In partnership with Liebert, Dell has analyzed 

these hardware combinations to show significant bene-

fits to the data center. 

Because industry best practices for cooling play a cru-

cial role in the energy efficiency of the data center, 

these guidelines along with an overview of the different 

types of cooling systems, such as Chilled Water (CW) 

and Direct Expansion (DX), are included in Appendix C. 

Newer technologies such as VFD (Variable Frequency 

Drives) and Digital Scroll™ are also discussed. 

Data Centers have two main types of modular raised 

floor cooling units that differ in the way they are 

equipped to chill the air. The more common modular 

unit is refered to as Direct Expansion (DX) and uses 

compressorized refrigerant based cooling technologies 

(CRACs). The other option is using a combination of a 

centralized chiller plant and Computer Room Air Han-

dlers (CRAH). Four scenarios are analyzed below that 

show significant improvements using Dell Energy 

Smart servers and efficient Liebert cooling systems in 

facilities with either CW or DX environments. These 

scenarios are representative of challenges a customer 

may face and include: 1) Constraining power or cooling, 

2) Filling the racks, 3) Direct replacement with same 

number of systems, and 4) Replace with less systems 

to achieve similar performance. The savings are shown 

relative to the performance and power signature asso-

ciated with Dell's 8th generation equipment. Similar 

comparisons could also be made with earlier servers.

Key Findings

Table 2 shows a summary of findings for the Chilled 

Water and DX facilities.  

Table 2 - Key Findings for Multiple Scenarios

Details for each scenario for both the Chilled Water and 

DX facilities are covered in this section.

Utilizing Dell PowerEdge Energy Smart servers and Lie-

bert cooling produced impressive results in terms of ef-

ficiency and performance improvements: 

• Up to a 250% performance gain with no increase in 

facility power requirements

• Up to an 80% performance increase with a reduction 

in facility power by 42% 

• As much as a 65% reduction in facility power while 

maintaining the same level of performance

Test Environment Overview

As a baseline, consider 50 racks of last generation serv-

ers, specifically the Dell PE1850. Based on Dell testing, 

the power consumed by a single server of this genera-

tion is approximately 400 watts when running the 

SPECjbb2005 benchmark. Configured with two dual-

core 2.8 GHz Intel® Xeon® Processor 7030 processors; 

4 x 1 GB DDR2 memory; 2 x 36 GB, 15K RPM drives; 

and redundant power; the PE1850 has a measured 

SPECjbb2005 rating of 46,360. In contrast, a similarly 

configured Dell PowerEdge Energy Smart 1950 con-

sumes 234 watts and has a SPECjbb2005 rating of 

84,312. The Energy Smart PE1950 is configured with 

the same number of hard disks and memory, and uses 

Intel's Low Voltage Xeon® processors. 

For purposes of comparison, this paper assumes a 

raised floor cooling limit of approximately 5 kW per 

rack. For the PE1850, that 5kW limit amounts to about 

12 servers per rack. Assuming 50 racks, the baseline is 

then 600 servers. Each scenario will include a compari-

son to this baseline 600 servers and their compliment of 

raised floor cooling without energy saving features. 

CRAC (Computer Room Air Conditioner) and CRAH 

(Computer Room Air Handler) performance for all anal-

yses assumes typical sensible limits associated with 

nominal return temperature and humidity conditions. 

For the baseline chilled water configuration, three Lie-

bert CS125W chilled water systems were chosen which 

represents a 20-30% overage in capacity. No VFD (Vari-

able Frequency Drive) was assumed. For the baseline 

DX case, five CS105W units were assumed represent-

ing an overage of about 35-45% based on the nominal 

capacity limits assumed. The facility is assumed to be 

Scenario

Server QTY 
Increase/De-

crease

Facility 
Power Inc / 

Dec

Relative 
Perfor-
mance

CW DX CW DX CW DX

Facility 
Power 
Constrained

+91% +75% -0- -0- 3.5X 3.2X

Fill all Racks +250% +250% +80% +94% 6.4X 6.4X

Replace 
Server 1:1 -0- -0- -42% -46% 1.8X 1.8X

Reduce 
Energy; 
Same 
Performance

-44% -44% -65% -67% -0- -0-
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fairly well optimized with adherence to at least 4 of the 

6 best practices stated in Appendix C.

Figures 5 and 6 show the power breakout for both 

chilled water and DX environments used as the baseline 

in all 4 scenarios. 

The scenarios discussed are a study of IT and cooling 

equipment and do not touch on power delivery. For the 

purposes of comparing power at the facility level, an as-

sumption was made to use a composite efficiency of 

70% to account for the electrical delivery to both the IT 

equipment and to the cooling system components.

It is important to note that the performance and power 

measurements for the Dell systems are measured val-

ues. The assumptions made for cooling in each of the 

scenarios and the associated energy consumption are 

estimates provided by Liebert.

Scenario 1: Constrained on Power or Cooling

Many businesses are faced with constraints on their 

ability to increase power or cooling in the data center. 

In this scenario, the addition of equipment exceeding 

the current facility power or cooling requirements might 

require the building of a new facility or the upgrade of 

an expensive chiller to the facility. In this case, the cus-

tomer could consider the replacement of the baseline 

600 last generation servers with a number of Power-

Edge Energy Smart 1950 servers that fit within the cur-

rent facility power and cooling envelope.

Chilled Water Facility

The original cooling assumption included three 

CS125W units operating with excess capacity but with 

no VFD running at about 3.5 watts to cool every 10 

watts of IT equipment.

The replacement with new servers in the chilled water 

facility results in 548 new servers within the same facil-

ity power and cooling envelope. The relative perfor-

mance associated with this replacement is 3.5 times 

the previous performance (as shown in the example cal-

culation below) at no greater operating costs. 

Example Calculation:

8G Server- 600 servers

• 600 x 405 watts = 243 kW

• 3 x Liebert CS125W = 86.6 kW

• Server plus Cooling:  243 + 86.6 = 329.6 kW

• Cooling as percent of server load:  86.6 / 243 = 35.6%

• Composite SPECjbb score:  600 x 46,360 = 27,816,000

9G Energy Smart - 1148 servers

• 1148 x 234 watts = 269 kW

• 2 x Liebert CS125W plus 1 XD system = 56 kW

• Server plus Cooling:  269 + 56 = 325 kW

• Cooling as percent of server load:  56 / 269 = 20.8%

• Composite SPECjbb score:  1148 x 84,312 = 96,790,176

Relative comparisons

• Similar total power:  329.6 kW (8G); 325 kW (9G)

• Performance:  96,790,176 / 27,816,000 =  ~ 3.5 times 

more performance

• Cooling, as a percent of server load went from 35.6% to 

20.8%, a reduction of just over 40%

With a cooling refresh that includes a single XD system 

and two rather than three CS125W CRAH units 

equipped with VFD, the power to cool relative to IT load 

drops to about 2.1 watts to cool 10 watts of IT. That es-

sentially results in a 40% decrease in the relative cool-

ing energy.

The efficiency improvements described by these 

changes in cooling solutions would be even more dra-

20%

24%
56%

Cooling Power Delivery IT

35%

20%

45%

Cooling Power Delivery IT 

Figure 5 - Power Breakout for Chilled Water Facility

Figure 6 - Power Breakout for DX Facility
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matic if the change from the initial baseline also 

included correction of some of the best practices de-

scribed in Appendix C. 

Table 3 - Performance Increase Within the Same 
Power and Cooling Envelope

DX Facility

In the DX facility, the CRACs were replaced with three 

CS70W; and Digital Scroll was assumed for all. A part of 

the cooling burden was replaced with a single XD sys-

tem. As a percentage of IT power, the power required 

by the cooling systems dropped by 8%. In this refresh, 

the implementation of the XD solution allows the densi-

ty of the racks to be increased past the previous limit of 

5 kW. This refresh assumed 25 racks with all 42U filled 

with servers. 

Table 4 - Performance Increase within same 
Power and Cooling Envelope 

Scenario 2: Fill the Racks

In scenario 2, the customer goal is to maximize com-

pute power and performance by completely filling the 

available rack space. With the 5 kW raised floor cooling 

limit assumed for the 8G servers, only 12 servers per 

rack were possible. With the addition of XD systems, 

the racks can be fully populated. This scenario assumes 

there is no power limit on the facility and the racks are 

completely filled with PowerEdge Energy Smart 1950 

servers.

Chilled Water Facility

The replacement with new servers in the chilled water 

facility results in 2100 new servers in the same physical 

space. Facility power nearly doubled and there was a 

6.4X improvement in performance. Full racks are en-

abled by the addition of 2 Liebert XD systems. One 

CRAC is removed. The reduction in power to cool rela-

tive to IT load is about 25%.

Table 5 - Performance Increases with Filled Racks

DX Facility

In the DX facility, the CRACs were replaced with six 

CS70W; and Digital Scroll was assumed for all. The re-

placement with new servers in the DX facility results in 

2100 new servers in the same physical space. Addition-

al space is needed for one extra CRAC. Facility power 

nearly doubled but there was a 6.4X improvement in 

performance. Full racks were enabled by the addition of 

two Liebert XD systems. The reduction in power to cool 

relative to IT load is less than 5%.

Before After Difference

600 previous 
generation servers

1148 Energy Smart 
PE1950

243 kW IT load 269 kW IT load

50 racks at 12 serv-
ers per rack

28 racks at 41 serv-
ers per rack

Less space 
consumed

27,816,000 com-
posite SPEC score

96,790,176 com-
posite SPEC score

3.5X performance

3 (qty) CS125W 
CRAHs (No VFD)

2 (qty) CS 125W 
CRAHs w/VFD

Less space con-
sumed

No XD System 1 XD System

471 kW total facility 
power 

464 kW total facility 
power 

3.5 watts driving 
cooling equipment 
for 10 watts IT

2.1 watts driving 
cooling equipment 
for 10 watts IT

~40% reduction 

Before After Differences

600 previous 
generation servers

1050 Energy Smart 
PE1950

243 kW IT load 246 kW IT load

50 racks at 12 serv-
ers per rack

25 racks at 42 serv-
ers per rack

Less space 
consumed

27,816,000 com-
posite SPEC score

88,527,600 com-
posite SPEC score

3.2X performance

5 (qty) CS105W 
CRACs (No digital 
scross)

3-4 (qty) CS105W 
CRACs with digital 
scross

Less space con-
sumed

No XD System 1 XD System

611 kW total facility 
power for these 
servers

606 kW total facility 
power for these 
servers

6 watts driving cool-
ing equipment for 
10 watts IT

5.5 watts driving 
cooling equipment 
for 10 watts IT

8% reduction 

Before After Differences

600 previous 
generation servers

2100 Energy Smart 
PE1950

243 kW IT load 491 kW IT load

50 racks at 12 serv-
ers per rack

50 racks at 42 serv-
ers per rack

27,816,000 com-
posite SPEC score

177,055,200 com-
posite SPEC score

6.4X performance

3 (qty) CS125W 
CRAHs (No VFD)

2 (qty) CS 125W 
CRAHs w/VFD

Less CRAC space 

No XD System 2 XD SystemS

471 kW total facility 
power for these 
servers

852 kW total facility 
power for these 
servers

3.5 watts driving 
cooling equipment 
for 10 watts IT

2.6 watts driving 
cooling equipment 
for 10 watts IT

~25% reduction 
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Table 6 - Performance Increases with Filled Racks with DX

Scenario 3: Direct Replacement with Same 

Number of Systems

In this scenario, the server count is held steady but all 

are upgraded to ninth generation, Energy Smart serv-

ers.

Chilled Water Facility

The facility power dropped by 42% with an 80% im-

provement in performance when replaced with the 

same number of Energy Smart servers. 

 

Table 7 - Replacement of Same Quantity Servers

The power requirements for this quantity of servers are 

too small to warrant the deployment of Liebert XD, so 

CRAC cooling was continued. The heat reduction al-

lows a CRAC to be eliminated. Based on the relation of 

CRACs to server load there doesn't appear to be a real 

reduction in cooling as a percentage of load. The abso-

lute cooling power has obviously dropped. The number 

of racks could have been reduced and still fit within the 

5 kW assumption for raised floor capacity.

DX Facility

In the DX facility, the CRACs were replaced with four 

smaller CS70W units; and Digital Scroll was assumed 

for all. Facility power dropped by 46% with an 80% im-

provement in performance. The power requirements for 

this quantity of servers are too small to warrant the de-

ployment of Liebert XD, so CRAC cooling is continued. 

The energy used for cooling in relation to the IT load has 

dropped about 15%. The number of racks could have 

been reduced and still fit within the 5 kW assumption 

for raised floor capacity.

Table 8 - Replacement of Same Quantity Servers with DX

Scenario 4: Replace with Less Systems to 

Achieve Similar Performance

In this scenario, the goal is to achieve the same level of 

performance while replacing older generation systems 

with fewer Energy Smart servers.

Before After Differences

600 previous 
generation servers

2100 Energy Smart 
PE1950

243 kW IT load 491 kW IT load

50 racks at 12 serv-
ers per rack

50 racks at 42 serv-
ers per rack

27,816,000 com-
posite SPEC score

177,055,200 com-
posite SPEC score

6.4X performance

5 (qty) CS105W 
CRACs (No Digital 
Scroll)

6 (qty) CS70W 
CRACs with Digital 
Scroll

More CRAC space 
required

No XD System 2 XD SystemS

611 kW total facility 
power for these 
servers

1185 kW total facil-
ity power for these 
servers

6 watts driving cool-
ing equipment for 
10 watts IT

5.8 watts driving 
cooling equipment 
for 10 watts IT

3% reduction 

Before After Differences

600 previous 
generation servers

600 Energy Smart 
PE1950

243 kW IT load 140 kW IT load

50 racks at 12 serv-
ers per rack

50 racks at 12 serv-
ers per rack

27,816,000 com-
posite SPEC score

50,587,200 com-
posite SPEC score

1.8X performance

3 (qty) CS125W 
CRAHs (No VFD)

2 (qty) CS 125W 
CRAHs w/VFD

Less space con-
sumed

No XD System 0 XD System

471 kW total facility 
power for these 
servers

273 kW total facility 
power for these 
servers

42% reduction

3.5 watts driving 
cooling equipment 
for 10 watts IT

3.5 watts driving 
cooling equipment 
for 10 watts IT

No appreciable 
reduction in cool-
ing efficiency with 
this choice

Before After Differences

600 previous 
generation servers

600 Energy Smart 
PE1950

243 kW IT load 140 kW IT load

50 racks at 12 serv-
ers per rack

50 racks at 12 serv-
ers per rack

27,816,000 com-
posite SPEC score

50,587,200 com-
posite SPEC score

1.8X performance

5 (qty) CS105W 
CRAHs (No Digital 
Scroll)

4 (qty) CS70W 
CRAHs w/VFD

Less space con-
sumed

No XD System 0 XD System

611 kW total facility 
power for these 
servers

332 kW total facility 
power for these 
servers

46% reduction

6 watts driving cool-
ing equipment for 
10 watts IT

5.2 watts driving 
cooling equipment 
for 10 watts IT

~15% reduction 
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Chilled Water Facility

When 600 PowerEdge 1850’s were replaced by 336 

PowerEdge Energy Smart 1950’s to provide the same 

performance, the facility power dropped by 65%. The 

power requirements for this quantity of servers are too 

small to warrant the deployment of Liebert XD, so CRAC 

cooling was continued. The heat reduction allows a 

CRAC to be eliminated and the remaining CRACs down-

sized. Based on the relation of CRACs to server load, 

this analysis actually shows an increase in cooling pow-

er as a percentage of load. The absolute cooling power 

has obviously dropped. Both the rack and CRAC foot-

print were reduced. 

Table 9 - Similar Processing Power 
with Reduction of Servers

DX Facility

When replacing older generation systems with fewer 

Energy Smart servers, the facility power dropped by 

67%. The power requirements for this quantity of serv-

ers are too small to warrant the deployment of Liebert 

XD, so CRAC cooling was continued. The heat reduc-

tion allows two CRACs to be eliminated and the remain-

ing CRACs were down-sized. Based on the relation of 

CRACs to server load, this analysis showed a similar re-

lationship in cooling power as a percentage of load. The 

absolute cooling power has obviously dropped. Both 

the rack and CRAC footprint were reduced. 

Table 10 - Similar Processing Power 
with Reduction of Servers in DX

Conclusion

Ever-increasing demands for computing power have 

customers struggling to find ways to optimize the per-

formance and energy efficiency of the data center. 

Dell's PowerEdge Energy Smart servers provide cus-

tomers with an immediate solution to: 

• Maximize performance per square foot, potentially 

delaying costly expansions or new construction 

• Reduce energy consumption resulting in significant 

cost savings 

• Increase performance in the existing power envelope

By increasing performance, decreasing power con-

sumption, and enabling the recapture of data center 

floor space, Dell's Energy Smart servers drive down 

data center costs and total cost of ownership. And, 

when combined with Liebert's state-of-the-art cooling 

solutions, Energy Smart servers can drive total energy 

savings in the data center even further.

Other server hardware vendors are taking an alternative 

approach by endorsing blades and proprietary rack 

cooling solutions for tackling data center power and 

cooling challenges. Appendix B compares Dell's Energy 

Smart servers to existing blade solutions. 

Dell is leading the charge in helping customers solve 

power and cooling challenges with its industry-leading 

servers designed specifically to optimize energy effi-

ciency and its partnerships with world-class companies 

such as Liebert. To find out more, go to www.dell.com.

Before After Differences

600 previous 
generation servers

336 Energy Smart 
PE1950

Large reduction

243 kW IT load 79 kW IT load 67% reduction

50 racks at 12 serv-
ers per rack

16 racks at 21 serv-
ers per rack

Less rack space

27,816,000 com-
posite SPEC score

28,328,832 com-
posite SPEC score

3 (qty) CS125W 
CRAHs (No VFD)

2 (qty) CS90W 
CRAHs w/VFD

Less CRAC space 

No XD System 0 XD System

471 kW total facility 
power for these 
servers

163 kW total facility 
power for these 
servers

65% reduction

3.5 watts driving 
cooling equipment 
for 10 watts IT

4.5 watts driving 
cooling equipment 
for 10 watts IT

Increase in power 
to cool relative to IT 
power

Before After Differences

600 previous 
generation servers

336 Energy Smart 
PE1950

Large reduction

243 kW IT load 79 kW IT load 67% reduction

50 racks at 12 serv-
ers per rack

16 racks at 21 serv-
ers per rack

Less rack space

27,816,000 com-
posite SPEC score

28,328,832 com-
posite SPEC score

5 (qty) CS105W 
CRACs (No Digital 
Scroll)

3 (qty) CS970W 
CRACs with Digital 
Scroll

Less CRAC space 
required 

No XD System 0 XD System

611 kW total facility 
power for these 
servers

199 kW total facility 
power for these 
servers

67% reduction

6 watts driving cool-
ing equipment for 
10 watts IT

6 watts driving cool-
ing equipment for 
10 watts IT

Similar cooling 
power relative to IT 
power

Before After Differences
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Appendix A: Energy Efficiency for 

HPC workloads

Energy efficiency is becoming a top priority for high-per-

formance computing users as well. To illustrate the ad-

vantages of the Energy Smart server for high-

performance computing users, the performance and 

power consumption of the Dell PowerEdge Energy 

Smart 2950 were measured when running high-perfor-

mance computing workloads and applications. The per-

formance, power and energy-efficiency of the Dell 

server were also compared to the HP ProLiant DL380 

G5. The Dell Energy Smart (ES) PE2950 demonstrated 

superior energy-efficient performance over the ProLiant 

DL380 G5 across all the workloads tested.

The table below summarizes the system configurations 

that were used for this comparison study. 

Table 11 - Server Configurations Tested

To measure the energy-efficiency or performance per 

watt, power was measured when running the bench-

mark (during steady state). The performance per watt 

represents the energy efficiency of the system and is 

computed by dividing the performance metric mea-

sured during the run by the measured power. Applica-

tions used in this study are:

High-Performance Linpack (HPL): The High-Perfor-

mance Linpack (HPL) implementation is commonly 

used to rank supercomputers on the TOP500 Super-

computer Sites list. For more information about HPL, 

visit www.netlib.org/benchmark/hpl.

LS-DYNA: This general-purpose, transient dynamic fi-

nite-element program simulates complex real-world 

problems. The specific LS-DYNA workloads used in this 

study were neon refined and 3 cars. For more informa-

tion about LS-DYNA, visit www.lstc.com.

FLUENT: The FLUENT applications allow users to per-

form CFD analysis around their particular models. Sev-

eral benchmark data sets (workloads) are available from 

Fluent Inc. and the medium dataset was used in these 

performance tests. For more information on Fluent, visit 

www.fluent.com/software/fluent.

Figure 7: Measured System Power Consumption

Figure 7 shows the measured power consumption for 

the servers at idle and heavy utilization conditions when 

running the HPC applications. Power measured at idle 

represents the power drawn by the server when the OS 

is up and running but there are no applications running 

that stress the CPU. The CPU utilization at idle is close 

to 0%. The Dell PowerEdge ES 2950 system is ob-

served to draw 25%-31% lower power compared to the 

HP system when the system is idle. 

High-Performance Linpack (HPL) is a CPU and memory 

intensive benchmark and is observed to cause the high-

est power draw amongst all the applications. The Dell 

PowerEdge ES 2950 is observed to draw significantly 

less power compared to all three HP DL380 G5 config-

urations. The average power draw (including both idle 

and heavy utilization scenarios) for the Dell PowerEdge 

ES 2950 system was measured to be 18%-40% lower 

compared to the HP system configurations.

Figure 8 shows the relative performance/watt across 

the three HP configurations and the Dell PowerEdge ES 

2950 system. The HP DL380 G5 system with the Xeon® 

5160 (3.0GHz) CPUs is being used as the baseline for 

the performance/watt comparison. Due to the signifi-

cantly lower power consumption of the Dell PowerEdge 

ES 2950 system, it exhibits better performance/watt 

and therefore superior energy-efficiency over the three 

HP DL380 G5 configurations. The Dell PowerEdge ES 

2950 system was measured to provide on the average 

CPU
Dell Energy Smart 

PE2950
HP ProLiant DL380 

G5

CPU Xeon® 5148LV Xeon® 5148LV, 
Xeon® 5150, 
Xeon® 5160

Chipset Intel® 5000X Intel® 5000P

Memory 4 x 1GB PC-25300 FB-
DIMM

4 x 1GB PC-25300 FB-
DIMM

Disk(s) 3 x 36GB 2.5 10K SAS 
(RAID0)

3 x 36GB 2.5 10K SAS 
(RAID0)

OS RHEL4 U4 RHEL4 U4
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(across the 4 HPC applications) 17% to 23% better per-

formance per watt results over the three HP DL380 G5 

configurations. 

Figure 8: Normalized performance/watt when running 
HPC applications

Appendix B: Comparing Energy Smart 

and Blade Server Solutions

In June 2007, the Dell Solutions engineering team mea-

sured the performance and power consumption of the 

Dell PowerEdge Energy Smart 1950 server when run-

ning the SPECjbb2005 benchmark. The performance, 

power and energy-efficiency of that Dell server was 

compared to that of the separately tested Dell PE1955 

and HP BL460c Blade system servers. The energy-effi-

ciency of the blade systems was measured by a third 

party testing organization commissioned by Dell, Princi-

pled Technologies. A detailed report of their testing 

methodology and results are available in their Test Re-

port titled, "SPECjbb2005 performance and power con-

sumption on Dell and HP blade servers," Principled 

Technologies, June 2007. Table 12 summarizes the sys-

tem configurations that were used in this comparison. 

Table 12 - Energy Smart and Blade Server Configuration

The Energy Smart PE1950 server was configured simi-

larly to the individual HP and Dell blade servers and test-

ed at the Dell solutions engineering lab. To measure the 

energy-efficiency or performance per watt, power was 

measured when running the benchmark and readings 

from peak stable warehouses were used to calculate 

energy efficiency. The performance/watt is computed 

by dividing the performance metric measured during 

the run by the measured power and represents the en-

ergy efficiency of the system.

Figure 9 shows the average measured power consump-

tion for a single Dell PE1955 blade, HP BL460c blade 

and a single ES PE1950 server when running 

SPECjbb2005 benchmarks. Both blade systems were 

fully populated when the measurements for the aver-

age power consumption were conducted. Based on 

Principled Technologies' test results, the single Dell and 

HP blades when configured with two Intel Xeon E5345 

(2.33GHz, 1333FSB) CPUs consume 7.7% and 10.9% 

more power, respectively, compared to the Energy 

Smart PE1950 server configured with two Xeon L5320 

(1.86GHz, 1066MHz) CPUs. 

Figure 9 - Average System Power Draw 

Figure 10 shows the average energy efficiency for the 

Dell and HP blade servers and compares it with the Dell 

PowerEdge ES 1950 system. The Dell and HP blade 

servers when configured with Xeon E5345 (2.33GHz, 

1333FSB) CPUs are 19% and 14.4% more energy effi-

cient compared to the Energy Smart PE1950 server con-

figured with the Xeon L5320 (1.86GHz, 1066MHz) CPUs 

due to the faster FSB and CPU clock speeds.

Dell Energy 
Smart 

PE1950

Dell PE1955 
Blade 
Server

HP BL460c 
Blade 
Server

CPU Intel® Xeon® 
L5320 
(1.86GHz, 
1066MHz FSB)

Intel® Xeon® 
E5345 
(2.33GHz, 
1333MHz FSB)

Intel® Xeon® 
E5345 
(2.33GHz, 
1333MHz FSB)

Chipset Intel 5000X Intel 5000P Intel 5000P

Memory 4 x 1 GB 
PC2-5300 
FB-DIMM

4 x 1 GB 
PC2-5300 
FB-DIMM

4 x 1 GB 
PC2-5300 
FB-DIMM

Disk(s) 2 x 36GB 2.5 
10K SAS 

2 x 73GB 2.5 
10K SAS 

2 x 73GB 2.5 
10K SAS

OS MS Windows 
2003 Server

MS Windows 
2003 Server

MS Windows 
2003 Server

 

1 1 11
.0
9

0
.9
6

1
.0
01
.1
2

0
.9
8

1
.0
5

1
.2
8

1
.1
8

1
.2
3

0

0.2

0.4

0.6

0.8

1

1.2

1.4

HPL Fluent LS-Dyna

R
e

la
ti

v
e

 P
e

rf
o

rm
a

n
ce

/W
a

tt

HP DL380 G5 (Xe on 5160, 3.0GHz) HP DL380 G5 (Xe on 5150, 2.66GHz)

HP DL380 G5 (Xe on 5148LV, 2.33GHz) De l l  ES 2950 (Xe on 5148LV, 2.33GHz)

27
0

27
8

25
1

0

50

100

150

200

250

300

Dell PE1955
blade

HP BL460c  blade Energy Sm art
PE1950

S
ys

et
m

 P
o

w
er

 (
W

at
ts

)



13

Dell™ Energy Smart Servers and Liebert Cooling Systems

Figure 10 - Energy Efficiency Comparison

The comparison between the Energy Smart PE1950 and 

Blade Systems showed that in terms of energy-efficien-

cy, blade systems offer up to a 20% improvement over 

the Dell Energy Smart server. However customers that 

are not constrained by data center floor space should 

consider Energy Smart servers due to the high costs as-

sociated with blade systems and proprietary cooling so-

lutions needed to support their high density. The price 

of the cooling required to achieve maximum density 

was not considered in the testing results. Cooling meth-

ods endorsed and supported by different Blade provid-

ers vary in price and will further increase the total cost 

of the computing solution making the Energy Smart 

servers an attractive solution for the customers com-

puting needs.

Appendix C: Best Practices and 

Cooling Overview

The topics below summarize the best practices in Data 

Center design for improved reliability of the IT equip-

ment and enhanced energy efficiency. Of primary im-

portance is the arrangement of the racks into a "Hot 

Aisle / Cold Aisle" arrangement. This arrangement cre-

ates the best separation of the hot and cold air flows 

and minimizes the amount of hot air which "leaks" back 

into the servers. Once this is in place, the other five best 

practices supplement the separation of hot and cold air 

flow and are not mentioned in any particular order of ef-

fectiveness. With attention to these 6 practices togeth-

er, it is common to see a significant cooling systems 

energy consumption savings. 

Hot Aisle / Cold Aisle Arrangement - Are the racks 

set up with racks discharging air to a common aisle 

instead of into the input of the next row of racks?

Placement of the CRAC Units - CRAC units should 

be placed at the end of the hot aisle so that return-

ing hot air doesn't mix with the cool air going to the 

rack inlets

Perforated Tile Placement - Perforated tile should 

only be in the cold aisles so to maximize the amount 

of cold air flowing into the racks

Optimal Rack Airflow - Blanking panels should be 

used on the front of the rack to push air through the 

servers and the obstructions removed from the rear 

of the rack to ensure movement of hot air out of the 

rack

Minimal Obstructions under the Raised Floor - the 

raised floor should be clear of clutter, waste and un-

necessary equipment to reduce the horsepower 

required to move air to the racks

Sealed Cable Cut-Outs - All cable outlets feeding 

the racks should be sealed to reduce the loss of 

cold air to the hot aisle

When one considers the typical data center, there are 

various reasons the cooling equipment may be under 

utilized and operating inefficiently. Not following the 

aforementioned best practices is one reason. Under uti-

lization can simply be the result of an over-deployment 

of cooling. It might be over-deployed inadvertently due 

to uncertainty of the load, or it might be over-deployed 

on purpose to handle a greater peak load, redundancy 

goals, or quick future server adds. Any or all of these 

reasons can contribute to cooling equipment operating 

at low partial load, but there are savings to be had by im-

plementing various alternative cooling technologies.

Data Centers have two main types of modular raised 

floor cooling units that differ in the way they are 

equipped to chill the air. The more common modular 

unit, a Computer Room Air Conditioner (CRAC), uses 

compressorized refrigerant based cooling technolo-

gies. In contrast, other facilities choose to use the more 

efficient combination of a centralized chiller plant and 

Computer Room Air Handlers (CRAH). These modular 

CRAH units look just like CRACs. In fact, many people 
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often refer to the modular unit as a CRAC whether it tru-

ly is a CRAC or a chilled water CRAH. 

The compressorized CRAC essentially does the real 

cooling within the unit itself, meaning energy is used in 

a vapor/compression cycle with a refrigerant. It still re-

quires a condenser on the roof to eventually expel the 

heat. This technology is referred to as Direct Expansion 

or DX. Similarly the CRAC or facility is referred to as a 

DX unit or DX facility in contrast to a chilled water unit 

or facility.

The CRAH merely transfers heat from the data center air 

drawn through it to the chilled water that also circulates 

through it. That chilled water is pumped back to a cen-

tralized chiller where the water is chilled to low temper-

atures (commonly 45-50°F). 

The reasons for choosing a CRAC unit are varied. Often, 

even if the facility has a chilled water system, it may not 

be dedicated to the data center; there could be a risk of 

planned or unplanned outages that may or may not be 

communicated with the IT staff. In tenant situations, it 

is often difficult for data center operators to secure 

Chilled Water systems, but a condenser on the roof is a 

relatively easy addition. Incremental adds of a CRAC 

unit may be immediately more appealing since the in-

cremental add of a CRAH that pushes past the capacity 

of the chiller would trigger the addition of an expensive 

chiller system.

For Data Centers using compressorized refrigerant 

CRACs, the move to a Digital Scroll compressor can re-

duce the total Data Center cooling energy by minimizing 

the amount of compressor cycling and minimizing ex-

cessive humidity removal. 

For Data Centers with Chilled Water CRAHs, the instal-

lation of air handlers with Variable Frequency Drives 

(VFD) enables a significant reduction in air handler ener-

gy consumption by providing the right amount of power 

to blower fans based on the cooling load of the room. 

For simplicity, CRAC may be used interchangeably with 

CRAH throughout the remainder of the paper except 

where specifically note. 

Besides air handlers that are most commonly used to 

pressurize a raised floor, there are other cooling tech-

nologies that operate above the raised floor. One such 

system, exclusive to Liebert, is the Liebert XD System. 

It requires a minimum of 6 kW per rack of load to oper-

ate efficiently, but once this level is reached, Liebert 

analysis shows a savings of as much as 30% in energy 

use as compared to a chilled water CRAH system. The 

XD system uses a non-compressorized refrigerant ap-

proach. A two phase heat transfer at the rack allows a 

very efficient means of absorbing the heat and moving 

it away from the rack to be transferred to the facilities 

cooling system.
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