
Using Lean Six Sigma*
and Systemic Innovation 
in Mature Data Centers

The combination of LSS and SIfT in Phase 1 of our project helped us 
pinpoint opportunities for signifi cant, measurable energy reductions in 
the areas of server load and cooling load.

To extend the viability of mature data centers, Intel IT developed a methodology for mea-
suring, monitoring, and managing energy consumption using a synergistic combination 
of two improvement methodologies. Lean Six Sigma* (LSS), our primary methodology, 
helped us focus on the issues with the greatest impact, while Systemic Innovation for 
Teams (SIfT) provided a process for solution identifi cation.
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The business case for focusing on the energy 
effi ciency of data centres is compelling. With 
the projected growth in energy consumed by 
Data Centres (Fig 1) and the increasing costs 
of energy, the associated running costs are 
becoming a signifi cant part of a company’s 
expenditure.
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BACKGROUND

By current estimates, information and communica-
tions technology (ICT) accounts for approximately 2 
percent of global carbon dioxide (C02) emissions, with 
the remaining 98 percent produced by other sectors of 
the economy. Intel IT’s Sustainability Strategy tasks us 
with reducing our organization’s C02 emissions as well 
as C02 emissions from other economic sectors, such as 
manufacturing and transportation. 

Data centers offer an excellent opportunity to help meet 
our Sustainability Strategy goals by reducing both IT and 
facility energy consumption. However, reducing energy 
consumption in mature data centers that have been in op-
eration fi ve or more years is especially challenging. These 
data centers typically use peripheral cooling, which can be 
less effi cient than cooling methods in newer data centers. 
In mature data centers, one watt of IT load typically re-
quires one watt of facility load. 

Figure 2 illustrates the relationship between facility load 
and IT load, and how these are used to calculate power 
usage effectiveness (PUE). Advances in Intel® technol-
ogy, coupled with general technological innovation, have 
made it possible to extend the usable life of mature facili-
ties1 and reduce their energy consumption. For example, 
we’ve reduced the IT server power load in some of our 
data centers by consolidating servers through virtualiza-
tion and refreshing our older servers with servers based on 
the latest Intel® processors. Intel engineers have proven 
that 30-kilowatt (kW) rack densities are feasible and that 
high-density data centers can be cooled successfully with 
modifi cations to standard hot- and cold-aisle designs.2 

We decided to analyze one mature data center to determine 
how we could improve its energy effi ciency, thereby ex-
tending the data center’s viable lifespan. 

To perform our analysis, we needed a way to identify 
specifi c areas and techniques that would have the high-
est impact. Improvement methodologies, such as Lean Six 

Sigma* (LSS); Lean, Structured 
Problem Solving; Model-Based 
Problem-Solving; and Systemic 
Innovation for Teams (SIfT) all of-
fered different context-dependent a 
vantages, but we did not consider 
any one methodology to be ad-
equate in all contexts.

__________________

1 “ Intel IT Data Center Solu-
tions: Strategies to Improve
Effi ciency.” Intel Corpora-
tion, September 2009.

2 “ Data Center TCO: A Com-
parison of High-density and
Low-density Spaces.” Intel 
Corporation, January 2007.

Notwithstanding the regulatory/legal and brand 
impact issues, there is an obvious bottom line ben-
efi t  in reducing the energy bill  of Data Centre 
(DC) operations.

Many of today’s DCs have been in operation for a 
while (>5yrs) and were built at a time when energy 
effi ciency was not as critical as it is today.  As a result, 
the industry best practices that you will fi nd in newly 
constructed state of the art facilities are sadly lacking 
in many of these older DCs. That said, while many 
organizations are not in a position to build brand new 
DC facilities, signifi cant opportunities exist which 
can allow them to apply many of today’s best prac-
tices in DC design to their current facilities. There is 
an abundance of literature on many such practices.  

The case study covered here covers such an up-
grade process. While it covers the upgrade ini-
tiatives that were undertaken, and the results 
achieved, the methodology used was seen to be 
critical to the success of the project as it provided 
a data driven framework which helped prioritize 
the sequence in which the upgrades should be ap-
plied– i.e. it considered the dependencies between 
the upgrades as well as the upgrades themselves. It 
also considered the DC as an overall system, tak-
ing into consideration all aspects of the environ-
ment from the IT load to the actual external chiller 
units. Many organizations have compartmental-
ized the oversight of various parts of this system 
and as such have failed to recognise the benefi ts of 
looking at the system as a whole.

We studied power usage 
at one mature data 
center. The combina-
tion of LSS and SIfT 
in Phase 1 of our proj-
ect helped us pinpoint 
opportunities for sig-

nifi cant, measurable energy reductions in the areas 
of server load and cooling load.

• Achieved a 7-percent server load reduction using 
the uninterruptable power supply (UPS) to mea-
sure IT load.
• Identifi ed a further 3-percent server load reduc-
tion using Intel® Intelligent Power Node Man-
ager and Intelligent Platform Management Inter-
face (IPMI) technology to match server power to 
work-week usage.

• Used our air optimization strategy to shut down 
three computer room air conditioning (CRAC) 
units—achieving the equivalent of an 8-percent 
reduction in total cooling load.
• Identifi ed a 4-percent reduction in total cooling 
load by raising the temperature of the chilled water 
system (CWS).
These solutions align with our IT Sustainability 
Strategy. In conjunction with Phase 2 of our proj-
ect, we expect to achieve:
• 24-percent reduction in total energy consumption
• .41 reduction in power usage effectiveness (PUE)
• 993-ton reduction in carbon dioxide (C02) emis-
sions
Our results demonstrate that using LSS to iden-
tify where and what to improve, and using SIfT to 
identify how to improve, can effectively enhance 
the energy effi ciency of mature data centers.

The above illustration shows the ratio of energy consumption across DC Equipment blocks as measured, with PUE 
calculation. Typical of many mature data centres
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The SIfT methodology is designed to help participants un-
derstand the “what, why, and how” of a challenge and then 
develop an innovative solution. SIfT uses a multi-step pro-
cess: Understand, Observe, Ideation, Prototype, Refi ne, 
Implement, and Business Value, as shown in the lower half 
of Figure 3.

Using LSS and SIfT Together

Both LSS and SIfT are process-based approaches to business 
improvement. They promote a cross-functional approach to 
problem resolution and guide users through sensing, under-
standing, deciding, and acting in ways that create value. Al-
though we used LSS as our primary analysis tool, the SIfT 
process signifi cantly enhanced the Improve and Control steps 
of LSS, shown in Figure 3.
The data we gathered during the LSS Measure and Analyze 
steps fed the front end of the SIfT process, helping to ensure 
that there was strong factual basis to support the Understand 
and Observe phases of SIfT; in fact, these two LSS steps es-
sentially replaced the fi rst two SIfT phases. In turn, the Ide-
ation and Prototyping phases of SIfT fed back into the LSS 
Improve and Control steps. Specifi cally, the SIfT input im-
pacted LSS factors such as Modeling and Solution Selection.

BALANCING “VOICES”
Any business improvement we recommended needed to 
take into account employees, cost effi ciency, customers, 
and sustainability. The LSS concept of “voices” helped us 
balance these often contradictory views.

The voice of the customer (VoC), the voice of the busi-
ness (VoB), and the voice of the employee (VoE) form the 
traditional critical-to-quality (CTQ) triangle. LSS adds 
the voice of the environment and the voice of the process/
product to form a pentagon, as shown in Figure 4.

Adding the voice of the environment and the voice of the 
process/product alters the focus from purely economic—
maximum benefi t for minimum capital—to sustainable—
maximum added value using a minimum of resources. 
Figure 4 illustrates the contradictions and challenges asso-
ciated with trying to “deliver more while consuming less.”
The Business Value emphasis from SIfT was completely 
homogeneous with the VoB concept from LSS.

CROSS-FUNCTIONAL SUPPORT
Our project team consisted of people from many disciplines, 
each with differing perspectives on the data center ecosys-
tem. An important benefi t of using LSS as our primary 
methodology was that LSS introduced a common language 
that facilitated more productive interaction and communica-
tion between IT and facilities team members.

The perspective SIfT provided enhanced this cross-function-
al approach and proved particularly adept at eliciting tacit 
knowledge from team members that might otherwise have 

been overlooked. Having all the stakeholders participate in a 
facilitative process resulted in a holistic approach that allowed 
us to quickly assess innovative thinking and suggestions.

During our project, we learned that both IT and facilities 
play key roles in addressing data center energy effi ciency. 
For example, our data-driven analysis identifi ed specifi c 
characteristics of our project data center. One portion of the 
analysis prompted IT to consult with facilities regarding the 
performance and improvement of the support infrastructure.

Results
Coupling SIfT with the Improve and Control stages of our 
predominantly LSS approach delivered tangible results dur-
ing Phase 1 of our project and provided an optimal future 
state for our project data center as we move into Phase 2.

• Phase 1. Tuning and optimizing the data center
• Phase 2. Optimizing air management and implementing 

free cooling

METHODOLOGY
We chose to use LSS methodology because it aligned 
well with the process-oriented view of energy consump-
tion within a data center ecosystem, and we also wanted 
to challenge a lingering perception that LSS methods 
are valid only in Intel’s manufacturing environments.

A common critique of Six Sigma* is that while the meth-
odology can pinpoint where to focus on improving, the 
method provides little guidance to determine how to im-
prove. Intel includes Advanced Systematic Inventive 
Thinking (ASIT) within our LSS training as one option to 
address the need for guided ideation. Methodologies such 
as Theory of Inventive Problem Solving (TRIZ), ASIT, 
and SIfT all offer a means for developing creative solu-
tions. We found that SIfT signifi cantly augmented the LSS 
training, especially for the Improve phase of the process.

We undertook this project as a LSS Black Belt initiative. 
In accordance with LSS’s emphasis on cross-functional 
improvement, our team members came from both IT and 
facilities staff. The Black Belt team member was mentored 
by a Master Black Belt, whose purpose was to provide 
guidance on applying method and tools, and assistance in 
technical analysis.

Our project goals were to enable energy-effi ciency im-
provements at the project data center; develop a usable 
blueprint for measuring, monitoring, and managing the 
energy effi ciency of other mature Intel data centers; and il-
lustrate that LSS success could transfer from Intel’s manu-
facturing environment to a service environment.

Mapping LSS to Data Center 
Energy Consumption

The fundamental LSS equation is Y= f(Xi)—where Y cor-
responds to the output of the process and is a function of its 
Xs, which correspond to the inputs to the process.

If we view a data center as a type of factory with defi ned 
inputs, outputs, and a process, then energy effi ciency, Y, is 

a function of the effi ciency of the contributing elements, 
Xs, of the data center ecosystem.

The widely accepted PUE metric, designed to understand 
the energy consumption of the data center ecosystem, is 
very much aligned to the Y= f(Xi) formula. LSS can help 
us understand which elements constitute the data center 
ecosystem and to what level the various contributing ele-
ments interact and affect energy effi ciency.

Overview of LSS and SIfT

The LSS methodology is a fi ve-step process that narrows 
the entire fi eld of inputs down to the few key process in-
put variables (KPIVs) that have the most impact. For our 
project, we applied these steps to analyzing the energy ef-
fi ciency of our project data center.

• Defi ne. We defi ned our project charter; the cost of poor 
quality (COPQ); a list of suppliers, inputs, process, out-
puts, and customers (SIPOC); and our high-level pro-
cesses. This step helped us identify which aspects of 
data center energy consumption were important.
• Measure. We developed a process map and performed 
a measurement system analysis to establish a bench-
mark for how the data center was performing in each of 
the KPIVs identifi ed in the Defi ne step.
• Analyze. We analyzed the under-performing KPIVs 
for the data center, identifi ed in the Measure step, to de-
termine why they were not performing at an acceptable 
level. Tools we used included a cause-and-effect matrix, 
failure mode and effects analysis (FMEA), multi-variate 
analysis, regression, and passive and active modeling 
functions.
• Improve. We identifi ed what needed to be done. Im-
portant aspects of this step included application of pre-
dictive modeling and solution selection. SIfT played a 
key role in this step.
• Control. We determined how we could guarantee per-
formance.

These steps are illustrated in the top half of Figure 3.

Figure 2. Total facility power and IT equipment power can be used to calculate power usage effectiveness (PUE).
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Figure 3. The 
Systemic Innova-
tion for Teams 
(SIfT) method-
ology provided 
valuable input into 
the Improve and 
Control steps from 
Lean Six-Sigma* 
(LSS) by identify-
ing how to improve 
a particular area 
identifi ed by LSS.
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PHASE 1: 
TUNING AND OPTIMIZING 
THE DATA CENTER 

IT systems
We determined that we could achieve 
a 7-percent reduction in server load by 
profi ling our existing IT systems, con-
solidating servers, and powering off 
unused IT equipment. Measurement 
system analysis showed that the unin-
terruptable power supply (UPS) could 
be used to accurately measure such 
changes, allowing us to manage the 
equipment more effectively. The result-
ing decrease in UPS load is illustrated 
in Figure 5.

Server power and work-week usage
We demonstrated a workable proof of 
concept (PoC) that uses Intel® Intelligent 
Power Node Manager and Intelligent Plat-
form Management Interface (IPMI) tech-
nology to match server power usage dur-
ing the work week. As shown in Figure 6, 
when the servers are on, they consume a 
steady rate of power. We used IPMI to turn 
the servers off outside of offi ce hours and 
subsequently identifi ed a 3-percent server 
load reduction in the project data center.

This PoC provided a good understanding 
of Intel’s business and energy usage pro-
fi le across server environments. We will 
follow up with a small-scale pilot project 
to validate our concept, consisting of the 
following steps:

• Develop a holistic understanding of 
the data center workload composi-
tion, comprehending server usage 
and energy profi les in virtualized 
and non-virtualized environments.

• Analyze the collected data and pres-
ent it, using time-series graphs.

• Segregate servers into “power sav-
ing clouds” based on workload pro-
fi le results. Examples of such clouds 
are “weekend saver cloud” and 
“night saver cloud.”

• Develop service-level agreements 
and server management policies to 
remotely power hardware on and off 
using a manageability framework.

Figure 4. The Lean Six Sigma* 
(LSS) concept of voices illustrates 
the contradictions and challenges 
associated with trying to “deliver 
more while consuming less.” The 
Business Value emphasis from 
Systemic Innovation for Teams 
(SIfT) aligns with the LSS “voice 
of the business.”

Figure 5. By powering off unused 
equipment and consolidating serv-
ers, we were able to reduce server 
load by 7 percent.

Figure 6. Using Intelligent Platform Manage-
ment Interface (IPMI) technology to match 
server power to work-week usage helped us 
reduce server load.
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Fostering Innovative Thinking with SIfT

Systemic Innovation for Teams (SIfT) uses heuristics and iterative prototyping, which facilitated our success in fi nding 
ways to reduce server and cooling loads. Our SIfT team meetings generated several ideas that enabled us to fi nd innova-
tive solutions to issues we had identifi ed previously:

• In areas of over-cooling, the typical solution would be to replace perforated tiles with expensive solid tiles. The 
SIfT process enabled our team to suggest a much more cost effi cient solution—blocking perforated tiles with self-
adhesive sheeting.

• A variety of IT equipment made it diffi cult to use standard software-based tools to measure power consumption. The 
SIfT process elicited the idea of using a handheld multi-core amp meter, which enabled us to accurately measure the 
power consumption of our equipment.

• Instead of measuring temperatures with traditional techniques, the SIfT team suggested using thermal imagery. This 
allowed us to take temperature measurements as well as visually convey the issues to stakeholders.

Air management and cooling infrastructure
Air management is central to data center energy effi ciency. 
Correctly managing how air reaches server inlets is the key 
to reducing facilities load while still maintaining equipment 
integrity. We therefore commissioned a Computational Flu-
id Dynamics (CFD) analysis of the data center airfl ow.

Pending results from the CFD analysis, in the short-term we 
measured the tile airfl ow for the entire data center using lo-
cally available equipment, including a pressure hood and a 
thermal camera. The thermal imaging camera does not show 
actual air, but rather the effect of hot or cold air on hard sur-
faces. As the images in Figure 7 illustrate, open cable gaps 
and missing blanking panels can signifi cantly affect keep-
ing the hot air—colored orange—and cold air—colored 
purple—where it belongs. The ideal state would be to keep 
hot aisles hot and cold aisles cold, with no mixing.

In addition to the air management problems illustrated in 
Figure 7, the thermal camera also pinpointed hot air leak-
age through server racks that didn’t use blanking panels. 

Without internal blanking panels, hot air can migrate into 
the cold aisle side, reducing cooling effi ciency.

The varied ages and capabilities of our IT equipment made 
it problematic to use software-based tools to accurately 
measure power consumption. Instead, we decided to mea-
sure the electrical load at rack and server level using a 
non-invasive multi-core amp meter that could be used by 
personnel not trained as electricians.

This provided us with an electrical kW value and a corre-
sponding cubic-feet-per-minute value for every work cell 
in the data center. Using this data, we were able to identify 
areas of overcooling and hotspots. We subsequently de-
fi ned an air optimization strategy:

• Block all gaps in the fl oor, fi t racks with blanking 
plates, and block off a sizable point of leakage under 
the raised metal fl oor (RMF).

• Commission a hot-aisle containment system that uses 
PVC strip curtains.

Hot Air
Cold Air

Figure 7. Thermal imaging confi rmed places where hot air and cold air were mixing, decreasing cooling effi ciency.
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Air-side and Wet-side Economization

Wet-side economization transfers heat to a chilled water system 
(CWS) using existing data center air-handling equipment. The heat 
is then transported and released into the atmosphere by various 
methods such as heat-exchangers and water towers. The two main 
advantages of wet-side economization are its minimal impact on 
the data center space, because it uses existing equipment, and its 
overall effectiveness due to its heat capacity properties.
In contrast, air-side economization uses cool outside air to cool the 
indoor space. Air-side economization is most effective in cold and 
temperate climate zones.

Although this step primarily 
enabled Phase 2, it offered im-
mediate advantages by dramat-
ically improving air manage-
ment in terms of temperature, 
static pressure, and bypass air.

• Deploy appropriate types of 
fl oor tile for every work cell 
based on the kW loading of 
each individual cell. A work 
cell is defi ned as a 2-foot by 
8-foot area consisting of a serv-
er in a rack, fl anked by a cold 
aisle on one side and a hot aisle 
on the other.

As a result of the air optimization 
strategy, we identifi ed three com-
puter room air conditioning (CRAC) 
units for shutdown, reducing total 
cooling load by 8 percent. The strate-
gy allowed for an increase in chilled 
water system (CWS) temperature; 
this temperature increase was lim-
ited to a maximum of 4 degrees due 
to peripheral systems. But perhaps 
most importantly, the strategy of-
fered opportunity to implement free 
air cooling (FAC) during Phase 2.

Chillers
The data-centric approach of LSS 
was central to understanding the 
complex interactions of the data cen-
ter ecosystem. Using a statistically 
based modeling application coupled 
with the LSS concept of Practical, 
Graphical, and Analytical (PGA) 
was particularly powerful in iden-
tifying issues with the data center’s 
cooling infrastructure.

Practical assumptions. The project 
data center had three chillers, located 
behind the Fab condenser room; the 
hot air from these condensers dis-
charged in the vicinity of the chill-
ers. The condenser discharge did 
not warm the outside air surround-
ing Chiller 1, so we assumed this 
chiller would run most effi ciently. 
Chillers 2 and 3 were affected by the 
condenser discharge, so they would 
have to work harder to dissipate heat 
to the warmer outside air; we as-
sumed these chillers would consume 
the most electrical power.

Graphical representation. Our as-
sumptions proved incorrect. The 
analysis of chiller energy consump-
tion shown in Figure 8 helped us 
determine that Chiller 1 was not the 
most effi cient chiller.

The graphs show how IT load varied 
but was stable over a 12-hour period, 
how temperature changed over that 
time, and how total chiller power 
load mapped to that change over the 
same period.

Analysis. As one would expect with 
air-cooled chillers, as outside air tem-
perature increases, total chiller power 
increases. What our data showed, 
however, is that Chiller 1 exacerbated 
that effect by over-consuming power 
relevant to the temperature increase. 
Figure 8 illustrates that once we 
turned off Chiller 1, Chillers 2 and 3 
consumed dramatically less power in 
dealing with the same conditions.

As a result of this analysis, we identi-
fi ed four chiller-specifi c projects:

• Clean Chiller 1’s condenser coils.
• Redirect compressor room air, 

which was artifi cially raising 
inlet air temperatures at Chill-
ers 2 and 3.

• Meter the entire chiller sys-
tem to foster development of 
real-time coeffi cient of perfor-
mance (COP) monitoring.

• Introduce a sequencer to help 
ensure more dynamic power 
consumption.

Figure 8. Data analysis showed that 
Chiller 1 was not operating effi cient-
ly. Chiller 1 is using more power at 
lower outside air temperatures, and 
when we turned off Chiller 1, pow-
er consumption dropped off even 
though the air temperature was in-
creasing.
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When selecting our solutions, SIfT made it 
apparent that no matter how successful we 
were in improving the chillers, the effi ciency 
gains could not come close to those achiev-
able using FAC. Therefore, in addition to 
the measures described above, we decided 
to plan a second phase of the project using 
either air-side or wet-side economization.

We determined that for our specifi c data 
center, wet-side economization is the best 
option. We will reuse an existing water 
tower with the addition of a heat exchang-
er. This approach eliminates the need for 
extensive pipe work or upgrades to inter-
nal data center cooling equipment.

We are currently planning Phase 2 of our 
project. At completion, we expect the fol-
lowing overall energy effi ciency improve-
ments:

• 24-percent reduction in total energy 
consumption

• .41 reduction in PUE
• 993-ton reduction in C02 emissions
During Phase 2, we intend to perform 
additional research on IT and cross-
functional processes and capabilities. 
This will provide data for the follow-
ing tasks:

• Map server power consumption and 
user profi les, leveraging metrics pro-
posed by the Green Grid consortium.

• Meet valued demand in more energy-
effi cient ways by reducing the time 
idle servers draw power.

• Investigate ways of converting the sup-
port infrastructure from fi xed to dy-
namic load.
By implementing these steps, we can 
further reduce both facilities and IT 
loads and further enhance the viability 
of mature data centers.

Further opportunities exist in looking at 
how the heat generated within the data 
centre can be recycled to a useful purpose 
(avoiding the need to cool it or exhaust-
ing it to the environment).  Models are 
currently being considered, by the Green 
Grid and others,  which would credit the 
re-use of waste DC heat, potentially re-
sulting in a PUE of less than 1.

CONTRIBUTORS
James Eynard, John Weir, Aengus Nolan, 
Luke Fenner, and Sonja Campbell

ACRONYMS
ASIT Advanced Systematic 
 Inventive Thinking

CFD computational fluid dynamics

CO2 carbon dioxide

COP coefficient of performance

COPQ cost of poor quality

CRAC computer room air conditioning

CTQ critical to quality

CWS chilled water system

FMEA failure mode and effects analysis

FAC free air cooling

ICT information and 
 communications technology

IPMI Intelligent Platform 
 Management Interface

KPIV key process input variable

kW kilowatt

LSS Lean Six-Sigma*

PoC proof of concept

PGA practical, graphical, and analytical

PUE power usage effectiveness

RMF raised metal floor

SIfT Systemic Innovation for Teams

SIPOC suppliers, inputs, process, 
 outputs, and customers

TRIZ Theory of Inventive 
 Problem Solving

UPS uninterruptible power supply

VoB voice of the business

VoC voice of the customer

VoE voice of the employee

FOR MORE STRAIGHT TALK ON CURRENT TOPICS FROM INTEL’S IT LEADERS, VISIT WWW.INTEL.COM/IT.

PHASE 2: OPTIMIZING AIR MANAGEMENT AND 
                   IMPLEMENTING FREE-AIR COOLING
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PUE ≤ 3.00 – unstructured approach to energy 
management, vertical view. Little to no appreciation of 
key variables (KV’s) little or no metering or 
measurement in place.

PUE ≤ 1.70 – deeper understanding  of KV’s. CFD ,  Air 
management  strategy, higher operating temps, 
consolidated applications, dynamic power on/off, 
VFD’s, Holistic Process view, increased metering

PUE ≤ 2.00 –structured approach.  Main issue IT & 
facilities loads fixed or incorrectly sized. CA /HA 
orientation, blanking panels, grommets, optimal tile 
placement, High level metering, power off unused.

PUE ≤ 1.25 – KV’s fully understood. Full air 
containment, Virtualisation,  air –side or wet-side 
econ, High AC or direct DC, load balancing, granular 
metering/measurement sys. 

PUE ≤ 1.00 – Free air cooling, passive cooling, 
green energy sources, heat recovery & re-use, full 
integration of DC network, smart 
metering/measurement, Integrated decision & MgMt 
systems.

Future

Best 
Practice

Tuned

Structured

Ad-hoc

Path to high efficient Data Centre

As part of the ongoing effort in this area, Intel, as a 
founding partner of the Innovation Value Institute 
(IVI) at NUI, Maynooth, has worked with industry 
and academic partners to defi ne a 5 level capability 
maturity framework (CMF) which can be used by 
organizations to drive systematic improvements in 

their overall information technology environment. 
One of the maturity curves in this framework deals 
specifi cally with the Data Centre - this can be used 
by organizations to assess the “goodness” of a DC 
from an energy effectiveness perspective and guide 
an improvement plan.

CONCLUSION
We have demonstrated one of our initial project goals, 
that combining LSS and SIfT methodologies can have 
benefi cial results. Using LSS to identify where and 
what to improve, and SIfT to identify how to improve, 
lets both IT and facilities team members play a key 
role in addressing data center energy effi ciency.

These methodologies, along with increased com-
pute power per watt, virtualization technology, and 
the extension of peripheral cooling capabilities, can 
improve data center energy effi ciency and extend 
the useful life of the mature data center. We see our 
approach as a blueprint for energy-effi ciency initia-
tives at other mature Intel data centers.
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