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ABSTRACT 
Engineering of critical facilities requires extremely talented 
teams of engineers and engineering managers.  Most of the 
existing Data Centers were engineered initially and have 
evolved unilaterally by operational changes into facilities that 
are targeted today as large energy consumers.   

Facilities construction projects that are designed by teams of 
licensed engineering professionals comply with statutes and 
codes, and achieve a balance of safety, security, reliability 
and cost effectiveness.  Too often designers give much less 
consideration to operations, maintainability, constructability 
and sustainability.  It is usually the clients, within the bounds 
of statutes, who make the final decisions on how the above 
are integrated into final design including the construction 
contracts.  Also, given the innate creativity of engineers, there 
are many possible solutions in all sections of the drawings 
and specifications.  Adding differing site conditions (climate, 
available utilities, physical threats, site specific 
vulnerabilities, environmental stewardship, statutes, site labor 
pool, etc…), a universal critical facility design may not be the 
best option for most clients and locations.  The lowest life-
cycle-cost design or the least cost of ownership design is 
different at every location. 

I strongly advocate: 1) reserving the title of Engineer for 
licensed engineering professionals, 2) engineering or 
reengineering critical facilities by teams of licensed 
engineering professionals, and 3) intensively engineered 
systems integration during every critical system or critical 
facility modification. 

This paper will discuss critical facilities reliability and energy 
engineering challenges and current practices.     

CONTENTS 
Introduction .......................................................................................1 
Critical Facilities Must Be Reliable...................................................2 
Core Reliability Challenges...............................................................2 
Modeling Reliability and Energy Use ...............................................2 
Reliability and Energy Engineering Challenges................................3 

Energy Purchases .........................................................................3 
Energy Consumption....................................................................3 
Reliability Decisions Have Energy Penalties ...............................3 

Electrical Loads ......................................................................3 
Cooling Loads.........................................................................5 

Engineering..................................................................................7 
Site Conditions.............................................................................7 

Conclusion ........................................................................................7 
Bibliography......................................................................................8 

 

INTRODUCTION 
First, let it be clear that there will not be reductions in energy 
use by the IT industry.  This is worth repeating.  There will 
not be reductions in energy use by the IT industry.  The 
feasible energy efficiency improvements cannot keep up with 
the growth of the industry.  It is true that there are Data 
Centers that may be able to save or reduce 50% of their 
energy use but their energy demand will likely grow beyond 
the savings measures before the measures are fully 
implemented.  Growth is one of the many challenges facing 
the industry but it is not new.   One study shows that growth 
during the 4-year period 2002 to 2006 of computing capacity  

in existing Data Centers, was over 3300% while critical load 
energy growth was about 550% [i].  That is a calculated 600% 
improvement in energy efficiency in 4 years; what other 
industry has approached that level of efficiency 
improvement?  The objective now is to operate critical 
facilities more efficiently and to keep up with growing 
demands for service reliability and capacity. 

Everything about the IT Industry seems to be about helping 
businesses and industries to reduce costs, improve 
communications, improve productivity, improve quality, and 
generally support better business operations through better 
information exchange.   
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CRITICAL FACILITIES MUST BE RELIABLE 
Data Center critical facilities are committed to a high level of 
reliability for their critical loads.  To achieve high levels of 
reliability, people and equipment have been added.  Though 
these actions are required, they are not considered part of the 
critical IT load.  The add-on energy consumption to ensure 
safety, security and reliability has grown to significance, even 
matching or exceeding the critical load.  Safety and security 
are achieved by housing the critical load in facilities with 
people to manage the critical and equipment loads.  The 
people, support equipment and facilities require more energy.  
Excess heat energy must be removed and the people must be 
supported.   

Imagine that you drive an old panel van and now you decide 
to apply some of the reliability practices to it.   
How would you provide a second power source?  How 
would you provide back-up cooling?  How would you 
provide a 4 millisecond change of drivers or change of 
power source?  Imagine the space it would take and the 
additional cost to run two engines, provide an additional 
driver, and cooling for the second engine.   
You wouldn’t do these things to that old van but you could 
somehow.  It would cost dearly to have a team of engineers 
design these changes because of the many operations and 
safety considerations, and the general liability for the design.  I 
can only see it being done on “Junkyard Wars [ii]”.    

Similar changes have been made in existing critical facilities.  
Perhaps this frivolous example could be a useful exercise for 
getting critical operations teams to understand that there are 
systems effects to every modification no matter how simple. 
In contrast to the enterprise server in a company closet, 
mission critical Data Centers can serve millions of people  
24/7/365 [iii] anywhere in the world.  For some mission 
critical Data Centers, like Mission Control in Houston, lives 
may be lost when the center fails.  Mission critical facilities 
demand extraordinary measures to ensure reliability, 
including duplicate or shadow facilities poised to assume the 
mission in an event.   

CORE RELIABILITY CHALLENGES 
Critical facility reliability has been driven by failures—doing 
what can be done to make sure that “it” doesn't happen again.  
Since Critical Load (IT equipment) reliabilities have been 
improved remarkably, the remaining core reliability 
challenges are people, electricity and cooling; all are 
necessary to support the critical mission and Critical Load.   

Core Reliability Challenges (Figure 1) [iv] focus much of the 
current reliability improvement efforts on getting control over 
external factors such as utility power.  As critical loads 
continue to grow, a consequent issue is meeting the cooling 
requirements reliably.   

Primarily because of reliability improvements of 
infrastructure, facilities and equipment (N+1 to 2N 
redundancies) [v], people (not infrastructure, facilities or 

equipment), continue to be the least reliable component in a 
critical system’s reliability model. 

Most of the existing Data Centers were engineered initially 
and have evolved unilaterally by operational changes into 
facilities that are targeted today as large energy consumers.  
Critical facilities of the future should be a continuous design-
build process engineered by teams of licensed engineering 
professionals with intentioned compliance to statutes, codes, 
and intense consideration given to safety, security, reliability 
and cost effectiveness.  Adding or replacing a critical system 
component involves more than planning a space for it and 
getting power to it.  Critical facilities should be engineered or 
reengineered—to apply Systems Engineering [vi] and 
Reliability Engineering [vii].   
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Figure 1.  Core Reliability Challenges  

MODELING RELIABILITY AND ENERGY USE  
Reliability modeling [viii] is the best way to manage system 
designs and consequences to ensure reliability and availability 
levels may be met or exceeded.  The advantage of reliability 
modeling is that there doesn’t have to be an actual failure to 
ensure that a failure doesn't happen.  Some off-the-shelf 
software [ix] can also calculate cost of ownership for the life 
of the system and can recalculate costs for the changes that 
may be considered, for example, to improve reliability or to 
add critical equipment. 

Root Cause Analysis [x] and Single Point of Failure Analysis 
[xi] have been useful for ensuring system redundancies, but 
they have contributed greatly to additional energy 
consumption, from operating system components outside of 
their designed efficiency parameters and from operating extra 
equipment.  Solutions can be engineered to meet changing 
Data Center requirements.  And with engineering comes 
adherence to statutes and codes, and intense considerations 
given to safety, security, reliability and cost effectiveness.  
Existing solutions to the reliability challenges consume extra 
resources and energy to ensure maximum equipment 
availability 24/7/365. 
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RELIABILITY AND ENERGY ENGINEERING 
CHALLENGES  
Energy conservation and efficiency objectives are 
opportunities to reduce and control operating costs, reduce 
wear and tear on critical infrastructure systems and preserve 
system capacities for contingencies and future growth.   

Prior to discussing the reliability and energy engineering 
challenges in more detail, it is important to accept what is 
meant by energy engineering, energy conservation and by 
energy efficiency in this paper.   

Energy Engineering seeks to achieve feasible energy 
conservation, energy efficiencies and least cost of ownership.  It 
applies efficient energy technologies to the design processes to 
satisfy the design requirements at minimum cost or consumption 
of resources for the design life.   
Energy conservation seeks to expend only the resources 
necessary to achieve business objectives.   
Energy efficiency seeks to leverage assets and resources to 
safely and reliably achieve business objectives at minimum costs. 

ENERGY PURCHASES 
There are typically several components to energy purchases: 
cost per unit of commodity, transportation, demand/ 
storage/reserve, business overhead and emissions.  The 
commodity component is the competitive acquisition of 
definite quantities of energy.  The transportation or delivery 
component gets the commodity from where it is purchased to 
where it will be consumed.  The energy demand component 
may also be satisfied by on-site or off-site storage or reserves.  
There are costs associated with each of these components 
whether purchasing fuel oil, natural gas or electricity.   

Data Centers should command the most favored electrical 
rates from electric utility companies due to Data Centers’ 
relatively constant demands 24/7/365.  The low risk nature of 
the loads and the ability to operate independent of the 
electricity grid during power contingencies, make Data 
Centers ideal electricity customers.  Engineered measures to 
shift energy consumption to off-peak periods such as for 
thermal storage and decrease on-peak consumption could earn 
valuable incentives [xii].  Conversely, engineered measures to 
decrease energy use off-peak could adversely impact the 
favored electrical rate status and incur offsetting demand 
charges through the purchased electricity rates.   

ENERGY CONSUMPTION 
Electricity is the energy form required by Data Centers and 
the electrical energy is converted [xiii] to heat or other forms 
of energy when it is consumed [xiv].   

A typical electric heater is designed to receive power from a 
typical 15 Amp protected receptacle [xv].  The maximum 
energy the typical electric heater can consume from a 
dedicated circuit is about 1,700 Watts or 1.7 kW (the 
mathematical product of Voltage and Amperage or 115 Volts 
x 15 Amperes).   

Consider the portable electric heater for a moment.  It is 
nearly 100% efficient as it delivers heat reliably to the 
space around it.  What are some of the system design 
considerations for designing, selecting or using them?  
Safety?  Power Source?  Flammables?  Temperature 
Controls?  Others? 

Electricity use by IT equipment in the Data Center produces 
heat nearly as efficiently as the electric heater except that 
heating the space around it is a consequence of accomplishing 
mission critical functions.  Unlike the electric heater, IT 
equipment thermostats only shut equipment down to prevent 
their self-destruction.   

Tripping a breaker with the electric heater is usually not a 
problem in a critical the Data Center.  The problem with the 
heater is the additional energy consumed from other sources 
when the heater is operating in a cooled or air conditioned 
space.  The energy (consumed by the heater or the IT 
equipment) is removed—cooled by energy driven equipment.  
Cooling IT equipment is a mission necessity—cooling a 1500 
Watt portable electric heater is an unnecessary waste. 

RELIABILITY DECISIONS HAVE ENERGY 
PENALTIES 

ELECTRICAL LOADS 
Figure 2 provides a basic reference to the electricity costs and 
consumptions [xvi].   

 

Measured Electricity Use Energy Percent Cost
IT Equipment Critical Load 1000 kWh 100.0% $100
PDU Load 20 kWh 2.0% $2
KVM Load 5 kWh 0.5% $1
UPS Load 103 kWh 10.3% $10
Lighting Load 10 kWh 1.0% $1
CRAC Unit Load 50 kWh 5.0% $5
AHU Load 10 kWh 1.0% $1
Chiller load 405 kWh 40.5% $41
Cooling Tower Fans 41 kWh 4.1% $4
Pumps 20 kWh 2.0% $2
Water heater 1 kWh 0.1% $0
Boiler 10 kWh 1.0% $1
Miscellaneous Loads 30 kWh 3.0% $3

Total Electrical Load 1705 kWh 170.5% $171

Figure 2.  Typical Electrical Loads  

Energy numbers reflect the difference between power out 
and power in.   
Percent reflects the percent of IT Critical Equipment 
Load.   
Cost reflects costs at $0.10 per kWh.  For a 1MW critical 
load, these costs would be for one hour. 
Miscellaneous Loads would be a number that makes the 
sum of the numbers above it equal the Total Electrical 
Load measured.  All loads should be measured 
simultaneously.   
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Figure 3 shows simplified measures [xvii] from two sets of 
points that DCiE [xviii] energy efficiencies can be calculated 
with accuracy close (2-3% higher) to Figure 2. 

Measured Electricity Use Energy Percent Cost

UPS Output 1025 kWh 102.25% $103

1705 kWh 170.50% $171
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A challenge in Data Center engineering or reengineering is to 
understand how the electrical loads will be experienced and 
how to match those loads to the best efficiencies available.  
For existing Data Centers, the load data in Figure 2 would 
provide the data necessary to model the Data Center and 
make intelligent choices in selecting equipment replacements 
or retrofits.  Improving the operational efficiencies of any of 
the critical load and support systems’ components could 
provide ripple savings from other system components.  It is 
recommended that load/loss curves be acquired for all critical 
equipment to help in making intelligent choices.   

UPS SYSTEMS 

Critical facility 2N reliability scenarios require two UPS [xix] 
modules operating in parallel with less than 50% load on 
each.  Modern efficient UPS systems use about 5% more than 
their rated power to charge batteries and condition and 
monitor electrical power.  This power draw (5% more than 
their rated power) is nearly the same value over the range of 
UPS allowable loads (See Figures 4 and 5) [xx].   

This fully loaded UPS system is about 95% efficient while an 
UPS at 40% load would be about 89% efficient.   

Sample UPS Load Profile
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Older and less efficient UPS systems use about 10% more 
than their rated power to charge batteries and condition and 
monitor electrical power, fully loaded would be about 91% 
efficient while at 40% load would be about 80% efficient.   

The 2N requirement to have two UPS modules operating in 
parallel with less than 50% load on each doubles the losses 

from 5% to 10%.  On a 500 kW UPS system, this loss 
typically increases from 25 kW to 50 kW (to operate the 
additional UPS system to ensure reliability) and requires 
about 7 tons more cooling.  Thus cooling 50kW adds 20kW to 
the non-critical electrical load. 

Figure 3.  Suggested Practical Measurements  

During battery charging, batteries may release highly 
flammable or corrosive gas that must be monitored and 
removed by exhaust fans to ensure the safety and reliability of 
the battery systems.  The make-up air for the air exhausted 
from the battery room may also need to be conditioned 
(heated or cooled) to provide proper temperatures for reliable 
battery operations.  The safety monitor, exhaust fans and 
make-up air conditioning (heating or cooling) also add to the 
non-critical electrical load.   

Sample UPS Load Profile
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Figure 5.  Sample Load/Loss Curve  

KVM AND PDU 
The KVM [xxi] switch allows a number of computers or 
servers to be monitored and managed at a single station.  This 
highly efficient solution saves having to have a keyboard, 
video monitor and mouse for each computer or server and 
subsequently saves the energy and space of the unnecessary 
superseded components.   

The PDU [xxii] monitors and distributes power typically from 
two power sources.  If one power source fails and/or fails to 
meet power quality requirements, the PDU is programmed to 
switch the power within 4 milliseconds to an alternate power 
source.   

The power consumption of KVM Switches, KVM controlled 
devices and PDUs (combined) could be as high as 2.5% of the 
critical load.  They also add to the cooling load and non-
critical electrical load. 

Figure 4.  Sample Load Efficiency Curves  

EMERGENCY OR STANDBY GENERATORS  
Emergency or standby generators consume about 150% more 
energy than their power output to provide electricity during 
contingency and test operations.  This additional energy use is 
primarily due to the inefficiencies of the combustion engine 
driving the generator and is generally wasted in engine 
cooling systems and through the exhaust system.   
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Once the engine is started, it must be run until the engine oil 
and exhaust systems have purged all condensation resulting 
from the combustion gasses.  Failure to accomplish this 
reliability procedure (purging all condensation) will 
contribute to early engine failures due to acid corrosion 
[xxiii].   

Additional fuel premiums and delivery charges may be 
incurred for small deliveries to maintain the minimum level 
of emergency generator run time required. 

LIGHTING 
Lighting is required only when people need to perform a 
function.  This energy use principle may be applied to 
personal computer systems, printers and task lighting.  The 
energy supplied for these purposes must also be removed as 
heat.  Avoided electricity consumption equals avoided 
cooling and electricity costs. 

The most cost effective lighting energy savings come from 
shutting lights off when not needed.  The next best is to 
control lights automatically through sensors and the BMS 
[xxiv]. 

Lighting efficiency retrofits in many applications can reduce 
lighting energy up to 40% [xxv] and improve lighting levels.  
LED retrofit kits [xxvi] for exit lights not only save energy 
and operating costs but practically eliminate life safety issues 
with burned out bulbs in exit signs. 

COOLING LOADS [xxvii] 
CRAC AND ERAC 
Computer room air conditioning (CRAC) units and electrical 
room air conditioning (ERAC) units move air through filters 
to clean and through cooling coils to extract heat.   

The air flow is created by electrically powered fans which 
draw heated air from the room through the air conditioning 
units and push it into a cooling air plenum.  The plenum 
delivers the higher pressure cooling air to lower pressure 
points in the plenum.  Air flow designs generally treat air as 
an incompressible fluid.  Constant velocity designs are 
common in ducted applications because every change in air 
direction or speed generates (static pressure) losses that must 
be compensated by more fan horsepower.  Constant velocity 
unobstructed air flows require the least amount of fan energy.   

The amount of resistance to airflow (static pressure) is 
measured in inches of water gauge (inches wg) or water 
column inches (wc”).  The system resistance depends upon 
three factors: 

1. Friction losses [xxviii]  
2. Dynamic losses [xxix]  
3. Pressure losses [xxx]  

Too many CRAC Units immediately generate mega-losses at 
their output by ramming high velocity air into a perpendicular 
and practically infinite obstruction (the subfloor).  Most of the 
velocity pressure that could be used for static regains [xxxi] is 
immediately used up.  Perforated tile air diffusers follow the 

same scheme as they quite effectively obstruct air flows and 
generate significant changes in direction and speed.   

Energy conservation is achieved by lower velocity 
unobstructed air flows.  Figure 6 illustrates a typical raised 
floor air flow design [xxxii].  The key to engineering energy 
efficiency is achieving necessary air flows at the lowest 
feasible static pressure (losses).  All along the way that the air 
moves, it incurs losses.   

Figure 6.  Target Design Air Flow  

Figure 7 illustrates typical situations in existing raised floors 
driving CRAC inefficiencies [xxxiii].  Friction losses occur in 
air conditioning unit filter and coils, then at the outlet into the 
plenum or raised floor.  Air leaks, cables, conduits, piping, 
structural members and surface friction also create losses in 
the movement of the cooling air to its intended load and can 
severely reduce the amount of air available to cool critical 
loads.  This is especially true for raised floors that are less 
than the height shown.  CRAC and ERAC units use 
significant energy to move air.   

Figure 7.  Existing Evolved Air Flow  

Additional fan energy and air pressure may be required to 
overcome system losses to move cooling air to cool the 
critical loads. 

ERAC units are used in critical equipment rooms such as 
substations, switch gear, and UPS.  Their primary purpose is 
to provide clean conditioned air to ensure critical equipment 
reliability.   
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Dust, humidity and subsequent corrosion from outside air 
ventilation can contribute to early and unscheduled demise of 
the critical infrastructure equipment.  This is also a concern 
for IT equipment on the raised floors.  Corrosion is a 
significant cause of intermittent failures in data mechanical 
connections.  Intermittent failures are very difficult and time 
consuming to resolve.  Dust reduction and humidity control 
are additional reliability measures that have proven effective.   

CRAC and ERAC units also add to the cooling load and also 
to the non-critical electrical load. 

CHILLED WATER SYSTEM 
Cooling adds over 50% of the critical load to the non-critical 
electrical load.  A challenge in Data Center engineering or 
reengineering is to understand how the cooling loads will be 
experienced and how to match those loads to the best system 
efficiencies available.   

Chillers should be targets for energy efficiency improvements 
since they can add 40% of the critical load to the non-critical 
electrical load.  The main challenge with chillers is operating 
them at their best design efficiency.  Modern chillers can 
remain a near peak efficiency and remain reliable at reduced 
chilled water flows when loads are less than the design peak.   
Modern chillers can operate at peak efficiency over a wide 
range of loads.  If a chiller is over 15 years old or operates on 
CFC [xxxiv] refrigerants such as R11 [xxxv], a replacement 
chiller is a sound investment as it will significantly reduce 
energy losses 24/7/365 and eliminate the use of an ozone 
depleting refrigerant. 

PUMPING SYSTEMS  
Pumps provide the work to move water through a piping 
system with enough energy to overcome system losses.  The 
design challenge is to eliminate and reduce system losses.  
Energy conservation is achieved by lower velocity 
unobstructed water flows. 

 

Figure 8 show a typical pumping system designed for 
reliability and flexible operations.  The engineering challenge 
is to design a pumping system that is inherently balanced 
[xxxvi] and can move water efficiently to meet a wide range 
of flow and pressure requirements.  VFDs [xxxvii] on pumps 
reduce energy costs and improve reliability.  Pumps and 
VFDs also add to the non-critical electrical load. 

CHILLED WATER PUMPS  
Primary Chilled Water Pumps move water through filters for 
cleaning and chiller evaporators for chilling; then move 
chilled water through strainers and through cooling coils to 
extract heat.  Secondary Chilled Water Pumps are often used 
to boost water flow through CRAC units and cooling coils 
and sometimes Return Pumps are used to boost the return 
water flow to the chiller system.  Thermal energy losses or 
gains are controlled or reduced by proper application and 
installation of piping insulation.  Leaks are also correctable 
energy and water losses. 

CONDENSER WATER PUMPS 
Condenser Water Pumps or sometimes called Cooling Tower 
Pumps draw water from the cooling tower basin(s) through 
strainer(s) and pump it through chiller condensers to extract 
heat from the compressed refrigerant.  The water leaves the 
chiller under pressure to flow back to the cooling tower’s 
headers or collection basins which uniformly distribute water 
over the evaporative heat exchangers (tower fill) and down to 
the basin.  Pumping energy is required to draw water from the 
basin, overcome strainer and piping losses, losses through the 
chiller and to lift the water up and over the tower.   

COOLING TOWERS 

Evaporative cooling towers (Figure 9) have a mechanical 
advantage over radiator type coolers in that they can nearly 
always reduce the condenser water temperatures below 
ambient (outside) air temperatures[xxxviii].  It is done with 
minimal fan energy and condenser water pumping energy.  

Figure 9.  Evaporative Cooling Tower  
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Figure 8.  Pumping System with Parallel Units
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Converting rejected heat to water vapor may also be 
environmentally friendly. 

Evaporative cooling tower water systems are open to the 
environment and airborne contaminants.  The bulk of the 
contaminants are collected in the cooling tower basins and 
strainers, and the remainder is controlled by a chemical water 
treatment program which should precipitate solids into the 
basin and inhibit corrosion, scaling and biological growth in 
the condenser water system.   

Active side-stream [xxxix] or passive full-stream [xl] 
filtration systems may be employed to reduce the solid 
contaminants and reduce the chemicals required as well.  
Cooling towers and subsequent reliability measures such as 
filtration also add to the non-critical electrical load.  VFDs on 
cooling tower fans reduce fan energy costs and improve 
reliability. 

ENGINEERING 
It is usually the clients, within the bounds of statutes, who 
make the final decisions on how the changes are integrated 
into existing facilities.  Perhaps some of the Data Center 
evolution difficulties are due to engineering and design tasks 
executed unilaterally by Data Center Engineers, Engineering 
Technicians or Operators and Hardware Planners.   

Perhaps the enterprise management believed they did not 
need to invest in professional engineering support for the 
continuous changes in IT critical equipment and hardware.   

Given the dynamic and continuous changes in IT critical 
equipment and hardware, Data Centers of the future should be 
continuously modeled and be a continuous design-build 
process engineered by teams of licensed and qualified 
engineering professionals.  Also, given the innate creativity of 
engineers, there are many possible solutions to meet 
reliability design requirements [xli] and to achieve good 
energy conservation and efficiency results.   

SITE CONDITIONS 
Differing site conditions [xlii] provide unique sets of 
challenges for engineering of critical facilities.  A lowest life-
cycle-cost design or a least cost of ownership design is 
different at every location.  In places like Alaska, reverse 
geothermal systems may be restricted because of adverse 
effects on permafrost [xliii] yet heat rejected from the Data 
Center could be reused most of the time.  On the ocean coasts, 
effective cooling tower operations, humidity and corrosion 
are challenges as well.  A universal Data Center design may 
not be the best option for most Data Center critical facility 
clients and locations.   

CONCLUSION 
Data Centers should be commended for over 600% 
improvement in energy efficiency of IT critical equipment.  
Critical facility owners are not likely to invest in energy 
savings and also put millions of dollars or put lives at risk.  
Real energy conservation and efficiency progress may be  

achieved when it is credibly demonstrated that both reliability 
and energy efficiency can be improved at low or no additional 
risk.  Reliability modeling is the best way to manage system 
designs and consequences to ensure reliability and availability 
requirements may be met or exceeded.   

Qualified Professional Engineering teams are equipped to 
explore opportunities to:  

• Reduce and control operating costs 
• Reduce wear and tear on critical infrastructure 

systems  
• Preserve system capacities for contingencies and 

future growth.   

Critical facilities should be engineered by teams of licensed 
and qualified engineering professionals to apply Reliability 
Engineering and Systems Integration.  Data Centers should be 
modeled with reliability software and be given engineered 
systems integration for every critical system or critical facility 
modification.   
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[i] IT Data Center business revenue growth continues to 
exceed energy growth by over 5 times (Intel Briefing, Energy 
Efficient Data Centers, presented to the NYS Forum, 
Rockefeller Institute of Government, May 2007, 
http://www.nysfirm.org/documents/pdf/2007/execcommittee/
may/inteldatacenterdesign.pdf).  This is primarily due to 
improvements in IT equipment energy efficiency and 
increases in productivity per square foot.  (jegpe)    

[ii] http://www.tv.com/junkyard-wars/show/6391/summary.html 

[iii] 24/7 is an abbreviation which stands for "24 hours a day, 
7 days a week", usually referring to business opening hours or 
the availability of a service.  The extended phrase 24/7/365 
("...  365 days a year") specifically denotes a service that is 
available year-round, such as police, firefighters, and 
emergency medical services.  (From Wikipedia, the free 
encyclopedia) 

[iv] Figure 1 was created by jegpe to illustrate the core 
challenges of supporting critical missions.  These functions 
are necessarily critical to support critical loads and 
foundational for critical facility reliability.  Though the 
energy required for these functions are deemed inefficiency in 
The Green Grid’s Data Center infrastructure Efficiency 
(DCiE) calculations, currently these functions are a necessity 
to achieve the required critical system reliability.   

[v] N+1 refers to “N” being the minimum number of like 
components necessary to carry the critical load and “+1” is 
one additional component ready or operating to carry the load 
should one fail.  2N or N+N refers to N additional 
components ready to carry the load should up to N 
components fail.  (jegpe) 

[vi] Systems engineering is defined by INCOSE as "a branch 
of engineering whose responsibility is creating and executing 
an interdisciplinary process to ensure that customer and 
stakeholder's needs are satisfied in a high quality, trustworthy, 
cost efficient and schedule compliant manner throughout a 
system's entire life cycle, from development to operation to 
disposal.  (From Wikipedia) 

[vii] Reliability engineering is concerned with four key 
elements:  (From Wikipedia) 

a. Reliability is a probability 
b. Reliability is predicated on "intended function” 
c. Reliability applies to a specified period of time 
d. Reliability is restricted to operation under stated 

conditions 

[viii] Refer to Reliability and risk models: setting reliability 
requirements, Michael T.  Todinov, Wiley, 2005 

[ix] Raptor is a software tool that can simulate the operation 
of any system, whether a manufacturing plant, 
communications network, or military aircraft.  Raptor 
characterizes the system’s cost, reliability, and capacity, and 

can highlight capacity bottlenecks, high failure-rate 
components, and resource hogs that are driving up the cost of 
your operations.  (http://www.arinc.com/products/raptor/) 

 

[x] Root cause analysis (RCA) is a class of problem solving 
methods aimed at identifying the root causes of problems or 
events.  (From Wikipedia)  It is important to note that we look 
for causes.  (jegpe) 

[xi] Single Point of Failure Analysis involves drawing a 
comprehensive process diagram defining a system and 
identifying the components that would degrade system 
functions and/or performance when they fail.  Each of these 
components would be a potential single point of failure.  
(jegpe)   

[xii] During on-peak hours, when customer demands for 
electricity are highest, the cost of providing electricity is 
greater than at mid- and off-peak hours, when customer 
demand is lower.  With the Time-of-Use service rate, the cost 
varies according to the period in which the electricity is used.  
When electricity is used when demand is high (on-peak), the 
cost will be higher.  However, if electricity is used when the 
demand is low (off-peak), the cost will be lower.  Electricity 
used during mid-peak hours may cost in between the on-peak 
and off-peak rates.  (http://www.nyseg.com/yourhome/ 
pricingandrates/timeofuserate.html) 

[xiii] One form of energy can be readily transformed into 
another; for instance, a battery converts chemical energy into 
electrical energy, which can be converted into thermal energy.  
Similarly, potential energy is converted into kinetic energy of 
moving water and turbine in a dam, which in turn transforms 
into electric energy by generator.  The law of conservation of 
energy states that in a closed system the total amount of 
energy, corresponding to the sum of a system's constituent 
energy components, remains constant.  This law follows from 
translational symmetry of time, which states the independence 
of any physical process on the moment it started.  Some 
works, thus some forms of energy, are not easily measured by 
the unaided observer.  (From Wikipedia)     

[xiv] Refer to Thermal Guideline for Data Processing 
Environments, ASHRAE, 2004. 

[xv] When the circuit exceeds 15 Amps, a fuse or circuit 
breaker will shut it off.  (jegpe) 

[xvi] Figure 2 was created by jegpe to illustrate feasible 
energy usage in a critical facility. 

[xvii] Figure 3 was created by jegpe to illustrate that simple 
measurements may be used to calculate DCiE fairly 
accurately. 

[xviii] DCiE is Data Center infrastructure Efficiency which is 
the Measured Data Center Critical Load divided by the total 
Data Center Load.  It is the output of the PDUs divided by the 
total input to the Data Centers.  (jegpe) 
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[xix] An Uninterruptible Power Supply (UPS), also known as 
an Uninterruptible Power Source, Uninterruptible Power 
System, Continuous Power Supply (CPS) or a battery backup 
is a device which maintains a continuous supply of electric 
power to connected equipment by supplying power from a 
separate source when utility power is not available.  There are 
two distinct types of UPS: off-line and line-interactive (also 
called on-line). 

An off-line UPS remains idle until a power failure occurs, and 
then switches from utility power to its own power source, 
almost instantaneously.  An on-line UPS continuously powers 
the protected load from its reserves (usually lead-acid 
batteries or stored kinetic energy), while simultaneously 
replenishing the reserves from the AC power. 

The on-line type of UPS, in addition to providing protection 
against complete failure of the utility supply, provides 
protection against all common power problems, and for this 
reason it is also known as a power conditioner and a line 
conditioner. 

While not limited to safeguarding any particular type of 
equipment, a UPS is typically used to protect computers, 
telecommunication equipment or other electrical equipment 
where an unexpected power disruption could cause injuries, 
fatalities, serious business disruption or data loss.  UPS units 
come in sizes ranging from units which will back up a single 
computer without monitor (around 200 VA) to units which 
will power entire Data Centers or buildings (several 
megawatts).  Larger UPS units typically work in conjunction 
with generators.  (From Wikipedia)     

[xx] Figures 4 and 5 were created by jegpe to illustrate the 
type of data needed to make sound engineering decisions on 
equipment purchases and subsequent power and cooling 
designs. 

[xxi] A KVM switch (with KVM being an abbreviation for 
Keyboard, Video, and Mouse) is a hardware device that 
allows a user to control multiple computers from a single 
keyboard, video monitor and mouse.  Although multiple 
computers are connected to the KVM, typically a smaller 
number of computers can be controlled at any given time.  
(From Wikipedia) 

[xxii] Power distribution unit (Commonly abbreviated to 
PDU) is a device that distributes electric power.  Some PDUs 
provide a means of remote access.  This allows an 
administrator to access the PDU from a remote terminal and 
interface with it to turn on or off outlets, schedule power 
shutdowns, control load, etc.  This can be helpful if a remote 
machine has gone into an unresponsive state and cannot be 
restarted though normal means.   (From Wikipedia)     

[xxiii] Corrosion is one of the most common causes of early 
engine overhaul or repair.  All internal engine components 

that are manufactured from any steel alloy are susceptible to it 
and can prematurely fail from it. 

 

 (http://www.mattituck.com/new/articles/ engcorr.htm) 

[xxiv] Building Managements Systems (BMS) or Building 
Automation Systems (BAS) have evolved from energy 
monitoring systems (EMS), energy monitoring and control 
systems (EMCS), and Direct Digital Control (DDC) to 
include tracking and controlling alarm functions and 
providing programmed notifications trouble alarms including 
fire and security alarms.  (jegpe)   

[xxv] Upgrade fluorescent lamps and ballasts to a higher 
(http://www.mge.com/business/saving/detail/t8.htm) quality 
of light at similar light levels and reduce power consumption 
up to 40%.   

[xxvi] High brightness LED (Light Emitting Diode) produces 
crisp, even light without shadows or hot spots.  It only uses 
1.5 watts at 120v, with a life expectancy of 10 years.  
(http://www.gogreenutilities.com/page/001/CTGY/LEDRetro
fit) 

[xxvii] Refer to Chapter 4 of Design Considerations for 
Datacom Equipment Centers, ASHRAE, 2005. 

[xxviii] Friction losses are losses from resistance to airflow 
caused by duct size, roughness of duct walls, and air velocity.  
(jegpe) 

[xxix] Dynamic losses are losses from resistance to airflow 
caused by changes in air velocity and direction.  (jegpe) 

[xxx] Pressure losses are losses from resistance to airflow 
caused by components such as diffusers, coils, and filters.  
(jegpe) 

[xxxi] Static regain is the process of converting velocity 
pressure (VP) to static pressure (SP).  Remember that the total 
pressure (TP) in a duct system is the sum of velocity pressure 
plus static pressure (TP = VP + SP).  Therefore, for a given 
TP, if the VP is high (usually because the duct area is small), 
then the static pressure (SP) must be low. 

SP is the pressure that causes the air in the duct to flow, and 
VP is the pressure that results from the air movement.  This 
means that it is desirable to have a high value of static 
pressure (SP) compared to the total pressure (TP) developed 
by the fan.  (jegpe) 

[xxxii] Figure 6 was created by jegpe.  Refer to ASHRAE’s 
Best Practices for Datacom Facility Energy Efficiency, 
Chapter 5. 

[xxxiii] Figure 7 was created by jegpe to show evolutionary 
challenges. 

[xxxiv] Chlorofluorocarbons (CFC) are compounds 
containing chlorine, fluorine and carbon.  They were formerly 
used widely in industry, for example as refrigerants, 
propellants, and cleaning solvents.  Their use has been 
regularly prohibited by the Montreal Protocol, because of 
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effects on the ozone layer (ozone depletion).  (From 
Wikipedia)    

[xxxv] For more information on refrigerants, go online to 
http://www.engineeringtoolbox.com/refrigerants-d_902.html. 

[xxxvi] An inherently balanced system would have nearly 
equal loads on parallel components in any combination of 
those components.  (jegpe) 

[xxxvii] A variable-frequency drive (VFD) is a system for 
controlling the rotational speed of an alternating current (AC) 
electric motor by controlling the frequency of the electrical 
power supplied to the motor.  A variable frequency drive is a 
specific type of adjustable-speed drive.  Variable-frequency 
drives are also known as adjustable-frequency drives (AFD), 
variable-speed drives (VSD), AC drives, microdrives or 
inverter drives.  Since the voltage is varied along with 
frequency, these are sometimes also called VVVF (variable 
voltage variable frequency) drives.  (From Wikipedia)    

[xxxviii] Figure 9 was created by jegpe to illustrate typical 
cross-flow evaporative cooling tower thermal processes. 

[xxxix] In an active side-stream filtration system a portion of 
the water is drawn from the condenser water system and 
pumped through a high efficiency filter to eliminate fine 
contaminants and returned down stream.  (jegpe) 

[xl] In a passive full-stream filtration system all of the water 
from the water system is filtered to eliminate fine 
contaminants before it enters the equipment is serves.  In a 
passive filtration system, the addition pressure loss due to the 
filer system is borne by the water circulation pump.  (jegpe) 

[xli] Compliance to statutes, codes, safety, security, 
reliability, cost-effectiveness, operations, maintainability, 
constructability and sustainability are prime engineering 
objectives.  (jegpe).   

[xlii] Differing site conditions considerations may include 
climate, available utilities, physical threats, site specific 
vulnerabilities, environmental stewardship, statutes, site labor 
pool, etc.  Refer to Chapter 2; Build the Best Data Center for 
Your Business, Douglas Alger, Cisco Press, 2005. 

[xliii] Permafrost is defined on the basis of temperature, as 
soil or rock that remains below 0°C throughout the year, and 
forms when the ground cools sufficiently in winter to produce 
a frozen layer that persists throughout the following summer.  
(http://cgc.rncan.gc.ca/permafrost/whatis_e.php) 

[xliv] Joseph E. Greenawalt, PE, Consulting Engineering 
Manager: Formerly An Engineering Manager for Energy, 
Reliability and Engineering Tech Programs for Grubb & Ellis 
Management Services, Inc., in support IBM Americas Data 
Centers.   

 

 

 

 

[xlv] Jerry Luke, CEM, Program Manager, Engineering, 
Grubb and Ellis Management Services, Inc., 55 S.  Chodikee 
Lk.  Rd., Highland, NY 12528, jerluke@us.ibm.com.    

[xlvi] Anita Wiley, Project Administrator, Grubb & Ellis 
Management Services, Inc., 800 N. Frederick Ave., 
Gaithersburg, MD  20879, anitawil@us.ibm.com. 

[xlvii] Reliability and Energy Efficiency Engineering 
Resources 

• 7x24 Exchange International:  
http://www.7x24exchange.org 

• Alliance to Save Energy: http://www.ase.org 

• American Council for an Energy-Efficient Economy: 
http://www.aceee.org 

• American Society of Heating, Refrigerating and Air-
Conditioning Engineers:  http://www.ashrae.org 

• American Society of Mechanical Engineers:  
http://www.asme.org 

• Association of Energy Engineers:  
http://www.aeecenter.org 

• Consortium for Energy Efficiency: http://www.cee1.org 

• Energy Efficiency and Renewable Energy, U.S.  DOE: 
http://www.eere.energy.gov 

• Energy Information Administration, U.S.  DOE: 
http://www.eia.doe.gov 

• Energy Star, U.S.  EPA: http://www.energystar.gov 

• Industrial Technologies Program, U.S.  DOE: 
http://www1.eere.energy.gov/industry 

• International Association of Energy-Efficient Lighting: 
http://www.iaeel.org 

• North American Insulation Manufacturers Association: 
http://www.naima.org 

• Northeast Energy Efficiency Partnerships: 
http://www.neep.org 

• The Green Grid:  http://www.thegreengrid.org 

• Uptime Institute, Inc.:  http://www.uptimeinstitute.org 

• U.S.  Green Building Council: http://www.usgbc.org 

• World Energy Efficiency Association: 
http://www.weea.org 
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