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Introduction

Mission critical power systems are, by definiticomplex
and only continue to increase in complexity. Change
instrumentation and data acquisition have alsonessgd
significantly with true industry-standard commuricas
protocols and intelligent devices.

The overall increase in available data hasn’t §icamitly
increased the ability to manage a complex powdegys
rather the opposite is the norm. Achieving compytin
uptime availability goals must now also include rgiye
management. Using analogous techniques frasimess
analytics, the creation and use of specific metrics are
providing powerful new analytical insights into the
management of these complex power systems.

/Busmess Analytics

Fact-based management to
drive decisions

— Key concepts and ratios that
are so well ingrained they
have bhecome part ofthe
standard lexicon of business

— EPS

— PIE

- DSO

— Inventoryturns
— EBITDA

We call these metrics tHeower Analytics. Two core
concepts form the foundation of Power Analytics:

¢ managing based on key performance indicators

e use or reuse of a sophisticated power systems
model

Power Analytics is the applied science of power
management for operations personnel and executive
management (both power and non-power professionals)

Power Analytics includes the creation of a modeleoh
power system and the application of that model iead
time environment. The unique model-based approach
allows for extensivevhat-if simulations based on actual
conditions for availability, conditional alarm mayganent,
commissioning, energy management (including power
usage effectiveness, or PUE), arc flash and ovpoaler,
cooling, and space management.

/ Power Analytics \

(CADE

Fact-based management to
drive decisions

Similar in concept to business
analytics but for power, energy
and overall availability
management

PUE

Predicted Power Variance
(PPV)

Tier Level

Quality of Power (NERC)

Figure 1. Business Analytics compared with Powealjtics

EPS - Earnings per share
P/E Ratio — Price to earnings
DSO — Days sales outstanding

Inventory Turns - the number of times investedands to be sold or used over in a year
EBITDA — Earnings before interest, tax, depreciamd amortization

PUE - Power Usage Effectiveness
DCIE - Data center infrastructure efficiency
PPV — Predicted Power Variance

Tier Levels - data center performance in tiersriticality levels

Quality of Power - summarizing power in terms of firobability that the quality standard is attained

CADE - Corporate Average Data Efficiency
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The Power Modeling Process

Many benefits accrue to a metrics-modeling apprdac
managing a complex process. Within the disciplihe o
operations research, for example, models are frequently
created and referenced to explain both actual eedigied
behavior that is often based on massive amourdataffor
everything from manufacturing to network management
Perhaps the most frequent disincentive to modeling
complex process is the time and effort requirecréate the
model.

A common approach to reduce time and effort toteraa
model for many applications is to observe current
conditions and relationships to approximate or “gidd
future performance. This approach is valuable lasttivo
flaws.

the projection is to see what will happen to a Bjpeack
or critical breaker or load.

Power Analytics uses tools and methods that have
withstood the rigors of peer review, agency applraval
related system design. The approach then usetimeal-
data to repeat the analysis as the power netwa@hggs to
compare and contrast real-time values versus gegtlic
values.

Typically beginning with the creation of a singied (or
one line), the system is designed using all theetds of
the eventual system. The details and specificsame
important and included in the libraries of thousanél
devices and manufacturers of equipment. From sable
breakers, to switch gear to motors, each elemébetiits
the critical information from the other elementstiuod
design using a “plugs and sockets” approach taltauil
power system.
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Figure 2. The Power Systems One Line Design

The first flaw relates directly to the complexitftbe
system. The more complex the system, the moreylikeit
the observed conditions for the model represenapshot
in time and frequently don't reflect the overalhgalexity
and synergistic nature of the data. This is in fiaet
inherent limitation of most neural network desidimat
require constant retraining.

A second limitation is that the projections freqiyeare
linear in nature and more representative of anxiraahel not
specific critical components. In other words, tladue of

Whether using standard libraries from major manufacs
or generic devices for custom equipment, the entivdel
or system is created.
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Figure 3. Library example of a transformer

Detailed information shown in this example includesrt circuit, load flow and reliability.

& EDSA Job File: NGA Bus G-1

Connection [nfoimation - Generator Yoltage
MName |G-1
] Spstem Volt | 124700
Heree | LF Actual Vit | 124700 okts =
z .Dperaiingustatus F‘rauuancy Temparature
On

- Dptional Location Information-

Zonei j Area1 L]
Description  Shert Circuit ]Load Flow] Ciynamic Dala{ FDC 1 Heliabilityl Instal\atmni Dptimization]
Generator Rating- Generator Impedance -
¥
2780 Ky % (Gen Ky Per Lnit (Sys KW a)
Reactance
% dv [10.50000 %A |29.00000

Grounding | Impedance v] v {1 5.00000 - Estimate X/

S Ts3 |00 lz)
Resistance |36.00000  Ohms sxd [100.00000 -
J— %#Ra ,J.DD
B 00000 b ] 1050000 If urkrnown, enter 0 and click ‘Estimate /R ratio'
Mameplate |13800 Yolls X 11 0.50000 Estimate »/F ratio
Power Factor (9000 % - Excitation Spstem
Fined Voltage -
#Poles |2 Rk ]SBDD i

Save to Library Cancel

| Enter Power Factor [in per cent] for IEC

Figure 4. Library example of a generator



UPTIME INSTITUTE RESEARCH UNDERWRITER WHITE PAPER Power Analytics for Availability and Resource Management

Once designed, a series of analytical steps aferperd to
evaluate key assumptions. These analytics hawe |
history of use in utility grid design, nuclear povpdants
and combat naval designs. All have examples ofclos
tolerance and regulatory requirements that have bsed
for many years to refine and develop power systehie
extreme critical nature of these systems, and remgnts

for audited quality standards and methods, arenéato a
successful design and the safety of the commurihiese
systems serve.

The design can and should be evaluated and tesferkta
single piece of cable is purchased, or any conitrc
begins.
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Figure 5. A common basic analytic shown here i®fshircuit”
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The evaluation of a design serves many purposhks. T
most essential is to determine if the selected powavork
components will achieve or support the intendedsioisof
the design. Keep in mind that this design isaglly done
by the real power systems expert. The designigineer
has specific objectives and goals, so the prodess o
evaluating the design is more than academic. Imyma
ways, this initial design is the best the systethevier be,
or “perfect on paper”.

The process of designing, simulating, and evalgatin
performance and components in the design all foem t
basis for the “model”.The model becomes the suailof
the critical parts of the system and most impolyattie
interaction of these parts with the whole system.

Once the design is ready for submission to varengs
users (general contractors, electricians, facilitie
engineering management), the design begins to ehang
implementation as a part of the normal course ehesz A
value-engineered substitution might change certain
components, and this can and will affect the overal
performance of the system.

Real-time
Monitoring/
Measurement

Figure 7. Power Analytics

Comparing expected performance with actual dassis
the foundation for extremely accurate metrics. sehe
metrics facilitate deep knowledge and understandfray
power system without being a power engineer. Tdeeaf

In a very real sense, it is not just gmebuilt drawings that
frequently deviate from the original design, bue #ctual
performance and capability can diverge fromeskyzert
design, sometimes to an alarming degree.

In general, the ability to evaluate the actualeysis
limited to a post-operational power audit or anialys
determine the capability of the system. All toceaftthe
power audit is the result of an unforeseen or tatplsic
event.

Introducing Power Analytics

What if you could take the expert design and, ai tiene,
feed critical performance data to the design matieh re-
analyze the system? This simple concept can pravide
powerful capability and forms the fundamental payadof
Power Analytics. Remember, the critical power syste a
power network, not a collection of discrete devicese
model-based approach allows for evaluating theadlver
performance based on the very specific designyever
second.

metrics are directly analogous to business analytithout
which management and financial decisions woulddzlg
impossible.
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Figure 9. Power Analytics present an “executivehtbaard” of critical metrics.

devices, which is at least partly why the “proteetilevice
coordination” study exists. But capacity is a fuotof
network loading at an instant in time, so capacéy and
does fluctuate based on how well balanced and tbtue
power network is. Using algorithms similar to thased
by utility companies to determine the stabilitygoid, the

With the expert model as the cornerstone of theative
power and energy management of mission criticaksys,
extraordinary insight is now possible for such ¢sims:

Actual capacity of the system and capacity remaining—The
overall capacity of a system is a function of treakest
link of the system. This is determined by the prtive
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power network is continuously evaluated and replirie Intelligent Alarm Management—Elaborate and complex
real time based on actual conditions. alarming schemes and alarm masking rules are bftda
attempts to manage the system and minimize false or
Health of the system—The complexity of the system is inconsequential alarms. The model represents a
translated into a simple Power Analytic: the sysiegood, contextually accurate expectation for these vahased on
marginal or bad. Simple. the design capability of the system. When on g¢aera

power (for example), values are different but taey not in

Predicted Power Variance—Data acquisition systems have the alarm mode. This .simp.le example.of Power Amnzgyt
the ability to acquire vast amounts of data witsotetion automatically creates intelligent alarming or catually
as low as 1ms, but of what value is the data? thcdn accurate (conditional alarming) instantly. Perhagose

itself, it has limited value, because it merelyresents a important is that the “expert” behind the procesthe

number; it's up to the observer to determine tHaea same power engineering group who designed thersyste
originally.

However, these specific values do have meaninkeo t

expert design. A voltage drop or value at a locatio

extremely important if you know what it should Bed

what it should be was determined in the originaligte. system.

This variance is the basis for predicted powerarare

(PPV) in Power Analytics.

The whole process is now integrated from design, to
deployment to operation—the full life cycle of thewer

Life Cycle Man-égé.ment from Design to Op

= Wi anl

Figure 10. The Power Analytics Live Cycle

The Power to Ask, “What If?”

This extremely accurate approach to modeling a ¢exnp - How will our anticipated changes affect our PUE
system or mission critical power has immediate resitins or data center infrastructure efficiency (DCIE)?
that dramatically increase the value of the apgro@be
most powerful by far is the ability to ask a ramge
questions such as:

«  How robust and reliable is our system should
certain key components fail?

«  How capable are our standard operational

»  How will a planned maintenance procedure procedures and should they be modified?

impact the overall system?

«  How will a change affect critical safety
requirements such as protective gear for a
potential arc flash hazard?

«  What impact will our planned technical refresh
have on the system’s perform-ance and
capability?
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From Energy Management to Arc Flash The other critical power analysis facing missioitiazal

sites is arc flash. Driven by safety requirement$ a
increasingly critical to operations, not only i thrc flash
possible now to model in real time, but changehé¢osite
can be modeled to reflect how these changes mifgata
the National Fire Protection Association—Institafe
Electrical and Electronics Engineers (NFPA-IEEEgS8a
requirements.

The impact of the model-based approachttat if goes
beyond availability management. The same questisked
earlier also apply to energy management. How wihed
proposed changes for capacity or equipment chasftpst
energy efficiency or even energy cost?
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Figure 12. PUE or DCIE in real time and reflectawvti changes
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Summary

Model-based analysis of complex systems has loag be
the preferred method of scientists, engineers naathgers.
The ability to combine the expertise and work pidtom
the initial design of a power system into daily @i®ns
creates a compelling and powerful systems apprtzach
mission critical systems. If it makes sense to rhade
aircraft carrier or nuclear power plant to underdthow it
will perform in the real world, why not other misgi
critical systems? Now that possibility is a reality

The combination of model-based management of a
complex system and the model that originates fitwen t
original design objectives provides a powerful liokhe
overall value chain of design, build, operate. @beuracy
facilitated by the model is the perfect platform éomplex
decisions necessary for energy management, avdjtabi
management and forensics.

The practical impact of this is demonstrated ingtes
accuracy and design time, commissioning, operatioais
maintenance, and overall customer satisfaction.
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