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Abstract

Managi ng energy consunption of devices presents new chal | enges and

i ssues. The EMAN Requirenents draft identifies essenti al
capabilities needed to acconplish this. This draft describes how an
ener gy managenment system can use EMAN to gather and interpret data
from i ndi vidual devices, and how sonme of the Requirenents are

i npl emented in the nodel. This docunent focuses on Energy Reporting,
t hough acknow edges and fully includes the Ilimted control functions
specified in the Requirenents draft. Topics addressed in detai

i nclude the topol ogy of power distribution, reporting nmechani snms, and
the various roles of devices, power interfaces, and conponents.
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Internet-Drafts are draft docunents valid for a maxi mnum of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on January 12, 2014.
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Copyright (c) 2013 I ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunent is subject to BCP 78 and the I ETF Trust’s Legal
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1. Introduction

Managi ng energy consunption of devices is different fromtypical

net wor k managenent functions because of the special nature of energy
supply and use. The EMAN Requirenents draft [REF] identifies
necessary capabilities for an energy managenent standard. This
docunent descri bes how an energy managenent system (EnMS) uses EMAN
and how to use and interpret EMAN data.

In addition to the Requirenents draft, this docunent derives content
and inspiration fromseveral nowexpired drafts: Considerations for
Power and Energy Managenent [REF, -02], Energy Perspective on
Applicability [REF, -01], and nost significantly, the Reference Mdel
for Energy Managenent [REF, -03], The EMAN Applicability statenent
[REF] is also informative.

The current EMAN Framework draft [I-D.ietf-eman-framework] addresses
some of the requirenents in ways suitable for this franmework,
particularly for Advanced capabilities (see Section 5). Those

requi renents are noted bel ow

The EMAN requirenents are overwhel m ngly about the reporting of
energy data, not about control. The only requirenents that address
control are setting power state (directly and by a proxy) and cutting
power supply. Thus, while these are fully included in this
framework, it is titled "Energy Reporting” to match the enpirical
facts about the content of the EMAN requirenents.

1.1. @iding Principles
This presentation, in formand content, takes sinplicity as an
overarching goal. Conplexity is burdensone for inplenentation of

EMAN capabilities in individual devices, burdensone for
i npl enent ati on of managenment systens, and burdensone for readers and
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users of this standard to understand what they need to to acconplish
t heir goals.

Ener gy managenent invol ves peopl e of nmany backgrounds and so
docunents about it should be accessible to a wde variety of

audi ences, from network professionals, to energy professionals, to
bui | di ng managers, or any person with an interest in energy use.

2. Concepts

At the core of this framework are just a few key concepts. Energy is
used by Devices. Devices have Power Interfaces, which are |like
network interfaces, through which power is transferred into or out of
a device. Devices may have internal conponents with distinct power
consunption or other characteristics. Measurenent occurs at
interfaces so that the total or net consunption of a device can be
determned fromthese. EMAN data are transferred froma device to an
Ener gy Managenent System

2.1. Energy Managenent System

An Ener gy Managenent System (EnMS) is an entity that receives EMAN
data frommany devices and interprets it. An EnMS is usually in the
same building as the devices being nonitored. A building can have
zero, one, or many EnMS. A device can be both an EnMS and report
EMAN data to another EnMS. Wiile the EMAN Requirenents draft does
not identify requirenents for an EnMS, it is necessary to understand
some of ENnMS operation to fully describe how the EMAN framework
oper at es.

Basi ¢ EnMS operations include: discovering relevant devices,
acquiring static data about them acquiring dynam c data about them
on a periodic basis, processing the resulting data, and inplenmenting
control and/or reporting functions.

2. 2. Devi ce

A Device is nost commonly a conplete product. At any given tine, a
device may be drawing electricity in, and may be sending electricity
out. Conbining these results in the net energy consuned by a device.

For devices with a single power interface, there is an identity

bet ween data about the interface and about the device as a whole, so
the two can share an identity within EMAN. The power interface
reports sonme data that a device does not so that in nost cases both
wi |l be needed.
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2. 3. Power Interface

A Power Interface (Pl) is an interface on a device through which
power can flowinto a device (an inlet) or out of it (an outlet).
Sone Pls change over tine frombeing an inlet to being an outlet and
vi ce versa, however nost Pls never change. Most devices have a
single inlet. Devices with multiple inlets often have them connected
to separate power distribution trees. Mst devices have no outlets,
but those that do often have many. The only distinction between an
inlet and outlet is the sign of the power value: positive for an
inlet and negative for an outlet. A Pl can indicate whether it is
capabl e of being only an inlet, only an outlet, or can switch between
the two. Pls are all contained (in ENTITY MB sense) in the device;
a Pl is never contained in a conponent, and a Pl cannot contain
anything withinit. A Pl consunes no power itself. It is always on
t he border of a device, never internal.

The flow of electricity within a building is determ ned by which
power interfaces are connected to each other - the wiring topol ogy.
Thus, a key attribute of a Pl is a list of the other interfaces it is
connected to. The power interface termis not new. It is used
simlarly by the Power over Ethernet (PoE) standard [| EEE-802. 3af]
and [| EEE-802. 3at] where a power interface denotes the interface
between a device and the Ethernet transm ssion nmedi um

2.4. Conponent

A conponent is a distinct part of a device. Conponents |ack sone of
the features of devices, such as having power interfaces; instead,
they sinply have a net total consunption fromthe pool of power
avai l able within a device. A conponent can contain other conponents,
that draw fromthe pool of power wi thin the containing conmponent.

2.5. Energy bject

Devi ces, Pls, and Conponents are all Energy Objects (EGs). The term
"entity" in the Requirenments draft generally corresponds to Energy
bj ect. The kinds of data available for an EO depends on its type as
shown in Figure 1. Basic data will be inplenmented by many or nost
devi ces. Mbst devices are unlikely to inplenment advanced dat a.

Devi ce PI Conmponent Kind

Basi ¢
X X X I dentification
X X X Local data
X Power | nterfaces
X Power, static
X X X Power
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X Power state

X Ener gy
Reporting

Advanced
I dentification, Advanced
Power, Advanced
Battery' ‘"""’
Ener gy, Advanced
Ti me-seri es data
Reporting, advanced
Proxy control

X
XX XX XXX
X XX

XXX X

Figure 1: Kinds of EMAN data

The total energy and power for a device nmust nmatch the total of al

of its Pls. Pls dunp power into or take power out of the pool of
power in a device. A conponent draws power fromthe pool.

Conponents do not have power interfaces. The sumof all conponents
in a device may be less than total device consunption as there may be
har dwar e consum ng power that is not part of any nodel ed conponent.

2.6. Battery

A battery in a device is a special type of conponent. EMAN has
battery-specific data such as battery chem stry and charge state. A
device can report on a battery with the battery-specific data, the
conmponent data, or both.

3. Topol ogi es

EMAN covers several distinct topologies, particularly the

di stribution of electricity and the conmuni cation of information.

The ability of EMAN to nodel power interfaces (Pls) of devices
enabl es flexible and powerful capabilities. This section describes
sone of them An EnMS can query all devices in a building for their
EMAN data and conbi ne what it receives fromeach into a conprehensive
picture of electricity flows and device state.

3. 1. Power Distribution

An EnMs conbines all the data it acquires to create as conplete a

pi cture of power flows as possible; it is not necessary for each
device to have conplete information about its connectivity. For
exanpl e, term nal devices that only consune power may only know the
identity of the PI fromwhich they draw power. The EnMS then sees
many devi ces connected to a single outlet Pl and can infer that they
are all wired to each other, regardl ess of whether the supplying P
knows the identity of the devices it powers. Simlarly, a supplying
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device may know the identify of the Pl it supplies power to and so
can create the map, even if the supplied device does not know where
it draws power from

For each PI on a device, the group of Pls that are known to be
directly wired to that Pl is reported. In Figure 2, Device-A can
report that its PI-1 is wired to PI-2, and Device-B can report that
Pl-2 is wired to Pl-1. The EnM5 knows that Pl-1 is part of Device-A
and that PI-2 is part of Device-B. Only one of the PIs needs to know
of the wiring connection for the EnM5S to fully understand it. The
draw ng shows how a Pl is part of a device but is on its periphery.
The line shown is of power flow only.

Figure 2. Sinple wiring topol ogy exanple

Figure 3 shows how wiring is comonly done in AC supply systens, wth
Device A being a circuit breaker. |In this case, four devices are
wired together. It is possible that all four know of the identity of
all others, but commonly less is known. PI-2, PI-3, and Pl-4 nmay
each know they are wired to PI-1, and PI-1 may know not hi ng, but the
| i nkage of all four can be inferred by the EnMS. As anot her exanpl e,
PlI-3 and PlI-4 may know of the connection to PI-1, with PI-1 know ng
it is connected to PI-2; this also enables construction of the full
set. Finally, PI-1 could know it is connected to PI-2 and PI-3, but
have no know edge of PI-4; however, it could observe that PI-2 and

Pl -3 do not account for all the energy leaving Pl-1 and so infer that
at |l east one other device is also wired to PI-1.

Fomm e aa o Fomm e mm e +
---- > Pl-2 | Device-B |

S —— + | R R +
| I + | I R +
| Device-A| PlI-1 [>------- > PI-3 | Device-C |
| I pe—— + | I pe—— Femmm e +
Fommm et e e e + | IR S NN +
---- > Pl-4 | Device-D |

Fom oo - S IS +

Figure 3. Typical AC wiring topol ogy exanple
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Figure 4 shows how wiring is comonly done in DC supply systens, with
Devi ce- A being a PoE switch, USB hub, or simlar device. For

t echnol ogi es which i nherently have comruni cation, device identity can
be readily determ ned.

Fomm e mm e Fomm e aa o + Fomm e aa o Fomm e mm e +
| | PI-1 |>------- > PI-4 | Device-B

| R + R R +
| I + I R +
| Device-A| PlI-2 [>------- > PI-5 | Device-C |
| I pe—— + I pe—— Femmm e +
| IR + IR S NN +
| | Pl-3 |>------- >| Pl-6 | Device-D |
S IS Fom oo - + Fom oo - S IS +

Figure 4. Typical DC wiring topol ogy exanple

From the capability of each PI (or the direction of power flow on
first report) it is clear which Pl is the source. For devices that
provi de power (typically a power distribution unit, circuit breaker,
or PoE switch), one can determ ne which Pls are inlets and which are
outlets. Thus, nmapping a traditional tree-structured power
distribution systemis a sinple process.

Sone installations have nore conpl ex power distribution, as with nore
t han one device providing power to a circuit, or Pls that can and do
change the direction of power flow. These can be readily nodel ed

t hough require nore sophisticated interpretation by the EnMs.

An EnMS may choose to put information it has inferred (principally

about Pl connectivity) back into the individual devices, but is not
required to. Doing so is valuable when there is nore than one EnMS
present.

Wth a power distribution map, a managenent system knows whi ch

devi ces supply power to which other devices, so that the effect of
swtching off a PI (usually at an outlet, but possibly at an inlet)
can be determ ned. The sane applies to netering at Pls, which can
al so occur at an outlet or inlet.

Power source control is acconplished by physically preventing power
fromflowng, or re-enabling it. 1In contrast, power state control is
acconpl i shed by conmmuni cati on protocols and not by power distribution
control so that power state control nechani sns and capabilities have
no required relation to power distribution systens. Power control
for a Pl is nodeled with power state, with on corresponding with
power able to flow, and off that power cannot fl ow.
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3.2. Reporting

Only devices report data; Pls and conponents do not. An EMAN device
may report on itself, or on a device other than itself. Self-
reporting is the basic EMAN case and sinply involves a device putting
its internal data into the EMAN representation. The EnMS knows the
identity of the device doing the reporting and the identity of the
devi ce being reported on, and these are the sane. The |eft side of
Figure 5 shows this.

N + N +
| EnMs | | EnMs |
N + N +

N N

| |
Fommmm oo oo + Fommmm oo oo + Fommmm oo oo +
| Device-A | | Device-A |<----- | Device-B
N + N + N +

Figure 5. Two basic reporting scenarios

The ot her EMAN case is non-self-reporting, or other-reporting. The
EnMS knows the identity of the device reporting and the identify of
the device being reported on and can see that they are different.
There are three types of other-reporting rel ationships, where
Device-B is:

a) an I P device (like Device-A) that has the ability to report
EMAN data to an EnMS,

b) an I P device that does not have the ability to report EMAN data
to an EnMs5, or

c) a non-1P device.

The right side of Figure 5 shows this where the Device-B to Device-A
comruni cati on technol ogy depends on which case applies.

Case a) is particularly useful when sone anmobunt of collection and/or
summation is done. Summation can be across energy objects, and/or
across time for an individual energy object. The reporting device
may retain the detailed data in case it becones of interest to an
EnMS | ater.

Case c) includes circunstances in which some or all of the EMAN data
are conmmuni cated over non-1P nechani sns, as well as when the EVAN
device nonitors power flowing to the nonitored device and nay have
access to other information, such as the identity of the device it
provi des power to.
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Case b) is simlar to c) except that the device reported onis an IP
device that is unable to report data in EMAN format.

Practically, the EnMS is indifferent to the distinction between these
cases or even whether the data is self-reported or other-reported; it
only matters what device is being reported on.

The Iines shown in Figure 5 are data transfer, not power flow For
the right side of Figure 5, Device-B could be powered by Device-A, or
have no power relation at all with Device-A (only a reporting
connection). How Device-A obtains the data about Device-B has no
effect on how the data are reported.

4. How the ER Framework Fulfills Basic EMAN Requirenents

This section describes how the ER Franmework fulfills many of the
requi renments in the EMAN Requirenents draft. Each subsection

i ncludes the relevant requirenents, abbreviated (for the full |ist
see Section 7). Requirenent nunbers are noted in the text where the
requirenent is met. This section only covers basic requirenments that
many devices will inplenent. Mre advanced capabilities and

requi renents are covered in Section 5.

When i npl ementi ng EMAN capability on a device, only the basic
identification data are required. Al other data bel ow are optional
to report.

4.1. ldentification
4.1. uniquely identifying entities.
Figure 6: EMAN Requirenment for ldentification
There are only two truly mandatory itens for an energy object to
inplement in EMAN. The first is a unique identity (UUD) (4.1). The
second is an energy object type which can be device, conponent, power
interface, or aggregate device (see Section 6.3). The EMAN Framewor k

specifies the UU D and includes an integer as an index for the energy
obj ects the device can report on.

It is not in the requirenents, but a widely useful feature for a
device would be to report a URL for standard manufacturer data on the
brand/ nodel of the device, represented as a string.

4. 2. Local Data

5.1.1. configure, retrieve and report a textual nane or a description
5.1.2. retrieving and reporting context information ..., for exanple,
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tags associated with an entity that indicate the entity' s role.

5.1.3. retrieving and reporting the significance of entities within
its context, for exanple, how inportant the entity is.

5.1.4. retrieving and reporting Power priorities of entities. Power
priorities indicate an order in which Power States of entities
are changed.

5.1.5. grouping entities. This can be achieved in nmultiple ways, for
exanpl e, by providing neans to tag entities, to assign themto
domai ns, or to assign device types to them

Figure 7. EMAN Requirenents for Local Data

Local data are those generated at the point of product use and so are
created for each building individually. The first itemneeded is a
text string for the name (5.1.1). The second is a |list of keywords,
each of which will typically be of the form "nane=val ue" (5.1.2, .3,
.4, .5). Since none of these data types - role, priority, grouping,
domai n, or device type - has been standardi zed, their representation
and encoding are determ ned | ocally.

4. 3. Power | nterfaces

5.2.1. nonitoring the |ist of Power Interfaces of a device.

5.2.2. nmonitoring the operational node of a Power Interface which is
either "Power Inlet" or "Power CQutlet".

5.2.3. identifying the Power Qutlet that provides the Power received
at a Power Inlet.

5.2.4. identifying the list of Power Inlets that receive the Power
provi ded at a Power Qutlet.

5.2.5. nonitoring the availability of Power at each Power Interface.

i ndi cates whether ... supply is switched on or off.
5.2.6. nmonitoring for each Power Interface if it is in actual use.
inlets ... device actually receives Power. ... outlets ..

Power is actually provided.
Figure 8 EMAN Requirenents for Power Interfaces

Pls provide wiring topology and are the source of core energy and
power data. Each device provides a list of UUDs of Pls it contains
(5.2.1). Each PI provides a list of UUDs of Pls that it knows it is
wred to (5.2.3, .4). The power node of a Pl is indicated by the
sign of the power value; positive for power flow ng in, and negative
for power flowing out (5.2.2). The availability of power at a Pl is
shown by its power state (see Section 4.6) (5.2.5). Actual flow of
power is indicated by the power val ue being non-zero (5.2.6).

Since wring topology usually changes only infrequently, it would be
burdensone for an EnMS to constantly refresh these data. To avoid
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this, a device can provide a tinmestanp of the last tinme there was a
wi ring topol ogy change. Only when this changes does an EnMS need to
rescan the topology. This feature does not arise froma |isted
requirenent.

Anot her capability not specified by any requirenent is what
directions of power flowa Pl is capable of. An enuneration could
indicate this as inlet-only, outlet-only, or both.

4. 4. Power, Static

5.2.7. reporting the type of current (AC or DC) for each Power
Interface as well as for a device.

5.2.8. reporting the nom nal voltage range for each Power Interface.

5.2.9. reporting the nom nal AC frequency for each Power Interface.

5.2.10. reporting the nunber of AC phases for each Power Interface.

Figure 9: EMAN Requirenents for Power, Static

These characteristics of power apply only to Pls and are static.
They do not change so can be set at the factory. They can be
represented by an enuneration (5.2.7), two strings (5.2.8, .9), and
an integers (5.2.10).

The requirenments say that a device should also report its type of
current, but as sone devices support both AC and DC sinul taneously on
different PIs. There is not always a single type of current for a
whol e device (as there is for a single PI). This is an error in the
requi renents docunent, and the situation is covered by single P
devices (see Section 2.2).

4.5. Power

5.3.1. reporting the real power for each Power Interface as well as
for an entity. ... includes ... the direction.

5.3.2. reporting the corresponding tinme or tine interval for which a
Power val ue is reported.

Figure 10: EMAN Requirenents for Power
Power in the EMAN Franework is represented as an integer and a power-
of-ten multiplier and the direction of power is by its sign (5.3.1;
see Section 4.3). This representation is suitable. Any energy
obj ect can report power level data. The tine of a power reading is
i ndi cated by a correspondi ng tinestanp.

4. 6. Power St ate
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5.4.1. reporting the actual Power State of an entity.
Figure 11: EMAN Requirenment for Power State

The EMAN Framewor k descri bes how EMAN supports devices to have any
nunber of power state series, and at any tinme, a state can be
reported for each. This representation is suitable. Each energy
object has a list of power state series it supports and a
corresponding state for each entry inthe list (5.4.1). For Pls, the
state indicates whether or not power can flow, on means power can
flow, off that power unable to flow, and sleep that only trickle
power is avail able. Technol ogi es which support trickle power include
PoE, USB, and UPAMD. Since the | EEE 1621 power state series has
these three states and only these, it is a natural one to use for

Pl s.

4.7. Energy

5.5.1. reporting neasured val ues of Energy and the direction of the
Energy fl ow received or provided by an entity. ... report the
Ener gy passing through each Power Interface.

5.5.2. reporting the tine interval for which an Energy value is
reported.

Figure 12: EMAN Requirenents for Energy

Energy is reported as an accunul ated neter reading and a tinestanp
(5.5.1). An EnMs subtracts one reading/tinestanp froma |later one to
get an interval of tinme and the energy flow during that tinme (5.5.2).
The sign of this energy val ue indicates whether net energy was
brought into a device or conponent (a positive value) or sent out of
it (a negative one) (5.5.1).

4.8. Control
6.1. setting Power States of entities.
6.2. switching Power supply off or turning Power supply on at Power
I nterfaces.
Figure 13: EMAN Requirements for Control
A device or conponent may accept a command to set the power state
value to attenpt a changing of the power state (6.1). For a Pl, this
turns supply on and off (6.2; see Section 4.6). No new data el enents
are introduced by these requirenents.

4.9. Reporting
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7.1. an entity to report information on another entity.
7.2. reporting the identity of other entities on which information is

reported. ... For entities that report on one or nore other
entities.

7.4. reporting the conplete list of all those entities on which
Energy-rel ated informati on can be reported. ... For entities that

report on one or nore other entities.
Figure 14: EMAN Requirenents for Reporting

Each device nust be able to report the UU Ds of each device it can
report for, including itself (7.2). An EnMS can request data for any
listed device (7.1, .4). It can also request data for any Pl or
conponent of any |isted devi ce.

4.10. Data Sunmary

The basic requirenents above result in the follow ng needed data

el ements. Note that for a specific inplenentation, only the first
two are required. In the table below, the first colum |ists which
type of energy objects are relevant: device, PlI, or conponent.

EGs Kind Dat a

DPC I dentification I ndex (within the device)

DPC UUI D (for unique identification globally)

D URL for brand/ nodel specifications

DPC Local Data Text nane

DPC Keyword list (strings)

D Power Interfaces List of Pls in device (UU Ds)

P List of PIs known to be connected to PI (UU Ds)
P Ti mestanp of |last change to wiring topol ogy

P Power, Static Type of current (AC or DC)

P Nom nal voltage range, AC frequency, AC phases
DPC Power Ti mest anp of power reading

DPC Nuneric val ue and exponent for power in W

DPC Power State Li st of supported power state series

DPC Current power state (for each supported series)
DPC Ener gy Ti mestanp of energy reading

DPC Nuneric val ue and exponent for energy in W

D Reporting Li st of devices that can be reported on (UU Ds)

Figure 15: Summary of Basic EMAN Dat a
A key point about the above table is that it is nodest in size and

m nimal |y burdensone for both inplenenters and those who use the EMAN
data in real buildings.
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5. How the ER Framework Fulfills Advanced EMAN Requirenents

Thi s section describes how the ER Framework fulfills the rest of the
requirenents in the EMAN Requirenments draft. Each subsection begins
wth the requirenents |listed, abbreviated, as from Section 7. Most
devices will not inplenent any of these, and many EnMS may not as
well. That said, for those devices and buil dings where these are
rel evant, these provide inportant capability. Many readers can skip
this section entirely. For nost of these, content fromthe EMAN
Framework draft is suitable.

5.1. Identification, Advanced
4.2. indicating whether identifiers ... are persistent across a
re-start.

4.3. indicate any change of entity identifiers.
4.4. re-using entity identifiers fromexisting standards including

... the Entity MB nodule ... the LLDP M B nodule ... the
LLDP-MED M B nodule ... and the ... the Power Ethernet MB
Generic neans for re-using other entity identifiers nust be
provi ded.

Figure 16: EMAN Requirenents for Identification, Advanced

These require a flag for identifier persistance (4.2), a tinestanp of
the last entity identifier change (4.3), and a list of strings for
additional identifiers, with each having a format of "type:val ue"
(4.4).

5. 2. Power, Advanced

5.3.3. nmeans to indicate the nethod how t hese val ues have been
obt ai ned.

.4. reporting the accuracy of reported Power and Energy val ues.

.5. reporting the actual voltage and actual current for each Power
Interface as well as for a device. In case of AC Power supply ...
per phase.

5.3.6. creating notifications if Power values of an entity rise above

or fall below given threshol ds.

5.3.7. reporting the conpl ex power for each Power Interface and for

each phase at a Power Interface.

5.3.8. reporting the actual AC frequency for each Power Interface.

5.3.9. reporting the Total Harnonic Distortion (THD) of voltage and

current for each Power Interface.

5.3.10. reporting the inpedance of Power supply for each Power

Interface. |In case of AC Power supply ... per phase.

ww

Figure 17: EMAN Requirenents for Power, Advanced
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The treatnment of these requirenents in the EMAN Framework draft is
suitable. Note that 5.3.3, .4, and .6 apply to any energy object,
but the rest only apply to PIs.

5.3. Power State, Advanced

5.4.2. retrieving the list of all potential Power States of an

entity.

5.4.3. supporting nmultiple Power State sets sinultaneously at an
entity.

5.4.4. retrieving the list of all Power State sets supported by an
entity.

5.4.5. retrieving the list of all potential Power States of an entity
for each supported Power State set.

5.4.6. retrieving the typical Power for each supported Power State.

5.4.7. nonitoring statistics per Power State including the total tine
spent in a Power State, the nunber of tinmes each state was
entered and the last tine each state was entered.

5.4.8. generating a notification when the actual Power State of an
entity changes.

Figure 18: EMAN Requirenents for Power State

The treatnment of these requirenments in the EMAN Framework draft is
suitabl e.

5.4. Energy, Advanced

5.5.3. reporting the received and provi ded Energy for each individual
Power St ate.

Figure 19: EMAN Requirenent for Energy, Advanced
The treatment of these requirenents in the EMAN Framework draft is
sui tabl e, except for the notion of distinct values for consuned,
provi ded, and net consunption (see Section 6.2).

5.5. Battery

5.6.1. reporting the current charge ... in units of mllianpere hours
5.6.2. reporting the charging state (charging, discharging, etc.)
5.6.3. reporting the nunber of conpleted charging cycles
5.6.4. reporting the actual capacity
5.6.5. reporting the actual tenperature
5.6.6. reporting static properties ... including the nom nal
capacity, the nunber of cells, the nom nal voltage, and the ..
t echnol ogy.
5.6.7. generating a notification when the charge ... decreases
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bel ow a given threshol d.
5.6.8. generating a notification when the nunber of charging cycles
exceeds a given threshol d.
5.6.9. neeting requirenments 5.6.1 to 5.6.8 for each individual
battery contained in a single entity.

Fi gure 20: EMAN Requirenents for Batteries

The treatnment of these requirenents in the Battery MB draft (REF) is
sui t abl e.

5.6. Tinme-series Data

5.7.1. reporting tinme series of Energy values. |If ... conparison ..
between nmultiple entities ... is required, then tine
synchroni zation ... must be provided.

5.7.2. supporting alternative interval types. Requirenent 5.5.2
applies to every reported tine val ue.

5.7.3. should ... reporting the nunber of values of a tinme series
t hat can be stored.

Figure 21: EMAN Requirenents for Tine-series data

Tinme-series data is of the sane form as single-value data for power
and energy, notably a tinmestanp plus the rel evant value. Thus,
reporting is of a list of these (5.7.1). Every interval type can be
derived frompairs of single-value data, by subtracting the tine and
energy values (5.7.2). For sequential w ndows, adjacent val ues are
conpared; for overlappi ng wi ndows, non-adjacent val ues are conpared.
The energy object nust be able to report the nunber of available tine
series data slots (5.7.3). A device nust be able to accept a setting
of time froman EnMs for tine syncronization (5.7.1), though for
security purposes, this mght affect only EMAN reporting and not
change the gl obal system clock of the device. To inplenment all this,
a device nust be able to accept commands to initiate tine-series data
collection, including the requested tine interval.

5.7. Reporting, Advanced
7.3. reporting the list of all entities fromwhich contributions are
i ncluded in an accunul ated val ue.
7.5. indicating which Energy-related informati on can be reported for
whi ch of those entities. ... For entities that report on one or
nore other entities.

Figure 22: EMAN Requirenments for Reporting, Advanced
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This framework includes the concept of an aggregate device (7.3; see
Section 6.3). No new dta elenents are required for this. The nethod
to inplenent 7.5 is TBD.

5.8. Proxy Contro

8.1.1. an Energy Managenent Systemto send Power State control
conmands to an entity that concern the Power States of [other]
entities.

8.1.2. reporting the identities of the entities for which the
reporting entity has neans to control their Power States.

8.1.3. an entity to report the list of all entities for which it can
control the Power State.

8.1.4. an entity that receives commands controlling its Power State
fromother entities to report the list of all those entities.

Fi gure 23: EMAN Requirenents for Proxy Control

Only a device can control the power state of another entity, but any
energy object can be controlled this way. An energy object that can
be controlled by a proxy nust be able to provide a |ist of
controllers (8.1.4). A device nust be able to provide a |list of
energy objects that it is capable to control the power state of
(8.1.2). 8.1.3 appears to be a duplicate of 8.1.2. To use this
feature, a device receives a power state set command for a UU D t hat
it is not itself.

5.9. Security
9.1. provide privacy, integrity, and authentication nechanisns for
all actions addressed in Sections 5 - 8. ... nust neet the
security requirements el aborated in Section 1.4 of [RFC3411].
9.2. allow for isolation of entities that that are not sufficiently
secure to operate on the public Internet.
Fi gure 24: EMAN Requirenments for Security

The treatnment of these requirenents in the EMAN Framework draft is
sui t abl e.

6. EnMS Qperation
The full utility and application of EMAN can only be understood with
some under standi ng of how an EnMS operates. This section covers
several of these. This section does not introduce new data itens.

6.1. Inconplete data
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Section 3 noted that data on Pl connectivity need not be conplete to
be useful, and need not be conplete on every device to be
conprehensive. The ability to report and use inconplete data is
generic in EMAN. This is particularly valuable for including the
many | egacy devices with few or no EMAN capabilities.

Note that for the case in the right side of Figure 5 the data
avai |l abl e from Devi ce- A and Devi ce-B need not be the sanme. There may
be a different conbination of Pls and conponents avail able on them
and for each energy object, one of the devices nay know and report
nore data than the other

Devi ces may | ack power or energy detail for several Pls but still be
able to report data about the device total.

6.2. Separately Tracking Energy Flows by Direction

In sone cases it may be desired to separately track the fl ows of
energy into or out of a device, PI, or conponent for those that
support bi-directional power flow. Wen the direction of power flow
changes within a reporting period, the opposite flows cancel each

ot her out, giving a correct indication of the net flow, but |acking
the tracking of the total in each direction. Doing this is readily
acconpl i shed by having two Pls in place of one, or two conponents in
pl ace of one. Each is used only for a single direction of power
flow In this way, the separate directions are correctly tracked,
and by summation, the net flow can be cal culated. |nplenentations
whi ch desire this (batteries being a prinme exanple) can do this, and
those that do not sinply use a single PI or conponent. This ability
adds no data fields or conplexity to the ER franmeworKk.

6.3. Aggregate Devices

An aggregate device is a not a real device, but an information
construct to represent the summti on of data across a set of energy
objects. It has a UU D as any devi ce does, has no power interfaces
(since it does not interact wwth power in the real world), and has
one or nore conponents. Each conponent of an aggregate device can be
any type of energy object. Commonly, all objects in an aggregate
object will be of the same type (all devices, all Pls, or al
conponents) but this is not required. A device may or nmay not report
any data for the UUIDs in the aggregate object conponents; all that
is required is to have the conponent UU Ds. The aggregate device
concept introduces no new data itens to the EMAN structure.

In producing an aggregate result, EMAN does not define how a

reporting device should treat inconplete data, any m smatch in the
al i gnnent of tinestanps anong the objects to be aggregated, or
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whet her power states should be aggregated or how such an aggregation
woul d be interpreted. A device is free to do whatever it likes in
this regard. The only requirenent is that power and energy reported
reflect a summati on of all the constituent energy objects. Since
this is an aggregate device and not an aggregate Pl, conpl ex power
data are not reported.

Common exanpl es of aggregate objects mght be all servers in a data
center rack, all fans in a data center, all devices in a single room
all lights in a building, or all devices under the financial
responsibility of a single tenant.

6.4. Proxy Contro

Control of the power state of one device by a second device is not

common, but does occur. A prime exanple is the ability to wake (or
turn on) a sleeping PCwith the "Wake On LAN' technol ogy. Another

exanpl e woul d be when the device being controlled is not an IP

devi ce.

6.5. d oud Devices

Anot her use of EMAN to acconplish real-world needs is through the use
of "cloud" devices. Like an aggregate device, these are not a single
real -worl d object (or not necessarily one), but do correspond to real
wiring topology. An exanple is a tree-structured wiring topol ogy
with circuit breaker panels. An individual circuit breaker, or

coll ection of them can be represented as a cloud device. The neter
device shows a Pl on it wred to an inlet PI on the cloud device, and
i ndi vi dual end-use devices (or downstreamcircuit breakers) are wred
to an outlet PI on the cloud device. The cloud device has a UU D

but is not a device on the network, and no data are reported fromthe
cl oud device. Since no data are reported, there is no cloud device
of energy object.

What this does is correctly represent the data known about the wiring
t opol ogy, while hiding sonme potentially-existing (but unknown)
conplexity inside the cloud. It adds no conplexity to the EMAN nodel
and only adds the creation and use of a single UU D in Pls as
appropriate. It is flexible in allowing for a wire variety of

t opol ogi es of devices, clouds, and devices operating as neters.

6.6. External Power Meters
A device which is only a power neter is nodel ed exactly as any ot her
device. It is nodeled as a device that has an inlet power interface

recei ving power and one or nore outlet power interfaces providing
power. The fact that a device may consune none of the energy that
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passes through it is not relevant to EMAN, and in this case, the
quantitative values on both Pls will be identical except of opposite
si gn.

A DC-powered bl ade server in a chassis has its own identity on the
network and if it reports for itself, it is a separate device, not a
conmponent of the chassis. Simlarly, a PoE-powered device can be
nodel ed as either a separate device, or a conponent of the powering
devi ce.

7. EMAN Requi renents Sunmmary

This section summari zes the content of the EMAN Requirenents
docunent, lists all specific requirenents. The text is excerpted for
brevity, in one case text in [ brackets ] is added, and " "
indicates text deleted within a requirenment. The words "shoul d' and
"must" occur in the introductory text; these are often redundant to
the actual requirenents and so are not included in this |ist.

Requi renments generally begin with "The standard nust provi de neans
for ..."; this text is omtted. The headi ngs bel ow are not part of
the requirenments draft.

Requi renments: Basic

I dentification
4.1. uniquely identifying entities.

Local Data
5.1.1. configure, retrieve and report a textual nane or a description
5.1.2. retrieving and reporting context information ..., for exanple,

tags associated with an entity that indicate the entity' s role.

5.1.3. retrieving and reporting the significance of entities within
its context, for exanple, how inportant the entity is.

5.1.4. retrieving and reporting Power priorities of entities. Power
priorities indicate an order in which Power States of entities
are changed.

5.1.5. grouping entities. This can be achieved in nmultiple ways, for
exanpl e, by providing neans to tag entities, to assign themto
domai ns, or to assign device types to them

Power Interfaces

5.2.1. nonitoring the list of Power Interfaces of a device.

5.2.2. nmonitoring the operational node of a Power Interface which is
either "Power Inlet" or "Power Qutlet".

5.2.3. identifying the Power Qutlet that provides the Power received
at a Power Inlet.

5.2.4. identifying the list of Power Inlets that receive the Power
provi ded at a Power Qutlet.
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5.2.5. nmonitoring the availability of Power at each Power Interface.

i ndi cates whether ... supply is switched on or off.
5.2.6. nonitoring for each Power Interface if it is in actual use.
inlets ... device actually receives Power. ... outlets ..

Power is actually provided.

Power, Static

5.2.7. reporting the type of current (AC or DC) for each Power
Interface as well as for a device.

5.2.8. reporting the nom nal voltage range for each Power Interface.

5.2.9. reporting the nomnal AC frequency for each Power Interface.

5.2.10. reporting the nunber of AC phases for each Power Interface.

Power
5.3.1. reporting the real power for each Power Interface as well as
for an entity. ... includes ... the direction.
5.3.2. reporting the corresponding tine or tinme interval for which a
Power value is reported.

Power State
5.4.1. reporting the actual Power State of an entity.

Ener gy
5.5.1. reporting neasured values of Energy and the direction of the
Energy fl ow received or provided by an entity. ... report the

Energy passing through each Power Interface.
5.5.2. reporting the tine interval for which an Energy value is
report ed.

Cont r ol

6.1. setting Power States of entities.

6.2. switching Power supply off or turning Power supply on at Power
Interfaces.

Reporti ng
7.1. an entity to report information on another entity.
7.2. reporting the identity of other entities on which information is

reported. ... For entities that report on one or nore other
entities.

7.4. reporting the conplete list of all those entities on which
Energy-rel ated i nformati on can be reported. ... For entities that

report on one or nore other entities.
Requi renents: Advanced
I dentification, Advanced

4.2. indicating whether identifiers ... are persistent across a
re-start.
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4.3. indicate any change of entity identifiers.
4.4. re-using entity identifiers fromexisting standards including

... the Entity MB nodule ... the LLDP M B nodule ... the
LLDP-MED M B nodule ... and the ... the Power Ethernet MB
Ceneric neans for re-using other entity identifiers nmust be
provi ded.

Power, Advanced

5.3.3. nmeans to indicate the nethod how t hese val ues have been
obt ai ned.

5.3.4. reporting the accuracy of reported Power and Energy val ues.

5.3.5. reporting the actual voltage and actual current for each Power
Interface as well as for a device. In case of AC Power supply ...
per phase.

5.3.6. creating notifications if Power values of an entity rise above
or fall below given threshol ds.

5.3.7. reporting the conplex power for each Power Interface and for
each phase at a Power Interface.

5.3.8. reporting the actual AC frequency for each Power Interface.

5.3.9. reporting the Total Harnonic Distortion (THD) of voltage and
current for each Power Interface.

5.3.10. reporting the inpedance of Power supply for each Power
Interface. In case of AC Power supply ... per phase.

Power State
5.4.2. retrieving the list of all potential Power States of an

entity.

5.4.3. supporting nmultiple Power State sets sinmultaneously at an
entity.

5.4.4. retrieving the list of all Power State sets supported by an
entity.

5.4.5. retrieving the list of all potential Power States of an entity
for each supported Power State set.

5.4.6. retrieving the typical Power for each supported Power State.

5.4.7. nonitoring statistics per Power State including the total tine
spent in a Power State, the nunber of tinmes each state was
entered and the last tine each state was entered.

5.4.8. generating a notification when the actual Power State of an
entity changes.

Ener gy, Advanced
5.5.3. reporting the received and provi ded Energy for each individual
Power State.

Battery

5.6.1. reporting the current charge ... in units of mllianpere hours
5.6.2. reporting the charging state (charging, discharging, etc.)
5.6.3. reporting the nunber of conpleted charging cycles
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.4. reporting the actual capacity
.5. reporting the actual tenperature
.6. reporting static properties ... including the nom nal
capacity, the nunber of cells, the nom nal voltage, and the ..
t echnol ogy.
5.6.7. generating a notification when the charge ... decreases

bel ow a given threshol d.
5.6.8. generating a notification when the nunber of charging cycles

exceeds a given threshol d.

5.6.9. neeting requirenments 5.6.1 to 5.6.8 for each individual
battery contained in a single entity.

o1 o1 o
o oo

Ti me-series data

5.7.1. reporting tinme series of Energy values. |If ... conparison ..
between nmultiple entities ... is required, then tine
synchroni zation ... must be provided.

5.7.2. supporting alternative interval types. Requirenent 5.5.2
applies to every reported tine val ue.

5.7.3. should ... reporting the nunber of values of a tinme series
t hat can be stored.

Reporting

7.3. reporting the list of all entities fromwhich contributions are
i ncluded in an accunul ated val ue.

7.5. indicating which Energy-related information can be reported for
whi ch of those entities. ... For entities that report on one or
nore other entities.

Proxy Contro

8.1.1. an Energy Managenent Systemto send Power State control
conmmands to an entity that concern the Power States of [other]
entities.

8.1.2. reporting the identities of the entities for which the
reporting entity has nmeans to control their Power States.

8.1.3. an entity to report the list of all entities for which it can
control the Power State.

8.1.4. an entity that receives commands controlling its Power State
fromother entities to report the list of all those entities.

Security

9.1. provide privacy, integrity, and authenticati on nechanisns for
all actions addressed in Sections 5 - 8. ... nust neet the
security requirements el aborated in Section 1.4 of [RFC3411].

9.2. allow for isolation of entities that that are not sufficiently
secure to operate on the public Internet.
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8. CQutstanding Issues

The foll owi ng are questions that need further consideration by the
EMAN wor ki ng group

8.1. Topol ogy Changes
| deal Iy topol ogy woul d never change so the EMS need only query it
once. A date/tine stanmp for time of l|ast topol ogy change woul d
enabl e the EMS to know when it needs to rescan the topol ogy.
Section 4.3 proposes adding this.

8.2. How to Address Requirenent 7.5
"7.5. indicating which Energy-related information can be reported for
whi ch of those entities. ... For entities that report on one or nore
other entities.” An EnMS could sinply query all data for an energy
obj ect and observe what are available. A nore efficient mechani sm
coul d be defined. Regardless, any val ue should have "unknown" as an
opti on.

8.3. Fix References
Correctly include the proper reference materi al.

8.4. EMAN Franewor k Cont ent

I ncorporate details fromthe EMAN Franework draft where they are to
be included substantially as-is.

8.5. 8.1 Requirenents
Are 8.1.2 and 8.1.3 duplicative?
8.6. Pl Capability

Per Section 4.3, should there be a data elenent to indicate if a P
can be only an inlet, only an outlet, or either?

9. Security Considerations

This nmeno currently does not inpose any security considerations.
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10. | ANA Consi derati ons
This meno has no actions for | ANA
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3: Carrier Sense Multiple Access wth Collision Detection
(CSMA/ CD) Access Met hod and Physical Layer Specifications
- Amendnent: Data Term nal Equi pnent (DTE) - Power via
Medi a Dependent Interface (MDI) Enhancenents", Cctober
20009.
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