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Abstract

A nanogrid is a very small electricity domain that is distinct from
any other grid it is connected to in voltage, reliability, quality,
or price. Nanogrids could formthe basis of a future electricity
systembuilt on a bottomup, decentralized, and distributed network
nodel rather than the top-down centralized grid we have today in nost
parts of the world. This docunent introduces the idea of a nanogrid
to the | ETF community for two purposes -- to informthe work on

ener gy managenent presently underway in the EMAN wor ki ng group, and
to descri be how future communi cations within and between grids could
be acconplished with protocols that are the product of the |IETF
There appears to be no fundanental conflict between the nanogrid
concept and the current drafts in the EMAN wor ki ng group.

Status of this Mno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I1ETF). Note that other groups nmay al so distribute
wor ki ng docunments as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi mum of six nonths
and may be updated, replaced, or obsoleted 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 10, 2013.

Copyright Notice

Copyright (c) 2012 I ETF Trust and the persons identified as the
docunment authors. Al rights reserved.
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This docunent is subject to BCP 78 and the | ETF Trust’s Legal
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this docunent. Code Conponents extracted fromthis docunent nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided wi thout warranty as
described in the Sinplified BSD License.

1. Overvi ew

A nanogrid is a very small electricity domain that is distinct from
any other grid it is connected to in voltage, reliability, quality,
or price [CIGRE] (also [ NG2009]). Nanogrids could formthe basis of
a future electricity systembuilt on a bottomup, decentralized, and
di stributed network nodel rather than the top-down centralized grid
we have today in nost parts of the world. Central to nanogrids is
the ability to communicate electricity price and availability to
enabl e mat chi ng demand wi th varying supply of electricity. For the
remai nder of this docunent, we use "nanogrid" to refer to those which
use price to manage supply and demand. Nanogrids bring an | nternet
approach and architecture to our electricity system

2. How Nanogrids Wrk

A nanogrid nmust have at |east one |oad or sink of power (which could
be electricity storage) and at | east one gateway to the outside.

El ectricity storage may or may not be present. Electricity sources
are not part of the nanogrid, but often a source will be connected
only to a single nanogrid. Interfaces to other power entities are

t hrough gateways within the nanogrid controller. Nanogrids inplenent
power distribution only and not any functional aspects of the devices
(or loads) that connect to the nanogrid. Thus, the conponents of a
nanogrid are a controller, |oads, storage (optional), and gateways.
Figure 1 is a schematic of a nanogrid. A nanogrid nmanages the power
distributed to its loads. Al power flows are acconpani ed by

conmuni cations and all conmuni cations are bi-directional.

Communi cation - either wired or wireless - is used to nediate | ocal
electricity supply and demand using price, both within the nanogrid
and i n exchanges across the gateways. The nanogrid controller

recei ves requests for power, grants or revokes them neasures or

esti mates power, and sets the local price. Loads take the price into
account in deciding howto operate. Controllers negotiate with each
ot her across gateways to buy or sell power. Battery storage is
optional - batteries can increase the reliability and stability of a
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Figure 1: Conceptual diagramof a nanogrid

Controllers may resenbl e existing Power over Ethernet (PoE) swtches,
however unli ke PoE they need not be limted to one device per port.
To set the |local price, the controller takes into account the price
of any utility grid electricity it has access to, as well as the
quantity and price of any |local power sources. A nanogrid can
exchange power with other nanogrids or with mcrogrids whenever

mut ual |y beneficial (as indicated by relative price). This enables
optimal allocation of scarce and/or expensive power anong | oads and
anong local grids. A price wll typically be a current price and
non-bi ndi ng forecast of future prices, up to one day in advance.

Devi ces that connect to a nanogrid will ship with default price
preference functions that nmake sense given typical grid prices. Wen
a nanogrid is connected to the grid, the grid price will be a strong
i nfl uence on the local price, though |ocal generation and storage can
dramatically change that dependency. Wen not grid-connected, the

| ocal price will reflect the |ocal supply/demand condition, the

esti mated repl acenment cost for battery power (which may be future
grid power), and an assessnent of battery capacity. Nanogrid
policies establish the local price and | oad policies establish the
price a given load is willing to pay.

A core principle is to separate power distribution technol ogies from
functional control technology. Power distribution is envisioned to
have three layers: layer 1 is power; layer 2 is power coordination;
and layer 3 is device functionality. Nanogrids inplenment |ayer 2 to
inprove the efficiency and flexibility of power distribution and use
(layer 1), and isolate power distribution fromdevice functionality
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(layer 3). Separating power coordination fromfunctionality has
several purposes. |In future usage, devices that are in the sane room
or otherwi se need to coordinate functionally will often be powered
differently, and devices that share a power infrastructure may not
have functional relationships. Separating power distribution into
different functional |ayers allows each function to evolve

separately, greatly easing and sinplifying the devel opnent of new

t echnol ogi es and depl oyi ng t hem al ongsi de exi sting products.

To devel op useful nanogrid technol ogy we need standards for
comuni cation internal to nanogrids, and for conmmunication between
them vi a gat eways.

Nanogrids use price to nediate their internal supply and demand w th
attached | oads, and to determ ne how power is acquired from external
grids and exchanged between nanogrids. They require energy price

i nformati on, common conmuni cations protocols and interfaces, and
standar di zed semanti cs.

3. Benefits

Nanogrids could offer many benefits, broadly including:
Local Renewabl es

Storage and Reliability

Security, Privacy, and Reliability
System Reliability

Denmand Response

Smart Gid

New El ectricity Users

Di saster Relief

Mlitary Applications

Reduced Capital Costs

Reduced Energy Use

Mobile and OFf-Gid

OO0OO0OO0OO0OO0OO0O0OO0O0OO0O

Nanogrids could provide smart grid benefits at the small (I ocal)
scale, a capability we |ack today; smart grid efforts only address
grid connected and | arge scale contexts. Nascent nanogrids are
common today in digitally managed forms (technol ogi es including USB
and Power over Ethernet (PoE)), and unmanaged ones (vehicles,
energency circuits, etc.). However, they all lack the ability to use
price as the core prioritization nmechanismand |ack the ability to
exchange power with each other; a fully functioning "nmanaged"
nanogrid can do both. Such future nanogrids could be connected in
arbitrary and dynam c networks to each other, to mcrogrids, and to
the utility grid.
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Nanogri ds are a new nmechani sm for managi ng power at the |ocal |evel,
useful in a wde variety of applications. They particularly enable
nore and better use of local generation (including intermttent
renewabl es) and | ocal storage, as well as facilitate "Direct DC' -
powering | oads with | ocal renewable power w thout converting to and
fromAC. Recent studies have estimated 5-13%el ectricity savi ngs
fromD rect DCin residences [D RECTDC], and |ocal renewables al so
avoi d transm ssion system | osses. Many peopl e value | ocal renewabl e
energy nore than grid power and value the reliability and certainty
of local storage and off-grid capability.

Nanogrids offer the possibility of noving to a less reliable Iarge-
scale grid, providing increased quality and reliability locally, and
saving capital and energy in a distributed, bottomup manner. Wile
the smart grid will better match supply and demand at the |arge
scal e, we lack mechanisns to do this at small scales. Nanogrids fill
this gap. Mcrogrids are inportant and necessary, but |ack near-term
potential for dramatic scal e-up of depl oynent, |ack standards-based
pl ug- and- pl ay technol ogi es, |ack conprehensive visibility into

i ndi vi dual | oads, and | ack pervasive use of price. Nanogrids build
on standard sem conductor and commruni cati ons technol ogi es al ready
produced at mass-scal e, and can be deployed increnentally and at | ow
capital and installation cost. This will enable themto spread
rapidly and quickly becone a standard fixture in buildings.

Wi |l e existing nanogrid technol ogies enable only relatively snall

| oads, there is no power limt to nanogrid |oads or controllers.
Wi | e nanogrids work best with comrunicating | oads, for |egacy
devices, wth one device per port, the controller can inplenent the
| oad control function itself for on/off |oads, as well as variable
| oads like Iights and notors.

By being directly and correctly responsive to the nost | ocal
conditions of energy supply, storage, and demand, nanogrids can
provide price and other control abilities not possible with other
technol ogi es which treat electricity distribution at a nore
aggregated and abstracted level. Nanogrids are also inherently nore
fl exi ble and should be | ess capital-intensive than alternatives, and
provide a nore ninble infrastructure for |ocal generation and

st or age.

4. Inplications for EVAN
The concept of power interface in the current EMAN drafts is
consistent with the interfaces that nanogrids have, both those from

controllers to | oads, and those at gateways between nanogrids. A
| oad could report via EMAN protocols directly, or a controller could
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report information about |oads on their behal f; these are both basic
EMAN functions. The role that batteries play in nanogrids is
consistent with EMAN s treatnment of them

Nanogri ds enabl e bi-directional exchange of power between grids;
recent versions of EMAN docunents acknow edge this as a possibility
and support it (of course, the power flows in only one direction at
any given tinme). Two existing power distribution technol ogi es, UPANVD
and HDBaseT, support bi-directional power flows.

Nanogri ds have two characteristics that could be challenging for EVMAN
to handl e and deserve further consideration. The first is that grids
can be arranged in any topology and may | ack a single "root" as the
utility grid generally provides. The second is that connections
anong grids and connections to | oads may be intermttent and dynam c.
Acconmodat i ng these does not seemcontrary to the goals of EMAN, but
EMAN semantics could be defined in a way whi ch makes doing so
difficult or inpossible.

5. Oher Inplications

Communi cation internal to a nanogrid will be specific to the
particul ar physical |ayer technology. USB, for exanple, could add
nanogrid capability by sinply extending the existing protocols it
provi des for coordinating power distribution on USB |inks. For POE,
it would be possible to do this with LLDP, or with sone higher-I|ayer

protocol. Communi cation between nanogrids will require standards for
gat eways between themthat cover both electrical and conmunications
aspects. I|EEE is a likely choice for at |east nost of this. Sone of

t hese may benefit fromusing | ETF protocols, though core to the
concept of |ocal power distributionis that it only requires
communi cation between i mredi ately adj acent (el ectrically-connected)
grids - just one hop.

Whet her or not the IETF is involved in power distribution protocols,
nost of the devices in future that are on nanogrids, and the

controllers thenselves, will likely also inplenent |IETF protocols, so
that semantic consistency between the two domains woul d be extrenely
beneficial. Just as EMAN provides visibility into device power

(measurenent and control) at the network level, the I ETF may want to
in future support managenment protocols for small (mcrogrid or
smaller) grids (that is, not intruding into the utility grid space
wher e ot her standards organi zations are active).
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6. Term nol ogy

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

7. Security Considerations

Thi s mechani smintroduces no information security vulnerabilities. A
security advantage of nanogrids is that they only need to comrunicate
with other grids (or power sources) to which they are directly
electrically connected. This requirement for physical connection
greatly reduces their vulnerability, and is in sharp contrast to nmany
grid architectures which require comuni cati on across many network

i nks.

8. Privacy Considerations

Nanogri d gat eways need only comuni cate information about the price
and quantity of electricity, not about their internal structure or
electricity-consumng | oads. This nmakes them exceptionally
protective of privacy.
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