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What is OSI Model equivalent for energy ?

7 - Application

6 - Presentation
5 - Session

4 - Network (IP)
3 - Transport

2 - Data Link

1 - Physical
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What is OSI| Model equivalent for energy ?

5 - Session
4 - Network (IP)
3 - Transport

2 - Data Link {Power distribution

[ - Application
6 - Presentation 4 Functionality

1 - Physical
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What is OSI| Model equivalent for energy ?
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Functionality

/- Application . yser interface
o - Presgntathn * Discovery/events
5 - Session

« Common data model

4 -Network(IP) [+ Price

* Quantity
3 - Transp.ort « Exchange between grids
2 - Data Link

1 - Physical

« Exchange within grid

* Moving electrons on wire

Power distribution



Power distribution

“Technology / infrastructure that
moves electrons from devices
where they are available
to devices where they are wanted”

* Important similarities between moving bits and
moving electrons

* Important differences between moving bits and
moving electrons

All bits/packets different; all electrons same
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Ideal power system characteristics®

« Scalable
 Resilient

« Flexible / Ad hoc

* Interoperable
 Renewable-friendly
« Cost-effective

« Customizable
 Enable new features

 Enable new applications

*Roege, Paul, Scalable Energy Networks, Joint Forces Quarterly, #62, Q3, 2011
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Needed system capabilities

« Optimally match supply and demand (price)
« Match reliability and quality to device needs

Enable arbitrary and dynamic connections
— devices, generation, storage, and “grids”
— “plug and play”; networked

Efficiently integrate local renewables and
storage

Work with or without “the grid”
— (or any other grid)

Use standard technology

What grid model enables this?



Traditional power distribution ]
« Grid is a single undifferentiated “pool” of power -

« Enormous complexity suggests difficult to manage E‘ &S

Q

— Only works because it is NOT managed 8
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“Distributed” power distribution
* Network of “grids” of
various sizes s \

————(_ )

« Grids are managed locally QD\\ :

« Generation and storage ,t )
Q—(::}\\\ -

can be placed anywhere
* Interfaces between grids

— enable isolation f//r/ﬁ \;?F }_@

— enable exchanging
power any time
mutually beneficial
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“Distributed” power distribution
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Scaling structure: communications and power

Internet “The Grid” Wide area
Building/Campus Microgrid Management
Network

A | M

Local Area Network Nanogrid Device
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What is a Nanogrid?

“A (very) small electricity domain”

Like a microgrid, only (much) smaller

Has a single physical layer (voltage; usually DC)

Is a single administrative, reliability, and price domain

Can interoperate with

other (nano, micro) grids  Gateways
and generation through 1,-#
gateways —

Storage
(optional)

Wide range in technology, ..
capability, capacity
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Existing nanogrid technologies

No communications
 Vehicles-12V,42V,400V, ...
« eMerge—-24YV, 380V
 Downstream of UPS - 115 VAC

With communications

« Universal Serial Bus, USB -5V

« Power over Ethernet, PoE —48 V

« HDBaseT —48V

* Proprietary systems

Power adapter systems (emerging)

 Wireless power technologies
« Universal Power Adapter for Mobile Devices, UPAMD - IEEE
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IEEE - Universal Power Adapter for Mobile Devices

UPAMD/1823 Potential Topologies

Power Source

UPAMD/1823
Adapter
1 or more Outputs

UPAMD Connector

Bob Duvis 201012071625

ALL UPAMD Cables and Connectors are IDENTICAL

Available Computer

Mission/Business Critical Computer
With extra Power

Low-on—Power

/ AMD

10<>130W each

:" C:ble

o

Simple UPAMD/1823 System

Devices(loads)

Some MAY be capable of being eltheré

UPAMD Port/Connections are either Source or Sink of power for any transaction.

UPAMD Cable
P er Flow

-
|
i B
Builtin Auto | Situstion
UPAMD/1823 . Display
Adapter ||
Several Outputs
wow 10<>130W each ] DVD
Add USB for < Player
one Recharge
S Device UPAMD/1823
S Mgt Battery Pack
SOLAR Power Source and Load
I [] smarsoiarce
Audio T
10w
Audio

)

:ﬂ Vigeo Projector

5
BrinteriScaniFaxiCopy .| Expansion Box
Storage g ] C@
Sub-
system Ll upamDI1823
Plus USB b HUB D
S . [ Severs! Outpuss
Plus Battery? D UP:OMD able Extending Cable Total output = D \
e T “Cave <T:t:\:llt;?m PFOS:
. L UPAMD1823
Source: converter |/, ocary . ity Pac
ues USB Power ( Power _— Legacy g Catie @ Sowoe and Load
- . Cable
I E E E Charging Ports =e Device el
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USB power ports shown are for reference only and are not part of the UPAMD Standard
UPS Uninterruptable Power Systems (UPS) shown are for reference only and are not part of the UPAMD Standard



Nanogrids do NOT (but Microgrids do)

incorporate generation (?)

optimize multiple-output energy systems
— e.g. combined heat and power, CHP

« provide a variety of voltages (both AC and DC)
» provide a variety of quality and reliability options.
« connect to the grid

* require professional design / installation
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Village example

« Start with single house - car battery recharged every few days
— Light, phone charger, TV, ...
— Add local generation — PV, wind, ...

Pvﬁ B
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Village example

« Start with single house - car battery recharged every few days
— Light, phone charger, TV, ... PV
— Add local generation — PV, wind, ... ﬁ

* Neighbors do same 4

— Interconnect several houses {{
PV B

RO
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— Light, phone charger, TV, ...

PV
— Add local generation — PV, wind, ... ﬁ\ﬁ
Neighbors do same °
— Interconnect several houses \f\ﬁ
School gets PV "

— More variable demand

Village example

Start with single house - car battery recharged every few days

PV B

PV

Eventually all houses, businesses connected in a mesh

— Can consider when topology should be changed
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Existence of generation, storage, households, and
connections all dynamic



Village example

Start with single house - car battery recharged every few days
=7

— Light, phone charger, TV, ... y -— -
— Add local generation — PV, wind, ... % 4
. 5 /
Neighbors do same P

— Interconnect several houses \‘(ﬁ
PV

School gets PV AN e

— More variable demand >

Eventually all houses, businesses connected in a mesh
— Can consider when topology should be changed

Existence of generation, storage, households, and
connections all dynamic
Can later add grid connection(s)

From no electricity to distributed power — skip traditional grid;
Similar to no phone to mobile phone — skip landline system
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Forward Operating Base Example

Renewable gen.

Fossil generation

External storage | Each reliable nG also has
local storage; Reliable nGs
Reliable nanogrid| Serve electronics and

_ lighting; Bulk nGs serve
Bulk nanogrid HVAC, pumps.

Supervisor server
collects data and makes
policy recommendations
to nGs (does NOT
control directly);
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Nanogrid operation - internal

Loads (devices) may always get ‘trickle power’ to

communicate

Loads request authority to use power (controller grants)

Controller sets local price (forecast) and distributes

Controller manages storage

Normal operation — all allocation done by loads

themselves based on price

Emergency — controller can
revoke/cut power

Gateways

Details technology-specific = ]

Storage
(optional)




Slide 22 of 27

Nanogrid operation — external (gateways)

Controllers discover other grids (and generation)
Exchange interest in sharing power (price, quantity)
When mutually beneficial, power is exchanged
External prices will often affect internal ones
Controllers may track cumulative energy, $$$%
Only data exchanged are price, quantity

Visibility only to immediately
adjacent grids Gateways

Loads

Storage

(optional)



Why Nanogrids?

Bring individual devices into grid context

Pave way for Microgrids

— Increase microgrid utility; enable local microgrid prices
— Reduce microgrid cost and complexity
— Can scale/deploy much faster than microgrids

 Enable “Direct DC” (~10% savings)
« Better integrate with mobile devices, mobile buildings
« Help bring good electricity services to developing countries

* More secure

— Coordinate only with immediately adjacent (directly attached)
grids / devices

— No multi-hop “routing” of power
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The way forward

Better document existing nanogrids
— Technologies, capabilities, applications, deployment, ...

« Define a “meta-architecture” for controllers, gateways,
prices, ...

« Define specific gateways (voltage, communication)

« Define nanogrid implementation for existing technologies
 Create working nanogrids — loads, controllers, gateways
« Create a nanogrid simulator
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Conclusions

Nanogrids can optimally match supply and demand
— Price: internally and externally

Nanogrids can be key to success of microgrids
— Can be deployed faster, cheaper

Need to be standards-based, universal

 Key missing technologies: pricing and gateways

Nanogrids are a “generally useful technology”
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Thank you
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Inspiration

« Existing technology
* Modeling network architecture on Internet

« Randy Katz et al., UCB; “LoCal” — local.cs.berkeley.edu
« Developing country needs; off-grid households

« Eric Brewer, UCB; TIER — tier.cs.berkeley.edu
Technology and Infrastructure for Emerging Region

Network of networks = Internet — Network of grids =» Intergrid
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