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Abstract—Many aspects of our electricity systems are rapidly
changing, including the ability to locally generate power with
renewable energy sources and integrate local storage. Key factors
that led to our current grid architecture may no longer hold in
the near future. A new approach to power distribution within
buildings is Local Power Distribution (LPD). In LPD individual
devices are organized into nanogrids (a single domain of power)
with nanogrids networked to each other, to local generation, and
to a building-wide microgrid. Nanogrids inherently incorporate
DC power for efficiency. This new model for -electricity
distribution in buildings is implemented with a layered model of
power — called Network Power Integration (NPI) — that isolates
communication about power from communication for functional
purposes.
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I. INTRODUCTION

What if we had no existing electricity grid—no central
generation, transmission and distribution lines, and no end-use
devices, utility companies, and power technologies? What
technologies and infrastructure would we create knowing what
we know today, particularly from our experience with Internet
technology? Would the resulting electricity system be similar
to the electricity grid of today, or perhaps quite different? This
paper argues that electricity distribution would be different in
many important respects, notably with much greater use of DC
power and vastly more “local grids” (microgrids and
nanogrids). We arrived at our present state through a long
history, constrained by available technologies, and propelled
by inertia. The question is not whether those past decisions
were wise, but with today’s knowledge and technology
(notably local power generation of DC from solar panels), how
should the future be different? The answer should guide
energy policies and investment in energy research. In this
paper we propose “Local Power Distribution” (LPD) which
takes a new approach to power distribution within buildings,
organizing it from the bottom-up on a network model, with all
end-use devices communicating and intelligent, with
autonomous but interconnected “local grids”, and prices local
to each domain.

This paper does not address whether or how the structure
internal to the utility grid should evolve. It is assumed that it
will continue to supply AC power to individual buildings,
offering an increasing array of financial options and incentives
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to shape electricity flows at the meter to most cost-effectively
meet the needs of the grid. The question at hand in this paper is
what structure should exist inside of buildings. This discussion
is focused on industrialized countries, though the technology
directions are even more valuable for developing countries that
have yet to invest large quantities of capital in traditional utility
grid systems and AC devices.

We address the key question of “how to most economically
and fairly utilize locally generated DC power to balance
supply, demand, and storage, in any building context or grid
context?” In our key question we define economically to
encompass both capital and operational expenses, fairly to
address prioritization of electricity use (to match the quantity
and timing of electricity use to the relative and absolute priority
of service delivery), and utilize to encompass distribution,
storage, and use of electricity, including across time.

This paper makes three key contributions to the field of
future grids: The requirements for LPD are formally defined,;
an architecture for LPD based on the nanogrid is described;
and LPD is evaluated in the context of existing work. In
addition, the Network Power Integration layering model is
named and refined.

This rest of this paper is organized as follows: Section II
describes recent developments that drive our reassessment of
power distribution technology. Section III lists requirements
for power distribution technology within buildings. Section IV
presents the Local Power Distribution grid architecture.
Section V covers why LPD is preferable, particularly as
informed by Internet technology. Section VI considers related
work. Section VII presents future directions and a summary.

II. PRESENT CONTEXT

In recent years, a variety of trends have shifted the context
of our electricity systems substantially from that which existed
when our current structures were solidified a century ago. The
most significant of these are:

e Local DC generation is readily feasible with PV solar

e Local DC storage is becoming feasible with more
efficient and less expensive battery technology

e Devices powered by standard low-voltage DC are
increasingly available and valued for convenience



e Many loads are now natively DC (e.g., all electronics,
LED lighting, many motors, etc.) and most others could
readily be converted to DC

e Conversion between AC and DC requires relatively
expensive hardware, adds losses, and reduces reliability

e DC-DC conversion is now efficient and inexpensive
¢ Mobility and flexibility are increasingly valued

e Entangling devices in buildings with external controls
as with the Smart Grid introduces security and privacy
concerns and vulnerabilities

e The utility grid is unreliable or non-existent in some
parts of the world; it is always unreliable to some
degree everywhere

e The desire for local reliability and resiliency is growing
with concern about natural or human caused disasters

e It is increasingly likely that most buildings will have
local generation, local fixed storage, or an electric
vehicle, if not all three

Future electricity distribution systems must operate within
this new landscape focused on local generation, distribution,
and use. These combined are sufficient for reconsideration of
the fundamental architecture of electrical grids.

III. REQUIREMENTS FOR BUILDING POWER DISTRIBUTION

In this section we consider requirements for addressing
how to most economically and fairly utilize locally generated
DC power. Within an electrical domain (e.g., within a building)
we propose the following as key requirements:

A. Minimize electricity losses (e.g., from conversion and
transmission)

B. Minimize capital costs for distribution systems (e.g.,
inverters, breakers, and wiring, including professional
labor) and for devices that use power (e.g., voltage
conversion and regulation circuitry)

C. Prioritize electricity use among devices to match changing
balance between demand and supply, including making best
use of storage (balancing electrical efficiency, battery
lifetime, economic value, and providing local reliability)

D. Allow all devices, including generation and storage, to
plug-in to power sockets without manual configuration,
central authority, or professional labor

E. Maximize resiliency and reliability in face of equipment
failure or challenges from natural or human disruptions, and
minimize risk from security and privacy exposure

F. Easily interconnect electrical domains to economically
exchange electricity (e.g. to coordinate balancing utility
grid and local grid needs)

IV. LOCAL POWER DISTRIBUTION AS A SOLUTION

This section describes a collection of technologies that
fulfills the requirements in section III.

Connection(s) to local generation

»

Connection(s) to
other nanogrids

= power
—— =comm

Load

Fig. 1. Schematic of a nanogrid (adapted from [3])

In an LPD future, energy use in buildings is mostly DC in
microgrids. Microgrids are principally constructed as a
network of local nanogrids, with integral storage, and
connected to local generation. Utility grids are much smaller
(less capacity, energy flow, and capital requirement), and less
reliable. As autonomous DC systems, local grid stability is
decoupled from the utility grid. DC nanogrids and DC
microgrids cover most end-use devices and most energy use
within buildings.

The technology basis of this future state is “Local Power
Distribution”—the idea that electricity distribution should be
managed from the bottom up—from individual entities and the
topologies of their interconnection. In many ways, it is the
inverse of the Smart Grid. It presumes digital communication
among entities, embraces DC power, and is only intended for
use within (or between) buildings. Building-scale microgrids
are built on a foundation of nanogrids and pervasive
communication.

At the core of LPD is the Nanogrid [1][2][3][4][5], which
organizes individual end-use devices into a grid context (see
Fig. 1). A nanogrid is a single domain of power—for voltage,
capacity, reliability, administration, and price. Nanogrids
include storage internally; local generation operates as a special
type of nanogrid. A building-scale microgrid can be as simple
as a network of nanogrids, without any central entity. A
microgrid controller might integrate knowledge of, and control
over, the nanogrid entities within it, and can also interface to a
utility grid. Utility grids differ across geographies, by voltage,
AC frequency and communications technology. Microgrids
bear the sole burden of accommodating utility grids and so are
specific by location. In contrast, nanogrid interfaces are
universal—across any country and any building type or usage
context. Nanogrids are indifferent to whether a utility grid is
present: always, never, or intermittently. Fig. 2 shows local
grid scaling and how it is analogous to that used in Internet
Protocol (IP) networks.

The primary way that energy use is prioritized within a
local grid is with a local price. A price is a current price and a
non-binding price forecast (e.g., for the coming 24 hours).
Each grid has its own local price, since the availability of
power is different for each local grid, but the price in adjacent
grids typically has a strong influence on the price within a grid.
Local grids have two modes of operation: normal, in which
price is the sole arbiter of operation, and emergency, in which
other means (locally determined) are used.
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Fig. 2. Scaling structure of communications and power (from [6])

In a nanogrid all loads take the local price into account,
along with functional goals from other communications, in
determining their operation. Prices are also core to negotiations
to exchange power between local grids, and to how a local grid
controller manages the storage internal to it.

Local grid connections—nano or micro—are usually
internal to a single building (or campus—any single
management entity). However, there is no barrier to grid
interfaces between buildings. Within a management entity,
prices are useful and important, but it is not necessary to track
electricity value exchanged. However, between management
entities, mechanisms are needed to periodically transfer funds
equal to the net value transferred. These mechanisms are out of
scope of LPD technology. All connections are peer-to-peer so
that energy, value, and communications are only between
entities that have a direct wired connection to each other. This
dramatically reduces the scope for security risks and privacy
intrusions.

Local grids can, on an opt-in basis, incorporate control
mechanisms other than price, and visibility beyond peer-to-
peer communications. This is usually done in the context of a
microgrid. It is most commonly used to make
recommendations to changes in wiring topology and local grid
policies, but can include direct dynamic control. However, if
such a central control entity ceases to functional or
communicate, the network of nanogrids will still fully function.

The interface at the utility meter is as simple as possible,
electrically and for communications. The only information
passed down is the utility pricing structure: current and
forecast, with possibly a lower purchase price than sales price.
The only data passed up is total current consumption. Anything
beyond this is an isolated exception, not part of the LPD
architecture (e.g., some vehicle charging may merit
coordination between the utility grid and an entity within a
building). The internal structure within the building is invisible
to the wider network and vice-versa. This interface functions as
a narrow waist of minimal complexity that isolates the two
domains. Having a utility grid connection does not preclude the
microgrid or internal nanogrids from having connections to
other buildings (and for reliability this is advantageous). LPD
minimizes complexity while maximizing functionality and
efficiency.

V. How LPD MEETS THE REQUIREMENTS

LPD meets the requirements from section III as follows.

A. Minimize electricity losses

Local generation and storage avoid losses from utility
transmission and distribution systems. Local DC grids avoid
multiple AC/DC conversions which introduce additional
losses. DC/DC power conversion has developed rapidly in
recent years. A single integrated circuit can convert over 1700
W of power from 380 V to 48 V DC at 98% efficiency [7]. It is
now reasonable to distribute DC at one voltage for longer
distances, and then drop down to a lower voltage for actual use.
“Direct DC” is DC power flowing directly from local
generation to end-use devices, possibly via storage, without
ever being converted to AC. This has been shown to save about
10% of electricity use in a U.S. residential context [8].

B. Minimize capital costs

A key barrier to greater deployment of local storage and
generation is the time and high labor rates required for
installing AC systems; they are also costly to maintain, repair,
and upgrade. Low-voltage DC systems that are plug-and-play
reduce both the amount of time required and the hourly cost of
these activities. Because digital power involves communication
before power transfer, it is inherently safer than traditional AC
power and should require less planning and permitting. Power
systems can be easily reconfigured whenever desired. AC
devices that use DC internally require extra hardware to
convert AC to DC. Native DC devices can be less expensive,
smaller, and more convenient.

C. Prioritize electricity use

The local price is used to shape demand to best match the
overall system balance. Having the price local to each grid
ensures that it can be correct as the availability of and demand
for power is local to each grid. Storage systems have diverse
behaviors with respect to electrical efficiency, capacity, and
lifetime. LPD enables fine-grained management of storage in
coordination with demand, supply, and economic value (in the
face of dynamic pricing), all the while maintaining local
reliability. Each end-use device takes the local price (including
the forecast) into account in determining its behavior.

D. No manual configuration

With many communication technologies, anyone can
connect and disconnect devices without concern or any manual
configuration. Power technologies that do the same exist and
the concept can be readily extended to other physical layers of
power. While conventional AC needs no configuration for end-
use devices, it is complex for generation and storage.

E. Maximize resiliency and reliability

LPD can immediately adapt to any change in wiring or
equipment status, including that which is unexpected from
natural or human causes. LPD does this optimally, adapting as
best it can. LPD has no central entity whose failure will cause
others to not operate. By minimizing complexity and
communication, the overall potential for exposing the system
to security risks is minimized.

F. Easily interconnect electrical domains

Microgrid controllers coordinate with utility grid
communications to balance external and internal needs. How
they do this is out of scope of LPD. Links between nanogrids



in different buildings are no different from those in the same
building.

G. Other characteristics

LPD has many characteristics widely understood to be
valuable. Among these that our present electricity system lacks
in either fact or degree are as follows:

e Universal—applicable to any usage context

e Scalable—from W to MW of capacity

e Distributed—locally controlled

e Inexpensive—for wide and rapid adoption

¢ Flexible and open—to changing needs and applications
e Simple—for users and manufacturers

These characteristics should help LPD be quickly successful in
the market and ensure good operation. Two other
characteristics deserve more extensive examination.

The notion that a less reliable utility grid would be more
optimal is not new. Marnay and Lai [9] present how power
quality and reliability (PQR) requirements are diverse across
building types and devices, so that providing a uniform level of
PQR means that many devices get higher PQR than they
need—which wastes capital and energy—while others get too
little—which results in welfare loss or requires extra hardware.
LPD can provide PQR appropriate to individual devices both
by segregating devices into local grids of devices with similar
PQR needs, and by using price to enable devices to self-sort
their relative priority. Our current structure is brittle in that it
involves high levels of concentration of facilities (e.g.
generation units and transmission lines), and technology
(particularly communications that have security
vulnerabilities). DC power inherently has fewer power quality
issues than does AC power.

Providing adequate electricity to those who have little or
none today—"“Energy Access”—is a critical issue of our time.
While some can be connected to a conventional utility grid,
others are unlikely to be able to anytime soon. LPD can
provide grid benefits without the need for a connection to a
large-scale utility grid. Most people in developing countries
spend much more per kWh than those in industrialized
countries, and have far less money to spend. Thus, they have
much more need to make the best use of every kWh, be
particularly responsive to power availability, and share power
with neighbors. As with mobile phones, using the same
technology as used in industrialized countries can enable LPD
to rapidly become inexpensive and widely available—both of
which are necessary for large-scale uptake in the energy access
context.

VI. RELATED WORK

LPD as an architecture can be better understood in the
context of the history and development of electricity and
related technology.

A. Insight from electricity history

It is tempting, but inaccurate, to view history and evolution
as always proceeding in a single direction on a clear path. Both
have repeatedly had cases in which a strong trend in one
direction was later countered by an equally strong move in
another. Thus, the overwhelming dominance today of both
centralized power and AC should not be understood as
necessarily permanent or desirable.

Recent years have seen a surge of mention of the “battle of
the currents” in the 19th century between Edison for DC and
Tesla and Westinghouse for AC. However, the argument was
actually a “battle of the systems” [10]. On one side was the
system of central generation, long-range transmission, and the
“universal” technology of AC. The other side relied on local
generation and  distribution,  usage-specific  delivery
technologies, and DC. What we are seeing today is a revisiting
of the question of the optimal electricity “system”. However,
while 120 years ago it was necessary for one to become
overwhelmingly dominant, today we could have a hybrid
system, with AC used for the utility grid, and (mostly) DC
within buildings.

As an example of how history revisits earlier themes, early
electricity systems often had special distribution of 600V DC
for “traction”—streetcars providing transportation—which
made up even a majority of the output of some utilities. For
many later decades, transportation was nearly absent from
electricity production, particularly in the U.S. Today, we are
seeing a dramatic increase of electricity use in cars—albeit in
batteries—at similar DC voltages, with projections that we
could again see transportation as a large portion of total
electricity consumption.

Computing history also provides examples of shifting
paradigms. The original dominance of mainframe computers
was followed by a several decade long prominence of personal
computing, with a recent shift back to central provision of
resources with the “cloud”.

B. Electricity grid and Internet parallels

The conceptual similarity between utility grids and the
Internet is not new. Analog computers were used to simulate
utility grid operation long before digital computers arrived.
Many papers have made the grid/Internet analogy, though have
drawn diverse conclusions from it.

Some proposals have included the notion of routing
electricity [11][12]. Routing data packets makes sense because
they are all different. By contrast, electrons are all the same so
that it is their timing, quantity, and location that matters, not
the identity of any particular power flows [13]. Routing data is
usually over long distances and many hops. Electricity
exchange can be very local and minimizing hops is preferred,
to maximize efficiency.

Modern information networks are loosely coupled to each
other, in contrast to the old phone system. The AC utility grid
is necessarily a tightly coupled unitary system. LPD enables
loose coupling, which has been noted to be advantageous
[11][14].
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Fig. 3. Layered model for device operation for LPD

The Internet created much more data to exchange than ever
passed over the phone system. In contrast, LPD could reduce
the amount of electricity that passes over the utility grid. This
distinction is due to the fact that information often has little or
no locational relevance. Power on the other hand is location
relevant in that moving it has costs in efficiency and capital.

For many years, much attention in Internet technology
development was given over to research on Quality of Service.
Ultimately, increases in capacity and decreases in latency in the
Internet infrastructure made most of this obsolete. With
advances in storage technology, it is quite possible that most of
the concern about how to integrate short-term fluctuations in
variable renewable sources may similarly become obsolete.
Any complexity introduced for this purpose should be isolated
so that it can be later dropped if not needed.

C. Layering

LPD is based on a simple, clear, and effective layering
model. Fig. 3 shows layers for I[P communication along with
our model for power, which we call Network Power
Integration (NPI). The NPI model complements IP layering to
describe how power concerns are integrated into device
operation. Layers 1 and 2 address power distribution. Layers 3
and 4 implement device functionality. All IP data packets flow
through the Internet layer, forming the narrow waist, even as
they use diverse upper and lower layer protocols. In NPI, no
information is exchanged between devices at layer 3; rather,
each device integrates its power networking in the lower layers
with the functional control networking at upper layers. The
device may interact with the same or different groups of
devices in the two domains. Devices that functionally interact
may be powered the same way, or through different local grids.
Devices that are powered the same way may have no
functional relationship.

A critical problem with the Smart Grid paradigm is that it
lacks a comparable layering structure—one that is simple,
clear, and effective. This manifests itself in architectures for
managing power distribution and use, which combine
mechanisms for power distribution with those for functional
control, and treat electricity as a single pool of power for an
entire building or region. The most recent and advanced
version of this is Transactional Energy [15]. LPD, with NPI, is
based on fundamentally different principles.

D. Internet design principles

Principles of Internet architecture are addressed in [16], and
while many do not apply to power distribution, the following
do. LPD is consistent with these.

e End-points should be primary in implementing
functionality, not the interior of the network

¢ No centralized control

e “Heterogeneity is inevitable”

e Designs must easily scale

e “Keep it simple”

e “Modularity is good. .... keep things separate”

Robert Kahn identified four “ground rules”: connecting to
the Internet should not alter the internal structure of a network;
networks should be self-sufficient; communications are ‘“best
effort”; and gateways between networks should be kept as
simple as possible. LPD is consistent with each of these.

E. Internet history

Many lessons from Internet history [17] apply to LPD.
Technology can scale; the first link in the ARPANET was just
50 kbps; links with a million times that capacity are now
common. With current digital power standards at about SOW
per link, scaling up just a few orders of magnitude covers most
usages within buildings and most buildings. While it is
possible to connect computers directly to each other, very early
the need for intermediate devices was recognized. Local grid
controllers serve this function for power. Internet technology
has seen several “killer apps” such as email and web browsing
that drove technology adoption. We can easily foresee local
reliability for electronics, lighting, and refrigeration, and the
desire for local generation and storage, as comparable drivers
for initial adoption of local DC grids. Initial work on Internet
technology was primarily on getting the system to work at all.
Efficiency and performance were of secondary importance.
The Internet was intended to be a general platform for any type
of application or usage context. Attention was also paid to
protocol complexity, since this is burdensome in many ways
and can introduce vulnerabilities.

VII. FUTURE DIRECTIONS AND SUMMARY

Thomas Edison announced his new power distribution
system before he had working hardware to sell [10]. This paper
forecasts a future of networked local power distribution even
before some critical technology for it to exist has yet to be
demonstrated working. Edison created small-scale hardware
models of the electricity system he would ultimately deploy.
Analog computers were used to model power distribution
before digital computers were even invented [10]. Modeling of
LPD and nanogrids is needed to better understand the
dynamics of local power generation, storage, and dynamic
loads, and to assess efficiency, stability, and reliability of LPD
and nanogrids.

We need a goal to create LPD technology, first for DC,
then adapted as possible and worthwhile to AC circuits and
systems. For DC to be successful, and get past the inertia of



our overwhelmingly AC-dominated system, DC needs to
enable features that AC systems cannot or do not easily
provide. Valuable features are likely to be plug-and-play
operation, convenience, cost, and local reliability. LPD can
enable these features.

The overall architecture of LPD should not be determined
by, or constrained by, limitations of legacy electricity
technology; it should be “clean-slate” design. Legacy devices
can be accommodated with dedicated controllers or proxies. If
complications arise for a specific physical layer or application,
that complexity should be confined to that situation so as to not
undermine LPD technology generally.

DC power technologies already exist with low power
physical layers produced at mass scale. Additional physical
layers can be created, with higher capacities, also to be
produced at scale to result in low cost products. DC local grids
exist in limited form, and will expand over time inside of
buildings, taking an increasing share of total consumption.
They can grow incrementally as devices become available and
features they provide are sought. A recent study estimated the
global annual nanogrid market as nearly $40 billion—ten times
the microgrid market [18].Vehicles may become a key driver
for LPD. They are already DC internally, with electric cars
having two interconnected nanogrids: a high-voltage one for
motive power and climate control, and a low-voltage one for
almost everything else. They could enable local reliability by
being able to provide power to a building when the grid is
unavailable, even if no local generation is present or working.

We are at a time of turmoil and change in power
distribution, with the possibility, and likelihood, of a
substantially different system than today a decade from now.
The overall architecture for this is still very much in
development and dispute. This paper offers up criteria to judge
such systems, and a coherent vision for such a future that
implements these criteria. Such a system can be much more
functional for people, and friendlier to the environment by
accelerating the adoption of local renewable power.

In this paper we have outlined a possible future for LPD
based on a bottom-up and layered model. We have described
how nanogrids are the central technology for this new power
distribution model. Our model makes sense for the emerging
landscape of locally generated DC power, readily available DC
storage, and the increase in the number of DC loads in a typical
building. LDP is a clean slate design to future power
distribution systems unencumbered by assumptions and
constraints of the existing century-old AC utility grid.

LPD has obvious advantages for developing countries
where utility grids are often non-existent, or unreliable at best.
LPD can enable utility grids in industrialized countries to be
smaller, less reliable, and much less expensive than today.
Utilities will still be a natural monopoly for distribution across
public rights of way; LPD does not change that. Utilities might
find it desirable to sell different quality and reliability of power
to better match customer desires. LPD technology is indifferent
to whether utilities never operate on the building side of the
meter, or sometimes do. LPD is also part of the global annual

nanogrid market estimated as nearly $40 billion — ten times
the microgrid market [18].

ACKNOWLEDGMENT

The idea that our electricity grid should be very different in
future for this author derives from Chris Marnay. The idea of
the nanogrid had origins in concepts from Randy Katz and a
presentation by Eric Brewer.

REFERENCES

[1] B. Nordman, “Nanogrids: Evolving our Electricity Systems from the
Bottom Up,” unpublished paper, May 2010.

[2] B. Nordman, K. Christensen, and A. Meier, “Think Globally, Distribute
Power Locally: The Promise of Nanogrids,” (Green IT column) /[EEE
Computer, Vol. 44, No. 9, pp. 89-91, September 2012.

[3] B. Nordman and K. Christensen, “Local Power Distribution with
Nanogrids,” Proceedings of the International Green Computing
Conference, June 2013.

[4] B. Nordman, “Nanogrids, Power Distribution, and Building Networks,”
Environmental Energy Technologies Division Seminar, LBNL, February
24, 2011.

[5] C.Marnay, B. Nordman, and J. Lai, “Future Roles of Milli-, Micro-, and
Nano- Grids,” presented at the CIGRE International Symposium The
Electric Power System of The Future- Integrating Supergrids and
Microgrids, Bologna, Italy, LBNL-4927E, 2011.

[6] B. Nordman, “Dynamic Nanogrid Concepts,” U.S. Army Research
Laboratory, Advanced Microgrid Concepts and Technologies
Workshop, June 7-8, 2012,

[7]1 S. Oliver, “High-Voltage DC Distribution is Key to Increased System
Efficiency and Renewable-Energy Opportunities,” Vicor,
http://www.vicorpower.com, 2014.

[8] K. Garbesi, V. Vossos, A. Sanstad, and G. Burch, “Optimizing Energy
Savings from Direct-DC in US Residential Buildings,” LBNL-5193E,
2011.

[91 C. Marnay and J. Lai, “Serving Electricity and Heat Requirements
Efficiently and with Appropriate Energy Quality via Microgrids,” The
Electricity Journal, Vol. 25, No. 8, pp. 7-15, October 2012.

[10] T. P. Hughes, “Networks of Power: Electrification in Western Society,
1880-1930,” Johns Hopkins University Press, 1983.

[11] R. Abe, H. Taoka, and D. McQuilkin, “Digital Grid: Communicative
Electrical Grids of the Future,” IEEE Transactions on Smart Grid, Vol.
2, No. 2, pp. 399-410, June 2011.

[12] Y. Okabe, “QoEn (Quality Of Energy): Routing Toward Energy And
Demand Service In The Future Internet,” ICE-IT, Academic Center for
Computing and Media Studies, Kyoto University, November 2009.

[13] M. He, E. Reutzel, X. Jiang, R. Katz, S. Sanders, D. Culler, and K. Lutz,
“An Architecture for Local Energy Generation, Distribution, and
Sharing,” Proceedings of IEEE Energy 2030 Conference, pp. 1-6,
November 2008.

[14] D. Boroyevich, 1. Cvetkovic, D. Dong, R. Burgos, F. Wang, and F. Lee,
“Future Electronic Power Distribution Systems: A Contemplative
View,” Proceedings of the 12th International Conference on
Optimization of Electrical and Electronic Equipment (OPTIM), 2010.

[15] S. Somasundaram, R. G. Pratt, B. A. Akyol, N. Fernandez, N. Foster, S.
Katipamula, E. T. Mayhorn, A. Somani, A. Steckley, and Z. T. Taylor,
“Reference Guide for a Transaction-Based Building Controls
Framework,” Pacific Northwest National Laboratory, April 2014.

[16] B. Carpenter, “Architectural Principles of the Internet,” RFC 1958, June
1996.

[17] B. M. Leiner, V. G. Cerf, D. D. Clark, R. F. Kahn, L. Kleinrock, D.C.
Lynch, J. Postel, L. Roberts, and S. Wolff, “The Past and Future History
of the Internet,” Communications of the ACM, February 1997.

[18] Navigant Research, “Nanogrids: Grid-Tied and Remote Commercial,
Residential, and Mobile Distribution Networks: Global Market Analysis
and Forecasts,” April, 2014.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


