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Abstract—DC distribution systems (DCDS) connect local
generators and loads directly. By avoiding unnecessary losses in
AC-DC conversion, DCDS offers higher energy efficiency. Since
different parties in a DCDS may have conflicting goals, matching
between power supply and demand should be done with carefully
designed allocation rules and monetary transfers, such that no
one prefers to act otherwise than the outcome of the allocation.
This paper reveals DCDS’ unique operational requirements and
indicates the challenges and opportunities they pose to market
design. A design framework is introduced into DCDS electricity
market, incl. tradable services, design goals, market participants,
design options and performance criteria. We review the existing
market models for AC and DC distribution systems and point out
the direction for future work.

Keywords—electricity market, market design, DC distribution
system, operational requirements, tradable services

NOMENCLATURE
AC alternating current
BRP  balance responsible party
DAM day-ahead market
DCDS DC (direct current) distribution system
DER  distributed energy resource
DSO  distribution system operator
DUoS distribution use of system
EV electric vehicle
ICT information and communications technology
LMP  locational marginal pricing

MG microgrid

OPF optimal power flow
PV photovoltaic

RTM  real-time market
VPP virtual power plant

L INTRODUCTION

Developments in ICT and power electronics are changing
the power sector. Alongside the increasing use of electronic
devices, such as ICT facilities, electric vehicles (EV) and
variable-speed drives, many electric loads today have a DC
component or directly consume DC power. Meanwhile, central
bulk power plants are being replaced by renewable distributed
energy resources (DER), especially PV panels and batteries
that are operated in DC [1]. However, AC grids are still used to
connect these devices, leading to multiple unnecessary AC-DC
conversions and accordingly losses.

This work is part of the DC Distribution Smart Grids (DCSmart) project
under the European Union’s ERA-NET Horizon 2020 Programme.

DC distribution systems (DCDS) couple loads, distributed
generators, and storages directly. By avoiding unnecessary
conversions, DCDS offers higher energy efficiency. Although
DC microgrids and DCDS have been widely studied in recent
years, most studies focus on technical issues, incl. feasibility,
topology, control, stability and protection [2]. In a DCDS,
when energy devices are owned and operated by different
parties, one’s goal inevitably deviates from the distribution
system operator’s (DSO) and conflicts with the others’ goals.
In such cases, central dispatch cannot achieve its goals, if it
does not offer customers sufficient incentives to adhere to this
dispatch.

A DCDS is different from a DC microgrid (MG) or virtual
power plant (VPP) [3]. A MG is a physical energy community,
where energy devices are connected through a private network
and are operated by a central/distributed control framework. A
VPP is a financial energy community, where devices are
connected through ICT infrastructure and are operated in a
coordinated way. In both cases, the customers share common
goals and tend to be cooperative. By contrast, a distribution
system does not require cooperative relationships among
customers. Therefore, a properly designed market mechanism
is required to match power supply and demand, respecting
different parties’ local decisions.

Several price-based mechanisms have been implemented in
AC systems [4]. Time-of-use tariffs and tiered rates are simple
and widely used, but they cannot provide sufficient incentives
for customers to fine tune their energy consumption. Dynamic
pricing (incl. real-time prices set by the local authority), fixes
this problem by adjusting energy prices on short notice.
However, if congestion happens, it is doubtful that such prices
can reflect true generation costs. Locational marginal pricing
(LMP), the standard design for the US electricity wholesale
markets, gives us a good example of using auctions to balance
supply and demand. The idea is to set different nodal prices
based on line congestions, then dispatch the cheapest available
generators at each node according to the local merit-order.
Although LMP is a widely-accepted model in wholesale-level
electricity markets, it is not necessarily the most suitable model
for distribution-level markets.

Currently, researchers have not yet agreed on the market
design methodology in distribution grids, such as flexibility
services and distribution use of system (DUoS) tariffs. Further,
such market models are designed for AC distribution networks,
while the unique operational requirements for DCDS can lead



to very different market designs. With this paper, the authors
aim to attract researchers’ attention to the economic dispatch of
the DCDS, focusing on the short-term scheduling of existing
resources. Especially, we study the DCDS’ new features that
lead to specific challenges in market operation, then outline its
market design framework based on these.

The rest of the paper is organized as follows. Sec. II briefly
introduces the unique features of the DCDS, then reveals its
specific challenges in market design. Sec. III estimates the
tradable services needed for DCDS operation, and in Sec. IV
we explore how to design a market to trade these services.
Finally, Sec. V reviews existing market designs for AC and DC
distribution grids, and Sec. VI concludes the paper.

II. CHALLENGES AND OPPORTUNITIES

The unique characteristics of DC pose new challenges to
system operation and market design. This section introduces a
DCDS’ five key differences from AC distribution grids, and
indicate the new opportunities they bring to the market design.

A. Direct P-V Coupling

Unlike AC networks where inductance largely decides
(active) power flow, line resistance plays the dominant role in a
DCDS’ power flow [6]. This leads to a direct coupling between
power and voltage (P-V). It makes room for straightforward
and local control, such as decentralized and voltage-based
optimization mechanisms.

In a resistive DC network, sending out (or absorbing) large
amounts of power can substantially raise (or lower) the nodal
voltage in the area. Therefore, nodal voltage is a key indicator
of DCDS operational status, while voltage control should go
with power flow optimization and congestion management.
However, with power flow control converters, which introduce
voltage differences in series with lines, the power flow and
voltage can still be controlled independently [7].

B. Low System Inertia

In AC distribution networks, system frequency is coupled
to the transmission network through a substation. If a local
power mismatch happens, the inertia of all AC generators
immediately provides (or absorbs) large amounts of kinetic
energy to make up for this local power imbalance, while the
system frequency is kept close to its nominal value.

In a DCDS there is no frequency, but the system should be
supported to stay close to its nominal voltage. The generation is
largely dependent on non-spinning units, such as PV panels
and fuel cells. Hence, the system’s mechanical inertia is very
limited [3]. Unfortunately, DC converters used for substations
and DERs have little overload capacity. If a large load appears
in a congested network but local generators cannot meet the
demand, system voltage will drop very fast and the system will
collapse quickly.

Two approaches can improve a DCDS’ response to power
imbalance (or voltage deviation). The first one is to increase
the system inertia by installing synchronverters [3] for power-
intense storage systems, such as flywheels or supercapacitors.
However, such devices are very costly at present. The other

approach is to avoid the problem by coordinating customer
behavior, especially when their power causes line congestions.
This approach avoids large investments, but requires real-time
coordination between customers and affects their comfort or
interests. In this regard, we need real-time trading of power
balancing capacity, either with a real-time energy market (up to
milliseconds) or with a newly defined ancillary service that
deals with this issue. Nevertheless, the DSO should still reserve
some balancing capacity to maintain security margin, in order
to settle market mismatches ex post. Meanwhile, a network
code is needed to regulate prosumer’s autonomous operation.

Although new features of DC pose challenges to system
operation, they also make room for operational flexibility.
Below we will introduce the DCDS’ two other features, i.e.
broader controllability and faster response, which create new
market opportunities for a DCDS.

C. Fewer Conversions, Faster Response

A main advantage of DCDS is the fewer conversion steps
between PV panels, batteries, and electronic devices, as
indicated in [5] (see Fig. 1). With DC distribution, AC-DC
converters and their complex control are avoided. Variable-
speed drives (VSD) and wind turbines are operated in AC, but
their frequency differs from AC system frequency. In order to
integrate them into an AC network, frequency conversion (AC-
DC-AC) is still required. In both cases, DC distribution can
reduce at least one conversion step where synchronization
control is needed (which generally takes one AC period);
hence, a DCDS can respond faster to system dispatches.

D. Power Electronics and Flexibility

Many DC devices are interfaced with power electronics,
which provide the devices with more flexible operation modes
and a broader controllability. For instance, such devices can
consume constant power at a wide range of voltage, or adjust
power input (output) within milliseconds. This further allows
the devices to respond to real-time markets faster. However, to
achieve system security and high efficiency, the operation of
multiple converters must be coordinated, either using central
dispatch or distributed approaches such as droop control.
Numerous control strategies are found in [1], which can serve
as the technical framework for energy trading.

Although fast and flexible DCDS operation creates new
markets opportunities, to dispatch a DCDS economically, we
still need to solve optimal power flow (OPF) problem for each
dispatching interval. In this regard, DCDS provides another
great feature for energy trading, i.e. exact power flow.

E. Exact Power Flow

In steady-state, the power flow on a DC line is expressed by
the nodal voltage on its both ends, as shown in (1):

Pmn:Gmn'Um(Um‘Un),Vm,nEN (1)

where G, is the line conductance between node m and n; Uy,
and U, are the voltage at these nodes. This power flow is exact
because losses are considered (P, # Pu.m and the difference
between them indicates power losses). With (1), DC power
flow can be solely represented by voltage magnitudes with



quadratic terms; therefore, the OPF problem for a DCDS can
be solved using quadratically constrained programming.
Apparently, market mechanisms based on (1) will be more
accurate than the mechanisms for AC grids.

Above we listed a DCDS’ key features that change its
market design. In Section III, we will explore how we turn
these features into market opportunities, and explicitly define
tradable services before designing a market for each of them.

III.  SERVICES TO TRADE

The aforementioned DCDS’ features will bring specific
challenges to market design. However, it is unclear if a DCDS’
technical function should be provided by the system operator,
or it should be traded in the local market. In this section, we
distinguish the services that are tradable in a DCDS, then
investigate the advantages and disadvantages they bring to the
electricity market. Table 1 reviews the general requirements for
DCDS operation, from power balancing to various ancillary
services [1][2][7][8][9], then evaluates their tradability in terms
of participation, exchangeability, and cost-causality.

The primary goal of the DCDS system is to balance power
supply and demand. With weather forecast and historic load
profile, it is possible to predict load and renewable generation
in a day-ahead manner. Based on this, local customers can
optimize their power prosumption by running the cheapest
generators for each dispatch interval, for instance based on
day-ahead market (DAM) clearing results. However, since both
generation and load are stochastic, a great challenge is to
design a DAM that reduces uncertainty in power scheduling.

Due to uncertainty in generation and consumption, real-
time power dispatch is inevitably different from the day-ahead
schedule. To maintain power balance in real-time, prosumers
can reschedule their operation to make up for the imbalance,
for instance based on a real-time market (RTM). In both DAM
and RTM, all willing prosumers are involved in energy trading,
which is by nature cost-causal (generation cost) and highly
exchangeable (little loss). Apparently, electrical energy is the
fundamental tradable service in the DCDS operation.

Although energy supply is the fundamental function of a
DCDS, it has to be supported by ancillary services. Ancillary

services help to maintain the reliable operation of power
systems, which is required for delivering power from seller to
purchaser [10]. At AC wholesale level, ancillary services, incl.
frequency regulation and reserve capacity, are traded among
generation companies, which helps to maintain the system
operation at the lowest cost. For DC distribution, however, the
concept of ancillary services still lacks definition. To close this
research gap, this paper will summarize DCDS ancillary
services and estimate their tradability.

To compensate power imbalances, a DSO must guarantee
that there is enough flexibility for real-time power dispatch. It
can be a proper amount of operational reserve capacity for the
settlement of real-time power imbalances. Though such service
is at the cost of flexibility providers’ interests, other prosumers
are not paying for it so the cost-causality is low. To exploit
DER’s potential in providing ancillary services [11], the DSO
should incentivize flexibility providers, for instance by using
day-ahead auctions to ensure operational reserve capacity.

To maintain system security, A DCDS must satisfy power
and voltage constraints. As stated in Sec. II, since nodal voltage
is directly coupled to power, voltage regulation and congestion
management cannot run separately as in AC. Line volume
under congestion is exchangeable among prosumers and they
should coordinate the use this volume. To mitigate voltage
drops and line congestion, energy pricing should be based on
locational differences (causing congestion revenues), so that all
customers implicitly buy line volume alongside energy trading.
In various market models, congestion revenues are allocated
differently among DERSs (incentive for new generation volume)
and the DSO (reinforcement of the congested lines).

Reliability is another major concern for DCDS customers,
but highly reliable energy supply requires huge investments in
redundant system capacity and islanding services. However,
reliability is a public good to all DCDS customers and it is only
exchangeable among customers upon contingency, for instance
during congestion or islanding. To turn this public good into a
cost-causal service, reliability-based DUoS tariff can be
considered. Under this tariff, users with higher reliability
requirements need to pay more, but their connection will be
guaranteed first in case of contingency. As reliability needs a
long-term assessment, this tariff can be fixed on a yearly basis.

TABLE 1 TRADABLE SERVICES IN DC DISTRIBUTION SYSTEMS

Operational requirements Tradable service Participation Exchangeability | Cost-causality | Tradability | Trading horizon
Real-time power balancing Electrical energy All customers High High High Real-time
Day-ahead power scheduling Electrical energy All customers High High High Day-ahead
Real-time dispatch flexibility Operational reserve Flexible prosumers Medium Low Medium Day-ahead
Voltage regulation
Line volume All customers High Medium High Real-time
Congestion management
Reliability upon contingency Reliability-based DUoS All customers Medium Low Low Yearly
Safety, protection, power quality N/A Few customers Very low Very low Very low N/A




Finally, safety, protection, and power quality also play an
important role in the operation of a DCDS. Due to technical
complexity, such services cannot be provided by individual end
customers, so the responsibility still lies with the DSO.
Nevertheless, network codes should apply to DC -electric
devices, so that they satisfy the minimum requirements for
secure DCDS operation.

Based on the tradability and trading horizon in Table 1, the
aforementioned tradable services are further categorized in four
groups, i.e. power scheduling, power balancing, real-time
ancillary services (incl. voltage regulation and congestion
management) and other ancillary services. Based on the trading
horizon, we propose an initial market framework for DCDS,
where the above tradable services are respectively traded in
RTMs, DAMs, or through yearly contracts, as shown in Fig. 1.
Our aim is to design a short-term market framework for DCDS;
therefore, in the following sections we will focus on the
services traded in day-ahead and real-time markets, i.e. energy
trading, operational reserve, voltage regulation and congestion
management.

Electricity
Power
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Scheduling Operational

Reserve

. ) Power
Operational Balancing

Requirements
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Ancillary
Services Il
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Fig. 1. Time Horizons of DCDS Tradable Services

IV. MARKET DESIGN FRAMEWORK

In this section, we will develop a framework for DCDS
market design, including design goals, market participants,
design options and performance criteria.

In 2015, the European Commission carried out a survey on
the current electricity market design [12]; the public concerns
related to distribution-level markets are listed below. First,
pricing schemes should reflect scarcity, but the lack of dynamic
pricing is preventing the integration of demand response in
retail markets. End-user energy tariffs do not respond to the
dynamic wholesale energy prices, nor do they consider the
status of local power balance. Second, there is no locational
difference in the current market mechanisms, while increasing
loads and DERs are causing network congestions. Third, the
existing market models are not designed for renewable source
integration. Hence, full balancing obligations and phasing-out
of public support schemes are major challenges for renewables.
Although the concerns stem from AC market operation, similar
problems are foreseen in DCDS markets. To avoid these
problems starting from the design phase, we will outline a
market design framework for DCDS, using the same method
described in [13] and [14].

A. Design Goals

The fundamental task for a DCDS electricity market is to
dispatch local generation resources at the minimum cost.
However, to meet the specific challenges in the operation of
distribution grids, following design principles are suggested by
the literature.

Open Access [15]. It enables the inclusion of small DERs
and prosumers (smart homes, EVs) in the market.

System support. The market outcome must stay within
system constraints; it should also improve system performance,
such as energy efficiency [16] and system security [17].

Efficient Allocation [16], incl. productive (use the cheapest
resources) and allocative efficiency (allocate them to the ones
that value them the most) [15].

Competitiveness [17)]. Due to limited players, competition
among local DERs is not comparable to wholesale market. To
avoid market power abuse, market mechanisms should provide
better competitiveness among customers.

Stable, Predictable, Effective Price [15]. Electricity price
should reflect locational and temporal power scarcity, but it
should also stay within the customers’ acceptable range.

Transparency [16]. System operational status and market
clearing results should be open to all customers, which reduces
information asymmetry.

Cost-causality [15]. Customers should be paid/rewarded for
their own contribution to public goods and services.

Decarbonization [17]. Clean, renewable DERs need to be
dispatched in priority and the intermittent generation should be
supported by flexibility services.

Social acceptance [16]. A market design needs to be simple
in theory and fair among customers [15]. It should be budget-
balanced so that there is no fiscal imbalance when it is cleared.

Scalability [7]: To serve more customers in a regional
DCDS, the market design should be efficient in computation
and communication. Decentralized mechanisms are preferred.

Cost Recovery [15]. DSO and producer’s revenue should
cover their investments and fixed costs in the long run.

Future Investment Signaling [16]. The market should
indicate new investors to invest in the desired technology, and
place their assets at desired locations.

Nevertheless, some principles are contradictory in practice,
such as allocative efficiency and customer fairness. Hence,
market designers need to compromise on the design principles.

B. Market Participants

After defining the design goals, participant modeling is the
second step of market design. In a DCDS, it starts with the
smallest market entity—prosumer. A prosumer can represent a
single household (serving as a nanogrid), a small shop or a
private EV, which is 1) operated by one decision maker, and 2)
is equipped with a separate smart meter. In this sense, pure
loads, distributed generators and storage systems can also be
seen as partial prosumers, so long as they meet these criteria.



A prosumer has its own goals and interests. Prosumers with
common goals can create an energy community, such as a MG
or a VPP [18]. Within this community market, information is
mostly shared and prosumers tend to trust each other and
cooperate in energy production and consumption. However, in
a distribution system such as a DCDS, prosumers become more
self-interested and cooperation is hardly possible. Therefore,
single prosumers, VPPs and MGs in a DCDS need to trade
energy with each other through the local market. Finally, the
regional DCDS is connected to the transmission network and
trades energy with the wholesale market. Fig. 2 illustrates the
relationship between DCDS markets at different layers and
indicates their correspondence from the technical perspective.

Market layer

Regional market

Community market

Fig. 2. Layers in a DCDS Electricity Market

Technical layer

Distribution

MG & VPP

C. Design Options

To design a market with desired outcomes, one needs to
make choices among the design options. For each tradable
service, the following design options should be considered
when designing an auction, suggested by on [13] and [14].

Bidding parties: defines if an auction is unilateral (only
suppliers bid) or bilateral (both supply and demand side bid).

Bid information: including quantity, quality, price, bidder
constraints and time of delivery.

Trading horizon: determines if a market needs to be cleared
before delivery (ex ante) or afterward (ex post). In a short-term
energy markets, ex ante clearing can be day-ahead, hour-ahead,
or minute-ahead.

Trading interval: depends on the desired time resolution of
the delivery, which can be per day, per hour, or per minute.

Optimization problem: the objective function of a market,
such as min. generation costs or min. loss of load probability.

Constraints: incl. Kirchhoff Current Law, prosumer output
constraints, line constraints, nodal voltage constraints, ramping
constraints, and other customer-related constraints.

Mechanism: centralized mechanisms such as call auction
and continuous auction, or decentralized mechanisms such as
direct (peer-to-peer) trading.

Time steps: decides if the optimization is continuous or
discrete. For optimal dispatch of storage systems, dispatch
should be based on multiple discrete time steps.

Decision making: decides if the optimization is solved in a
deterministic or stochastic manner (with weather scenarios).

Pricing: determines which price the winning bidders need
to pay and whether they are paid the same (uniform-price,
marginal pricing) or differently (discriminatory, pay-as-bid).

Technology neutrality: whether one technology is preferred
or has priority over another. For instance, subsidies can be
given to renewables and storage systems.

Last but not the least, a market needs to have a Rule for
Settlement, which makes up the mismatch in the trading and
the actual delivery ex post.

D. Performance Criteria

Above we have outlined the key elements in the market
design for a DCDS. Finally, to examine whether a market
design reaches its design goals, we need to review its attributes
and evaluate its performance in practice, either by on-site case
studies or by simulations. In 2003, Zhou [19] proposed a
benchmarking rule for major AC wholesale markets in the US.
By applying this framework to our design goals, we propose
performance criteria to benchmark different DCDS market
designs, as shown in TABLE 2.

TABLE 2 DESIGN GOALS AND PERFORMANCE CRITERIA

Design goals Performance criteria

Open access to

Bidding parties, requirements for new prosumers
customers

Support to technical
operation

Voltage fluctuation, OPF, energy losses, volume
of operational reserve, loss-of-load probability

Total producer surplus and total consumer
surplus;
Concentration ratio (HHI index), market power
(Lerner index), market liquidity

Efficient allocation

Competitiveness

Stable, predictable,
effective price

Load-weighted average energy price, ancillary
service price, demand-side participation rate

Information disclosure pre-trade and after the

Transparen L .
sparency market clearing, information asymmetry

Payment scheme based on one’s own

Cost-causality contribution

Priority and subsidy towards renewables, flexible

Decarbonization . . .
services for renewable energy integration

Requirements for computation and

Scalabilit L . .
y communication, decentralized mechanisms

Simplicity and fairness among customers
(minimal satisfaction), budget balance

Net revenue of the DSO and DER

Social acceptance

Cost recovery

Future investment

signaling Total congestion revenue, technology neutrality

V. EXISTING MARKET DESIGNS

Electricity trading is a typical application case in the market
design. It is a combinatorial auction of multiple generation
resources under a set of strict constraints. Due to lack of
storage capacity, electricity supply and demand must be
balanced in real-time at every node, while satisfying the
operational constraints of the power network.

In the past decades, developments in electricity market
design have been focusing on the wholesale-level and
locational marginal pricing (nodal or zonal) has become the
standard design for wholesale electricity markets. However,



distribution-level power systems remain a natural monopoly—
though some effort in retail competition—and energy payments
are largely based on fixed tariff and time-of-use tariffs. As
suggested in [20], future tasks for DSOs should include better
integration of renewable energy and demand-side response,
following the non-discriminatory and market-based pricing
principles in system dispatch. Especially, the price for power
imbalance should be based on the real-time value of energy.
For instance, as stated in [15], a DER’s additional impact to the
distribution network (positive or negative) can be allocated to
its owners, through cost-causal allocation mechanisms. Below
we review some existing works on distribution-level electricity
market design, pointing out their highlights and limitations.

A. Distribution-level Market Design

In 2005, OFGEM, the British government regulator for gas
and electricity, published a framework for distribution network
pricing [16], stressing the influence of distributed generation.
According to the framework, the main objective is to improve
economic efficiency, by sending price signals to network users
based on the costs these users impose on network operation and
expansion. The second objective is to recover DSO’s allowed
revenues, while network pricing should be reasonably stable
and predictable.

To mitigate local grid congestions, Rasmussen et al. [21]
propose three market models for distribution grids based on
different tariff structures. The first market works in a bid-less
day-ahead manner, which is simple in principle and easy to
implement. However, due to lack of real-time control, no real-
time adjustment can be made, either. The second market is
based on real-time bidding, where every generator needs to
submit bids to the market and activates them by the balance
responsible parties (BRP). With real-time measurements from
end-users, this market can be cleared more accurately and it is
less dependent on forecasts. However, to real-time bidding
requires extensive communication and high transaction costs.
In comparison, the third one is also based on real-time, but no
bid is required. Instead, the DSO sends a tariff signal to
customers, which leads their prosuming behavior towards the
desired effect. This design shares many benefits with the
second one, but the DSO must forecast supply and demand
before the delivery, and decide an optimal energy price for the
tariff signal. It is noted that in all the three cases, end-users are
not requested to submit load schedules since it is considered
unrealistic for small customers to schedule their loads. This
affects end users’ motivation to respond to real-time balancing.
Instead, the authors suggest that load forecasts should be done
by a BRP based on historical demand, price information, and
weather forecasts. However, as individual consumers’ load
patterns are highly stochastic, load prediction will be more
challenging and error prone at the distribution level, compared
to wholesale-level prediction where loads are well aggregated.

B. Market Designs for DC Distribution

Compared to AC, only a few papers discussed the price-
based optimal dispatch in a DCDS. Below we briefly introduce
these papers and discuss their merits and drawbacks.

To formulate the optimization function, Gan and Low [6]
study the OPF problem in a DCDS and later solve it using

second-order cone programming (SOCP) relaxation. They
prove that if voltage upper bounds do not bind, the SOCP
relaxation is exact and has at most one optimal solution.
Further, Li et al. [22] study OPF problem for DC microgrids
under a real-time pricing scheme. The model aims to achieve
system cost-efficiency, where each generator is modeled in
terms of various operational costs. To achieve higher accuracy
and faster response, droop control is implemented in each grid-
forming converter, where optimal droop parameters are directly
applied to the local level control. However, the allocation
efficiency depends on how the parameters are adjusted.

To determine consumer energy prices in a cost-causal way,
Asad and Kazemi [23] use the concept of real nodal price to
determine energy payments in a DCDS. The idea is to charge
customers according to their energy consumption using LMP,
plus the marginal losses that they impose. The model is
highlighted by its budget-balanced feature and its application in
meshed DCDS. The model guarantees productive efficiency
and deals with congestions effectively, and the use of LMP
helps the model to meet most of the performance criteria stated
in Table 2. However, the limited competition in a DCDS can
lead to strategic biddings on congestion-prone branches.

To achieve optimal demand response, Mohsenian-Rad and
Davoudi [24] present a control framework for DCDS with both
centralized and decentralized mechanisms. In the latter, price-
based mechanism, a user’s objective function consists of three
parts, namely the user’s utility, the incentive for voltage
regulation, and the incentive for fairness enforcement. This
model gives customers an extra incentive to provide ancillary
services. However, the model does not include the payment for
distribution losses, while the objective functions need further
extensions in order to manage congestions.

The aforementioned papers are mainly focused on unipolar
DCDS. The bipolar DCDS, by contrast, can deliver much
higher power capacity with the same power cables and are
studied recently. To mitigate the impact of asymmetric loading
in a bipolar DCDS, Mackay et al [25] present an exact OPF
model, where partial congestion lead to nodal price differences
between two polarities. However, the nodal price is sensitive to
power imbalances and is, therefore, less stable and predictable.

To sum up, the existing works on DCDS energy market aim
to reach selected design goals stated in Sec. IV.A, such as
economic efficiency, real-time locational balance, cost-causal
payments and customer incentives. They provide some insights
into the specific design principles for DCDS markets, yet did
not provide a larger picture of the top-down market design.
Regarding this, a more comprehensive study on market design
and auction rules is urgently required for the economic
operation of the DCDS.

VI.  CONCLUSION AND FUTURE WORK

DC distribution grid’s unique operational requirements will
pose new challenges to the system operation. This paper
reviews the system services required for DCDS operation, then
investigates the advantages and disadvantages they bring to the
electricity market. A design framework is outlined for DCDS
electricity markets, where design goals, market participants,
design options and performance criteria are briefly discussed.



Finally, we review current studies on distribution-level market
design and indicate the need for more comprehensive studies.

Future work on this topic is suggested as follows. Due to
the limited scale of a DCDS, the aggregation of energy
production and consumption is at a very low level compared to
wholesale markets. Both intermittent renewable generation and
stochastic load patterns are adding to the uncertainty in power
balance, which poses a great challenge to local forecast and
prosumer scheduling. Therefore, when designing local energy
markets, trading horizon and dispatch intervals should be
carefully chosen (for DAM and RTM) to reduce uncertainty at
the lowest cost. New auction mechanisms that help improve
economic efficiency and avoid strategic biddings should be
developed for DCDS energy trading. Meanwhile, guidelines
should indicate how the markets at different DCDS levels
should be coupled to each other for better coordination.

In terms of ancillary services, future work should further
indicate which ancillary services can be provided by individual
customers through a market (such as operational reserve
capacity) and whether such solutions can lower the DSO’s
operational costs. Considering the increasing numbers of DERs
and EVs, a remaining challenge for DCDS is to serve for more
prosumers with existing infrastructure, so as to improve the
load factor of the existing network assets and to postpone
network reinforcement. When energy neutral homes become
popular, the DSOs needs to design new DUoS tariffs that help
them recover their network investments. Finally, simple and
practical market mechanisms should be soon available for
DCDS energy trading, which can be verified and evaluated in
demonstrative and commercial DCDS.

REFERENCES

[1] V. A. K. Prabhala, B. P. Baddipadiga, and M. Ferdowsi, “DC
distribution systems-An overview,” in 2014 Int. Conf. Renew. Energy
Res. Appl., October 2014, pp. 307-312, 2014.

[2] J. P. Torreglosa, P. Garcia-Trivifo, L. M. Fernandez-Ramirez, and F.
Jurado, “Control strategies for DC networks: A systematic literature
review,” Renew. Sustain. Energy Rev., vol. 58, pp. 319-330, 2016.

[3] A.T.Elsayed, A. A. Mohamed, and O. A. Mohammed, “DC microgrids
and distribution systems: An overview,” Electr. Power Syst. Res., vol.
119, pp. 407417, 2015.

[4] US Department of Energy, “Time Based Rate Programs”. Available at:
https://www.smartgrid.gov/recovery act/time_based_rate programs.html
(accessed: 25-04-2017).

[5] E. Rodriguez et al., “An Overview of Low Voltage DC Distribution
Systems for Residential Applications,” in 2015 IEEE 5th Intl. Conf.
Consumer Elec. Berlin (ICCE-Berlin), 2015, pp. 318-322.

[6] L. Gan and S. H. Low, “Optimal power flow in direct current networks,”
IEEE Trans. Power Syst., vol. 29, no. 6, pp. 2892-2904, 2014.

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

L. Mackay, N. H. van der Blij, L. Ramirez-eliondo, P. Bauer, “Towards
the Universal DC Distribution System,” Elect. Power Comp. Sys.
(accepted).

E. Unamuno and J. A. Barrena, “Hybrid ac/dc microgrids - Part II:
Review and classification of control strategies,” Renew. Sustain. Energy
Rev., vol. 52, pp. 1123-1134, 2015.

T. Dragicevic, X. Lu, J. C. Vasquez, and J. M. Guerrero, “DC
Microgrids - Part I: A Review of Control Strategies and Stabilization
Techniques,” IEEE Trans. Power Electron., vol. 31, no. 7, pp. 4876—
4891, 2016.

Federal Energy Regulatory Commission, “Guide to Market Oversight”.
Available at: https://www.ferc.gov/market-oversight/guide/guide.asp
(accessed: 30-04-2017).

M. J. N. Van Werven and M. J. J. Scheepers, “The changing role of
distribution system operators in liberalised and decentralising electricity
markets,” in 2005 Int. Conf. Futur. Power Syst., pp. 1-6, 2005.

European Commission, “Preliminary results from the public consultation
on Electricity Market Design Stakeholder categories,” 2015.

M. Ampatzis, P. Nguyen, and W. Kling, “Local electricity market design
for the coordination of distributed energy resources at district level,” in
2014 5th IEEE PES Innov. Smart Grid Technol. Eur. , 2014.

S. Stoft, Power System Economics: Designing Markets for Electricity.
Wiley-1EEE Press, June 2002.

A. Picciariello, J. Reneses, P. Frias, and L. Soder, “Distributed
generation and distribution pricing: Why do we need new tariff design
methodologies?,” Electr. Power Syst. Res., vol. 119, pp. 370-376, 2015.

G. Strbac and J. Mutale, “Framework and Methodology for Pricing of
Distribution Networks with Distributed Generation,” Cent. Distrib.
Gener. Sustain. Electr. Energy, 2005.

V. Novotny, “The new electricity market design and potential impacts
on vulnerable consumers,” in Eur. Econ. Soc. Comm., 2016.

Y. Parag and B. K. Sovacool, “Electricity market design for the
prosumer era,” Nat. Energy, no. 16032, March 2016.

S. Zhou, T. Grasso Grace Niu, D. Hurlbut, R. Greffe Team Leader, and
E. S. Schubert, “Comparison of Market Designs: Market Oversight
Division Report,” Public Util. Comm. Texas, 2003.

P. Willis, “The EU electricity winter package — market design proposals
at a glance” , Dec. 2016. Available at:
https://www.twobirds.com/en/news/articles/2016/global/%20eu-
electricity-winter-package (accessed: 06-04-2017)

L. H. Rasmussen, C. Bang, and M. Togeby, “Managing congestion in
distribution grids - Market design consideration,” NEAS Energy, 2012.

C. Li et al., “Operation Cost Minimization of Droop-Controlled DC
Microgrids Based on Real-Time Pricing and Optimal Power Flow,” in
Proc. 41th Ann. Conf. IEEE Ind. Electronics Soc., [IECON 2015, 2015.

R. Asad and A. Kazemi, “A novel practical fair nodal price for DC
microgrids and distribution systems,” Sci. Iran. D, vol. 21, pp. 2232—
2242,2014.

H. Mohsenian-Rad and A. Davoudi, “Towards building an optimal
demand response framework for DC distribution networks,” IEEE
Trans. Smart Grid, vol. 5, no. 5, pp. 2626-2634, 2014.

L. Mackay, G. Morales-espania, L. Ramirez-elizondo, and P. Bauer,
“Optimal Power Flow in Bipolar DC Distribution Grids with
Asymmetric Loading,” in IEEE Int. Energy Conf., no. 3, p. 5, 2016.




<<
  /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 true
  /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
    /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
    /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
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /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
    /SILDoulosIPA
    /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
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


