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Abstract—Future power systems will have to integrate large
amounts of wind and solar generation to drastically reduce CO,
emissions. Achieving this goal comes at the cost of a reduced level
of the system inertia and an increased need for fast response
services. Previous research has shown the effectiveness of
thermostatically controlled loads (TCLs) providing frequency
response, and the ability to accurately control the aggregate
power consumption of TCLs. In this paper, we explore the design
space of frequency response patterns of flexible TCLs. Two
distinct frequency response implementations are presented. The
first makes the TCLs’ power consumption a linear function of
system frequency and/or its rate of change; in the second, TCLs
respond to a frequency event tracking a pre-programmed
reference power profile. Computer simulations illustrate
strengths and weaknesses of the proposed implementations in the
context of the GB 2020 Gone Green scenario.
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I. INTRODUCTION

The penetration of renewable energy sources (RES) in
electricity systems worldwide is quickly increasing in an
attempt to reduce the greenhouse gas emissions produced by
conventional generators. However, beside the environmental
benefits introduced, this profound change in the traditional
generation portfolio is a concern for system operators; since
most of the RES (e.g. wind and solar generation) are
mechanically decoupled from the AC network, they do not
naturally contribute to the system inertial response [1]. With a
reduced level of inertia, the absolute value of the rate of change
of frequency (RoCoF) after a sudden infeed loss will increase
considerably [2]. A larger RoCoF may trigger the generators’
RoCoF-sensitive protection schemes; the consequent cascading
disconnection process may lead, in the worst case, to a
blackout [3].

During the first instants after a generator failure, the RoCoF
is primarily a function of the system inertia and the amplitude
of the generation-demand imbalance, before the generators’
governor response is deployed. A look at the future GB
generation scenario reveals the severity of the risk faced by
National Grid (NG), the GB system operator. The installed
wind capacity is expected to reach 25 GW by the year 2020
and the maximum infeed generation loss grows from 1.32 GW
up to 1.8GW [4]. Moreover, if the frequency drops more
rapidly, conventional generators may not be fast enough at
limiting the deviation and keeping it within the security limit
by means of their governor responses. The resulting frequency
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nadir would potentially activate the costly Load Frequency
Demand Disconnection (LFDD) scheme [4]. As a result, the
lack of system inertia may cause violations of the GB Security
and Quality of Supply Standard (GB-SQSS) [5]. Hence, a
significant increase of the amount of primary frequency
response is required to contain the fast transient frequency
evolution within acceptable limits. Previous works investigated
the ability for thermostatically controlled loads (TCLs), such as
refrigerators and air conditioners, to modulate their aggregate
power consumption in order to provide short-term frequency
response [6, 7]. However both these methods revealed
drawbacks. The first showed the tendency for devices to
synchronize their cooling cycles; the second solves the
synchronization at the expense of a limited speed and
magnitude of the power reduction available for the network.

In this paper we build upon our recent results that enable
accurate decentralized and non-disruptive control of aggregate
power consumption of distributed TCLs [8]. In particular we
compare the performances of two distinct implementations of
the hybrid stochastic-threshold controller developed in [8]. The
first makes the TCLs response a linear function of the system
frequency and/or its RoCoF at all times; four combinations are
considered. The second implementation considers the tracking
of a pre-programmed reference power profile triggered by the
initial frequency deviation after a generation outage. We test
the effectiveness of the two controller implementations on a
basic but intuitive power system model; this model mimics the
dynamics of the future GB network under the 2020 Gone
Green scenario [4]. Computer simulations illustrate the
increased ability of the power system to integrate renewable
generation when TCLs are controlled with the strategies
proposed. Furthermore, the positive contribution of demand
side response is studied not only over the short-term time scale
of primary response (few seconds) but also over the longer
time window of the secondary response (several minutes) [9].

II. AGGREGATION AND CONTROL OF TCLS

Recently, we proposed in [8] a novel approach to accurately
control the aggregate power consumption P(t) [W] of a large
population of heterogeneous thermostatic appliances by means
of a decentralized deterministic-stochastic controller. The
capabilities of this controller are summarized by the constraints

P(t) = Py - 11(t) (1)
Hmin < n(t) < ”max (2)
Tmin =< T(t) < Tmax (3)
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The first equation shows that the instantanecous aggregate
power consumption of a population of TCLs is given by the
average steady state population consumption P, [W],
modulated by a reference signal I1(t). The steady state is
described by I1(t) = 1. It is demonstrated in [8] heterogeneous
appliances can achieve this target in a decentralized manner if
they share the same reference signal. The control framework
allows for either an off-line broadcast or an on-line local
computation of [I1(t); in the first case TCLs follow a pre-
programmed profile, in the second one, they compute the
reference profile depending on the actual evolution of external
variables (e.g. system frequency). However, the possible
reference power profiles are bounded by (2); we refer the
reader to section II-B for the mathematical expression of I1,,;,
and I,,,, and to [8] for further details and the derivation of
these thresholds. The final feature (3) is a temperature
constraint, reflecting the need for TCLs to perform their
primary function. The population average temperature T ()
[°C] — and the temperature of individual appliances — is kept
within an acceptable interval [Ty, Tmax] at all times. This
constraints is equivalent to an integral constraint on [1(t) (as
will be shown in equation 6).

The constraints (2) and (3) are sufficient conditions, so a
reference signal that satisfies them is guaranteed to be
implementable by individual devices. As a result, there is no
need to perform device-level simulations to prove the
feasibility of a specific response. Finally, the collective
response does not require a central real-time communication
infrastructure (costly and not immune to disturbances).

A. Short derivation of aggregate TCL modeling and control

Below we present a summary description of the TCL
aggregate thermal model. Let us consider first a single generic
thermostatically controlled device a; its regular operation
consists in the alternation of two operating conditions. The first
is a passive heating/cooling phase during which the power
drained is essentially nil; instead, the specular condition is
active in the sense that the power consumption is constantly at
the nominal value P%, [W] (maximum). Hence, the appliances
will perform a state switching from passive to active mode
when the controlled temperature reaches the upper/lower
temperature limit, Ty,q/Timin; @ state jump in the opposite
direction (active — passive) is triggered by reaching the
lower/upper threshold, Tp,in/Tmax- These appliances are
usually described by variations on the following linear first
order dynamic model [7]:

1
are) |~ (T O =T5) if %) =0
dc
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- TUO-TH) i s =1

It illustrates the evolution of the temperature T%(t) of an
appliance a in relation with the binary thermostat’s cooling
state s?(t), that can thus assume values 1 if the TCL is on or 0
if off. Moreover, the thermal time constant of the model is
% [s]; Torr [°C] and Tgy,[°C], respectively, denote the ambient
temperature and the asymptotic temperature achieved by a
TCLs that it is always maintained in the on state. TS,
incorporates a physical model of heat exchange. Considering a

population of N>>1 TCLs, equation (5) follows from the
linearity of (4);
1 dTe(t)
N dt
a
1
N
a —
This property indicates that the mean temperature T(t) =

6))

Tt) — Topp + s2(t)( of f ~ Ts)

Ta

%Za T%(t) of a large population of TCLs evolves as (6), in

case of TCLs with identical parameters T, Tyy,, Torf (these
parameters no longer need the superscript a)

dT(t) 1.

a4 C 7 [T(®) = Topr + (@) - (Topr = Ton)].  (6)
Hence, m(t) =~ o 5%(t) = P(t)/(N - P&) € [0,1] is the

aggregate power consumption P(t) relative to the maximum

achievable level. A comparison with (4) shows that the average

temperature of a cluster of TCLs actually retraces the

temperature evolution of a single large device with a variable

cooling rate. The definition of the steady state relative power

consumption 7, directly follows from (6)

Torr — T,

M, =2 2 (7

Tof f— Ton

with T, the average steady state temperature.

B. Additional characteristics of the control framework

The reference power profile is defined as I1(t) = m(t)/m,,
so that that [T1(t) = 1 corresponds to a steady state condition
for the power consumption. The design of the reference profile
T1(t) is subject to limitations in (2); in [8] we derived these
constant thresholds as function of the temperatures of the TCL
model. The mathematical expressions of these quantities is:

_ (Tos = Tnax) T = Tin)
nmin - =
(Tmax - Tmin) (Toff - To)

(8a)

nmax _
_ (Tmax - To) (Tmax - Ton) + (Toff - Tmax)(Tmax - Tmin)
(Tmax - Tmin)(Toff - To)

(8b)

Note that the control strategy developed in [8] is applied to

an heterogeneous population of TCLs. In this paper we assume,

for simplicity, the presence of identical TCLs, but extensions to
heterogeneous device populations are straightforward.

III. DESIGNING CONTROLLER IMPLEMENTATIONS

We now proceed with the descriptions of the two controller
implementations. Their aim is to maintain the grid frequency
above the minimum security threshold f,,;, and its rate of
change above RoCoF,,;,. It is worth pointing out that this
analysis will focus on initial demand-response power
reductions and subsequent recovery process; these actions are
performed to limit the frequency drop (negative value)
consequent to a generator outage. Cases where the system
frequency suddenly becomes larger than the nominal value
(total generation larger than total system load) are therefore not
considered in this paper.



A. The frequency linear controller

The control architecture introduced in previous section
allows making a simple choice for tailoring demand side
response profiles. Hence, we propose

M, =1+ K Af + K, % ©)

This controller has the desirable property that, after the
demand response activation, the power consumption of the
TCL population is always a linear function of the system
frequency (modulated by K;) and its rate of change (K,).

Initial proposals for temperature-deadband controllers (e.g.
[6]) could not guarantee such a linear relation between power
consumption and frequency. Such controllers induce an initial
power reduction that is approximately proportional to the
initial frequency drop, but when frequency recovers, the TCLs
that have been switched off do not automatically switch back
on. Instead, they do it when their temperatures reach the
constant upper thresholds.

Considering (9), four sub-implementations of the linear
controller are proposed:

A: Ky = 0; K| My (finin) = Hsuse (10a)
B: K, = 0; Ky |[Myin (fmin) = nin (10b)
C: Ky = 0; Ky |11, (RoCOF ) = My, (10c)
D: Kll”lin(fmin) = ”min' Kzlnlin(ROCOFmin) = nmin (IOd)

In case A, the value of K; is chosen such that when the
frequency achieves the minimum security threshold f,,;,, the
reference power level is

(an

This represents the lower sustainable power limit, which can
be sustained indefinitely without violating the temperature
constraint (3) [8]. This conservative assumption permits to
ignore the dynamics of frequency recovery; even if frequency
is constantly maintained at f;,,;;, the appliances will still be able
to provide their support indefinitely. Case B is similar, but it
provides greater frequency support because the devices achieve
the is the minimum accessible instantaneous power level I1,,;,
in (8a). This response cannot be maintained indefinitely, but
this poses no problems in practice given the short duration of
frequency support. Both cases A and B are insensitive to the
RoCoF (K, = 0).

In contrast, case C uses only the RoCoF as a control signal
(K; = 0). This means the TCL contribution is higher during the
very first instants of the frequency transient period as the
RoCoF is minimum (negative value), but the contribution
vanishes when frequency is at the nadir; afterwards, the RoCoF
becomes a positive quantity (still constrained by (8b)) and thus
the TCL power consumption is higher than the steady state
level, i.e. II(t) > 1. The implication is that the energy
borrowed from TCLs is (partially) paid back already by the end
of the primary response service.

Tnax — T,
Mo =1 (72232,
off — 1o

Finally, case D tailors the power response depending on
both frequency and RoCoF, combining elements from B and C.
This version provides rapid and substantial support as the
control action is maximized from the first instants after the

frequency drop (RoCoF term) and continuing until the
frequency reaches the nadir (frequency term). In all cases, the
on-line controller enforces that the reference power
consumption II(t) respects constraint (2) at all times. The
temperature limits in (3) are also enforced — and can be
monitored by integrating (6). However, the latter are not
usually binding on the time scale of frequency restoration.

B. The pre-programmed controller

The second application of the hybrid stochastic-threshold
controller considers the tracking of pre-programmed power
curve in response to a generator outage. This response may be
triggered by the consequent frequency drop, but is not affected
by the frequency signal after it commences; this additional
feature could be implemented without significant changes.
Nevertheless, the programmed response should depend on the
system state and the size of the population of frequency-
responsive loads. For instance, the tailored response might be
able to avoid over-reaction that might result in a positive
frequency excursion when the TCL power reduction is larger
than the initial generation-demand imbalance. In order to
estimate the actual power imbalance, TCLs need to calculate
the rate of change of frequency and recognize the level of
system inertia H. As the approximate system inertia may be
predicted with reasonable accuracy, this information could be
broadcast by means of smart meters, along with an indication
of the total amount of frequency-responsive load on the system.
The communication delays involved in this channel would not
be critical. By having awareness of these quantities, the
amplitude of the power imbalance AP can be inferred by:

AP = ZH% (12)
Note that (12) holds only in the first seconds after the
frequency event. Depending on the detected amplitude of AP
and the collective response capability, the appropriate pre-
programmed response would be triggered for the appliance.

The TSO or the demand response aggregator has the
freedom to design complex response Il,,(t) according to
system commercial/technical requirement. The only hard
limitations are enforced by constraints (3) and (2). For the
simulations carried out we assume for simplicity the perfect
evaluation of AP; moreover we focus on the impact of the
maximum power support from TCLs in order to face the
maximum expected infeed generation loss [4].

C. Demand side response activation

An important aspect is the criterion for demand response
activation; both methods exploit the grid frequency signal and
its rate of change to trigger the TCLs frequency response. Fig.
1 shows the activation scheme.

<= Qperational_limit }47
[ 1
OR <= RoCoF_limit |¢—{du/dt|¢— .

derivative  grid frequency signal

Fig. 1. Schematic of the demand side response activation.
Demand response is triggered by either one of two

conditions that correspond to an emergency state for network
frequency control. In the first case, frequency drops below the



operational limit [5]; in the second case, the RoCoF (negative
quantity if frequency drops) falls below the minimum accepted
value [5].In practice, such a design could be implemented in a
fully decentralized way.

IV. CASE STUDY

We consider two cases in accordance to National Grid’s
2020 Gone Green Scenario [10]. The high wind scenario
assumes 20 GW of wind power supplying the system; in the
low wind scenario, the wind output is limited to 5 GW. For
each scenario, we vary the system demand from 30 to 55 GW
in 5 GW steps. Moreover, we assume that the wind farms do
not provide inertial support or governor response [1]. The
operational limit equals 49.8 Hz [5], while the minimum
RoCoF is set to -0.5 Hz/s. It is worth pointing out that this
value differs from the current NG setting (-0.125 Hz/s [5]) and
it is in agreement with NG suggestions for future low carbon
scenarios [4].

A. Power system model

We make use of the standard linear frequency response
model described in [11]; this model considers the presence of
generators able to provide primary response only and other
units that can supply both services. The model is then extended
(see Fig.2) to integrate the demand response support and the
reserve contribution provided by further generators.

frequency

Turbine Governor

1 1
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generators only primary

droop

x|

droop

generators both primary and secondary

Turbine Governor

Generator failure

activation secondary resposne revovery

' i ll secondary response recovery

demand side response

4' DSR frequency |17

Fig. 2. Linear system frequency response model.

Furthermore it is worth pointing out that the provision of
secondary response from generators is maintained for 30
minutes after the failure [9]; afterwards, the power provided
reduces linearly (within 15 minutes) and it is replaced by
reserve units. The parameters of this model are chosen to
qualitatively match the frequency dynamics of the GB system;
In particular, the time constants for the governor and the
turbine are t;=Is and t,;=10s. The constant of inertia for the
synchronous generators is 4.5s, while the values for the gains
are K=3.33 and K,=0.025. All these parameters are multiplied
by the amount of synchronous generation [MW] and divided
by the nominal frequency [Hz]; the load damping effect D=1 is
in units of MW/Hz as it is multiplied for the total system
demand and divided by the nominal frequency. A step function
simulates at the time failure tr,; = 10s a sudden generator
outage; the amplitude of the generation loss is set at 1.8 GW
that nowadays represents the maximum expected infeed

generation loss for the GB power system [4]. The software
used for simulations is Matlab-Simulink [12].

B. Thermostatically controlled loads

In this paper, we consider domestic refrigerators with a
built-in freezer compartment. A single thermostat is assumed to
govern the freezer temperature evolution; by controlling the
freezers’ temperature dynamics, the temperatures of the fridge
compartment are maintained within safe limits. The parameters
of the first order thermal model (4) are taken from [13]; in
particular, T4, =-14°C, Tipin=-21°C, Ton=-151°C, T, ¢,=20°C,
7=5h and P =180W. The cluster of TCLs is assumed to count
45 million units [13] so that their population level steady state
power consumption is 1.77 GW. The appliance power response
with the frequency linear controller is exclusively driven by the
frequency deviation and RoCoF evolution. For the second
implementation, the reference power profile is designed off line
and we take as a reference response profile the blue solid curve
in Fig.3. It is worth pointing out that this paper does not aim to
determine the optimal shape of the pre-programmed response
profile IT,,(t); the optimal allocation of frequency response
services could be also driven by further technical and economic
issues.

Maximum tempefature
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— Reference profile 15,
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Fig. 3. Reference power profile (blue solid) and associated average
temperature evolution (green solid).

The selected reference profile IT,,(t) can be followed by
TCLs as it respects condition (2) and the associated average
temperature evolution does not violate (3). Note that [T, (t)
provides maximum support for primary and secondary
response: once the frequency drop triggers the demand
reduction, it achieves the lower boundary of equation (2) (see
(8a) also) in one second. This reduced power level is
maintained for 30s (primary response) and for a further 30
minutes (secondary response) [9]. Afterwards, the profile
recovers the pre-fault value by means of a positive ramp (15
min). Payback patterns are not considered in the short-term
scope of this analysis. However, the stochastic-threshold
controller developed in [8] is able to boost the power
consumption in order to speed up the recovery of the average
temperature. Even in this case the optimal shape and amount of
extra-power absorbed would be the outcome of several
technical and economic aspects.

V. RESULTS

The effectiveness of the proposed control methods is
illustrated in Fig.4 for both the low (4.A) and high (4.B) wind
scenarios. Without implementing any demand control scheme,
the frequency nadirs (violet) would drop below the security
limit, (grey) finin= 49.2 Hz, in most low-demand scenarios,



especially in the high wind case. The results do not
significantly improve by making use of versions A (yellow)
and C (green) of the frequency linear controller. The former
only enables a poor maximum power reduction (I1,;, <
I,st), whereas the latter contributes mostly in the first
instants, dropping to zero the frequency nadir.
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Fig. 4 Frequency nadirs for low wind (A) and high (B) wind penetration.

Conversely, the other linear controllers (case B (blue) and
D (black)) and the pre-programmed implementation (orange)
provide promising overall results. The associated frequency
nadirs are above the security limit, implying that the available
wind capacity can be used to supply the system demand
without being curtailed. Only in one severe scenario (30 GW
demand and 20 GW of wind) are the TCLs unable to contain
the frequency drop within the security limit; a deeper
penetration of TCLs (e.g. commercial refrigeration) could
easily cover this frequency response shortage. We now
compare in more detail the three most effective solutions.
Version D of the linear controller performs slightly better than
version B; the power reduction is quicker as it exploits the
RoCoF evolution that is maximum just after the frequency
drop. On the other hand, the pre-programmed controller
generally results in the smallest frequency deviations. For a
few severe cases in the high wind scenario, the performance of
the pre-programmed controller and the linear one (case D) are
equivalent; frequency falls vary rapidly (high RoCoF), so the
initial power reduction with the linear controller resembles the
fast reduction of the pre-programmed power profile.

For the remainder of the paper, we will only consider the
scenario with 45 GW of demand, 20 GW of wind and the
remaining difference supplied by conventional generators.
Moreover, we will focus only on the most effective strategies,
the pre-programmed controller (red) and Case D of the
frequency linear controller (black).

A. Frequency evolution

The first instants (50s after the disturbance) of the system
frequency evolution is shown in Fig. 5. With both responsive
demand strategies, the frequency nadir is held at a significantly
higher value than the security limit of 49.2 Hz. The frequency
evolution with the linear controller is more damped; this effect
is consequence of the positive value of the RoCoF after that
frequency achieves the nadir. In fact, during this phase, the

A
second term of (9), K, -dd—tf, opposes the first term, thus
reducing the TCLs’ response. This counteractive behavior
terminates quickly as the RoCoF tends to zero after the primary

response provision, while the frequency deviation is a negative
quantity at all times.
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Fig. 5. Initial evolution of system frequency with pre-programmed controller
(red), frequency linear controller D (black) and without (blue) demand
support.

We now increase the time window to assess the benefits of
demand side response also in the secondary response/reserve
time interval. The complete frequency evolution until the
restoration of the steady state condition is shown in Fig. 6.

—No control
—Pre-rogrammed controller
—Linear frequency controller D

49, | ‘
0O 10 20 _ 30 40 50 60

Time [min]

Fig. 6. System Freqeuncy evolution and restoration with pre-programmed
controller (red), frequency linear controller D (black) and without (blue)
demand support.

The provision of secondary response with the pre-
programmed strategy (red) speeds up the restoration of
frequency to acceptable values as it maintains the power at the
minimum level for 30 min. The linear controller (black) instead
imposes a slightly slower frequency recovery compared to the
reference case (blue).

B. Impact of TCL support on response and reserve services
provided by conventional generators
The second case study highlights the ability of demand
response to replace frequency services provided by
conventional generators operated part-loaded — or by costly



rapid start units. The fast response provided by generators only
in charge of primary control drastically reduces (see Fig. 7) as
a result of the TCL contribution (red and black curves),
compared to the reference case without demand (blue).

1000 ;
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Fig. 7. Power supplied by generators that provide only primary response with
pre-programmed controller (red solid), frequency linear controller (black
solid) and without demand support (blue solid).

This result has a significant impact on system scheduling;
the reduced need for part-loaded generators implies an ability
to de-commitment expensive units. The amount of power
supplied by generators providing both primary and secondary
response (Fig. 8) is significantly reduced only with the pre-
programmed controller (dash red) as it sustains the maximum
TCL response for 30 min.
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3 No control
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Fig. 8. Power provided by generators in charge of primary and secondary
response with pre-programmed controller (red), frequency linear contorller
(black) and without demand support (blue). Reserve with and without demand
response (green) provided by additional generators.

In addition, the power ramp rate to provide secondary
response decreases, facilitating the replacement of fast but
costly generators with other units. The frequency linear
controller cannot guarantee similar benefits as the TCL
participation in the secondary response is poor, despite the
significant primary response contribution. The reserve supply
after 30 min does not change; however, the generators that now
do not provide secondary response anymore can facilitate the
fulfillment of the reserve requirement.

CONCLUSIONS

The paper explored the range of frequency response
contributions that can be delivered by smart thermal appliances
with freely designable response curves, and how they affect the
system’s frequency performance. Two qualitatively different
implementations, the frequency linear controller and the pre-
programmed controller, were introduced and analyzed in the
context of a low carbon generation scenario. Different

variations of the frequency linear controller were tested. The
versions of the linear controller with a maximum reduction
equal to Il;,s; and the version that is only sensitive to the
RoCoF were found to provide poor frequency support. The
variations that are able to reduce the TCLs’ consumption up to
I, In response to frequency deviations, either with or
without additional sensitivity to the RoCoF, provide substantial
support to the system’s primary response. The alternative
strategy, the pre-programmed controller, has the benefit of
providing both substantial support and flexibility. The system
operator or demand response aggregator has the freedom to
design complex responses in accordance with the technical and
commercial requirements of the network. Moreover, this
implementation enlarges the range of applications for TCLs;
beyond the frequency services, TCLs could perform energy
arbitrage using the same pre-programmed control framework.
Further work will study the impact of delays in the activation
and deployment of the demand reduction, and — for the
preprogrammed controller - the impact of mistakes in system
identification.

REFERENCES

[1] G.Lalor, M. Mullane and M. O'Malley, "Frequency control and wind
turbine technologies," IEEE Trans. Power Syst., vol. 20, n. 4, pp. 1905-
1913, Nov 2005 .

[2] PPA Energy, "Rate of Change of Frequency (ROCOF) Review of TSO
and Generator Submissions - Final Report Submitted to: Commission for
Energy Regulation," May 2013. [Online]. Available:
http://www.cer.ie/docs/000260/ppa-rocof-final-report.pdf.

[3] A. Dysko, 1. Abdulhadi, X. Li and C. Booth, "Assessment of Risks
Resulting from the Adjustment of ROCOF Based Loss of Mains
Protection Settings," June 2013. [Online]. Available:
http://www.nationalgrid.com/NR/rdonlyres/D3F18F81-BFE8-4BA1-
8B82-CCD6CDO0A0A4F/62018/GC0035IndustryConsultationv10.pdf.

[4] National Grid, "Electricity ten year statement," November 2013.
[Online]. Available: http://www?2.nationalgrid.com/UK/Industry-
information/Future-of-Energy/Electricity-ten-year-statement.

[5] National Grid, "GB Security and quality of supply standard," 2012.
[Online]. Available: http://www2.nationalgrid.com/UK/Industry-
information/Electricity-codes/System-Security-and-Quality-of-Supply.

[6] J. Short, D. Infield, and L.L. Freris, "Stabilization of grid frequency
through dynamic demand control," /[EEE Trans. Power Syst, n. 3, 2007.

[7] D. Angeli and A. Kountouriotis, "A Stochastic Approach to “Dynamic-
Demand” Refrigerator Control," /EEE Transactions on Control Systems
Technology, vol. 20, n. 3, pp. 581 - 592, 2012.

[8] S.Tindemans, V.Trovato and G.Strbac, "Decentralised control of
thermostatic loads for flexible demand response," IEEE Trans. Control
Syst. Technol. - in press, 2014.

[9] National Grid , "Mandatory Frequency Response," [Online]. Available:
http://www?2.nationalgrid.com/uk/services/balancing-services/frequency-
response/mandatory-frequency-response/.

[10] National Grid, "Frequency response technical sub-group report," Nov
2011. [Online]. Available: http://www.nationalgrid.com.uk/.

[11] P. Kundur, Power system stability and control, London: McGraw-Hill,
1994.

[12] Mathworks, "Matlab, the language of thechnical computing," [Online].
Auvailable: http://www.mathworks.co.uk/products/matlab/.
[13] V.Trovato, S. Tindemans and G. Strbac, "Security constrained economic

Dispatch with Flexible Thermostatically Controlled Loads," in 5th IEEE
PES ISGT Conference, Istanbul, 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


