
Adaptive Building Load Control to Enable High
Penetration of Solar Photovoltaic Generation

Jin Dong, Mohammed M. Olama, Teja Kuruganti,
James Nutaro, Yaosuo Xue, Isha Sharma,

Oak Ridge National Laboratory

Oak Ridge, TN 37831 USA

Email: {dongj,olamahussemm,kurugantipv,
nutarojj,xuey,sharmai}@ornl.gov

Seddik M. Djouadi
Dept. of Electrical Engineering and Computer Science

The University of Tennessee

Knoxville, TN 37996 USA

Email: mdjouadi@utk.edu

Abstract—This paper investigates the use of a collection of
dispatchable heating, ventilation and air conditioning (HVAC)
loads to absorb the slow (low-frequency) fluctuations in solar
photovoltaic (PV) generation. We find the optimal number of
aggregated HVAC loads that offset fluctuations in PV power using
power-frequency analysis. To guarantee quality of service, in a
fleet of residential/commercial buildings, a quadratic optimization
problem is formulated to compute the optimal schedule for a
given set of HVAC loads, while maintaining occupants comfort
and PV generation constraints. The proposed mechanism not
only minimizes the tracking error between PV generation and
total consumption, but also significantly reduces the capacity of
the required energy storage devices (ESD) such as batteries and
fly-wheels. Simulation results show that the proposed mechanism
is able to achieve good PV tracking performance as well as obtain
a minimal ESD capacity. We show that most of the renewable
generation can be consumed locally through an intelligent coor-
dination of HVAC loads that minimizes the impact on the grid
and reduces the need for large capacity of ESD.
Index Terms—Building and home automation, energy storage,

optimization, advanced and renewable energy technologies, solar
photovoltaic power, HVAC.

I. INTRODUCTION

Electric power producers are shifting from using fossil fuels

to renewable sources (RES) to generate electricity. RES are

expected to account for approximately 24% of new generation

capacity by 2040, and are expected to consist predominantly of

wind and solar power [1]. Considering intermittent, uncertain

and uncontrollable nature of wind and PV generation, the vast

integration of large amount of renewable generation would

cause output variability and put significant stress on the

balance of electric grids. These unwanted characteristics pose

technical challenges to regional grid operators and distribution

utilities maintaining network frequency and voltage stability

[2], [3]. In order to address these challenges, demand side

control presents a novel and viable way to assist in managing
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the balance between supply and demand in the power grid.

The massive power consumption and enormous thermal stor-

age enable heating, ventilation and air conditioning (HVAC)

systems as a great flexible resource for this kind of demand

side service.

Many researchers have looked towards thermostatically

controlled loads (TCLs) to provide demand side services.

HVAC systems together with building thermal mass, as the

main type of power consumption, can significantly affect the

building cooling load due to their considerable capacities and

resistances that may be used for demand dispatch. A number of

research studies have been conducted to investigate the perfor-

mance and effects of demand response using HVAC systems

(see [4]–[6]). Overall, even with all these referenced works,

there is still immense need to gain a deeper understanding

of the availability and flexibility of HVAC load. The work

in [7] presented a methodology to enumerate the flexibility

of thermostatically controlled appliances. Meanwhile, using

HVAC systems to provide ancillary services have gained a lot

of attention (see [8]–[10]).

The authors of [11] have proposed the idea of initially

decomposing the regulation signal into different frequency

bands, and conducting demand dispatch corresponding to

the matching frequency. Specifically, in order to help offset

volatility caused by wind generation, they claim to use fans

in HVACs to provide high frequency demand side services,

while water pumps contribute to low frequency. Along this

line, we did some preliminary analysis for the frequency of PV

generation [12]. Through the obtained power spectrum density

(PSD), we found out that the dominating frequencies of PV

generation lie below 10−3 Hz, which is consistent with [11].
Moreover, it is challenging to directly manipulate fan speeds

of HVAC systems under current infrastructure, especially for

residential houses. No need to mention water pumps are not

widely installed across the nation as HVACs, which greatly

limits its application scenario. Therefore, we propose a simple

and straight forward solution, which is to utilize existing

HVAC systems inside residential houses.

The key idea of this paper is to utilize this low frequency

HVAC loads to absorb solar fluctuation in the same frequency

band. It should be mentioned that, this hybrid battery storage



idea has been studied in [13] to smooth wind power generation

based on wavelet decomposition method. More recently, [14]

talks about using battery-supercapacitor hybrid energy storage

system to release the dynamic stress from PV generation.

The main contributions of this paper are as follows. We

attempt to shape HVAC loads to track PV generation profile, as

well as to minimize the size of energy storage devices (ESD).

To guarantee quality of service (QoS) in a fleet of residential

buildings, a quadratic optimization problem is formulated to

compute the optimal schedule of the HVAC loads subject

to temperature comfort band and available PV generation.

Compared with existing literature, a more practical HVAC

model is considered in the proposed mechanism.

The remainder of this paper is organized as follows. Section

II introduces a physics-based model of a single HVAC and

a preliminary result for frequency analysis. Section III then

derives an optimization formulation for aggregated HVAC

loads. Section IV presents the simulation results to validate

the tracking performance using a set of real temperature and

solar power data. Finally, Section V summarizes the paper and

presents the conclusions.

II. SYSTEM MODELING

A. HVAC Model

In this section, we describe the model used in this work

and formulate the problem. The system model was proposed

in [15] and employed in [16], [17]. Consider the following

continuous-time linear time invariant (LTI) system based on

the dynamics of the room temperature, interior-wall surface

temperature, and exterior-wall core temperature:

ṫ1 = 1
C1
[(K1+K2)(t2− t1)+K5(t3− t1)+K3(δ1− t1)+uh

+uc+δ2+δ3]
ṫ2 = 1

C2
[(K1+K2)(t1− t2)+δ2]

ṫ3 = 1
C3
[K5(t1− t3)+K4(δ1− t3)]

where the parameters used in the above model are defined as:

Variables Definition
t1 room air temperature [◦F]
t2 interior-wall surface temperature [◦ F]
t3 exterior-wall core temperature [◦ F]
uh heating power (≥ 0) [kW ]
uc cooling power (≤ 0) [kW ]
δ1 outside air temperature [◦ F]
δ2 solar radiation [kW ]
δ3 internal heat sources [kW ]

TABLE I: Parameter definition

All the other variables are constants. The system states are

the room air temperature t1, interior wall surface temperature
t2, and exterior wall core temperature t3. The control signals
uh and uc represent heating and cooling power, and they can

be combined as one variable u = uh + uc because heating

and cooling are not simultaneous. For more details about this

model, please refer to [15], [16].

Then the thermal model for each individual building is give

in state-space form as:

Ẋ = AX+BU+GV (1)

where (using parameters defined in Tab. I)

• States X = [t1, t2, t3] ,
• Inputs U = [uc] ,
• Disturbances V = [δ1,δ2,δ3] .

It should be mentioned that we are doing summer cooling case

only in this paper. State-space matrices A,B,G can be obtained

for any given building, and disturbance V is recorded for that

specific location.

B. Frequency Response Validation

Spectral analysis of solar PV power output is required

to better understand its frequency content and, therefore,

optimally assign the different building loads to the appropriate

frequency bands (time scales). Fig. 1 shows the frequency

domain of a typical summer day of solar PV power output

collected from PV cells located on the roof of our Lab. It

is observed from Fig. 1 that the cutoff frequency of the low

frequency content is about 10−3 Hz (≈ 16.7minutes), which
contributes to over 98% of the total PV generation. This is

a promising finding such that we can aggregate appropriate

number of HVACs to generate a matching consumption profile

with the same time scale.

Detailed frequency spectrum analysis of PV generation is

beyond the scope of this paper. Interested readers can refer to

[12] for more details.
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Fig. 1: Spectrum of PV generation

In the sequel, we will investigate whether it is possible to

generate a similar power consumption profile with the same

frequency by aggregating HVAC loads only. More importantly,

an optimal scheduling framework is proposed to dispatch

HVAC loads without affecting occupants’ comfort.

III. OPTIMIZATION PROBLEM FORMULATION

In this studied summer cooling scenario, the thermostat

setting point we choose is 26◦C. And a ±2◦C comfort band

is allowed. To make the total power consumption track the

available power generation from solar panel, the controller has

the freedom to fluctuate temperature inside this comfort band.



We consider the problem where indoor temperature t1 is re-
quired to remain within certain bounds of a constant deadband

in the presence of the disturbance vector V . Moreover, we can
assign set-points for t1, but without any other constraints on
t2 and t3. Thus, we can regulate the output error ek := xk −xr
at each time step k, where xr is the setpoint vector of x.
We aim at minimizing the error e to keep the temperature

t1 close to the desired value. We also require the total control
inputs Usum to follow given PV generation PPV signal, i.e.,

Usum(t) :=
Ns

∑
j=1

u j(t)≈ PPV (t), (2)

where Ns denotes total number of HVAC units.
Thus, our objective is to find for the building system, the M

time step control sequences {u0, · · · ,uM−1}, where ui := u(ti),
i= 0, · · · , M;M is an integer, ti= iΔT , and�T is the sampling
period; and corresponding state sequence {x0, · · · ,xM−1} and
error sequence {e0, · · · ,eM−1}.
A. Cost Functions

Problem 3.1: If we denote the difference between total

control signal and PV signal for each time step k as

Ju(k) =

(
Ns

∑
j=1
(u j(k))−PPV (k)

)′
R

(
Ns

∑
j=1
(u j(k))−PPV (k)

)
(3)

We consider the difference between total control signal and

PV signal together with state deviation.

J1 =
Np

∑
k=1

{(x(k)− xre f )
′Q(x(k)− xre f )+ Ju(k)}, (4)

where Np represents the prediction horizon with Q � 0,R �
0 being compatible dimensional matrices. Accordingly, u j(k)
means control action taken for jth building at kth time interval.

Problem 3.2: Furthermore, we may also hope to use as less
power as we can to save energy. So we consider the control

inputs as a cost in the cost function.

J2 = J1+
Np

∑
k=1

U ′
kR2Uk. (5)

where Uk aligns control actions for all the buildings at time

step k in a vector representation.

B. Constraints
We have both states and control inputs constraints in this

problem. Since we have three states for each building, we set

xmin = [24 0 0]′, (6)

xmax = [28 50 50]′; (7)

Then for the control input u ∈ [0, 1]. Notice here, 0 means
off, and 1 means 1 kW in our model.
After defining constraints for states and inputs of each

building, we can easily aggregate them for multiple buildings.

Therefore, we have

Xmin = [xmin; xmin; · · · ]; Xmax = [xmax; xmax; · · · ]; (8)

Umin = [0; 0; · · · ]; Umax = [1; 1; · · · ]. (9)

In addition, we have one more regulation requirement for

Usum in (2). Obviously, this turns out to be a linear quadratic

programming problem which can be solved by any commercial

solver.

Remark 3.3: Once the constraints and objective function
have been generated, the optimization problem generated by

both Problem 3.1 and 3.2 can be solved as a quadratic

programming problem with the control variables U (and the

initial state).

IV. CASE STUDIES

This section presents a numerical example to validate our

proposed adaptive building load control strategy. We consider

a central coordinator that collects total PV generation, and

allocates energy to a group of HVAC loads to minimize

difference between total consumption and PV generation. Due

to space limitation, we only show the results using a standard

summer day PV profile. For the other PV generation profiles

with different season and sizes, similar results are achieved

and will be reported in an extended journal version. It is worth

mentioning that terminal simulation time is T = 96 for a whole
day, which means 15 mins per time step for all the following

simulations. Both PV generation and weather profiles are

picked for the same day from a local station. All numerical

simulations are coded in MATLAB and the quadratic program-

ming (4) is solved using Gurobi [18] through the YALMIP

interface [19]. The running time is about 5 seconds on a 2.66

GHz Windows-based laptop with 16 G bytes of RAM.

A. Tracking Performance

The simulation results for indoor temperatures and tracking

performances are shown in Fig. 2 - 5 for 20, 30, 40, 50

buildings, respectively. In all the figures, the left hand side in

each figure depicts the indoor temperatures for each building

(identical buildings with different initial points) under this

building load control strategy. The right hand side of Fig. 2 -

5 shows the tracking performance corresponding to a certain

number of aggregated buildings. Recall the objective of this

paper is to track the PV generation without deviating indoor

temperature out of a bound. So both these two variables are

key to our design, henceforth, they are provided in Fig. 2 - 5.

It can be seen from Fig. 2 that there barely exists any

tracking, even with the presence of maximum power consump-

tion to maintain coolest temperature. Some tracking instances

appear in Fig. 3 with 30 buildings, while missing some

peaks even with maximum power consumption to maintain

coolest temperature in some intervals. Good tracking results

are obtained in Fig. 4 with perfect number of buildings, as well

as missing some peaks and valleys when hitting temperature

bounds (after maximizing temperature flexibility). Tracking

performance deteriorates again after increasing the number of

building to 50 in Fig. 5, which indicates 50 is too large for

this solar profile since it is not tracking well when hitting

temperature bounds. In other words, although perfect tracking

is not guaranteed all the time, correct control actions are taken

to fulfill expected logic.
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Fig. 2: Indoor temperatures and tracking for 20 Buildings
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Fig. 3: Indoor temperatures and tracking for 30 Buildings
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Fig. 4: Indoor temperatures and tracking for 40 Buildings
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Fig. 5: Indoor temperatures and tracking for 50 Buildings

B. Tracking Error

In order to quantify different tracking errors, we compare

the Mean Square Error (MSE) for a different number of

buildings.

MSE =

√
1

T

T

∑
t=1
(Usum(t)−Ppv(t))

2, (10)

where, Usum(t) is defined in (2).
Through Table II, we see minimum tracking error 2.31 kW

is achieved when 40 buildings aggregated. Therefore we can

claim the proposed strategy absorbs over 90 % disturbances

from PV generation. It should be mentioned that the number of

building does play an important role in our algorithm. Tracking

error in 20 buildings turns out to be more than five times of

that in 40 buildings. The intuitive idea behind this is frequency

response of aggregated buildings varies with the number of

buildings. This also validates our conjecture at the beginning

of this paper, which is low frequency solar response can be

absorbed by correct number of aggregated HVACs.

Remark 4.1: Considering the peak PV generation is be-

tween 35∼ 40 kW and the maximum power consumption for

each individual HVAC unit is 1 kW, it requires to aggregate 40

buildings to achieve the best tracking performance. Similarly,

we run another scenario with 75∼ 80 kW peak PV generation

(not shown in this paper), the optimal number of building is

80. Therefore, we claim the optimal number of building is

proportional to peak PV generation.

Cases Tracking Error (kW)
20 Buildings 11.39
30 Buildings 5.34
40 Buildings 0.83
50 Buildings 6.86

TABLE II: Performance Metric for Comparison

C. Energy Storage Size

Though aggregated buildings can provide good tracking

performance to the major part of PV generation (especially

the low frequency end), some alternative devices are needed to

supply the high frequency part. This also validates our finding

in Sec. II-B, where high frequency spectrum do exist in Fig.

1 besides the dominating low frequency portion.

Battery storage turns out to be a good candidate since it can

provide high frequency tracking compensation. It is a better

option than directly controlling fans in HVAC system provided

there is no significant modification to existing HVAC units. It

should be mentioned that the intuition of this framework is

to maximize utilization of aggregated HVAC loads, such that

both required size and charge/discharge flow of batteries are

minimized. Therefore, installation and maintenance cost for

ESD is minimized. In addition, it is more practical and flexible

to install the batteries in specific locations.

It is straightforward to compute Pd(t) := PPV (t)−Usum(t)
for each time step. If Pd(t) > 0, which means PV generation

provides more power than total building consumption, then

the extra PV generation Pd will be used to charge the battery.

Similarly, it will discharge the ESD when Pd(t)< 0. Pd(t), i.e.,
the difference between two trajectories in Fig. 4b is shown in

Fig. 6.

If we take the integral of the tracking difference (Pd(t))
over time, we can compute the required energy storage size

in kWh. Based on Fig. 6, the ESD will be charged first, then



discharged during peak time and charged again afterwards.

Detailed charge and discharge amounts are listed in Table. III.
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Fig. 6: Required instant ESD power.

Charge/Discharge Battery Storage (kWh)
Charge (Time step: 0∼ 30) 2.13

Discharge (Time step: 60∼ 80) 2.67
Charge (Time step: 90∼ 96) 0.64
Without HVAC loads 87.91

TABLE III: Required Battery Size

Assume the energy storage is half charged at the beginning

of the experiment, then a 5 kWh ESD will be more than

enough to satisfy the entire charging/discharging requirement

to support high frequency response. However, we will need at

least 87.91 kWh ESD to store all the PV generation without

the proposed HVAC-aided strategy. Hence, we have greatly

reduced ESD size which will save a lot of installation and

maintenance cost without sacrificing the QoS.

This finding has important implications for accommodating

renewable penetration in distribution networks. If most renew-

able generation can be consumed locally through an intelligent

coordination of HVAC loads, their impacts on the grid would

be less and the required ESD (either battery or fly-wheel) size

can be minimized.

V. CONCLUSIONS

We have studied the ability of a collection of HVAC loads

to directly emulate an energy storage device, that is, to

track any low frequency fluctuations in PV generation. We

obtained the optimal number of aggregated HVAC loads to

absorb solar fluctuations in the same frequency band based on

frequency analysis. Moreover, the optimal number of buildings

is proportional to peak PV generation. To guarantee QoS in a

fleet of residential buildings, we formulated a quadratic opti-

mization problem to compute optimal schedule of the HVAC

loads considering temperature comfort band and available PV

generation. By minimizing the tracking error between PV

generation and total consumption, the proposed method also

provided the minimum capacity of ESD.

For the future work, we will try to increase the number of

building as well as scale of the PV generation to make it more

practical in power grid. A distributed optimization algorithm

may be needed to overcome scalability issues. We are working

on integrating this building-only load with other existing loads

in home energy management systems.
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[15] M. Gwerder and J. Tödtli, “Predictive control for integrated room
automation,” in 8th REHVA World Congress Clima, 2005.

[16] F. Oldewurtel, A. Parisio, C. Jones, M. Morari, D. Gyalistras, M. Gw-
erder, V. Stauch, B. Lehmann, and K. Wirth, “Energy efficient building
climate control using stochastic model predictive control and weather
predictions,” in Proceedings of the 2010 American control conference
(ACC). IEEE, 2010, pp. 5100–5105.

[17] X. Ma, J. Dong, S. M. Djouadi, J. J. Nutaro, and T. Kuruganti, “Stochas-
tic control of energy efficient buildings: A semidefinite programming
approach,” in 2015 IEEE International Conference on Smart Grid
Communications (SmartGridComm). IEEE, 2015, pp. 780–785.

[18] I. Gurobi Optimization, “Gurobi optimizer reference manual,” 2015.
[Online]. Available: http://www.gurobi.com

[19] J. Lofberg, “Yalmip: A toolbox for modeling and optimization in
matlab,” in Computer Aided Control Systems Design, 2004 IEEE In-
ternational Symposium on. IEEE, 2004, pp. 284–289.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.4
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


		2018-01-29T13:03:04-0500
	Certified PDF 2 Signature




