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INTRODUCTION 
More than 15.9 million households in the United 
States are in fuel poverty (Rudge, 2000), and mil-
lions more are close to it (Henwood, 1997). Fuel 
poverty is defined as the need to spend over 10% 
of household income on energy to maintain an ad-
equate standard of warmth. Fuel poverty in the 
United States is closely linked to low household in-
comes and associated factors such as age, housing 
tenure and geographical location. In 2005, 36% of 
fuel poor households had incomes higher than the 
Federal Poverty Guideline; 5% were ineligible for 
the federal Low-Income Home Energy Assistance 
Program (LIHEAP). However, the 2005 median in-
come of the energy poor was $6100; only 5% had 
incomes higher than $21,000. There is a consider-
able amount of variation in energy expenditure; the 
fuel poor had a median annual energy expenditure of 
$1,330, but 25% spent more than $1,862. Just 15% 
were receiving any combination of income support 
or non-cash assistance, such as housing subsidies, 
food stamps, or assistance for the disabled. 39% of 
fuel-poor householders were 65 years old or older. 
The average income for this group in 2004 was 
$9,100; half of them lived alone. The average annual 

residential energy use of the fuel poor is 13% higher 
than the average for all U.S. residential energy use. 
Households under fuel poverty energy usage is more 
intensive by far; their homes use 30% more Btu per 
heated sq. ft (Rudge, 2000).

Fuel poverty is, fundamentally, a problem of 
housing cost and quality. It is statistically far more 
closely associated with poor energy effi ciency stan-
dards than with other characteristics. Housing af-
fordability is a major challenge for many Ameri-
cans. Only 14% of all renters live in a metro area 
where one third of the average wage will be suffi -
cient to rent a two-bedroom apartment. Nearly half 
of those in fuel poverty own their homes, but a star-
tling 39% of the homeowners own mobile homes. 
These facts certainly raise the question: Why not 
retrofit these units? For example, The Weather-
ization Assistance program has reduced usage of 
the main fuels by an average 20% a year, and of 
base load electricity by 10%. However, its record 
on mobile homes is less than that of other low-in-
come homes. Furthermore, many households which 
would not generally be considered low-income also 
face circumstances which make it diffi cult for them 
to pay their energy bills.
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ABSTRACT
This paper presents the results of “Upgrade and Save”, a program to upgrade the standard electric furnaces and air-
conditioning units in Mobile Homes for energy-effi cient heat pumps. This program is implemented in North Caro-
lina, USA and pays about $700 through a rebate provided by the North Carolina State Energy Offi ce to the Mobile 
Homes’ owners. The goal of this project is to subsidize low-income families by lowering their heating cost in the winter 
as well as improving their homes’ indoor thermal comfort. More than 300 mobile homes have participated in this 
program. Field measurements, meter readings of the actual electrical consumption, and annual building energy simu-
lation were used to measure the dollar saving and the indoor thermal comfort improvement in the mobile homes after 
the heating system upgrade. This research proved that the dollar saving of using the heat pump for heating in mobile 
homes ranges from $51 to $128 annually. 
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Cold damp houses are a main health risk source, 
especially for elderly people. For many people aged 
over 60, central heating is an essential requirement. 
For such a major public health problem, there has 
been little methodologically sound research into the 
links between cold damp housing and ill health, 
although the available medical evidence has been 
well reviewed. Few controlled interventional studies 
have been done despite the opportunities afforded 
by major housing regeneration programmers. Cold, 
damp houses are associated with premature mortal-
ity, physical and mental illness, and impaired qual-
ity of life. They aggravate a wide range of medical 
conditions, increase suffering, and make it harder to 
care for vulnerable people at home, thus adding to 
the burdens on the National Health Services. The 
effects are widespread across the population, though 
elderly people, those with chronic disabling condi-
tions or asthma, and families with small children 
are the groups most immediately and obviously af-
fected. Among the major preventable medical prob-
lems partially caused, or aggravated, by cold damp 
houses are the 25,000–45,000 excess winter deaths, 
far more than in colder countries such as Norway. 
When the temperature falls, resistance to respira-
tory disease falls and vascular complications are 
increased, leading, for example, to increases in the 
incidence of myocardial infraction.

Traditionally, mobile homes are one of the most 
common homes for low income families in the 
United States. These houses are built in factories 
and shipped to the site. The sizes of these houses 
range between 100 and 220 m2 (1070 and 2400 
sqft). Most of these houses are heated by electric re-
sistant furnaces which basically provide a little less 
than 1 kWh of heat of each 1 kWh of electricity 
consumed. Although the initial cost of this system 
is low compared with other heating systems such 
as heat pumps, the running cost of the electric re-
sistance heater is much higher than heat pumps. 
After the latest increase in fuel prices, air source 
heat pumps have become a more popular heating 
system, especially in Southern United States. Most 
low-income apartment buildings in this region use 
heat pumps as a heating source. Utility companies 
programs have strongly leaned on heat pumps to re-
duce winter peak coincident demands. Reductions 
in peak demand over the use of resistance heaters 

is a major reason for electric companies to advocate 
and support using heat pumps (Southern Company, 
2009). With the increase in the heat pumps’ effi -
ciency, the United States adapted President Barack 
Obama’s American Recovery and Reinvestment Act 
(ARRA) of 2009. This act assigns several tax incen-
tives to use new models of heat pumps for heating in 
all the US regions.

Heat pumps were introduced to the home heat-
ing market in the 1950’s, evolving originally from 
central air conditioners which featured a reversing 
valve and a few other factory components allowing 
the heat pumps to provide heat under mild weather 
conditions. Early models were plagued with reli-
ability problems related to failed reversing valves, 
improperly operating compressors or frost build up 
on the evaporators. Performance under colder con-
ditions was often poor due to reduced heating ca-
pacity at low outdoor temperatures. Comfort was 
another complaint with early systems due to “cold 
blow” where the air temperature delivered by the 
heat pump was much lower (typically 38–41°C) 
compared with the 52–54°C typically delivered 
by natural gas furnace systems (Bouchelle, 2000). 
Modern heat pump systems are much more reliable 
and have become exceedingly common in moderate 
climates. By far the most common type of heating 
systems is air-to-air heat pumps which use outdoor 
air as the heat exchange medium. The problems 
with inadequate capacity and “cold blow” have been 
reduced by the addition of auxiliary resistance strip 
heat systems with a two-stage thermostat. As the in-
door temperature drops, the fi rst stage activates the 
heat pump; the second stage below it activates aux-
iliary strip heat. Under this regime, both the heat 
pump and the resistance heat operate together until 
the thermostat is satisfi ed.

The efficiency of the heat pump has two mea-
sures: its ability to extract heat from its heat source, 
usually the outside air, and to expel it into the 
home called its “Heating System Performance Fac-
tor (HSPF)”, and its ability to extract heat from the 
home and to expel it into the outside air called its 
“Seasonal Energy Effi ciency Ratio (SEER). A resi-
dential heat pump takes low-temperature heat from 
an outdoor medium (such as air, ground, groundwa-
ter or surface water) and mechanically concentrates 
it to produce high temperature heat suitable for heat-
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ing the interior of homes. Because most of the heat 
is moved (pumped) from the outdoor source to the 
indoor source, the amount of electricity required to 
deliver it is theoretically much less than using elec-
tric resistance heat directly.

The theoretical Carnot effi ciency of heat pumps 
is greater than 2000%. Thus, the COP, or coeffi -
cient of performance, would indicate 20 times as 
much heat delivered is used. However, the practical 
effi ciency of the best air-to-air heat pumps produces 
COPs of 4.0 or less. Because COP varies with the 
outdoor temperature, a heating season performance 
factor (HSPF) is determined which takes into ac-
count operation under varying outdoor tempera-
tures as well as part load impacts (effects of running 
short cycles under mild conditions, coil defrost, 
etc.). HSPF is rendered as Btu/Watt so that typical 
values are on the order of 6.8–10 Btu/W. Older sys-
tems may have HSPFs of 5–8 Btu/Wh (ARI, 2003). 
Fairey and Parker studied the Climate Impacts on 
HSPF and Seasonal Energy effi ciency Ratio (SEER) 
for Air Source Heat Pumps in the USA. The study 
showed that the actual HSPF is 33% higher than 
the rated HSPF in hot climates such as Miami, Flor-
ida. The HSPF is 55% less than the rated HSPF in 
Minneapolis (Fairey, 2004). 

DATA USED AND ANALYSIS
Approximately one-third of the new homes sited an-
nually in North Carolina are manufactured homes 
(formally referred to as mobile homes). This percent-
age is considerably higher in rural areas of the state. 
Since manufactured homes are built in factories and 
then delivered to permanent home sites, US federal 
regulations (HUD) requires the installation of heat-
ing systems while the home is being constructed. Al-
most all manufacturers install forced air electric fur-
naces in the homes that they build. Rationale for this 
installation choice is based on lower initial cost and 
simplifi ed installation. The duct system and associ-
ated connections is designed and installed to accept 
either an air conditioning and/or a heat pump unit 
without undue modifi cations or expense to the home 
owner. Both air conditioning units and heat pumps 
are installed after the home is permanently sited.

The field study is part of a research project at 
East Carolina University (ECU), USA, called “ Up-
grade and Save” funded by the North Carolina State 

Energy Offi ce. It is known that the optimal heating-
system-retrofi t strategy for existing buildings differ 
due to the variations in energy prices, building and 
installation features, and climate conditions etc. For 
some of theses reasons, heat pumps are suggested 
by this project. Several home manufacturers such as 
GUSTAFSSON and BJIC found that the optimal 
heating-system retrofi ts in residential buildings is 
using heat pumps alone as heating systems. 

Although heat pumps are generally more expen-
sive to purchase and install than electric resistance 
heaters, the popularity of heat pumps is increasing. 
In moderate climates such as North Carolina, heat 
pumps are highly competitive because they can meet 
the entire cooling and heating needs of residential 
buildings. 

In order to test the effect of upgrading the heating 
system on mobile homes’ performance, fi eld moni-
toring and computer simulations were conducted 
on 35 mobile homes. The energy savings from the 
retrofi t were calculated based on actual temperature 
measurements and the actual energy consumption 
collected from 35 manufactured homes. In addi-
tion, an analytical model was created to simulate the 
energy consumption and the heating costs for one 
of the manufactured homes. The model is validated 
with the temperature measurements. To measure 
the actual mobile home performance before and 
after the retrofi t, in-depth study of the actual ther-
mal performance of three identical mobile homes 
was conducted. 

Data acquisition systems were installed in each 
of these homes. A desktop computer with LabVIEW 
software, data acquisition card, and four thermo-
couples were installed in each house for three weeks 
before the retrofi t and after the retrofi t. Four ther-
mocouples were connected to the computer through 
the data acquisition card and extended to four dif-
ferent locations in each house to measure outdoor 
temperature, supply air temperature, indoor tem-
perature (room temperature), and indoor surface 
temperature. The temperature readings were mea-
sured and recorded every 5 minutes. Since Decem-
ber, January, February and March represent more 
than 80% of the annual degree-days heating days 
in North Carolina (ASHRAE, 2000), the data ac-
quisition systems were installed in the mobile homes 
during these months. 
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NUMERICAL MODEL
In order to predict the annual performance of mo-
bile homes, a typical mobile home which is identi-
cal to that of the fi eld monitored homes was simu-
lated. First, the home was graphically built using 
Revit© Computer modeling. Then, EnergyPlus© 
software was used to simulate the annual building 
energy performance. EnergyPlus© was selected for 
its capability of simulating heat transfer through the 
building envelope, solar radiation heat gain, natural 
ventilation, building heat load, active heating and 
cooling, predictive mean radiant temperature, mois-
ture transfer, and comfort parameters. EnergyPlus© 
is the Department of Energy (DOE) offi cial energy 
simulation software, and has its roots in DOE2 
and BLAST energy simulation tools (EnergyPlus©, 
2001). EnergyPlus is also supported by other simu-
lation software such as WINDOW and Climate 
Consultant.

RESULTS AND DISCUSSION
The monthly electrical energy consumption for 
a sample of 14 mobile homes during February is 
shown in Figure 1. Heating makes up approximately 
10.1% of the total energy consumption in a typi-
cal house in North Carolina (Figure 3). To deter-
mine the actual amount of electric used for heating 
in mobile homes, the duty cycle of the heat pump 
was monitored by installing a thermocouple in the 
supply air diffuser. The fi led data showed that the 
heat pump operates when the indoor set point tem-
perature was 18°C and the outside temperature was 
3.5°C (Figure 5). We can safely assume that 3.5°C 
would be the heating balance point temperature. A 

typical balance point for a house can range between 
3°C and 13°C. Although the balance point in the 
monitored mobile homes suggests that these houses 
are very energy effi cient, mobile homes are relatively 
small in size and the internal heat gain contributes 
signifi cantly to the reduction of the balance point 
temperature. We also noticed during our fi eld visit 
that many mobile homes have high electric demand 
appliances such as large screen TV, incandescent 
lighting, washers and dryers which contribute to the 
internal heat gain. 

The analysis of IWEC fi le for the Greenville area 
showed that the total number of hours where the av-
erage temperature is 3°C or less is 640 hours. These 
hours are distributed on the months of December, 
January, and February (ASHRAE, 2007). Thus the 
operating hours of the heat pump in three months 
would be 640 hours. The Electric consumption of 
the heat pump as installed is 2.6 kWh. The annual 
energy consumption of the heat pump will be 1560 
kWh or $144 (Figure 1). The total annual num-
ber of hours where the average temperature is 4°C 
or less is 940 and the electric consumption will be 
2340 kWh or $210.6. Thus, in average, the electric 
consumption for heating in the mobile homes will 
be 1950 kWh or $175.5.

METER READINGS
The previous results of the f ield monitoring are 
also supported by the meter readings of the Mobile 
homes. The meter readings showed that the aver-
age increase in electrical consumption during the 
heating season in 14 mobile homes was 2314 kWh 
or $208 (Table 1). In addition to the electric con-

FIGURE 1. Electric usage for 14 homes 
after the upgrade.
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sumption by the heat pump, extra electric consump-
tion for hot water and the increase in using artifi cial 
lighting due to longer nights during the winter con-
tribute to the increase in the electrical consumption. 
Figure 2 shows the average electricity consumption 
of the US household. 

To calculate the dollar savings achieved when 
using heat pumps instead of electric resistance, the 
actual heat pump Heating Seasonal Performance 
Factor (HSPF) must be determined. The typical 

heat pump’s HSPF is approximately 2.6 when the 
outside temperature is 3.5°C (Figure 3). However, 
a field survey conducted on 140 homes on HUD 
homes in Florida showed that the net HSPF of heat 
pump heating systems was 1.29–2.0 (Fairey, 2004). 
Therefore, the anticipated annual electric savings 
when using heat pumps will be 718 kWh–11950 
kWh or $65.20–$175.50. These results matched the 
fi ndings of the Florida Power Corporation (FPC) 
(Fairey, 2004).

TABLE 1. Electricity consumption of 14 mobile homes which uses heat pump for heating.

FIGURE 2. Electric consumption of 
Household in US.
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FIELD DATA
The fi eld data was also used to predict the actual 
savings. Data collected from the monitored homes 
showed that during the heating times of December, 
the heat pumps run for 19% of the times when the 
outdoor temperature was 18.33°C or less (Figure 5). 
From the IWEC weather data fi le, the total num-
ber of hours where the temperature reached below 
18.33°C (equivalent to 65°F of the heating degree 
day balance point) was 2880 hours. Therefore, the 
heat pumps will run for 547 hours and will consume 
1422 kWh annually or $128. Thus, the annual 
dollar saving based on HSPF of 1.4–2 will be $51 
to $128.

ENERGY SIMULATION MODEL
A simulation model was created to predict the annual 
savings generated by replacing the factory installed 
electric resistance heaters with heat pumps in manu-
factured homes. The simulation model was also used 
to verify the indoor comfort level when heat pump 
is used for heating. A simulation model for a typical 
manufactured home was created with Energy Plus. 
The manufactured home consists of 120 m2 (2540 

sft). The walls consists of #2-grade 2" × 4" (50.8mm 
× 101.6mm) lumber outer walls and maintain insu-
lation values (R-11 thermal insulation)

Actual yearly weather data was used in the simu-
lation. Field data was used to calibrate the simula-
tion model. To predict the annual electric saving 
of replacing the factory installed electric resistance 
heaters with heat pumps, the manufactured home 
was fi rst simulated with an electric heater as a sole 
heating source. Second, the house was simulated 
with the heat pump as the main heating source, and 
electric resistance was used as an auxiliary heater. 

The simulation results showed that when using a 
heat pump as a main heating source, the manufac-
tured home maintained an indoor air temperature 
above 74F° for 97% of the time during the heat-
ing season compared to 98% when electric resis-
tance was used as a main heating source (Figure 4) 
These results showed that in moderate climates, heat 
pumps under continuous operation are as effective 
as conventional electric resistance heaters in achiev-
ing comfortable temperatures in manufactured 
homes. When comparing the annual simulated 
electric consumption of the HVAC heating system 

FIGURE 3. Typical Heat pump effi ciency (Fairey, 2004) 
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in the manufactured home, results showed that the 
annual HVAC system electrical consumption of the 
manufactured home when the heat pump was used 
as a main heating source was 875 kWh compared 
to1720 kWh when the electrical resistance was used 
as an alternative heating source. Thus, the annual 
electrical consumption of the heat pump was 51% of 

the same manufactured home when an electric resis-
tance was used as a heating source. 

CONCLUSIONS
This research investigated the actual energy savings 
of using heat pumps in low-income houses in a mod-
erate climate. The research fi ndings were based on 

FIGURE 4. Field monitoring of a mobile 
home during heating and cooling 
periods on December.

FIGURE 5. Field date of mobile home’s performance during January.
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fi eld measurements, electrical meter readings, and 
annual building energy simulation. The research 
conclusions can be summarized as follows;

• Heat pumps are considered one of the main 
heating energy saving alternatives in moderate 
climates. Heat pumps with HSPF of 10 are 
assumed to be 3.1 times or 310% more energy 
effi cient than electrical resistance heating 
systems. However, this research showed that the 
actual energy saving is 51%. 

• In moderate climates, heat pumps can maintain 
thermal comfort and accommodate the heating 
load when operated on continuous mode. 
However, the actual heat pumps’ effi ciency 
is signifi cantly decreased when the system is 
setback to save energy. 

• Although the tested mobile homes did not 
include high energy effi ciency features compared 
to typical energy effi cient designs, mobiles 
homes are relatively small in size, and the 
internal heat gain reduces the balance point 
temperature. Heat pumps run in short cycles, 
thus reducing the heat pumps’ effi ciency.

• The annual dollar saving in a mobile home was 
$51 to $128. The extra cost between resistance 
heaters and heat pumps is $700. The simple pay 
back period for upgrading resistance heaters to 
heat pumps in mobile homes will be 6–13 years.

ACKNOWLEDGEMENT
The meter readings in this research were obtained 
from Greenville Utilities, Greenville, North Caro-
lina, and the field data was collected as part of a 
project “Up-grade and Save” which was funded by a 
grant from the US department of Energy. 

REFERENCES
ASHRAE. 2006. “ASHRAE handbook. Fundamentals”, Ameri-

can Society of Heating, Refrigerating, and Air-Conditioning 
Engineers.

ASHRAE. 2001. “International Weather for Energy Calcula-
tions (IWEC Weather Files)” Users Manual and CD-ROM, 
Atlanta: ASHRAE

Bouchelle, M P, D S Parker, M T Anello, and K M Richard-
son. 2000. “Factors Infl uencing Space Heat and Heat Pump 
Effi ciency from a Large-Scale Residential Monitoring Study.” 
Proceedings of 2000 Summer Study on Energy Effi ciency in 
Buildings, American Council for an Energy-Effi cient Econ-
omy, 1001 Connecticut Avenue, Washington, DC.

DOE 2.1. 2002. “ Department of Energy Simulation Program”, 
User Manual “ DOE 2.1” Los Alamos, New Mexico.

EIA. 2001. “Housing Characteristics 2001”, DOE/EIA-0314, 
Energy Information Administration, Washington D.C.

Energy. 2008. “U.S. HOUSEHOLD ELECTRICITY 
REPORT” Energy Information Administration website; 
http://www.eia.doe.gov/emeu/reps/enduse/er01_us.html

Fairey, P., Parker, B., D.S. Wilcox and M. Lombardi. 2004. 
“Climate Impacts on Heating Seasonal Performance Factor 
(HSPF) and Seasonal Energy Effi ciency Ratio (SEER) for Air 
Source Heat Pumps.” ASHRAE Transactions, June 2004.

Henwood, M. 1997. “Fuel poverty, energy effi ciency and health” 
EAGA Charitable Trust. 

Moore, R., McIntyre, T., Roper, K., De-Lopez, T., Foxall, C., 
Smith, D., et al. 1996. “English house condition survey”, 
1996 energy report. London: Department of the Environ-
ment, Transport and Regions. 

Natural Resources Canada’s Offi ce of Energy Effi ciency. 2004. 
“Heating and Cooling with a Heat Pump” The National 
Library of Canada.

Rudge J., Nicol F., editors. Cutting the cost of cold, 2000; 
“affordable warmth for healthier homes”. London: E&FN 
Spon.

State Climate Office of North Carolina. 2008. “ Normal 
Heating Degree-Days in North Carolina” http://www.
nc-limate.ncsu.edu/images/climate/normals/HeatingDegree
Days/ann_hdd_c.gif

Southern Company. 2009. Website of Southern company elec-
tric supplier in the US http://www.southernco.com/corporate
responsibility/electricity/championing.aspx

JGB_V4N3_b05_abaza.indd   142JGB_V4N3_b05_abaza.indd   142 10/1/09   3:25:28 PM10/1/09   3:25:28 PM

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-30 via free access



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


