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Abstract 

Residential new construction increasingly serves as a “test bed” for expanded efforts to 
go beyond just energy efficiency. These efforts include fuel choice, demand response, and 
renewable and electric vehicle integration. Possibly the most important of these is fuel choice. As 
the need to address climate change becomes increasingly apparent, it will become ever more 
important to ensure that new home construction minimizes its carbon footprint. The best way to 
do this is to promote the use of fossil fuel-free heating and hot water. New building codes have 
substantially lowered the heating load of homes built today compared to those built in 2006, 
narrowing the gap between a home built to code and a high-performance home. This has created 
opportunities for fossil-free homes with a much lower impact on first costs. This paper will 
discuss ongoing efforts in multiple jurisdictions in the Northeast to influence fuel choice in new 
home construction.  Some are addressing the issue of fuel choice directly through activities like 
the inclusion of all-electric new home packages in new construction efficiency programs. 
Related factors include increased interest by policymakers in zero energy new homes and stretch 
codes. While fossil fuel-free construction is not predicated for zero energy and stretch code 
homes, it is often the most cost-effective outcome. The paper examines the economics and 
carbon impacts of fuel choice in new home construction and concludes with a set of program and 
policy recommendations, including how efforts to promote fossil fuel-free homes can support the 
advancement of zero energy building codes. 

Introduction 

Heating and hot water fuel choice in residential new construction in the Northeast has 
historically been a decision made by the developer, builder or new homeowner, with limited 
recent efforts by policy makers or efficiency program administrators to influence the decision of 
what fuels to use. These parties have focused primarily on increasing the efficiency of new home 
construction, not on what fuel is to be used for space and water heating. However, the growing 
focus on greenhouse gas emissions by policymakers in many states makes fuel choice a 
potentially important opportunity to minimize the future greenhouse impacts of new home 
construction.  

Beyond energy efficiency, efforts to minimize new home greenhouse gas impacts can be 
best supported by the use of fossil-free alternatives to meet the needs of the space and water 
heating end use. For many builders and homeowners, the most viable fossil-free alternative is 
electricity from renewable sources. In some locations, biomass may be a viable option, 
depending on the carbon impacts of the fuel, but it is not included in the scope of this paper. For 
all-electric homes, the emission benefits will vary based on the local electric mix, but will 
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generally increase over time in all parts of the US as the deployment of renewables increases1 
(Acadia Center 2012, 6). 

Using New England as an illustrative example, this paper looks at the costs and benefits 
of moving residential new construction off of fossil fuels. 

Policy Context 

 The New England states have been early leaders on climate policy. Adopted in 2001, the 
New England Governors’ and Eastern Canadian Premiers’ Climate Change Action Plan 
(NEGECP 2017) set regional 2010, 2020, and 2050 emission reduction targets for the New 
England states – Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and 
Vermont – as well as for the Eastern Canadian provinces. These targets are not legally binding, 
but they do represent the collective goals for the region. The New England states subsequently 
adopted emission reduction targets, either binding state statutes or voluntary goals. Nearly all 
New England states aim to make further reductions by 2020 and significant reductions by 2050, 
in line with science-based recommendations (IPCC 2014).  

Role of Strategic Electrification in Meeting Greenhouse Gas Goals 

Thanks to advances in technology, heat pumps have become a new tool for emissions 
reductions in buildings in northern climates, extending potential emissions reductions well 
beyond what can be achieved with efficiency alone. Heat pumps are far more efficient than 
traditional electric resistance heating and, with today’s electric generation mix, provide 
immediate emissions reductions compared to heating with fossil fuels.2 As generation grows 
cleaner, emissions from heat pumps will continue to decline (Acadia Center 2012, 6). Installing 
electric heat pumps today creates a “renewable-ready” infrastructure that will take advantage of a 
cleaner grid as additional renewables continue to come on line. 

Characterization of Regional Residential New Construction Market 

For the purposes of this analysis, state-level permit data is used as a proxy for residential 
new construction activity. Table 1 summarizes preliminary permit data for New England by 
number of units. In 2017, an estimated 32,721 units were permitted in the six New England 
states (Census Bureau 2018). The very large majority of these (93%) are single family dwellings. 

 
      

  

                                                 
1 The general decrease in electric emissions rates due to increased renewable deployment could temporarily be 
interrupted in some jurisdictions due to nuclear plant retirements. 
2 Typically, two to three times as efficient for air-source and three to four times for ground-source heat pumps over a 
New England winter, relative to conventional electric resistance heat. (BSC 2018) 
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Table 1. 2017 Preliminary residential new construction permits 
 

 Total 1 Unit 2 Units 
3 and 4 
Units 

Connecticut 2,799 2,664 86 49 
Maine 4,011 3,901 86 24 
Massachusetts 8,511 7,766 472 273 
New Hampshire 2,828 2,597 164 67 
Rhode Island 1,061 997 46 18 
Vermont 1,203 1,122 40 41 
New England 
Total 20,413 19,047 894 472 

     

Source: United States Census Bureau 2018. 
 
Fuel choice in new homes in New England has increasingly shifted away from fuel oil to 

natural gas and propane. This is likely due to several factors including lower first costs for gas 
and propane furnaces, low natural gas fuel prices, and customer preference. Several recent 
residential new construction baseline studies document the dominance of pipeline and bottled gas 
in new construction throughout New England (Table 2). For example, in Massachusetts the 
penetration of new homes using fuel oil as the primary heating fuel declined from 13% in 2011 
to 2% in 2015, while 94% of homes used gas as their primary heating fuel (NMR 2016a, 49). In 
Connecticut, no homes heated with fuel oil were observed during the most recent new 
construction baseline study (NMR 2017b, 72). Similar results were found in Vermont’s most 
recent new construction baseline Study (NMR 2017a, 45) where only one oil heated home was 
reported.  This declining trend of oil heat in new homes has been underway since Vermont’s first 
baseline study in 1995 that found 60% of homes with oil heat, 2002 with 45%, 2008 with 34%, 
2011 with 9%, and 2015 with only 4% of new homes with oil heat (NMR 2017a, A-5). 

With gas — both pipeline and bottled — dominating primary heating fuel penetration, the 
percentage of homes using electricity as their primary heating fuel is fairly small, ranging from 
3% in Massachusetts (NMR 2016a, 49) to 11% Vermont (NMR 2017a, 45).  

 
    Table 2. Residential new construction primary heating fuel penetration 
 

State (Year of Construction) 
Natural 

Gas Propane Electric Oil Pellet Wood 
Massachusetts (2015-2016) 67% 27% 2% 2% 1% 1% 
Connecticut (2014-2015) 48% 45% 8% - - - 
Rhode Island (2014-2016) 45% 42% 7% 6% - - 
Vermont (2015-2016) 23% 39% 11% 3% 6% 17% 

      

    Sources: NMR 2016a, NMR 2017a, NMR 2017b, NMR 2018. 
 

Table 3 shows the predominance of forced air heating systems, mostly furnaces. Of the 
electrically heated homes, almost all employed some form of heat pump.   
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Table 3: Primary heating system type penetrations  
 

State (year of 
construction) Furnace 

Hyro-
air 

Combi 
appliance Boiler 

Electric 
baseboard 

Ductless 
minisplit 
heat 
pump 

Ground 
source 
heat 
pump 

Ducted 
air source 
heat 
pump Stove 

Massachusetts 
(2015) 88% 5% 2% 2% - - 1% 2% 1% 
Connecticut 
(2014-2015) 73% 13% 4% 3% 2% 4% 1% 1% - 
Rhode Island 
(2014-2016) 70% 8% 6% 9% - - 5% 2% - 
Vermont 
(2015-2016) 19% - 16% 33% - 3% 6% 3% 21% 

 

Sources: NMR 2016a, NMR 2017a, NMR 2017a, NMR 2018. 

Code Evolution, Low Load Homes and Fuel Choice 

Where jurisdictions adopt long-term strategic electrification goals, the most likely 
building sector to be impacted first will be residential new construction. The incremental costs 
for an efficient electric heat system will be lower in new construction than in a retrofit situation 
and distribution and control systems can also be more easily optimized in new construction.  As 
energy codes are updated every three years or so in many jurisdictions, there are indications that 
they are progressing towards zero energy at some point over the next decades. California has 
been the most aggressive state, establishing 2020 as that target, while at least a half dozen other 
states have also incorporated some form of zero energy goals (Architecture2030 2018). Along 
the way, these codes have substantially lowered the heating loads of homes built today compared 
to those built just ten years ago. Studies have shown that compliance rates with the more 
stringent codes have been maintained or even increased (NMR 2016b). New homes built to the 
2015 International Energy Conservation Code (IECC) are about 30% more efficient than a new 
home built in 2006, as shown in Figure 1 below. All New England states except New Hampshire 
and Maine have adopted IECC 2012 or later as a statewide base code, and update to the latest 
version on a regular basis. 

 
These increasingly stringent codes contribute to narrowing the gap in New England 

between a home built to code and a high-performance home. This has created opportunities for 
fossil-free homes with a much lower impact on first costs, because the cost of cold climate heat 
pumps increases more rapidly with heating load (i.e. multiple units are needed) than with fossil 
systems, where the marginal cost of a larger furnace or boiler is relatively small. 
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Figure 1: Residential energy code efficiency improvements over time, Source: Adapted from BCAP 2016. 

Additionally, states in the Northeast have been developing and implementing “stretch 
codes” that establish a second energy code tier at a more stringent level than the statewide base 
code, providing a group of even higher performing homes.  These homes are tight, insulated with 
high R-values throughout, and have high-performing windows, mechanicals, lights and 
appliances (NMR 2016b). Currently, Massachusetts, Rhode Island, and Vermont have adopted 
some level of stretch code that seek to advance the energy performance of new homes at a higher 
level than the base building energy code. The stretch codes provide a good opportunity to 
address heating system alternatives to fossil fuels.  These stretch codes have often served as the 
de facto next energy code generation. 

Some jurisdictions (RI) establish the stretch code as an aspirational building standard, 
while others (MA and VT) allow cities and towns to adopt the stretch code instead of the base 
code to meet certain statewide environmental standards and/or in exchange for receiving 
incentives from the state. 

With building loads decreasing and the need for larger heating systems decreasing with 
them, there arise increasing opportunities to heat buildings with smaller heating systems, such as 
ductless and ducted cold-climate heat pumps that are powered by electricity. Advances in air-
source heat pump technology that allow operation without backup heat in cold climates and 
increasingly efficient heat pump water heaters, mean that new homes in northern climates can 
operate comfortably and efficiently using just electricity as their sole fuel source. 

In fact, the market may be moving toward electrification on its own.  In areas in the 
Northeast where inexpensive natural gas is not available, we are seeing shifts away from heating 
oil and toward electricity in new home construction.  In recent new construction baseline studies 
summarized above in Tables 2 and 3, less than 10% of new homes are installing oil systems and 
a small, but increasing number are installing electric systems (primarily air-source and ground-
source heat pumps).  Compare this to existing homes of which more than 50% heat with oil and 
with new homes that were installing oil at a rate of about 40% throughout New England less than 
15 years ago. 
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Regional Efforts to Influence Fuel Choice in Residential New Construction 

While there have been discussions and proposals in several New England states regarding 
residential new construction fuel choice, no specific policies or programs are yet in place to 
either influence or to mandate residential new construction fuel choice. 

In Connecticut, the state’s utilities committed in their 2018 Conservation and Load 
Management Plan Update to: 

 
explore the development of a fully-electric package for the Residential New 

Construction (“RNC”) program. The Companies’ intent behind developing this fully-
electric package is to provide a path for builders and/or potential homeowners to build an 
all-electric residential home that avoids the use of fossil fuels altogether…. The 
Companies’ fully-electric package may provide support for the following measures: 
building envelope measures, thermal energy-efficiency measures, air-source or 
geothermal heat pumps, increased use of biofuels, biomass heating systems, support for 
electric vehicle or related infrastructure, and on-site renewable energy production and 
storage. (Eversource Energy 2017, 14-15) 

 
In Rhode Island, through the Public Utilities Commission “Power Sector 

Transformation” on-going rate case, discussions are underway that consider a move to 
increasingly electrify the building and transportation sectors. As part of this effort, an all-electric 
tier has been considered for National Grid’s Residential New Construction (RNC) program, but 
it has not yet been established. 

Economics of Fuel Choice in Residential New Construction 

For this analysis, results from a recently completed Massachusetts and Rhode Island 
ductless mini-split heat pump (DMSHP) impact analysis are leveraged (Cadmus 2016). The 
study metered sites in both states and determined both fossil fuel savings and changes in 
electricity usage. The results from that study were scaled to analyze full, fossil fuel displacement 
in a new, efficient home using an inverter-based ducted heat pump3. This type of system uses the 
same type of outdoor unit as a DMSHP, but substitutes a central air handler for the indoor unit.  
Additionally, the impact study also estimated cooling savings from using a high efficiency 
DMSHPs versus a SEER 13 central air conditioner (CAC) and those values are incorporated into 
this analysis. For the furnace baseline, the Cadmus study assumed an AFUE of 90% with 15% 
duct losses, which was used  for all systems in this analysis. 

The Cadmus study presented average savings and usage values for all of the metered 
DMSHP units. In addition, the study examined and presented savings and usage values for the 
top 25% performing (based on energy savings) units. These units were more likely to be used for 
heating-only or for both heating and cooling purposes, rather than just for cooling only. Further, 
these units were more likely to be operated in a manner to maximize fossil fuel displacement. 
The savings and usage values from these top 25% DMSHP units are used in this analysis. 

The energy costs used in this analysis are from the most recent EIA Annual Energy 
Outlook (EIA 2018) for New England. In addition to the fuel operating costs associated with 

                                                 
3 The use of a ducted heat pump in this analysis allows for a more direct cost comparison with a natural gas or 
propane furnace and central air conditioner system. 
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using propane, an above ground tank cost of $2,000 was assumed4, which would be avoided in 
an all-electric home. A 3% discount rate is used to present value all operating costs back to 2018 
and an 18-year equipment measure life is assumed. 

Table 4 summarizes the estimated operating, equipment, and total costs of a ducted heat 
pump, a gas furnace/CAC system, and a propane furnace/CAC system in a new home in 
Massachusetts or Rhode Island. Table 4 only includes differential costs. Items that would be 
required in all cases, such as wiring and electrical service, are not included. Installation labor 
costs are assumed to be similar for all systems. Therefore, installation costs are not needed for 
comparison and are excluded from the analysis. 
 

       Table 4. New construction lifetime heating and cooling system differential costs 
 

  Fuel costs 
Equipment 
costs5 

Total 
costs 

Ducted HP $12,102  $5,000  $17,102  
Propane furnace w/CAC $15,526 $4,200 $19,726  
Natural gas furnace 
w/CAC $12,423 $2,200 $14,623  
Natural gas furnace 
w/CAC including 
socialized costs of gas 
connection $12,423 $6,500 $18,923 

 
From this analysis, a ducted heat pump provides a lower total cost of ownership when 

compared to a propane furnace and central air conditioner. However, the natural gas system does 
appear to have a lower cost of ownership; at least from the new homeowner’s perspective.  

However, this customer-focused analysis does not fully account for the costs of a new 
natural gas hook up. Service line and meter costs have been about $4,300 for recent additions in 
Connecticut (State of Connecticut 2012). If these costs are added to the analysis, as they are in 
the last line in Table 4, then the full cost of a natural gas system exceeds that of a ducted heat 
pump system. 

Further, if the new home is off a main pipeline, thousands of dollars in additional costs 
can be incurred to pay for the new gas mainline. Typically, both required service line and meter 
costs and any off-main connection costs are socialized across all residential customers through 
their rates, rather than being borne up front by the builder or homeowner when a new home is 
built. 

Estimates of Regional Greenhouse Gas Reductions 

Table 5 presents an estimate of the reduced regional greenhouse impacts associated if 
most of the region’s 2017 natural gas and propane new homes used ducted heat pumps instead.  
This analysis assumes the following: 

 

                                                 
4 Based on an internet search of providers. 
5 Based on costs from online review of equipment prices 
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 Marginal regional electric CO2 emission rate of 710 lbs./MWh (ISO-NE 2018), assumed 
to decline at 1% per year during the study period. 

 That absent intervention, 55% of new homes in the region would be heated with natural 
gas and 35% with propane. 

 That 80% of these homes, in turn, are heated with a furnace or hydro-air system and have 
central air. These homes can be fully space conditioned with a ducted heat pump. 

 
    Table 5. Annual New England CO2 new construction emissions and savings based on 

2017 permit data 
 

  

Number of 
ducted 
homes 

Annual CO2 
emissions/ 
home (tons) 

Annual CO2 
emissions 
(tons) 

Fossil Scenario       
Propane furnace w/CAC 5,716 3.38 19,293 
Natural gas furnace 

w/CAC 8,982 2.92 26,243 
Total Fossil 14,697   45,536 
Electric Scenario       

Ducted HP 14,697 1.77 26,023 
Total Electric 14,697   26,023 
Emissions Reduction     19,513 

 
If most of the homes permitted in New England in 2017 had used ducted heat pumps 

rather than propane or natural gas furnaces with central air conditioners, then the CO2 emissions 
would have been reduced by 45%. Over time, these reductions will likely increase if the New 
England electric grid continues to decarbonize through increased amounts of renewable capacity; 
From 2007 to 2016, CO2 emissions on a per MWh basis have declined by 22% (Figure 2). Most 
of the New England states have Renewable Portfolio Standards that require higher percentages 
of renewable generation in the future. We modeled a relatively conservative scenario where 
emission rates for electricity decline 1% per year in the study period. 
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Figure 2. New England system annual average NOX, SO2, and CO2 emission rates, 2007 to 2016 
(lb./MWh). Source: ISO-NE. 

Conclusions and Recommendations 

Moving new home construction to being fossil free appears to be a viable option for many 
consumers and with significant greenhouse gas benefits. Currently, the consumer economics of 
heat pumps is favorable relative to propane. For natural gas, lower system first costs help drive 
the customer economics towards that fuel. However, not all of the costs associated with 
providing natural gas to a new home are addressed in this customer focused analysis. These costs 
can be substantial and if shouldered more fully by the builder or homeowner, could shift the 
economics of heating fuel choice to electricity. 
 
Possible policy options for consideration to accelerate the move towards fossil-free new homes 
include: 

Remove constraints that prevent efficiency program administrators from promoting fuel 
choice. Regulations in many states prevent the use of ratepayer funds to promote fuel choice. 
Such constraints are inconsistent with larger state policy objectives to mitigate greenhouse gas 
emissions. However, care should be taken as to how efficiency program administrators pursue 
and promote fuel choice and, in existing homes, fuel switching. While conversions from oil to 
natural gas will yield customer benefits and, possibly, some small amount of greenhouse gas 
reductions, such efforts will serve as an impediment to the much larger greenhouse gas 
reductions associated with fossil-free space and water heating systems. 

Develop and offer all-electric new homes packages through residential new construction 
programs.  Efficiency program administrators should offer financial and technical assistance to 
builders and homeowners to promote fossil-free new homes. Fossil-fuel free heating systems 
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should be paired with heat pump water heaters and on-site photovoltaic solar panels to create an 
all-electric zero energy package. 
 
Transition to electric-only new construction incentives to avoid committing to potentially 
decades more fossil fuel use by ramping down propane and natural gas program incentives 
in residential new construction programs over time. There is little customer or societal 
rationale for continued efficiency program administrator support of fossil fuels in residential new 
construction. 
 
Decrease natural gas system hurdle rates. The hurdle rate refers to the timeframe in which a 
gas company-paid investment in infrastructure will be fully paid back through rates. Shortening 
this payback period to align them with public policy emissions goals will make the up-front costs 
of installing a new natural gas heating system include more of the actual costs. 

Encourage improvements in cold climate heat pump equipment costs. Despite being similar 
equipment, the currently available ducted cold climate heat pumps are more than twice as 
expensive as conventional HVAC systems. DOE has funded research on twin compressor heat 
pumps that offer good cold weather performance using more traditional technology that could 
result in substantial cost reductions in the future (Shen 2017). 
 

References 

 
Acadia Center. 2014, EnergyVision. https://acadiacenter.org/wp-

content/uploads/2014/09/ENE_EnergyVision_Framework_FINAL.pdf 
 
Architecture 2030. 2018. 2030 Challenge-Inspired Legislation. 

architecture2030.org/2030_challenges/adopters/adopters_govt_state/  
 
 BCAP (Building Codes Assistance Project).  Tackling Energy Codes with Energy Modeling. 

Preparing Design Professionals to Face Building Performance Demands. Energy Foundation. 
August 9, 2016.  bcapcodes.org/compliance-portal/design/energy-modeling 

 
BSC (Building Science Corporation). 2018. BSD-113: Ground Source Heat Pumps 

("Geothermal") for Residential Heating and Cooling: Carbon Emissions and Efficiency 
buildingscience.com/documents/digests/bsd-113-ground-source-heat-pumps-geothermal-for-
residential-heating-and-cooling-carbon-emissions-and-efficiency  

Cadmus (The Cadmus Group, Inc.). 2016. Ductless Mini-split Heat Pump Impact Evaluation. 
December 30, 2016. 

Census Bureau. 2018. New Privately Owned Housing Units Authorized Unadjusted Units for 
Regions, Divisions, and States. December 2017 Year-to-Date. 
www.census.gov/construction/bps/txt/t2yu201712.txt  

9-10 ©2018 ACEEE Summer Study on Energy Efficiency in Buildings



EIA (Energy Information Agency). 2017. “Energy Price by Sector and Source”. 2018 Annual  
Energy Outlook. Washington DC. www.eia.gov/outlooks/aeo/data/browser/#/?id=3-
AEO2018&region=1-1&cases=ref2018&start=2016&end=2050&f=A&linechart=ref2018-
d121317a.3-3-AEO2018.1-1&map=ref2018-d121317a.4-3-AEO2018.1-1&sourcekey=0  

EIA (Energy Information Agency). 2016. Carbon Dioxide Emissions Coefficients. 
https://www.eia.gov/environment/emissions/xls/co2_vol_mass_updated.xls 

Eversource Energy, et. al. (Eversource Energy, The United Illuminating Company, Connecticut 
Natural Gas, Southern Connecticut Gas). 2017. 2018 Plan Update of the 2016-2018 
Conservation & Load Management Plan. 

Grid (National Grid). 2017. “Appendix 2 National Grid Electric BCR Model”. Massachusetts 
Electric Company and Nantucket Electric Company, each d/b/a National Grid, D.P.U. 17-100 
- 2016 Energy Efficiency Plan-Year Report. May 1, 2017. Waltham MA. 

IPCC (Intergovernmental Panel on Climate Change) 2014. Summary for Policymakers, Climate 
Change 2014: Mitigation of Climate Change 

ISO-NE (ISO New England, Inc.). 2018. 2016 ISO New England Electric Generator Air 
Emissions Report. January 2018. 

Navigant (Navigant Consulting, Inc.). 2011. Incremental Cost Study Report Final. Lexington 
MA. Northeast Energy Efficiency Partnerships. 

Navigant (Navigant Consulting, Inc.). 2013. Incremental Cost Study Phase Two Final Report. 
Lexington MA. Northeast Energy Efficiency Partnerships. 

NEGECP (New England Governors and Eastern Canadian Premiers). 2017. 2017 Update of the 
Regional Climate Change Plan. Building on a Solid Foundation. Conference of the New 
England Governors and Eastern Canadian Premiers. August 28, 2017. Charlottetown, PEI. 
www.coneg.org/Data/Sites/1/media/documents/reports/2017-rccap-final.pdf  

NMR (NMR Group, Inc.). 2016a. 2015-2016 Massachusetts Single-Family Code 
Compliance/Baseline Study. Volume 2-Final Report. October 21, 2016. 

NMR (NMR Group, Inc.). 2016b. 2015-2016 Massachusetts Single-Family Code 
Compliance/Baseline Study. Volume 4-Final Report. October 14, 2016. 

NMR (NMR Group, Inc.). 2017a. Vermont Residential New Construction Baseline Study 
Analysis of On-Site Audits Draft Report. Draft May 5, 2017 (unpublished). 

NMR (NMR Group, Inc.). 2017b. R1602 Residential New Construction Program Baseline Study. 
December 5, 2017. 

NMR (NMR Group, Inc.). 2018. Rhode Island Baseline Study of Single-Family Residential New 
Construction. January 16, 2018. 

©2018 ACEEE Summer Study on Energy Efficiency in Buildings 9-11



Shen, Bo. 2017.  High Efficiency Cold Climate Heat Pump: 2017 Building Technologies Office 
Peer Review.US Department of Energy. 

State of Connecticut. 2102. Comprehensive Energy Strategy, Appendix C 

 

 

9-12 ©2018 ACEEE Summer Study on Energy Efficiency in Buildings



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


