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Introduction 
Greenhouse gas emissions, the most prevalent being CO2, methane, and nitrous oxide are 

collecting in the atmosphere and impacting all organisms that reside on this planet. We have the 

resources, knowledge, and technology to reduce these emissions, thereby slowing, stopping, and 

even reversing the negative impacts if we move quickly and make the big investments needed to 

make a difference. Each sector can make significant contributions to reducing emissions and this 

paper models the energy, financial, and CO2 savings of a net-zero residential home design in a 

very cold climate (northern Minnesota, USA) compared with the same design built to current 

Minnesota Residential Energy Code minimums. Results of the modeling and next steps are 

discussed. 

 

Defining the Problem 

According to the EPA, the human activities in the U.S. that contribute the most to greenhouse 

gas emissions are burning fossil fuels for electricity, heat, and transportation [1]. Emissions 

sources are often attributed to each of the major economic sectors: Transportation, electricity 

generation, industry, commercial, residential and agriculture. In 2019, the emissions from these 

sectors were 6,558 million metric tons (MMt) of CO2 equivalent [1].  

All of these sectors have one thing in common: they need energy. Energy to move, energy for 

production, energy for heating, and growing crops. One of the major costs of generating and 

using this energy is greenhouse gas emissions. Burning non-renewable energy sources is one of 

the greatest contributors to emissions, and one of the most popular methods for on-demand 

energy generation. Non-renewable energy sources include natural gas, coal, petroleum and other 

fuel oils. They are typically composed of carbon and hydrogen, and when burned, release CO2, 

along with other pollutants.  

Of the major sectors defined by the EPA, the residential sector accounts for about 20% of  

greenhouse gas emissions in the United States [2]. The most common sources of energy for the 

residential sector are electricity and natural gas [3]. Together, they accounted for 85% of end-use 

energy usage in the residential sector in 2020 according to the EIA [3]. Renewable resources 

only accounted for 7% of the end-use energy use, where sources include geothermal, solar, and 

wood fuels [3].   

Some of the biggest energy consumers in the common U.S. household are space heating and 

cooling systems. Other common electric appliances in most single-family households include 

stoves, washers and dryers, refrigerators and freezers, small appliances and water heaters. 

Appliances fueled by natural gas, propane or fuel oil include stoves, dryers, furnaces, water 

heaters, and boilers. According to the U.S. Census, 55% of single-family homes built in 2020 in 

the U.S. were heated by natural gas instead of electricity [4]. 

The residential sector contributes 20% of U.S. greenhouse gas emissions, which means there is 

opportunity to reduce emissions in a significant way. One way to reduce emissions from the 

residential sector is to start at the very beginning of a house’s life and build it right to ensure that 
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it uses the least amount of energy possible in the most clean and efficient manner. This can be 

accomplished by implementing more rigorous standards in home building that reduce energy 

waste by improving the homes’ thermal boundaries and maximize energy efficiency through 

more efficient appliances and mechanical equipment. 

 

Paving the Way Towards Net-Zero Carbon 

Several studies have queried the possibility of moving energy generation towards net-zero 

carbon, and some have focused specifically on the residential sector. Many have found it 

possible to move in a low to net-zero carbon direction, and some cities have even implemented 

laws and guidelines to become low to net-zero carbon [5, 6].  

 

To analyze the general energy generation trends of the United States, a study performed by 

Williams et al. analyzed 9 different pathways forward to reduce emissions and become net-zero 

carbon. One pathway is if we continue as we are now (Based on DOE Annual Energy Outlook), 

and the rest are pathways towards carbon neutrality. The only case with complete dependence on 

electricity was paving a path forward with 100% renewable resources [7]. The other paths still 

had some nonrenewable resources, but their effects were mitigated through sequestration and 

utilization to become net zero carbon. By moving forward with 100% renewable resources, 87% 

of demanded energy will be in electricity. The DOE also predicts that the residential energy 

demand will decline from 11.02 EJ to 6.54 EJ.  

 

More specifically to the residential and commercial building sector, a review of current literature 

on low and net-zero carbon cities by Seto et al. analyses current studies on low and net-zero 

carbon cities based on their objectives, methodology, and performance. When reviewing 

literature about reducing urban demand for energy, one common pathway forward was by 

increasing single-sector efficiency by more efficient buildings [5]. Other pathways towards low 

or net-zero carbon included the decarbonization of electricity through renewable resources which 

can be accomplished at both macro and micro scales. Local implementation of solar panels for 

medium to high density housing was shown to cover community electricity demands by several 

sources in the review [5]. Seto et al. stresses the importance of systemic transformation to 

achieve net-zero carbon across the globe to achieve the goal of net-zero carbon.  

 

Policies around the globe to reduce emissions and improve efficiency for buildings were outlined 

by Ürge-Vorsatz et al. They found from an evaluation performed by the United Nations 

Economic Commission for Europe (UNECE) that most jurisdictions in the United States do not 

have efficiency requirements for buildings and rely on voluntary efficiency improvements from 

builders [6]. One example of a country with strict efficiency standards is China. Despite the fact 

that it is a source of massive emissions, it also is the world leader in total floorspace of zero-net 

energy buildings at 7 million m2 and number of zero-net energy buildings [6]. It has standards 

dictating energy usage in severe cold and cold zones to steer the design of ultra-low energy 

buildings.  Another example of the success of implementing efficiency standards is demonstrated 

by Brussels. They went from having the least efficient buildings in Western Europe to the most 

efficient in 7 years by requiring Passive House standards across the Capital Region [6]. This 

resulted in a drop of heating energy use and greenhouse gas emissions by 25% and 16% 
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respectively [6]. They phased in their Passive House requirements, so that by the time the 

Passive House standard became a building requirement, most builders were already adhering to 

the code.  

 

Most of the preceding studies have had one step in common to achieve their low to net-zero 

goals: electrification. Electrification is the transition to electricity for end-use energy needs of 

heating, cooling, and running appliances rather than fossil fuels. Further, by using renewable 

resources to power electrification, emissions can be rapidly reduced in a more sustainable 

manner.  

 

Based on the literature, a phased approach assisted by government regulations is often 

recommended to ensure that the demand for electricity does not exceed supply, causing 

detrimental societal and economic impacts. 

 

Minnesota’s Residential Energy Picture 

Minnesota is located in IECC climate zones 6 and 7, and experiences harsh winters and hot 

summers. Despite being a leader in energy efficiency policy (ranked 9 of 50 states in 2021), 

Minnesota has actually increased its energy usage by 32% from 2005 to 2018 in the residential 

sector [8, 9].  

Due to the colder climate, Minnesota homes demand significant heating energy loads, with the 

majority of households (66.1%) using natural gas for heating [10]. In 2018, Minnesota homes 

used 450 billion cubic feet of natural gas, which is the equivalent of about 27 million tons of 

CO2 just for heating their homes [11, 12].  

Energy Source Used 

for Home Heating 

(share of households) 

Minnesota U.S. Average  Period 

Natural Gas 66.2 % 47.8 %  2019 

Fuel Oil 1.5 % 4.4 %  2019 

Electricity 17.3 % 39.5 %  2019 

Propane 11.2 % 4.8 %  2019 

Other/None 3.7 % 3.5 %  2019 

Fig. 1: MN Energy Source for Home Heating, 2019 from: 

https://www.eia.gov/state/data.php?sid=MN#ConsumptionExpenditures 

 

https://www.eia.gov/state/data.php?sid=MN#ConsumptionExpenditures
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In 2016, Minnesota households used an average of 9,200 kW of electricity/year according to the 

EIA [13]. The inputs used to generate electricity in Minnesota have changed significantly in the 

last 15 years, with the state seeing a 47% decrease in coal and renewables now accounting for 

21.7% of overall electricity generation (up from 5.5% of the total in 2005). These shifts are 

significant as we discuss moving residential heating leads to electricity versus fossil fuel based 

sources. If the state is generating electricity from coal, it would not be advisable to shift more 

demand onto that high emitting power generation. However, our electic grid is greening and 

there are less emissions associated with electricity generation than on other fossil fuels for our 

residential energy demands.  

Fig. 2: Sources of Electricity Generation in MN, 2005 vs. 2019 from: 

https://www.eia.gov/state/seds/sep_use/eu/pdf/use_eu_MN.pdf 

 

A Proposed Solution 
Over time, houses in the U.S. have been built more efficiently and are using less energy as a 

result. Despite improvements in technology, however, carbon emissions in the residential sector 

have remained static over the last 30 years due to a variety of factors including increase in 

average size of a home, number of appliances, and the total number of houses [3]. 

In Minnesota, all new home construction must adhere to the current Residential Building Code 

standards which contains regulations regarding energy efficiency, etc. This is considered “code 

minimum”. However, more rigorous standards exist that maximize energy efficiency for the 

home and these methods have been demonstrated and confirmed through multiple studies.  

https://www.eia.gov/state/seds/sep_use/eu/pdf/use_eu_MN.pdf
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One such standard is Passive House, a standard used in both the U.S. and abroad (Passiv Haus). 

Passive Houses operate efficiently by meeting strict criteria to dramatically reduce the amount of 

household energy consumption. The five main criteria pertain to space heating demand, space 

cooling demand, primary energy demand (for domestic applications), airtightness and thermal 

comfort [14].  

Another classification for a  maximally energy efficient home, and the focus of the current 

research, is zero-net energy (ZNE). A zero-net energy home combines superior energy efficiency 

with a renewable energy source to generate all of the energy a home needs. A house with 

superior energy efficiency, excluding the renewable energy source, can be termed zero-net 

energy ready (ZNR). One voluntary zero-net energy ready standard in the U.S. is the Department 

of Energy’s Zero Energy Ready Home (ZERH) program [15].      

 

Zero-Net Energy House Components 

There are several core ideas that support the ZNE house construction to make it more energy 

efficient. Since a majority of energy usage is dedicated towards temperature control, controlling 

the thermal boundaries of the house is of high priority, both with the design and construction of 

the home. Other methods for increasing efficiency include selective determination of the 

electrical appliances used in the home. This can reduce energy usage, while also improving 

performance. Eliminating non-electrical appliances that are used in heating, cooling and other 

domestic activities stops end-use emissions at the home. Finally, introducing a renewable energy 

source to the home can make the home net-zero carbon by ensuring that all of the home’s 

electricity is coming from a renewable energy source that produces no emissions.  

Insulation through Exterior Boundary Control 

Controlling the thermal boundary (also termed the envelope) of the home reduces a lot of the 

energy demand on a home. This is accomplished by increasing the insulation and insulation 

quality of the home to reduce the heat transfer between the interior and the exterior and also by 

reducing the air leakage of the envelope. Insulation can be added in the exterior walls, the attic 

and in the basement or under the slab.  

Thoughtful design can also reduce the amount of heat transfer between interior and the exterior 

via thermal bridges. Thermal bridges occur when there is a heat conductive material used along 

that boundary that creates direct heat flow pathways through the thermal boundary. By reducing 

these thermal bridges, houses will have less heat transfer and less need for energy to control the 

interior temperature.  

The heat transfer through windows and doors can also be reduced with window glazing choice 

and window placement. Triple-pane windows are an appropriate choice in a cold climate like 

Minnesota, with two insulating gas layers and three panes of glass. Windows can also be placed 

to reduce the amount of incoming solar radiation. Placement is location dependent and should be 

implemented into the design of the house. Window shading is also important to reduce the 

amount of incoming solar radiation, during the hot seasons.  



8 
 

Heat transfer can also occur through physical openings, and thus controlling the sealing of the 

home can reduce heat and air transfer. The airtightness of the home can be described as the 

number of air exchanges per hour, and by reducing the number of air exchanges, reducing the 

amount of uncontrolled heat flow. There is a caveat, however. Occupants need a steady supply of 

fresh air to breathe. This is called “ventilation.” Opening windows provides ventilation but 

relying solely on windows for ventilation can cause unwanted discomfort (in winter or summer) 

and heat loss.  Mechanical ventilation is required by code in all new Minnesota homes. 

Controlling the flow of heat through mechanical ventilation is more energy efficient, and can 

improve indoor air quality with filtration.  

ENERGY STAR® Appliances 

Increased end-use efficiency of energy reduces the overall draw of the household on the energy 

supply. This can be achieved by using appliances that are more efficient and have better 

performance indicators. Appliances and equipment rated as ENERGY STAR® certified must 

meet the strict energy efficiency criteria set by the EPA or the DOE [16]. By using appliances 

with increased efficiency, less electricity will be used, reducing emissions, and saving the 

consumer money in energy costs over time.    

Air Source Heat Pump (ASHP) 

Air source heat pumps are a more efficient system for home heating and cooling as compared to 

traditional systems, such as combustion heating systems and air conditioners [17]. They perform 

better than traditional systems because a heat pump transfers heat directly, instead of burning a 

fuel to move heat. By moving heat directly, there is less energy loss and less energy used to 

move the heat from one space to another. Air-source heat pumps need to be chosen based on the 

climate zone they are installed in to optimize performance. By implementing air-source heat 

pumps in homes, heating and cooling energy consumption can be greatly reduced, which are two 

of the most energy demanding needs of a household. According to the U.S. Department of 

Energy, air-source heat pumps can reduce energy usage by 3,000 kWh, when compared to more 

often used electric resistance heaters [17].  

Renewable Energy Source 

Introducing a renewable energy source to a household can reduce the home’s energy-associated 

CO2 emissions and reduce the household money spent on purchased energy. Solar panels used 

for generating electricity are called photovoltaic (PV) panels. They produce electricity by 

converting solar radiation directly to electricity utilizing a positive and negative layer of a silicon 

solar cell to separate the electrons to harvest them for electricity. They can be placed on the roofs 

of houses, or in open space, to gather solar radiation. They usually last 25 years, but some can 

last upwards of 40 years.  

Decreased reliance on non-renewable energy sources in the residential sector can be 

accomplished in several ways; reduced energy needs for heating and cooling, reduced energy 

draw from small appliances, and renewable energy generation linked directly to the residence. 

These can all be accomplished by following the stricter standards set by institutions like Passiv 

Haus, Passive House Institute U.S. (PHIUS), ENERGY STAR®, and the DOE.       
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Case Study for Northern Minnesota in Two Parts 
Part 1: Energy & Emissions Modeling 

Purpose 

To determine and compare the energy demand and CO2 emissions of one house design (in the 

same location) using 3 different standards: the 2015 Minnesota Residential code, zero-net energy 

ready (ZNR), and zero-net energy (ZNE).  

Scope 

A design for a 1,500 square foot single-family detached home, the Evergreen House, was 

modeled to Minnesota 2015 Residential Code and compared to the same single-family home 

modeled to be ZNR and ZNE. Comparisons will be made based on end-use loads, annual 

estimated energy cost, HERS® Index, estimated greenhouse gas emissions, and estimated energy 

cost savings (only applicable to ZNR and ZNE).  

Methodology 

REM/Design 16.0.2 was used to model a single-family detached home to a given set of 

construction drawings according to 3 standards. Each house was modeled as if built in the same 

location in Duluth, MN1, but varied according to the enclosure and systems design and energy 

performance standards. The building form, size, window and door sizes, interior details, 

orientations and locations did not vary between the models.  

The code house was modeled to the current Minnesota Residential Energy Code minimums and 

feature a natural gas forced air furnace. The ZNR and ZNE versions were modeled with 

advanced energy efficiency specifications regarding the enclosure, insulation, and airsealing and 

the mechanical systems were all electric with air source heat pumps, with the only difference that 

the ZNE home was modeled with a roof-mounted PV array. The differences in assembly and 

system specifications are summarized in Table 1. More specific building specifications are 

included in Appendix B.  

The National Renewable Energy Laboratory’s (NREL) PVWatts ® Calculator was used to 

determine the PV system specifications. The PV DC system size was a 9.6 kW standard fixed 

roof mounted array at a 40° tilt with an array azimuth southeast (225°).  

Each model was given a HERS® rating calculated through REM/Rate. The Home Energy Rating 

System (HERS ®) is the nationally used system for rating the energy performance of a home. A 

HERS ® score of 100 indicates that a home is performing at the same level as the reference 

home used on the scale, which conforms to IECC 2006. A higher score indicates a less energy 

efficient home, where a lower score indicates a more efficient home. A score that is zero or less 

can only be obtained by a net-zero energy home.  

 

                                                           
1 The location used in REM/Design was International Falls, Minnesota. This location more accurately represents the 

expected weather and heating conditions than the preset values for Duluth, Minnesota.  
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Models were submitted to the Minnesota Center for Energy and Environment (MnCEE) for 

verification. Duct systems were added by MnCEE staff. REM/Rate reports are included in 

Appendix B.  

All three models, once verified, were compared based on HERS ® Index, estimated annual 

energy cost, estimated annual energy consumption, estimated annual savings and CO2 emissions. 

Results are summarized in Tables 2 and 3. 
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Results 

 

Table 1. Building assembly and system specification comparison to the 2015 MN Residential Energy Code. 

 2015 MN Residential Energy 

Code 

As Designed – ZNR As Designed - ZNE 

Assemblies Cavity Continuous U-Value Cavity Continuous U-Value Cavity Continuous U-Value 

Foundation Walls  R-10   R-22   R-22  

Framed Walls R-21   R-212 R-15  R-212 R-15  

Windows   0.32   0.203   0.203 

Doors  3.0 0.203  10 0.084  10 0.084 

Attic  R-49   R-70   R-70  

          

Systems          

Mechanical Ventilation Balanced Balanced Balanced 

Air Tightness 3 ACH @ 50 Pa < 1 ACH @ 50 Pa < 1 ACH @ 50 Pa 

Lighting  0% LED   90% LED   90% LED  

Heating 90 AFUE Gas Furnace 100K Midea 24k Ducted Midea 24k Ducted 

Cooling 14 SEER A/C 2 Ton Midea 24k Ducted Midea 24k Ducted 

Hot Water Conventional Electric Heat Pump Electric Heat Pump Electric 

 

 

 

 

 

                                                           
2 Minimum 
3 Maximum 
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Table 2. Energy performance comparison between the MN 2015 Residential Energy Code home to the ZNR and ZNE built homes.  

 2015 MN Residential 

Energy Code 

As Designed – 

ZNR 

As Designed - 

ZNE 

HERS® Index Score4 73 35 -8 

Estimated Annual Energy Cost ($/year) $1,070.00 $791.00 -$102.00 

Estimated Annual Energy Consumption (MWh/year) 27 9 -2 

Annual Savings* ($/year) $561.00 $1760 $2,653.00 

 

 

Table 3. Greenhouse gas emissions comparison between the MN 2015 Residential Energy Code home to the ZNR and ZNE built 

homes.  

 2015 MN Residential Energy 

Code 

As Designed – ZNR As Designed - ZNE 

Emissions    

CO2 (tons/year) 9 6 -1 

SO2 (lbs./year) 17.4 23.2 -0.2 

NOx (lbs./year) 26.8 18.4 -0.2 

    

Emissions Reductions    

CO2 (tons/year) - 10.4 10.4 

SO2 (lbs./year) - 31.4 31.4 

NOx (lbs./year) - 25.0 25.0 

                                                           
4A HERS ® score of 100 indicates that a home is performing at the same level as the reference home used on the scale, which conforms to IECC 2006. 
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Discussion 

The results of the REM/Rate analysis show that CO2 emissions decrease by 3 tons/year 

for the ZNR house, and 10 tons/year for the ZNE house as compared to the home built to 

minimum code requirements. This decrease in CO2 emissions is due to the decreased energy 

load on the house from the increase in thermal envelope sealing and the increased efficiency of 

the mechanical equipment used to provide heating and cooling to the home, as well as the 

elimination of fossil fuel burning equipment.  

 

The estimated annual energy consumption for the code modeled home was 27 MWh/year – this 

figure includes natural gas usage for the forced air furnace, which has been converted from cubic 

feet to Megawatt hours. Energy consumption decreases to 9 MWh/year for the ZNR home and 

goes net negative for the ZNE home at -2 MWh/year, indicating that the house would be selling 

energy to the grid, instead of buying from it. The ZNR home is interesting because that is the 

entire energy consumption of the house (including heating and cooling), whereas an average 

Minnesota home (noted above) uses 9.2 MWh/year which does not include heating and cooling.  

 

REM/Rate was used to determine the HERS ® ratings for the home modeled to the 3 different 

standards by submission to the Minnesota Center for Energy and the Environment (MnCEE). 

The HERS ® rating of the ZNR home was less than half that of the home modeled to code, at 35 

and 73 respectively, whereas the ZNE home was at -8 (due to producing more energy than the 

home uses). This is an indication of the impact a more rigorous energy code can have on new 

home construction which translates to less energy demand and less energy costs. 

 

Due to the stark drop in energy demand, energy costs drop accordingly. The modeled 

code house costs an estimated $1072.00 per year, which drops to $791.00 for the ZNR modeled 

home and to -$102.00 for the ZNE home, which means that the home is making a profit based on 

estimation of annual energy gain from the attached PV system. All 3 modeled homes incur 

savings when compared to the HERS ® reference home at $591.00, $1,760.00 and $2,653.00 for 

the code, ZNR, and ZNE home respectively. 

 

The ZNE modeled home has the greatest savings in energy per year, the least CO2 emissions per 

year, and a -8 HERS ® score, indicating the best energy efficiency. The results of this study 

clearly show that a ZNE home is the most environmentally friendly to operate/live in. 
 

Part 2: Cost of Construction 

Purpose 

To determine and compare the cost of construction and costs over the life of a mortgage for one 

house design (in the same location) using 3 different standards: the 2015 Minnesota Residential 

Code, zero-net energy ready (ZNR) and zero-net energy (ZNE).  

Scope 

The Evergreen House, a 1,500 square foot, single family, single-level detached home was cost 

estimated to Minnesota 2015 Residential Code building standards and compared to the same 
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home cost-estimated to be ZNR and ZNE. Comparisons will be made based on construction 

costs, mortgage and down payment costs, and monthly mortgage + energy costs.  

 

Methodology 

The cost estimates were compiled from January 2022 - April 2022 utilizing bids from contractors 

and subcontractors in the Duluth, MN area and detailed to the specifications of the Evergreen 

house as either a Minnesota Residential Code house, a ZNR, or a ZNE. The ZNR home is the 

same as the ZNE, just without the cost of the PV array. All costs are reflective of the local 

availability of materials/labor as well as reflective of the inflated prices of materials and freight 

costs as a result of the Covid-19 pandemic. 

Pandemic Impacts on the Current State of Home Construction/Buying  

Due to the Covid-19 pandemic that started in 2020, prices of homes, for building and buying, 

have increased significantly. The cost analysis done for the model of the Evergreen zero-net 

energy homes reflects these increases in prices, and cost comparisons between the Evergreen 

modeled to the Minnesota Residential Energy Code, ZNR and ZNE were all made at the inflated 

prices. In Duluth, the average cost of homes rose by 17% [18] and costs for construction of new 

homes has increased by 20% due to supply chain issues and high demand [19]. As an example, 

lumber costs alone have increased 3 times in price from 2020 to 2022 [20]. The increases in cost 

for homebuying and home building are comparable, but the energy efficiency savings from 

building a new home make it more economically desirable when considering the costs of 

homeownership over the life of the mortgage. 

Results  

Table 4. Construction & monthly cost comparison between the MN 2015 Residential Energy 

Code home to the ZNR and ZNE built homes.  

 Construction Cost/ 

Mortgage 

Down Payment* Monthly Mortgage, 

Taxes, Insurance + 

Energy Costs 

2015 MN 

Residential Energy 

Code Home 

$418,256 $41,826 $2,555 

ZNR Home $437,684 $43,768 $2,581 

ZNE Home $461,584 $46,158 $2,553 

*10% down payment assumed 

Discussion 

The examination of costs between the code home, ZNR, and ZNE yielded interesting results. At 

the time this study was conducted, it would cost $418,256 to build the code version of the 1,500 

square foot Evergreen Home (not including land purchase). That is $279/sq. ft. which (in 2022) 

is at the lower end of the “typical starter or mid-range move-up home” cost of $275 - $350/sq. ft. 



15 

according to Minneapolis-based Sustainable Nine Design + Build Company [20]. The ZNR and 

ZNE homes come in at $292 and $308 per square foot – still well within the “starter/mid-range” 

home defined above.  

Despite the $43,000 difference in construction price tag, the initial upfront cost to a homebuyer 

by way of down payment is only $4,332 more for the ZNE home than that of the code home. 

Drilling down even further, the differences to the homeowner in terms of monthly cost are 

actually $2.31 less than that of the code home. See Appendix A for cost summary information. 

Graphic Credit: Madeline Snow, in collaboration with Green New Deal Homes SBC 

This cost analysis shows that a zero net energy home constructed in Duluth, Minnesota will cost 

10.4% more than a home built to code minimum at 2022 prices. Additionally, the energy savings 

realized from greater energy efficiency of the ZNE home as well as the PV array, create a cost-

equivalency to the code home in terms of monthly mortgage + energy costs with the added 

benefits of greater occupant comfort, zero fossil fuel combustion (and therefore zero chance of 

carbon monoxide exposure), resilience to changes in energy prices, and a smaller carbon 

footprint5. 

Conclusion 

Fighting climate change through emissions reductions requires changes and effort in every 

sector. New homes today will be the old homes of tomorrow and it is of utmost importance that 

new construction lead by example of what can be done within the building industry to create a 

5 66.4% of Americans make less than $100,000/year and 81.7% make less than $150,000, which depending on income/debt 

ratios would be the minimum salary needed to qualify for a $400,000+ mortgage. 
https://www.statista.com/statistics/203183/percentage-distribution-of-household-income-in-the-us/#main-content (2020). 

https://www.statista.com/statistics/203183/percentage-distribution-of-household-income-in-the-us/#main-content
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better, more valuable, sustainable, and resilient product for the future. Deep energy retrofits of 

existing homes are another important area of effort that could halve CO2 emissions in the 

residential sector [21]. 

This study shows that enhancing the efficiency of newly built homes decreases the amount of 

greenhouse gases released into the environment, improving future environmental, societal, and 

economic outlooks. In 2021, over 1.1 million single family housing units were built in the United 

States [19]. If all these new homes were built to Minnesota Residential Energy Code, the homes 

would generate an additional 10.1 million tons of CO2 emissions annually. Conversely, if built 

to the Evergreen House ZNE standard, there would actually be zero additional CO2 emissions 

and positive clean energy would be added to the grid from the solar arrays. Building to a higher 

standard of energy efficiency and removing fossil fuels from new housing’s energy mix would 

lead to 10 million+ tons of CO2 emissions avoided annually and compounding avoidance each 

year after. Building ZNE homes also creates resilience for the homeowner, reduces the impacts 

of future energy price fluctuations, increases occupant comfort and reduces health hazards.  

The more rigorous energy efficiency standards we need already exist and homes are being built 

to meet these standards across the U.S. What we hoped to convey with this study to homebuyers, 

the construction industry, realtors, and lenders is that these homes are financially viable, cost-

competitive to code-built homes, and that the ZNE features have value to the homeowner above 

and beyond the initial cost to add them to the home. Now is the time for policy to catch up and 

implement more rigorous building standards across the U.S. to bring home building to a climate-

ready level and help meet emission reduction goals.  
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Appendix A: Monthly and Annual Cost Analysis 

Comparison of 3 homes 
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Appendix B: Building Summaries from REM/Design 

Evergreen Code Model 
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Evergreen ZNR Model 
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Evergreen ZNE Model 
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Appendix C: REM/Rate Reports from MnCEE 

Evergreen Code Model 



54 
 

Evergreen ZNR Model 
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Evergreen ZNE Model 
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