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Abstract 
Climate change is a global phenomenon that affects human and animal comfort levels.  The Napa 

Valley has been feeling the effects of this most recently with wildfires, drought, and power 

shutdowns.  The case study in this paper analyzed the best course of action to improve the 

comfort levels for the occupants of a home in Napa, California.  Quantifying the comfort levels 

and what factors will improve the quality of life for the people affected by these extreme 

temperatures will be the main focus.   Climate Consultant 6.0 software was utilized to make 

decisions regarding the home’s repairs or renovations required to make the comfort levels better 

for its occupants. It was determined that the most effective repairs and renovations were 

insulation and solar panels.  Insulation by itself is about $1,173.30 without including labor.  

Solar panels costs vary depending on if the homeowner chooses to finance, lease, or pay with 

cash up front. These recommendations included an approximate amount of cost savings for the 

homeowners, which were estimated to be $78,000 over 20 years for the solar panels alone.   
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Introduction 
Climate change is affecting Northern California through drought and wildfires.  In recent 

years, Pacific Gas and Electric (PG&E) has started to pre-emptively shut down power for large 

areas due to high winds during fire season.  These power shutdowns can last for several days and 

are inconvenient and uncomfortable for homeowners as the summer heat is lasting well into 

October.  The impact from the loss of power could be mitigated through design strategies and 

on-site renewable energy. 

Traditionally, residential homes in America have not considered sustainable design.  The 

environment was taken into consideration before the advent of heating and cooling.  As climate 

change is becoming a more apparent reality for people world, strategies to keep people both safe 

and comfortable will prove to have more value.  For example, a study done in the city of Yazd, 

Iran proved that strategies for urban design in a hot climate are effective.  Orienting building 

sites towards the South reduces humidity during the day when its hot, and the opposite at night 

for optimal comfort.  Courtyards are another feature in Yazd that are best positioned at the 

Northern part of the site to maximize wind speed and comfort levels due to the increase in wind 

speed (Sayigh, & Sayigh).  

Returning to designs that incorporate the environment are one option. However, there are 

also options to help existing structures such as PassiveHaus, Net Zero, LEED certification, and 

the Living Building Challenge. This paper will show how a home in the Napa Valley can be 

upgraded to use less energy and be more comfortable for its indoor occupants when it loses 

power during fire season.  An analysis of the current energy use during different seasons, the 

existing structure’s effect on indoor comfort, and what strategies can be used to improve the 

situation will be explored.  The costs and savings will be a good indicator of whether these 

strategies are worth the effort. 

 

Literature Review 

Climate Change 
Climate change is a global phenomenon getting the attention it deserves as more people 

are affected by it.  Since California has the highest state population in the United States, it is 

essential to understand how people will live comfortably as the weather becomes more extreme.  

The comforts of modern amenities have made us grow dependent on consuming more energy 

and requiring the burning of fossil fuels.   The increases in water and air temperatures combined 

with extreme heat events are increasing the need for energy used for air conditioning (NCA 4).  

This has created a negative feedback loop that causes the temperatures to become more extreme 

and requires more energy to stay comfortable.  The average global temperature has been rising 

since the middle of the nineteenth century.  Rising sea levels will also cause migrations inland, 
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which will increase the demand for water as the rate of drought increases due to the weather 

(Letcher).   

 Concerns in California regarding climate change are not unfounded.  The weather is 

becoming more extreme (Fredrich et al), which reduces the potential of power distribution and 

hydropower.  Hotter temperatures encourage drought, which limits the effectiveness of 

hydropowerWe are trying to find alternative sources of energy in the wind, which have been 

moderately successful.  The Altimont wind farm, which was started in 1981, generates enough 

power for 400 homes (Chu, Mercury News).  Since its start, there has been controversy regarding 

birds flying into wind turbines.  The design has changed to a slower-moving model that is more 

bird-friendly.  Recent years have also brought more solar panels to parking lots.  While it would 

be optimal to have more citizens using electric cars and public transportation, this step is in the 

right direction.  Home solar is also an option on the rise in the state, with 22.69% of its energy 

coming from solar and ranking first in the nation for solar power (California Solar). 

 California is no stranger to making changes to their lifestyles because of climate change.  

During drought, citizens have been encouraged to get rid of lawns and plant “drought-resistant 

vegetation” (cbsnews.com). With water becoming a finite resource, water utility companies are 

billing a higher rate for people who go over a certain amount of gallons in their consumption.  It 

may seem odd for a state with a coastline of water to have a shortage; however, desalination is an 

expensive and energy-intensive project.  With the rising state population and demand for water 

from agriculture, this is an issue that will continue to become more evident as climate change 

becomes more severe.  

In Northern California, fire season is getting longer (Goss, et.al).  Pacific Gas & Electric, 

or PG&E was found responsible for the Camp Fire that caused the deaths of 85 of the 86 people 

in Paradise, California (kcra.com).  The concern for aging power grid equipment that has to be 

maintained by this large public utility has grown for Californians.  It is not as simple as burying 

power lines because of the long distances they must cover.  Forest management is an issue 

brought up by Donald Trump during his visit to California after the devastating fires (ABC 

news).  His assertion that climate change is not to blame might be misguided, but there is some 

truth to forest management possibly preventing a large-scale forest fire like the 2018 Camp Fire. 

Forests have an ecosystem that is meant to burn every so many years.  We prevent these 

from happening because our structures become unsafe when fires happen (Thomas et al.).  Fire 

behavior can be studied to predict when there is more danger to the areas prone to fire.  Using 

information from weather patterns, topography, and where the fuels are to the fire, forest 

management can prevent large disasters from happening.  With climate change affecting the 

weather patterns, it will be important to develop technology that can assist with fire management, 

especially in hard-hit areas like California and Australia.  It is also important to note that 57% of 

the forests in California are managed and owned by the USDA Forest Service, National Park 

Service, and USDI Bureau of Land Management, which are Federal entites (California Forests). 

In order to classify how the building’s energy savings will improve the conditions for its 

inhabitants, it is important to look at standards that are recognized in this industry.  Several 

sustainable home building design trends can offer guidelines and methods to achieve the overall 

goal of minimizing energy consumption.  In most cases, the structure’s design is energy modeled 

so it can be tested for efficiency before it is built.  After the building has been built, the data is 

then collected and analyzed to be sure that the building’s design has been proven.  For this paper, 
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the most pertinent aspect would be how the comfort levels for the occupants would be improved 

during power outages using these methods. 

Building Energy Consumption 
One-third of global energy usage is by buildings (Levesque).  These are not structures 

that happen in the natural environment.  We are designing them to fit our needs, often without 

considering what will happen to their surrounding environment, let alone the effect on climate 

change.  Our technology has taken us to space, charted the entire globe, and advanced medicine 

to keep us alive longer, and yet we as a species are changing the atmosphere to be “comfortable”  

inside our buildings. As our population rises and more people will need to be comfortable, we 

must consider what that reality will be like.  Energy costs will prohibit some from turning on 

their heat or air conditioning, which is already a reality.  During power outages, community 

centers were opened to those who needed air conditioning, such as the elderly or young. 

 

 

Figure 1: Chart from Levesque et al. showing different socio-economic scenarios and how they result 

in different climate outcomes. 

 The chart in Figure 1 shows the climate outcomes based on people’s behaviors.  The 

green line is the most sustainable route taken.  It shows that the population will go down as 

income rises.  The heating degree days and cooling degree days are lower, which indicates a 

more balanced climate than the red line.  The red line indicates fossil fuel development. It shows 

more income per capita, but more extremes in weather.   

Ancient civilizations did not have power to provide heat or cooling in extreme 

temperatures, yet they survived.  Some civilizations would move when the weather changed. 

Others designed building courtyards or used the earth as their insulation.  While climate change 

is a harsh reality, we can still be comfortable without turning up the air conditioning or designing 

buildings that depend on mechanical systems to make up for the outside temperatures.  

Courtyards were a form of passive cooling that utilized planting trees and water features that 

gave the buildings’ occupants a microclimate cooler than the surrounding area (Sayigh). 

Sustainable Building Designs 

Passivhaus, also known as Passive House, “is a leading global low-energy building 

specification” (Mitchell et al.) that utilizes insulation and features air-tight buildings.  In 

Mitchell’s publication, it is proven that the 97 homes they studied for multiple years in the 

United Kingdom were using no more heating than predicted by the design intent of the 
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Passivhaus method.  More pertinent to the case study in Napa is the “ecological payback,” or 

refurbishment that pays back by reducing energy use.  In Details for Passive Houses, leaking 

buildings with poor insulation, which is exactly the main issue in the case study, is referenced as 

the cause of heavy use of pollutant energy.  As shown by the electrical and gas usage by the 

inhabitants of the Napa house, there is room for improvement using a Passivhaus approach. 

Passivhaus is under the same umbrella of building design as Net Zero Energy Buildings, 

which are “buildings that meet their energy needs annually from renewable resources, produced 

on-site or nearby” (Attia).  Under the acronym NZEB, these buildings have lofty goals and save 

the buildings occupants’ money and energy.  As a result, they have more value, which is a great 

selling point for land developers and investors.  Ballard House, the Single-Family winner in the 

2020 Passive House Institute U.S. design competition article by Breen, showcases these energy-

saving features.  The home has a decent amount of light due to being built on the most northern 

part of the site.  It has steel canopies to keep out the sun during the summer, with a large skylight 

to gather the solar gains of winter.  It features a courtyard that is accessed by sliding doors that 

provides light and airflow to the living, kitchen, and dining areas. 

Another green building certification to consider is LEED (Leadership in Energy and 

Environmental Design) Certification, which was introduced in 1998 (Kubba).  According to the 

U.S. Green Building Council, the definition of a LEED Certified building is one that has met one 

of their several sets of criteria.  LEED standards for all building phases and types include new 

construction and major renovations, interior fit-out projects, existing buildings being improved, 

neighborhood development or redevelopment, homes, cities and communities, and 

recertification.  Each of these categories includes its own set of criteria that will evaluate the 

project’s overall design so the building may receive certification.  Beyond these items is LEED 

Zero, a higher standard with the ultimate goal of net-zero carbon (USGBC).  An example of a 

LEED platinum-certified residence is Hupomone Ranch in Petaluma, California, featured on 

dwell.com.  This ranch utilizes insulation and thermal mass for passive heating and cooling.  

Besides radiant cooling and heating and geothermal, solar panels also make this home more 

energy-efficient.  Photographs in the article featuring Hupomone Ranch show plenty of natural 

light and what appears to be the use of LED lighting. 

In the United Kingdom, the BREEAM (Building Research Establishment Environmental 

Assessment Method) began in 1990.  It is another building standard that assesses the design and 

development of buildings and then assigns a rating based on its criteria.  BREEAM is similar to 

LEED in standardizing green, sustainable design that can be categorized and assessed for energy 

efficiency and the health of the building occupants.  Lancaster Grange, located in Bricket Wood, 

Hertfordshire, England, is an example of a BREEAM certified residential project.  The occupants 

will have a sustainably built home within walking distance to the local amenities (HQM).  

Walkability is an important aspect of projects that boast environmentally friendly design, which 

is addressed by footpaths and proximity to schools and stores.  The health and well-being of 

building occupants must be considered when planning a residential project.  There is also public 

transportation available for those who need to commute out of the convenient, walkable area. 

The Living Building Challenge is another criteria sustainable designers and planners can 

look at for their projects.  More rigorous than LEED, the LBC has “petals” that are used to refer 

to each section of requirements to be met by the design team.  The six petals are site selection, 

net-zero energy, materials that meet standards, net-zero water, healthy indoor air quality, and 
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inspirational/beautiful design features.  The Living Learning Center at Washington University’s 

Tyson Research Center is featured in a paper by Daniel Hulmuth.  This architect and his team 

sought to meet the Living Building Challenge criteria of the Living Learning Center.  The site 

features composting toilets that convert human waste to nutrients for their organic garden.  They 

also repurposed the existing parking lot and only had to add four new spaces for handicapped 

parking.  Stormwater management was another aspect of this project that utilized rainwater 

collection, filtering, irradiation, which made potable water for the building inhabitants (Hulmuth, 

et al.). 

Methodology 
The case study home is a 2,012 square feet home in Napa, California, with five bedrooms 

and two bathrooms.  It was built in 1973 on a 6,795 square feet lot, with the front of the house 

mainly facing North.  For comfort, there is a central heating system and no air conditioning.  

There is no insulation installed anywhere in the house, except for above the garage, below the 

master bedroom.  The original aluminum single-paned windows have been replaced with double-

pained windows.  Currently, the ground-level, which has one bedroom, the living room, dining 

room, and kitchen, stays cold throughout the year.  The second floor has four bedrooms and is 

extremely hot in the summer and cold in the winter.  Hot water is provided with a traditional 

water heater that utilizes a tank.  The plumbing fixtures are not water-saving.  

 

   

Figure 2: Northern elevation of the residence in this study. 

Several trees in the neighbor’s backyard are against the back fence that are about 40 to 50 

feet in height.  These trees provide shade for the back of the house, which is on the southwest 

side.  A large patio overhang is also on the rear patio, and another overhang covers the front 

windows and porch.   As a result, the ground level of the house keeps a comfortable temperature 

all year.  The use of heating and cooling to keep the second-floor inhabitants comfortable 

throughout the hot and cold weather has resulted in an annual energy bill of approximately 

$4500. 

The cost of the electricity bill is not the only concern.  As wildfires have become more 

common for Northern California, being dependent on PG&E’s utility service is not a wise 

decision.  In 2018, the Camp Fire that destroyed Paradise, California, and killed 84 people, was 
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caused by faulty equipment knocked down by high winds.  PG&E plead guilty (CBS News) to 

manslaughter and, as a result, began to monitor wind patterns and shut down portions of the 

power grid accordingly.  These shutdowns were announced ahead of time, but many people were 

inconvenienced for several days.  Power generators were a hot commodity, and there was 

concern for civil unrest due to the high temperatures.  There was a lack of information about how 

long the power would be shut off and where. 

In this study, the results will allow the homeowner to decide whether upgrades are worth 

the cost.  There will be various solutions that will give the homeowner more insight into how to 

reduce energy use.  It is also important to look at other forms of energy, such as solar power, to 

alleviate the stress and inconvenience that power shutdowns can cause.  While all of the 

examples of sustainable building design were great resources for information, we will focus on 

some key categories within them to adopt in this project. 

 

Data and Results 
The first step is to calculate what the annual cost of energy is for this home.  An energy bill and 

Excel get an accurate representation of what monthly gas and electric usage is for a typical year.  

All information gathered is for January through December of 2020.  Then, the weather high, low, 

and average temperature for those same months were graphed in Excel as well.  This is to show 

whether or not there is a correlation between energy usage and comfort levels shown in Climate 

Consultant 6.0.   

Figure 3 (left):  Monthly cost of gas and electric for 2020.   

Figure 4 (right):  The temperatures of Napa, California, in 2020.   

Compared to the graph in Figure 3, electricity costs go up in the warmer months, 

particularly May through October.  In this case study, the first floor of the house uses 
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considerably less electricity during these warmer months due to its cooler environment.  All of 

the heat in the house rises to the second floor, where there is no insulation.  Therefore, window 

air conditioning units are used in two bedrooms on the second floor to keep the inhabitants on 

that floor comfortable during the extreme heat.  Conversely, the lower temperatures in Figure 4 

indicate more use of gas in Figure 3.  The house has central heating, which uses gas to operate.   

 

Climate Consultant 

Climate Consultant 6.0 is software used to help users understand their climate.  It can analyze the 

local “zone” conditions and indicate improvements that would make the people who live in the 

building more comfortable.  For our purposes, we will look at what recommendations of this 

software are already realities for our case study and how we can improve this house using some 

of the other recommendations from Climate Consultant.  This software uses the standard of 70 to 

75 degrees (F) to classify comfort levels.   

 

 

Figure 5: Psychometric chart from Climate Consultant 6.0 for May through October. 
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Figure 6: Donut chart comparing the design strategies for the warmer months. 

In Figure 5, the warmer months are analyzed using Climate Consultant 6.0.  The design 

strategies that make up the most comfort levels are sun shading of windows, internal heat gain, 

passive solar direct gain high mass, and high thermal mass night flushed.  In this case, the 

windows already have overhangs and blinds that provide a good amount of protection from solar 

radiation, satisfying the “sun shading of windows.”  The other recommendations would require 

some form of insulation, the lack of which is the likely culprit for the sweltering heat on the 

second floor of this home.   

 

Comparison of  Design Strategies 
for Warmer Months

Comfort Sun Shading of Windows

High Thermal Mass Night Flushing Internal Heat Gain

Passive Solar Direct Gain High Mass Humidification Only

Cooling, add Dehumidification if needed Heating, add Humidification if needed
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Figure 7: Psychometric chart from Climate Consultant 6.0 for November through April.   
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Figure 8: Donut chart comparing the design strategies for the colder months. 

To add to this, in Figure 7, heat is required for 68.2% of comfort during the colder 

months.  We can install insulation, but it will only help during the warmer months when needed 

more for comfort levels.  Fire season is starting earlier due to climate change, increasing the 

likelihood of power outages to prevent more catastrophes, as mentioned before.  In order to have 

optimal comfort without depending on the main power grid, we need to have a generator or a  

power supply.  The best option is solar power.      

Insulation Estimates 

 

Figure 9: Best insulation option for an existing home from Energy.gov 

Comparison of Design Strategies
for Colder Months

Comfort High Thermal Mass Night Flushed

Internal Heat Gain Passive Solar Gain

Heating, add Humidification if needed
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Figure 10: Wall R-value calculator results from ekotrope.com.  Layers: Brown siding, 

Black house wrap, yellow wood/OSB , Blue cellulose spray,  Grey gypsum board. 

 R-values are an important aspect of insulation.  The Passive House Institute, U.S., 

recommends an R-value of 19-27 for walls and 30-70 for ceilings in Zone 2.  Currently, the 

estimated R-value for the exterior walls is R-2.68.   For this case study to be brought up to 

Passive House standards, it requires about 25 more R-value to be at the upper limit of Passive 

House standards for its zone.  Figure 10 shows how the difference in R-value based on building 

materials using a calculator from ekotrope.com 

 

Figure 11: GreenFiber Blown in Cellulose Insulation Specification Chart for Attic 
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Estimate:  Insulation 

Product Use Cost 

Low Dust 

Cellulose 

Blown-in 

Insulation 

Adds R-Value to 

Exterior walls and 

attic, lowers 

energy needs. 

$315.36 needed 27 units to 720 sq ft  (walls) 

$687.94 needed 53 units to 720 sq ft  (roof) 

Blower 

Machine Rental 

at Home Depot 

Designed to install 

blown-in 

insulation 

$88 for 4 hours 

$125 per day 

Core Drill Bit Cuts holes in the 

exterior side of the 

wall to blow in 

insulation. 

Depends on diameter and brand, usually ~$45 

Total:  $1,173.30 + labor 

When looking at the different forms of blown-in insulation, it is important to note the 

environmental impacts the materials will have.  The best solution for the needs of this project is 

Greenfiber blown-in cellulose, which is 85% recycled materials.  It has been found to reduce 

sound by 60 percent and is also Energy Star Rated.  To calculate the amount of materials needed, 

I first measured the rooms that are occupied.  The ceilings in the second story of this home are 

vaulted, where the four bedrooms and one bathroom are all drop ceilings.  Therefore, the only 

place that can be insulated upstairs is above those spaces.   

Solar Estimates 
We decide if it is cost-effective to install solar panels.  First, there needs to be enough space on 

the property that gets the proper amount of sun throughout the day to power the house.  Then, we 

look at what the cost would be for materials and labor.  Another aspect to consider is how many 

years these home upgrades will be used and how long it will take to “pay for itself.”  The power 

bill for 2020 is a good indicator, but we also need to look at the cost of installing insulation.  It is 

important to research how it is installed and what needs to be removed. 
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Figure 12: Solar path for the case study             

 

 

 Figure 13: Analysis from Project Sunroof of this home. 
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Project Sunroof is a useful tool for calculating how much solar power is needed for one 

building or home.  It contains a wealth of information about solar power and how it works.  

According to their calculator, the upfront cost would be $33,000 after government incentives. 

While this seems like a large amount of money, it would pay for itself after 7 years.  There 

would be a total of $78,000 in savings over the 20-year life of the solar panel system.  There is 

also the added benefit of being completely autonomous when it comes to having power.   

 Total costs for the upgrades is $34,173.30 + labor. While this appears to be a large 

number for many homeowners, numerous tax credits and other financing options are available to 

bring the costs down. Additionally, the savings in energy use helps pay for the upgrades. This 

case study demonstrates the importance of upgrading existing homes- both for resident’s comfort 

but also to reduce the impacts on the environment. As the climate is changing, these factors will 

be considered in newer home builds. 

  

Conclusion 
Passive House design is reminiscent of when buildings had to be designed for comfort 

based on the environment, not what technological capabilities are.  We have come full circle in 

building design.  This project is a case study on a home in the Napa Valley, which would bring 

to mind vineyards and wine tastings combined with luxury.  While those are realities in parts of 

this area, that is not the case for everyone here. With these upgrades, the next time the power is 

turned off, the homeowners of this case study would not have to worry about whether their 

groceries will spoil or their refrigerated medications will expire.  They can rest assured that they 

are contributing in a positive way to a smaller carbon footprint.  The summer does not have to be 

feared as a time of extreme heat. 

The purpose of this study was to find an affordable solution to a problem that stems from 

having the privilege of modern conveniences, or “first world problems.”  The amount of upfront 

costs in the case of the solar portion is zero, if financed.  Insulating the house would be 

reasonable, depending on the cost of labor.  Overall, the goal to find a solution to the extreme 

weather conditions of the home in this case study was met.  The homeowner does not have to 

pay upfront for the solar panels if they choose to finance or lease their equipment.  There is also 

a 26% federal tax credit available for installs before the end of 2022 (ITC).  State utilities do 

offer incentives, but they are limited to select cities.  The total cost of the upgrades found in this 

paper are $34,173.30 + labor. 

Convenience does not have to be energy-consuming and cause further damage to our 

beautiful planet.  Climate change is an issue that the entire globe has known about for the past 

several decades but is only now becoming part of the mainstream.  Change starts in our own 

backyard.  We cannot sit by and do nothing.  The future generations depend on us to make these 

changes to our lives that benefit them. 
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