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1. Abstract 

 

As international attention tilts towards increasingly global warming, the need for 

alternative and renewable forms of energy become more crucial. There has been an 

exponential growth in population globally with the state of Arizona being no exception to 

the trend. With such high population growth, also emerges higher energy demands and 

consumption leading to sever environmental pollution. This thesis seeks to demonstrate 

the urgent need for adoption and support towards solar energy in these changing times. 

Critics of Solar energy have often cited its high cost as a barrier, however overlooking 

historic support afforded and extended to traditional forms of energy. It is hypothesized in 

this thesis that an end to solar energy subsidies would cause solar panel system 

deployment to fail financially for the time being.  

To test this theory, a Base Case of a commercial office space in Organ Pipe Cactus National 

Monument is selected as part of a larger NPS grant to HED Laboratory at UA. It is 

showcased through the means of the base case energy modelling and financial analysis that 

the stated hypothesis is proven true. To remedy it, passive strategies and techniques are 

suggested and implemented in a modified case study. Financial results show 27.5 years of 

payback for the base case in the absence of tax credits while tax credits enable it to be 

reduced to 16.7 years. Given a traditional panel warranted lifetime of 20 years, the former 

case proves to be financially a failure. Alternatively, the modified case study outputs a 17.9 

years life time, even without the presence of tax credit, thereby enabling financial success. 
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2. Introduction 

 

“We do not inherit the Earth from our Ancestors, we borrow it from our Children” 

- Folk Indian Saying 

 

In its existence of 4.5 Billion Years, Earth has never seen the level of pollution 

that it has witnessed in the past two centuries post the industrial revolution. Clear 

Blue Skies have given way to smog filled cities, and river stream gleaming blue to 

shades of grey. As increasing global discussions focus on the need to tackle the ever-

growing issue of Environmental degradation, this thesis examines the policies in 

place for the state of Arizona, with regards to Energy and the Environment. 

Specifically, we examine what role subsidies play in the operations and success of 

solar energy in Arizona. 

 While we have become accustomed to the ease of merely flicking the switch 

on for lights or using our electronic gadgets, understanding what drives them is 

equally necessary. Electrical Energy today for the most part is generated on a utility 

scale with most plants being powered by fossil or nuclear fuels. This gives rise to a 

discussion of what is being undertaken to alter these circumstances given global 

consensus on the need for energy diversification and moving away from traditional 

energy fuel sources. Also, Energy Security is a hot topic with nations focusing on it; 

Key Example being Emergency Petroleum Allocation Act of 1973 or the US Energy 

Security Act of 1980, both of which were put in place to ensue regular and 

continuous supply of energy to domestic consumers. However along with it is also 
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the Clean Air Act of 1963, which sought to remedy the ever-worsening skylines of 

US cities and implement stricter environmental protections. It leaves little doubt 

that Energy is a very important part of any countries economies, with several 

nations (OPEC members primarily) relying exclusively on it to power their national 

treasuries. Global Energy markets are currently valued at $6 Trillion leading them to 

constitute a total 10% of Global GDP. 

 The House Energy Doctor Program at the University of Arizona has received 

a multiyear grant from the U.S. National Park Services (NPS) to conduct American 

Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) level 3 

energy audit for its various built spaces. As part of that grant, this thesis examined a 

commercial usage office space as a base case for comparison study of solar panel 

deployment. 
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2.1 Concept of Energy 

Energy is understood be the intrinsic property of any object which can be 

converted / transformed into a different form. Any work that needs to be done is 

driven by some form of energy. Common forms of energy are Kinetic, Chemical, 

Potential (Gravitational and Electrical included within) and Nuclear Energy. We also 

know that mass and energy are closely related through Albert Einstein’s theory of 

special relativity.  Energy is measured in Joules with 1 Joule being a force of 1 N 

acting on an object to move it a distance of 1 meter. 1 Joule also equals 

2.78×10−7 kWh or 9.48×10−4 BTU. 

 

Given its immense 

implication and usage in 

everyday life, energy is 

key for survival in modern 

day life. This Thesis 

focuses for the most part 

on Electrical Energy. 

Given that the global energy market is of immense importance to many nations 

including ours, it is crucial that one has an understanding of how population and 

public policy influences it. 

 

 

Figure 1. Wind Energy Farm, EPE, Brazil 
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2.2 Population Statistics 

“Rapid population growth and technological innovation, combined with 

our lack of understanding about how the natural systems of which we are a 

part work, have created a mess.” (Suziki, D) 

In the past few centuries, 

we have witnessed an 

explosion in our 

population and 

experienced  

phenomenal growth. The 

UN forecasts human 

population to reach 

9.8 Billion strong by 

the year 2050, which is a 

far cry from the past 

century. Figure 1. outlines 

how the growth rate has 

been far more than linear, 

rather exponential. 

Further, looking at 

population and migration 

trends for Arizona, 

indicates massive 

 
Figure 2. World Population Growth Rate 

Figure 3. Arizona Population Growth Rate 
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population increase and anticipated further growth as a continuous flow of population 

from the Northern to the Southern states continue within the US. This population growth 

can be attributed to several factors such as warmer climate, enhanced employment 

prospects and cheaper cost of living. Whatever may give, this continuous enhancement in 

the state’s population has its implication; limited resources to share and increased urban 

sprawl. 

 
2.3 Energy Statistics 

 
With Increasing population, comes the challenge of increasing energy 

demands and consumption. It is therefore essential to study what currently 

satisfies these demands.  

 

Figure 4. US Energy Consumption by energy source, 2015, Sourced from EIA Monthly Energy Review, April 2016 

Figure 3 outlines for us the share that each source of energy provides to US energy 

production. With overwhelming current dominance of Fossil (81%) and Nuclear (9%) 

fuels, renewable energy only constitutes 10% wherein Solar is 6% of the sub-share or 0.6% 
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if you consider 

the larger total 

energy pie. It 

leaves little 

doubt that our 

current energy 

needs are 

predominantly 

from sources of high carbon output. Figure 4. Showcases typical Pounds of CO2 emitted per 

million British thermal units (Btu) of energy for various fuels.  

In contrast energy harnessed from solar panel sits far below that of even “greener 

forms of fossil fuels” i.e. natural gas. As one can imagine, leading shares of fossil fuels, 

which are sources of high carbon output, in turn lead to very high amount of carbon in the 

environment. Further fossil fuel sources have been a significant contributor to other “Green 

House Gases”, which are describes as gases that enable retention of solar radiation and 

heat within the 

atmosphere, 

leading to global 

increases in 

ambient 

temperatures. It is 

also necessary to 

understand the 

228.6
205.7 215.4 214.3

161.3 157.2
139

117

10.5

FUEL SOURCES AND EMISSIONS

Figure 5. US Fuel Sources with respective Carbon Emissions, Data Sourced from EIA 

Figure 6. Current sources of Energy Production and Consumption in US, EIA 2015 [4] 
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linkage of fuel forms to the sectors which consume energy. As demonstrated through 

Figure 5, the leading sector for consumption constitutes Electric Power Generation at 

38.5%, which is unfortunately leadingly by Coal. Coal usage being one of the dirtiest forms 

of energy production, with very high levels of carbon output, leads to ever increasing 

damage to our eco-system. Subsequently it’s interesting to note that the Commercial and 

Residential Dwellings sector together constitute about 40000 Trillion BTU, and around 

40% in percentage form of the overall energy usage within the US as shown in Figure 6. 

With such high ratio of the built environment towards the energy consumption pie, even a 

marginal change to the built environmental energy consumption holds the potential for 

significant improvement in our environmental degradation. 

 

 

Figure 7. Current sectors of Energy Consumption in US, EIA 2015[4] 
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Should we look at global energy consumption trends, we see a plateauing of coal usage, as 

more nations come to the realization of its ill effects. However, replacement has been 

undertaken by Natural Gas instead of renewable forms of energy, with Natural Gas often 

being touted as a form of green energy itself. While better than Coal, Natural Gas by no 

means is the lasting solution to our ecological problems.  

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 8. World Energy Consumption by Source 1990-2040, EIA[4] 
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Looking at Arizona, we figure out 

that it’s consumption sit much 

below that of states like 

California and Texas. Arizona 

ranks 27th in the nation in total 

energy consumption ranking 

while 45th on a per capita basis. 

While this is a good trend, one 

should consider the fact that 

Arizona is not a heavily 

industrialized state, with its 

economy primarily being 

agrarian, mining and services 

sector focused. Further, the 

state boasts one of the leading 

solar radiation profiles, 

thereby further boosting its 

potential for solar energy 

harnessing.  

Typically, when we 

think of energy, a glance towards your gas guzzling vehicle is customary, however it is 

essential to realize that commercial and residential buildings alone contribute to a little 

over half of Arizona’s total energy consumption. This reinforces the notion of the 

Figure 9. US States Energy Profile, EIA[4] 

Figure 10. Arizona Energy Consumption by end use sector, 2014, EIA 
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importance of addressing built environment when looking at the larger energy picture. 

Further the fact that house energy comes from electricity which in turn is often produced 

by Coal, is even more troubling and calls for immediate attention. As of 2015, Arizona’s 

single largest source of Energy was Coal at just a little under 400 Trillion BTU.  

 
Figure 11. Arizona Energy Consumption Estimates, 2015, EIA State Energy Data System 

 

 
Figure 12. Arizona Net Electricity Generation by Source, Aug 2016, EIA 
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The following Table from EIA provides a brief summary of how Arizona fares when it 

comes to Energy.  In 2014 alone, Arizona had spent over $22.6B in Energy. 

 
Table 1. Arizona Energy Profile, 2014, EIA 
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2.4 Environmental Impact of Energy 

  

While we have firmly established leading growth in population and 

proportional and perhaps even exponential energy consumption growth, what does 

this mean for our Planet? Looking at the figure below doesn’t paint a very bright 

image. Cities such as Beijing and New Delhi have reached unprecedented levels of 

air pollution leading to complaints of respiratory diseases epidemic.  

 

Figure 13. Still from CNN Coverage on Beijing Smog, Dec 8, 2015 

Global carbon emissions from fossil fuels have risen significantly, threating Earth’s 

eco-system and future. Energy consumptions in the industrial age have led to rapid 

rise in global temperatures. As NASA points, A 2° rise in global temperatures may 

lead to irreversible consequences for the planets and its inhabitants. [10] Further 

while many domestically have pointed to Asian Giants such as China and India for 

today’s debacle, it fails to take into account the historical contamination caused by 
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developed countries. This calls 

for a balanced approach 

wherein developed and 

developing countries should 

strike a balance. As of 2014, 

the US single handedly 

contributed to about 15% of 

the global environmental 

pollution while only being 5% 

of the global population. 

What’s astounding, is the 

absolute growth of global carbon emissions from fossil fuels in just the past century, 

having climbed 20 times from merely 500 million Metric Carbon in 1900 to around 

10 Billion Metric Carbon in 2010. 

Figure 14. Global CO2 Emissions from fossil fuel combustion and some 
industrial processes, Boden, T.A., Marland, G., and Andres, R.J. (2017). 

National CO2 Emissions from Fossil-Fuel Burning, Cement 
Manufacture, and Gas Flaring: 1751-2014, Carbon Dioxide Inform 
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Figure 15. Boden, T.A., Marland, G., and Andres, R.J. (2017). Global, Regional, and National Fossil-Fuel CO2 Emissions. Carbon 
Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. Department of Energy, Oak Ridge, Tenn., U.S.A. doi 

10.33 

 
Figure 16. Mean Global Temperature, Historical and Projected 
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2.5 Concept of Energy Subsidies 

 

Subsidies by their very definition are specific benefits awarded or provided 

to certain products, organizations, people in the form of tax rebates, credits, 

deductions or cash itself. While many critics of renewable energy cite its high cost in 

the absence of subsidies, what they fail to 

overlook is the historical support 

received by traditional forms of energy. 

Over the course of many decades, 

oil and gas corporations have amassed 

massive profits at the expense of the 

environment. While Renewable Energies 

have received only a portion of what big 

Oil and Gas firms receive, they remain 

constantly on the spotlight.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Federal Energy Subsidies breakdown Federal 
Subsidies have favored fossil fuels, DBL Investors, Sep 2011 
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The following table outlines different mechanisms in place for funding an energy project 
 

 
Table 2. List of Available Funding Source for Energy Project 
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Figure 18. ITC percentage over years, How ITC Works 

 

When we converse about Subsidies for renewables, it is important to take into 

consideration the largest one. Granted by the US Federal Government as a tax credit of up 

to 30%, Investment Tax Credit has been extended in full form up to 2019 by Congress. This 

enables organization and businesses to reduce dollar to dollar amount of up to 30% costs 

incurred in Solar Panel System Installation. While there are other state and federal 

program available in addition to ITC, ITC remains the largest subsidy program for solar 

panels and its terminations hold potential for drastic scaling in Installation for the coming 

few years. 
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2.6 Photovoltaics Technology (PV) 

 

It is said that the root source of all energy forms is the Sun, as fossil fuels in by 

themselves come from decays of organisms over the course of millions of years. However, 

organisms such as plants, themselves generate energy through Photosynthesis, thus 

harnessing solar energy. With that being the case, Solar Energy can be claimed as the true 

source of all energy and perhaps the remedy to our energy challenges. While Solar Energy 

has been harnessed in 

one form or the others 

since the advent of our 

planet Earth, utilization 

of photovoltaics 

technology i.e. PV cells, 

only began in the last 

century. Propelled by 

the space race and the need of remote energy source to power artificial satellite in Earth’s 

orbit, Photovoltaics promised the opportunity to harness energy at the exact site of 

consumption thereby, cancelling out the negative losses of transmission. 

Photovoltaics are defined as Technology that enables conversion of light (photons) 

to DC electrical energy. [2] This can potentially change the dynamics of transmission and 

further household appliance setup. A leading rationale behind the victory of Alternating 

Current (AC) over Direct Current (DC) was due to the lower losses in AC while in 

transmission in comparison to DC. With the prospects of onsite electric generation, houses 

can potentially be occupied with DC powered appliances. Obviously, this step would only 

Figure 19. Artificial Satellite in Earth's Orbit using Solar Energy, Wikimedia commons 
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work in a remote house with custom built appliances, yet still it promises the possibilities 

of a future where conversion inefficiencies and losses are cut out. 

2.6.1  Solar Cell Structure 

 Solar Cell are traditionally made of semiconductor materials having p-n junction, 

with Silicon being a popular choice due to its massive abundance of Silica. The basic 

principle involves photons being received by the solar cell, powering generation of voltage 

and current. What essentially occurs, is that the received photon generates an excited state 

electron, which in turn then travel through an external circuit, thereby generating power. 

According to PVEducation, an educational website designed and operated by ASU, 

“The basic steps in the operation of a solar cell are: 

• the generation of light-generated carriers; 

• the collection of the light-generated carries to generate a current; 

• the generation of a large voltage 

across the solar cell; and 

• the dissipation of power in the load 

and in parasitic resistances.” [3] 

Solar Cells are then identified by their 

materials, efficiency, IV Curve and Fill 

Factor.  

IV Curve is defined as follow 

 

Figure 20.  Cross Section of a Solar Cell, PVEducation.org 
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where I denote Current (Amperage), 

I0 Dark Saturated Current, Il Light Generated 

Current, n ideality factor and T temperature. 

 

Further Fill factor is another 

parameter that allows us to identify the 

maximum power generation capacity of a 

solar cell. 

Lastly Efficiency of a solar cell is a 

key parameter used in identifying a good fit 

for installation.  Efficiency can be calculated 

from  

 

where η denotes efficiency of a solar cell, Voc Open Current Voltage, Isc Short Circuit 

Current, FF Fill Factor and Pin Incidental Power. The  Shockley-Queisser limit currently 

describe the theoretical physical upper bound of single junction cell at 33.7%. A typical 

output of a single solar cell is only 0.5 V 

  

 Apart from efficiency of a solar cell, another thing to keep in consideration is the 

arrangement for stacking solar cell together. A solar cell is bound together with other solar 

Figure 21. IV Curve, PVEducation.org 

Figure 22. IV Curve demonstrating low fill factor, PVEducation.org 

https://en.wikipedia.org/wiki/Shockley-Queisser_limit
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cells to produce greater power. Connection can be made in series to produce higher voltage 

or in parallel for greater amperage. A typical solar panel will have 36 solar cells in series 

and multiple solar panels can be connected too for greater voltage and power. 

 

 

  

 
Figure 23. Solar Cell Arrangement in stacks and array 

2.6.2 Solar Panels 

Typically speaking there are basic types of solar panels 

1. Monocrystalline solar panels  

2. Polycrystalline solar panels 

3. Amorphous solar panels 

Their efficiencies and price points are typically decreased from 1 to 3. Factors such as 

ambient temperature, humidity, shading and soiling conditions also contribute towards the 

performance and output of a solar panel system. Most solar panels today produce about 
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300W of energy. Using a typical daylight hour (6 hrs.) profile of Arizona, one can expect to 

obtain 1.8kW of energy daily in Summer from a single solar panel module. Further 

efficiency can also be enhanced by deploying solar tracking panel system which unlike 

fixed systems can gain larger daylight hours and in turn higher power output. This comes 

at a higher costs and higher vulnerability to breakdown. Figure 23 [5] outlines for us the 

latest chart of NREL verified efficiencies of solar cells in 2017. The current highest rated 

cell has an efficiency of 46% as a multi junction cell, whereas most commercial scale solar 

panel only have 10-15% efficiency. 

 

 
Figure 24. NREL Best Research Solar Cell Efficiencies chart, NREL, Aug 2017 
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2.6.3 Solar energy costs 

Other things to keep in 

consideration would be auxiliary 

costs associated with a solar panel 

installation. Only about a quarter of 

the total cost goes into the solar 

panel itself with the rest earmarked 

for installation and invertors. 

A positive trend to mark has been 

the drastic reduction in the prices 

of solar panel from historic time. 

While solar panels used to cost 

$76.67/watt back in 1977, they 

have down 100 times to merely 

$0.77/watt. This drastic reduction 

in price indicates a bright future 

for the technology, however one 

must take into consideration the 

fact that the price reductions have 

been due to global subsides and 

support provided so far to the 

PV modules 
(22%)

Inverter (9%)

Installation 
(28%)

Rack and 
Cables (34%)

DC, AC 
Interconnection (7%)

SOLAR PANEL SYSTEM INSTALLATION COST

Figure 25. Solar Panel System Installation Cost 

Figure 26. Solar Panel Cell Cost 
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technology. With threats of end to this support, prices trajectory can partially reverse and 

slowdown the installation of solar panel installation. 

It is important when we talk about the fall of solar panel prices over the past decades, to 

look at their impact globally. Merely comparing 2006 to 2012 reveals a phenomenal change 

in installation outlook. The growth trajectory has been phenomenal with Germany and 

China taking the lead in installation.  Unfortunately, across the Atlantic, the US has been 

lagging its peer with merely 8 GW installation in 2012 compared to 52 GW in Germany. 

This becomes more severe given the fact that German population is only a quarter of its 

American counterpart. 

 
Figure 27. Cumulative Global Solar Installed Capacity by Country (2006-2012), EIA 
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Figure 28, US Annual Energy Outlook , EIA [7] 

 

 

2.7  Cost of Environmental Damage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It would be hard to exactly put a value for what life is worth. With ever increasing 

pollution, we understand rapidly degrading eco-systems and increasing vulnerabilities to 

respiratory diseases. But even if looked purely with a financial standpoint, tragedies and 

Figure 29. Delaware River Spill, NBC News 
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incidents such as the BP Oil Spill in the Gulf of Mexico can cause Billions of Dollar of 

damage. While regulatory authorities do fine and try to recuperate some fraction of this 

damage from energy firms, it remains contentious at best whether it’s adequate and 

sufficient payment. 

 
Figure 20. BP Oil Spill, CNN 

 

Further, a study at Cambridge estimates that there is a significant hidden cost in terms of 

environmental degradation that Oil and Gas Companies cause. According to “Quantifying 

the implicit climate subsidy received by leading fossil fuel companies” published at 

Cambridge Judge Business School, a single ton of CO2 pumped into our environment should 

be assessed $105. While many critics of energy reformation will cite this number too high, 

they fail to see and understand the holistic nature of environmental degradation and the 

many ways it affects our productivity and output. To work with more reasonable numbers, 
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this thesis instead assumes $10 for every single metric ton of CO2. This number is arrived 

from averaging multiple organization rates that offer carbon credit offsets. 

 
Figure 31. Carbon Offsets Mechanism, Government. of Alberta 

 

The following graphs showcase the financial impact borne exclusively from air pollution. 

 

 
Figure 32. Emissions levels caused by Air Pollution 
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Figure 33. Financial Impact of Air Pollution, 2002-2005 

 

 
Figure 34. Financial Impacts of Air Pollution, 2008-2011 
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2.8   Solar Panel Deployment Direction 

 

While the Typical thought process has favored historically south facing panels, emerging 

opinions cite the benefit of a west facing grid. It remains unchallenged that south facing 

panels receive the most solar radiation and then in turn produce the highest amount of 

electrical energy, however West Facing Panels work best with Grid as they peak production 

at peak demand times. To further this idea, California Energy Commission offers additional 

$500 incentives for West Facing Panels. Figure 35 showcases how west facing PV panels 

match electrical demand and thus suiting the needs of the grid best. 

 

 
Figure 35. Solar Panel Deployment Directions, Oracle Energy 
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Figure 36. Solar Panel Deployment,, Oracle Energy 

 

Typical Solar home had higher electric usage; the typical solar home in the dataset is 34% 

larger than the typical non-solar home, 2.6 times as likely to own a pool, and 2.7 times as 

likely to enroll in an electric vehicle rate plan. 

 

 
Figure 37. Net Metering Mechanism 
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Figure 38. Electrical Generation and Demand Curves for a day 

 

2.9 Battery Storage vs. Net Metering? 

Arizona passed law in December 2016, ending states net metering policy for customers, 

leading to lowered credits for excess electric being sent back to the grid. Further there has 

been an uptrend in Increasing political/corporate denial of scale of global warming. 

The Office of Energy Efficiency and Renewable Energy alone is poised to see cuts by 25% 

this fiscal year. Additionally, with increasing hostility towards Solar Panels demonstrated 

by utility companies which argue loss of grid maintenance costs overlooking perfect 

alignment of solar production with energy demands, battery storage may appear to some 

as viable solution and alternative. 

Interestingly a study published in April 2017 from RIT challenges the feasibility of 

residential grid defection; “The Challenging economics of US residential grid defection” 



40 

 

claiming costs will rise by an average of $0.20/kWh nationally thereby mooting the point of 

deployment. Firms such as Tesla have launched products such as Powerwall but it remains 

to be seen how successful they will be with battery degradation and life time. 

 

 
Figure 39. Tesla Powerwall Storage Option, Tesla Energy 
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Figure 40. Increase in LCOE when going from a grid-tied to an off-grid residential solar system, assuming net metering is 

available for customers. Alaska is excluded from this map because LCOE of off-grid systems are very high (occasionally more 
than $1/kWh, which distorts the color-based z-axis scale), due to the need for seasonal storage during the low-solar winter. 

Across the studied locations, the increase in LCOE is $0.23/ kWh on average (range of $0.14 to $1.11/kWh)., Hittenger, E, 
Siddique, J, RIT  

 

 

 
Figure 41. Annual fixed costs (connection plus residential solar fees) required to financially justify grid defection, assuming 

net metering. This figure uses the results shown in Fig. 4 along with each home's annual electricity load to determine the 
excess operational costs associated with the off-grid system. The average result is $1800/year (range of $920 to $4300/year), 

meaning that the average location would have to have annual connection costs and fixed fees greater than $1800/year 
($150/month) to justify grid defection when the local utility offers net metering. Hittenger, E, Siddique, J, RIT 
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2.10 Research Question 

 

  Can Solar Energy sustain economically & commercially with current technology 

should federal and state support towards it cease? If so, what steps in terms of 

technology and strategies can enable reduction of energy usage in buildings?  

 

With all the literature pointing towards a global consensus and understanding towards the 

need of alteration in our energy consumption and generation practices, a base case study 

was sought which would demonstrate the necessity of continued government support 

towards green energy, with an emphasis on solar.  

 

Hypothesis 

It is hypothesized that solar energy will be unable to support itself failing adequate 

governmental support to it through subsidies at the current time. Significant alternations to 

the building performance and energy usage profile alone can potentially remedy this 

scenario.  
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3. Experimental Study 

 

3.1 Experiment Components 

 

To analyze the base case, several experiment components/variables were identified 

(outlined below), of which few were to be altered (highlighted in Red) for our study. 

3.1.1 Time of Day and Peak Consumption 

Data with regards to peak consumption and energy usage for the 

specific site along the lines of time of day were sourced from Arizona Public 

Service Electric Company (APS). 

3.1.2 Weather Conditions (Ambient Temperature, Clouding, Humidity, Solar 

Radiation) 

This data was collected as Typical Meteorological Year (TMY) version 3 from 

National Solar Radiation Data Base of the National Renewable Energy 

Laboratory (NREL). As the NREL defines it “The TMY3s are data sets of hourly 

values of solar radiation and meteorological elements for a 1-year period. Their 

intended use is for computer simulations of solar energy conversion systems 

and building systems to facilitate performance comparisons of different system 

types, configurations, and locations in the United States and its territories. 

Because they represent typical rather than extreme conditions, they are not 

suited for designing systems to meet the worst-case conditions occurring at a 

location.” [9] 
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3.1.3 Utility Company Rates 

Data with regards to electric usage rates for the specific site were 

sourced from Arizona Public Service Electric Company (APS). 

3.1.4 Solar Panel Lifetime (O&M) 

Typical Solar Panels currently are warranted for a lifetime of 20 years 

beyond which performance output degrades below 80%.  

3.1.5  Solar Panel Type and Efficiency 

As outlined in the Photovoltaics Technology Section earlier, most 

commercial scale Solar Panel Type is rated between 10-15%. In accordance 

with it, out base case utilizes solar panel rated for commercial scale 

application.  

3.1.6 Invertor and Storage costs 

Invertor costs can contribute to much as quarter of the total project 

budget. A typical invertor which will covert DC to AC electrical energy is 

being used for this study with a ratio of 1.25. As for storage costs, this study 

assumes no storage as previous section indicates significantly high costs for 

it against net metering. 

 

 

 

 



45 

 

 

 

3.1.7 Building Energy Performance 

 
While consumers easily can distinguish between high and low energy 

performing appliances 

or gadgets, they would 

be more hard pressed 

to determine how their 

work or living space 

performs. This 

component introduces 

the concept of Energy 

Use Intensity (EUI), which is used to uniformly compare different built 

spaces in their energy use profile. 

 

 

 

 

 

 

 

 

 

Figure 32. Example of a building with low EUI, Environment and 
Natural Sciences Building 2, UA 
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3.2          Project Site 

The commercial office 

space in concern is in Organ Pipe 

Cactus National Monument at 10 

Organ Pipe Drive, Ajo, AZ. The 

building is shown through a 

scaled-out image (Image No xx) 

and then a closer image 

highlighting the building (Image 

no xx). These images show the 

natural landscape surrounding 

Resources 2 building as largely 

isolated, hot, dry and constituting 

extreme climate.   

The building is a 

manufactured home and is a 

low mass building with an 

area of 1,603 ft2. Typical 

Occupancy of the building 

constitutes 6 occupants of 

whom 2 are interns, 

constituting temporary stay in 

summer months. Occupants of 
Figure 43. Pictures of Resources 2, OPCNM 
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the space primarily do environmental research and maintenance work within the national 

monument. The major components of the building include two HVAC systems and a 40-

gallon electric water heater.  There is no air heater available on the site as an attachment to 

the ductwork.  Attached to the south facade of the building is an awning and porch with a 

ramp for handicap convenience. This awning provides a significant amount of shade to the 

front door and partially to the side of the building. The two HVAC systems are installed on 

the west facade of the building which is the most effective placement because it limits the 

amount of direct sunlight that the HVAC receives.   

 

3.3 Weather Profile 

Table 3. Weather Profile of Ajo, Arizona 
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The bioclimatic needs chart in Table 3 offers an opportunity to chart the under -

heated periods and overheated periods of the year.  January through April are under heated 

months as well as November and December. May through September are the overheated 

months.  This means that there is more relative humidity in the air which equates to more 

moisture in the air.  These months are the months with the harshest climatic conditions.  In 

the bioclimatic Olgyay chart 

there were three months 

plotted. June, July, and August.  

These points were plotted using 

the dry bulb temperature and 

the relative humidity. All three 

months resulted in being 

outside the thermal comfort 

zone.  One suggestion put forth 

by NPS was to focus on natural 

ventilation and shading in these 

months.  Unfortunately, there 

can only be natural ventilation 

implemented during the night hours. Since natural ventilation was not an option during the 

day it resulted in focusing on more energy efficient HVAC systems and adding an 

economizer to optimize the relative humidity in the air.  

 

 

Figure 44. Bio Olgyay Chart for Ajo, AZ 
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The selected space is analyzed using Tucson, AZ data due to unavailability of detailed 

climate reports at the location site. Rationale behind utilizing Tucson data for the selected 

space, is due to its proximity and similar geographic profile as the selected site. Tucson is 

characterized as dry and arid region located within Sonora desert; the impact of this is 

profound as ambient summer temperatures (~ 100°) in the region can well surpass levels 

identified for human thermal comfort (~75°). Further precipitation levels of the region sit 

below US national averages and in turn affect vegetation growth and type in the region. The 

following charts provide detailed reports over different climatic parameters reported over 

monthly periods. Also, provided in the following pages is a wind rose, which provides 

information over prevailing winds in the region (South West direction for our site). 
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3.4      Architectural Drawings 

3.4.1 Floor Plan 

 

Figure 44. Floor plan of Resources 2 Building, OPCNM 

After compiling the data taken during the House Energy Doctor level 3 audit at Organ Pipe 

Cactus National Monument, the first step in assessing the building was creating a clear 

architectural floor plan. This is a model of the floorplan which is provides a visual with 

dimensions and uses color coding to separate the rooms that make up the entire building. 

The floorplan was a visual model in which we are better able to see where energy efficiency 

strategies would be implemented and how they would affect the space overall. This is used 

to make observations of the interior to help decide the best strategies to implement for 

thermal and lighting purposes. The architectural floor plan more clearly showcases the 

functions of the building. There are 6 office spaces and the rest of the rooms work to help 

facilitate daily functions of an office setting for the 6 occupants that work in Resources 2.  



51 

 

3.4.2   Elevations

 

Figure 45. Elevations of Resources 2, OPCNM 
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The next designing process of the House Energy Doctor energy audit was to create 

elevations. The four images above are showing the views for each elevation of the building 

including the doors, windows, and mechanical features. This model was helpful in 

observing main features of the exterior building such as wall color, window placement, 

mechanical features placement and dimensions of the exterior. Later in the process of 

inputting the model into eQUEST and applying energy saving strategies the elevations 

helped greatly with assessing the building Resources 2. 

 

3.4.3    Sections 
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Figure 47. Sections of Resources 2, OPCNM 

Another step in the energy audit was to design sections of the building Resources 2 

that was assessed. This model gave another clearer image of how Resources 2’s interior 

compares to the exterior of the building. Creating the section models were necessary 

because it gives a new perspective to the building that shows how the exterior and the 

interior are arranged. This model helps determine the most efficient location for any 

installations of either mechanical or structural changes such as placement of HVAC system 

or addition of windows. 
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3.4.4   Shells and Thermal Zones 

 

Figure 48. Shell and Thermal Zone of Resources 2, OPCNM 

 

This model showcases how the spaces were chosen to separate the building based on 

thermal zones during the House Energy Doctor energy audit to create the most efficient 

way of distributing air at a thermal comfort range in order to save energy. While building 

the model in eQUEST knowing the shells and thermal zones of the building was crucial as it 

was running extremely inefficiently as the thermal zones of the building not working 

cohesively together. It was found that the building was ultimately ran as one thermal zone 

although there were two separate HVAC zones and that the employees waste a great deal of 

energy in the way the HVAC system is used in the space. 
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3.4.5    Lighting Plan 

 

Figure 49. Lighting Plan of Resources 2, OPCNM 

 

This lighting plan creates a visual to see where lighting fixtures are installed throughout 

the building and it includes wattage and number of fixtures for each section as well.  The 

lighting plan was preliminarily drawn during the site visit to Organ Pipe Cactus National 

Monument. The model was drawn to find every lighting ceiling fixture in the Resources 2 

building. This lighting plan helps calculate an efficient way to reduce the lighting wattage 

and save energy. 
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3.4.6    Perspectives 

 

Figure 50. Perspective and Orientation of Resources 2, OPCNM 

The perspective shown above is visually showing the correlation of the building and the 

north direction for the House Energy Doctor energy assessment.  This provides us with a 

visual of the orientation of the building and we can use this information to adjust the 

orientation if it is needed to align with the sun’s path.  If a building were not aligned with 

the sun’s path then it would be receiving an excess amount of sunlight that would 

essentially cause more work for the mechanics of the building to keep the building cool.  

Fortunately, after observation and using the azimuth protractor, it was found that this 

building is oriented only 2 degrees off from the sun’s path.  This means that the orientation 

is efficient and is not causing any extra work on this building. 
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3.5   Building Schedule 

Proposed Base Case Building Schedule (in compliance with ASHRAE 90.1, 2010 baseline) 

1 Building Name: Resource 2 (building # 16)                              

Address: 10 Organ Pipe Dr 

2 City: Location: Ajo (Lat. 32.3717N, Long. 112.8607W, Elevation 

1,759ft.) 

   Degree Days: HDD65=1678 & CDD50 = 6,921 (ASHRAE Standard 90.1,    

2010 Page 155) 

      Utility Rates:  Electric=0.12 $/kWh – Propane $2.63/gallon 

3 Climate Zone: “2B” for Pima (ASHRAE Standard 90.1, 2007 Page 110) 

Shell 1                                                                           Totals 

4 Orientation  

2°West of North 

      

5 Volume 

Conditioned Space 

12,824 ft3       

6 Areas 

Roof 

Conditioned Floor  

Carpeted Area 

Tiled Area 

 

1860 Ft2 

1603 Ft2 

N/A 

1603 Ft2 
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Walls: (include 

windows, but no 

plenums) 

          South 

          West  

          North 

          East 

          Total Walls 

Windows: (area & 

% of wall) 

          South 

          West 

          North 

          East 

          Total 

Windows Skylight 

Doors (2 X Metal) 

 

Perimeter 

Internal Doors 

Partition Walls  

 

 

389.48 ft2 

272.41 ft2 

424.06 ft2 

260.79 ft2 

1346.74 ft2 

 

80 ft2     20% of south wall 

0ft2   0% of west wall 

41ft2 10% of north wall 

16 ft2    6 % of east wall 

137 ft2     36   % of Gross 

n/a 

19.5 ft2 (80” x 36”) with glass (35” x 21”) 

176.6 L.F. 

195 ft2/floor (80” x 36”) 

n/a 

7 Ratios       
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Total Glass to Floor 

area 

South Glass to Floor 

Area 

Area by type to floor 

area 

8.54% (137/1603 X 100) 

20.54% (80 / 389.48 X 100) 

Office 69% (1101 ft2) 

Restroom 7% (115 ft2) 

Kitchen 6% (94 ft2) 

Corridor 7% (117 ft2) 

Storage 5% (87 ft2) 

8 Insulation:  

- Roof:  Wood truss, 24” OC, shingles R-11 batt insulation, no rad barrier 

- Walls (Exterior): R-11, wood frame 2X4 16” OC, 1/2” plywood exterior 

- Walls (interior): no insulation, wood 2X4 16” OC gypsum board  

- Floor 1” plywood, Wood frame 2X6 24” OC R-11 Batt insulation 

- Doors (78" x 36") frame (81" x 38") glass is (35" x 21") Facing East and 

South 

- Windows double clear ⅛”, ¼” air alum w/o brake 1.3” frame 

9 Shortwave Reflectance: 

Roof: Medium Abs = 0.55, Walls abs =0.25 

Building #16 

Walls: east 0.0019 

           West: 0.02379 

            North: 0.0019 
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            South: 0.009 

Doors: North: 0.0253 

            South: 0.0919 

Absorptivity  

Building #16 

Walls: East: 0.2474 

           West: 0.0222 

           North: 0.0063 

           South: 0.1744 

Doors: North: 0.0019 

            South: 0.0919 

10 Infiltration: .5229 cfm/ft2 

11 HVAC Type:  direct cooling 

HVAC Size: 

     -2 units, wall mounted on the West facade  

 -All units are 1.5 tons     

Efficiency:   

     Cooling Efficiency is SEER 10 

     Heating Efficiency N/A      

Fan Schedules:  24 hours constant 

Economizer: 
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     -Not required since our building is <15,000 ft2 located in climate zone 

2b (see table G3.1.6B) 

     -If required it should be:  Dry Bulb Temperature, High Limit 

Shutoff=75°F       

Thermal Zones: Building is divided into 2 zones: N and S  

Thermostat:  Occupied: Cool=71°F, Heat=69°F:  Unoccupied:  Cool=71°F, 

Heat=69°F  

12 Lighting Power Density (LPD):  

 Building Area Type: Office 1.10 w/ft2, restroom .90 w/ft2, kitchen 1.2 w/ft2, 

corridor.5 w/ft2, storage .8 w/ft2 

13 Equipment Load:  1615.725 kWh Total: 1.007 kwh/ft2 

14 Domestic Water Heating: Propane gas, storage, 40 gal, supply temp= 55, 

no recirculation, Energy  

                                         Factor 0.92, tank insulation R-9 

15 Building Operation:  6am to 4pm, Closed Sat & Sun 

16 Building Capacity: (1603 ft2/ 200 ft2 per person) = 8 

Copyright ©, House Energy Doctor Program 

Table 4. Building Schedule of Resources 2, OPCNM 
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Creating a building schedule during the House Energy Doctor energy audit included the 

process of compiling all the data gathered in the site from observations and calculations. 

Information gathered was then input into software such as COMcheck and eQUEST to 

create results and find solutions to making this building reach net zero. A building schedule 

is extremely important to refer to this source as a description of all aspects of the building 

and is used when generating models of the building, determining whether it passes code or 

not, and keeping all the data of the building organized and easily accessible. The model of 

this building schedule is designed to comply with the ASHRAE 90.1 baseline. Once this 

building schedule is created, we are then able to insert the data that was collected into 

COMcheck to see whether it meets the ASHRAE 90.1 standard code or not.   
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3.6  Energy Code Compliance Base Case - COMcheck Output Report 

 

 

Figure 51. COMcheck code compliance failure 
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COMcheck, which is a software to see if the envelope of our commercial building 

complies with current codes for commercial buildings in the region, is used during House 

Energy Doctor energy audit.  This photo is showing that our building fails to meet code by 

28%. This tells us that appropriate materials and strategies for the building are needed to 

have more energy efficiency and meet current code.  Our first steps in becoming compliant 

with COMcheck is to change the major factors that are affecting this fail the most.  We find 

that mechanically, the HVAC system is using a SEER 10 which is below the code of needing 

at least a SEER 13.   
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3.7  eQUEST Base case  compliance Run 

 

Figure 52. QUEST Baseline Design Energy Simulation Run 
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3.8 Passive Strategies for building modification 

The above table outlay the result from the base case data that was inputted into 

eQUEST for the House Energy Doctor energy audit to determine which aspects of the 

building were using the most energy so that could then lead into implementation of 

strategies into the same software in order to simulate a lower energy usage of the building. 

Unsurprisingly, Space Cooling and Ventilation system (HVAC) is identified as the leading 

consumer of energy within the space. By improving in these domains, we can bring a 

considerable reduction in energy usage. Our strategies focused on implementation of 

passive techniques, followed by active ones before implementation of any on-site 

renewable energy generation. Fortunately, over 49% of base case energy load is reduced in 

the newer energy model for our site. Few strategies are outlined below that were simulated 

to potentially lower the EUI and energy usage of the space. These suggested measures are 

by no means a guide on how to lower a system EUI, but rather to demonstrate what 

strategies were used for this specific modification case 

 Replacing current HVAC system with Higher SEER system (SEER 20) along with 

Economizer. The current system replacement can greatly benefit in reducing HVAC loads. 

 

 

 

 

 

 

 
Figure 54. High Performing Air Conditioner, SEER 20 Figure 53. Economizer 
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Upgrading Insulation of the Building 

 

Figure 55. Building Insulation Improvement 

Installing Shading Devices 

 

Figure 56. Overhangs and Shaded Porch at Resources 2, OCPMN 
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Thermostat Adjustment and Building Seal 

 

 

 

 

 

 

 

 

Glazing Enhancement 

 

 

The Building can benefit from receiving enhancement to its glazing my going from to a 

triple pane glass of low e value 

 

 

Figure 58. Glazing Enhancement to Triple Pane Glass 

Figure 57. Smoke Test to determine building leakage 
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Light Bulb Intensity Upgrade 

The Building benefits from upgradation of its light fixtures to low wattage LED bulbs 

 

 

 

 

 

 

 

 

 

External Façade Paint 

 

By applying a coat of lighter color, the building can reduce its solar absorption and 

therefore reducing the heat gain during day time. A lighter color façade enables higher 

reflectivity and diverges heat gain to the environment.  

Figure 59. Upgrade of lighting fixtures to LED 

Figure 60. External Facade Painting 
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Figure 61. Annual Energy Consumption by End use generated through eQUEST 

This graph is showing a comparison of the energy consumption in kWh between the 

base case model and each strategy that we applied to our building. By looking at the graph 

above, we get an idea of the amount of energy reduction brought about individually by each 

implemented strategy. Expectedly, we see drastic improvements within the category of 

Infiltration and HVAC SEER efficiency when we implement them into eQUEST.   
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3.9  Compliance with Energy Code – Modified Simulation 

 

 

Figure 62. ASHRAE Energy Standards for low rise buildings 

 

 

Figure 63. US Department of Energy EUI Histogram 
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The histogram photo above is 

showing the energy compliance of where 

this particular building is in comparison 

to the standards for buildings in the 

same zone.  Organ Pipe Cactus National 

Monument is in zone 2B and the zones 

are created based on the location and 

climate of the area, the particular climate 

of the area was set to Phoenix, AZ as it 

was the closest geographic option. Organ 

Pipe National Monument Park is located 

within the zone that complied with 

desert and dry climate.  The data that 

determines what the energy standards are for different regions are created through what is 

called the ASHRAE standard.  This software is helpful is measuring the performance of the 

building compared to similar buildings within the same zone.  The zones are shown in the 

colored map of the states above.  

Finally, we rerun COMcheck compliance of the project with the modification in 

place, and find the building passing this time with 3% superiority to code. 

 

Figure 64. Zoomed Version of Figure 62 
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 Figure 65. COMcheck Envelope code compliance subsequent to modifications 
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Figure 66. COMcheck Lighting code compliance subsequent to modifications 
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3.10     Energy Numbers 

 

Figure 67.  Resources 2 Building, OPCNM with solar racks installed 

Initial Annual Energy Consumption: 

  24, 925 kWh = 17.52 t of CO2 / $175.20 

Annual Energy Consumption after Strategies Implemented: 

  12, 624 kWh = 8.87 t of CO2 / $88.70 

Annual Energy Produced by PV Arrays: 

  12, 753.88 kWh = 8.96 t of CO2 / $89.6 

Excess Energy Produced Annually: 

  +129.88 kWh 
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4 Cost Analysis 

In this section, we intend to test out hypothesis that Solar Panel deployment for small scale 

commercial building will typically be not successful, without subsidies provided to it. While 

the cost for solar panels have drastically cut in the past years, it still requires assistance for 

a few more years to survive and thrive. Alternatively, we test a model of a base case that 

has its energy load reduced by passive strategies. Our hypothesis with the alternate model 

is that it should be successful in its payback even without assistance to it. 

Certain Parameters are assumed for this 

study.  

Discount Rate of 4.0% 

Annual Inflation rate of 1.0% 

ITC Tax Credit at 30% 

 

 

 

 

 

 

 

 

 

 

 

Figure 68. Typical Total Cost of Arizona Solar Panel per watt 
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4.1.      Base Case Energy Costs 

Annual Electric Usage – 24925 

Electric Bill - $2915.4 (Assuming $0.12/kWh rate) 

Carbon Offset Cost - $175.20 

Total True Cost – $3090.6 / yr. 

Total Solar Panel Cost - $43065.68 

Annual Maintenance Cost- $747.75 

Total Solar Panel Cost (With tax Credit) - $30145.97 

 

 

Table 5 Cost determination of PV system (Non-Modified Home) 
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4.1.1 Cash Flow for Solar Non-Modified Home without Tax Credits for 20 years.  

 

Table 6. Cost sheet for Non-Modified Home 

  Simple Payback Period: 16.944 years 

  Discounted Payback Period: 27.542 years 

  Return for the Cash Flow: 1.73% per year 

   

  With an average Panel lifetime at 20yrs, 

  the above model will fail to payback 
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4.1.2   Cash Flow for Solar Non-Modified Home with Tax Credits for 20 years 

 

Table 7. Cost Sheet for Non-Modified Home with subsidies 

  Simple Payback Period: 12.157 years 

  Discounted Payback Period: 16.716 years 

  Return for the Cash Flow: 5.56% per year 
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4.2   Modified Home Energy Costs (Passive Strategies Implemented) 

Annual Electric Usage – 12624 kWh 

Electric Bill - $1514.88 (Assuming $0.12/kWh rate) 

Carbon Offset Cost - $88.70 

Total True Cost – $1603.58 / yr. 

Total Solar Panel Cost - $21811.88 

Annual Maintenance Cost- $378.72 

Total Home Modification Cost - $7000-13000 (Average of $10000 used) 

 

Table 8. Cost determination of PV system (Modified Home) 
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4.2.1 Cash Flow for Solar Modified Home without Tax Credits for 20 years 

spreadsheet 

 

Table 9. Cost sheet for Modified home 

  Simple Payback Period: 12.787 years 

  Discounted Payback Period: 17.932 years 

  Return for the Cash Flow: 4.94% per year 
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5. Conclusion 

The Hypothesis of this documents with regards to its research question predicted financial 

failure of solar energy deployment in the absence of subsidies at the current time frame. 

Our Cash flow analysis confirm this to be the case. It is suggested that at the current period, 

US government support towards Solar Energy though means such as ITC be extended at 

least to 2025 in Full form, at which point, cost barriers will be broken and financial self-

sufficiency will be achieved. In the absence of these steps, we risk losing 160,000 jobs 

nationally connected to the solar industry. Further should ITC fail to gain another extension 

in 2019, we risk failing to meet growth trajectories of green energy. We also will have a 

negative impact to US commitment of Paris Agreement with regards to United Nations 

Framework Convention on Climate Change.  Unfortunately, the US Federal Government has 

already indicated imminent withdrawal from the framework as of 2017. 

Another Point to note, would however be towards consumer and organizations that could 

remedy and diminish the loss of ITC, through implementation of passive strategies in their 

own dwellings and work places. With reasonable payback periods, passive design changes 

and energy optimization can serve as a viable solution. 
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