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Department of Construction Management

Solar photovoltaic (PV) systems are currently the most competent renewable
energy methods to retro-fit in and offset electricity for existing and newly
constructed school buildings. Amidst the increasing electricity prices every year,
depletion of fossil fuels reserves, disturbance in hydrological pattern and damage
to present environment, has given stimulation to search for most viable and
effectual solution, to offset public schools need for electricity. The present study is
focused for state of Washington and in the arena of its public schools. The existing
report uses four schools with PV systems as actual case studies. These case
studies are evaluated - to understand the Life cycle costs associated and studies
the acceptance of PV systems in social context, amongst school community. Two
of the four schools examined, show PV systems as economically beneficial while
two schools as case studies do not exhibit the same results. Parameters like solar
radiation received and peak demand offset by PV, play an essential role in the
whole analysis. Based on survey performed, all of the seventeen schools are
influenced and have found a newly learning curve - to reinforce renewable ideas
at a very young age among students. Though Public schools are surely

enthusiastic to implement PV systems, reduced funding per year and decreased
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incentives are a major concern. Despite this fact, reducing solar module prices,
inflation of electricity and all items every year drastically reduces the payback
period to less than ten years. Concurrently, diversion of school funding, applying
retrofits and or power purchase agreements are certainly some solutions to attain

desired objective of study.
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Introduction

Photovoltaic system is currently, one of the most widely used technologies in solar
renewable energy. With students and school staff becoming aware of sustainable
environment and its advantages for health of students, reduction in greenhouse gases and
energy efficient school buildings, school districts are striving to incorporate new measures
and resources in design and construction process of K-12 schools. These measures include
adopting environmental site assessment, providing better learning environment,
incorporate sustainable energy saving features in existing and new construction for high
performance of K-12 schools, to have less impact on our nature (CHPS 1996) (USGBC
1993).

Based on 1995 statistics of CBECS building type categories (EIA 1978), educational
buildings rank third most amongst the thirteen categories under commercial buildings.
Majority of its energy in the form of electricity is consumed by lighting, cooling,
refrigeration and water heating. In regard, to all these statistics, photovoltaic systems
have emerged as one of the most efficient, with less repairs, operation efforts and easy to

retro-fit in new as well as existing buildings.

In regard to provide a valid background for researcher’s question and analysis, the subject
is explored at its maximum to understand the implementation need of solar PV for public
schools, market analysis of photovoltaic system, history of solar cells, functioning
procedure, its types and efficiency. Chapter 1 of this report termed as Literature review,

provides understanding of the subject.

The main objective of this report is to understand the economic feasibility of solar
photovoltaic project amidst Northwest’s weather, in the state of Washington and
investigate non-economic benefits meaning, the social understanding behind these

projects. The beauty of sustainable living using renewable methods lies in consideration of
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both the financial and non-financial aspects of desired method. A step by step approach

also called as research methodology is described in chapter 2 of this report.

Public schools receive reduced funding from state and federal government every year. The
essential federal tax credit (Dsireusa 1995) and MACRS depreciation (IRS 1862) are not
available for public schools. As a result, schools receive fewer incentives for solar
renewable energy projects, in state of Washington. In spite of this prevailing fact and
Northwest’s cloudy weather, schools have been very enthusiastic and passionate about
pursuing these projects in large scale in state of Washington. The cash flow developed as
a part of this report, to present the performance measures and analysis is explained in

depth, in chapter 3.

Solar photovoltaic system has many social benefits that include educating the students,
enhancements in the curriculum, participation in national competitions, conducting
exhibitions, developing creative thoughtful thinking and change in attitude of students
(UWSP n.d.), (solardrschools 2002), (NEED 1982), (NREL 1977). An online survey is
initiated, that represents the questionnaire, while its responses are investigated in chapter

4 of this report.

The financial and non-financial analysis, on account of certain limitations like vastness of
subject topic, available time frame, and restricted information availability leaves some gap
that needs further exploration. Finally, chapter 5 of this report provides the applicable

conclusion along with suggested recommendations for future study and recognition.

Solar PV



Problem Statement -

At present, photovoltaic systems are more adaptable for commercial buildings with
major installations. Public school buildings are one of the thirteen types of
commercial buildings. In this research, an effort is being made to evaluate the

suitability of photovoltaic systems for Washington state public schools.

The research question to be spoken about is, “"Are solar photovoltaic systems
efficient to offset electricity and acceptable to school community, within the state

of Washington?”

This thesis is divided among five chapters. Chapter 1 has review of existing
relevant literature suitable for existence of subject topic, Chapter 2 explains
research methodology. The case study analysis is performed in Chapter 3 while
the Survey analysis is executed in Chapter 4. Eventually, Chapter 5 presents

conclusions and recommendations for future scope of study.
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Chapter 1.

Literature Review
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There are several studies performed to determine the proficiency of solar photovoltaic
system (Nawaz I 2006), (Ruben Lalemana 2011), (A.F. Sherwani 2010) (Mohammad
Ramadhan 2011), (Harder February 2011), (Fthenakis August 2011), (Chel 2011). These
studies involve measurement of either or both, fiscal benefits and non- fiscal benefits.
Interestingly, based on my survey and interviews, some of the public schools as
commercial buildings are more associated with monetary benefits and find solar project
implementation non-profitable, pursued with extensive payback and individual limitations.
In spite of this fact, installation of solar photovoltaic systems is gaining momentum,
locally, nationally and globally, in public and private sectors. This is because a detailed
payback illustrates different factors like, expected net metering savings during summer
months, carbon emissions saved, use of innovative efficient solar modules, involves quest
for new alternatives to install PV system with provision for healthy and educational

environment.

In a novel study performed with different types of buildings as case studies, to investigate
different renewable energy options, make these buildings energy efficient and apprehend
its benefits, it is found that solar PV falls at second position after solar thermal option as
the most suitable alternative to meet the demands of electricity (Rezaie January 2011).
Measures to provide better learning environment, approve environmental site assessment
techniques, adopt sustainable energy saving features in existing and new construction of
high performance K-12 schools, to have less impact on our nature, is at large being
implemented by school districts (CHPS 1996) (USGBC 1993). On similar terms, solar
photovoltaic projects are extensively being installed in various public schools in state of
Washington (Ruben Lalemana 2011), (Chel 2011). Present review shares information on -
A) Significance of solar energy B) Life cycle costs of solar photovoltaic project installation

and C) Social acceptance of solar photovoltaic installations within the school community.
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A) Significance of solar energy:

Solar Energy is energy obtained from sun’s light. Solar energy is used by two technologies
a) Photovoltaic technology and b) Solar Thermal technology (NREL 1977), (Nawaz I

2006). The following figure illustrates the solar application.

Sensor plans
Solar water heaters
Thermal heat exchangers

Solar cells
Photovoltaic modules

Solar photovoltaic energy Solar thermal energy

Figure 1 Solar energy application

The Photovoltaic (PV) technology -

The PV technology is used to make solar panels with solar cells that, convert solar rays

into electricity. This electricity is used for running variety of electrical appliances.

The Solar Thermal energy -

This technology is used to harness solar energy for thermal (heat) energy, as solar water
heaters and thermal heat exchanger.

1.1 Why Solar photovoltaic technology for Public schools?
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Solar photovoltaic technology is currently implemented in various public schools in state
of Washington, in spite of Pacific North West's cloudy weather. Public schools have several
reasons to use solar energy, as photovoltaic projects (NREL 1977), (Ardenhamenergy

2007). The reasons are:

e Energy from Sun is free, abundant and serves as an unlimited source of energy.
e Solar energy is clean, safe and advantageous for health.
e Energy from Sun can offset energy generated from fossil fuels.

e Provides Energy security and independence from import of fuels.

Following statistics explicates the need for change. The data also supports the necessity
for enactment of solar photovoltaic projects using solar energy in public schools and how

it can work effectively in the state of Washington:

» According to the data collected in 2008 by Carbon dioxide information analysis
center (CDIAC) for carbon dioxide emissions, United States ranks second on CO2
emission estimates from fossil fuel usage and cement production (CDIAC 1982),
(IEA 1973). United States, in the year 2009 contributes to 18% of worlds CO2
emissions (IEA 1973). During the period from 1990-2007, globally greenhouse gas
emissions increased by 17 percent, while CO2 emissions from United States
increased by 21.8 %, for the same period (Fifth U.S.Climate Action Report 2010).
In contrast energy obtained from Sun is pure and safe with no traces of pollution.
Solar energy is received in enormous quantity, healthy for mankind and good for
environment. There are no CO2 and greenhouse gas emissions in solar energy
(Solarhome n.d.).

» In 2010, 45% percent of electricity generation comes from burning coal in United
States (EIA 1978). Globally, CO2 emissions from fuel combustion were composed of
43% from coal, 37% from oil and 20% from gas (IEA 1973). Coal is a major
contributor of carbon dioxide emission and air borne pollutants. On the other hand,
solar power decreases this consumption of coal, reduces greenhouse gases and air

borne pollution (Solarhome n.d.).
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» As per the statistics from 1995-2005 (Entergy 1913), (EPA 2001), (EIA 1978), the
cost of generating electricity using natural gas rose from $2.57/million Btu in 1999
to $8.20/million Btu while coal prices have increased from $1.22/million Btu in
1999 to $1.54/million Btu in 2005. The investment in infrastructure development
for transmitting electricity has grown 116% since 1999 with utility companies
planning to invest additional $18.5 billion through 2008. Along with this there are
tremendous costs associated for approval from environmental agencies. It's
estimated that utility industry would spend another $47.8 billion between the years

2007 till 2025 for reduction in emissions.

e As per 2005 statistics (EERE 1977), state of Washington uses 72% of hydropower
(compared to 6% for nationwide) , 7% of coal and 9% of its nuclear resources as
fuel mix for electric power generation. The electricity consumption is increasing at
the rate of 2.3% every year with a prediction of 43% higher increase in
consumption of electricity, and infrastructure development to produce electricity by
2030. Though rates of electricity are one of the cheapest in the nation, hydropower
has its own limitations (USGS 1879), (EPA: Energy Kids n.d.). They are -

- Construction of dam and reservoir has high investment costs.

- Depends on yearly precipitation

- Obstruct fish migration and population

- Operation of these plants changes water temperature, water quality and
direction of flow of water

- Construction of reservoirs may use vast areas of useable agricultural land,
archeological sites and natural areas.

- Re-location of local population is required.

- Methane, carbon dioxide and greenhouse gases may be formed in some

reservoirs and emitted to atmosphere.

Through photovoltaic research conducted with National renewable energy and its

associated laboratories, it can be understood that immense efforts are applied to increase
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efficiency of solar cell, module, its balance of system and its reliability. High reliability of
solar cells, inverters and Balance of system (BOS), degradation of solar cells during its life
span, still being a concern (Sarah Kurtz 2009), various strategies are being employed
with use of different materials and technology to bring down the cost of solar photovoltaic
system (NREL 1977), (Solarbuzz 2001). Even though electricity produced from solar
energy costs more in comparison to conventional electricity generation, it is making a fast
approach to meet electricity tariff charged to consumers in different sectors.

» Solar energy helps reduce country’s dependence on imported energy from fossil
fuels. Based on the type of Solar system used with specific installation, a clean
energy system offers a degree of independence from existing line of energy
suppliers. In an event of grid power outage, provisions for energy backup supply
using batteries, provides energy security (Solarhome n.d.), (Ardenhamenergy
2007), (NRDC 1970).

» Based on 1995 statistics of CBECS building type categories (EIA 1978), educational
buildings rank third most amongst the thirteen categories and have an electricity

intensity of 8.4kWh per square foot under commercial buildings.

Similar to green revolution in construction industry that provides various sustainable
solutions to improve the construction process for better environment and healthier future
generation, it is essential to have photovoltaic change in electricity generation to conserve
and reduce dependence on fossil fuels. However, primary education begins at home, and
schools are second most important place in child’s life. Therefore it becomes our moral
responsibility to provide education, resources and necessary encouragement from early
stages in a child’s life for preserving Mother Nature’s resources by using renewable
sources of energy like solar energy, applying practices of recycling, reducing paper

wastage and avoiding carbon emissions.
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1.2 Surveillance of PV system in state of Washington

Hesitation and queries always hover around solar PV’s reliability, as only suitable in
presence of sun, like - Does enough solar energy prevail in state of Washington? What
would be the efficiency of the system in cloudy days? Can solar energy be stored to be
used at night? What happens to excess energy produced by Sun, during Summer

holidays?

The Figure 2 below shows that WA schools annually produce 62.5% of solar energy in
comparision to the school in California. Production of solar energy is observed for different
public schools in different areas of state of Washington, as shown in the figure. The areas
covered are Olympia, Anacortes, Camas in state of WA and Los Angles in California. All
the schools have rougly 1Kw PV system installed, while the data is observed from January
2011 till December 2011 (Solar4rschools 2002).

250
200
B Marshall M HS-WA
'
= 150
E B Anacortes HS-WA
£ 100
= Camas H5- WA
50
m Camino Nueva Charter
Academy-Ca
D 4

1 2 3 4 5 B 7 8 9 10 11 12
Maonths

Figure 2 Monthly Production of solar Energy

Solar panels undoubtedly perform the best in sunny and unshaded conditions, however,
based on above chart; it is clear that when the sky is overcast with clouds - as is the case

with different parts of Washington, usually 45% - 65% of solar energy is still captured to
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provide photovoltaic electricity and keep it functioning (Boreham 2009) , indirectly
showing the systems efficiency in cloudy conditions. Table 1 below shows the seasonal
and annual average for three schools in state of Washington and one school in state of

California.

Table 1 Seasonal and Annual solar energy production

Avg WA Avg CA Percentage
Fall 37.95 82.13 0.462072324
Winter 42.35 99.53  0.425499849
Spring 116.96 177.73  0.658076858
Summer 131.19 155.43 0.79302424
Total Avg 82.1125 131.205 0.625838415

Yes, solar energy can be stored using batteries often termed as battery banks, with or
without a generator so as to use at night or when sun is not shinning. The generator helps
charging and maintenance of batteries (DFW n.d.). This occurs with standalone systems
that are not connected to grid or off-grid. In case of grid connected solar PV, any excess
solar energy produced is transferred to grid. The grid is provided by utility companies to
supply backup electricity, whenever needed (NREL 1977), (ANL 1946). This term is called
net metering. A diagrammatic representation is shown in Appendix F. Public schools
surveyed in this report are all connected to grid, meaning during summer months when
schools have vacation and sun provides maximum solar energy, all the excess energy

produced is transferred to grid leading to net-metering savings.

1.3 Solar Photovoltaics

The principal focus of researcher’s study is restricted to solar Photovoltaics (PV). The
scope of research is further narrowed down to apply solar photovoltaic system to public

schools in state of Washington.

In a comprehensive study performed, to determine the environmental impact of 3KW

residential PV system (Renewablesg 2005), in areas of low radiation and its life cycle
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impact assessment methods (LCIAs), show solar PV’s suitability to areas of low solar
radiation. The various tests performed like, eco-indicator 99, global warming, cumulative
energy demand, energy payback time with co-relation test on six different types of PV
determine that, solar PVs produce more energy than energy consumed in manufacturing
process and have less environmental impact than the other cities considered for analysis
receiving high solar radiation. This also underlies the fact that solar PV works in Seattle
(3Tier 1999) and its associated neighborhoods, in state of Washington effectively (Ruben
Lalemana 2011).

Another research undergone in identification of costs and benefits of large scale solar
power production identifies social damages in $ per ton, from variety of air pollution
assessment from worldwide information. The article also states that identification of these
social benefits in Life cycle analysis would drastically increase the net present value as a
performance measure and make the project financially viable (Harder February 2011).

Following Table 2 states the values from the article

Table 2 Social damage estimates in dollars

Table 8
Summary of social damage estimates from a varety of air pollution valuation studies
wiorldwide, Estimates scaled up to present 2010 dollars.

Pollutant Minimurm Mean Maximum Reference Mo, of
(§fton) (§/ton) 'S/ton) studies

NO, §4306 §345 514915 [37] g

50, §3140 S1208 §7379 10

PM g $6751 51401 §$25,:434 12

GHG 510 557 §277 [34] 28

Solar Photovoltaic system consists of solar cells also called photovoltaic cell, is a solid
device that converts energy of sunlight, by photovoltaic effect directly into electricity
(NREL 1977). Photo-voltaic panels are the most appropriate renewable solution, as they

have various technical benefits:

e Solar PV is easy to retro-fit to existing buildings.
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¢ No groundwork is required.

e There is practically no disruption to existing services.

e Planning permission is not normally required.

e Working of the system has silent operation — No noise pollution.
¢ No moving parts.

¢ No maintenance requirements.

e No carbon dioxide and greenhouse gas emissions.

Public schools budget reduce every year, in contrast the cost of school operation keeps
going up. One of the ways to help our schools save money is by reducing energy costs,
with wise usage of energy by implementation of renewable sources of energy. Using solar

energy is one such viable option (The California Energy Commission 1974).

Making our school solar has an obvious benefit of reducing carbon emission and

greenhouse contribution to the environment, but the major benefits observed are:

% Save money on electricity bills.
The schools are closed during summer holidays, during which the system can
generate most power, send to the grid and even sell energy.
% Raise awareness among students from early childhood.
Allows conversation of environmental issues and challenges; explain the

importance of sustainable method of living.

72
0‘0

Introduce a variety of environmental topics into the national curriculum.

Helps in developing a more resourceful learning environment

1.4 Science behind solar Energy

Basic terms and technical facts involved in study of Solar Photovoltaic panels are as under
(NREL 1977), (Solarexpert 1974), (Sunenrgy systems n.d.) (Facts-about-solar-energy
n.d.), (USsolargy.com n.d.):

e Solar energy is measured in kilowatt-hour.
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1 Kilowatt-hour = 1000 watts.

1 Kilowatt-hour (Kwh) equals the amount of electricity required to burn a 100 watt

light bulb for 10 hours.

e A Solar panel system consists of Solar panels, an inverter, a battery, grid, balance
of system consisting of mounting system with/without tracker, AC and DC
disconnects conduits, brackets, cables and connectors, a charge controller and
electric meter

¢ 1 Kilowatt solar panel system is made up of four to five panels with dimensions
around 12-15 feet in length and 3 feet in height. Present costs are round 4000%$ to
7000% per Kw depending upon the quality of panels and equipment.

e School buildings come under a category of non-residential, commercial buildings
while some schools come under different levels depending upon the amount of
Kilowatt system needs to be installed at a particular school site (EIA 1995),
(css.snre.umich 1991).

e 1 Kilowatt Solar system will generate approximately 1600 kw-hours per year in a
sunny climate with average of five hours sunshine per day and approximately 750
kw-hours per year in a cloudy climate receiving two and half hours sunshine per
day.

e 1 Kilowatt system will prevents approximately one hundred and seventy pounds of
coal from being burned and three hundred pounds of carbon dioxide from being
released into the atmosphere.

e Photovoltaic system consists of solar modules tested under standard test conditions
with a life of twenty-five (25) years and above. The workmanship warranties
typically last for about five (5) yrs.

e A battery backup in solar photovoltaic system provides electricity twenty four hours
a day, seven days a week and even during cloudy days and nights.

e Solar panels come in different colors and can have attractive, creative looks.

e Solar energy has the provision to collect, store in batteries, reflect, insulate, absorb

and transmit.
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1.5 Present Market Economics:

Advanced technologies have caused increase in manufacture of solar panels with an
enormous decrease in price. Solar cells have increasingly become cost effective with more
distributors entering the market. New technology provides more choices and products as
more people realize the benefits of solar energy. In a study performed, to evaluate the life
cycle assessment of 1% and 2" generation solar cells, as described later in the chapter,
new designs, materials used, increased efficiency, effort to discard solar cells in recycling,
photovoltaic systems are one of the excellent resource for electricity generation and CO2
reduction (A.F. Sherwani 2010).

In past 20 years, electricity produced with solar energy has grown by an average 30% per
annum. In 2009, the photovoltaic industry generated $38.5 billion as revenues globally.
The market trend for decline in prices is determined by large scale production of solar
panels, improvement in efficiency of cells and manufacturing technology (Solarbuzz
2001).

Organizations like National Renewable Energy Laboratory (NREL), perform extensive
research and scientific improvements in photovoltaic systems, for U.S department of
energy. NREL concentrates on improving conversion efficiencies of solar cell, with

minimized cost of cell and consistencies in associated PV components (NREL 1977).

With Government realizing the benefits, incentives are being available from federal, state,
local government and utility companies (Dsire 1995) to encourage its establishment in
market. Solar energy users like schools, residential consumers, and commercial
consumers get paid for excess electricity produced through a system called ‘Net-Metering’

serving as an additional monetary benefit.

1.6 Renewable Savings and Incentives:

Presently public schools account for usage savings and demand savings as Avoided costs

of conventional electricity. The incentives received by schools incorporate Washington
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state incentives applicable till June 2020 (Dsire 1995). Public schools do not receive
federal tax credit and MACRS depreciation benefits (IRS 1862). These benefit itself save
more than 40% of the total costs of solar PV. The reason being, schools do not pay taxes
and hence are not eligible for either of the above federal benefits, which otherwise are
availed by other buildings in commercial category (EIA 1995). The other benefits schools
can avail are for net metering savings (DSIRE 1998), (EERE 1977)and renewable energy
certificates or carbon equivalent savings (EERE 1977). Following are details of available

savings and incentives.

Usage savings -

These savings are defined as, total kilowatt-hours produced by sun/PV system during an
academic year or in one year. These can be measured via data monitoring systems like
NREL’s PV watts calculator (NREL 1977), Bonneville Foundation’s solar for schools site
(solardrschools 2002).

Following Figure 3 illustrates the solar energy generated for the current week of May 2012
for Hayes Freedom high school, Camas school district in Washington State (Solard4rschools
2002). This solar energy observed throughout the year establishes the usage savings, as
the monitoring system (for student observation) and production meter (for regular
billings) installed at the school campus, records solar data and that way offsets electricity

from utility.
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Figure 3 Data monitoring system for solar observation

Demand savings -

Demand savings are comparatively difficult to determine, as it is based on facility’s
highest demand per 15 minute interval, calculated for over the month. It is essential for
solar PV, to offset this demand, during that 15 minute interval for the given month.
Hence, the offset from PV can be anywhere from exact demand from utility to nil for a
given month. This offset demand value is then multiplied by the demand rate provided by
the utility, which is much higher than retail electricity rate (Raphael 2011). Thus avoided

costs from electricity comprises of usage savings and demand savings.

Figure 4 explains the demand rate applied by Clark public utilities for specific peak
demands identified. The peak demand observed in the electricity bill is multiplied by
demand rate (Clark public utility 1938). These demand amounts when compensated by

solar PV lead to demand savings.
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Second Tier Schedule 134
Applicable to services with a monthly, metered demand greater than 20 kilowatts.

Basic charge: $58.00
Energy charge:
Sep.- Mar.: 4.91 cents per kWh
Apr. - Aug.: 4.38 cents per kWh
Demand charge: $6.77 per kW for secondary point-of-delivery; £5.94 per kW for primary point-of-delivery

Figure 4 Demand rates — Clark Public Utility

Washington state incentives —

These are performance based incentives, delivered by state of Washington, existing till
30" June 2020. The incentives are based on location of manufacturer of solar PV , inverter
and amount of electricity produced by the solar PV. The incentives range from
12cents/kWh till 54 cents/kWh, with the manufacturers from state of Washington
receiving most incentives. The highest cap provided is $5000 per year (DSIRE 1998) for

any commercial consumer using solar PV as its renewable source.

Net metering incentives —

Net metering programs provide incentives for on-site renewable energy generation, to
offset their electricity consumption. This is calculated over monthly basis or annually. The
electric meters run backwards, when PV system generates electricity in excess of their
demand. The excess electricity turned in to utility company, provides schools/customers
retail rate per kWh, as incentive for excess electricity produced (EERE 1977), (Watson
1998), (Doris 2009).

Renewable energy certificates (REC'’s) or Carbon equivalent incentives or Green Tags —

These tags or certificates are property rights for environmental, social and other non-
power qualities of renewable electricity generation. The attributes can be sold separately
from electricity produced by the school/customer. The renewable energy generator like
solar PV, generates one REC for every 1000 kilowatt-hours (or 1 megawatt-hour) of
electricity placed on the grid. The REC'’s provide primary attributes of renewable fuel

source, emissions control, geographic location and vintage of generator, RE certification
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and secondary attributes of avoided emissions and price stability in renewable energy
market. The certificates are priced anywhere from 1.2cents/kWh till 2.0cents/kWh. Solar
REC’s or green tags are priced comparatively higher than regular REC’s. (EERE 1977),
(EPA 1970)

1.7 History of Solar Panels:

The journey of Solar panels begins as early as 7" century BC till 1200’s AD, from 1767 till
1897 and from 1900s till present. As history recollects, the concept of solar energy is
observed and confirms presence of Sunlight, being capable of generating usable electrical
energy. The Solar power is used historically in situations where electrical power from the
grid is unavailable (EERE 1977), (Solarpowerbeginner n.d.). A brief timeline is established

here with:

e 1839 - Photovoltaic effect was first developed by a nineteen year old boy named
Alexandre-Edmond Becquerel.

e 1873 - Willoughby Smith finds that Selenium shows Photoconductivity.

e 1876 - W.G.Adams created the basis for basic Solar cell. He discovered that
Selenium generated electric current when exposed to light. This gave a clue, that
solid material could change light into electricity without heat or moving parts,
leading to invention of solar electricity.

e 1883 - Charles Frits developed a Solar cell using Selenium on a thin layer of gold to
form a device giving less than 1% efficiency. These Solar cells were not efficient
enough to power electrical equipment.

e 1905 - Albert Einstein explained the Photoelectric effect for which he received
Nobel Prize in Physics in 1921.

e 1954 - Bell laboratories developed a Solar cell with Silicon instead of Selenium with
about 6% efficiency. The highly efficient Solar cell was first developed by Daryl
Chapin, Calvin Fuller and Gerald Pearson using diffused p-n junction. The use of
technology was very expensive and was used to power toy subs and model air

planes only.
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e 1957 - Hoffman Electronics creates a 2% efficient commercial Solar cell at 1785%
per watt. Since then the company strives to achieve more efficient commercial
Solar cell with 14% efficiency and introduced grid contact reducing cells resistance.

e 1985 - Silicon cells with 20% efficiency were developed by Center of Photovoltaic
engineering at University of New South Wales.

e 1994 - The National renewable energy laboratory’s solar energy research facility
develops a GainP/GaAs a two terminal concentrator cell as first Solar cell with 30%
conversion efficiency.

e 1996 - The national center for Photovoltaics established in Switzerland, achieves
11% efficiency, using energy conversion dye sensitized cells that use a photo
electrochemical effect.

e 2008 - Scientists at U.S department of energy’s National Renewable Energy
laboratory (NREL) set a world record in Solar cell efficiency with photovoltaic device
that converts 40.8% of sunlight into electricity. The inverted metamorphic triple-

junction Solar cell was designed, fabricated and independently measured at NREL.

Presently, the industry has increased almost 200 times in the last twenty years. Solar
power is now used for many activities like power lights, television, radio, for heating,

pumping water, by railways, by coast guards and even satellites.

As a result, new advancements in photovoltaic technology, anticipates solar energy as the
promising source of energy for forthcoming generation. The future buildings would be
desighed as net-zero energy building, with renewable energy electricity, efficient designs
and best practices in construction. The prices of Solar cells have dropped over the past
decade, with use of solar electric panels becoming more feasible. Solar panels and its
types are now used in various situations like buildings far from power lines, schools, on

flat roofs, parkways, bus shelters and more.
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1.8 How does Solar Photovoltaic system work?

Figure 5 shows a picture of a house to explain functioning of photovoltaic system,
However Photovoltaic system consisting of solar modules, inverters and balance of system

installed in school building works in a similar way. (Sunenrgy systems n.d.)

@ Solar Panels turn photons 1 @ The AC power you don't use
from the sun into DC electricity is sent back into the grid and

used by the utility company

@ The inverter turms DC current
into alternating current (AC) for

use in your home @ The production meter

measures how much energy
your Solar Systemn produces
and sends it to your home's
electrical panel

Figure 5 Functioning of Solar PV

Each solar panel receives energy from sun as photons. The panels harvest these photons
and convert them to electricity. Solar panels are connected in series, parallel or series-

parallel wiring to generate the DC voltage. Based on type of module, panels convert
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around 7% -17% of the energy they receive into electricity (Solarexpert 1974), (NREL
1977).

e The solar panels instantly convert sun’s energy into DC voltage. The DC voltage
output of the solar array need to be converted to a 60Hz AC power while the
inverter have its voltage either increased or decreased to 120 volts.

e The inverter takes the solar arrays DC power and transforms it into school and
utility grids 120 volts AC, 60 Hz electricity.

e The inverter is mounted close to the electric panel either on the inside or outside
wall.

e The 120volts AC power leaving the inverter is then connected to a dedicated
breaker in the main electric panel. This panel provides solar electricity to all of the

electrical loads in school and entire utility grid.
eThe solar array's output is directed from roof to the inverter placed next to electric panel.
eThe inverter converts the solar array's power from a high voltage DC to a clean 120V AC.

eThe 120V AC output of the inverter goes through an electric meter, to record all the solar

energy in kWh, produced for the entire year.

eThe 120V AC continues to flow from the solar meter to a breaker in school’s electric

panel.
*This integrates solar electricity to both the school and the utility grid.

eWhen a solar PV system provides exact amount of power that the school is currently

using, then the electric meter will stand still.

eWhen a solar PV system provides more power than the school is using, any excess will
flow backwards through the utility meter and school will build a credit with the utility

company, called net metering.
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eWhen a solar PV system provides less power than the school is using, then the utility grid

will provide the rest. In this case, meter will be spinning forward only for the excess

electricity that is required.

1.9 How Solar cell works?

Solar cells are individual cells of a solar module also called solar panel. These solar panels

together are called solar array. Solar panels are measured and priced as dollar per watts

for a solar array. This is explained in the following Figure 6, (EERE 1977):

onfEsEE

Cell Module Array

Figure 6 Solar Cell, Module and Arra

Solar cell consists of various layers of material. Following Figure 7 shows different layers

of a solar cell:

Antireflection coating — | | ¢
Transparent adhesive ..-"' TYYTYTY
S - Front Comtact  Cyprent —-

Coverglass —
r

n-Type semiconductor |

p-Type semiconductor

Figure 7 Different layers of Solar Cell

Silicon is a semiconductor material that conducts electricity. A solar cell is a sandwich of

two different layers of silicon that are specially doped to let the electricity flow through it.
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The lower layer is p-type (positive-type silicon) as electrons are negatively charged,
doped with few electrons. While the upper layer is doped with many electrons called n-
type (negative-type silicon). This is explained with the diagrammatic representation in
Figure 8, (Woodford n.d.):

www.explainthatstuff.com

Figure 8 Crossection of Solar cell

A solar cell is a sandwich of n-type silicon (blue) and p-type silicon (red).

1. When sunlight shines on the cell, photons (light particles) attack the upper surface.

2. The photons (yellow blobs) carry their energy down through the cell.

3. The photons give up their energy to electrons (green blobs) in the lower, p-type layer.

4. The electrons use this energy to jump across the barrier into the upper, n-type layer

and escape out into the circuit.
5. These electrons flowing through the circuit makes the lamp light up.
1.10 Classification of Solar cells:

Solar cells are classified as (NREL 1977), (EERE 1977):
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¢ 1st generation Solar cells — consist of the traditional Wafer Silicon cells made of semi-

conducting p-n junctions.

e 2nd generation Solar cells — consist of Thin film Silicon cells, based on reducing costs of

first generation solar cells by employing thin film technologies.

¢ 3rd generation Solar cells — consists of quantum dots made from nanocrystals that are
potentially able to overcome the efficiency limit of 31%-41% for single bandgap solar
cells. These cells are explored for new materials other than silicon like solar inks using

conventional printing press technology, solar dyes and conductive plastics.

Following Figure 9 and description, helps to explain the first and second generation solar
cells while the third generation solar cells are relatively new and being researched
(Wikipedia n.d.), (NREL 1977) (A.F. Sherwani 2010)

7 N
3rd generation from 2nd generation
Nanocrystals Thin film Silicon cell

Figure 9 Types of Solar Cells

1.10.1 Wafer Silicon cells:

Materials used —

e Crystalline Silicon (c-si) most prevalent bulk material
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e Based on crystallinity and crystal size result as ingot, ribbon or wafer

Types -

1) Monocrystalline Silicon cell(c-si) (A.F. Sherwani 2010)

Process -
¢ Made from Czochralski method.
e Single crystal wafer cell.
e Cut from cylindrical ingots.

Advantages -

Higher efficiency cells

Disadvantages -

e Method expensive
e Cylindrical ingots do not completely a cover square solar cell module
e Causes substantial waste of refined silicon

e Uncovered gaps at four corners of cells

2) Poly or Multicrystalline Silicon (poly-si or mc-si) cells

Process -

e Made from cast square ingots

e Large blocks of molten silicon carefully cooled and solidified
Advantages -
Less expensive

Disadvantages -

Less efficient

3) Ribbon Silicon (Type of multicrystalline silicon(mc-si))

Process -

Formed by drawing thin films from molten silicon to form a multicrystalline structure

Advantages -
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Saves production costs by reducing silicon wastes

Disadvantages -

Low efficiency than poly-si cells
1.10.2 Thin film Silicon cells:

1) Cadmium telluride solar cell

Material used -

Cadmium telluride

Process -

Thin film of cadmium telluride acts as semiconductor layer to convert sunlight into
electricity.

Advantages -

Less expensive than crystalline silicon

Disadvantages -

Cadmium in cells can be toxic if released, though impossible during normal operation
2) Copper Indium Selenide (CIGS)

Material used -

Compound semiconductor material made of copper, indium, gallium and selenium.
Process -
Fabrication involves vacuum process of co-evaporation and sputtering
Advantages -
e Direct bandgap material
o Highest efficiency of 20% achieved

Disadvantages -

High manufacturing costs

3) Gallium arsenide multijunction cells

Materials used -

Gallium, Arsenide, Germanium, Gallium, Indium, Phosphide.
Process -
e Multijunction cells are sub class of solar cell with multiple thin films

e Produced by metalorganic vapor phase epitaxy for higher efficiency
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Advantages -
e High efficiency cells as much as 42.3%

e Used in Satellite and space exploration

Disadvantages -

Increase in costs of metals

4) Light absorbing Dyes

Material used -

Ruthenium metal organic dye
Process -
Manufactured by screen printing and use of ultrasonic nozzles
Advantages -
e Less expensive
e By do it yourself. Use of low cost materials
e No advanced elaborate equipment needed

Disadvantages -

e Dyes in cells suffer from degradation and UV light
e Cell casing difficult to seal due to solvents in assembly
5) Organic polymer solar cells

Materials used and Process -

Built from thin films of organic semiconductors processed including polymers like
polyphenylene vinylene from solution with small molecule compounds like copper
phthalocyanine, carbon fullerenes and its derivatives called PCBM. Based on the concept

of electron donor and acceptor method

Advantages -

¢ Novel technology with promising price reduction

e Faster return on investment

e Optical absorption co-efficient of organic molecules high
e Inexpensive in large scale production

Disadvantages -
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e Low efficiency

e Low stability

e Low strength

6) Silicon thin films

Material used -

Amorphous Silicon, protocrystalline Silicon and Nanocrystalline silicon
Process -

From chemical vapor deposition, silane gas and hydrogen gas.

Types -

Based on deposition parameters there are three types:

a) Amorphous silicon (a-si or a-si:H)
b) Protocrystalline silicon
¢) Nanocrystalline silicon or micro crystalline silicon(nc-si or nc-si:H)
Type a)
Made up of amorphous or microcrystalline silicon with basic electronic structure as p-i-n
junction
Process -
Uses glass as substrata and deposits a very thin layer of silicon by plasma enhanced
chemical vapor deposition
Advantages -
¢ A film 1 micron thick can absorb 90% of usable solar energy
e Higher efficiency , Higher band gap
e Tandem cells can be formed with a-si and nc-si)

Disadvantages -

High costs per watt
Type b)
Protocrystalline silicon with low fraction of nanocrystalline is optimal for high open circuit

voltage

Advantages -
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Less expensive to produce

Disadvantages -

e Low efficiency than bulk silicon
e Low quantum efficiency

e Dangling effect and twisted bonds

1.11 Manufacture of Solar cells:

1.11.1 Wafer Silicon cell (Wikipedia n.d.):

» Solar cells are semiconductor devices with quality control in semi-conductor
fabrication. Large-scale commercial solar cell factories make screen printed poly-
crystalline silicon solar cells. Single crystalline wafers used in the semiconductor
industry can be made into excellent high efficiency solar cells, however are
considered too expensive for large-scale mass production.

> Poly-crystalline silicon wafers are made by wire-sawing block-cast silicon ingots into
very thin (180 to 350 micrometer) wafers. These wafers are usually p-type
tampered. A surface diffusion of n-type dopants is performed on the front side of
the wafer, to form p-n junction a few hundred nanometers below its surface, to
form a solar cell.

» To increase the amount of light coupled into the solar cell, antireflection coatings
like silicon nitride with exceptional surface passivation qualities are applied. It
prevents carrier recombination at the surface of the solar cell. Several hundred
nanometers thick antireflection coating, using plasma-enhanced chemical vapor
deposition (PECVD) is applied. Solar cells with textured front surfaces like
antireflection coatings are formed on single-crystal silicon and in recent years
methods to apply them on multicrystalline silicon have been established.

» The wafer has metal contact on back surface by screen-printing aluminum metal
paste, while grid-like metal contact made up of fine ‘fingers’, ‘busbars’ screen-

printed with silver paste on the front. The paste is then fired at several hundred
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degrees celsius to form metal electrodes in ohmic contact with the silicon. Cell
efficiency can be increased with additional electro-plating.

» With metal contacts made, the solar cells are interconnected by flat wires or metal
ribbons, and assembled into modules or "solar panels". Solar panels have a sheet of

tempered glass on the front, and a polymer encapsulation on the back (madehow
n.d.).

1.11.2 Thin Film Solar cell (Howstuffworks n.d.):

» Traditional solar cells use silicon in the n-type and p-type layers. New generation of
thin-film solar cells uses thin layers of either cadmium telluride (CdTe) or copper
indium gallium deselenide (CIGS). These nanoparticles, the four elements self-

assemble in a uniform distribution, ensuring correct atomic ratio of the elements.

» The layers that make up the two non-silicon thin film solar cells are shown below.
There are two basic configurations of the CIGS solar cell. The CIGS-on glass cell
needs a layer of molybdenum to create an effective electrode, while in the CIGS-
on-foil cell metal foil acts as the electrode. A layer of zinc oxide (ZnO) plays the
role of the other electrode in the CIGS cell. The semiconductor material and

cadmium sulfide (CdS) are sandwiched in between the solar cell layers. These two

layers act as the n-type and p-type materials, necessary to create a current of
electrons. Following Figure 10 shows the Thin-Film CIGS solar cell.

How Thin-Film Solar Cells \!I'i{ork

Figure 10 Thin-Film CIGS Solar cell
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» The CdTe solar cell has a similar structure. One electrode is made from a layer of
carbon paste infused with copper, the other from tin oxide (SnO2) or cadmium
stannate (Cd25n04). The semiconductor in this case is cadmium telluride (CdTe),
which, along with cadmium sulfide (CdS), creates the n-type and p-type layers
required for the PV cell to function. Following Figure 11 represents the Thin-Film
CdTe solar cell.

How Thin-Film Solar Cells Worlk

Figure 11 Thin-Film CdTe Solar cell

1.12 Price of photovoltaic systems, Costs and Efficiency of Solar cells:

1.12.1 Price of Photovoltaic systems:

The distributions of costs in percentages, for various components of a photovoltaic system

are shown in the following Figure 12 (Solarchoice n.d.), (solar-estimate 2000)
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PV Systems Cost Categories

Other costs

Data acquisition
5%
3% N /

Installation
21%

Engnmgrmty

Conduit/Wiring/Fi
flunction boxes

%

Inverter/Transfarmer

Sowitch gear
10%

Figure 12 Cost distributions of PV components

Price of PV system depends on system rating, location and type of installation, required

electricity, circuit equipment and manufacturer.

System rating - is based on output watts under standard test conditions (STC). More is

the wattage power, high are the costs and rating for the PV system.

Location and type of installation — explains the geographical location and difficulties

involved in installation of PV system. The costs increase with type of connectivity required

for proper functioning of system.

Required electricity and circuit equipment-_This involves the costs for inverter. The

inverter converts the direct current (DC) from sun to alternating current (AC), suitable for

functioning of all electrical appliances and machinery.

Manufacturer — Brand names are costly in comparison to generic names, though they

have same usable life and warranty.
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1.12.2 Cost of solar cell (Wikipedia n.d.), (NREL 1996):

Cost of solar cell is given per unit of peak electrical power. Manufacturing costs are
defined as cost of energy required for manufacturing solar cells. Solar tariffs vary

worldwide and state by state

The following Figure 13 illustrates the solar cell efficiency obtained in best laboratory,
(Wikipedia n.d.), (NREL 1977). These efficiencies are obtained for different materials and
new technologies, experimented on one square centimeter cells. Actual efficiencies show
slight variations. The basic parameters checked for are short circuit current and open

circuit voltage.
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Figure 13 Best Research-Cell Efficiencies

Extensive efforts are being made to lower the cost of solar cell, to produce
electrical energy at a price competitive with fossil fuels and nuclear power
energy. This includes second and third generation photovoltaic cells that are
cheaper than first generation cells. As per NREL’s DOE SunShot initiative, large

scale cost effective solar energy systems would be established by 2020, (NREL
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1996). While Grid parity - the point at which photovoltaic electricity is equal to
or cheaper than grid power would be reached in United States by 2015.
However, increasing price of silicon, various economic issues and lessening of

subsidies are some potential risks affecting the cost of solar cells in near future.

1.12.3 Solar cell efficiency (Wikipedia n.d.):

Reflectance efficiency, thermodynamic efficiency, charge carrier separation efficiency and
conductive efficiency are essential components of solar cell efficiency. The overall
efficiency is the product of each of these individual efficiencies. With difficulties in
measuring these parameters directly, they are substituted for thermodynamic efficiency,

quantum efficiency, VOC ratio and fill factor.

The several losses accounted in measuring the efficiency are - Reflectance losses as a
portion of the quantum efficiency, Recombination losses as a portion of the quantum
efficiency, VOC ratio, fill factor and Resistive losses categorized under fill factor, with

minor portions of the quantum efficiency and VOC ratio.

Thermodynamic efficiency (Henry 1980) -

Maximum theoretical conversion efficiency for sunlight is about 93% due to the Carnot
limit, based on the temperature of the photons emitted by the Sun's surface. Solar cells
operate as quantum energy conversion devices, and are subjected to the "thermodynamic
efficiency limit". It is found essential for photons with energy to match with band gap of
absorber material to generate a hole-electron pair. Photons of greater energy if absorbed,
convert the excess energy above band gap to kinetic energy. This excess kinetic energy
converts to heat through phonon interactions as kinetic energy of the carriers slows to
equilibrium velocity. Solar cells with multiple band gap absorber materials improve
efficiency by dividing the solar spectrum into smaller bins where the thermodynamic

efficiency limit is higher for each bin.

Solar PV



36

> Quantum efficiency -

Photons absorbed by solar cells produce electron-hole pair. One of the carriers may reach
the p-n junction and contribute to the current produced by the solar cell. Quantum
efficiency represents percentage of photons that are converted to electric current, when
the cell is operated under short circuit conditions. Sometimes the light striking the cell
gets reflected. External quantum efficiency is fraction of incident photons that are
converted to electric current. Internal quantum efficiency (IQE) is the fraction of absorbed

photons that are converted to electric current.

Quantum efficiency is spectral measurement as function of photon wavelength or energy.
Some wavelengths are absorbed more effectively than others, spectral measurements of
quantum efficiency yield essential data about the quality of the semiconductor bulk and

surfaces.
> Fill factor-

Fill factor (F.F) is another term used for measuring performance of a solar cell. This is the
ratio of the available power at the maximum power point (Pm) divided by the open circuit

voltage (Voc) and the short circuit current (Isc):
F.F = Pm/ (Voc*Isc)

The fill factor is directly proportional to associated cell's series and shunt resistances.
Increasing the shunt resistance and decreasing the series resistance provides higher fill
factor that result in greater efficiency, leading cell's output power closer to its maximum

theoretical value.

The cell power density is given by P = JV. P (Power density) reaches maximum at cells
maximum power point, J is the current density and V is the voltage for a solar cell. This
occurs at a voltage Vm with corresponding current density Jm as shown in the figure. The
optimum load has a sheet resistance given by Vm/IJm.With Voc as the open circuit voltage

and Jsc as the short circuit density. Fill factor is defined as, (Nelson 2003)
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F.F = JIm*Vm/Jsc*Voc and describes the squareness of J-V curve - (1)

Figure 14 below represents Bias voltage versus Current density, used to determine the fill
factor
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Fig. 1.8. The current wvoltage (black) and power—voltage (grey) characteristics of an
ideal cell. Power density reaches a maximum at a bias Vin, close to Voo, The measimmum
power density J, = Vi, 1= given by the area of the inner rectangle. The outer rectangle
has area J.. = V.. If the fill factor were egual to 1, the current voltage curve would

follow the outer rectangle.

Figure 14 Bias Voltage v/s Current density

The efficiency 'n’ of the cell is the power density delivered at the operating point as a
fraction of the incident light power density Ps.

n =Jm*Vm/Ps - (2)
Efficiency is related to Jsc and Voc using F.F
n = Jsc*Voc*F.F/Ps - (from (1))

The four quantities Jsc, Voc, F.F and n are crucial performance characteristics of a solar
cell. The standard test conditions (STC) for solar cell is the air mass 1.5 spectrums, an
incident power density of 1000 W/m2 and temperature of 25 degree celsius. Following

Table 3 displays the performance characteristics for commonly used solar cells.
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Table 3 Performance characteristics of solar cells

Table 1.1. Performance of some types of PV cell [Green et al., 2001].

Clell Type Area 'ln:rm'2 || Vo (V) Jec ;Jn_-"‘a,.-'crrn'zfl FF Efficiency (%)

crystalline Si 4.0 0706 432 B2.8 24.7
crystalline GaAs 3.9 1.022 28.2 BT.1 25.1
poly-Si 1.1 0.654 38.1 TH.5 19.8
a-5i 1.0 0.BET 19.4 T4.1 12.7
CulnGaSeo 1.0 0.669 35.7 Tr.0 18.4
CdTe 1.1 0848 25.9 T4.5 16.4
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70 =
theorstical limit
60 +
s
S 50 +
T ] povS |
- GaAas
- a0 + CIGS CdTe =
- |
a0 4 - a-5i
10 +
o + + + } } }
0.5 0.6 0.7 0.8 0.9 1 1.1 1.2
Vaoe NV

Figure 15 Voc v/s Jsc

From the above Figure 15 Voc v/s Jsc, it is understood that, solar cell materials with
higher Jsc tend to have lower Voc. This value depends upon sequence of the material used
and bandgap of particular semiconductor, in a solar cell. The next figure illustrates the co-
relation between Jsc and Voc for cells with relationship for a cell of maximum efficiency.

The grey line shows the expected theoretical limit.

B) Life Cycle Cost Analysis of Solar photovoltaic (PV) system for public
schools:

Life cycle cost analysis (LCCA) is defined as assessment of total costs for owning the solar
photovoltaic project (Fuller 2010). In a plenary paper to check photovoltaic reliability

during its life span, cost analysis with key assumptions of costs and degradation factors
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are evaluated to determine the functionality of PV system, under different conditions
(Sarah Kurtz 2009). An article from Life cycle analysis of Photovoltaics shows flow chart of
life cycle stages of Photovoltaics from production through raw materials through its
recycling stages. The article also determines from national database the risks associated
with conventional method of electricity generation and through solar PV method, through

its entire life span (Fthenakis August 2011).

The LCCA takes into consideration all costs associated with the equipment during the
estimated life span of the solar PV project. This is considered as a valuable performance
measure evaluated from a well-designed cash flow. Various other performance measures
determined are Benefit to cost ratio (B/C) ratio, Internal rate of return (IRR), Payback
period, Net savings and Net costs for the project. LCCA helps evaluate project alternatives
for solar equipment, inverters, labor and balance of system. These alternatives might
have high initial costs but low operation and maintainenance costs or vice versa. However,
in a cost benefit analysis performed for PV implementation in Kuwait, the analysis shows
that including the value of saved energy resources in producing traditional electricity and
cost of reduced carbon dioxide emissions, the levelized cost of electricity (LCOE) reduces
drastically (Mohammad Ramadhan 2011). An analyst may gauge only life cycle costs or all
of the performance measures to best judge the economic viability of the project. Lowest
life cycle costs are the most preferred method for effective analysis of any solar

photovoltaic project.

In order to perform Life cycle cost analysis for public schools in state of Washington, data
has been collected in the form of case study. Presently, based on solar energy expert from
Washington State University, there are seventy (70) K-12 public schools with Solar PV.
While Solar 4 R schools website from Bonneville Environmental Foundation (BEF), has
forty-two (42) schools that includes both public and private schools (solard4rschools 2002).
Centered on the information provided, four public schools are used as case studies, with
three of these schools are from Lake Washington school district while one is from Camas
school district. These case studies are analyzed with the perception of performing Life

cycle cost analysis. In 2008 report from department of revenue, to evaluate tax incentives
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for renewable energy systems program shows more businesses performed in solar energy
area as 101 out of 118 and employment increased in solar sector than any other sector in
renewable energy, in state of Washington (Ray Philen and Don Taylor 2009). The
following Figure 16 displays the statistics of solar businesses with respect to other
renewable energy sectors, proving renewable energy through solar, as most effective

alternative to offset electricity.

Number of Businesses in the Renewable Energy System Sector
Calendar Years 2004 — 2008

2004 2005 2006 2007 2008

Solar Manufacturing 9 9 8 8 8
Solar Components, System Sales. and Installation 44 50 61 76 93
Bio-Systems Development 2 2 3 3 3
Wind Power Systems Design 7 9 9 13 14

Figure 16 Solar business statistics

Detailed description and analysis for the case studies is explained in chapter 4, of the
thesis. Primary data collected for the analysis consists of size of photovoltaic system
desired or installed by the public school as per their needs, cost of PV system per watt,
gross cost of PV system, month and year of installation, area of public school and yearly
avoided savings from PV system. These schools have installed the systems with funds
from either yearly capital levy funds for the respective school or by district capital bonds.
However, the present LCCA is developed as a base case assuming no funding is available
for school. Preliminary steps involved are step by step development of cash flow, to
recognize manufacturing costs for solar panel consisting of silicon cells which includes
glass, polymer backing, aluminum framing, total inverter costs, direct labor costs involved
as lump sum, and balance of system consisting of solar panel mounting system with or

without tracker, AC and DC disconnects, cables, connectors, conduits and brackets.
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Operation and Maintainenance costs are recognized very minimal almost equivalent to
zero for the analysis. The life span of PV system is considered for thirty (30) years while,

the inverters are replaced once during this life span.

As per National Renewable Energy Laboratory (NREL) numerous tools and software’s are
available to analyze life cycle assessments and design solar photovoltaic system (NREL
1977). Following Table 4a and 4b displays a brief overview of various tools and software’s
used by NREL.

Table 4a Tools & Software’s used by NREL

DISC Model Supplies hourly average global horizontal
data

In my backyard tool Estimates PV based electricity

PV-Design Pro Simulates PV operation on hourly basis

PV Watts Calculates electrical energy from grid PV

ReEDS Observes critical issues in conventional &

Renewable electricity sector

RETScreen Evaluates energy production, Life cycle

costs, GHG emissions

Table 4b Tools & Software’s used by NREL

System Advisor Model (SAM) As decision making tool for performance
observation and financial model

development

SWERA Model Compiles data and facilitates investments
SolarDS Evaluates market penetration of solar PV
SOLTrace A ray tracing model

SUN_CHART Solar design software

PVWatts Viewer Provides map interface to access solar

resource information
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The other cross cutting analytical tools used by NREL are CREST, Energy-10, Energy
Technology cost and performance data, GIS-Geographic information system, Green power
network, HOMER Models, Hybrid2, HYDS, REFLEX, RET Finance, SERA-Scenario Evaluation
Regionalization and Analysis and SEDS-Stochastic Energy Deployment system (NREL
1977).

The goal of Life cycle analysis - by using an economic model, is to understand, the initial
costs of solar panels, there component costs, operation and maintenance costs,
identification of cash flow through savings observed along the study period and determine
the salvage value for its installation at public schools. Though the initial costs are
considered high for solar PV implementation, manually performed scenario analysis and
@risk software developed by Palisade are used to determine minimization of total costs
over life time. The convenience of the user friendly software analyzes and simulates
uncertainty .The uncertainty is involved with inflation rate for all items and electricity rate
as risks that directly affect the performance measures of NPV, IRR, LCC and B/C ratio.
Though the economic model is simple, it reflects the overall efficiency of PV system.
Eventually, In a definition from Environmental protection agency (EPA) sensitivity analysis
is defined as, “Sensitivity analysis, as it is applied to risk assessment, is any systematic,
common sense technique used to understand how risk estimates and, in particular, risk-
based decisions are dependent on variability and uncertainty in the factors contributing to
risk” (EPA 2001). As stated above, sensitivity analysis is further performed on the LCCA
developed, for analyzing the most likely value of inflation and discount rate. This helps to
evaluate the dependency of performance measures on the variables of inflation and

discount rate

C) Social acceptance of solar photovoltaic project in public schools:
Solar photovoltaic projects within public schools are undoubtedly gaining momentum. This

is supported by the fact that school communities that comprises of students, teachers,
principal, parents and neighbors are increasingly being aware of their environment,
conscious of greenhouse gases, carbon emissions and global warming. Public schools have

incorporated wonderful scientific programs, quizzes, experiments, training workshops for

Solar PV



43

teachers, and state and national level competitions (Need 1982), (UWSP n.d.). Utility
companies like Seattle city light (Seattle 2000), Puget sound energy (PSE 1877), and non-
profit organizations like Bonneville Environmental foundation (BEF), (Solardrschools
2002) have shown active participation with numerous voluntary demonstration solar PV
projects either installed individually or by entering into partnership.

The above understanding is best recognized through extensive survey, with email
conversations and telephonic interviews. This collective data acquisition is analyzed and
explained in chapter 5, to understand the practical observation made with installation of
PV systems, by the public schools, in state of Washington. In a way schools have
observed vast educational benefits for school community, within years of installation of PV
system.

Some schools initiated with low cost, no cost conservation methods like improving
operation and maintainenance, lighting retrofit and HVAC retrofit. After observing
convincing changes and significant costs savings, the schools implemented PV project as a
renewable energy project. It is also understood that students, parents, and school staff of
these schools are very fascinated to have solar panels system in their school. In yet
another case, Grass Valley Elementary School, exhibits interesting art work by Sarah Hall.
She displays an art window, made of photovoltaic panels that powers light in the stairway.
School district feels encouraged, by incorporating photovoltaic projects as one of the
primary electricity saving methods and believes in educating the community, the
students, and their parents in energy usage decisions. This proves that students of all
ages have started looking and thinking beyond conventional ways of electricity production.
Students now develop interests in green environment and explore new ventures.
Moreover, this movement has cultivated positive opinion amongst its school community
which, goes beyond saying a word automatically.

As per, whole building design guide subcommittee, educational facilities including
elementary and secondary schools have grown from customary way of education, spatial
relationships to computer based and video incorporated instruction. It has become
essential to build structures, from health, comfort and improved performance of facilities,

by using strategies of sustainable construction and renewable energy sources in the
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school design with good maintenance of existing and new facilities (WBDG 2010). Hence
solar energy is viewed as sustainable promising resource, with no environmental
assessment (Rowlands 2008), that avoids carbon and greenhouse gas emissions by
replacing fossil fuels with photovoltaic systems (GCEP Energy acessment analysis 2006).
Summary:

Overall the chapter provides scope for discussion regarding the roots of solar energy and
its belief within the mankind as very important source of energy that

used the solar photovoltaic technology to develop the first solar cell. Since its first
development, every effort is being made via research to improve the efficiency and
decrease the costs of solar cell by using different materials and enhanced technology.
The chapter discusses the functionality, types and manufacturing process involved with
solar photovoltaic cell. As proved by the market analysis, with current depletion of fossil
fuels, increase of carbon and greenhouse gases, drawbacks of hydroelectric power
generation, and decrease in the costs of solar cell with considerable increase in its
efficiency, there is essentially a viable reason to implement solar photovoltaic technology.
Given the present situation and with reduced funding available to schools every year,
poses various questions, as to how effective is the application of PV technology within the
public school system? Does the Northwest weather create hindrances in its application?
Are primarily the students and secondly the school community aware about the
introduction of solar project within the school? How does it benefit them? Are these PV
projects going to be the building blocks to conserve fossil fuel usage and reinforce clean
energy for healthier future generation?

Yes, truly these are very important questions for any analyst to determine the viability of
a particular project. Various studies are being performed to determine the usefulness of
solar photovoltaic system, in spite of its high cost of electricity generation. The latitude of
research is limited within the public schools in state of Washington. The forthcoming
chapters discuss both the financial and social benefits of implementing solar PV
technology, either by installing as a demonstration project or as a major installation for
saving electricity, for a given school. Life cycle analysis performed deals with the financial

aspect while a survey developed, later in the chapter deals with social aspect of its
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execution within the school community. The following chapter identifies the research

methodology used to answer above questions step after step in the subsequent chapters.
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2.1 Basic study approach:

The photovoltaic system application is gaining momentum as common place across public
schools in state of Washington, in spite of Northwest’s average sunshine rating. As stated
in chapter one, the purpose of this study is to understand how photovoltaic system are
beneficial both financially and socially to public schools. The scope is further narrowed to
public schools within the state of Washington. The approaches used to achieve this
purpose include a) Selection of public schools and demonstration of case studies b)
Undergo interviews, email conversations ¢) Develop economic model d) Analyze monthly
electricity bills one year before and after Photovoltaic installation e) Develop online

survey. Following Figure 17 displays the basic study approach used in the thesis

e Select Public schools in State of WA

e Demonstrate case studies )
N

e Conduct interviews and email converations
_J

Develop cash flow model

Develop online survey

Eigure 17 Basic study approach used

2.2 Objectives of Research:

4+ Determine the effectiveness of PV technology within public school system
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Understand the implications of Pacific Northwest weather

Recognize various costs, savings and evaluate life cycle costs associated with the
PV system

Observe the social changes and benefits in school community

Decide whether solar PV is really a viable renewable option for public schools, in

spite of reduced funding every year.

Discuss the possible alternatives to make solar PV a part of school’s funding and

objective for implementation

Limitations of the research study:

Along with the best efforts to accommodate all details, there are certain limitations to the

researcher’s study:

The research study is limited to geographical location of Washington State of Pacific
Northwest region.

Time constraints with respective authorities in providing information on account of
hectic work routine and researcher’s time frame.

Numerous holidays with public school districts.

Minor changes were incorporated in survey questions, as some of the detailed
questions on internet questionnaires received low response rate with more time
involvement from participant.

Constraints in receiving break down of costs from manufacturers of solar PV system

2.4 Reach the goal -

Following approach is used to collect and analyze data for recognition.

A. The study used following data:

Data was collected from four public schools in state of Washington to serve as case
studies. This assisted to comprehend the practical implications of weather and its
effect in generation capacity of system. These schools have installed the system

with intent to observe reduction in monthly electricity bills.
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e Analyze monthly electricity bill provided, for one year before and one year after the
photovoltaic system is installed.

e Conduct email conversations and telephonic interviews to realize social acceptance
of solar PV within its school community.

e Finally, a survey is initiated to recognize substantial cross section of data, to study
as many number of public schools as possible.

B. The study performed and evaluated following information:
a) Determination of Life cycle costs, study scenarios and perform risk and

sensitivity analysis -
e As a first step in analysis, an interactive cash flow is developed displaying the

available costs associated with purchase of solar photovoltaic system.

e Life cycle costs are determined taking into account all credits, incentives,
depreciation received and salvage value for installed solar equipment.

e A United States government nominal 30yr treasury constant maturity, average rate
for past ten (10) years (2002-2011) is used as discount rate, while United States
average inflation rate (2002-2011) for electricity and all items is considered in the
analysis.

e Performance measures are recognized for Life cycle costs (LCC), Benefit to cost
ratio (B/C ratio), Net present value (NPV), Payback period and Internal rate of
return (IRR) to determine profitability and economic feasibility of PV project.

e In order to understand the best results for performance measures, six scenarios are
developed and evaluated, as a part of scenario analysis.

e A software tool called @risk is used to perform simulations and measure risks
associated with PV project (Palisade, 1987), (Ritme n.d.). This tool performs risk
analysis, given the necessary, independent and risky input variables to conclude
with desired performance measures as output values.

e Further a sensitivity analysis is performed for the most likely discount and inflation
rate. The software performs simulations and determines the associated risks to
figure out the most likely value.

b) Survey Methodology:
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A survey is designed to answer researcher’s objectives using internet questionnaires and
interview survey methodology (Victoria L. Bernhardt, 2009). The primary purpose of
survey is to collect information which after evaluating, analyzing results gives statistical
characterization of target population sampled. Secondly, survey helped to have practical
opinion, recognize benefits observed, enthusiasm and drawbacks of solar PV installation
amongst school community. Questions included in the survey are aimed for data
collection, their experience and opinion. The survey also involves gaining insights into the

strengths, weaknesses of the PV system and its applicability within the public sector.

After understanding different types of survey (Bryman, 2001), (Paul D. Leedy, 2005)
creating online web based internet questionnaire was the appropriate choice to complete
the survey in timely manner. The target populations are participants of survey. These
participants include project managers, resource conservation managers, and school

science staff from various public school districts.

The survey begins with name of school, and determination of solar PV project as either
demonstration or PV project installed to offset electricity. Followed by are two main

sections in the survey -

1) Section a: requests information from respondents for details of demonstration
projects. Based on the purpose of installation for school, questions are directed to
observe the educational benefits, change in student’s attitude and ideas. Questions
specific to costs and savings are not detailed in this section,

2) Section b: requests information from respondents for details of solar PV projects as
tools for conservation of fossil fuel energy, to save electricity from utility. Questions
are asked to determine year of installation, size of system, details of costs and

savings along with the specific benefits observed

The survey data is discussed and analyzed in more depth, in Chapter 4 of the report. The

survey questionnaire is presented in Appendix B.

c) Interviews and Email conversations:
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Prior to development of survey questionnaire, the information was received through
constant email conversations and telephonic interviews. These interviews helped to
understand the background for installation, calculation processes involved, and
procedures with school system. Recognizing the time constraints with availability of
project managers, school staff, numerous holidays with the public school system and
available time frame for completing the report, it was very essential to use the available
period most effectively and still receive abundant information required for all of the
analysis. The conversations and interviews also reduced participant’s time to fill out the

survey, as all the information cannot be condensed within the survey questionnaire.

Based on my study (Paul D. Leedy, 2005) (Bryman, 2001), considering the importance of
interviews, telephonic interviews were undertaken with two (2) project managers and one
(1) project mechanical engineer and three (3) officials from utility company, to receive in
depth details for section b, as discussed above in the survey methodology. These project
managers were extremely enthusiastic and co-operative, to share all publicly available
relevant information associated with the PV installation at their school. They were
passionate to provide information for questions associated with specific details of
installation, practical understanding and observation of associated PV project. The

interview questions assembled following information like-

State the brand name of PV system, specific cost details, calculation procedure for usage
savings and demand savings used for estimation. The questions also requested
information for grants received by school, electricity rates applied by a certain utility

company, energy modeling details and incentives information.

These email conversations equally helped to receive pdf files and power point slides for
relevant questions like, electricity bills one year prior and one year after the solar project
connection, net metering details and associated necessary documents, for connection of
photovoltaic system at a respective public school. The interview data is discussed in more
detail in Chapter 4, while the interview questions are presented in Appendix C of this

report.
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This chapter accounts for quantitative information of the Thesis. Section 3.1 offers
specifics for each school, to have an understanding and details of installed solar
photovoltaic system. Section 3.2 explains analysis for Life cycle costs associated with

solar photovoltaic system package and its related savings.

3.1 Case study description:

Case study methodology is used for providing actual data and practical representation of
Life cycle cost analysis. This research used four case studies for evaluation of “Life cycle
cost analysis”. These case studies represent four public schools, with major solar
photovoltaic installations from state of Washington. Details for each installation are

provided, to have an understanding of mounted solar photovoltaic system.
A. Eastlake high school — Lake Washington school district
Eastlake installed its 12 KW photovoltaic system (PV) in July 20009.

Following are the brand of PV system (Schott 1958) , (Solardesigntool n.d.) and utility
company (PSE n.d.) facts, for Eastlake high school, as shown in Table 5:

Table 5 Eastlake high school PV data

Size of PV 12 KW

Brand of PV 300W Schott ASE-300-DGF/50/300
modules

Utility company-Puget sound energy Eastlake JH (PSE-Rate 43) as electricity

(PSE) rate

Rate of Installation $10 per Watt

Inverters 2

Category of Building Commercial - School building

Area of the building 210,663sqgft
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B. Evergreen junior high school — Lake Washington school district

Evergreen installed its 12 KW photovoltaic system (PV) in September 2008.

Following are the brand of PV system (Panasonic 1929) (Wholesalesolar 1992) and utility

company (PSE n.d.) facts, for Evergreen junior high school as shown in Table 6:

Table 6 Evergreen junior high school PV data

Size of PV 12 KW
Brand of PV 200W Sanyo HIP200BA3 modules
Utility company-Puget sound energy Eastlake JH (PSE-Rate 25) rate of
(PSE) electricity
Rate of Installation $10 per Watt
Inverters 2
Category of Building Commercial = School building
Area of building 103,400sqgft

C. Redmond high school - Lake Washington school district

Redmond high school installed it 1.1KW system in September 2006 and expanded its PV
system to 6.6KW in May 2009.

Following are the brand of PV system, (Sharpusa 1963), (Wholesalesolar 1992)and utility
company (PSE n.d.) facts, for Redmond high school as shown in Table 7:
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Table 7 Redmond high school PV data

Size of PV 6.6KW (1.1KW, in 2006 expanded to
6.6KW, in 2009)

Brand of PV 175W Sharp NT-175U1modules

Utility company-Puget sound energy Redmond HS (PSE-Rate 31) rate of

(PSE) electricity

Rate of Installation $10 per Watt

Inverters 2

Category of Building Commercial - School building

Area of building 211,092sqft

D. Hayes Freedom high school — Camas school district

Hayes Freedom installed its 40.63KW photovoltaic system (PV) in September 2010.

Following are the brand of PV system (Sanyo 1929), (Wholesalesolar 1992)and utility
company (Clark public utility 1938) facts, for Hayes Freedom high school as shown in
Table 8:

Table 8 Hayes Freedom high school PV data

Size of PV 40.63 KW

Brand of PV Sanyo HIT Power 215N PV modules

Utility company-Clark Public utility Rate of electricity-Second tier schedule
134 (General schedule 34)

Rate of Installation $7.3 per Watt

Inverters 4

Category of Building Commercial - School building

Area of building 20,500sqgft
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3.2 Life cycle costs analysis using case studies:

The researcher uses the solar photovoltaic installation data from four public schools as
actual data for development of cash flow. Life cycle cost analysis (LCCA) is performed on
all associated costs and benefits observed by the system. The goal of this study is to
determine whether solar photovoltaic systems (PV) application can be beneficial from

financial perspective, to public schools in state of Washington.

LCCA evaluates the economic worth of solar photovoltaic system over its entire life. The
analysis consists of evaluation of all component costs and financial benefits over the life of
the PV system - to balance and measure the initial monetary investment with its long
term expenditures, credits, incentives, depreciation and savings for owning and operating

the equipment.

3.2.1 Assumptions and considerations made in the analysis:

1. The LCCA considers (K-12) public schools as one of the thirteen categories in
commercial buildings, of CBECS 1995 release of data (EIA 1978).

2. School buildings usually have an average life of forty-two (42) years (Ncef 1998)
(Lewis, Snow and Farris 2000, June). Solar photovoltaic systems last for more than
twenty-five (25) years. Hence the thirty (30) years’ time frame is considered as
study period for the LCCA (NREL 1977).

3. Public schools within a school district have the academic year, lasting for ten
months, beginning from September till June, of any academic year. The students
enjoy two (2) months of summer vacation, to make a total of twelve (12) months.
For example - a school year would be from September 20009 till June 2010, with
July and August 2010 as months of summer vacation. For convenient
standardization and articulate explanation, an academic year is assumed from
January till December, in the analysis.

4. LCCA scope of study is limited to state of Washington. The purpose for this
limitation is to recognize the effectiveness of solar photovoltaic system’s production

of solar energy - to offset electricity, amidst the rainy and cloudy weather.
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5. The public schools used as case studies are assumed to have received no funds for
investment in the solar photovoltaic project. In practicality they have received
funding in the form of capital levy fund, district capital bonds and state funds.

6. Washington State provides attractive incentives for manufacturers of solar
equipment, inverters, and solar energy production within state of Washington
(Dsireusa 1995).

7. The incentives provided by state of Washington are till June of 2020.

8. The consumer price index (CPI) and discount rate values are taken as average
values for past ten (10) years. The time frame for average values of CPI, in percent
is from 2002 till 2011 (BLS 1884).

9. The consumer price index (CPI) accounts for inflation in electricity and all items for
these ten (10) years.

10.The CPI listed is available explicitly for Seattle-Bremerton-Tacoma region and
United States. The analysis considers the CPI for United States.

11.Survey analysis shows, photovoltaic systems, inverters installed by the public
schools as manufactured outside of state of Washington. As a result, analysis
considers the CPI for United States. This helps to understand the effect of
transportation, weather and location of manufactures of photovoltaic systems.

12.The case study analysis uses the average CPI for all urban consumers, which are
not seasonally adjusted for all items for time frame of (2002-2011) as 2.42%, as
inflation of all items.

13.The case study analysis uses the average CPI for all urban consumers, which are
not seasonally adjusted for electricity for time frame of (2002-2011) as 3.68%, as
inflation of electricity (BLS 1884).

14.Average discount rate is derived from Federal Reserve bureau, H-15 rate schedule
(Federal reserve 1913). A United States government, nominal 30yr treasury
constant maturity rate is determined (Wong, et al. 2003). Average discount rate for
past ten (10) years from (2002-2011) is calculated as 4.528%, for the present

analysis.
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15.The rate for electricity is considered is based on November 2011 statistics for
commercial buildings for state of Washington as 7.69 cents per kilowatt hour (kWh)
(EIA 1978).

16.Salvage value of the PV system is assumed to be twenty percent (20%) of the
initial costs of PV system in the thirtieth (30) year, of LCCA (Appleyard 2009, April),
(Sandia 1949).

17.Avoided costs of electricity are summation of electricity savings and demand
savings (Leung 2010), (Craig 2011), (Walker 2012).

18.Solar production for usage savings is derived from www.solard4schools.org website

on yearly basis for analysis.

19.Demand savings are calculated as difference of avoided costs and electricity savings
for the year into consideration (Leung 2010), (Craig 2011).

20.By using excel functions and appropriate inflation rates, the future value (FV) of
money invested today is determined, for inverter, maintainenance and operation
costs, electricity savings, incentives and demand savings. The FV is determined for
each year, of the study period (Aziz 2010), (Sandia 1949), (Tim Mearig 1999),
(Fisher 2007).

21.Using above future value (FV) and discount rate, present value (PV) that is the
present worth of money is recognized.

22.Six (6) performance measures - Net present value (NPV), Internal rate of return
(IRR), Benefit cost ratio (B/C), Life cycle costs (LCC), Simple payback and

Discounted payback are deliberated.

3.2.2 Case study evaluation:

Four (4) case studies are evaluated and examined to check the effectiveness for
application of solar photovoltaic system to public schools in state of Washington. These
case studies are gauged from the perspective of reduction in electricity costs for public
school. Financial cash flow in excel spread sheet, depicts the essential information for

school related photovoltaic project and its Life cycle costs. These schools are numbered as
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A, B, C and D in the table, shown below. For convenience of effective communication, the

schools are referred as A, B, C and D, in the report.

Performance measures like NPV, IRR, B/C, LCC, simple payback and discounted payback
are examined for cost effectiveness of implementing the PV system, in spite of high initial
costs. Finally, a cumulative, discounted cumulative and cash flow chart is developed for
graphical representation of breakeven year and its respective cash flow trends for every

year.

Following table displays the combined information, of performance measures, for above
mentioned schools. This table is the base case for analysis. Each scenario is compared
with its related base case for a particular school. The base case uses 3.68% as electricity
inflation rate, 2.42% as all items inflation rate and 4.528% as discount rate. The detailed
cash flow for LCCA during its thirty (30) year study period, is represented in the form of
excel spread sheet for each of above schools, as Appendix A of the report.

Table 9 Base case performance measures

Public school Saft LCC costs Simple Discounted

payback | payback
saft

Eastlake H.S 210,663 $24,078.93 3% 0.83 $129,200.82 25yrs Never
reaches

Evergreen 103,400 $163,457.31 12% 2.18 $125,777.90 9yrs 11Yrs
H s
C Redmond 211,092 $73,003.42 11% 1.98 $67,959.39  9yrs 12Yrs
. J.H.S

Hayes 20,500 $141,528.47 1% 0.57 $300,162.36 29yrs Never
H Freedom H.S reaches

From Table 9, as shown above, it is understood that out of four schools, schools B and C
have shown positive net present value and internal rate of return more than 2 times its

assumed discount rate while, schools A and D have shown negative net present value and
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internal rate of return.

3.2.3 Scenario analysis:

Based on spread sheets data, as shown in the Table 9 above, it can be found that,
viability of school projects are directly related to avoided costs of electricity. Avoided
electricity costs include annual electricity savings and demand savings. Demand savings
play a major role in these savings, as they have higher electricity rate than regular
electricity. With the variable nature of these savings (Raphael, Carbonlighthouse n.d.),
(Focusonenergy 2001) and demand measured in increments of every 15 minutes (PSE
1877), (Focusonenergy 2001) , it is essential for the production meter of solar PV to
record solar production every 15 minutes. This is essential to offset peak demand of
electricity from utility. Considering this as one of the essential facts for analysis, following
Table 10 shows the variables identified and the scenarios developed, as factors for

Scenario analysis.

Table 10 Factors considered for Scenario analysis

No Variables identified Scenarios developed (in Tables)

=

Demand savings e Zero demand savings (as column 4)

e Reducing existing demand savings by

50% (as column 5)

2 Discount rate e Reducing existing discount rate to
3.34% ,as present treasury rate
(Qureshi 2012) - (as column 1)

3 Inflation for electricity, all items e Increasing the existing inflation by
25% (as column 2)

4 Cost of solar PV per Watt e Reducing the existing rate to 6$/Watt

(as column 6)

Finally, an additional scenario (as column 3) is developed. This scenario combines present
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2012 discount rate and increased inflation rate. This identifies scenario 3 & 6, as the best

scenarios and scenario 4 as the worst scenario, in the analysis. The cost of PV system,

inverter and its components are represented by cost of solar PV per watt, as scenario 6,

as critical variables affecting performance measures. Tables as shown below, identify

variable nature of variables. All six scenarios are developed for each public school. The

data presented is compared to the base case, as also shown in table. The scenarios are

presented as columns (1-6) while, performance measures are presented as rows.

A) Eastlake high school:

Table 11 Scenario analysis for Eastlake high school

Base case 1 2 3 4 5 6

NPV ($) 24,078.93 4667.37 10,505.77 | 12,936.98 | 94,955.22 | 59,517.21 | Constant
values
are
feeded

IRR (%) 3 3 4 4 2 1

B/C 0.83 0.97 0.93 1.09 0.33 0.58

LCC ($) 129,200.82 | 128,275.59 | 128,843.99 | 127,373.70 | 129,200.82 | 129,200.82

Simple 25 25 24 23 Never 29

Payback reaches

(Yrs)

Discounted | Never 29 29 26 Never Never

Payback reaches reaches reaches

(Yrs)

B) Evergreen junior high school:
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Table 12 Scenario analysis for Evergreen junior high school

Base case 1 2 3 4 5 6
NPV ($) 163,457.31 | 220,351.69 | 204,929.01 | 273,192.13 | 88,775.67 60,759.68 187,047.34
IRR (%) 12 12 13 13 2 1 15
B/C 2.18 2.55 2.46 2.89 0.36 0.56 2.70
LCC ($) 125,777.90 | 124,165.77 | 125,082.83 | 122,857.76 | 125,777.90 | 125,777.90 | 102,187.87
Simple 9 9 9 8 Never 30 7
Payback reaches
(Yrs)
Discounted | 11 10 11 10 Never Never 9
Payback reaches reaches
(Yrs)
C) Redmond high school:
Table 13 Scenario analysis for Redmond high school
Base case 1 2 3 4 5 6
NPV ($) 73,003.42 98,856.83 81,357.02 123,110.55 47,846.22 6399.47 96,130.82
IRR (%) 11 11 12 12 3 5 18
B/C 1.98 2.28 2.09 2.56 0.36 1.09 2.97
LCC (%) 67,959.39 68,142.03 67,995.45 68,093.59 67,959.39 67,959.39 | 44,831.99
Simple 9 9 9 9 Never 19 5
reaches
Payback
(Yrs)
Discounted | 12 11 11 10 Never 27 6
reaches
Payback
(Yrs)

D) Hayes Freedom high school:
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Table 14 Scenario analysis for Hayes Freedom high school

Base case 1 2 3 4 5 6
NPV ($) 141,528.47 | 122,567.37 | 127,482.05 | 104,672.48 | 172,963.89 | 157,246.18 | 89,880.81
IRR (%) 1 1 1 1 0 0 2
B/C 0.57 0.63 0.62 0.69 0.47 0.52 0.67
LCC ($) 300,162.36 | 306,436.18 | 303,244.17 | 310,187.50 | 300,162.36 | 300,162.36 | 248,514.70
Simple 29 29 29 29 Never 29 29
reaches
Payback
(Yrs)
Discounted | Never Never Never Never Never Never Never
reaches reaches reaches reaches reaches reaches reaches
Payback
(Yrs)

As indicated in Tables 11, 12, 13 and 14, the different scenarios observe the changes in

variables and measure feasibility of solar PV project, for a respective school. All values

indicated in red identify negative numbers. The higher the solar insolation received on the

modules, higher is the annual savings in electricity. However, in present situation we can

conclude that for -

Scenario 1-

When the discount rate is reduced from 4.528% to 3.34%, as emphasized, all of the

schools show considerable increase in the benefit cost ratio, with 75% of the solar

projects having a discounted payback during the useable life of 30 years. There is a

positive increase in net present value and B/C ratio, while the IRR remains same as the

base case. Schools B &C have shown highest benefit cost ratio with discounted payback

almost 10 years. The simple payback stays unaffected. The life cycle costs are reduced in

50% cases while increased in remaining 50% of cases. Hence, In my opinion though

discount rates (Mohammad Ramadhan 2011) are very sensitive and directly relate to the

performance measures identified the lower the discount rate more probable are the

chances for public schools to install solar PV (Harder February 2011).
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Scenario 2 -
The following Figures 18 and 19 identify the growth in inflation rate of all items and

electricity for period 2002 till 2011.

5 T Inflationfor US & Seattle /Ta/Bre (2002-2011)
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Figure 18 Inflation of all items for US & Seattle/Ta/Bre 2002-2011

The growth in inflation rate is measured around United States and for Seattle- Bremerton-

Tacoma region. However, the present analysis applies inflation values for United States.

As observed in the figure 18, the inflation for United States and Seattle-Bremerton-
Tacoma regions show an upward trend in recent, past two years. The same regions
however show a varied trend for inflation of electricity. Hence in current economic
situation (BLS 1884), a 25% increase is inflation rates for all items and electricity is
applied to base case. This results in inflation of electricity from 3.68% to 4.6% while
inflation for all items from 2.42% to 3.025%.
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Inflation of electricity US & Seattle/Ta/Bre (2002-2011)
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increase in net present value and B/C ratio. The IRR increased by 1% in 75%
of the cases. The payback mostly remained the same, while 50% of the school
showed minimal increase in LCC while 50% of them showed decrease in these
costs.

Overall, definitely increase in inflation of all items and electricity is directly
associated to positive financial increments in majority of performance
measures.

Scenario 3 -

This scenario is the most ideal situation. It combines scenario 1 and 2. All four
schools showed positive improved NPV, B/C ratio and IRR. 50% of the cases
indicated reduced paybacks by almost 2 years and 25% of the cases by 1 year
with respect to base case.

In brief, scenario 3 is one of the idyllic situations for effective performance of

solar PV in schools. The more the inflation of electricity, all items and reduced

Solar PV



66

is the discount rate, more is the net worth and reduced payback for the
respective schools.

Scenario 4&S5 -

Demand savings have been one of the crucial concerns and major savings in
the analysis. The more is the demand offset by solar PV produced electricity,
the more is its net worth. In real world, there are risks associated, with solar
PV’s performance as it depends upon weather, solar irradiance particularly in
state of Washington.

This case analyzes what if the region’s solar radiation received - offsets zero
demand and what if it offsets 50% of its demand observed in base case. This
also means that solar PV’s performance is now based more on annual
electricity savings only, for zero demand situation. As per the valuation
observed, scenario 4 shows a harsh decrease in accordance with base case for
NPV, IRR and B/C ratio. The LCC costs remain the same for each school while
none of the schools have either of their paybacks reached within their study
period. Scenario 5 relatively is a better situation than scenario 4. The NPV, IRR
and B/C ratios have reduced proportionately in reference to base case. The
simple payback has increased from anywhere between 4 years till 21 years in
75% of the cases with 25% of the cases showing almost 15 years escalation in
discounted payback, while the LCC remains same.

Based on the assessment made, it is clear that -

e Solar PV needs to offset peak demand of electricity from utility, required by
school.

e The more demand savings observed more are the avoided costs of electricity.
e Application of effective tools to reduce sudden increase in peak demand is
essential.

Scenario 6 -

The last scenario displays the estimation for reduced costs of solar cells.
Considering the probable present market situation (Solarbuzz 2001), the

scenario assumes what if the solar costs were 6$ per watt, instead of costs
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presented in each base case. School A could not be analyzed as hard core
costs were provided for components of solar PV, with less flexibility in running
the cash flow. However, the other three schools displayed excellent increase in
NPV, B/C ratio and IRR. The LCC have reduced considerably. The simple
payback reduced in a range 2 to 4 years while, discounted payback from 2 to 6
years in 65% of remaining schools. This concludes that reduction in costs of
solar cells reduces the payback notably. This indirectly leads to reduction in
rate of solar electricity.

Finally, the scenarios represent the real life situations for what if analysis. Of
the six scenarios presented, scenario 3 and scenario 6 are more suitable,
crucial for public schools to reap financial benefits as early in as 5 years, as
presented by school C. Equally demand savings are very vital for survival of
photovoltaic system in schools. The more peak demand balances are made by th
system, more operative is the functioning of PV system financially.

3.2.4 Case study assessment with risk analysis:

In order to apply futuristic approach and extend further from scenarios offered,
existent case studies are applied with software tool called @risk. Even with
reduction of costs in solar PV cells, schools are hesitant to pursue photovoltaic
application. Again schools in spite of being under commercial buildings
category, do not avail federal credit, tax benefits as they do not pay taxes. In
these situations, schools have less government incentives and solely have to
depend on avoided costs of electricity as seen in the cash flow generated in
Appendix A. This leads to the need for investigation of uncertainties using the
software tool, to peak in future and examine the associated risks.

In the present research, each of the public school used as case study has a
cash flow established. This cash flow with actual statistics is the base case for
study. The assumptions are identified as seen in section 3.2.1. Based on the
data for base case, the performance measures are recognized. The summary of
these performance measures (Aziz 2010), for each of the schools is established

in Table 9. The uncertainties associated with cash flow are identified. Moving
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further, the basic cash flow developed is now applied with software parameters
for the different uncertainties observed. The uncertainties as risks (Nigel C
Rayner 2002), identified are substituted with numerical values in probability
distribution centered on judgment and past information from Consumer price
index and Federal reserve bureau H-15, 30 year treasury maturity rate as input
variables.

Next, a probability distribution is defined for unreliable and risk related values,
as this is the way the software presents quantified risks for an input variable,
to have a desired output in excel sheet (Palisade 1987), (Ritme n.d.).

Out of the many types of probability distributions available, a probability
distribution or graphical presentation is specified with values, which best
describes the uncertainty associated with the cash flow situation. Through
identification of input variable along with its probability distributions and
determination of desired output, for performance measures, the software
called @risk performs Monte Carlo simulation for thousands of iterations to
best simulate finest desired outcomes.

Finally, based on the simulation results, presented in the form of probability
distribution, the results are understood and conclusions made. Following Tables
16, 17, 18 and 19 represent cash flow element that are uncertain risks
identified as input elements and performance measures as output elements.
The inflation rate for electricity and all items are displayed in Table 15 as
commonly identified uncertain elements for each school, while the cost per
watt of solar PV is displayed as individual uncertain risk. The performance
measures are identified as output elements for each school. Detailed
spreadsheets with analysis of uncertain risk elements performed, using the
software tool, are presented in Appendix A of the thesis for each of the above

mentioned public schools.
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Table 15 Common uncertain risk elements

) Common uncertain risk elements identified for each school:

No Uncertain risks Input elements
1 Inflation rate of electricity (%) =RiskTriang(3,3.68,4.9,RiskStatic(3.68))/100
2 Inflation rate of all items (%) =RiskTriang(2,2.42,3.5,RiskStatic(2.42))/100

Individual uncertain risks and Performance measures identified for

each school:

East lake high school -

Table 16 Eastlake HS uncertain risks and Performance measures

No Uncertain risks Input elements

1 Cost of solar PV per Watt($) =RiskBetaGeneral(2,2,5,10,RiskStatic(10))

No Performance measures | Qutput elements

1 Net present value (NPV) ($) =RiskOutput()+M25+M31+M32+M33+M45
+M53+M55+M57+M65

2 Internal rate of return (%) =RiskOutput()+IRR(N69:AR69)

3 Benefit/Cost ratio =RiskOutput()+( -
(M53+M55+M57+M65)/(M25+M31
+M32+M33+M45))

4 Life cycle costs ($) =RiskOutput()+M25+M31+M32
+M33+M45+M65
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Table 17 Evergreen JHS uncertain risks and Performance measures

No Uncertain risks Input elements

1 Cost of solar PV per Watt($) =RiskBetaGeneral(2,2,5,10,RiskStatic(10))

No Performance measures | Qutput elements

1 Net present value (NPV) ($) =RiskOutput()+N69

2 Internal rate of return (%) =RiskOutput()+IRR(071:AS71)

3 Benefit/Cost ratio =RiskOutput()+(-
(N57+N59+N61+N67)/(N26+N32+N33
+N34+N36+N49))

4 Life cycle costs ($) =RiskOutput()+N26+N32+N33+N34+N36
+N49+N67

Redmond high school -

Table 18 Redmond HS uncertain risks and Performance measures

No Uncertain risks Input elements

1 Cost of solar PV per Watt($) =RiskBetaGeneral(2,2,5,10,RiskStatic(10))

No Performance measures | Qutput elements

1 Net present value (NPV) ($) =RiskOutput()+N71

2 Internal rate of return (%) =RiskOutput()+IRR(073:AS73)

3 Benefit/Cost ratio =RiskOutput()+(-
(N58+N60+N63+N69)/(N26+N32+N33
+N35+N37+N50))

4 Life cycle costs ($) =RiskOutput()+N26+N32+N33+N35+N37
+N50+N69
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Hayes Freedom high school -

Table 19 Hayes Freedom HS uncertain risks and Performance measures

No Uncertain risks Input elements

1 Cost of solar PV per Watt($) =RiskBetaGeneral(2,2,5,7.5,RiskStatic(7.3))

No Performance measures | Qutput elements

1 Net present value (NPV) ($) =RiskOutput()+N79

2 Internal rate of return (%) =RiskOutput("IRR")+IRR(081:AS81)

3 Benefit/Cost ratio =RiskOutput()+(-
(N63+N66+N69+N77)/(N26+N33+N34
+N36+N39+N53))

4 Life cycle costs ($) =RiskOutput()+N26+N33+N34+N36+N39
+N53+N77

As seen in the Tables 16, 17, 18 and 19, the software uses input and output
probability distributions to display the simulation results. Based on the
simulation results in spread sheets following inferences can be made.

The probability distribution chosen are Betageneral and Triangular distribution
for the analysis. Built on judgment of past inflation data, triangular distribution
is chosen with its bounded ends, while beta general distribution identifies
variable nature of cost of solar PV per watt. The reason being convenience in
explanation of arguments of distributions. Moreover the parameters are built
on the understanding from numerical statistics collected from survey and
interviews (Palisade 1987), (Ritme n.d.).

Summary of analyzing risk elements using @risk software as results
for each school:

a)East lake high school has 90% chance that, Net present value would be
around negative $17000, 3% Internal rate of return, 0.88 Benefit cost ratio
and Life cycle costs of around negative $130,500.

b) Evergreen junior high school has 90% chance that Net present value is

around positive $211,500, 15% Internal rate of return, 2.82 Benefit cost ratio,
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and Life cycle costs of around negative $103,000.

c) Redmond high school has 90% chance that Net present value would be
around $105,000, 18% internal rate of return, 3.07 Benefit cost ratio, and Life
cycle costs of around negative $45,000.

d) Hayes Freedom high school has 90% chance that; Net present value is
around negative $ 66,000, 2% internal rate of return, 0.74 Benefit cost ratio
and Life cycle costs of around negative $ 229,500.

On a comparative basis, it can be understood that the probability distribution
for of Eastlake high school (School A), Hayes Freedom high school (School D)
has greater risk, with more spread on negative side and less expected results
than Evergreen junior high school (School B) and Redmond high school
(School C).

Amongst , these four schools School D possesses most risk for Internal rate of
return, as probability of occurrence is more spread out with respect to mean
and has largest range followed by School A. The benefits to costs ratio as seen
from the probability distribution, shows that schools B and C have ratios
greater than 1 while School A has 90% chance of 0.88 with School D at 0.74.
Centered on the size of photovoltaic system and wide spread nature of
graphical presentation, School D has major Life cycle costs associated with the
system.

3.2.5 Sensitivity Analysis (Aziz 2010), (Jan Emblemsvag 2001):

In present thesis, Sensitivity analysis is performed between input and output
variables identified. The three input variables are like inflation rate for
electricity, all items and cost of solar panel per watt, identified as uncertainties
or risk factors, While there are four output variables like NPV, IRR, B/C ratio
and LCC, in the developed cash flow model. These variables are displayed in
Table 15 and 16 above. The effects of varying nature of independent variables
are observed one at a time for its consequence on the dependent performance
measures. For example the effect of inflation rate of electricity on NPV, on IRR,

on B/C ratio and Life cycle costs of PV system.
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The co-efficient values for each dependent variable like NPV, B/C ratio are
expressed as regression co-efficient. The value for each co-efficient either as
positive increase or negative decrease gives the percent effect of variable as
uncertain risk on dependent variable, establishing a co-relation amongst them.
The R-square of the regression identifies fraction or percentage of variation
caused by independent variable/uncertainty on dependent performance
measure. The analysis also provides ranks for the independent variable’s order
of effect on dependent variable, as understood during simulation performed by
software tool. Following Table 20 and Figures 20, 21, 22 and 23 explains
sensitivity analysis observed for NPV, IRR, B/C ratio and LCC of Evergreen

public school.

Table 20 Summary of Sensitivity Analysis performed

Rank iCel iMName Description Sheet1!D78 Sheet1!D79 ] Sheet1!Da1

For D78 NPV (Met present  (IRR (Internal rate  (Benefit to Cost Life Cycle Casts /
value) of return) /kwh  iratio-Aggregate  ikwh
Regression Coeff. :Regression Coeff. #{(B/Cr Regression Coeff.
R5gr=0.998 R5gr=0.99% Regression Coeff, (RSgr=0.939

RSgr=0.934

#1 H12 :iAva. Inflation rate for electricity (%) (RiskTriang(3,3.68,4.9,RiskStatic(3.650.934 0,432 0.661 nfa

#2 HS  iCostper watt for photovoltaic systeniRiskBetaGeneral(2, 2, 5, 10, RiskStatic(|-0.361 -0.902 0.75 -1

3 H13 iAwva. Inflation rate for all items (%) :RiskTriang(2,2.42,3.5,RiskStatic(2.440.002 -0.016 0,056 0.005

Regression and Rank Information for NPV (Net pr
NPV (Met present value)

Rank M R Co
Regression Cosfficients n ame - SET il
. 1 Avg. Inflation raty 3.2234 |0.228
2 Cost per watt for|-0.361 |-0.348
3 Avg. Inflation ratd 3.202 |0.011

Awg. Inflation rate for electricity {2... 0.93

@RIESK Trial Version

Caost per watt for photovoltaic syst... -
FaREwa|uation Purposes Only

Avg. Inflation rate for all iterms {2... O Dl

T T
= = = =

Coefficient Value

= o = -

Figure 20 Sensitivity observed for NPV
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Regression and Rank Information for IRR (Internall

IRR {Internal rate of return) / kwh

Rank MName Regr Corr
Regression Coefficients =&
. . 1 Cost perwatt for|-0.902 |-0.903
2 Awvg. Inflation rat{ 0.432 (0.408

| 3 Avg. Inflation rat{-0.016 |-0.011
Cost per watt for photovoltsic syst...

@RISK Trial :*..-*ersmn

For Evaluation PurpoSesiig v

Awg. Inflation rate for electricity (2... 4

Axrg. Inflation rate for all tams (2... 4 -0.02

—
o
T 9

CoefficientValue

T T T T 1

Figure 21 Sensitivity observed for IRR

Regression and Rank Information for Benefit to C4

Benefit to Cost ratio-Aggregate (B/Cratio) / kwh

Rank Name Regr Corr
Regression Coafficients o8
. : 1 Cost per watt for|-0.750 (-0.745
2 Avg. Inflation raty0.661 |0.639
3 Avg. Inflation rat-0.056 |-0.045

Caost per watt for photovoltaic syst... 4 [Eile

i
@
Aog. Inflation rate for electricity (2... 4 = RISK Trlal Versiof
For Evaluation|PUrposespoinl
Aoeg. Inflation ratz for all tems (2., «:l.-S-BI
@ 2 T N @ oo oo o
? ? = = = = = = =

CoefficientValue

Figure 22 Sensitivity observed for B/C ratio
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Life Cycle Costs / kwh

Ragrassion Cosfficients

Cost per watt for photovoltaic syst... 4
ARISK Trial Versie
@ ERISE : DN

For Evaluation Purposes C!I'I|".-'

2ovg. Inflation ratz for all tams (2., 4

T T ? 2 9 2 °

Coefficient Value

Regression and Rank Information for Life Cycle Col

Rank

Mame

Regr

Corr

1
2

Cost per watt for

-1.000

Awve. Inflation rat

0.005

-1.000
0.005

Figure 23 Sensitivity observed for LCC

3.2.6 Analysis of actual electricity usage and costs:

In order to understand the actual impact of solar PV system on the monthly

electricity bills, an effort is made to collect electricity bills form above schools

one year before solar PV is installed and one year after solar
PV is installed. Although Schools A, B, and C have introduced the PV system

not to their full capacity to counterbalance all the electricity required for school

needs, they have strived to see the effects of system and to offset some

portion of electricity from their local utility. Schools A and B have provided

data of at least two years’ worth electricity bills before PV implementation and

School C with five years’ worth data, since year 2005 with its initial solar

PV installation in year 2006. School D being a newly constructed facility, had

implemented the system in their initial scope of design, construction along with

other green features intended for school. As a result School D had no previous

data for electricity usage and its associated costs. Hence the electricity data is

now compared with Washington Code baseline building before PV

implementation. The work was executed by in-house staff of school. The

energy modeling is performed by eQUEST v3.64 modeling software. This

Solar PV



76

matches the proposed building’s geometry, uses minimal code-compliant
insulation levels, lighting power densities and HVAC efficiencies based on the
2009 Washington State Energy Code (Rosenberg 2011). Total electricity
consumption is summation of solar electricity and utility electricity, while net
use of electricity is difference between total electricity use and solar electricity
production. Detailed spread sheet and graphical presentation for each school is
shown as Appendix B part of the thesis. Following Figure 24 shows the
graphical demonstration of electricity use and demand use every month, while
Figure 25 shows electricity and demand costs per month for Eastlake high
school. This school installed its solar PV in July 2009 for academic year 2009-
2010. Figure 26 displays visual presentation of total consumption of electricity
as against baseline usage recommended by 2009 Washington state energy
code for Hayes Freedom high school. This school introduced its PV system in
September 2010, for academic year 2010-2011. Table 21 identifies the annual
consumption of electricity for Eastlake high school, two years before and one

year after solar PV is installed.
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Figure 24 Electricity and Demand use per month —Easlake HS
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Figure 25 Electricity and Demand costs per month —Eastlake HS
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Table 21 Annual Consumption of Electricity before & after PV

installation — Eastlake HS

Annual 2007-2008 2008-2009 2009-2010
consumption of (Solar PV
electricity installed)
Electricity usage 1,953,544 1,807,843 1,560,913
(kwh)
Demand usage 6105 5931 5735
(KW)
Electricity costs $124,974 $119,409 $106,123
($)
Demand costs ($) $42,169 $45,219 $44,671

Based on electricity usage, its demand use and costs statistics, it can be
understood as per Table 21 above that, overall there has been a considerable
decrease in total electricity consumption. The actual evidence shows that when
data is compared with previous year with no solar PV, either one of the months
in Fall, Winter or during Spring, there has been a minimal increase of usage of
electricity and its demand. Also, the factors affecting increase in electricity
usage and demand are beyond the scope of present thesis. School D with its
major 40KW installation, in the months of July and August has produced
surplus solar electricity causing zero electricity needs from utility. This
eventually directed to net metering savings. However, insufficient data
regarding these savings as dollar value, caused difficulty in using them in the
cash flow developed. Centered on its electricity and demand usage, directly
proportionate are the electricity and demand costs, as charged with their

applicable rates by the local utility.

4.2.6 Summary:
Overall it can be concluded that, Solar PV truly is an essential sustainable tool
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to counterpoise utility’s electricity. The inflation for electricity has highest
influence on positive performance measures, followed by solar panel costs.
Measures to reduce peak loads either manually, by automatic provisions along
with more solar irradiance would certainly enhance more positive outcome. The
conclusions are summarized from solar and electricity data available from four
public schools as under:

Based on the manually performed scenario analysis, It can be analyzed that
centered on considered parameters, decrease in discount rate from existing
4.528% to 3.34% and increase in inflation rates of all items and electricity by
25% provides positive, improved performance measures and reduced payback
period, when compared to base case. Further reduction in per watt costs of
solar cell influences performance measures with reduced payback as early as
Syears, in comparison to base case.

The analysis of uncertain risk elements using software tool called @ risk
software shows that, more are the demand costs offset, by solar PV more are
the demand savings followed by usage savings. Schools B and C with higher
demand savings have shown excellent positive performance measures, as
compared to schools A and D. Further the simulation performed shows
probability of occurrence with positive desirable results for schools B and C,
while spread relative to mean for schools A and D is greater, posing less
desired results. Additionally, Sensitivity analysis ranks inflation of electricity to
have highest impact on performance measures, followed by cost of solar PV.
After understanding and exploring actual usage of electricity, its demand and
their equivalent costs, it can be analyzed that, overall all of the four schools
have shown substantial decrease in the electricity consumption as compared to
their previous years without photovoltaic system. Sometimes during one of the
months in fall, spring or winter, the schools have shown some increase in its
electricity demand and usage, yet the annual consumption has always
demonstrated considerable decrease of electricity, when compared to electricity

consumption before PV installation.
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4.1 Survey results:

This chapter collects information in the form of online survey, telephonic interviews and
explores its results for making conclusions. The chapter is divided in following parts as
survey preliminary information, purpose of survey data, identification of survey data,
survey with flowchart, execution of survey, study of survey results and discussion of

Interviews and email conversations.

4.1.1 Survey preliminary information:

An online survey is created, using University of Washington WebQ catalyst web tools.
Surveys were sent as an email link to respondents from various public schools, for web
based survey. Respondents for the voluntary questionnaire are public schools from within
the state of Washington. The survey is posted as an anonymous survey. The Survey
responses were posted on the catalyst website for analysis and interpretation of results.
Data from these responses in the survey were analyzed and organized by the catalyst

WebQ tool and Microsoft office Excel product.

4.1.2 Purpose of survey data:

The survey title states, “"Cost and Benefit analysis of Solar Photovoltaic system in Public
schools (Washington State)” differs from Thesis title, “Analysis of Life cycle costs and
social acceptance of solar photovoltaic project with public schools in state of Washington”.
The essential purpose of data collection, as explained in preceding chapters is to weigh,
the costs associated with solar photovoltaic system, determine monetary savings and
social with educational benefits, offered by the PV system. Monetary savings can be
measured in statistical terms while social with educational benefits cannot be measured in
statistical terms. The LCCA performed displays the statistical measurement while Survey

displays the non-statistical measurement, of the PV system.
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4.1.3 Identification of survey data:

Twenty-six (26) public schools were contacted and identified as schools with solar
photovoltaic system installation. These twenty-six (26) public schools choose to fill the
survey. Of the identified schools, nineteen (19) schools essentially filled the survey. From
the nineteen (19) schools, two (2) schools filled the survey twice and one school is a
private school. Finally, analysis of survey data is made from seventeen (17) schools, from
state of Washington. Out of these seventeen (17) surveys, seven (7) surveys represented
PV projects for conservation of energy while, ten (10) surveys represented demonstration

projects.

The questionnaire is divided in two (2) parts and consists of total forty-eight (48)
questions. The survey begins with the determination of PV project as either for
conservation of energy, with thirty-one (31) questions or as a demonstration project with
nineteen (19) questions. The original questionnaire had forty (40) questions. Some of the
public schools were unable to specify the details required in the questionnaire.
Understanding there difficulty primarily dual sided as, either lack of time or inconvenience
in finding the relevant data, the questionnaire format was changed slightly. An effort is

made for survey participants, at the minimum to at least specify a range of values.

4.1.4 Survey with flowchart:

The survey questionnaire can be viewed in its entirety as Appendix C of this report. The
questionnaire uses the concept of “skip logic” to direct the respondent, based on earlier
answer. The second question determines the major skip logic decision. A simple flowchart
is shown in Figure 27. Based on this choice, the respondents are then directed to question
(@) category or question (b) category, as shown in the flowchart. The questions in
category (a) relates to PV system installation as demonstration project while questions in

category (b) relates to PV system installation as conservation of energy.
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Although all twenty-six (26) schools were expected to participate in the survey, the
seventeen (17) respondents who contributed provided abundant information, to draw

desired conclusions of PV system, for the LCCA and as demonstration project.

Figure 27 Survey flowchart with Skip logic concept

4.1.5 Execution of survey:

The online survey was available to respondents from afternoon of June 24" 2011. The
survey questions were slightly modified and available from November 20" 2011 and
closed to respondents from afternoon of February 28™ 2012. The execution date for online
survey is June 2011. This time frame essentially is the closing period of current academic
school year, start of summer vacation period and beginning of new academic school year,
posed some delay in receiving initial responses. However, this also allowed sufficient time
frame for respondents to fill out the survey, during their convenient time. Results were
stored by University of Washington catalyst tool with arbitrarily assigned identification

number for each respondent.
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4.1.6 Study of survey results

As stated in section 4.1.3, the responses from seventeen (17) schools and skip logic
decision explained in section 4.1.4, the responses were classified in two major sections.
The major sections were identification of PV project as demonstration project or for
conservation of energy, necessarily conservation of electricity through photovoltaic
installation. This section discusses and studies responses for forty-eight (48) questions
involved in the survey. The survey questionnaire with its responses from each of its

individual schools can be viewed as Appendix E of this report.

Being anonymous, the only required respondent identification is name of the school,
where PV project has been installed. The next question requested information for
identification of project as either demonstration project or for conservation of energy. Of
the seventeen (17) received responses, ten (10) schools have installed PV system as
demonstration projects while remaining seven (7) schools have installed PV system for
conservation of energy, as shown in the pie-chart, in Figure 28. This clearly identifies, that
public schools representing 59% are more interested to install PV systems for
demonstration purposes. This also recognizes shortage of funds, extensive payback
periods, high cost of solar panels, and lack of space as primary concerns in their year of

installation, for a specific public school.

Type of PV projects

Projects for

conservation of

energy
41%

Demonstration
projects
59%

Figure 28 Type of PV projects
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Installation year and Size of system:

Overall, during the last decade, there has been considerable increase in the installation of
solar PV system, amongst public schools, in state of Washington. With more utility
companies taking the initiative to sponsor solar projects as demonstration projects and
with availability of state, school funds, public schools are very eager to incorporate the
solar projects, on their campus. This can be visualized from the following pie-chart in

Figure 29.

% installation per year 2001
2011 2000 0%

2008
6%

Figure 29 (%) installations per yvear

Size of solar projects analyzed from survey responses include, demonstration solar
projects from one (1) KW system to 3.5 KW systems. These projects were available as
grant from utility companies like Puget Sound energy, Bonneville Environmental
Foundation, Seattle public utilities and Seattle City Light, as a part of their renewable
energy program. The solar projects installed explicitly for conservation of energy, range
from 4.0KW system to 40KW PV system.

Type of solar panels installed:

Of the various solar panels available in the solar market, the most prominently used

panels on solar projects at public schools in state of Washington comprise, the Poly
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crystalline silicon cells, Mono crystalline silicon cells whereas the ‘other’ category includes
semi-crystalline, thin single crystalline silicon cells and amorphous silicon cells. Five (5)
out of the eight (8) responses in the ‘other’, category were unsure of the type of solar
panels installed. The reasons understood were, non-existence of readily available data,
change of management system with new officials being appointed, change of school
building location leading to unorganized transfer of data and lack of computer data system
being timely updated. The following bar chart shows the appropriate illustration for

seventeen (17) solar projects in Figure 30.

Type of Panels/Number of solar
projects

Other

Poly crystalline silicon

cells H Type of Panels/Number

. . of solar projects
Mono crystalline silicon

cells

Figure 30 Type of Panels/Number of solar projects

Costs related with solar photovoltaic projects:

The responses for costs related questions represent different types of data. As mentioned
earlier in section 4.1.3, few public schools were unable to put forward required numbers,
the questions were then, modified in this section, for at the minimum to have an estimate
of range of costs. Cost related questions were part of conservation of energy b) section

and were related to seven (7) school projects.

The responses state the photovoltaic equipment costs as, entire cost of PV system, which
comprises of solar panel, inverter, installation and balance of system costs. These costs

were the agreed aggregate price for school solar project. Balance of system includes the
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grid, wiring, electric meter and other miscellaneous costs. Four (4) schools reported
photovoltaic equipment costs. Of these four schools, one (1) of the schools was able to
provide information for breakdown of required costs in the survey, whereas the other
three (3) schools provided information during telephonic interviews, in the survey and

email conversations.

One (1) school provided solar panel costs per watt, as the agreed aggregate price for
solar project. Based on this cost, the photovoltaic system costs were evaluated. The same
school was unable to provide the breakdown of costs, in which case a thumb rule is used
to evaluate different costs for LCCA (solar-estimate 2000). The remaining two (2) schools
provide installation costs as agreed aggregate cost of solar project. They were also unable

to provide break down of costs.

Operation and Maintainenance of solar panels are recognized as zero dollar amounts by
six (6) schools. One (1) school reported an amount very close to insignificant in
comparison to original costs of equipment. The following pie-chart in Figure 31 shows the
breakdown of different costs of solar PV system project. Balance of system (BOS) refers to
other components, other than the solar modules and inverter(s). These are racking,
disconnects, conduits, wiring, electric meter, monitoring systems and grid. These

components vary from project to project.
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Distribution of costs in solar PV system
project

Balance of
system

) 15%
Direct labor y

15% I‘_:j

Figure 31 Distribution of costs in solar PV system project

As shown in the pie chart in Figure 31, the solar panel costs representing 60% form the

major cost components, followed by direct labor, balance of system and inverter costs.
Number of inverters:

The next relevant question enquires about number of inverters. The number of inverters
necessary for major installations, used for conservation of energy, as per seven (7)
survey responses - varies with capacity of grid tied inverter. They are used to convert
direct current (DC) received from sun to alternating current (AC), to perform essential
functionalities of school. The capacity depends on direct current input data, alternating
current output data, efficiency, size, weight and power consumption during operation and
standby mode, of inverter. The inverters used by all seven (7) schools, can feed excess
electricity into existing electrical grid. The following Table 22 shows the humber of
inverters used with respect to size of PV system.
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Table 22 Number of inverters used per school

Name of school Size of PV system No of inverters used
Washington state school for 13.5 KW 5

blind

Washington state school for 24 KW 7

blind

Eastlake high school 12 KW 2

Evergreen junior high school | 12 KW 2

Redmond high school 6 KW 2

Hayes Freedom high school 40 KW 4

Bertschi high school 4 kKW 1

Annual savings/ Avoided costs of electricity:

The subsequent question requested information on annual savings recorded by each of
the seven (7) schools, during the last four (4) years. These schools installed the PV
system for conservation of energy. Based on the year of installation of system at a
respective school, four (4) schools provided relevant amount of savings in dollars. Of the
four (4) schools one (1) school gave a range for annual savings. The average value is
considered for the range given, in the chart and for performed LCCA. One (1) school
represented the amount indistinctly, while two (2) schools did not respond to this
question. These annual savings/avoided costs comprised of usage savings and demand
savings of electricity from utility. Usage savings justify the amount of kilowatt hours
produced by the PV system times the rate of electricity from utility. Demand savings
comprise difference between avoided costs and usage savings of electricity from utility.
Demands savings are billed for highest demand determined each month times its
appropriate demand rate of electricity (PSE n.d.). It has been established as per electricity

data provided by four (4) schools in Appendix F, that demand per month gets reduced on
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account of PV system installation. Also demand rate differs and is higher from electricity
rate of utility. Determination of demand savings is equally difficult to conclude as it
accounts for summation of monthly demand and critical demand. Demand is the highest
demand established during the month, during a specified time interval, while Critical
demand is calculated as a highest average fifteen (15) min demand recorded between
5.00PM till 8.00PM for a given day (PSE n.d.), (fs.fed.us 2000) , (Copeenvironmental
1948). For convenient explanation, demand savings are recorded as difference between
avoided costs of electricity and usage savings from electricity, in LCCA cash flow
development. The following Table 23 displays the avoided costs/annual savings of

electricity provided by each of four (4) schools.

Table 23 Annual savings per School

Annual savings in Electricity
No Name of school 2008 2009 2010 2011
1 Eastlake high school 0 721.59 3472.25
2 Evergreen Junior high school 0 1247 10713
3 Redmond high school 1314 5032
4 Hayes Freedom high school 0 0 0 4500

From the above chart, it can be inferred that every year there has been a definite increase
in demand savings. This takes into account the summer vacation period of schools with
maximum demand savings, by efficient use of electricity from school community with
introduction, understanding of PV system and possible energy efficient features

undertaken by school.
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Incentives, Carbon credits, Renewable energy certificates, Grants and Funds

received:

Questions for incentives, carbon credits, renewable energy certificates, were specifically

diverted via skip logic concept of catalyst tools, for schools that saved electricity.
Incentives -

The state of Washington provides incentives centered on the place of manufacturing of PV
system and inverters. With respect to (Dsireusa 1995), the instate manufacturers receive
production incentives from 18 cents/kWh till 54 cents/kWh. Out of state equipment, also
receives incentive, for producing electricity using solar power, at 15 cents/kWh. The
limitation for state incentives is $5000 per year, starting August 2006 with expiration in
June 2020, (Dsireusa 1995)

Six (6) schools received state incentives for producing electricity using solar power at 15
cents/kWh. One (1) school responded unclearly and is therefore omitted, in the analysis.
These schools have out of state equipment and inverters. The email conversations and
interviews along with survey, conclude, that when these systems were installed, there
were no solar manufactures in the state, and had limited availability of inverters. Figuring
out various costs was also very crucial for these schools, with limitation in availability of
funds. The incentives are paid by associated utility company. The utility company in return

receives tax credit equal to those payments.

All seventeen (17) schools had their photovoltaic system connected to grid. As a result
these schools benefit from net metering savings. The net metering savings are credited
forward each month and balance of credit is reimbursed at culmination of yearly billing

period, usually in April, based on utility company (Clark public utility 1938).

Federal tax benefit accounts for 30% of total cost of photovoltaic system (Dsireusa 1995).
Public schools surveyed; do not pay taxes, resulting which they do not receive corporate
tax credit and corporate depreciation. These are the biggest savings for any commercial

building with photovoltaic installation.
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Carbon credits -

None of the schools responded affirmative for receiving carbon credits.

Renewable energy certificates (RECs) -

Schools presented vague information on renewable energy credits, in the survey. Based
on brief information received from email conversations, survey generated, and United
States environmental protection agency (EPA 1970), it is very vibrant that, these seven
(7) schools should receive RECs, based on kWh of electricity generated, using solar
power. In state of Washington, the ownership of RECs remains with the customer

generating electricity.

Grants and Funds -

The next question requested information from all seventeen (17) schools. Of seven (7)
schools with installation of PV system, for conservation of energy, four (4) schools
received grants and funds while three (3) schools received only funds for their solar
projects. The funds used were received from either district capital bonds or yearly school
capital levy funds. Some of these projects were also funded by schools own facilities
maintenance budget or operating budget. All ten (10) schools received demonstration
projects as grants from either associated utility company or Bonneville environmental
foundation (BEF). None of the schools had taken loan from commercial or federal bank for

purchase of equipment or its components.

Reduction in _electricity costs/bills:

The subsequent question inquired opinion for, reduction in electricity costs from solar
project, in spite of rainy and cloudy weather existing in state of Washington. It's very
encouraging to account that, all seven (7) schools replied positive and believed in
existence of solar power in state of Washington. With a little twist, when all the schools,
were surveyed to have information on savings in electricity bills, thirteen (13) schools

replied positive, two (2) schools replied no savings, one (1) school replied not significant
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change and two schools did not respond to the question. The savings in electricity bills
responses can be viewed from following pie chart. The pie chart in Figure 32 surely
implies, as solar projects are significant resource for producing solar energy and reducing

electricity bills, even in rainy and cloudy weather of Washington State.

Savings in electricity bills

No response

Not significant
6%

savings
6%

Figure 32 Savings in electricity bills

Positive change in performance of students and improvement in WASL

(Washington assessment of student learning) scores:

Interestingly, all schools were unable to validate results, felt the possibility of other

influences and had insufficient data to answer the above question.

Open ended questions:

e For schools with solar projects for conservation of energy -

The open inquiries requested information, to have insight and data, about the rationale

used for validation of these projects for conservation of energy.
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The first and only relevant question in this section asks for -
e State the factors considered for analysis of payback calculation?

Out of seven (7) schools, five (5) schools expressed their analysis, while two (2) schools

did not respond to this question.

In brief, the payback was analyzed based on estimates made by associated architect for

school.

The analysis incorporated the average kilowatt hours of electricity, avoided kWh, demand
savings, revenues generated, solar incentives and inflation rate. The paybacks analyzed

for these schools are anywhere from eight (8) till thirty-seven (37) years.

e For schools with solar projects as demonstration projects -

Following questions requested information from schools with installation of solar project as
a demonstration project. The main idea behind these inquires is to have an understanding
of social, educational and environmental benefits apart from monetary benefits, as is

recognized in the LCCA -
The only relevant question in this section requested information as follows:

e With necessary funding available in future, will the public school undergo a major
solar PV installation? a) Yes, please specify the reason b) No, Please specify the

reason

Of the ten (10) schools representing demonstration projects, five (5) schools gave an
affirmative response, one (1) school gave a negative response, while one (1) school was
unsure and was interested to understand ‘necessary funding’, while three (3) schools did

not answer this question.

In summary, the schools responding affirmative felt solar projects as excellent learning
resource and solar power as the key alternative to conventional electricity. The schools

responding negative felt solar projects are very expensive and investing in these projects
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gives low return on investment. The following pie chart in Figure 33 shows the

distribution, with 50% of schools passionate for investment in solar projects.

Investment in solar projects

No response
30%

Unsure
10%

Figure 33 Investment in solar projects

e For schools with both type of solar projects:

The main idea is to collectively understand how the solar projects are socially accepted
amongst the school community, who has installed the project as either demonstration

project and for saving electricity.

e The next question enquired for - State the major changes incorporated in the

school curriculum with the introduction of solar PV project?

This question requested information from all seventeen (17) schools. Of all schools six (6)
schools have introduced at the minimum one (1) to maximum three (3) changes in their
curriculum. Five (5) schools found insufficient data to answer the required question, four
(4) schools did not comment, while two (2) schools found no major changes in their
curriculum. It's very interesting and exciting to account the major modifications in their

curriculum. In summary, the schools have incorporated -

1. Kiosk to get readings, check weather and solar energy production in kWh

2. Solar details in science and math classes
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3. Watershed studies in 4™ grade, Assignments on electricity in 7™ grade, solar energy
unit in 8" grade, Alternative energy project in 9" grade.

4. Enhanced recycling and composting programs.

Following pie chart in Figure 34 identifies above data.

Data on changes in curriculum

Insufficient
data
29%

No major
change

Figure 34 Data on changes in curriculum

The subsequent questions inquired innovative ideas developed by students and by school

staff to conserve energy using solar PV project -

e State two new ideas/options developed by students to conserve energy using solar
PV project?
e State three innovative ideas developed by school staff to conserve energy using

solar PV project?

New ideas developed by students showed varied responses. Of seventeen (17) schools,
five (5) schools developed new ideas, four (4) schools had insufficient data, six (6)
schools did not respond while, two (2) schools responded with no ideas. Schools with new

ideas exhibited some interesting thoughts.

1. Add solar water heating

2. Wanted to do solar cooking
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Had ideas on conservation of electricity and gas
Felt the need to have more panels to generate more power
Became energy conscious, even told parents to conserve electricity

Have an understanding that, solar energy is converted and never destroyed

N o u AW

Solar device test, alternative energy devices at home.

Innovative thoughts developed by school staff equally showed minimal responses. The
data shows that the thoughts are still at its infancy stage. Of seventeen (17) schools,
three (3) schools responded, eight (8) schools had insufficient data while, six (6) schools

gave no response.

In spite of lack of creative thoughts, some of the school staff came up with simple yet

useful enhancements.

1. Change energy settings,
2. More awareness of energy used by heating systems, close windows and doors
during winter months

3. Use natural light and ventilation, as much possible.

Multiple choice questions:

Some questions requested multiple choice answers. These questions enquired for
information, explored different useful applications and limitless possibilities of use of solar

energy, performed by students and teachers.

Primary reasons behind installation of solar projects:

Following question enquired for essential reasons behind installation of solar project as

either demonstration or as major project for conservation of energy.

The following chart in Table 24 presents a complied ranking for the responses provided.
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Table 24 Primary reasons behind solar PV installation

Purpose Rankings

To educate students and introduce changes in 1

student curriculum

To educate the school community as whole 1
To use renewable source of energy to reduce 2
energy bills

To reduce carbon footprint and greenhouse gas 3
emission

Based on the main reasons for installation of PV system, ten (10) schools believed solar
projects are useful to educate students and introduce changes in curriculum. Also ten (10)
schools believed solar projects educate the school community as whole, while nine (9)
schools believed in use of solar energy as renewable source of energy and three (3)
schools believed in reduction of carbon footprint and greenhouse gases. Ranks are

displayed in the chart, based on complied preferences made by each school.

Programs and activities introduced for students and teachers in K-12, to enhance

solar education:

The next question requests for responses on different programs organized by each school,
either at preliminary, major project level, professional development courses, teacher
training modules or as competitions. These activities should be designed for K-12
(Kindergarten till twelfth (12™)) grade. The activities are further segregated at
elementary, middle school and high school level. Following chart recognizes the activities,
school level and its compiled preferences. Ranks are then determined to prioritize the
initiation effort made by respective level of school. The choices are compiled for both

demonstration and energy conservation projects. The data accumulated and complied is
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shown in Table 25. As per data received in survey, of the seventeen schools, three are
elementary, seven are middle/junior high, five as high and one state school with two
different PV installations, have installed their PV between 2004 till 2010. This period can
be considered as most recent in the past decade of installations, for schools. Based on this

information the activities are defined as -

1) 1% activity - Represents basic/introductory science experiments/projects

2) 2" activity - Increased knowledge/effort involved from students and or teachers
without major computer tools, for development of science projects.

3) 3" activity - Development of/ Effort to make Energy model using computer tools to
simulate the energy use of a school building for entire year of operation or High
level science projects with use of computers. (Higher effort involved).

4) 4™ activity - Measures taken by school to deliver training/workshops for teachers.

5) 57 activity -. Identifies participation of schools in local/state/national competitions.

6) 6 activity - Introducing introductory professional courses for career development

(was intended for higher grades).

Table 25 Activities for students and Teachers in K-12 for solar education

Activities Elementary Middle High Ranks
School School School
1) Preliminary solar science 4 5 4 1

projects/experiments

2) Major science 0 3 3 2

projects/experiments

3) Preliminary Energy models/ 0 4 1 3
Building science projects

4) Teacher training 0 2 1 4
modules/workshops

5) Participation in Solar science 0 1 2 4
contests/competitions

6) Professional development 0 0 0 5

courses (beginners course)
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Major difference in children’s attitude towards solar PV projects, from K-12, at

school:

The subsequent question explored for information, on behalf of children/students attitude
towards conservation of energy specifically for electricity, as solar projects from K-12. The
following matrix in Table 26 identifies their rate of responses. The question tries to ask
and the responses are being analyzed for seriousness amongst students first, to make
changes in themselves, then for their school and lastly their surrounding environment. To
explain further, it checks whether students are only interested in saving electricity, by
turning of fans and bulbs and more or they are just interested in clean energy, carbon
emissions, or are they interested in the manufacturing process, science behind solar

projects, or are they being versatile and would like to be part of green environment.

Table 26 Observation of change in attitude amongst students

Students attitude towards solar PV projects Number of Responses
To conserve energy 1
Enthusiastic to learn more about clean 2

energy with no greenhouse gas emissions

Observed more involved in analytical and 0

critical thinking of functioning of solar PV

projects
All of the above 7
Other 4
No response 3

The survey identifies with seven (7) out of seventeen (17) ‘all of above’, responses, that
students have shown improvement in their understanding, reasoning and critically
thinking in terms of solar energy as essential renewable source for energy. The responses

confirm that solar projects are helping students build their foundations for reduction in
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carbon emission, conserving electricity, in a way conserving energy and fossil fuels, at a

very young age.

4.1.7 Analysis of Interviews and Email conversations:

Telephonic interviews and email conversations formed an integral part of data collection
method. They helped develop a basis for research and analyze not only the information
received, but also develop questionnaire for survey. The questions were asked from
perspective to conserve energy meaning reduction in electricity costs and from
demonstration of solar project. The interview questions are identified as Appendix D of the

report.

Five prominent personalities, compiled of two (2) project managers from public school
districts, two (2) program managers from utility companies and a project mechanical
engineer, helped tremendously, provide information as and when needed. These officials
represented four schools for which the LCCA is developed. They have provided
information, excel spread sheets with utility data for understanding electricity
consumption, as attached in the Appendix F and shown honest interest, with belief in solar

photovoltaic projects.

The interviews conducted are being summarized and analyzed to understand whether
solar PV projects are suitable for reducing electricity costs. The above officials were also
discussed for motivation behind installation of renewable energy solar project, in state of
Washington. Along with discussions these schools during email conversations, provided
valuable publicly available cost, energy use data, net metering agreement and baseline

code energy usage pdf file.

Brand of solar PV, inverters and incentives provided by state of Washington:

Project managers from two school districts, gave precise names of the brands of solar PV
and inverters, with detailed incentives source of information received by the school. The
solar PV systems and inverters used by these schools were manufactured outside of
Washington. The complete classification of incentives was useful, to determine under

which cases the incentives are received (Dsireusa 1995).
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Usage savings, Avoided costs/Annual electricity savings, Electricity rate applied

for public schools:

In discussion and email conversations with the project managers, the usage savings were

required to be determined from a website called www.solar4schools.org. This website

provided live data of solar energy, also observed on data monitoring system installed at

public school.

Avoided costs/Annual electricity savings were calculated as summation of usage savings
and demand savings. The yearly data is determined by summing all month’s data time’s
electricity rate, while demand savings are calculated as highest demand determined each
month times its appropriate demand rate of electricity. Demand rate differs and is higher
from electricity rate of utility. Determination of demand savings is equally difficult to
conclude as it accounts for summation of monthly demand, critical demand and depends
on many variables. These variables could be weather dependent, sudden turning on the
lights, more sun-hours and more (PSE n.d.). Demand savings were also determined as
difference between avoided costs and usage savings of electricity. The electricity rate
applied for each school depends upon rate provisions applied by the utility company’s
service area. These rates are subjected to yearly increases and shows seasonal rate

variations.

Formula for Avoided costs as used in their estimation and as provided by one of project

managers of Lake Washington school district is given by -
Avoided cost = Usage savings + Demand savings
= (kWh*$0.08) + (kW of solar system *$7.20 *9)

= (Assumed sun hours per day * system size * electricity rate) + (Size of system *

demand charge * 9 months of school)

Understanding units for electricity, gas and total energy:

One of the program managers from Puget Sound energy explained the various units

observed in an electricity bill. This explanation occurred via email conversation.
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e Electricity is monthly usage measured in kWh.

e Demand is for the peak use in 15-minute increments measured in kW.

e Natural gas measured in Therms

e KVAR cost is a cost created by how fast peaks are reached.

e Total energy measured in MBtu (also called Dekatherm)= kWh + Therms

e = ((Multiply kWh by 3412 Btu per kWh)/1,000,000) + (Divide Therms by 10)
e Example data from spread sheet provided, as shown in Appendix D:

e =(165,471 KWh * 3412 / 1,000,000) = 564 MBtu of electricity

= (1,664 Therms / 10 ) = 166 MBtu of gas

e =564 + 166 = 730 Dekatherms or MBtu.

Federal credit for solar installations, MACRS deprecation:

It is understood from conversations that taxes are not applied for school districts,
therefore these schools are not eligible for tax incentives associated with solar PV
incorporation at neither of public schools nor tax savings in the form MACRS depreciation

and bonus depreciation.

Motivation for schools to install the solar panels system:

In case of three schools, the schools districts first initiated low conservation of energy
methods like small scale retro-fit. Based on the changes observed in electricity bills, less
maintenance required and behavioral changes observed amongst school community, the
district developed a foresight, that solar as a type of renewable energy would bring more
value to education, reduce greenhouse gases, carbon dioxide and would help mitigate
climate change. This move received abundant appreciation from school community to
keep motivated for renewable energy projects. One of the remaining schools in the
analysis had a brand new school being constructed. They were more interested in making
the school green but still staying within their construction budget, to educate students
about their energy usage decisions, become advocates for the environment in their own

school and have long term energy savings.
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Cost effectiveness of solar PV in its life span:

School’s calculation of payback includes project cost, payback rates from utility,
incentives, avoided costs savings and assumed sun hours per day. The payback for three
schools is approximately 22 years, while the other school had no data regarding the
payback. Based on this estimated calculation, school districts are passionate and find solar

PV cost-effective in its life span.

Essential excel spread sheets and pdf files:

During these interviews and conversations, the school district’s program manager shared

valuable publicly available information as follows -

e Excel spread sheets for yearly electricity usage and cost data for four (4) public
schools, one year before and one year after the solar PV installation, shown in
Appendix F

¢ Hayes Freedom code baseline energy usage pdf as Appendix G

e Net metering agreement between Hayes Freedom high school and Clark public
utilities shown in Appendix H.

e Finally, there is power point presentation link for solar art work, by Sarah Hall at
Grass wood elementary school. This is shown in Appendix I. She has created
beautiful art work by integration of PV cells in design. The school has used the art

work, as photovoltaic windows that power light in stairway.

Overall Summary:

The development, implementation, interpretation and integration of information from
diverse methods like online survey, interviews and email conversations have evidently
aided to decipher the financial, economic, social and educational benefits of solar
photovoltaic projects. The information received is narrowed with respect to state of
Washington.

Obviously, there are some inconsistencies observed with minor flaws in questionnaire
development, data sets received, time frame available and absence of expected larger

group. Despite this fact, online survey has proved to be most effective, time saving and
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convenient method of data collection for generated survey. With continuous guidance
from my advisor, repeated evaluation, discussion with project managers, program
managers and project engineer, some of these drawbacks in the process were modified

and implemented as earliest possible.

With regard to data collected during the available time frame, it is clear that school
districts are showing keen interest in implementing best practices in design, construction,
maintainenance and operation for development of high performance K-12 schools (CHPS
1996) (USGBC 1993), (EERE n.d.). They are enthusiastic to incorporate green features
like renewable energy sources either solar energy or retro-fit existing buildings with
energy efficient and saving features. The seventeen schools surveyed are illustrative of
their interest in solar photovoltaic technology. Of the schools surveyed 50% of these

schools are passionate to install solar PV as major installation in future.

In current market trend, solar photovoltaic systems have emerged as one of the most
promising renewable source of energy (Solarbuzz 2001). Public schools who have installed
PV systems began their process of implementation of conserving energy by initiating small
retro-fits. With greater insights, understanding new concepts, seeing positive changes,
desire to motivate and add educational value to existing curriculum led to the installation
of PV systems. Surely these systems are now reaping good electricity savings, identified
by 76% of the surveyed schools demonstrative of savings in monthly electricity bills,
which by itself proves efficiency of the system. These savings largely depend upon
maximum solar radiation available on a given day and demand savings to offset electricity

costs.

There is a prevailing concern for high manufacturing costs of solar photovoltaic systems
leading to high cost of solar electricity production and reduced funds for school operation
every year. However, with current reduction in prices observed as 27% drop for year
2010 as compared to 2009 based on survey, interview discussions and with innovative
researches for solar cell efficiency, United States would soon achieve grid parity. Various
options that could work out efficiently for PV implementation are at the minimum

installation of demonstration solar projects, prioritize and divert school funds for energy
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efficiency projects and by leasing solar panels with a power purchase agreement
(LaMonica 2008).

Solar photovoltaic projects conserve fossil fuels usage and save electricity costs. Along
with these savings the schools have initiated different solar programs, experiments,
quizzes and competitions, training modules for teachers to socially accept these changes
within the school community. These programs are further recognized for elementary,
middle / junior high and high school level (NREL 1977). All of these and 35% of surveyed
schools integrating educational changes in curriculum have directed students to think
critically, precisely, innovatively and systematically, at a young age, in the direction of
saving our fossil fuels and looking for solar energy as promising renewable source of
energy, identified in Table 25 and 26 of this report. These projects have helped students
to interact with other students of similar interests from their school, other schools, school
staff, to show inquisitiveness and build social skills as more conscious future citizens.
These projects can even serve, per direction for their engineering interests to pursue
higher studies as their choice of career development, at as early as elementary school

level.
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Chapter 5.

Conclusions and

Recommendations
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5.1 Conclusions: Summary of Interpretations

As validated by case studies and survey collected from public schools, there is more to
understand regarding the analysis performed on the data provided by schools. Our
community revolves around our schools and is the basic foundation of our higher
education system. The various literatures, case studies explored along the development of
this report identify the usefulness of solar photovoltaic systems, in public schools, in
Washington State as essential step towards one of the green solutions for revolution in

schools. The statistics and information provide following insights and inferences.

%+ Renewable, Retrofit and Reduction application:

In comparison to other commercial buildings category, educational buildings that include
schools are advancing themselves to reduce fossil fuel usage, emissions of greenhouse
gases, by both using best practices and methods recommended for new construction in
high performance schools guide or using retrofitting techniques performed on existing
buildings by applying energy efficient features or renewable energy source to school
building. These PV systems are excellently applied to newly constructed schools, as it is in
their plan of execution from initial stages. This is also advantageous as, appropriate funds
can be diverted accordingly for the purpose of achieving ideal health of students,
effectiveness for net zero energy consumption and sustainability of environment. Applying
retrofitting techniques is another cost effective way of achieving the same benefit of
reduction in electricity. In either way, these methods work effectively towards reduction in

carbon emissions and greenhouse gas emissions.

< Performance of LCCA on application of solar PV:

The analysis includes various uncertainties. Based on module tilt, module orientation,
Irradiance and percentage of shading on solar modules the sun hours are available for
balancing electricity from utility, in schools. In spite of these details required, the PV

systems manage to work effectively on cloudy days, in state of Washington.
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As determined in the life cycle analysis, avoided costs from solar PV are dependent on
demand savings and usage savings. The more sun hours received by the system, more it
offsets electricity. Considering the variable nature and difficulty in tracking demand
savings from solar PV, schools approximate estimates of demand savings, during
installation plans developed by schools. In order to track exact demand savings, it is
essential to measure these savings accurately as highest peak demand in every fifteen
minute interval on PV production meter as is measured for conventional electricity, by the
utility company. This identifies precision in highest demand measurement. On account of
disclosure restrictions, on part of actual electricity bills, non-availability of detailed
demand data offset by solar PV, net metering savings from utility the analysis had
difficulty posing calculation of demand savings and net metering savings. Conversely, this
difficulty along with uncertainties identified as risks like inflation, costs of PV are evaluated
by performing scenario analysis manually, probability distribution, and Monte Carlo
simulation by application of @risk software tool and by observation of monthly electricity

usage from schools, before and after solar PV implementation.
« Incentives:

There are various incentives available for commercial buildings. As identified in chapter 3
and chapter 4 of analysis, public schools comparatively receive fifty percent of available
incentives. This has caused major drawback in determination of benefits implied for
schools. For example the federal credit and MACRS bonus depreciation alone offsets more
than forty percent of costs of solar PV. Hence efforts should be made by the federal, state
and local government to identify the need of the present situation and provide appropriate
new incentives, additional funds every school year especially - diverted and meant for
schools. Hence, it can be concluded that, this effort is extremely essential for newly

constructed schools and for retrofitting existing schools.

Net metering —

In analysis of life cycle costs, for one of the schools, the school identified net metering

savings during summer vacation. After understanding the utility company’s policy, utility
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credits the solar production to next month’s solar production and accounts net savings, at
end of its yearly cycle. With PV system installed in school, just one year old, this posed
difficulties in receiving data of incentives for schools net metering savings. On an average
the utility applies the same/retail rate of electricity for excess solar production, produced
by the PV system. Availability of more specific breakdown of net metering production and
its dollar savings, exhibited by utility company would have been helpful in analyzing the

financial benefits of the system.

Carbon equivalents or Green tags or Renewable energy certificates -

Renewable energy certificates (REC’s) in state of Washington amongst public schools are
available, in increments of single megawatt-hours of electricity. However, in the case
studies presented none of the schools have sold their REC’s and generated green power
income. These green tags as also called if, effectively sold by schools with major solar PV
installation could generate good amount of benefits, at present rate anywhere between
1.25cents/kWh till 2cents/kWh. Schools need to explore this segment, with utilities,

government to develop green source of income, as benefit for specific school.
% Social benefits:

With more percentage of public schools, installing solar PV as demonstration projects
along with major installations, it is clear that schools are enthusiastic about the renewable
solar energy, understand the risks behind solar PV installation, are determining the costs
for future implementations, and are observing the performance of solar PV on regular
basis via data monitoring system. Equally these schools, based on observation have
implemented changes in school curriculum, incorporated science experiments,
competitions and more. As a result, this has helped to develop critical analyzing capability
with creative outlook amongst students, create understanding to conserve fossil fuels, the
need for change, develop interests in green environment and explore new ventures.
Moreover, building a positive opinion about the schools movement, amongst its school

community goes beyond saying a word automatically.
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5.2 Recommendations

Following are suggestions recommended, to enhance implementation of Solar PV in state

of Washington - for public schools.

1. Based on priority, divert good portion of capital bonds, state and federal funds
provided for public schools, in state of Washington. These funds when utilized for
schools for renewable solar projects would start earning incentives and offsetting
electricity almost immediately. Again, looking forward towards implementation of
whole building design, high performance school building methods, it would be
suggested that schools begin the conversation, bring the thought to school stake
holders and at the minimum implement a demonstration project. The survey
initiated shows clearly the positive responses and enthusiasm shown by the school
community. Indirectly, it brings positive note for school in public opinion, increases
the school enrollment, provides wide exploration for study curriculum, and
incorporates career interests with creative outlook at a very early stage. This stage
can be as early as any grade in elementary level.

2. Those schools unable to install either demonstration or major solar PV installation,
can look forward to purchasing green power — again this helps schools socially in
countless ways. Utilities are eager to sell electricity through their green programs.
The need is exploring these viable possibilities. Though not a public school, but
University of Washington is one of the large buyers of green power from Seattle city
light, in state of Washington.

3. After good thought and reviewing of available literature on solar PV, It’s understood
that, solar dealers in United States are providing interesting solar leasing, solar
power PV and financial solutions, for its customers. This is also one of the many
alternatives that, schools based on their financial capability should look for. This
would be made possible with power purchase agreement for schools with any
interested utility company, or power generating organization. Eventually this should

lead growth in on site renewable solar energy generation.
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Finally, I would conclude with following statement by St. Francis of Assisi, in a green

essay contest written by Rockville High school green team (Team 2011).

“Start by doing what is necessary, then what is possible, and suddenly

You are doing the impossible.” —St. Francis of Assisi

As truly the above words say, to do impossible, the public schools in state of Washington
should initiate the beginning.

5.3 Future study

The report concludes that, more data needs to be available from different public schools,

to look forward as future case studies, of useful implementations of solar PV. This is just
the beginning. As these solar PV’s become older, meaning at least 2-3 years’ worth of
valid data, to shed light on net metering, carbon equivalent, demand savings and avoided
costs of electricity could be used for more authentic and detailed life cycle cost
presentation, by future analysts. Presently, distributions of costs in percentages, for
various solar PV components are difficult to obtain from dealers, articles or papers, as
either detailed cost or as thumb rule percent. Continued research with old and new solar
PV projects, co-operation from dealers could overcome this difficulty and present a
detailed overview of solar PV costs and its installations.

Forthcoming projects on solar PV could be investigated for positive experiences,
reductions in life cycle costs, internal rate of return, benefit cost ratio, net present value
and levelized cost of solar electricity, to establish as practical case studies - providing
positive encouragement for schools for PV installation.

More extensive research on social acceptance of solar PV projects, amongst school
community, in future is required. This would include involving students directly in the
survey, rather than limited to school science staff, teachers and project managers
associated with the project. This could help to give more valid presentation of sample
population explored.

Finally, PV installations being comparatively new to public schools, the schools are equally
understanding and checking the prior estimations and projections made for solar PV, to its

actual performance. Considering degradation of solar PV along it useful life is another
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important aspect to be explored. Hence with more installations to offset electricity,
increased data on reductions in costs of PV, older data being available to explore, best
practices used for high performance of school buildings, for implementation of renewable
solar projects, in design and construction would provide more enhanced and systemic

analysis, in future.
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Appendix A

Following are the excel spread sheets for four public schools in state of
Washington:

A_Eastlake High
School_LCCA and Risl

B_Evergreen Junior
High School_LCCA an

C_Redmond High
School_LCCA and Risl

D_Hayes Freedom
High School_LCCA an

b)

d)
Appendix B
Electricity bills before and after solar PV is installed:

Electricity usage
before and after sola

Appendix C

Survey Questions:

.
| o
Survey_WebQ_Ques
tions. pdf
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Appendix D

Interview Questions:

1. State the brand of solar Photovoltaic systems and inverters?

2. Can I request to have data from years’ worth of electricity bills before and after the
solar PV system was installed?

3. State the incentives provided by the state of Washington?

4. Explain the motivation behind installing the solar PV projects at your school?

5. Are photovoltaic installations effective in long run? Do they work in state of

Washington? How are the observations made?

Express practical opinion regarding benefits observed?

How are avoided costs of electricity calculated?

State the electricity rate applied to Hayes Freedom School and its demand savings?

© © N O

What are demand savings? Why are they applied a different electricity rate?

10.State the electricity rate applied to Eastlake, Evergreen junior high and Redmond
high school?

11.Did the public schools receive tax credit and MACRS depreciation and Why?

12.Explain in brief the Btu units for Electricity, Gas and Total energy?

13.Can I request to have agreements made with Clark public utility and Bonneville
foundation?

14. It would be appreciable to have the power point presentation link for solar art
work, by Sarah Hall at Grass wood elementary school, to include in my Thesis.

15. State the purpose behind, using energy model created by in-house staff, using
eQUEST v3.64 modeling software?

16.Would like to explain any other issues, topics, cases regarding practical implication

of solar PV systems?

17.Do you have any questions for me?
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Appendix E
Survey results:
Results_pdf_Catalys
t WebQ. pdf
Appendix F
Subsequent excel sheets represent the energy use and energy cost data from four public
schools:
il il
Tl gl
EastlakeHS Energy EastlakeHS Energy
1 Cost 07-10.xlsx Use 07-10.xIsx
Hl H
EvergreenJH Energy EvergreenJH Energy
2 Cost 07-10.xlsx Use 07-10.xIsx
Hl H
RHS Energy Cost RHS Energy Use
05-10.xlsx 05-10.xlsx
3.
Hayes
4 Freedom 11-1027 En

Appendix G

Following is the energy model created using eQUEST v3.64 modeling software
based on 2009 Washington State Energy Code for Hayes Freedom HS:

Hayes Freedom
Baseline Energy.pdf
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Appendix H

Following is an Net metering explanation document from Clark Public Utility:

<o
Customer Generation
Metering Explanation

Appendix I

Power point presentation from artist Sarah Hall:

LQ_T_EIJ

Sarah Hall Solar Art
Glass _ Grass Valley E
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Sheet1

		Cashflow for Eastlake high school:



		Available data:

		 Size of Photovoltaic system (Kw)												12

		 Gross cost of Solar Photovoltaic systemn ($)												ERROR:#NAME?

		 Installation (month/year)										       July		2009

		 Area (sqft)												210,663

		 Cost per watt of photovoltaic system ($)												ERROR:#NAME?



		Assumptions:

		 Avg. Inflation rate for electricity (2002-2011) 												ERROR:#NAME?

		 Avg. Inflation rate for all items (2002-2011)												ERROR:#NAME?

		 Avg. Discount rate (2002-2011)												0.04528

		 Avoided costs of electricity (Usage savings +Demand savings) for 2010												$3,472.25





		Life cycle cost analysis:						       kwh		cents/kwh		    Costs/Savings($)		         Nos



		Year (yr)																										2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039

		Study period (nos) - 30 yrs																						FV		PV		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30

								     				     		    										  



		 A) Capital Expenditures:

		Solar Panel Costs 										$91,750.00														-$91,750.00		-$91,750.00

		 Silicon cells

		 Glass

		 Polymer Backing

		 Aluminium Framing



		Inverter Costs										$16,742.00		2										ERROR:#NAME?		-$16,742.00		-$16,742.00																																ERROR:#NAME?

																										ERROR:#NAME?																																		ERROR:#NAME?

		Labor and Balance of system Costs										$11,508.00														-$11,508.00		-$11,508.00

		 Direct labor

		 Management/Drawings/Permits

		 Shipping

		 PV/Solar panel Mounting system without Tracker

		 PV/Solar panel Mounting system with Tracker

		 DC and AC Disconnects

		 Cabels, Connectors

		 Conduits, Brackets

		 Miscellaneous 



		Operation and Maintainence Costs										$500.00																		-$500.00		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 Minor Repairs																								ERROR:#NAME?				-$478.34		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 Cleaning Dust accumulation



		 B) Savings:



		 Federal tax credit at installation (30% of total cost)										0																		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00



		 Usage savings of electricity from utility (2010)						10336.3		7.69		$794.86																		$794.86		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

																										ERROR:#NAME?				$760.43		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 WA state incentives (till 2020)						10336.3		15		$1,550.45																		$1,550.45		$1,550.45		$1,550.45		$1,550.45		$1,550.45		$1,550.45		$1,550.45		$1,550.45		$1,550.45		$1,550.45		$1,550.45		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00

																										$13,203.93				$1,483.28		$1,419.03		$1,357.56		$1,298.75		$1,242.49		$1,188.67		$1,137.18		$1,087.92		$1,040.79		$995.70		$952.57

		 Demand savings of electricity from utility (2010)										$2,677.39																		$2,677.39		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

																										ERROR:#NAME?				$2,561.41		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 MACRS bonus depreciation (as Tax savings)																												$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00



		 Net Metering savings																												$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00



		 Renewable Energy Certificates/Carbon Equivalent																												$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00



		 Salvage value (20% of actual cost)										ERROR:#NAME?												ERROR:#NAME?						$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		ERROR:#NAME?

																										ERROR:#NAME?																																																														ERROR:#NAME?



		Net present Value (A-B)																								ERROR:#NAME?		-$120,000.00



		Cashflow																										-$120,000.00		$4,522.70		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		Discounted Cash Flow																										-$120,000.00		$4,326.78		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		Cummulative cashflow																										-$120,000.00		-$115,477.31		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		Discounted Cummulative Cash Flow																										-$120,000.00		-$115,673.22		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		Performance measures

		 NPV (Net present value)						ERROR:#NAME?

		 IRR (Internal rate of return)						ERROR:#NAME?

		 Benefit to Cost ratio-Aggregate (B/C ratio)						ERROR:#NAME?

		 Life Cycle Costs						ERROR:#NAME?

		 Simple Payback						25 yrs

		 Discounted Payback						Never reaches within study period







Cummulative Cash Flow	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	-120000	-115477.30499999999	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Cash Flow	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	-120000	4522.6949999999997	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Discounted Cummulative Cash flow	-120000	-115673.22152915965	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	

RiskSerializationData

		1		0

		0

		ERROR:#NAME?		TRUE		0		1		GF1_rK0qDwEACADUAAwjACYATwBrAHQAdQCBAI0AsgApAM4ALQD//wAAAAABAQEAAQQAAAAAGCQjLCMjMC4wMDtbUmVkXSQjLCMjMC4wMAAAAAEWTGlmZSBDeWNsZSBDb3N0cyAvIGt3aAEAAQEFAAEAAQMBAQD/AQEBAQEAAQEBAAIAAQEBAQEAAQEBAAIAAZEAAh0AFkxpZmUgQ3ljbGUgQ29zdHMgLyBrd2gAAC8BAgACALoAxAABAQIBmpmZmZmZqT8AAGZmZmZmZu4/AAAFAAEBAQA=		1		0		0				>75%		<25%		>90%																																										ERROR:#NAME?		4		1		FALSE		TRUE		0		FALSE		ERROR:#NAME?

		0

		FALSE		11200		5650		8000		100

		FALSE		11200		5650		8000		500

		FALSE		11200		5650		8000		1000

		FALSE		11200		5650		8000		1500

		FALSE		11200		5650		8000		2000

		0.00







Input Results

				@RISK Input Results

				Performed By: Charushela Ghadge

				Date: Sunday, May 13, 2012 3:06:43 PM



						Name		Cell		Graph		Min		Mean		Max		5%		95%		Errors

				Category: Avg. Inflation rate for all items (2002-2011)

						Avg. Inflation rate for all items (%)		G13				2.004894		2.640001		3.490134		2.177445		3.215326		0

				Category: Avg. Inflation rate for electricity (2002-2011)

						Avg. Inflation rate for electricity (%)		G12				3.007775		3.86		4.885989		3.254043		4.559295		0

				Category: Cost per watt of photovoltaic system ($)

						Cost per watt of photovoltaic system ($) 		G9				$5.01		$7.50		$9.98		$5.68		$9.32		0





Output 1

				@RISK Output Report for NPV (Net present value) 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 3:06:30 PM



														Simulation Summary Information

														Workbook Name				Re10_Eastlake High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 15:06:11

														Simulation Duration				00:00:06

														Random # Generator				Mersenne Twister

														Random Seed				1299116389



														Summary Statistics for NPV (Net present value)

														Statistics				Percentile

														Minimum		-$37,880.75		5%		-$33,258.80

														Maximum		-$7,665.60		10%		-$31,873.52

														Mean		-$24,824.95		15%		-$30,792.31

														Std Dev		$5,646.82		20%		-$29,877.70

														Variance		31886587.8837325		25%		-$29,005.34

														Skewness		0.3627778656		30%		-$28,266.05

														Kurtosis		2.5561895211		35%		-$27,551.86

														Median		-$25,425.38		40%		-$26,857.11

														Mode		-$26,806.64		45%		-$26,190.72

														Left X		-$33,258.80		50%		-$25,425.38

														Left P		5%		55%		-$24,672.84

														Right X		-$14,536.36		60%		-$23,871.08

														Right P		95%		65%		-$22,995.27

														Diff X		$18,722.43		70%		-$21,954.12

														Diff P		90%		75%		-$20,877.19

														#Errors		0		80%		-$19,747.47

														Filter Min		Off		85%		-$18,476.61

														Filter Max		Off		90%		-$16,885.25

														#Filtered		0		95%		-$14,536.36



														Regression and Rank Information for NPV (Net present value)

														Rank		Name		Regr		Corr

														1		Avg. Inflation rate for electricity (2002-2011) / 2009		0.960		0.957

														2		Cost per watt of photovoltaic system ($) / 2009		0.276		0.269

														3		Avg. Inflation rate for all items (2002-2011) / 2009		-0.026		-0.035





























Output 2

				@RISK Output Report for IRR (Internal rate of return) 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 3:06:33 PM



														Simulation Summary Information

														Workbook Name				Re10_Eastlake High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 15:06:11

														Simulation Duration				00:00:06

														Random # Generator				Mersenne Twister

														Random Seed				1299116389



														Summary Statistics for IRR (Internal rate of return)

														Statistics				Percentile

														Minimum		2%		5%		2%

														Maximum		4%		10%		2%

														Mean		3%		15%		3%

														Std Dev		0%		20%		3%

														Variance		0.000015283		25%		3%

														Skewness		0.1933656479		30%		3%

														Kurtosis		2.4695602461		35%		3%

														Median		3%		40%		3%

														Mode		3%		45%		3%

														Left X		2%		50%		3%

														Left P		5%		55%		3%

														Right X		4%		60%		3%

														Right P		95%		65%		3%

														Diff X		1%		70%		3%

														Diff P		90%		75%		3%

														#Errors		0		80%		3%

														Filter Min		Off		85%		3%

														Filter Max		Off		90%		3%

														#Filtered		0		95%		4%



														Regression and Rank Information for IRR (Internal rate of return)

														Rank		Name		Regr		Corr

														1		Avg. Inflation rate for electricity (2002-2011) / 2009		0.948		0.944

														2		Cost per watt of photovoltaic system ($) / 2009		0.319		0.308

														3		Avg. Inflation rate for all items (2002-2011) / 2009		0.009		-0.001





























Output 3

				@RISK Output Report for Benefit to Cost ratio-Aggregate (B/C ratio) 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 3:06:37 PM



														Simulation Summary Information

														Workbook Name				Re10_Eastlake High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 15:06:11

														Simulation Duration				00:00:06

														Random # Generator				Mersenne Twister

														Random Seed				1299116389



														Summary Statistics for Benefit to Cost ratio-Aggregate (B/C ratio) / kwh

														Statistics				Percentile

														Minimum		0.74		5%		0.77

														Maximum		0.95		10%		0.78

														Mean		0.83		15%		0.78

														Std Dev		0.04		20%		0.79

														Variance		0.0015572104		25%		0.80

														Skewness		0.3637969559		30%		0.80

														Kurtosis		2.5532777865		35%		0.81

														Median		0.82		40%		0.81

														Mode		0.80		45%		0.82

														Left X		0.77		50%		0.82

														Left P		5%		55%		0.83

														Right X		0.90		60%		0.83

														Right P		95%		65%		0.84

														Diff X		0.13		70%		0.85

														Diff P		90%		75%		0.85

														#Errors		0		80%		0.86

														Filter Min		Off		85%		0.87

														Filter Max		Off		90%		0.88

														#Filtered		0		95%		0.90



														Regression and Rank Information for Benefit to Cost ratio-Aggregate (B/C ratio) / kwh

														Rank		Name		Regr		Corr

														1		Avg. Inflation rate for electricity (2002-2011) / 2009		0.961		0.958

														2		Cost per watt of photovoltaic system ($) / 2009		0.276		0.269

														3		Avg. Inflation rate for all items (2002-2011) / 2009		0.009		-0.001





























Output 4

				@RISK Output Report for Life Cycle Costs  

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 3:06:40 PM



														Simulation Summary Information

														Workbook Name				Re10_Eastlake High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 15:06:11

														Simulation Duration				00:00:06

														Random # Generator				Mersenne Twister

														Random Seed				1299116389



														Summary Statistics for Life Cycle Costs / kwh

														Statistics				Percentile

														Minimum		-$136,810.44		5%		-$135,120.64

														Maximum		-$128,780.47		10%		-$134,670.77

														Mean		-$132,554.32		15%		-$134,321.37

														Std Dev		$1,573.65		20%		-$134,023.63

														Variance		2476383.77879592		25%		-$133,760.86

														Skewness		-0.0496128045		30%		-$133,500.67

														Kurtosis		2.2356061615		35%		-$133,255.84

														Median		-$132,538.31		40%		-$133,003.27

														Mode		-$131,463.59		45%		-$132,782.44

														Left X		-$135,120.64		50%		-$132,538.31

														Left P		5%		55%		-$132,306.57

														Right X		-$130,014.16		60%		-$132,070.19

														Right P		95%		65%		-$131,838.83

														Diff X		$5,106.48		70%		-$131,593.75

														Diff P		90%		75%		-$131,342.68

														#Errors		0		80%		-$131,065.88

														Filter Min		Off		85%		-$130,775.85

														Filter Max		Off		90%		-$130,436.19

														#Filtered		0		95%		-$130,014.16



														Regression and Rank Information for Life Cycle Costs / kwh

														Rank		Name		Regr		Corr

														1		Cost per watt of photovoltaic system ($) / 2009		0.991		0.994

														2		Avg. Inflation rate for all items (2002-2011) / 2009		-0.091		-0.087































Sensitivity

				@RISK Sensitivity Analysis

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 3:06:47 PM



				Rank For D76		Cell		Name		Description		Sheet1!D76
NPV (Net present value)
Regression Coeff.
RSqr=0.998		Sheet1!D77
IRR (Internal rate of return)
Regression Coeff.
RSqr=0.998		D78
Benefit to Cost ratio-Aggregate (B/C r
Regression Coeff.
RSqr=0.998		Sheet1!D79
Life Cycle Costs / kwh
Regression Coeff.
RSqr=0.991

				#1		G12		Avg. Inflation rate for electricity (%)		RiskTriang(3,3.68,4.9,RiskStatic(3.68))		0.96		0.948		0.961		  n/a

				#2		G9		Cost per watt of photovoltaic system ($) 		RiskBetaGeneral(2,2,5,10,RiskStatic(10))		0.276		0.319		0.276		0.991

				#3		G13		Avg. Inflation rate for all items (%)		RiskTriang(2,2.42,3.5,RiskStatic(2.42))		-0.026		0.009		0.009		-0.091
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�Á¡<à%Qb�Áêáx�xV�Á¸,Nµ[U�ÁNsMÅ+C�Áe�åB~��Áf°�	ZF�Á6¶ågÓ/�Á/ÈríNM�Áú��$�J�Á�U���Q�Á�E�]03�ÁkÇ�V�ÂÿÀ��§�¾��Áv]HÏ¯£ÿÀ�2&b�¶ÿÀ��~Û¸e�Áq�Î����#�ÁaQ�©À��Á���Zð°ÿÀ>�<�|=�Á�çb·æO�Áq©�Ëu4�Á·í<�½3�Á\5�Ì>èÿÀ'	..�=�Ál5<©{E�Áä¦ÇÙ5G�ÁlÖÞvqÏÿÀ'��>�w�ÁÎà+=±��Á�;�¢ON�ÁT��îIÔÿÀBÿÂÝà+�Áè��³^��ÁðÊc¤Í��ÁÞÐºÈ�l�ÁAöÁh���ÁMîV����Á3�Û¶ë8�ÁzqÍa£a�Á�*SFô��Á±Ø�ÏÄ��Á�ª�9F%�Á Iø����Á�á5�¡¯ÿÀ«»�±�þÿÀ?m�[-[�ÁÉõÏâ-5�Á��ý��CôN�ÁìÕ�ÔEõÿÀªmAx¨f�Á��?|�"�Á°��9|e�ÁNÖ·�XR�Á�õâd���Á�ãì÷���ÁHåsé]1�Á1J"<Ó��Áy�ºs�i�Á l��� �Á|��{¼ãÿÀ]Gòå<H�Á×o�«Ó��Á�d�ÅÇC�Á`¿sMNR�Á,ÏÉLÚ'�Á©).�òñÿÀ�ÄhT�?�ÁV�k�!��Áª�TBÜ��Ád�ÒÖ½��Á�HÁI�r�Á[">o���ÁLþ¶�sN�Á?�£��2�ÁÐw�¥�b�Á����2���A_Eastlake High Scho��ol_LCCA and Risk analysis.xlsx��������Sheet1��������G9)���=RiskBetaGeneral(2,2,5,10,RiskStatic(10))3���Cost per watt of photovoltaic system ($)�A9�G7�2009����������������)���/���Cost per watt of photovoltaic system ($) / 2009������������������������G12��,���=RiskTriang(3,3.68,4.9,RiskStatic(3.68))/100;���Avg. Inflation rate for electricity (2002-2011)�A12�G7�2009����������������(���6���Avg. Inflation rate for electricity (2002-2011) / 2009������������������������G13,���=RiskTriang(2,2.42,3.5,RiskStati��c(2.42))/1009���Avg. Inflation rate for all items (2002-2011)�A13�G7�2009����������������(���4���Avg. Inflation rate for all items (2002-2011) / 2009������������������������D761���=RiskOutput()+M25+M31+M32+M33+M45+M53+M55+M57+M65����NPV (Net present va��lue)�A76������������������
�����������NPV (Net present value)����������ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ������D77����=RiskOutput()+IRR(N69:AR69)#���IRR (Internal rate of return)�A77������������������
�����������IRR (Internal rate of return)������������ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ������D789���=RiskOutput()+ (-(M53+M55+M57+M65)/(M25+M31+M32+M33+M45))7���Benefit to Cost ratio-Aggregate (B/C ratio)�A78�D18�kwh����������������
�������1���Benefit to Cost ratio-Aggregate (B/C ratio) / ��kwh����������ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ������D79%���=RiskOutput()+M25+M31+M32+M33+M45+M65����Life Cycle Costs�A79�D18�kwh����������������
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		Cashflow for Evergreen junior high school:

		 Available data:

		 Size of Photovoltaic system (Kw)														12

		 Gross cost of Solar Photovoltaic systemn ($)														ERROR:#NAME?

		 Installation (month/year)										              September				2008

		 Area (sqft)														103,400

		 Cost per watt for photovoltaic system ($)														ERROR:#NAME?



		 Assumptions:

		Avg. Inflation rate for electricity (2002-2011) 														ERROR:#NAME?

		Avg. Inflation rate for all items (2002-2011) 														ERROR:#NAME?

		Avg. Discount rate (2002-2011) 														0.04528

		Avoided costs of electricity (Usage savings+Demand savings) for 2009														$1,247.00

		Avoided costs of electricity (Usage savings+Demand savings) for 2010														$10,713.00





		Life cycle cost analysis:						       kwh		cents/kwh		    Costs/Savings($)		  Nos		        



		Year (yr)																												2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038

		Study period (nos) - 30 yrs														FV												PV		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30

								     				     				    												  



		 A) Capital Expenditures:

		 Solar Panel Costs 										ERROR:#NAME?																ERROR:#NAME?		ERROR:#NAME?

		 Silicon cells

		 Glass 

		 Polymer Backing

		 Aluminium Framing



		 Total Inverter Costs										$12,000.00		2		ERROR:#NAME?												-$12,000.00		-$12,000.00																																ERROR:#NAME?

																												ERROR:#NAME?																																		ERROR:#NAME?

		 Direct Labor										$18,000.00																-$18,000.00		-$18,000.00



		 Balance of System Costs										$18,000.00																-$18,000.00		-$18,000.00

		 Management/Drawings/Permits

		 Shipping

		 PV/Solar panel Mounting system without Tracker

		 PV/Solar panel Mounting system with Tracker

		 DC and AC Disconnects

		 Cabels, Connectors

		 Conduits, Brackets

		 Miscellaneous







		 Operation and Maintainence Costs										$500.00																				-$500.00		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 Minor repairs																										ERROR:#NAME?				-$478.34		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 Cleaning Dust accumulation



		 B) Savings:



		 Federal tax credit at installation										0																				$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00



		 Usage savings of electricity for year 2010 - (from Utility)						10760.8		7.69		$827.51																				$827.51		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

																												ERROR:#NAME?				$791.66		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 WA state incentives (till 2020)						10760.8		15		$1,614.12																				$1,614.12		$1,614.12		$1,614.12		$1,614.12		$1,614.12		$1,614.12		$1,614.12		$1,614.12		$1,614.12		$1,614.12		$1,614.12		$1,614.12		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00

																												$14,694.94				$1,544.20		$1,477.31		$1,413.31		$1,352.09		$1,293.52		$1,237.49		$1,183.88		$1,132.60		$1,083.53		$1,036.60		$991.69		$948.73

		 Demand savings of electricity for year 2010 - (from Utility)										$9,885.49																				$419.49		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

																												ERROR:#NAME?				$401.32		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 MACRS bonus depreciation (as Tax savings)																														$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00



		 Net Metering Savings																														$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00



		 Salvage value (20% of actual cost)										ERROR:#NAME?																				$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		ERROR:#NAME?

																												ERROR:#NAME?																																																														ERROR:#NAME?



		Net present Value (A-B)																										ERROR:#NAME?



		Cashflow																												ERROR:#NAME?		$2,361.12		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		Discounted Cash Flow																												ERROR:#NAME?		$2,258.84		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		Cummulative cashflow																												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		Discounted Cummulative Cash Flow																												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		Performance measures

		NPV (Net present value)						ERROR:#NAME?

		IRR (Internal rate of return)						ERROR:#NAME?

		Benefit to Cost ratio-Aggregate (B/C ratio)						ERROR:#NAME?

		Life Cycle Costs						ERROR:#NAME?

		Simple Payback						9 yrs

		Discounted Payback						11 Yrs







Cummulative Cash Flow	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Cash Flow	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	0	2361.12	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Discounted Cummulative Cash Flow	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	

Input Results

				@RISK Input Results

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 1:25:34 PM



						Name		Cell		Graph		Min		Mean		Max		5%		95%		Errors

				Category: Avg. Inflation rate for all items (2002-2011)

						Avg. Inflation rate for all items (%)		H13				2.000816		2.64		3.494285		2.177311		3.215241		0

				Category: Avg. Inflation rate for electricity (2002-2011)

						Avg. Inflation rate for electricity (%)		H12				3.004118		3.859999		4.895646		3.254038		4.559305		0

				Category: Cost per watt for photovoltaic system ($)

						Cost per watt for photovoltaic system ($)		H9				$5.02		$7.50		$9.99		$5.68		$9.32		0





Output 1

				@RISK Output Report for NPV (Net present value) 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 1:25:20 PM



														Simulation Summary Information

														Workbook Name				Re1_Evergreen Junior High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 13:24:34

														Simulation Duration				00:00:09

														Random # Generator				Mersenne Twister

														Random Seed				956117455



														Summary Statistics for NPV (Net present value)

														Statistics				Percentile

														Minimum		$141,336.85		5%		$159,212.24

														Maximum		$244,251.43		10%		$163,902.81

														Mean		$186,272.76		15%		$167,360.19

														Std Dev		$17,898.06		20%		$170,333.11

														Variance		320340614.170095		25%		$172,859.85

														Skewness		0.3035675926		30%		$175,442.23

														Kurtosis		2.5788036668		35%		$177,788.62

														Median		$184,762.73		40%		$180,179.15

														Mode		$172,073.05		45%		$182,541.07

														Left X		$159,212.24		50%		$184,762.73

														Left P		5%		55%		$187,135.63

														Right X		$218,219.05		60%		$189,792.82

														Right P		95%		65%		$192,451.65

														Diff X		$59,006.81		70%		$195,347.80

														Diff P		90%		75%		$198,463.63

														#Errors		0		80%		$201,995.07

														Filter Min		Off		85%		$206,250.41

														Filter Max		Off		90%		$211,173.76

														#Filtered		0		95%		$218,219.05



														Regression and Rank Information for NPV (Net present value)

														Rank		Name		Regr		Corr

														1		Avg. Inflation rate for electricity (2002-2011) / 2008		0.934		0.928

														2		Cost per watt for photovoltaic system ($) / 2008		-0.361		-0.348

														3		Avg. Inflation rate for all items (2002-2011) / 2008		0.002		0.011





























Output 2

				@RISK Output Report for IRR (Internal rate of return) 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 1:25:23 PM



														Simulation Summary Information

														Workbook Name				Re1_Evergreen Junior High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 13:24:34

														Simulation Duration				00:00:09

														Random # Generator				Mersenne Twister

														Random Seed				956117455



														Summary Statistics for IRR (Internal rate of return) / kwh

														Statistics				Percentile

														Minimum		11%		5%		12%

														Maximum		17%		10%		12%

														Mean		14%		15%		12%

														Std Dev		1%		20%		13%

														Variance		0.0000995214		25%		13%

														Skewness		0.1972598545		30%		13%

														Kurtosis		2.4542990866		35%		13%

														Median		14%		40%		13%

														Mode		13%		45%		13%

														Left X		12%		50%		14%

														Left P		5%		55%		14%

														Right X		15%		60%		14%

														Right P		95%		65%		14%

														Diff X		3%		70%		14%

														Diff P		90%		75%		14%

														#Errors		0		80%		14%

														Filter Min		Off		85%		15%

														Filter Max		Off		90%		15%

														#Filtered		0		95%		15%



														Regression and Rank Information for IRR (Internal rate of return) / kwh

														Rank		Name		Regr		Corr

														1		Cost per watt for photovoltaic system ($) / 2008		-0.902		-0.903

														2		Avg. Inflation rate for electricity (2002-2011) / 2008		0.432		0.408

														3		Avg. Inflation rate for all items (2002-2011) / 2008		-0.016		-0.011





























Output 3

				@RISK Output Report for Benefit to Cost ratio-Aggregate (B/C ratio)  

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 1:25:27 PM



														Simulation Summary Information

														Workbook Name				Re1_Evergreen Junior High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 13:24:34

														Simulation Duration				00:00:09

														Random # Generator				Mersenne Twister

														Random Seed				956117455



														Summary Statistics for Benefit to Cost ratio-Aggregate (B/C ratio) / kwh

														Statistics				Percentile

														Minimum		2.03		5%		2.23

														Maximum		3.32		10%		2.28

														Mean		2.54		15%		2.32

														Std Dev		0.21		20%		2.36

														Variance		0.0435416546		25%		2.39

														Skewness		0.3195158779		30%		2.42

														Kurtosis		2.7497322469		35%		2.45

														Median		2.53		40%		2.48

														Mode		2.46		45%		2.50

														Left X		2.23		50%		2.53

														Left P		5%		55%		2.56

														Right X		2.91		60%		2.59

														Right P		95%		65%		2.62

														Diff X		0.68		70%		2.65

														Diff P		90%		75%		2.68

														#Errors		0		80%		2.72

														Filter Min		Off		85%		2.77

														Filter Max		Off		90%		2.82

														#Filtered		0		95%		2.91



														Regression and Rank Information for Benefit to Cost ratio-Aggregate (B/C ratio) / kwh

														Rank		Name		Regr		Corr

														1		Cost per watt for photovoltaic system ($) / 2008		-0.750		-0.745

														2		Avg. Inflation rate for electricity (2002-2011) / 2008		0.661		0.639

														3		Avg. Inflation rate for all items (2002-2011) / 2008		-0.056		-0.046





























Output 4

				@RISK Output Report for Life Cycle Costs 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 1:25:31 PM



														Simulation Summary Information

														Workbook Name				Re1_Evergreen Junior High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 13:24:34

														Simulation Duration				00:00:09

														Random # Generator				Mersenne Twister

														Random Seed				956117455



														Summary Statistics for Life Cycle Costs / kwh

														Statistics				Percentile

														Minimum		-$125,753.66		5%		-$121,574.81

														Maximum		-$96,437.45		10%		-$119,837.06

														Mean		-$111,007.37		15%		-$118,415.88

														Std Dev		$6,489.22		20%		-$117,181.98

														Variance		42109971.9041671		25%		-$116,048.32

														Skewness		0.0001994049		30%		-$114,965.64

														Kurtosis		2.1440581536		35%		-$113,961.73

														Median		-$111,012.90		40%		-$112,951.70

														Mode		-$112,075.15		45%		-$111,985.94

														Left X		-$121,574.81		50%		-$111,012.90

														Left P		5%		55%		-$110,037.74

														Right X		-$100,392.06		60%		-$109,061.35

														Right P		95%		65%		-$108,075.19

														Diff X		$21,182.76		70%		-$107,047.61

														Diff P		90%		75%		-$105,971.28

														#Errors		0		80%		-$104,827.19

														Filter Min		Off		85%		-$103,588.52

														Filter Max		Off		90%		-$102,177.64

														#Filtered		0		95%		-$100,392.06



														Regression and Rank Information for Life Cycle Costs / kwh

														Rank		Name		Regr		Corr

														1		Cost per watt for photovoltaic system ($) / 2008		-1.000		-1.000

														2		Avg. Inflation rate for all items (2002-2011) / 2008		0.005		0.005































Sensitivity

				@RISK Sensitivity Analysis

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 1:25:38 PM



				Rank For D78		Cell		Name		Description		Sheet1!D78
NPV (Net present value)
Regression Coeff.
RSqr=0.998		Sheet1!D79
IRR (Internal rate of return) / kwh
Regression Coeff.
RSqr=0.996		D80
Benefit to Cost ratio-Aggregate (B/C r
Regression Coeff.
RSqr=0.994		Sheet1!D81
Life Cycle Costs / kwh
Regression Coeff.
RSqr=0.999

				#1		H12		Avg. Inflation rate for electricity (%)		RiskTriang(3,3.68,4.9,RiskStatic(3.68))		0.934		0.432		0.661		  n/a

				#2		H9		Cost per watt for photovoltaic system ($) 		RiskBetaGeneral(2,2,5,10,RiskStatic(10))		-0.361		-0.902		-0.75		-1

				#3		H13		Avg. Inflation rate for all items (%)		RiskTriang(2,2.42,3.5,RiskStatic(2.42))		0.002		-0.016		-0.056		0.005
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RiskSerializationData

		1		0

		0

		-129200.81607229		TRUE		0		1		GF1_rK0qDwEACADUAAwjACYATwBrAHQAdQCBAI0AsgApAM4ALQD//wAAAAABAQEAAQQAAAAAGCQjLCMjMC4wMDtbUmVkXSQjLCMjMC4wMAAAAAEWTGlmZSBDeWNsZSBDb3N0cyAvIGt3aAEAAQEFAAEAAQMBAQD/AQEBAQEAAQEBAAIAAQEBAQEAAQEBAAIAAZEAAh0AFkxpZmUgQ3ljbGUgQ29zdHMgLyBrd2gAAC8BAgACALoAxAABAQIBmpmZmZmZqT8AAGZmZmZmZu4/AAAFAAEBAQA=		1		0		0				>75%		<25%		>90%																																										-129200.81607229		4		1		FALSE		TRUE		0		FALSE		ERROR:#NAME?

		0

		FALSE		11200		5650		8000		100

		FALSE		11200		5650		8000		500

		FALSE		11200		5650		8000		1000

		FALSE		11200		5650		8000		1500

		FALSE		11200		5650		8000		2000

		0.00





rsklibSimData
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Sheet1

		Cashflow for Redmond high school:

		Available data:

		 Size of Photovoltaic system - 1.1kW installed in September 2006 , expanded to 6.6kW in May 2009 

		 Gross cost of Solar Photovoltaic system ($)														ERROR:#NAME?

		 Installation (month/year)										              May				2009

		 Area (sqft)														211,092

		 Cost per watt of Photovoltaic system ($)														ERROR:#NAME?



		Assumptions:

		 Avg. Inflation rate for electricity (2002-2011) (%)														ERROR:#NAME?

		 Avg. Inflation rate for all items (2002-2011) (%)														ERROR:#NAME?

		 Avg. Discount rate (2002-2011) (%)														0.04528

		 Avoided costs of electricity (Usage savings+Demand savings) for 2010														$5,032.00





		Life cycle cost analysis:						       kwh		cents/kwh		    Costs/Savings($)		  Nos		        



		Year (yr)																												2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039

		Study period (nos) - 30 yrs														FV												PV		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30

								     				     				    												  



		 A) Capital Expenditures:



		 Solar Panel Costs 										ERROR:#NAME?																ERROR:#NAME?		ERROR:#NAME?

		 Silicon cells

		 Glass

		 Polymer Backing

		 Aluminium Framing



		 Inverter Costs										ERROR:#NAME?		2		ERROR:#NAME?												ERROR:#NAME?		ERROR:#NAME?																																ERROR:#NAME?

																												ERROR:#NAME?																																		ERROR:#NAME?



		 Direct Labor costs										ERROR:#NAME?																ERROR:#NAME?		ERROR:#NAME?



		 Balance of System Costs										ERROR:#NAME?																ERROR:#NAME?		ERROR:#NAME?

		 Management/Drawings/Permits

		 Shipping

		 PV/Solar panel Mounting system without Tracker

		 PV/Solar panel Mounting system with Tracker

		 DC and AC Disconnects

		 Cables, Connectors

		 Conduits, Brackets





		 Miscellaneous



		 Operation and Maintainence Costs										$500.00																				-$500.00		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 Minor repairs																										ERROR:#NAME?				-$478.34		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 Cleaning dust



		 B) Savings:



		 Federal tax credit at installation										0																				$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00



		 Usage savings of electricity for year 2010 - (from Utility)						6070.7		7.69		$466.84																				$466.84		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

																												ERROR:#NAME?				$446.61		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 WA state incentives (till 2020)						6070.7		15		$910.61																				$910.61		$910.61		$910.61		$910.61		$910.61		$910.61		$910.61		$910.61		$910.61		$910.61		$910.61		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00

																												$7,754.91				$871.16		$833.42		$797.32		$762.78		$729.74		$698.13		$667.88		$638.95		$611.27		$584.79		$559.46



		 Demand savings of electricity for year 2010 - (from Utility)										$4,565.16																				$4,565.16		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

																												ERROR:#NAME?				$4,367.41		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		 MACRS bonus depreciation (as Tax savings)																														$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00





		 Salvage value (20% of actual cost)										ERROR:#NAME?																				$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		ERROR:#NAME?

																												ERROR:#NAME?																																																														ERROR:#NAME?



		 Net present Value (A-B)																										ERROR:#NAME?



		Cashflow																												ERROR:#NAME?		$5,442.61		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		Discounted Cash Flow																												ERROR:#NAME?		$5,206.84		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		Cummulative cashflow																												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		Discounted Cummulative Cash Flow																												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		Performance measures

		NPV (Net present value)						ERROR:#NAME?

		IRR (Internal rate of return)						ERROR:#NAME?

		Benefit to Cost ratio-Aggregate (B/C ratio)						ERROR:#NAME?

		Life Cycle Costs						ERROR:#NAME?

		Simple Payback						9 yrs

		Discounted Payback						12 Yrs



		 Carbon Dioxide Avoided



Cummulative Cash Flow	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Cash Flow	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	0	5442.6049999999996	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Discounted Cummulative Cash Flow	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	

Input Results

				@RISK Input Results

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:46:42 PM



						Name		Cell		Graph		Min		Mean		Max		5%		95%		Errors

				Category: Avg. Inflation rate for all items (2002-2011) (%)

						Avg. Inflation rate for all items (%)		H13				2.006505		2.640001		3.492226		2.177349		3.215245		0

				Category: Avg. Inflation rate for electricity (2002-2011) (%)

						Avg. Inflation rate for electricity (%)		H12				3.008845		3.860001		4.886743		3.253983		4.559541		0

				Category: Cost per watt of Photovoltaic system ($)

						Cost per watt of Photovoltaic system ($)		H9				$5.03		$7.50		$9.99		$5.68		$9.32		0





Output 1

				@RISK Output Report for NPV (Net present value) 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:46:27 PM



														Simulation Summary Information

														Workbook Name				Re1_Redmond High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 14:46:09

														Simulation Duration				00:00:09

														Random # Generator				Mersenne Twister

														Random Seed				718759973



														Summary Statistics for NPV (Net present value)

														Statistics				Percentile

														Minimum		$62,685.58		5%		$74,894.88

														Maximum		$123,462.24		10%		$78,040.64

														Mean		$91,112.07		15%		$80,316.14

														Std Dev		$10,202.76		20%		$82,164.93

														Variance		104096379.860919		25%		$83,770.00

														Skewness		0.1916033725		30%		$85,343.71

														Kurtosis		2.7041962435		35%		$86,774.78

														Median		$90,762.32		40%		$88,165.85

														Mode		$89,058.68		45%		$89,470.07

														Left X		$74,894.88		50%		$90,762.32

														Left P		5%		55%		$92,082.74

														Right X		$108,858.17		60%		$93,329.16

														Right P		95%		65%		$94,775.71

														Diff X		$33,963.29		70%		$96,306.88

														Diff P		90%		75%		$97,959.52

														#Errors		0		80%		$99,857.24

														Filter Min		Off		85%		$101,850.74

														Filter Max		Off		90%		$104,847.20

														#Filtered		0		95%		$108,858.17



														Regression and Rank Information for NPV (Net present value)

														Rank		Name		Regr		Corr

														1		Avg. Inflation rate for electricity (2002-2011) (%) / 2009		0.770		0.759

														2		Cost per watt of Photovoltaic system ($) / 2009		-0.630		-0.629

														3		Avg. Inflation rate for all items (2002-2011) (%) / 2009		-0.018		-0.002





























Output 2

				@RISK Output Report for IRR (Internal rate of return) 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:46:31 PM



														Simulation Summary Information

														Workbook Name				Re1_Redmond High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 14:46:09

														Simulation Duration				00:00:09

														Random # Generator				Mersenne Twister

														Random Seed				718759973



														Summary Statistics for IRR (Internal rate of return)

														Statistics				Percentile

														Minimum		11%		5%		12%

														Maximum		22%		10%		13%

														Mean		15%		15%		13%

														Std Dev		2%		20%		13%

														Variance		0.0004826559		25%		14%

														Skewness		0.4637337932		30%		14%

														Kurtosis		2.5454884429		35%		14%

														Median		15%		40%		14%

														Mode		14%		45%		15%

														Left X		12%		50%		15%

														Left P		5%		55%		15%

														Right X		19%		60%		16%

														Right P		95%		65%		16%

														Diff X		7%		70%		16%

														Diff P		90%		75%		17%

														#Errors		0		80%		17%

														Filter Min		Off		85%		18%

														Filter Max		Off		90%		18%

														#Filtered		0		95%		19%



														Regression and Rank Information for IRR (Internal rate of return)

														Rank		Name		Regr		Corr

														1		Cost per watt of Photovoltaic system ($) / 2009		-0.967		-0.978

														2		Avg. Inflation rate for electricity (2002-2011) (%) / 2009		0.202		0.203

														3		Avg. Inflation rate for all items (2002-2011) (%) / 2009		-0.013		-0.002





























Output 3

				@RISK Output Report for Benefit to Cost ratio-Aggregate (B/C ratio) 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:46:35 PM



														Simulation Summary Information

														Workbook Name				Re1_Redmond High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 14:46:09

														Simulation Duration				00:00:09

														Random # Generator				Mersenne Twister

														Random Seed				718759973



														Summary Statistics for Benefit to Cost ratio-Aggregate (B/C ratio) / kwh

														Statistics				Percentile

														Minimum		1.82		5%		2.09

														Maximum		3.86		10%		2.17

														Mean		2.59		15%		2.22

														Std Dev		0.34		20%		2.27

														Variance		0.1169175213		25%		2.32

														Skewness		0.4793453276		30%		2.37

														Kurtosis		2.7511170639		35%		2.41

														Median		2.55		40%		2.46

														Mode		2.41		45%		2.51

														Left X		2.09		50%		2.55

														Left P		5%		55%		2.59

														Right X		3.21		60%		2.64

														Right P		95%		65%		2.69

														Diff X		1.12		70%		2.75

														Diff P		90%		75%		2.81

														#Errors		0		80%		2.88

														Filter Min		Off		85%		2.96

														Filter Max		Off		90%		3.06

														#Filtered		0		95%		3.21



														Regression and Rank Information for Benefit to Cost ratio-Aggregate (B/C ratio) / kwh

														Rank		Name		Regr		Corr

														1		Cost per watt of Photovoltaic system ($) / 2009		-0.903		-0.917

														2		Avg. Inflation rate for electricity (2002-2011) (%) / 2009		0.396		0.381

														3		Avg. Inflation rate for all items (2002-2011) (%) / 2009		-0.062		-0.044





























Output 4

				@RISK Output Report for Life Cycle Costs 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:46:38 PM



														Simulation Summary Information

														Workbook Name				Re1_Redmond High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 14:46:09

														Simulation Duration				00:00:09

														Random # Generator				Mersenne Twister

														Random Seed				718759973



														Summary Statistics for Life Cycle Costs / kwh

														Statistics				Percentile

														Minimum		-$67,908.39		5%		-$64,141.16

														Maximum		-$39,233.96		10%		-$62,352.60

														Mean		-$53,629.54		15%		-$60,980.57

														Std Dev		$6,430.62		20%		-$59,750.88

														Variance		41352898.6000187		25%		-$58,596.33

														Skewness		-0.0004150365		30%		-$57,577.89

														Kurtosis		2.1440227067		35%		-$56,553.51

														Median		-$53,631.81		40%		-$55,548.34

														Mode		-$53,327.13		45%		-$54,580.68

														Left X		-$64,141.16		50%		-$53,631.81

														Left P		5%		55%		-$52,674.20

														Right X		-$43,151.61		60%		-$51,718.84

														Right P		95%		65%		-$50,709.78

														Diff X		$20,989.55		70%		-$49,710.19

														Diff P		90%		75%		-$48,640.90

														#Errors		0		80%		-$47,526.10

														Filter Min		Off		85%		-$46,274.98

														Filter Max		Off		90%		-$44,902.44

														#Filtered		0		95%		-$43,151.61



														Regression and Rank Information for Life Cycle Costs / kwh

														Rank		Name		Regr		Corr

														1		Cost per watt of Photovoltaic system ($) / 2009		-1.000		-1.000

														2		Avg. Inflation rate for all items (2002-2011) (%) / 2009		-0.028		-0.016































Sensitivity

				@RISK Sensitivity Analysis

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:46:46 PM



				Rank For D80		Cell		Name		Description		Sheet1!D80
NPV (Net present value)
Regression Coeff.
RSqr=0.999		Sheet1!D81
IRR (Internal rate of return)
Regression Coeff.
RSqr=0.979		D82
Benefit to Cost ratio-Aggregate (B/C r
Regression Coeff.
RSqr=0.982		Sheet1!D83
Life Cycle Costs / kwh
Regression Coeff.
RSqr=1

				#1		H12		Avg. Inflation rate for electricity (%) 		RiskTriang(3,3.68,4.9,RiskStatic(3.68))		0.77		0.202		0.396		  n/a

				#2		H9		Cost per watt of Photovoltaic system ($) 		RiskBetaGeneral(2,2,5,10,RiskStatic(10))		-0.63		-0.967		-0.903		-1

				#3		H13		Avg. Inflation rate for all items (%) 		RiskTriang(2,2.42,3.5,RiskStatic(2.42))		-0.018		-0.013		-0.062		-0.028
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�Á¡<à%Qb�Áêáx�xV�Á¸,Nµ[U�ÁNsMÅ+C�Áe�åB~��Áf°�	ZF�Á6¶ågÓ/�Á/ÈríNM�Áú��$�J�Á�U���Q�Á�E�]03�ÁkÇ�V�ÂÿÀ��§�¾��Áv]HÏ¯£ÿÀ�2&b�¶ÿÀ��~Û¸e�Áq�Î����#�ÁaQ�©À��Á���Zð°ÿÀ>�<�|=�Á�çb·æO�Áq©�Ëu4�Á·í<�½3�Á\5�Ì>èÿÀ'	..�=�Ál5<©{E�Áä¦ÇÙ5G�ÁlÖÞvqÏÿÀ'��>�w�ÁÎà+=±��Á�;�¢ON�ÁT��îIÔÿÀBÿÂÝà+�Áè��³^��ÁðÊc¤Í��ÁÞÐºÈ�l�ÁAöÁh���ÁMîV����Á3�Û¶ë8�ÁzqÍa£a�Á�*SFô��Á±Ø�ÏÄ��Á�ª�9F%�Á Iø����Á�á5�¡¯ÿÀ«»�±�þÿÀ?m�[-[�ÁÉõÏâ-5�Á��ý��CôN�ÁìÕ�ÔEõÿÀªmAx¨f�Á��?|�"�Á°��9|e�ÁNÖ·�XR�Á�õâd���Á�ãì÷���ÁHåsé]1�Á1J"<Ó��Áy�ºs�i�Á l��� �Á|��{¼ãÿÀ]Gòå<H�Á×o�«Ó��Á�d�ÅÇC�Á`¿sMNR�Á,ÏÉLÚ'�Á©).�òñÿÀ�ÄhT�?�ÁV�k�!��Áª�TBÜ��Ád�ÒÖ½��Á�HÁI�r�Á[">o���ÁLþ¶�sN�Á?�£��2�ÁÐw�¥�b�Á����2���A_Eastlake High Scho��ol_LCCA and Risk analysis.xlsx��������Sheet1��������G9)���=RiskBetaGeneral(2,2,5,10,RiskStatic(10))3���Cost per watt of photovoltaic system ($)�A9�G7�2009����������������)���/���Cost per watt of photovoltaic system ($) / 2009������������������������G12��,���=RiskTriang(3,3.68,4.9,RiskStatic(3.68))/100;���Avg. Inflation rate for electricity (2002-2011)�A12�G7�2009����������������(���6���Avg. Inflation rate for electricity (2002-2011) / 2009������������������������G13,���=RiskTriang(2,2.42,3.5,RiskStati��c(2.42))/1009���Avg. Inflation rate for all items (2002-2011)�A13�G7�2009����������������(���4���Avg. Inflation rate for all items (2002-2011) / 2009������������������������D761���=RiskOutput()+M25+M31+M32+M33+M45+M53+M55+M57+M65����NPV (Net present va��lue)�A76������������������
�����������NPV (Net present value)����������ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ������D77����=RiskOutput()+IRR(N69:AR69)#���IRR (Internal rate of return)�A77������������������
�����������IRR (Internal rate of return)������������ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ������D789���=RiskOutput()+ (-(M53+M55+M57+M65)/(M25+M31+M32+M33+M45))7���Benefit to Cost ratio-Aggregate (B/C ratio)�A78�D18�kwh����������������
�������1���Benefit to Cost ratio-Aggregate (B/C ratio) / ��kwh����������ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ������D79%���=RiskOutput()+M25+M31+M32+M33+M45+M65����Life Cycle Costs�A79�D18�kwh����������������
�����������Life Cycle Costs / kwh����������ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ����������������Sim#1����������BAA2MNKE������������à��������à��������à�������� ������C���ZJD8BLU7M7NJKQDEHJ94UMVV���ÿÿÿÿ��ÿÿÿÿ��ÿÿÿÿ�����������������'��������������ÿÿÿÿ





Sheet1

		Cashflow for Hayes Freedom high school:

		Available  data:

		 Size of Photovoltaic system (KW)														40.63

		 Gross cost of Solar Photovoltaic system														ERROR:#NAME?

		 Installation (month/year)										              September				2010

		 Area (sqft)														20,500

		 Cost per Watt for Photovoltaic system														ERROR:#NAME?



		Assumptions:

		 Avg. Inflation rate for electricity (2002-2011) (%)														ERROR:#NAME?

		 Avg. Inflation rate for all items (2002-2011) (%)														ERROR:#NAME?

		 Avg. Discount rate (2002-2011) (%)														0.04528

		 Avoided costs of electricity (Usage savings+Demand savings) for 2011														$4,500.00





		Life cycle cost analysis:						       kwh		cents/kwh		    Costs/Savings($)		  Nos		        



		Year (yr)																												2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

		Study period (nos) - 30 yrs														FV												PV		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30

								     				     				    												  



		A) Capital Expenditures:



		Solar Panel Costs 										ERROR:#NAME?																ERROR:#NAME?		ERROR:#NAME?



		 Silicon cells

		 Glass

		 Polymer Backing

		 Aluminium framing



		Total Inverter Costs										ERROR:#NAME?		4		ERROR:#NAME?												ERROR:#NAME?		ERROR:#NAME?																																ERROR:#NAME?

																												ERROR:#NAME?																																		ERROR:#NAME?



		Direct Labor costs										ERROR:#NAME?																ERROR:#NAME?		ERROR:#NAME?





		Balance of System Costs										ERROR:#NAME?																ERROR:#NAME?		ERROR:#NAME?



		 Management/Drawings/Permits

		S

		 PV/Solar panel Mounting System without Tracker

		 PV/Solar panel Mounting system with Tracker





		 DC and AC Disconnects

		 Cabels, Connectors

		 Conduits, Brackets

		 Miscellaneous



		Operation and Maintainence Costs										$500.00																				-$500.00		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		 Minor repairs																										ERROR:#NAME?				-$478.34		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		 Cleaning dust accumulation 



		B) Savings:



		 Federal tax credit at installation										0																				$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00





		 Usage savings of electricity for year 2011 - (from Utility)						43075.5		7.69		$3,312.51																				$3,312.51		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

																												ERROR:#NAME?				$3,169.01		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		 WA state incentives (till 2020)						43075.5		15		$6,461.33																				$5,000.00		$5,000.00		$5,000.00		$5,000.00		$5,000.00		$5,000.00		$5,000.00		$5,000.00		$5,000.00		$5,000.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00

																												$39,509.18				$4,783.41		$4,576.20		$4,377.96		$4,188.32		$4,006.88		$3,833.31		$3,667.26		$3,508.40		$3,356.42		$3,211.02		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00



		 Demand savings of electricity for year 2011 - (from Utility)										$1,187.49																				$1,187.49		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

																												ERROR:#NAME?				$1,136.05		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		 MACRS bonus depreciation (as Tax savings)																														$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00





		 Net metering savings																														$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00



		 Salvage value (20% of actual cost)										ERROR:#NAME?																				$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		ERROR:#NAME?

																												ERROR:#NAME?																																																														ERROR:#NAME?



		 Net present Value (A-B)																										ERROR:#NAME?



		Cashflow																												ERROR:#NAME?		$9,000.00		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		Discounted Cash Flow																												ERROR:#NAME?		$8,610.13		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		Cummulative cashflow																												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		Discounted Cummulative Cash Flow																												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?



		Performance measures

		 NPV (Net present value)						ERROR:#NAME?

		 IRR (Internal rate of return)						ERROR:#NAME?

		 Benefit to Cost ratio-Aggregate (B/C ratio)						ERROR:#NAME?

		 Life Cycle Costs						ERROR:#NAME?

		 Simple Payback						            29 yrs

		 Discounted Payback						 Never reaches within the study period



		 Carbon Dioxide Avoided



Cummulative Cash Flow	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Cash Flow	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	0	9000	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Discounted Cummulative Cash Flow	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	

Input Results

				@RISK Input Results

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:56:10 PM



						Name		Cell		Graph		Min		Mean		Max		5%		95%		Errors

				Category: Avg. Inflation rate for all items (2002-2011) (%)

						Avg. Inflation rate for all items (%) 		H13				2.005201		2.639999		3.487586		2.177332		3.215379		0

				Category: Avg. Inflation rate for electricity (2002-2011) (%)

						Avg. Inflation rate for electricity (%) 		H12				3.009705		3.86		4.893923		3.254051		4.559318		0

				Category: Cost per Watt for Photovoltaic system

						Cost per Watt for Photovoltaic system ($)		H9				$5.01		$6.25		$7.49		$5.34		$7.16		0





Output 1

				@RISK Output Report for NPV (Net present value) 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:55:57 PM



														Simulation Summary Information

														Workbook Name				Re1_Hayes Freedom High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 14:55:32

														Simulation Duration				00:00:07

														Random # Generator				Mersenne Twister

														Random Seed				1826636409



														Summary Statistics for NPV (Net present value)

														Statistics				Percentile

														Minimum		-$156,598.04		5%		-$135,498.44

														Maximum		-$34,110.07		10%		-$128,759.24

														Mean		-$97,447.95		15%		-$123,441.75

														Std Dev		$23,262.93		20%		-$119,170.36

														Variance		541163954.549918		25%		-$115,257.86

														Skewness		0.01305172		30%		-$111,247.80

														Kurtosis		2.2977922586		35%		-$107,628.59

														Median		-$97,540.07		40%		-$103,979.97

														Mode		-$82,641.94		45%		-$100,859.45

														Left X		-$135,498.44		50%		-$97,540.07

														Left P		5%		55%		-$94,231.87

														Right X		-$59,648.07		60%		-$90,730.79

														Right P		95%		65%		-$87,142.75

														Diff X		$75,850.36		70%		-$83,597.82

														Diff P		90%		75%		-$80,011.25

														#Errors		0		80%		-$75,813.71

														Filter Min		Off		85%		-$71,626.56

														Filter Max		Off		90%		-$66,301.50

														#Filtered		0		95%		-$59,648.07



														Regression and Rank Information for NPV (Net present value)

														Rank		Name		Regr		Corr

														1		Cost per Watt for Photovoltaic system / 2010		-0.957		-0.954

														2		Avg. Inflation rate for electricity (2002-2011) (%) / 2010		0.302		0.264

														3		Avg. Inflation rate for all items (2002-2011) (%) / 2010		-0.062		-0.039





























Output 2

				@RISK Output Report for IRR 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:56:00 PM



														Simulation Summary Information

														Workbook Name				Re1_Hayes Freedom High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 14:55:32

														Simulation Duration				00:00:07

														Random # Generator				Mersenne Twister

														Random Seed				1826636409



														Summary Statistics for IRR

														Statistics				Percentile

														Minimum		0%		5%		1%

														Maximum		3%		10%		1%

														Mean		2%		15%		1%

														Std Dev		1%		20%		1%

														Variance		0.0000260723		25%		1%

														Skewness		0.2853955115		30%		1%

														Kurtosis		2.6456265748		35%		1%

														Median		2%		40%		2%

														Mode		1%		45%		2%

														Left X		1%		50%		2%

														Left P		5%		55%		2%

														Right X		3%		60%		2%

														Right P		95%		65%		2%

														Diff X		2%		70%		2%

														Diff P		90%		75%		2%

														#Errors		0		80%		2%

														Filter Min		Off		85%		2%

														Filter Max		Off		90%		2%

														#Filtered		0		95%		3%



														Regression and Rank Information for IRR

														Rank		Name		Regr		Corr

														1		Cost per Watt for Photovoltaic system / 2010		-0.849		-0.842

														2		Avg. Inflation rate for electricity (2002-2011) (%) / 2010		0.531		0.494

														3		Avg. Inflation rate for all items (2002-2011) (%) / 2010		-0.099		-0.074





























Output 3

				@RISK Output Report for Benefit to Cost ratio-Aggregate (B/C ratio) 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:56:03 PM



														Simulation Summary Information

														Workbook Name				Re1_Hayes Freedom High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 14:55:32

														Simulation Duration				00:00:07

														Random # Generator				Mersenne Twister

														Random Seed				1826636409



														Summary Statistics for Benefit to Cost ratio-Aggregate (B/C ratio)

														Statistics				Percentile

														Minimum		0.53		5%		0.58

														Maximum		0.85		10%		0.59

														Mean		0.66		15%		0.60

														Std Dev		0.06		20%		0.61

														Variance		0.0030915505		25%		0.62

														Skewness		0.3523006491		30%		0.63

														Kurtosis		2.6390412438		35%		0.63

														Median		0.66		40%		0.64

														Mode		0.64		45%		0.65

														Left X		0.58		50%		0.66

														Left P		5%		55%		0.66

														Right X		0.76		60%		0.67

														Right P		95%		65%		0.68

														Diff X		0.18		70%		0.69

														Diff P		90%		75%		0.70

														#Errors		0		80%		0.71

														Filter Min		Off		85%		0.72

														Filter Max		Off		90%		0.74

														#Filtered		0		95%		0.76



														Regression and Rank Information for Benefit to Cost ratio-Aggregate (B/C ratio)

														Rank		Name		Regr		Corr

														1		Cost per Watt for Photovoltaic system / 2010		-0.895		-0.894

														2		Avg. Inflation rate for electricity (2002-2011) (%) / 2010		0.449		0.410

														3		Avg. Inflation rate for all items (2002-2011) (%) / 2010		-0.060		-0.037





























Output 4

				@RISK Output Report for Life Cycle Costs 

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:56:06 PM



														Simulation Summary Information

														Workbook Name				Re1_Hayes Freedom High School_LCCA and Risk analysis.xlsx

														Number of Simulations				1

														Number of Iterations				10000

														Number of Inputs				3

														Number of Outputs				4

														Sampling Type				Latin Hypercube

														Simulation Start Time				5/13/12 14:55:32

														Simulation Duration				00:00:07

														Random # Generator				Mersenne Twister

														Random Seed				1826636409



														Summary Statistics for Life Cycle Costs / kwh

														Statistics				Percentile

														Minimum		-$309,369.89		5%		-$295,632.63

														Maximum		-$208,757.83		10%		-$289,800.58

														Mean		-$259,461.11		15%		-$285,000.88

														Std Dev		$22,295.57		20%		-$280,727.19

														Variance		497092661.78214		25%		-$276,732.02

														Skewness		-0.0031879579		30%		-$273,168.18

														Kurtosis		2.1466695845		35%		-$269,530.75

														Median		-$259,551.41		40%		-$266,153.55

														Mode		-$263,118.68		45%		-$262,862.90

														Left X		-$295,632.63		50%		-$259,551.41

														Left P		5%		55%		-$256,062.24

														Right X		-$223,250.53		60%		-$252,723.52

														Right P		95%		65%		-$249,342.49

														Diff X		$72,382.10		70%		-$245,820.05

														Diff P		90%		75%		-$242,184.04

														#Errors		0		80%		-$238,250.83

														Filter Min		Off		85%		-$233,893.30

														Filter Max		Off		90%		-$229,148.60

														#Filtered		0		95%		-$223,250.53



														Regression and Rank Information for Life Cycle Costs / kwh

														Rank		Name		Regr		Corr

														1		Cost per Watt for Photovoltaic system / 2010		-0.999		-0.998

														2		Avg. Inflation rate for all items (2002-2011) (%) / 2010		-0.065		-0.046































Sensitivity

				@RISK Sensitivity Analysis

				Performed By: Charusheela Ghadge

				Date: Sunday, May 13, 2012 2:56:13 PM



				Rank For D88		Cell		Name		Description		Sheet1!D88
NPV (Net present value)
Regression Coeff.
RSqr=1		Sheet1!D89
IRR
Regression Coeff.
RSqr=0.994		D90
Benefit to Cost ratio-Aggregate (B/C r
Regression Coeff.
RSqr=0.991		Sheet1!D91
Life Cycle Costs / kwh
Regression Coeff.
RSqr=1

				#1		H9		Cost per Watt for Photovoltaic system ($)		RiskBetaGeneral(2,2,5,7.5,RiskStatic(7.3))		-0.957		-0.849		-0.895		-0.999

				#2		H12		Avg. Inflation rate for electricity (%)		RiskTriang(3,3.68,4.9,RiskStatic(3.68))		0.302		0.531		0.449		  n/a

				#3		H13		Avg. Inflation rate for all items (%)		RiskTriang(2,2.42,3.5,RiskStatic(2.42))		-0.062		-0.099		-0.06		-0.065
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Sheet1

		Eastlake high school electricity data:



		 Solar PV installed in academic year - 2009-2010



		Academic school year:		2007-2008		2008-2009		2009-2010

								Solar PV installed

		A)		Electricity (kWh)		Electricity (kWh)		Electricity (kWh)

		September		165,471		145,920		141,071

		October		191,598		170,882		173,343

		November		231,069		170,815		151,371

		December		208,914		162,395		134,296

		January		202,056		188,321		148,700

		February		166,661		162,309		133,772

		March		165,621		163,165		140,590

		April		160,849		171,458		148,250

		May		158,468		174,169		140,570

		June		133,539		122,138		91,652

		July		71,040		75,491		58,709

		August		98,258		100,780		98,589

		Total		1,953,544		1,807,843		1,560,913



		B)		Demand (KW)		Demand (KW)		Demand (KW)

		September		492		471		460

		October		495		493		475

		November		511		501		480

		December		511		528		480

		January		504		528		518

		February		504		513		518

		March		552		525		476

		April		552		525		476

		May		519		489		495

		June		519		489		495

		July		489		446		439

		August		457		423		423

		Total		6105		5931		5735



		C)		Electricity Cost ($)		Electricity Cost ($)		Electricity Cost ($)

		September		$10,451		$9,416		$9,281

		October		$12,318		$11,238		$11,599

		November		$14,711		$11,377		$10,121

		December		$13,294		$10,787		$8,956

		January		$12,837		$12,547		$9,872

		February		$10,708		$10,904		$8,938

		March		$10,693		$10,966		$9,489

		April		$10,383		$11,297		$10,309

		May		$10,105		$11,327		$9,765

		June		$8,509		$7,897		$6,440

		July		$4,594		$4,984		$4,277

		August		$6,371		$6,669		$7,076

		Total		$124,974		$119,409		$106,123





		D)		Demand Cost ($)		Demand Cost ($)		Demand Cost ($)

		September		$3,144		$3,021		$3,164

		October		$4,696		$4,249		$4,880

		November		$4,246		$4,744		$4,774

		December		$4,031		$4,981		$4,368

		January		$4,401		$5,333		$5,240

		February		$4,214		$4,437		$4,193

		March		$4,913		$4,928		$4,708

		April		$2,966		$3,559		$3,466

		May		$3,060		$3,383		$3,235

		June		$2,958		$2,737		$2,777

		July		$1,055		$1,227		$1,409

		August		$2,485		$2,620		$2,457

		Total		$42,169		$45,219		$44,671







Electricity use per month

2007-2008	165471	191598	231069	208914	202056	166661	165621	160849	158468	133539	71040	98258	2008-2009	145920	170882	170815	162395	188321	162309	163165	171458	174169	122138	75491	100780	2009-2010	141071	173343	151371	134296	148700	133772	140590	148250	140570	91652	58709	98589	Demand per month

2007-2008	492	495	511	511	504	504	552	552	519	519	489	457	2008-2009	471	493	501	528	528	513	525	525	489	489	446	423	2009-2010	460	475	480	480	518	518	476	476	495	495	439	423	Electricity costs per month

2007-2008	10451	12318	14711	13294	12837	10708	10693	10383	10105	8509	4594	6371	2008-2009	9416	11238	11377	10787	12547	10904	10966	11297	11327	7897	4984	6669	2009-2010	9281	11599	10121	8956	9872	8938	9489	10309	9765	6440	4277	7076	Demand costs per month

2007-2008	3144	4696	4246	4031	4401	4214	4913	2966	3060	2958	1055	2485	2008-2009	3021	4249	4744	4981	5333	4437	4928	3559	3383	2737	1227	2620	2009-2010	3164	4880	4774	4368	5240	4193	4708	3466	3235	2777	1409	2457	

Sheet2

		Evergreen junior high school electricity data:



		 Solar PV installed in academic year - 2009-2010



		Academic school year:		2007-2008		2008-2009		2009-2010

								Solar PV installed

		A)		Electricity (kWh)		Electricity (kWh)		Electricity (kWh)

		September		85,227		78,798		72,472

		October		117,405		116,492		105,754

		November		147,730		118,456		130,498

		December		163,616		177,108		146,759

		January		197,306		199,567		143,584

		February		153,814		154,201		118,548

		March		166,433		160,363		139,942

		April		132,581		128,673		117,775

		May		106,896		94,388		90,869

		June		73,502		61,585		52,919

		July		43,132		44,284		30,121

		August		50,302		50,239		44,185

		Total		1,437,944		1,384,154		1,193,426





		B)		Demand (kW)		Demand (kW)		Demand (kW)

		September		624		499		374

		October		758		672		667

		November		758		748		729

		December		830		801		739

		January		835		835		835

		February		840		835		835

		March		840		763		830

		April		796		724		787

		May		796		624		768

		June		609		470		619

		July		571		336		331

		August		499		345		379

		Total		8756		7652		7893



		C)		Electricity Cost ($)		Electricity Cost ($)		Electricity Cost ($)

		September		$4,875		$4,624		$4,554

		October		$6,627		$6,804		$6,536

		November		$8,239		$7,248		$7,933

		December		$9,083		$10,798		$8,911

		January		$10,948		$12,099		$8,730

		February		$8,591		$9,343		$7,207

		March		$9,284		$9,721		$8,498

		April		$7,536		$7,810		$7,538

		May		$6,173		$5,806		$5,991

		June		$4,321		$3,914		$3,651

		July		$2,693		$2,951		$2,290

		August		$3,093		$3,255		$3,143

		Total		$81,463		$84,373		$74,982





		D)		Demand Cost ($)		Demand Cost ($)		Demand Cost ($)

		September		$2,332		$1,744		$1,671

		October		$3,003		$2,643		$2,920

		November		$2,884		$3,204		$3,112

		December		$3,191		$3,505		$3,328

		January		$3,529		$3,945		$3,906

		February		$3,294		$3,143		$3,360

		March		$3,362		$3,482		$3,783

		April		$3,039		$2,978		$3,575

		May		$2,661		$2,273		$2,966

		June		$2,211		$1,659		$1,838

		July		$798		$1,434		$715

		August		$1,741		$1,455		$1,389

		Total		$32,045		$31,465		$32,563



Electricity use per month

2007-2008	85227	117405	147730	163616	197306	153814	166433	132581	106896	73502	43132	50302	2008-2009	78798	116492	118456	177108	199567	154201	160363	128673	94388	61585	44284	50239	2009-2010	72472	105754	130498	146759	143584	118548	139942	117775	90869	52919	30121	44185	Demand per month

2007-2008	624	758	758	830	835	840	840	796	796	609	571	499	2008-2009	499	672	748	801	835	835	763	724	624	470	336	345	2009-2010	374	667	729	739	835	835	830	787	768	619	331	379	Electricity costs per month

2007-2008	4875	6627	8239	9083	10948	8591	9284	7536	6173	4321	2693	3093	2008-2009	4624	6804	7248	10798	12099	9343	9721	7810	5806	3914	2951	3255	2009-2010	4554	6536	7933	8911	8730	7207	8498	7538	5991	3651	2290	3143	Demand costs per month

2332	3003	2884	3191	3529	3294	3362	3039	2661	2211	798	1741	1744	2643	3204	3505	3945	3143	3482	2978	2273	1659	1434	1455	1671	2920	3112	3328	3906	3360	3783	3575	2966	1838	715	1389	

Sheet3

		Redmond high school electricity data:



		 Solar PV installed (expanded) in academic year - 2009-2010



		Academic school year:		2005-2006		2006-2007		2007-2008		2008-2009		2009-2010

						(1KW Solar PV installed)						(Expanded to 6KW Solar PV installed)

		A)		Electricity (kWh)		Electricity (kWh)		Electricity (kWh)		Electricity (kWh)		Electricity (kWh)

		September		200,683		192,429		175,809		166,706		146,541

		October		227,883		230,036		208,421		196,517		166,706

		November		234,600		228,378		214,514		194,793		196,517

		December		229,065		213,305		215,325		216,338		194,793

		January		226,810		222,647		224,411		228,902		216,338

		February		229,052		216,311		211,887		199,295		228,902

		March		242,873		217,389		208,243		210,598		199,295

		April		220,996		203,258		200,178		188,420		210,598

		May		225,191		204,521		190,229		185,594		188,420

		June		176,479		166,354		153,563		155,230		185,594

		July		141,806		131,291		132,531		122,115		155,230

		August		161,415		145,229		141,580		126,648		122,115

		Total		2,516,853		2,371,148		2,276,691		2,191,156		2,211,049





		B)		Demand (KW)		Demand (KW)		Demand (KW)		Demand (KW)		Demand (KW)

		September		430		427		413		440		445

		October		557		537		480		510		557

		November		616		571		574		601		637

		December		616		593		574		601		637

		January		610		596		613		608		563

		February		610		596		613		610		592

		March		581		583		598		610		592

		April		581		547		573		588		560

		May		441		428		568		501		526

		June		441		406		435		445		447

		July		369		548		355		358		302

		August		369		548		418		398		377

		Total		6221		6380		6214		6270		6235



		C)		Electricity Cost ($)		Electricity Cost ($)		Electricity Cost ($)		Electricity Cost ($)		Electricity Cost ($)

		September		$11,580		$12,697		$11,897		$11,611		$10,523

		October		$13,598		$15,418		$14,444		$13,909		$12,772

		November		$14,345		$15,331		$14,797		$14,026		$13,815

		December		$14,112		$14,206		$14,782		$15,569		$13,888

		January		$13,997		$14,652		$15,389		$16,394		$12,945

		February		$14,061		$14,073		$14,450		$14,292		$12,352

		March		$14,915		$14,172		$14,281		$15,123		$13,213

		April		$13,605		$13,222		$13,800		$13,423		$11,992

		May		$13,710		$13,146		$13,093		$13,054		$12,448

		June		$10,940		$10,737		$10,635		$10,989		$9,766

		July		$9,278		$8,708		$9,300		$8,784		$7,742

		August		$10,680		$9,703		$9,887		$9,091		$8,811

		Total		$154,821		$156,065		$156,755		$156,265		$140,267







		D)		Demand Cost ($)		Demand Cost ($)		Demand Cost ($)		Demand Cost ($)		Demand Cost ($)

		September		$3,620		$3,171		$3,526		$3,616		$3,832

		October		$5,287		$5,455		$5,084		$5,348		$5,840

		November		$6,525		$6,397		$5,874		$6,572		$7,229

		December		$6,681		$6,464		$6,532		$7,647		$7,762

		January		$6,717		$6,754		$7,021		$7,596		$6,817

		February		$6,251		$6,285		$6,301		$6,912		$6,227

		March		$6,124		$6,084		$6,227		$7,628		$7,118

		April		$4,614		$4,572		$5,050		$5,189		$5,200

		May		$3,528		$3,339		$3,800		$4,009		$4,027

		June		$3,030		$2,896		$2,906		$3,447		$3,104

		July		$2,886		$3,432		$2,745		$2,788		$2,596

		August		$2,775		$3,681		$2,854		$2,829		$2,939

		Total		$58,038		$58,530		$57,920		$63,581		$62,691



Electricity use per month

2005-2006	200683	227883	234600	229065	226810	229052	242873	220996	225191	176479	141806	161415	2006-2007	192429	230036	228378	213305	222647	216311	217389	203258	204521	166354	131291	145229	2007-2008	175809	208421	214514	215325	224411	211887	208243	200178	190229	153563	132531	141580	2008-2009	166706	196517	194793	216338	228902	199295	210598	188420	185594	155230	122115	126648	2009-2010	146541	166706	196517	194793	216338	228902	199295	210598	188420	185594	155230	122115	Demand per month

2005-2006	430	557	616	616	610	610	581	581	441	441	369	369	2006-2007	427	537	571	593	596	596	583	547	428	406	548	548	2007-2008	413	480	574	574	613	613	598	573	568	435	355	418	2008-2009	440	510	601	601	608	610	610	588	501	445	358	398	2009-2010	445	557	637	637	563	592	592	560	526	447	302	377	Electricity costs per month

2005-2006	11580	13598	14345	14112	13997	14061	14915	13605	13710	10940	9278	10680	2006-2007	12697	15418	15331	14206	14652	14073	14172	13222	13146	10737	8708	9703	2007-2008	11897	14444	14797	14782	15389	14450	14281	13800	13093	10635	9300	9887	2008-2009	11611	13909	14026	15569	16394	14292	15123	13423	13054	10989	8784	9091	2009-2010	10523	12772	13815	13888	12945	12352	13213	11992	12448	9766	7742	8811	Demand costs per month

2005-2006	3620	5287	6525	6681	6717	6251	6124	4614	3528	3030	2886	2775	2006-2007	3171	5455	6397	6464	6754	6285	6084	4572	3339	2896	3432	3681	2007-2008	3526	5084	5874	6532	7021	6301	6227	5050	3800	2906	2745	2854	2008-2009	3616	5348	6572	7647	7596	6912	7628	5189	4009	3447	2788	2829	2009-2010	3832	5840	7229	7762	6817	6227	7118	5200	4027	3104	2596	2939	

Sheet4

		Hayes Freedom high school electricity data:



		 Solar PV installed in academic year - 2010-2011

		Date		Total consumption = (Customer use from utility + PV production) (kWh)		WA code Baseline modelled electrical usage (kWh)

		10/27/10		10110		14767

		11/24/10		10210		11795

		12/28/10		11220		5719

		1/27/11		9950		4805

		2/24/11		9830		8758

		3/29/11		11270		13997

		4/27/11		8550		13161

		5/26/11		9780		12907

		6/28/11		9700		14794

		7/27/11		2550		15647

		8/29/11		5450		12828

		9/28/11		9740		14679

		 Total annual electricity saved = 44280 kWh

		 Total baseline modelled electricity usage = 143857 kWh

		 Total annual electricity saved (with respect to baseline code) = 35497 kWh

		 Net metering savings for months of July and August 2011



Electricity use per month

Total consumption	10110	10210	11220	9950	9830	11270	8550	9780	9700	2550	5450	9740	Baseline usage	14767	11795	5719	4805	8758	13997	13161	12907	14794	15647	12828	14679	


Energy Cost Report

		Date		Electricity Cost		Demand Cost		kVAR Cost		Power Factor Cost		Total Elec Cost		Natural Gas Cost		Total Energy Cost		% Chg		Annual Cost Trend		% Chg

		09/07		$10,451		$3,144		$118		$0		$13,713		$0		$13,713		-15.40%		$19,450		3.20%

		10/07		$12,318		$4,696		$130		$0		$17,144		$0		$17,144		-25.00%		$18,975		-0.90%

		11/07		$14,711		$4,246		$173		$0		$19,130		$0		$19,130		-23.60%		$18,483		-4.50%

		12/07		$13,294		$4,031		$169		$0		$17,493		$0		$17,493		-23.90%		$18,027		-6.50%

		01/08		$12,837		$4,401		$154		$0		$17,392		$0		$17,392		-42.30%		$16,963		-14.50%

		02/08		$10,708		$4,214		$117		$0		$15,039		$22,713		$37,751		59.70%		$18,140		-8.80%

		03/08		$10,693		$4,913		$118		$0		$15,723		$17,835		$33,558		42.10%		$18,969		-4.50%

		04/08		$10,383		$2,966		$115		$0		$13,464		$5,265		$18,729		-5.40%		$18,881		-5.00%

		05/08		$10,105		$3,060		$118		$0		$13,283		$3,911		$17,194		-1.20%		$18,863		-5.10%

		06/08		$8,509		$2,958		$113		$0		$11,580		$3,066		$14,646		13.40%		$19,007		-4.00%

		07/08		$4,594		$1,055		$81		$0		$5,730		$1,016		$6,746		-39.30%		$18,644		-5.90%

		08/08		$6,371		$2,485		$92		$0		$8,948		$955		$9,903		-3.20%		$18,617		-5.30%

		Annual Total		$124,974		$42,169		$1,497		$0		$168,639		$54,760		$223,399		-5.30%

		09/08		$9,416		$3,021		$106		$0		$12,543		$1,349		$13,893		1.30%		$18,632		-4.20%

		10/08		$11,238		$4,249		$118		$0		$15,606		$5,051		$20,658		20.50%		$18,924		-0.30%

		11/08		$11,377		$4,744		$122		$0		$16,243		$6,231		$22,474		17.50%		$19,203		3.90%

		12/08		$10,787		$4,981		$132		$0		$15,900		$11,139		$27,039		54.60%		$19,999		10.90%

		01/09		$12,547		$5,333		$134		$0		$18,014		$10,650		$28,665		64.80%		$20,938		23.40%

		02/09		$10,904		$4,437		$114		$0		$15,455		$7,948		$23,403		-38.00%		$19,742		8.80%

		03/09		$10,966		$4,928		$120		$0		$16,014		$7,790		$23,804		-29.10%		$18,929		-0.20%

		04/09		$11,297		$3,559		$124		$0		$14,980		$6,114		$21,094		12.60%		$19,126		1.30%

		05/09		$11,327		$3,383		$130		$0		$14,840		$4,289		$19,130		11.30%		$19,288		2.30%

		06/09		$7,897		$2,737		$108		$0		$10,742		$1,483		$12,225		-16.50%		$19,086		0.40%

		07/09		$4,984		$1,227		$83		$0		$6,294		$843		$7,137		5.80%		$19,119		2.50%

		08/09		$6,669		$2,620		$92		$0		$9,382		$897		$10,279		3.80%		$19,150		2.90%

		Annual Total		$119,408		$45,220		$1,386		$0		$166,015		$63,784		$229,799		2.90%

		09/09		$9,281		$3,164		$107		$0		$12,553		$1,989		$14,542		4.70%		$19,204		3.10%

		10/09		$11,599		$4,880		$123		$0		$16,601		$3,986		$20,587		-0.30%		$19,198		1.40%

		11/09		$10,121		$4,774		$112		$0		$15,007		$5,097		$20,105		-10.50%		$19,001		-1.10%

		12/09		$8,956		$4,368		$111		$0		$13,435		$6,704		$20,139		-25.50%		$18,426		-7.90%

		01/10		$9,872		$5,240		$119		$0		$15,230		$5,876		$21,107		-26.40%		$17,796		-15.00%

		02/10		$8,938		$4,193		$110		$0		$13,241		$5,203		$18,444		-21.20%		$17,383		-12.00%

		03/10		$9,489		$4,708		$118		$0		$14,315		$5,433		$19,748		-17.00%		$17,045		-10.00%

		04/10		$10,309		$3,466		$120		$0		$13,894		$4,564		$18,458		-12.50%		$16,825		-12.00%

		05/10		$9,765		$3,235		$119		$0		$13,119		$3,357		$16,476		-13.90%		$16,604		-13.90%

		06/10		$6,440		$2,777		$95		$0		$9,312		$2,017		$11,328		-7.30%		$16,529		-13.40%

		07/10		$4,277		$1,409		$79		$0		$5,766		$977		$6,743		-5.50%		$16,496		-13.70%

		08/10		$7,076		$2,457		$108		$0		$9,642		$823		$10,465		1.80%		$16,512		-13.80%

		Annual Total		$106,123		$44,671		$1,323		$0		$152,117		$46,026		$198,143		-13.80%
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Charusheela . G(Practice)
Question 1.

Please mention the name of your school to participate in the survey:
Question 2.
Which of the following states the main purpose of installation of Photovoltaic system for your school?

Logic destinations

(Z)Demonstration project Question 23: In which year did your scho...
(Z)Conservation of energy Question 3: In which year did your scho...
No response Don't skip (default)
Question 3.

In which year did your school receive solar photovoltaic system installation?
Question 4.
How many Kilowatt (KW) PV system is installed at your school?
Question 5.
Identify the type of Solar panel installed in the PV system at the school?
(Z}Mono crystalline Silicon cells
(Z)Poly crystalline Silicon cells

Z3Thin film Silicon cells
# () Other:

Question 6.

State the Solar panel cost per Watt for the school project?





Question 7.

Select the appropriate range/s for installation costs per watt of the solar PV project?

1S4 -5
1S5 - 356
[1$6 - 57
[1$7-58
[1$8-59
[1$9 -S10
[J1s10-S11
O>s11

Question 8.

State the Operation and Maintenance costs for the PV project?

Ozero
ONeingibIe
':JSignificant

Question 9.
Select the appropriate range/s for Inverter costs of the equipment?

< $6000

[1$6000 - $8000
[1$8000 - $10,000
[1$10,000 - $12,000
[1$12,000 - $14000
[1$14,000 - $16,000
> $16,000

Question 10.
State other costs (like electric meter, grid costs) associated with PV project?
Question 11.

How many inverters are required for your school Photovoltaic project?





Question 12.
How many years has the PV system been installed?

o1
02
Q03
“ (D Other:

Question 13.

Select the range for annual savings in costs of electricity?

$0-$1000  $1000-$2000  $2000-$3000  $3000-%$4000  $4000 - $5000
2008 O O O O O
2009 O O O O O
2010 O O O O O
2011 O O O O O
Question 14.

State the incentives received for your Photovoltaic system project?

a) For equipment
b) For inverter

c) Federal tax benefit

d) As carbon credits
e) As renewable energy certificates

Question 15.

Did your school receive grants for solar project? If yes, please specify how much grant is received (in
percentage) of the total cost of PV system? If no, please specify how was the project funded?





Question 16.

Is the PV system:
(Z)Grid Supported
(D Off grid
O Standalone
O Building integrated

“ (D Other:

Question 17.

Who are the manufacturers of your Solar PV system?
(ZYWashington made

[Z)Non-Washington made
" (D0ther:

Question 18.

Are the inverters for the PV system made in Washington?

(DYes
2)No
. (CiOther:

Question 19.

Is the funding for solar project, made by taking loan from bank or any other resources?
If yes, how much is the loan amount? What is the rate of interest that needs to be paid?
(Please state in brief)

Question 20.
What is the payback period analyzed for your school?
Question 21.

State the factors considered for analysis of payback calculation?





Question 22.

Does your school benefit in reducing the electricity costs from the project, in spite of Washington State’s
rainy and cloudy weather?

Z)Yes
_INo

Logic destination
Question 31: Installation of Solar Photo...

Question 23.
In which year did your school receive solar photovoltaic installation?
Question 24.
How many Kilowatt (KW) PV system is installed at your school?
Question 25.
State the type of solar panels installed?

(Z)Monocrystalline Silicon cells

(2} Polycrystalline Silicon cells

(23 Thin film Silicon cells
# (21 Other:

Question 26.

How long has the PV system been installed?

Question 27.
Is the Photovoltaic system:

(O Grid supported

) Off grid

(ZJStandalone

(Z)Building integrated
" Z10ther:





Question 28.

Did your school receive the Photovoltaic project as a grant from a company/organization?

(DYes
2)No
. (CiOther:

Question 29.

State the name of the company/organization, who granted your school with the photovoltaic system?
Question 30.

With necessary funding available in future, will the public school undergo a major solar PV installation?

a) Yes, please specify the reason
b) No, Please specify the reason

Question 31.

Installation of Solar Photovoltaic system truly benefits the Children, School and School community (that
includes parents of children) as a whole.

(DTrue
(CIFalse

Question 32.

Select all that apply behind the installation of Photovoltaic system as a demonstration/major project in
your school?

[To educate students and introduce changes in student curriculum
[ To educate the school community as a whole
[To use renewable source of energy to reduce energy bills
[To reduce carbon footprint and greenhouse gas emissions
[CINot applicable
# [JOther:





Question 33.

State different programs/activities introduced for children and teachers in K-12, to enhance Solar
education?

Preliminary Participation
Energy  Professional in Solar
models/ development Teacher science
Preliminary solar Major science Building courses training contests/
science projects/ science (beginners  modules/  competi-
projects/experiments  experiments projects course) workshops tions
Elementary
School ([ O ([ O O ([
Middle
School O O O (N O O
High
School
Teachers (] [ L O O O
Question 34.

State three major changes incorporated in the school curriculum with the introduction of solar PV
project?

Question 35.

Do you feel, the solar PV project can reduce electricity bills?

Z)Yes
2)No
" (D0ther:

Question 36.

Academically did the WASL and other major test scores improve with introduction and initiative of solar
project/related activities in your school?

Z)Yes
_INo
" (D0ther:





Question 37.

Out of the following, state the major difference observed in children's attitude from K-12 at school?

(2 To conserve energy
(2 Enthusiastic to learn more about clean energy with no green house gas emissions
[Z)Observed more involved in analytical and critical thinking of functioning of solar PV projects
D AIl of the above

“ (D Other:

Question 38.
State two (2) new ideas/options developed by students to conserve energy using solar pV project?
Question 39.

State three (3) new innovative ideas developed by school staff to conserve energy using solar PV
project?





		Logic destination Question 31: Installation of Solar Photo...
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Results for: I1D# 7339834

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic
installation?

Question:
How many Kilowatt (KW) PV system is installed at your school?

Question:
State the type of solar panels installed?

Question:
How long has the PV system been installed ?

Question:
Is the Photovoltaic system :

Question:
Did your school recieve the Photovoltaic project as a grant ?

Question:
State the name of the company/organization, who granted your
school with the photovoltaic system ?

Question:

With necessary funding available in future, will the public school
undergo a major solar PV installation ? a) Yes, please specify the
reason b) No, Please specify the reason

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic
system as a demonstration project in your school ?

https://catalyst.uw.edu/webg/results/charug2/136752[5/15/2012 10:02:03 AM]

Response

Evergreen School District

Demonstration project

2010

2.2

Monocrystalline Silicon cells

1.5

Grid supported

Yes

Bonneville Environmental Foundation

b. No. At this time pv does not appear to have a cost benefit to
offset the cost of purchase and installation. The energy projects
we take on we typically like them to pay back in less than two
years. Even with incentives, pv doesn't come close.

False

To educate students and introduce changes in student curriculum
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Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:

Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
Select the main purpose behind the installation of Photovoltaic
system as a major project in your school ?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: ID# 7340097

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic system
installation?

https://catalyst.uw.edu/webg/results/charug2/136752[5/15/2012 10:02:03 AM]

Preliminary solar science projects/experiments

Preliminary solar science projects/experiments, Major science
projects/experiments, Teacher training modules/workshops,
Participation in Solar science contests/competitions

There were no major changes in the curriculum at the site
(Heritage High School). The school already had a unit with a focus
on alternative forms of energy. However, they were able to
incorporate data produced by the pv system into their discussions.

Other: Not significantly with 2.2 KW

Other: Unknown. No way to validate cause and effect

All of the above

The installation of pv doesn't necessarily conserve energy. It just

shifts the source.

To educate students and introduce changes in student curriculum

See answer to number 19.

Response

Wa School for the Blind

Conservation of energy

2004
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Question:
How many Kilowatt (KW) Photovoltaic system is installed at your
school?

Question:
Identify the type of Solar panel installed in the PV system at the
school?

Question:
State the Photovoltaic equipment costs for the school project?

Question:
State the installation costs for the project?

Question:
State the Operation and Maintanence costs for the PV project?

Question:
State the Inverter costs for the equipment?

Question:
State other costs (like electric meter, grid costs) associated with
PV project ?

Question:
How many inverters are required for your school Photovoltaic
project?

Question:
How many years has the PV system been installed?

Question:
Mention the avoided revenue for recent three years? a) 2008 b)
2009 c) 2010

Question:

State the incentives recieved for your Photovoltaic system project?
a) For equipment b) For inverter ¢) Federal tax benefit d) As
carbon credits

Question:

Did your school recieve grants for solar project? If yes, please
specify how much grant is recieved of the total cost of PV system?
If no, please specify how was the project funded?

Question:
Is the PV system:

Question:
Who are the manufacturers of your Solar PV system?

Question:
Are the inverters for the PV system made in Washington?

Question:

Is the funding for solar project, made by taking loan from bank or
any other resources? If yes, how much is the loan amount? What

is the rate of interest that needs to be paid? (Please state in brief)

https://catalyst.uw.edu/webg/results/charug2/136752[5/15/2012 10:02:03 AM]

13.5

Poly crystalline Silicon cells

110000

included above

Other: 7

WA State Renewable Energy: 2008 - $1998
2009 - $2000 2010 - $2046

We have two seperate arrays on campus. | am furnishing
information on the first one. We received a grant of $109,568 for
the 10.2 kWh system and paid $10,646 from our operating
budget. The inital array (13.5 kWh) was integrated into a capital
constuction projct.

Grid Supported

Non-Washington made

No
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Question:
What is the payback period analyzed for your school?

Question:
State the factors considered for analysis of payback calculation?

Question:
Does your school benefit in reducing the electricity costs from the
project, in spite of Washington state's rainy and cloudy weather?

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic
system as a demonstration project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:

Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
Select the main purpose behind the installation of Photovoltaic

system as a major project in your school ?

Question:
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14

from architects information based on KWh production and a 3%
inflation rate.

Yes

True

To use renewable source of energy to reduce energy bills

Preliminary solar science projects/experiments

Preliminary solar science projects/experiments

Preliminary solar science projects/experiments

Preliminary solar science projects/experiments

A kiosk was included in the second array project which allows the
students to get readings from the array as well as weather and
additional ways to produce energy.

Yes

No

Other: with a blind student population, there is limited interest in
energy. We incurred additioanl time and expense to make the
kiosk accessible for the blind

To use renewable source of energy to reduce energy bills
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State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: 1D# 7340542

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic
installation?

Question:
How many Kilowatt (KW) PV system is installed at your school?

Question:
State the type of solar panels installed?

Question:
How long has the PV system been installed ?

Question:
Is the Photovoltaic system :

Question:
Did your school recieve the Photovoltaic project as a grant ?

Question:
State the name of the company/organization, who granted your
school with the photovoltaic system ?

Question:

With necessary funding available in future, will the public school
undergo a major solar PV installation ? a) Yes, please specify the
reason b) No, Please specify the reason

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic
system as a demonstration project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:

Middle School
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Response

Marshall Middle School

Demonstration project

2008

Other: Unknown

2.5

Grid supported

Yes

Puget Sound Energy

Yes, it's an excellent learning opportunity. Our High School science
teachers are interested in sharing technology information with
students.

True

To educate students and introduce changes in student curriculum

Preliminary Energy models/ Building science projects

Major science projects/experiments, Preliminary Energy models/
Building science projects
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Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
Select the main purpose behind the installation of Photovoltaic
system as a major project in your school ?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: 1D# 7340596

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic
installation?

Question:
How many Kilowatt (KW) PV system is installed at your school?

Question:
State the type of solar panels installed?

Question:
How long has the PV system been installed ?

Question:

https://catalyst.uw.edu/webg/results/charug2/136752[5/15/2012 10:02:03 AM]

Major science projects/experiments, Preliminary Energy models/
Building science projects

Preliminary Energy models/ Building science projects

Observation of results of the solar panels, data display in library,
include solar details in science classes, use data for math analysis
in classes

Other: Very slightly - only because funded

Other: Cannot be separated from other influences

All of the above

Wanted to add solar water heating
Solar generates energy doesn't conserve energy, but students
have many ideas on conservation of electricity and gas

To use renewable source of energy to reduce energy bills

Solar generates energy doesn't conserve energy, but students
have many ideas on conservation of electricity and gas

Response

Washington Middle School

Demonstration project

2007

1.1

Other:



javascript:void(0);



Catalyst WebQ

Is the Photovoltaic system : Grid supported
Question:

Did your school recieve the Photovoltaic project as a grant ? Yes

Question:

State the name of the company/organization, who granted your Puget Sound Energy

school with the photovoltaic system ?

Question:

With necessary funding available in future, will the public school Yes because we have the space and interest
undergo a major solar PV installation ? a) Yes, please specify the

reason b) No, Please specify the reason

Question:

Installation of Solar Photovoltaic system truly benefits the True
Children, School and School community (that includes parents of

children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic To educate students and introduce changes in student curriculum
system as a demonstration project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:

Middle School Major science projects/experiments, Preliminary Energy models/
Building science projects, Teacher training modules/workshops

Row 3:

High School

Row 4:

Teachers

Question:

State three major changes incorporated in the school curriculum PSE provided kits we use for science classes

with the introduction of solar PV project? Students see data in library

Question:

Do you feel, the solar PV project can reduce electricity bills? Yes

Question:

Academically did the WASL and other major test scores improve Other: Unknown

with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in All of the above
children's attitude from K-12 at school ?

Question:

State two (2) new ideas/options developed by students to Wanted to do solar cooking

conserve energy using solar pV project? Wanted to add more panels to generate more power
Question:

Select the main purpose behind the installation of Photovoltaic Not applicable
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system as a major project in your school ?

Question:
State three (3) new innovative ideas developed by school staff to N/A
conserve energy using solar PV project?

Results for: 1D# 7340647

Question Response

Question:

Please mention the name of your school to participate in the Washington Middle School
survey :

Question:

Which of the following states the main purpose of installation of Demonstration project

Photovoltaic system for your school?

Question:

In which year did your school recieve solar photovoltaic 2006

installation?

Question:

How many Kilowatt (KW) PV system is installed at your school? 1.1

Question:

State the type of solar panels installed? Other: | don't know.
Question:

How long has the PV system been installed ? 5

Question:

Is the Photovoltaic system : Grid supported
Question:

Did your school recieve the Photovoltaic project as a grant ? Yes

Question:

State the name of the company/organization, who granted your Bonneville Environmental Found.

school with the photovoltaic system ?

Question:
With necessary funding available in future, will the public school Yes. We believe solar power is the key to reducing energy costs /
undergo a major solar PV installation ? a) Yes, please specify the use in the future.

reason b) No, Please specify the reason

Question:

Installation of Solar Photovoltaic system truly benefits the True
Children, School and School community (that includes parents of

children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic To educate students and introduce changes in student curriculum
system as a demonstration project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School Preliminary solar science projects/experiments

Row 2:
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Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
Select the main purpose behind the installation of Photovoltaic
system as a major project in your school ?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: ID# 7397399

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic

installation?

Question:
How many Kilowatt (KW) PV system is installed at your school?

Question:
State the type of solar panels installed?

Question:
How long has the PV system been installed ?

Question:
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Preliminary Energy models/ Building science projects

Participation in Solar science contests/competitions

Preliminary Energy models/ Building science projects, Participation

in Solar science contests/competitions

I'm not a teacher so | cannot answer this question.

Yes

Other: | don't know.

Other: | don't know.

No response

Not applicable

No response

Response

Millennium Elem

Demonstration project

2000

2.4

Other: not sure

12
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Is the Photovoltaic system :

Question:
Did your school recieve the Photovoltaic project as a grant ?

Question:
State the name of the company/organization, who granted your
school with the photovoltaic system ?

Question:

With necessary funding available in future, will the public school
undergo a major solar PV installation ? a) Yes, please specify the
reason b) No, Please specify the reason

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic
system as a demonstration project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:

Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
Select the main purpose behind the installation of Photovoltaic
system as a major project in your school ?
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Building integrated

No

n/a

no, poor ROI

True

To educate the school community as a whole

Preliminary solar science projects/experiments

No response

No response

No response

none

No

No

Other: not part of current cirriculum

none

To educate the school community as a whole
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Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: I1D# 7405227

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic system
installation?

Question:
How many Kilowatt (KW) Photovoltaic system is installed at your
school?

Question:
Identify the type of Solar panel installed in the PV system at the
school?

Question:
State the Photovoltaic equipment costs for the school project?

Question:
State the installation costs for the project?

Question:
State the Operation and Maintanence costs for the PV project?

Question:
State the Inverter costs for the equipment?

Question:
State other costs (like electric meter, grid costs) associated with
PV project ?

Question:
How many inverters are required for your school Photovoltaic
project?

Question:
How many years has the PV system been installed?

Question:
Mention the avoided revenue for recent three years? a) 2008 b)
2009 c) 2010

Question:

State the incentives recieved for your Photovoltaic system project?
a) For equipment b) For inverter c) Federal tax benefit d) As
carbon credits

https://catalyst.uw.edu/webg/results/charug2/136752[5/15/2012 10:02:03 AM]

none

Response

Eastlake HS

Conservation of energy

2009

12

Other: semi-crystalline silicon cells

120000

No response

3000

No response

a) o
b) 721.59
c) 3472.25

a)o
b) O
c) unknown

d) $0.15/kWh from PSE REAP, not really as carbon credit
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Question:

Did your school recieve grants for solar project? If yes, please
specify how much grant is recieved of the total cost of PV system?
If no, please specify how was the project funded?

Question:
Is the PV system:

Question:
Who are the manufacturers of your Solar PV system?

Question:
Are the inverters for the PV system made in Washington?

Question:

Is the funding for solar project, made by taking loan from bank or
any other resources? If yes, how much is the loan amount? What

is the rate of interest that needs to be paid? (Please state in brief)

Question:
What is the payback period analyzed for your school?

Question:
State the factors considered for analysis of payback calculation?

Question:
Does your school benefit in reducing the electricity costs from the
project, in spite of Washington state's rainy and cloudy weather?

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic
system as a demonstration project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:
Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?
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No, 2006 school capital levy money

Building integrated

Non-Washington made

No

34

Revenue, avoided kWh and kW cost.

Yes

True

Not applicable

Preliminary solar science projects/experiments

Preliminary solar science projects/experiments

Major science projects/experiments

Teacher training modules/workshops, Participation in Solar science
contests/competitions

Other: Yes, but conservation is fundamental and always comes
first
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Question:

Academically did the WASL and other major test scores improve Other: not sure
with introduction and initiative of solar project/related activities in

your school?

Question:
Out of the following, state the major difference observed in All of the above
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to No response
conserve energy using solar pV project?

Question:
Select the main purpose behind the installation of Photovoltaic To use renewable source of energy to reduce energy bills
system as a major project in your school ?

Question:
State three (3) new innovative ideas developed by school staff to No response
conserve energy using solar PV project?

Results for: ID# 7407060

Question Response

Question:

Please mention the name of your school to participate in the Evergreen JHS

survey :

Question:

Which of the following states the main purpose of installation of Conservation of energy

Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic system 2009
installation?

Question:
How many Kilowatt (KW) Photovoltaic system is installed at your 12
school?

Question:
Identify the type of Solar panel installed in the PV system at the Other: thin single crystalline silicon

school?

Question:
State the Photovoltaic equipment costs for the school project? 120000

Question:
State the installation costs for the project? No response

Question:
State the Operation and Maintanence costs for the PV project? 0

Question:
State the Inverter costs for the equipment? 3000

Question:
State other costs (like electric meter, grid costs) associated with No response
PV project ?

Question:
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How many inverters are required for your school Photovoltaic
project?

Question:
How many years has the PV system been installed?

Question:
Mention the avoided revenue for recent three years? a) 2008 b)
2009 c) 2010

Question:

State the incentives recieved for your Photovoltaic system project?
a) For equipment b) For inverter c) Federal tax benefit d) As
carbon credits

Question:

Did your school recieve grants for solar project? If yes, please
specify how much grant is recieved of the total cost of PV system?
If no, please specify how was the project funded?

Question:
Is the PV system:

Question:
Who are the manufacturers of your Solar PV system?

Question:
Are the inverters for the PV system made in Washington?

Question:

Is the funding for solar project, made by taking loan from bank or
any other resources? If yes, how much is the loan amount? What

is the rate of interest that needs to be paid? (Please state in brief)

Question:
What is the payback period analyzed for your school?

Question:
State the factors considered for analysis of payback calculation?

Question:
Does your school benefit in reducing the electricity costs from the
project, in spite of Washington state's rainy and cloudy weather?

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic
system as a demonstration project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School
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a)o
b)1247
€)10713

a) o

b) O

c) unknown

d) $0.15/kWh from PSE REAP, not really as carbon credit

No, from school 2006 capital levy money.

Building integrated

Non-Washington made

No

34

Revenue, avoided kWh and kW cost

Yes

True

Not applicable

Preliminary solar science projects/experiments
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Row 2:

Middle School Preliminary solar science projects/experiments
Row 3:

High School Preliminary solar science projects/experiments
Row 4:

Teachers Preliminary solar science projects/experiments
Question:

State three major changes incorporated in the school curriculum No response

with the introduction of solar PV project?

Question:

Do you feel, the solar PV project can reduce electricity bills? Yes

Question:

Academically did the WASL and other major test scores improve Other: unknown

with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in All of the above
children’s attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to No response
conserve energy using solar pV project?

Question:
Select the main purpose behind the installation of Photovoltaic To use renewable source of energy to reduce energy bills
system as a major project in your school ?

Question:

State three (3) new innovative ideas developed by school staff to No response
conserve energy using solar PV project?

Results for: ID# 7407119

Question Response

Question:

Please mention the name of your school to participate in the Redmond HS

survey :

Question:

Which of the following states the main purpose of installation of Conservation of energy

Photovoltaic system for your school?

Question:

In which year did your school recieve solar photovoltaic system 2006
installation?

Question:

How many Kilowatt (KW) Photovoltaic system is installed at your 6
school?

Question:

Identify the type of Solar panel installed in the PV system at the Mono crystalline Silicon cells
school?

Question:

State the Photovoltaic equipment costs for the school project? 60000
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Question:

State the installation costs for the project? No response
Question:

State the Operation and Maintanence costs for the PV project? 0

Question:

State the Inverter costs for the equipment? 3000
Question:

State other costs (like electric meter, grid costs) associated with No response

PV project ?

Question:
How many inverters are required for your school Photovoltaic 2
project?
Question:
How many years has the PV system been installed? Other: 5
Question:
Mention the avoided revenue for recent three years? a) 2008 b) a)
2009 c) 2010 b)1314
c)5032
Question:
State the incentives recieved for your Photovoltaic system project? &) O
a) For equipment b) For inverter c) Federal tax benefit d) As b) O
carbon credits ¢) unknown
d) $0.15/kWh from PSE REAP not as carbon credits
Question:
Did your school recieve grants for solar project? If yes, please No, 2006 & 2010 capital levy money

specify how much grant is recieved of the total cost of PV system?
If no, please specify how was the project funded?

Question:
Is the PV system: Building integrated

Question:
Who are the manufacturers of your Solar PV system? Non-Washington made

Question:
Are the inverters for the PV system made in Washington? No

Question:

Is the funding for solar project, made by taking loan from bank or ~ No
any other resources? If yes, how much is the loan amount? What

is the rate of interest that needs to be paid? (Please state in brief)

Question:

What is the payback period analyzed for your school? 36

Question:

State the factors considered for analysis of payback calculation? No response
Question:

Does your school benefit in reducing the electricity costs from the Yes
project, in spite of Washington state's rainy and cloudy weather?

Question:
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Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic
system as a demonstration project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:

Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
Select the main purpose behind the installation of Photovoltaic
system as a major project in your school ?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: 1D# 7445830

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?
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True

Not applicable

Preliminary solar science projects/experiments

Preliminary solar science projects/experiments

Preliminary solar science projects/experiments

Preliminary solar science projects/experiments

Yes

Other: unknown

All of the above

To use renewable source of energy to reduce energy bills

Response

Bertschi School

Conservation of energy
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Question:
In which year did your school recieve solar photovoltaic system 2007
installation?

Question:
How many Kilowatt (KW) Photovoltaic system is installed at your 4.0
school?

Question:
Identify the type of Solar panel installed in the PV system at the Poly crystalline Silicon cells
school?

Question:
State the Photovoltaic equipment costs for the school project? 25000

Question:
State the installation costs for the project? 7500

Question:
State the Operation and Maintanence costs for the PV project? <500 per year

Question:
State the Inverter costs for the equipment? 1500

Question:
State other costs (like electric meter, grid costs) associated with 300
PV project ?

Question:
How many inverters are required for your school Photovoltaic 1
project?

Question:
How many years has the PV system been installed? Other: 4

Question:
Mention the avoided revenue for recent three years? a) 2008 b) 3800
2009 c) 2010

Question:

State the incentives recieved for your Photovoltaic system project? ab
a) For equipment b) For inverter c) Federal tax benefit d) As

carbon credits

Question:

Did your school recieve grants for solar project? If yes, please gra_n_t_covere_d equipment but not installation which was funded by
specify how much grant is recieved of the total cost of PV system?  facilities maintenance budget

If no, please specify how was the project funded?

Question:
Is the PV system: Grid Supported

Question:
Who are the manufacturers of your Solar PV system? Non-Washington made

Question:
Are the inverters for the PV system made in Washington? No

Question:
Is the funding for solar project, made by taking loan from bank or no
any other resources? If yes, how much is the loan amount? What
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is the rate of interest that needs to be paid? (Please state in brief)

Question:
What is the payback period analyzed for your school?

Question:
State the factors considered for analysis of payback calculation?

Question:
Does your school benefit in reducing the electricity costs from the
project, in spite of Washington state's rainy and cloudy weather?

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic
system as a demonstration project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:
Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
Select the main purpose behind the installation of Photovoltaic

https://catalyst.uw.edu/webg/results/charug2/136752[5/15/2012 10:02:03 AM]

installation cost only
average solar output for Seattle

Yes

True

To educate the school community as a whole

Preliminary solar science projects/experiments

watershed studies in 4th grade
enhanced recycling and composting program
increased energy production and use curriculum in 5th grade

Yes

Other: not sure

All of the above

more awareness of energy used by heating systems so closing
doors and windows more during winter.
telling their parents to be more energy conscious at home

To educate the school community as a whole
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system as a major project in your school ?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: I1D# 7473835

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic system
installation?

Question:
How many Kilowatt (KW) Photovoltaic system is installed at your
school?

Question:
Identify the type of Solar panel installed in the PV system at the
school?

Question:
State the Photovoltaic equipment costs for the school project?

Question:
State the installation costs for the project?

Question:
State the Operation and Maintanence costs for the PV project?

Question:
State the Inverter costs for the equipment?

Question:
State other costs (like electric meter, grid costs) associated with
PV project ?

Question:
How many inverters are required for your school Photovoltaic
project?

Question:
How many years has the PV system been installed?

Question:
Mention the avoided revenue for recent three years? a) 2008 b)
2009 c) 2010

Question:
State the incentives recieved for your Photovoltaic system project?
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more awareness of energy used by heating systems so closing
doors and windows more during winter.

change energy settings on computers for better conservation
use natural light and ventilation more

Response

WSSB

Conservation of energy

2003

24

Poly crystalline Silicon cells

No response

214000

No response

the information | have does not break down costs. | have included
the total costs for both systems. However, because we received a
grant for the second array, the school did not pay $104,000 of
the cost above

Other: 9

No response

state solar credit
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a) For equipment b) For inverter c) Federal tax benefit d) As
carbon credits

Question:

Did your school recieve grants for solar project? If yes, please
specify how much grant is recieved of the total cost of PV system?
If no, please specify how was the project funded?

Question:
Is the PV system:

Question:
Who are the manufacturers of your Solar PV system?

Question:
Are the inverters for the PV system made in Washington?

Question:

Is the funding for solar project, made by taking loan from bank or
any other resources? If yes, how much is the loan amount? What

is the rate of interest that needs to be paid? (Please state in brief)

Question:
What is the payback period analyzed for your school?

Question:
State the factors considered for analysis of payback calculation?

Question:
Does your school benefit in reducing the electricity costs from the
project, in spite of Washington state's rainy and cloudy weather?

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic
system as a demonstration project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:
Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?
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yes. $104,000

Grid Supported

Non-Washington made

State capital projects

14

solar incentives and savings on electric bills as estimated by the
architect

Yes

True

To use renewable source of energy to reduce energy bills

kiosk is avalible in school lobby for staff and students to access
and check weather and solar output. this information is also
avalible on our web site
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Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
Select the main purpose behind the installation of Photovoltaic
system as a major project in your school ?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: I1D# 7473836

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic
installation?

Question:
How many Kilowatt (KW) PV system is installed at your school?

Question:
State the type of solar panels installed?

Question:
How long has the PV system been installed ?

Question:
Is the Photovoltaic system :

Question:
Did your school recieve the Photovoltaic project as a grant ?

Question:
State the name of the company/organization, who granted your
school with the photovoltaic system ?

Question:
With necessary funding available in future, will the public school
undergo a major solar PV installation ? a) Yes, please specify the

https://catalyst.uw.edu/webg/results/charug2/136752[5/15/2012 10:02:03 AM]

Yes

No

Other: none

none

To educate students and introduce changes in student curriculum

none

Response

Heritage High School

Demonstration project

2009

2.2

Polycrystalline Silicon cells

Grid supported

Yes

Bonneville Environmental Foundation

It depends on what is meant by "necessary funding."” If the
funding pays for the entire projects, or, assists in such a way the
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reason b) No, Please specify the reason

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select the main purpose behind the installation of Photovoltaic
system as a demonstration project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:

Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
Select the main purpose behind the installation of Photovoltaic
system as a major project in your school ?

Question:
State three (3) new innovative ideas developed by school staff to
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project has a less than 5 year payback it would be considered.
Otherwise, with an extended payback, it would not be considered.

True

To educate students and introduce changes in student curriculum

Preliminary solar science projects/experiments, Teacher training
modules/workshops, Participation in Solar science
contests/competitions

Preliminary solar science projects/experiments, Teacher training
modules/workshops, Participation in Solar science
contests/competitions

Preliminary solar science projects/experiments, Major science
projects/experiments, Preliminary Energy models/ Building science
projects, Teacher training modules/workshops, Participation in
Solar science contests/competitions

Professional development courses ( beginners course), Teacher
training modules/workshops, Participation in Solar science
contests/competitions

| don't believe there were major changes as a result of this
project. It seems limited to one specific area of the curriculum.

Other: Not enough data to determine

All of the above

Unfortunately | can't answer this. I'm not at the school and not

involved in the daily educational process.

To educate students and introduce changes in student curriculum

Unfortunately | can't answer this. I'm not at the school and not
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conserve energy using solar PV project?

Results for: ID# 7500487

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic
installation?

Question:
How many Kilowatt (KW) PV system is installed at your school?

Question:
State the type of solar panels installed?

Question:
How long has the PV system been installed ?

Question:
Is the Photovoltaic system :

Question:
Did your school recieve the Photovoltaic project as a grant from a
company/organization ?

Question:
State the name of the company/organization, who granted your
school with the photovoltaic system ?

Question:

With necessary funding available in future, will the public school
undergo a major solar PV installation ? a) Yes, please specify the
reason b) No, Please specify the reason

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select all that apply behind the installation of Photovoltaic system
as a demonstration/major project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:
Middle School
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involved in the daily educational process.

Response

Thurgood Marshall Middle School

Demonstration project

2007

1200

Other: not sure

Grid supported

Yes

B-E-F; PSE

yes, likely, we do stuff like that well.

True

To educate students and introduce changes in student curriculum,
To educate the school community as a whole, To use renewable
source of energy to reduce energy bills, To reduce carbon
footprint and greenhouse gas emissions

Preliminary solar science projects/experiments, Preliminary Energy
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Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: ID# 7525621

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic
installation?

Question:
How many Kilowatt (KW) PV system is installed at your school?

Question:
State the type of solar panels installed?

Question:
How long has the PV system been installed ?

Question:
Is the Photovoltaic system :

Question:
Did your school recieve the Photovoltaic project as a grant from a
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models/ Building science projects

No response

No response

not many, unfortunately

Yes

To conserve energy

Energy is converted and generally not created and destroyed

Our planet is in crisis

none

Response

skyview jhs

Demonstration project

2011

3.456

Other: amorphous silicon cells

Building integrated

Yes
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company/organization ?

Question:
State the name of the company/organization, who granted your
school with the photovoltaic system ?

Question:

With necessary funding available in future, will the public school
undergo a major solar PV installation ? a) Yes, please specify the
reason b) No, Please specify the reason

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select all that apply behind the installation of Photovoltaic system
as a demonstration/major project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:
Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?
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Sno PUD - Bonneville Foundation

Yes, to extend the savings as well as to promote and extend the
concept of accepting alternative energy resources in our
community

True

To educate students and introduce changes in student curriculum,
To educate the school community as a whole, To use renewable
source of energy to reduce energy bills, To reduce carbon
footprint and greenhouse gas emissions

Preliminary Energy models/ Building science projects

Preliminary solar science projects/experiments, Major science
projects/experiments, Teacher training modules/workshops,
Participation in Solar science contests/competitions

Preliminary solar science projects/experiments, Teacher training
modules/workshops, Participation in Solar science
contests/competitions

1. Alternative Energy project 9th grade
2. Solar Energy unit 8th grade
3. Where does your Electricity come from? assignment 7th grade

Yes

Other: Too soon to tell

Enthusiastic to learn more about clean energy with no green
house gas emissions

Use of alternative energy devices at their home.
Solar device tests
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Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: ID# 7697538

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic
installation?

Question:
How many Kilowatt (KW) PV system is installed at your school?

Question:
State the type of solar panels installed?

Question:
How long has the PV system been installed ?

Question:
Is the Photovoltaic system :

Question:
Did your school recieve the Photovoltaic project as a grant from a
company/organization ?

Question:
State the name of the company/organization, who granted your
school with the photovoltaic system ?

Question:

With necessary funding available in future, will the public school
undergo a major solar PV installation ? a) Yes, please specify the
reason b) No, Please specify the reason

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select all that apply behind the installation of Photovoltaic system
as a demonstration/major project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

https://catalyst.uw.edu/webg/results/charug2/136752[5/15/2012 10:02:03 AM]

1. Gift for the Environment Challenge
2. Earth Day Sustainability Challenge
3. Your Carbon Footprint

4. Tech-Ed Solar design project

Response

Ballard High School

Demonstration project

2003

Polycrystalline Silicon cells

Grid supported

Yes

Seattle Public Utilities

No response

True

To educate the school community as a whole

No response



javascript:void(0);



Catalyst WebQ

Row 2:

Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: ID# 7699708

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic
installation?

Question:
How many Kilowatt (KW) PV system is installed at your school?

Question:
State the type of solar panels installed?

Question:
How long has the PV system been installed ?

Question:
Is the Photovoltaic system :

Question:
Did your school recieve the Photovoltaic project as a grant from a
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No response

No response

No response

n/a: insufficient data

Yes

No response

No response

n/a: insufficient data

n/a: insufficient data

Response

Washington Middle Schools

Demonstration project

2004

Polycrystalline Silicon cells

Grid supported

Yes
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company/organization ?

Question:
State the name of the company/organization, who granted your
school with the photovoltaic system ?

Question:

With necessary funding available in future, will the public school
undergo a major solar PV installation ? a) Yes, please specify the
reason b) No, Please specify the reason

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select all that apply behind the installation of Photovoltaic system
as a demonstration/major project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:

Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: ID# 7699740
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Seattle City Light

No response

True

To educate the school community as a whole

No response

No response

No response

No response

n/a: insufficient data

Yes

No response

No response

n/a: insufficient data

n/a: insufficient data
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Question Response

Question:

Please mention the name of your school to participate in the Greenwood Elementary School
survey :

Question:

Which of the following states the main purpose of installation of Demonstration project

Photovoltaic system for your school?

Question:

In which year did your school recieve solar photovoltaic 2002
installation?

Question:

How many Kilowatt (KW) PV system is installed at your school? 1

Question:

State the type of solar panels installed? Polycrystalline Silicon cells
Question:

How long has the PV system been installed ? 9

Question:

Is the Photovoltaic system : Grid supported
Question:

Did your school recieve the Photovoltaic project as a grant from a Yes
company/organization ?

Question:
State the name of the company/organization, who granted your Seattle City Light
school with the photovoltaic system ?

Question:

With necessary funding available in future, will the public school No response
undergo a major solar PV installation ? a) Yes, please specify the

reason b) No, Please specify the reason

Question:

Installation of Solar Photovoltaic system truly benefits the True
Children, School and School community (that includes parents of

children) as a whole.

Question:
Select all that apply behind the installation of Photovoltaic system To educate the school community as a whole
as a demonstration/major project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School No response

Row 2:
Middle School No response

Row 3:
High School No response

Row 4:
No response

https://catalyst.uw.edu/webg/results/charug2/136752[5/15/2012 10:02:03 AM]
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Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: ID# 7730044

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?

Question:
In which year did your school recieve solar photovoltaic system
installation?

Question:
How many Kilowatt (KW) Photovoltaic system is installed at your
school?

Question:
Identify the type of Solar panel installed in the PV system at the
school?

Question:
State the Solar panel cost per Watt for the school project?

Question:
Select the appropriate range/s for installation costs per watt of
the solar PV project?

Question:
State the Operation and Maintanence costs for the PV project?

Question:
Select the appropriate range/s for Inverter costs of the
equipment?
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n/a: insufficient data

No response

No response

No response

n/a: insufficient data

n/a: insufficient data

Response

WA Stae School for the Blind

Conservation of energy

2002

13.5

Poly crystalline Silicon cells

No response

$7 - $8

Negligible

No response
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Question:
State other costs (like electric meter, grid costs) associated with
PV project ?

Question:
How many inverters are required for your school Photovoltaic
project?

Question:
How many years has the PV system been installed?

Question:
Select the range for annual savings in costs of electricity?

Row 1:
2008

Row 2:
2009

Row 3:
2010

Row 4:
2011

Question:

State the incentives recieved for your Photovoltaic system project?
a) For equipment b) For inverter c) Federal tax benefit d) As
carbon credits €) As renewable energy certificates

Question:

Did your school recieve grants for solar project? If yes, please
specify how much grant is recieved(in percentage) of the total cost
of PV system? If no, please specify how was the project funded?

Question:
Is the PV system:

Question:
Who are the manufacturers of your Solar PV system?

Question:
Are the inverters for the PV system made in Washington?

Question:

Is the funding for solar project, made by taking loan from bank or
any other resources? If yes, how much is the loan amount? What

is the rate of interest that needs to be paid? (Please state in brief)

Question:
What is the payback period analyzed for your school?

Question:
State the factors considered for analysis of payback calculation?

Question:
Does your school benefit in reducing the electricity costs from the
project, in spite of Washington state's rainy and cloudy weather?
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| do not have a break down of seperate unit costs

5

Other: 9
$0 - $1000
$0 - $1000
$0 - $1000
$0 - $1000

No response

Grid Supported

Non-Washington made

No. State project using capital funding

15

initial cost, power savings, state rebate money

Yes
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Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select all that apply behind the installation of Photovoltaic system
as a demonstration/major project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:
Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum
with the introduction of solar PV project?

Question:
Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Results for: ID# 7760794

Question

Question:
Please mention the name of your school to participate in the
survey :

Question:
Which of the following states the main purpose of installation of
Photovoltaic system for your school?
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True

To educate the school community as a whole, To use renewable
source of energy to reduce energy bills, To reduce carbon
footprint and greenhouse gas emissions

No response

No response

No response

No response

none as of yet

Yes

No

Other:

none

none

Response

Hayes Freedom High School

Conservation of energy
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Question:
In which year did your school recieve solar photovoltaic system
installation?

Question:
How many Kilowatt (KW) Photovoltaic system is installed at your
school?

Question:
Identify the type of Solar panel installed in the PV system at the
school?

Question:
State the Solar panel cost per Watt for the school project?

Question:
Select the appropriate range/s for installation costs per watt of
the solar PV project?

Question:
State the Operation and Maintanence costs for the PV project?

Question:
Select the appropriate range/s for Inverter costs of the
equipment?

Question:
State other costs (like electric meter, grid costs) associated with
PV project ?

Question:
How many inverters are required for your school Photovoltaic
project?

Question:
How many years has the PV system been installed?

Question:
Select the range for annual savings in costs of electricity?

Row 1:
2008

Row 2:
2009

Row 3:
2010

Row 4:
2011

Question:

State the incentives recieved for your Photovoltaic system project?

a) For equipment b) For inverter c) Federal tax benefit d) As
carbon credits €) As renewable energy certificates

Question:
Did your school recieve grants for solar project? If yes, please

specify how much grant is recieved(in percentage) of the total cost

of PV system? If no, please specify how was the project funded?
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2010

40

Mono crystalline Silicon cells

7.3

No response

Negligible

No response

The $7.3/Watt cost is for complete PV array and inverter cost
including install. Meter costs were separate. | don't know how
much they cost.

No response

No response

$4000 - $5000

No response

Utility grid tie in allows us to be paid by utility for the energy we
produce.

Project funded by district. BEF Solar4RSchools grant of $25,000
for solar education in addition.





Catalyst WebQ

Question:
Is the PV system:

Question:
Who are the manufacturers of your Solar PV system?

Question:
Are the inverters for the PV system made in Washington?

Question:

Is the funding for solar project, made by taking loan from bank or
any other resources? If yes, how much is the loan amount? What

is the rate of interest that needs to be paid? (Please state in brief)

Question:
What is the payback period analyzed for your school?

Question:
State the factors considered for analysis of payback calculation?

Question:
Does your school benefit in reducing the electricity costs from the
project, in spite of Washington state's rainy and cloudy weather?

Question:

Installation of Solar Photovoltaic system truly benefits the
Children, School and School community (that includes parents of
children) as a whole.

Question:
Select all that apply behind the installation of Photovoltaic system
as a demonstration/major project in your school ?

Question:
State different programs/activities introduced for children and
teachers in K-12, to enhance Solar education?

Row 1:
Elementary School

Row 2:

Middle School

Row 3:
High School

Row 4:
Teachers

Question:
State three major changes incorporated in the school curriculum

with the introduction of solar PV project?

Question:

https://catalyst.uw.edu/webg/results/charug2/136752[5/15/2012 10:02:03 AM]

Grid Supported

Other: Sanyo HIT Power 215 PV Modules

Other: Fronius IG Plus inverters

Solar funding was from district Capital Bond. Hayes Freedom was
a state assisted project as well. Project was front-funded by the
district with bond money.

Yes

True

To educate students and introduce changes in student curriculum,
To educate the school community as a whole, To use renewable
source of energy to reduce energy bills, To reduce carbon
footprint and greenhouse gas emissions

Preliminary solar science projects/experiments, Preliminary Energy
models/ Building science projects, Participation in Solar science
contests/competitions

Major science projects/experiments, Preliminary Energy models/
Building science projects, Participation in Solar science
contests/competitions

Major science projects/experiments, Preliminary Energy models/
Building science projects, Participation in Solar science
contests/competitions

Teacher training modules/workshops
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Do you feel, the solar PV project can reduce electricity bills?

Question:

Academically did the WASL and other major test scores improve
with introduction and initiative of solar project/related activities in
your school?

Question:
Out of the following, state the major difference observed in
children's attitude from K-12 at school ?

Question:
State two (2) new ideas/options developed by students to
conserve energy using solar pV project?

Question:
State three (3) new innovative ideas developed by school staff to
conserve energy using solar PV project?

Yes

Other: | don't know

Enthusiastic to learn more about clean energy with no green
house gas emissions

No response

No response

Page: Previous of 1 Next Participant(s) per page: 1 5 10 25 50 Sort by: Participant A-Z
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Energy Use Report

		Date		Electricity (kWh)		% Chg		Demand (kW)		% Chg		Natural Gas (Therms)		% Chg		Total Energy (MBtu)		% Chg		Annual Usage Trend		% Chg

		09/07		165,471		-5.30%		492		-1.40%		1,664		-0.70%		731		-4.30%		1,062.50		-0.10%

		10/07		191,598		-4.50%		495		-5.90%		3,815		-19.00%		1,035.20		-10.40%		1,052.50		-2.00%

		11/07		231,069		23.50%		511		-5.40%		7,348		-4.00%		1,523.20		8.50%		1,062.50		-1.40%

		12/07		208,914		28.50%		511		-5.40%		7,965		-8.80%		1,509.30		5.70%		1,069.30		-0.30%

		01/08		202,056		7.90%		504		-3.60%		7,346		-33.70%		1,424.00		-18.50%		1,042.40		-5.20%

		02/08		166,661		-7.20%		504		-1.90%		6,380		-15.10%		1,206.60		-11.50%		1,029.20		-6.00%

		03/08		165,621		-12.30%		552		2.20%		6,360		0.80%		1,201.10		-5.90%		1,023.00		-5.50%

		04/08		160,849		-11.60%		552		2.20%		5,369		16.50%		1,085.70		0.30%		1,023.30		-4.90%

		05/08		158,468		-10.70%		519		1.80%		3,796		19.40%		920.3		-0.40%		1,023.10		-4.60%

		06/08		133,539		-11.80%		519		1.80%		2,838		45.10%		739.5		3.90%		1,025.30		-4.40%

		07/08		71,040		-40.50%		489		1.90%		609		49.90%		303.2		-32.30%		1,013.30		-5.20%

		08/08		98,258		-22.30%		457		7.80%		500		2.30%		385.3		-19.80%		1,005.40		-5.60%

		Annual Total		1,953,543		-4.10%		552		2.20%		53,989		-7.40%		12,064.40		-5.60%

		09/08		145,920		-11.80%		471		-4.30%		900		-45.90%		587.9		-19.60%		993.4		-6.50%

		10/08		170,882		-10.80%		493		-0.40%		4,488		17.60%		1,031.80		-0.30%		993.2		-5.60%

		11/08		170,815		-26.10%		501		-2.00%		5,661		-23.00%		1,148.90		-24.60%		962		-9.50%

		12/08		162,395		-22.30%		528		3.30%		10,555		32.50%		1,609.60		6.60%		970.3		-9.30%

		01/09		188,321		-6.80%		528		4.80%		10,023		36.40%		1,644.90		15.50%		988.7		-5.10%

		02/09		162,309		-2.60%		513		1.80%		7,400		16.00%		1,293.80		7.20%		996		-3.20%

		03/09		163,165		-1.50%		525		-4.90%		7,202		13.20%		1,276.90		6.30%		1,002.30		-2.00%

		04/09		171,458		6.60%		525		-4.90%		5,515		2.70%		1,136.50		4.70%		1,006.60		-1.60%

		05/09		174,169		9.90%		489		-5.80%		3,682		-3.00%		962.4		4.60%		1,010.10		-1.30%

		06/09		122,138		-8.50%		489		-5.80%		960		-66.20%		512.7		-30.70%		991.2		-3.30%

		07/09		75,491		6.30%		446		-8.80%		283		-53.40%		285.9		-5.70%		989.7		-2.30%

		08/09		100,780		2.60%		423		-7.40%		340		-32.10%		377.8		-1.90%		989.1		-1.60%

		Annual Total		1,807,843		-7.50%		528		-4.30%		57,009		5.60%		11,869.30		-1.60%

		09/09		141,071		-3.30%		460		-2.30%		1,535		70.60%		634.8		8.00%		993		0.00%

		10/09		173,343		1.40%		475		-3.70%		4,352		-3.00%		1,026.60		-0.50%		992.6		-0.10%

		11/09		151,371		-11.40%		480		-4.20%		5,946		5.00%		1,111.10		-3.30%		989.4		2.90%

		12/09		134,296		-17.30%		480		-9.10%		8,056		-23.70%		1,263.80		-21.50%		960.6		-1.00%

		01/10		148,700		-21.00%		518		-1.90%		6,910		-31.10%		1,198.40		-27.10%		923.4		-6.60%

		02/10		133,772		-17.60%		518		1.00%		6,150		-16.90%		1,071.40		-17.20%		904.9		-9.10%

		03/10		140,590		-13.80%		476		-9.30%		6,325		-12.20%		1,112.20		-12.90%		891.2		-11.10%

		04/10		148,250		-13.50%		476		-9.30%		5,173		-6.20%		1,023.10		-10.00%		881.7		-12.40%

		05/10		140,570		-19.30%		495		1.20%		3,596		-2.30%		839.2		-12.80%		871.4		-13.70%

		06/10		91,652		-25.00%		495		1.20%		1,831		90.80%		495.9		-3.30%		870		-12.20%

		07/10		58,709		-22.20%		439		-1.60%		497		75.30%		250		-12.60%		867		-12.40%

		08/10		98,589		-2.20%		423		0.00%		371		9.20%		373.5		-1.10%		866.7		-12.40%

		Annual Total		1,560,915		-13.70%		518		-1.90%		50,743		-11.00%		10,400.10		-12.40%
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Energy Cost Report

		Date		Electricity Cost		Demand Cost		kVAR Cost		Power Factor Cost		Total Elec Cost		Natural Gas Cost		Total Energy Cost		% Chg		Annual Cost Trend		% Chg

		09/07		$4,875		$2,332		$128		$0		$7,335		$37		$7,372		9.60%		$9,255		-0.10%

		10/07		$6,627		$3,003		$134		$0		$9,764		$33		$9,798		3.40%		$9,282		-0.30%

		11/07		$8,239		$2,884		$127		$0		$11,250		$30		$11,280		-4.50%		$9,238		-0.60%

		12/07		$9,083		$3,191		$120		$0		$12,393		$26		$12,419		-6.60%		$9,164		-1.00%

		01/08		$10,948		$3,529		$127		$0		$14,604		$28		$14,632		3.30%		$9,202		-0.80%

		02/08		$8,591		$3,294		$115		$0		$12,000		$31		$12,031		6.60%		$9,264		0.90%

		03/08		$9,284		$3,362		$131		$0		$12,776		$33		$12,809		17.60%		$9,424		4.10%

		04/08		$7,536		$3,039		$128		$0		$10,703		$29		$10,733		13.70%		$9,531		5.60%

		05/08		$6,173		$2,661		$129		$0		$8,964		$30		$8,994		8.30%		$9,589		5.90%

		06/08		$4,321		$2,211		$115		$0		$6,647		$23		$6,670		9.00%		$9,635		5.70%

		07/08		$2,693		$798		$27		$0		$3,518		$21		$3,539		-19.90%		$9,562		4.10%

		08/08		$3,093		$1,741		$89		$0		$4,924		$20		$4,945		10.70%		$9,602		4.40%

		Annual Total		$81,464		$32,046		$1,369		$0		$114,879		$341		$115,220		4.40%

		09/08		$4,624		$1,744		$123		$0		$6,491		$28		$6,519		-11.60%		$9,531		3.00%

		10/08		$6,804		$2,643		$130		$0		$9,577		$38		$9,615		-1.90%		$9,515		2.50%

		11/08		$7,248		$3,204		$121		$0		$10,572		$43		$10,615		-5.90%		$9,460		2.40%

		12/08		$10,798		$3,505		$134		$0		$14,437		$38		$14,475		16.60%		$9,631		5.10%

		01/09		$12,099		$3,945		$142		$0		$16,187		$42		$16,229		10.90%		$9,764		6.10%

		02/09		$9,343		$3,143		$119		$0		$12,605		$44		$12,649		5.10%		$9,816		6.00%

		03/09		$9,721		$3,482		$145		$0		$13,348		$47		$13,394		4.60%		$9,865		4.70%

		04/09		$7,810		$2,978		$150		$0		$10,938		$46		$10,984		2.30%		$9,886		3.70%

		05/09		$5,806		$2,273		$154		$0		$8,233		$51		$8,285		-7.90%		$9,827		2.50%

		06/09		$3,914		$1,659		$138		$0		$5,712		$43		$5,754		-13.70%		$9,750		1.20%

		07/09		$2,951		$1,434		$140		$0		$4,525		$34		$4,560		28.80%		$9,835		2.90%

		08/09		$3,255		$1,455		$142		$0		$4,852		$35		$4,887		-1.20%		$9,830		2.40%

		Annual Total		$84,373		$31,466		$1,639		$0		$117,477		$488		$117,965		2.40%

		09/09		$4,554		$1,671		$144		$0		$6,369		$44		$6,413		-1.60%		$9,822		3.10%

		10/09		$6,536		$2,920		$148		$0		$9,604		$48		$9,652		0.40%		$9,825		3.30%

		11/09		$7,933		$3,112		$137		$0		$11,182		$55		$11,237		5.90%		$9,877		4.40%

		12/09		$8,911		$3,328		$136		$0		$12,375		$135		$12,509		-13.60%		$9,713		0.80%

		01/10		$8,730		$3,906		$139		$0		$12,775		$94		$12,870		-20.70%		$9,433		-3.40%

		02/10		$7,207		$3,360		$126		$0		$10,693		$69		$10,762		-14.90%		$9,276		-5.50%

		03/10		$8,498		$3,783		$148		$0		$12,429		$62		$12,491		-6.70%		$9,200		-6.70%

		04/10		$7,538		$3,575		$141		$0		$11,255		$54		$11,309		3.00%		$9,227		-6.70%

		05/10		$5,991		$2,966		$142		$0		$9,099		$43		$9,142		10.40%		$9,299		-5.40%

		06/10		$3,651		$1,838		$121		$0		$5,610		$37		$5,648		-1.90%		$9,290		-4.70%

		07/10		$2,290		$715		$32		$0		$3,037		$34		$3,071		-32.60%		$9,166		-6.80%

		08/10		$3,143		$1,389		$89		$0		$4,620		$30		$4,650		-4.80%		$9,146		-7.00%

		Annual Total		$74,983		$32,564		$1,501		$0		$109,048		$706		$109,754		-7.00%
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Energy Use Report

		Date		Electricity (kWh)		% Chg		Demand (kW)		% Chg		Natural Gas (Therms)		% Chg		Total Energy (MBtu)		% Chg		Annual Usage Trend		% Chg

		09/07		85,227		2.40%		624		26.30%		16		92.50%		292.4		2.60%		405.9		-4.20%

		10/07		117,405		1.90%		758		-1.30%		15		38.00%		402		2.00%		406.6		-4.00%

		11/07		147,730		-3.80%		758		-8.10%		12		28.60%		505.3		-3.80%		404.9		-3.70%

		12/07		163,616		-9.20%		830		0.60%		8		202.30%		559.1		-9.10%		400.2		-4.10%

		01/08		197,306		-1.20%		835		1.20%		9		-1.00%		674.1		-1.20%		399.5		-4.50%

		02/08		153,814		0.70%		840		1.80%		13		-16.90%		526.1		0.60%		399.8		-2.80%

		03/08		166,433		22.10%		840		5.50%		14		-24.70%		569.2		21.90%		408.4		1.50%

		04/08		132,581		9.20%		796		0.00%		12		-23.40%		453.6		9.10%		411.5		2.30%

		05/08		106,896		2.10%		796		17.80%		12		-44.50%		365.9		1.90%		412.1		2.20%

		06/08		73,502		0.40%		609		2.40%		6		-55.70%		251.4		0.10%		412.1		1.80%

		07/08		43,132		-11.30%		571		19.00%		3		-42.40%		147.4		-11.40%		410.5		1.20%

		08/08		50,302		-4.20%		499		59.90%		2		-0.80%		171.8		-4.20%		409.9		1.10%

		Annual Total		1,437,944		1.20%		840		1.80%		122		-7.70%		4,918.40		1.10%

		09/08		78,798		-7.50%		499		-20.00%		10		-34.40%		269.9		-7.70%		408		0.50%

		10/08		116,492		-0.80%		672		-11.30%		15		6.00%		399		-0.80%		407.7		0.30%

		11/08		118,456		-19.80%		748		-1.30%		13		3.40%		405.4		-19.80%		399.4		-1.40%

		12/08		177,108		8.20%		801		-3.50%		7		-9.60%		605		8.20%		403.3		0.80%

		01/09		199,567		1.10%		835		0.00%		9		-2.30%		681.8		1.10%		403.9		1.10%

		02/09		154,201		0.30%		835		-0.60%		14		8.40%		527.6		0.30%		404		1.00%

		03/09		160,363		-3.60%		763		-9.20%		13		-5.80%		548.4		-3.70%		402.3		-1.50%

		04/09		128,673		-2.90%		724		-9.00%		13		9.50%		440.3		-2.90%		401.2		-2.50%

		05/09		94,388		-11.70%		624		-21.60%		18		53.00%		323.9		-11.50%		397.7		-3.50%

		06/09		61,585		-16.20%		470		-22.80%		11		85.50%		211.2		-16.00%		394.3		-4.30%

		07/09		44,284		2.70%		336		-41.20%		2		-19.10%		151.3		2.60%		394.7		-3.90%

		08/09		50,239		-0.10%		345		-30.90%		5		127.30%		171.9		0.00%		394.7		-3.70%

		Annual Total		1,384,153		-3.70%		835		-0.60%		131		8.00%		4,735.90		-3.70%

		09/09		72,472		-8.00%		374		-25.10%		13		20.80%		248.5		-7.90%		392.9		-3.70%

		10/09		105,754		-9.20%		667		-0.70%		16		1.20%		362.4		-9.20%		389.8		-4.40%

		11/09		130,498		10.20%		729		-2.50%		28		119.50%		448		10.50%		393.4		-1.50%

		12/09		146,759		-17.10%		739		-7.70%		110		1392.80%		511.7		-15.40%		385.6		-4.40%

		01/10		143,584		-28.10%		835		0.00%		66		616.00%		496.5		-27.20%		370.1		-8.40%

		02/10		118,548		-23.10%		835		0.00%		44		208.30%		408.9		-22.50%		360.3		-10.80%

		03/10		139,942		-12.70%		830		8.80%		32		148.20%		480.7		-12.40%		354.6		-11.80%

		04/10		117,775		-8.50%		787		8.70%		24		84.80%		404.3		-8.20%		351.6		-12.40%

		05/10		90,869		-3.70%		768		23.10%		13		-25.50%		311.4		-3.90%		350.6		-11.80%

		06/10		52,919		-14.10%		619		31.70%		7		-34.50%		181.3		-14.20%		348.1		-11.70%

		07/10		30,121		-32.00%		331		-1.50%		2		-24.10%		102.9		-32.00%		344		-12.80%

		08/10		44,185		-12.00%		379		9.90%		0		N/A		150.8		-12.30%		342.3		-13.30%

		Annual Total		1,193,425		-13.80%		835		0.00%		354		179.40%		4,107.40		-13.30%





Sheet1





Sheet2





Sheet3






Camas School District - Hayes Freedom High School (20,500 SF)

3980042
1919 NE IONE ST
Total
Customer Use Customer Net PV Production Consumption Natural Gas
Read Date from Utility Delivery to Utility Use (kWh) (kWh) (kWh) (Therms)
9/28/2011 6,240 1,200 5,040 4,700 9,740 87.7
8/29/2011 2,800 4,480 (1,680) 7,130 5,450 70.3
7/27/2011 1,120 3,760 (2,640) 5,190 2,550 93.5
6/28/2011 6,080 1,840 4,240 5,460 9,700 288.3
5/26/2011 6,160 1,120 5,040 4,740 9,780 482.0
4/27/2011 5,840 1,120 4,720 3,830 8,550 529.4
3/29/2011 9,200 480 8,720 2,550 11,270 945.5
2/24/2011 7,920 320 7,600 2,230 9,830 890.1
1/27/2011 8,800 240 8,560 1,390 9,950 845.6
12/28/2010 10,000 160 9,840 1,380 11,220 1,106.1
11/24/2010 8,720 240 8,480 1,730 10,210 460.2
10/27/2010 6,720 560 6,160 3,950 10,110 265.4
44,280 108,360 6,064






Energy Cost Report

		Date		Electricity Cost		Demand Cost		kVAR Cost		Power Factor Cost		Total Elec Cost		Natural Gas Cost		Total Energy Cost		% Chg		Annual Cost Trend		% Chg

		09/05		$11,580		$3,620		$138		$0		$15,337		$365		$15,702		3.30%		$17,051		0.50%

		10/05		$13,598		$5,287		$147		$0		$19,032		$489		$19,521		4.70%		$17,124		0.90%

		11/05		$14,345		$6,525		$149		$0		$21,019		$290		$21,309		11.10%		$17,302		2.40%

		12/05		$14,112		$6,681		$149		$0		$20,941		$861		$21,802		8.80%		$17,449		3.80%

		01/06		$13,997		$6,717		$145		$0		$20,859		$536		$21,395		3.80%		$17,515		3.90%

		02/06		$14,061		$6,251		$143		$0		$20,455		$560		$21,015		16.30%		$17,761		6.00%

		03/06		$14,915		$6,124		$155		$0		$21,194		$518		$21,712		16.20%		$18,013		8.00%

		04/06		$13,605		$4,614		$141		$0		$18,361		$446		$18,807		9.60%		$18,150		7.90%

		05/06		$13,710		$3,528		$151		$0		$17,388		$446		$17,834		4.90%		$18,220		6.90%

		06/06		$10,940		$3,030		$132		$0		$14,101		$328		$14,429		4.30%		$18,269		6.80%

		07/06		$9,278		$2,886		$123		$0		$12,286		$229		$12,515		2.60%		$18,296		7.40%

		08/06		$10,680		$2,775		$132		$0		$13,587		$267		$13,853		2.60%		$18,324		7.70%

		Annual Total		$154,819		$58,037		$1,705		$0		$214,561		$5,333		$219,894		7.70%

		09/06		$12,697		$3,171		$137		$0		$16,006		$399		$16,405		4.50%		$18,383		7.80%

		10/06		$15,418		$5,455		$150		$0		$21,023		$277		$21,300		9.10%		$18,531		8.20%

		11/06		$15,331		$6,397		$150		$0		$21,878		$824		$22,702		6.50%		$18,647		7.80%

		12/06		$14,206		$6,464		$145		$0		$20,815		$580		$21,395		-1.90%		$18,613		6.70%

		01/07		$14,652		$6,754		$144		$0		$21,550		$699		$22,249		4.00%		$18,685		6.70%

		02/07		$14,073		$6,285		$136		$0		$20,494		$653		$21,147		0.60%		$18,696		5.30%

		03/07		$14,172		$6,084		$143		$0		$20,399		$589		$20,987		-3.30%		$18,635		3.50%

		04/07		$13,222		$4,572		$133		$0		$17,927		$558		$18,485		-1.70%		$18,608		2.50%

		05/07		$13,146		$3,339		$139		$0		$16,624		$557		$17,181		-3.70%		$18,554		1.80%

		06/07		$10,737		$2,896		$128		$0		$13,761		$393		$14,154		-1.90%		$18,531		1.40%

		07/07		$8,708		$3,432		$117		$0		$12,256		$260		$12,516		0.00%		$18,531		1.30%

		08/07		$9,703		$3,681		$120		$0		$13,503		$333		$13,836		-0.10%		$18,530		1.10%

		Annual Total		$156,063		$58,530		$1,642		$0		$216,235		$6,121		$222,357		1.10%

		09/07		$11,897		$3,526		$126		$0		$15,550		$468		$16,017		-2.40%		$18,497		0.60%

		10/07		$14,444		$5,084		$139		$0		$19,668		$591		$20,258		-4.90%		$18,411		-0.70%

		11/07		$14,797		$5,874		$144		$0		$20,815		$548		$21,363		-5.90%		$18,299		-1.90%

		12/07		$14,782		$6,532		$153		$0		$21,468		$496		$21,963		2.70%		$18,346		-1.40%

		01/08		$15,389		$7,021		$163		$0		$22,573		$544		$23,117		3.90%		$18,419		-1.40%

		02/08		$14,450		$6,301		$150		$0		$20,900		$522		$21,422		1.30%		$18,442		-1.40%

		03/08		$14,281		$6,227		$149		$0		$20,656		$481		$21,137		0.70%		$18,454		-1.00%

		04/08		$13,800		$5,050		$142		$0		$18,991		$500		$19,492		5.40%		$18,538		-0.40%

		05/08		$13,093		$3,800		$138		$0		$17,030		$499		$17,529		2.00%		$18,567		0.10%

		06/08		$10,635		$2,906		$122		$0		$13,663		$236		$13,899		-1.80%		$18,546		0.10%

		07/08		$9,300		$2,745		$113		$0		$12,158		$212		$12,370		-1.20%		$18,534		0.00%

		08/08		$9,887		$2,854		$112		$0		$12,853		$405		$13,258		-4.20%		$18,486		-0.20%

		Annual Total		$156,754		$57,918		$1,652		$0		$216,324		$5,502		$221,826		-0.20%

		09/08		$11,611		$3,616		$119		$0		$15,346		$468		$15,814		-1.30%		$18,469		-0.20%

		10/08		$13,909		$5,348		$130		$0		$19,387		$661		$20,047		-1.00%		$18,451		0.20%

		11/08		$14,026		$6,572		$137		$0		$20,735		$661		$21,396		0.20%		$18,454		0.80%

		12/08		$15,569		$7,647		$167		$0		$23,382		$556		$23,938		9.00%		$18,618		1.50%

		01/09		$16,394		$7,596		$171		$0		$24,162		$538		$24,700		6.80%		$18,750		1.80%

		02/09		$14,292		$6,912		$140		$0		$21,344		$536		$21,880		2.10%		$18,788		1.90%

		03/09		$15,123		$7,628		$150		$0		$22,900		$584		$23,484		11.10%		$18,984		2.90%

		04/09		$13,423		$5,189		$140		$0		$18,751		$555		$19,306		-1.00%		$18,968		2.30%

		05/09		$13,054		$4,009		$151		$0		$17,214		$534		$17,748		1.20%		$18,987		2.30%

		06/09		$10,989		$3,447		$148		$0		$14,584		$407		$14,991		7.90%		$19,078		2.90%

		07/09		$8,784		$2,788		$134		$0		$11,706		$262		$11,968		-3.30%		$19,044		2.80%

		08/09		$9,091		$2,829		$139		$0		$12,059		$319		$12,378		-6.60%		$18,971		2.60%

		Annual Total		$156,264		$63,580		$1,726		$0		$221,570		$6,081		$227,651		2.60%

		09/09		$10,523		$3,832		$148		$0		$14,502		$434		$14,936		-5.60%		$18,898		2.30%

		10/09		$12,772		$5,840		$161		$0		$18,772		$549		$19,321		-3.60%		$18,837		2.10%

		11/09		$13,815		$7,229		$166		$0		$21,210		$561		$21,771		1.80%		$18,868		2.20%

		12/09		$13,888		$7,762		$171		$0		$21,820		$505		$22,326		-6.70%		$18,734		0.60%

		01/10		$12,945		$6,817		$166		$0		$19,928		$494		$20,422		-17.30%		$18,378		-2.00%

		02/10		$12,352		$6,227		$155		$0		$18,733		$483		$19,216		-12.20%		$18,156		-3.40%

		03/10		$13,213		$7,118		$165		$0		$20,495		$488		$20,983		-10.60%		$17,947		-5.50%

		04/10		$11,992		$5,200		$152		$0		$17,344		$450		$17,794		-7.80%		$17,821		-6.00%

		05/10		$12,448		$4,027		$156		$0		$16,630		$484		$17,114		-3.60%		$17,768		-6.40%

		06/10		$9,766		$3,104		$139		$0		$13,010		$343		$13,353		-10.90%		$17,632		-7.60%

		07/10		$7,742		$2,596		$133		$0		$10,470		$216		$10,686		-10.70%		$17,525		-8.00%

		08/10		$8,811		$2,939		$132		$0		$11,883		$303		$12,186		-1.60%		$17,509		-7.70%

		Annual Total		$140,265		$62,690		$1,843		$0		$204,798		$5,309		$210,108		-7.70%





Sheet1





Sheet2





Sheet3






Energy Use Report

		Date		Electricity (kWh)		% Chg		Demand (kW)		% Chg		Natural Gas (Therms)		% Chg		Total Energy (MBtu)		% Chg		Annual Usage Trend		% Chg

		09/05		200,683		-0.80%		430		-1.10%		331		-14.00%		717.8		-1.50%		767.7		-4.60%

		10/05		227,883		-4.40%		557		14.10%		421		-16.00%		819.6		-5.10%		764		-5.10%

		11/05		234,600		-0.60%		616		17.80%		469		-11.60%		847.3		-1.30%		763.1		-4.80%

		12/05		229,065		-5.30%		616		2.00%		503		-12.70%		831.8		-5.80%		758.8		-4.60%

		01/06		226,810		-9.50%		610		1.00%		451		-22.50%		819		-10.30%		751		-5.30%

		02/06		229,052		5.90%		610		9.70%		474		-7.40%		828.9		5.00%		754.3		-3.80%

		03/06		242,873		8.40%		581		13.50%		434		-7.90%		872.1		7.50%		759.4		-2.20%

		04/06		220,996		3.10%		581		21.50%		369		-15.70%		791		2.10%		760.7		-2.10%

		05/06		225,191		1.70%		441		0.90%		368		-16.70%		805.1		0.70%		761.1		-2.70%

		06/06		176,479		-1.00%		441		0.90%		265		-10.20%		628.6		-1.40%		760.4		-2.70%

		07/06		141,806		-8.00%		369		-13.80%		176		-5.90%		501.4		-7.90%		756.8		-2.20%

		08/06		161,415		-7.10%		369		-9.80%		209		-19.60%		571.6		-7.60%		752.9		-2.10%

		Annual Total		2,516,853		-1.40%		616		2.00%		4,468		-13.70%		9,034.30		-2.10%

		09/06		192,429		-4.10%		427		-0.70%		319		-3.40%		688.5		-4.10%		750.4		-2.30%

		10/06		230,036		0.90%		537		-3.60%		432		2.60%		828		1.00%		751.1		-1.70%

		11/06		228,378		-2.70%		571		-7.30%		415		-11.50%		820.7		-3.10%		748.9		-1.90%

		12/06		213,305		-6.90%		593		-3.70%		443		-11.90%		772.1		-7.20%		743.9		-2.00%

		01/07		222,647		-1.80%		596		-2.30%		527		16.80%		812.3		-0.80%		743.4		-1.00%

		02/07		216,311		-5.60%		596		-2.30%		484		2.00%		786.4		-5.10%		739.8		-1.90%

		03/07		217,389		-10.50%		583		0.30%		432		-0.50%		784.9		-10.00%		732.6		-3.50%

		04/07		203,258		-8.00%		547		-5.90%		409		10.80%		734.4		-7.10%		727.9		-4.30%

		05/07		204,521		-9.20%		428		-2.90%		410		11.40%		738.8		-8.20%		722.3		-5.10%

		06/07		166,354		-5.70%		406		-7.90%		283		6.80%		595.9		-5.20%		719.6		-5.40%

		07/07		131,291		-7.40%		548		48.50%		174		-0.80%		465.4		-7.20%		716.6		-5.30%

		08/07		145,229		-10.00%		548		48.50%		232		11.30%		518.8		-9.20%		712.2		-5.40%

		Annual Total		2,371,149		-5.80%		596		-3.20%		4,559		2.00%		8,546.30		-5.40%

		09/07		175,809		-8.60%		413		-3.30%		356		11.40%		635.4		-7.70%		707.8		-5.70%

		10/07		208,421		-9.40%		480		-10.60%		488		13.00%		759.9		-8.20%		702.1		-6.50%

		11/07		214,514		-6.10%		574		0.50%		470		13.30%		778.9		-5.10%		698.6		-6.70%

		12/07		215,325		0.90%		574		-3.20%		421		-5.00%		776.8		0.60%		699		-6.00%

		01/08		224,411		0.80%		613		2.90%		463		-12.10%		812		0.00%		699		-6.00%

		02/08		211,887		-2.00%		613		2.90%		447		-7.60%		767.6		-2.40%		697.4		-5.70%

		03/08		208,243		-4.20%		598		2.60%		407		-5.90%		751.2		-4.30%		694.6		-5.20%

		04/08		200,178		-1.50%		573		4.80%		424		3.70%		725.4		-1.20%		693.8		-4.70%

		05/08		190,229		-7.00%		568		32.70%		423		3.20%		691.4		-6.40%		689.9		-4.50%

		06/08		153,563		-7.70%		435		7.10%		294		4.10%		553.4		-7.10%		686.3		-4.60%

		07/08		132,531		0.90%		355		-35.20%		150		-13.80%		467.2		0.40%		686.5		-4.20%

		08/08		141,580		-2.50%		418		-23.70%		235		1.20%		506.6		-2.30%		685.5		-3.70%

		Annual Total		2,276,690		-4.00%		613		2.90%		4,577		0.40%		8,225.80		-3.70%

		09/08		166,706		-5.20%		440		6.50%		382		7.30%		607		-4.50%		683.1		-3.50%

		10/08		196,517		-5.70%		510		6.30%		521		6.70%		722.6		-4.90%		680		-3.10%

		11/08		194,793		-9.20%		601		4.70%		495		5.30%		714.1		-8.30%		674.6		-3.40%

		12/08		216,338		0.50%		601		4.70%		411		-2.30%		779.3		0.30%		674.8		-3.50%

		01/09		228,902		2.00%		608		-0.80%		398		-14.10%		820.8		1.10%		675.5		-3.40%

		02/09		199,295		-5.90%		610		-0.50%		399		-10.60%		719.9		-6.20%		671.6		-3.70%

		03/09		210,598		1.10%		610		2.00%		433		6.50%		761.8		1.40%		672.5		-3.20%

		04/09		188,420		-5.90%		588		2.60%		411		-3.10%		684		-5.70%		669		-3.60%

		05/09		185,594		-2.40%		501		-11.80%		396		-6.40%		672.9		-2.70%		667.5		-3.30%

		06/09		155,230		1.10%		445		2.30%		298		1.40%		559.5		1.10%		668		-2.70%

		07/09		122,115		-7.90%		358		0.80%		184		22.30%		435		-6.90%		665.3		-3.10%

		08/09		126,648		-10.50%		398		-4.80%		230		-2.30%		455.1		-10.20%		661		-3.60%

		Annual Total		2,191,156		-3.80%		610		-0.50%		4,557		-0.40%		7,931.90		-3.60%

		09/09		146,541		-12.10%		445		1.10%		340		-10.90%		534		-12.00%		654.9		-4.10%

		10/09		176,986		-9.90%		557		9.20%		485		-6.90%		652.3		-9.70%		649.1		-4.50%

		11/09		192,222		-1.30%		637		6.00%		520		5.20%		707.9		-0.90%		648.5		-3.90%

		12/09		193,354		-10.60%		637		6.00%		464		13.00%		706.2		-9.40%		642.5		-4.80%

		01/10		180,317		-21.20%		563		-7.40%		455		14.30%		660.7		-19.50%		629.1		-6.90%

		02/10		172,439		-13.50%		592		-3.00%		447		11.90%		633		-12.10%		621.9		-7.40%

		03/10		180,930		-14.10%		592		-3.00%		445		2.80%		661.8		-13.10%		613.5		-8.80%

		04/10		159,804		-15.20%		560		-4.80%		406		-1.10%		585.9		-14.30%		605.4		-9.50%

		05/10		164,240		-11.50%		526		5.00%		434		9.70%		603.8		-10.30%		599.6		-10.20%

		06/10		127,067		-18.10%		447		0.40%		296		-0.80%		463.1		-17.20%		591.6		-11.40%

		07/10		97,541		-20.10%		302		-15.60%		173		-5.80%		350.1		-19.50%		584.5		-12.10%

		08/10		110,751		-12.60%		377		-5.30%		254		10.40%		403.3		-11.40%		580.2		-12.20%

		Annual Total		1,902,192		-13.20%		637		4.40%		4,719		3.60%		6,962.20		-12.20%
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02_13_09 - Hayes Freedom HS AppG DOE-2. 2-47h2  11/09/ 2011 15:32:28 BDL RUN 1

REPORT- BEPU Building Wility Performance WEATHER FI LE- Portl and OR TMY2
TASK M SC SPACE SPACE HEAT PUMPS VENT REFRI G HT PUW  DOMEST EXT
LIGHTS LIGHTS EQUP HEATING COOLING REJECT & AUX FANS DI SPLAY SUPPLEM HOT WIR  USAGE TOTAL

EML ELECTRICITY

KWH 48508. 0. 34986. 316. 285. 0. 7481. 24535. 0. 0. 14803. 12944. 143858.
FML NATURAL- GAS
THERM 0. 0. 1187. 4571. 0. 0. 0. 0. 0. 0. 0. 0. 5758.
TOTAL ELECTRICITY 143858. KWH 6. 928 KWH | SQFT- YR GROSS- AREA 6. 928 KWH / SQFT- YR NET- AREA
TOTAL NATURAL- GAS 5758. THERM 0.277 THERM [/ SQFT- YR GROSS- AREA 0.277 THERM [/ SQFT- YR NET- AREA
PERCENT OF HOURS ANY SYSTEM ZONE OUTSI DE OF THROTTLI NG RANGE = 1.32
PERCENT OF HOURS ANY PLANT LOAD NOT SATI SFI ED = 0.00
HOURS ANY ZONE ABOVE COCLI NG THROTTLI NG RANGE = 37
HOURS ANY ZONE BELOW HEATI NG THROTTLI NG RANGE = 79

NOTE: ENERGY | S APPORTI ONED HOURLY TO ALL END- USE CATEGCRI ES.






Customer Generation Metering Explanation

Billing (net) Meter

Billing (net) Meter

The billing net meter has five display screens
1.

Kilowatt hours delivered. This is the amount of energy delivered by the utility and consumed by
the customer. It is the regular value that is measured on every house meter
a. i

May have multiplier of 80 (CT meter). The meter should show a label for ‘80’.
2. Kilowatt hours received. This is the amount of generated energy that has been fed back to the
utility. Itis likely that this value will not match the value on the production meter (see below)
3 Ki Thisi .

Kilowatt hours net. This is the difference in amount of energy that is consumed (delivered)
versus generated (received). It is the mathematical sum of the two
4, i

Instantaneous kilowatts. This is the power that is being consumed or generated at that instant
If the value is positive, the customer is consuming power from the utility. If the value is
negative, the customer is generating power to the utility
5.

Segment test. All LCD segments light to ensure they have not burned out and therefore that the
reading is correct.

Production Meter

The production meter has two displays screens
1.

Kilowatt hours produced. This is the total amount of energy produced by the generator since
the meter was set.

Note: This value at first glance, may be believed to match the Kilowatt hours received display on

the billing meter. This, however, is not the case. Because there is a load (household appliances
lighting, heating, etc) between the production meter and the billing meter, some or all of the
energy at any given time will be consumed by the load within the household

Segment test. All LCD segments light to ensure they have not burned out and therefore that the
reading is correct.

Ut111t1 es

Customer-owned, customer-focused











“The Science of Light” 



Sarah Hall’s Solar Art Glass Windows

Grass Valley Elementary School

















































































































Portland, Grass Valley

Position: 01 1 psc.
Elevation: Inside View
Detail: Photovoltaic Grid / Glass Sizes cm [ inch ]

114,6 [45,12']

114,6 [45,12']

185,4 [72,99"] 185,4 [72.99"]
300 [118,11"]
Distance: Aprox
EEEEEEEE | EEEEE EE i g™
NNEENNNENN NNNNN NN LED
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[ ] | NNNN SNNNNNNN e FIXTURE

114,6 [45,12']

114,6 [45,12']

114,6 [45,12']

114,6 [45,12']






































































































































Special thanks to Grass Valley

Elementary School staff, 

students and parents for their 

interest and support for the

solar art glass project.



Warm Wishes,

Sarah Hall  

Special thanks to the

Grass Valley Elementary School staff, students and parents for their interest and support for the solar art glass project. 





Enjoy!





Warm Wishes

Sarah Hall, RCA

                   	

























Yhe Outside Stary Yhe Tnoide Story

\%

Sunlight creates a current in
the solar modules.

Solar modules are groups of individual
solar cells made of siicon plates. They
are wired together to generate electricity
and emit no greenhouse gases.

DEMONSTRATING SOLAR ENERGY

AT GRASS VALLEY ELEMENTARY SCHOOL
Artist: Sarah Hall, RCA
Fabrication: Glasmalarei Peters GmbH
www.sarahhallstudio.com

The light fixture is
made up of a spiral

of LEDs (Light Emitting
Diodes) and displays

how much energy is
being collected by the
solar modules.

More Sunshine = Brighter Light

FUN FACT:

The other grid
(besides solar)

is dichroic glass.
Originally made for
NASA windshields,
it transmits one
color and reflects
another,
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