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Abstract

In 2010the 1AIAcommittedto becominga carbon neutral campu$ut since thertheir carbon
emissiondhave increasedlhegoalof this projectwas tohelp the IAIA move forward aie path
towards carbon neutrality. Based on a campus suargproduct researcland evaluatiorwe
identified programs and technologies to help the IAIA make progress towardgthediby
introducing solar powerimplementing LED lightingnd improvingconservatbn awareness via

metering system$o monitor energy and gas consumption on campus.



Acknowledgements

To beginwe would like the thank The Institute of American Indian Astssponsoring our

project, providing ample space for us to work and havingaiting community for us to work with.

We would also like to thank the following people and organizations:

T

Mr. James Mason: For being a great liaison, answering any and all questions and driving
us to and from the IAIA four days a week.

Mr. Dan Baker: Aepresentativefrom Sunpower, for taking the time to travel out to the

IAIA on multiple occasions to meet with us, as well as providing a plethora of relevant
information for our project

Mr. John Deneault and Arden Engineering: For teaching us how to hyapee a gas

meter for a building

Mr. David SmithFor always answerirgl of our questions about solar energy

production

WPI and the Interdisciplinary and Global Studies Division for making the IQP what it is
and allowing us to travel to Santa Fe

ProfessorMichaelAghajanian anérofessoR. CreightoriPeet, for advising our project.
Without them, ou report, without a doubt,would notlook anything like it does today
Finally,Fort Marcy Hotel Suites and its staff for providing such a great place for us

stay, work on our projects and practice our presentations over the course of these seven

weeks



Authorship Table

Chapter Author
Title Page Andrew Schade
Abstract Alex Deneault
Acknowledgements Yingjie Lu
Alex Deeault

Authorship Table

Andrew Shade

Table ofContents

Table of Tables Peter Smith
Table of Figures Yingjie Lu
Executive Summary Andrew SchadgeYinjie Lu
Peter Smith

Ch 1. Introduction

Alex Deneault

Ch. 2. Background

Yingjie Lu

Ch 3. Methodology

Andrew $hade

Ch. 4. Results and Analysis

Alex Deneault

Ch. 5. Conclusions and Recommendations

Yingjie Lu, Peter Smith

References

Andrew Schade

AppendixA: Sponsor Description

Alex Deneault

AppendixB: ExistingGasMeters

Alex Deneault

AppendixC: Gas Meter Sizing

Yingjie Lu

AppendixD: Electricd Metering Options

Peter Smith, Andrew Schag

AppendixE:¢ KS L! L! Qa {2f¢

Peter Smith

AppendixF: Economic Model for Electricity Prices

Andrew Schade

AppendixG: Savings Calculations

Canadian Solar

AppendixH: Canadian Solar CS6K Solar Panel batt

SMA

Appendixl: SMA Sunny Boy Inverter Datasheet

Alex Deneault

AppendixJ:Net Present Value

Peter Smith

AppendixK:Interview Protocol: Solar Companies

Peter Smith

AppendixL: Interview Protocol: Gas Meter Suppliers




AppendixM: Interview Protocol: Arden Engineering

Alex Deneault

AppendixN: Survey Data

Yingjie Lu

AppendixO: LEDPoster Information

Peter Smith

AppendixP: Solar Production Model

Andrew Schade

Appendix QRABMRotary Meter Datasheet

Elster American Meter

AppendixR: Efergy Electrical Meter Datasheet

Efergy

Appendix S: Gas Meter Installation Labor Quote

Roadrunner Plumbing Inc|

*All authors share equal responsibility fibre editing and proofreadingf each section



vi

Table of Conterst

QI ST = o RPN [T
Y 0] 1= To! OO PUTP P PPPPPPP Li
ACKNOWIEAGEMENLS......coiiiiiiieee e lii
AULNOISHIP TabIEX ... . e iV
TaDIE Of TADIES. ...t e e e eeens viii
JLIE= Lo (S0 L T = IX
EXECULIVE SUMMIAIY.....eiiiiiiiieiiiie ettt ettt e ettt e e e st e e et e e ante e e e bt e e enbaeeesseeeeaseeeeaneeeeaneeas X.
R (01 (o To [UTod 1o o I PO P PP PEPTR PO 1
FZA = - od (o | {010 T B PP 3
G I Y/ 11 g To T (o] [0 o )PP 14
4 RESUIS & AN@IYSLS. ...t aa s bt bannnnnnnnnnnnnnnnnnres 24
5 Conclusions & ReCOMMENALIONS. ..........coiiiiiiiiiiiiiiiei e 47
TS (=TT o[t TP SPUT T 53
Appendix A: SPONSOr DESCHIPON. ......cciiiieiiiie ettt e e e e e s e e e e e e e nnereeees 59
Appendix B: EXIStING GAS MELEIS.....cccoiiiiiiiiiiiiiiee ettt e e e e ee e e e e e e e nnnnnes ] 61
ApPENiX C: GAs MELEI SIZINQ......cuuuieiieiiee et e et e e e e e e et e e e e e e e s s asaberreeaaaeeeans 62
Appendix D: Electrical metering OPtIONS. .........ooiiiiiiiiieee et siiraeeeaa e 65
I LIWSYRAE 9Y ¢KS L! L! Q2§ BOANK @dzl delNFp . B.1.1a. Sw6S INR NI2 & 2
Appendix F: Economic Model for Electricity PriCES............uvvviiiiiiiiiiiiiiieeeee e eiiieeeee e 76
Appendix G: Savings CalCUlAtiQNS............ueiiiiieiiiiiieiii e e e e e e eeeeeess 78
Appendix H: Canadian Solar CS6K Solar Panel Data.Sheet............cccccoveeiiiiiiiiiiiieeeeeees 81
Appendix I: SMA Sunny Boy Inverter DatasheeL...........ccuvvviiiiiiiiii e 83
AppeNndixX J: Net PreSent ValUE. .........ooi ettt e e e e e e e e 87
Appendix K: Interview Protocol: Solar COmMpPanies.........cceeeeereeeiiriiiieiiiiiiese e 88
Appendix L: Interview Protocol: Gas Meter SUPPIELS.........uvvvveiiiiiiiiiiiiiieiiieieeeeeeeeeeeeeeeeeeeeee 89
Appendix M: Interview Protocol: Arden ENQGINEErNG.........cccceeeriniannes 90
APPENIX N: SUIVEY DALAL......ccc e 91
Appendix O: LED Poster INfOrmMatiQn............coooiiuuiuinasssnesesnnensnsssasnnssnnnnn 94

AppendixP: Solar Production MOGEL.............ii e rarnnrennnens 96



Vi

Appendix Q: RABO Rotary Meter Datasheet

Appendix R: Efergy Electrical Meter Datasheet. ... 107

AppendixS: Gas Meter Installation Labor QUALE..............cooiiiiiiiiiiiiiie e 109



viii

Table of Tables

Table 41: Comparison of Electrical Metering SYStemS..........ccovviiiiiiiiiiiiiieee e 28
Table 42: Cos Comparison of Different Gas Meteri®yStems...........uvuvveieirieiieeirrieeeeieeieeeeeeeeee. 34
Table 43: Elster RABO Pulse Metering System Price Breakdawn...............cccoooeeeiiiin. 35
Table 44: Example Data Recorded for Gas MeterS.........cuuvvviiiiiiiiiiiiiiiiiieiiiiiieeeiieeeeeeeeeeeeeeees 36
Table 45: Cash FIOW ANAIYSIS. ... ... annnnes 39
Table 46: QUAAraNt DIAGIAM. ... ....u i nnsnsnnsnnsnaannnnnnnnes 40
Table 47: Comparison of Peels from Different Manufacturers................eevvvevevvivivveeeeeeeeeeeeenne. 41
Table 48: Comparison of Mounting Methods for Solar Aray...............eeeeeeveevireeeeeeeeeeeeeeeeeeeeee. 43
Table Bl: Natural Gas Meters 0N CamPUS.........ccuuuueiiiieeeaiiriiiieeeeee e e e saeiirrrereeae e s s s snneaeeeeeaeens 60
Table €1: Gasburning Appliances in Main Academic Building................ccccccoeeeeeeee, 61
Table €: Gasburning Appliances in Family HOUSIGILS..............ovvvviiiieiiiiiieieieeeeeeeeeeeeeeeeeeeeen) 62
Table €3: Gasburning Appliances in Fitness and Wellness Center..........ccccccvvvvvvevvveeeeeennnnn) 63
Table B1: Electrical Metering OPtiONS.......coooiiiiiiiiiieeeeeeiiiiieeee e eiiireee e enreeeeeeeae e 64
Table EL: Calculated Rates of Energy Cost Increases by Percentage over 25.years............ 71
Table E2: 20-year Savings/Losses after Lease PayBIent.........ccccoecviiiiiiiiiiinninnnnanns 72
Table G1: Assumptions for Calculating ECONOMIC SAVINGS.........cvvviieeiiiiiiiiiiiieieeeeeeiiiiiieeeene. L 8
Table G2: Table of Savings CalCUlatiONS...........oociiiiiiiiiie e 79
Table dL: Net Present Value CalCUlatiQniS............ooiiiiiiiiiiiiiiee et 86
Table NL: SUNVEY RESULLS ..ottt et e e e e e e e s eabr e e e e e e e e e eannes 93

Table P1: Solar Irradiance Data from January 1, 1991..........cccooiiiiiiiiiiiiieee e 97



Table of Figes

Figure2uY ¢ KS 9L! Q& { K2 NI...¢.SNX...9y.SNBE2..h.dzif.224
Figure 22: IAIA Baseline ENergy SOULCES.........cccuvviiiiiiiiiiiiiiiieeeeeeeeeee ettt 10
Figure 23: Annual Carbon Emissions by the LAIA..........uuiiiiiiiiiieenreeens 11
Figure 41: Interest in Sustainability Efforts on CampuS............euvvviieiiiiiiieeieiiiiiiieeeeeeeeeeeeeeennes 25
Figure 42: Interest in Seeing Electrical Comgation Data..............ccoooeeeeeieei, 26
Figure 43: Comparison of Lighting between Two ClasSrooms............evveiiuiineimniiinmnnnnnnnnnnn. 27
Figure 44: Map Of Gas Meter LOCALIONS..........covviiiiiiiiiiiiiiiiiieeieeeeeeeee ettt a s 33
Figure 45: Historical Electricity Prices for the Commercial Sectar..............ccoeeeveeiveeeeeee, 38
Figure 46: Comparison of Costs and Footprints for Various SOIHDEP...........ccevvvvvvvveriieieennnnn. 44
Figure EL: Commercial/Institutional Electricity Prices over Twehtye Years...................o..... 21
Figure FL: Commercial/Institutional Electricity Prices over Twehtye Years............................. 5

Figure PL: Diagram of Normal IrradianCe.............ceeiii oot 96



Executive Summary

In 2010, thelnstitute of American Indian Artsignedthe American College and Universities
t NBaARSyGaQ / fAUPOCommiingYhenitob&cgniinga carbon neutral
campus by 2050. However, overthepast E & S| NESX RdzS G2 OF YLdza SELJ y.
emissions havéncreasedThe school needs to take action and make significant changes in order to
reversethis trend. Weidentified different actions that the schoaould take tosignificantly reduce

their carbon emissions.

No project done byhe IAlAcanreach its full potential without the involvement of the whole
a0K22f Qa O2YYdzyAded ! FGSNI O2yRdzOGAY 3T | &adz2NBSe
carbon neutrality efforts, we discovered that the IAIA community is ready and willing to be heavily
Ay @2t SR Ay (KS ingigdive® Phéréloie, éadzanimendgdithe FAEA Xoduen
programs that will raise students' interest in the commitment to become carbon nesuithie

school can leverage that support to make future projects easier.

To help the IAlAncrease their energy conservation effortge found an electrical metering
system that could monitor and compare the energy consumption of two classoa@amswhich
used LED fixtures, while the other s#imploysfluorescentlighting Themeters will be used to
demonstratehow much moreenergyefficient LEDs are and encourage morngestment in such
energy saving technologieBor this, we recommended the use of 2 Efergy® electrical meters that
display the instantaneous power usage, tatakrgy usage over time, the castthe energy, and

the carbon emissions produced.

As part of our efforts regarding community involvement we developecctihveentfor a poster
that would be placed near the electric meters to highlight the effects of sitclights from
fluorescents to LEDs. This poster will show how much more efficient the updated classroom is than
GKS 2yS gAOK Ftd2NBaoOoSydas O2YLINAYy3a GKS RAFTFSN
terms, money saved, uses for the unused #leity, and howmuch would be saved if all lights on

campus were to be switched to LEDs.

Only a small part of the campus lighting systases LED$he rest of them are fluorescent.

Since LED lightave arelatively long lifespan andre much more effient, switching the entire



Xi

campus to LED lighting could provide an excellent way for the |1Ah&rease their energy
conservation on campudased on the number of lights on campus, we estimate the IAIA would

reduce their carbon emissions by 325 tons1&#6 of their 2013 carbon baseline

The IAIA also knows that improving natural gas conservation is going to be an important part of
its journey towards carbon neutrality. In order to improve thedturalgasconservation, the 1AIA
needs to be able to mator when and where natural gaseésnsumedon campus for heating and
running appliances the cafeteria kitchenBased on the technology available, we recommend the
ElsterRABGamily of meters These meters use a pulse output that is totaled on a remote
mounted, easyto-read LCD screeit;would cost the IAIA around $16,500 plus labor to outfit the
entire campus. Because these meters cannot be read automatically, it will be a labor intensive to
collect the data from these metsrtherefore the IAIA shodlonly invest in these if they are
committed to manuallyollecting dataHowever, gas monitoring lEecomingmore popular and gas
metering technology is continuing to advance, so if the 1AIA is not ready to fully comanmémual
system they may findéss expensivand automatedoptions in the upcoming year$herefore,our
recommendation ishat the 1AIAshould wait to purchase gas meters until an automagggtem

becomes scaled down to fit the IAIA needs.

Thenextof focus for our research was sofaswer. As the school will alwaysquire electricity,
having a source of carbdree electricity is essential for carbon neutrality. Solar energy is the most
costeffective method to introduce clean energy generation to a school like the TARAIA
receiveda proposal for a solar lease in the summer of 204/ analyzed the proposahd
recommendedhat the IAIAnot accept itfor its first moveinto solargenerationfor two reasons:
0KS LINR LR &SR a efficiersyfwssdelod inddieti&ygsand the terms of the lease

would make it more difficult to expand the systetm meetthe IAIA's growing energy needs.

We determined that the most effective course of action for developing solar at the IAIA was for
the school to have a muiphased approachNVe recommendhat the IAIA firsinstall a small pilot
systembecauseof its reasonable pricingand would include roof systent about24 kWt plus a
smallercarportsystemof 8 kWthat couldvisualizeand advertisghe school'seffort to bring solar
geneition to campusThe systenwould cost around $120,008nd could pay for itself in 15 to 20

years Whileit was doing spthe IAIA could generate interesst further investments in solar energy



Xii

With this new interest in expanding sojdhe school could seeither private placements or
traditional capital campaigns to fund future, larger projects with a more substantial impact on the
L!'L! Qa OFNb2y F220LINAYyG®

We hopeour projectcan catalyze the IAIA into making significant changes towards achieving
their goal of carbon neutrality by combining green energy sources with improved energy

conservation.



1 Introduction

Across the Unite®tates, mangducationalinstitutions aredecreasing their energy usage in
order to mitigate their carbon footprint and combatmlate change. These institutions are realizing
the benefits from solar technology, green constructiengrgyconservation, and more efficient
lighting(The Solar C&2015). Photovoltaic solar cells, for example, are one of the fastest growing
markets in tle world (Jawahar, 2016). In 2015, worldwide solar energy production increased by 25%
reachingapproximately 227 GWN\hile capturing solar energy is an excellent way to produce
carbon free energy, students, faculty, and staff at these institutions also toeleel aware of how
they use energy, and how they can conserve more energy. Energy prices have steadily increased

over the past decade, and they are projected to increase even more in the future.

In 2010, the President of the Institutd American Indiairts (IAIA) entered the school into an
agreement that committed the school to doing its part in fighting climate change by lowering the

d0K22f Q& OFNb2y F220LINAYyid RNIaGAOlIffed ¢KS OK 2

QX

2010 levels by 2f5 and to becomeompletelycarbon neutral by 205Qnstitute of American Indian

Arts, 2013).With the rising costs of electricityin the past five years alone, the cost of commercial

electricity rose by 5.4 percent (US Energy Information Administrafi@b6b) the IAIA has seen

GKS TRGIFIyGlFr3aSa 2F FT20dzaAaAiy3a 2y t26SNAy3I GKS aoOK2
mostly sourced frontburningfossil fuels and is only going to get more expensiveryRvie of energy

that the IAIA produceandconservesn sitelowers both its energy bill and its carbon footpriBo

far the 1AIA has not achieved any carbon emission reductiortbesoareseeking a better way to

reduce emissions and start on the path towards carbon neutrality.

A2014WPI reseech team created a carbon emissions baseline for the, Mith instructions
on how the IAIA staff couldnonitor andupdateit in future years(Cornachini, Mathews, McMglh,
Milholland, & Nutting, 2014)This baselinen 2014 showedhat the IAlAhad not reduced their
carbonemissionssince 2010, in fadhey hadactually increased their emissiong the springof
2016, another WPI team installed electricity meters fiew buildings on campus in order to
facilitate a better understanding of the ws that power idoeingconsumed on campu®iBiasio,

Pilaar, & Rosa, 2016)hese meterwill help the school develop informed plaos how and where



to conserve electricity and increase eneggficiency.While conservation anomprovedenergy

efficiency can hava big impact omeducing carbon emission§, K S& g2y Qi oS Fo6f S

to carbon neutralitypy themselvesThe biggest impacts neducingcarbon emissions come when
an institution can acquire electricity without increagitheir carbon footprint. Most often, solar
power is used to provide clean energy like this. The first cotlegfeachievel carbon neutrality, the
College of the Atlantic (2015) in Bar Harbor, M&&dsolargenerationto providethe power
needed by the allege.

While past research has identified effective areas for solar amaysampusand methods for
monitoring buildingwide energy usage, the IAasyet to make angignificant steps towards
reducing its carbon footprint. As creating awareness of gpeustainability is a significant driver in
energy conservatio, there was a need for students and staff to be more aware of the efforts that
IAIA has taken or could take to achieve energy sustainalilitje research had also been done in
identifyinghow the IAIA caimvestin local solar providersThe IAIA did not have information about
what size or type of solar array would be the most practical to insta¥; to fund any investments

in solar energy, or how much aolar array would cost to install.

Ouroverallgoal was to help the IAIA advance theammitment to achievingarbon neutrality
To achéve this main goal, we hado sub-goals conservatiorandbeginningthe process of
implementing solar energgeneration for thecampus. For our goal ebnservation, we surveyed
the campus population in order testablisha baseline of th&® 2 Y'Y dzythouigBt<oh
sustainability and carbon neutrality. We also researched gas and electrical metering options in
order to educate the campus on its utility ugagorimplementing solagenerationon campuswe
analyzed a proposal given tioe IAIA by a soldinancing company called Relv. We also
researched other options for solar power in the Santa Fe area that might be more beneficial to the
IAIA Overall,our project will hopefullynovethe 1AIAforward on the path to achieving carbon
neutrality by 2050.



2 Background

To provide a context for the |1A@&ove toward carbon neutrality, in this chapter we explore
and discuss five major topics: climate changd the rise in energy production costs, the
effectiveness of solagnergy gas anclectricitymetering systems, what othexducational
institutionsk NB R2Ay3 G2 06S02YS OFNb2y ySdziNlf |yR GKS

2.1 ClimateChangeandRisingeneagy Costs

Human activity naturally results in the exchange of a multitude of greenhouse gases (GHGS)
between the earth and its atmospherAround1950 the concentration of all the GHGs jumped
dramatically, especially carbon dioxide. Naturally, the globatentration of carbon dioxide ranges
from around 1806 300 parts per million. In 2005, the concentration of carbon dioxide reached a
record high of 379 parts per million, which is well above the natural réatiey et al, 2007)With
carbon dioxide redung local levels above 400 parts per millionhe year 2012, we are soon
approaching a time whethe measurement of carbon dioxide in ambient\ail always above00
parts per million (Gillis, 2013). If levels continue to rise as they have been atohiveue to
consume fossil fuels at or above the current rate, the human biosphere will change drastically due
to rising temperaturessea levelsandmore exteme weather patterns. Those consequences will

affect the rest of thes 2 NJIedosystem

Overthe last thirteen years, energy rates, especitilyse forelectricity, have been constantly
on the rise(Block, 2013)Figure2-1 shows that between 2003 and 2015 electricity prices have
increased from 8 cents tb3 cents per kilavatt-hourt an increase of about 3.5% per y€br.S.
Energy Information Agency, 2016€hemain driverbehindthe increase in energy coststige
increased cost of fossil fuels. The International Energy Agency has increased its price projections for
future oil costs and has expected a barrel of oil to average over $200 by(B08tk, 2013)The
execuh @S RANBOG2NI 2F (KS Ly (h8eNdadkdi imigaiiicds widfge8 NBH & | 3 S
volatility, theera& OK S L) %3) Not dnli ar@ingredsdurodiiction costs driving the
increase in energy pricesypply also has an effect on prices. The current supply of oil and natural

gas iexpectedto last another 40 years at the rate that itbeingconsumedoday. If therewerea



sudden increase in theate at which oil and natural gas are consumed, there eaadworry that

current supplies wilhot last 40 years, whiclwould drive prices up even further.
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Infrastructure is anothedriver ofthe risingcost of electricityMost of thepower grid
infrastructure is out of date, and as demand increases, more investmnetines, substations, and
distribution systers will be requiredto keep reliabilityat current levelfEdison Electric Institute
2006).ly GKS tF0S mdynQa Irigitg deBandsisRarply iqoieased manyuiliy y
companies did not make the necessary upgrades to their infrastructure to keep up with this
increase. Now, as demanstieadilyincrease, companies have to play catch up, investing large
amounts of capital intenfrastructure to keep up with demand and new technology. This money
typicallycomesfrom raising the utility rates that consumers pay. As many price caps expire, utility
companies can request to raise their rates in order to fund expareioipay for infastructure
upgrades Arepresentative ofSunmwer, a solar energy companinformed us that if there are too
many customerproducing more energy than they usend give this extra energy back to the grid,
called cegeneration, the New Mexico power sugliwill attempt to halt theinstallation of more
energy generation systefid. Baker personal communicatior§eptember 12, 2006 Thelocal

technology is out of date, arthe statewide energy company, the Public Service Company of NM

(o))



(PNM) is extremely woled abouttoo much cegeneration that could damage or destroy the local
infrastructure. To combat this, whendividuals or organizations have their projects halted, PNM
has attempted to have thgperson or group pay for the necessary infrastructupgrades, even

though most power companies have specific funds for infrastruatygrades.

Finally, the cost of complying with government regulations has also been a significant part of
the rising energy costs throughout the United Statédig¢on Electric Ingtite, 2006). As worry
about the environment due to climate change increases, the federal and state governments have
passed laws that utility companies must comply with. There are hundreds of environmental rules
createdin the wake othe Clean Air and Gd@ WaterAct. These rules have had a great financial
impact on utility companies. Between 2002 and 2005, utility companies as a whole spent $24 billion
on compliance with federal and state laws. As demand for electricity increases and more fossil fuels
areconsumed, we expect federal and state governments to continue to pass rules that utility
companies must eventually comply with. Two of the relatively newer regulations are the Clean Air
Interstate Rule and the Clean Air Mercury Rule. These regulation® dawer the nitrous oxide,
sulfur dioxide and mercury produced by power plants. Between 2007 and 2025, the two regulations
are estimated to cost the electricity production industry around $47.8 billion. As more regulations
are passed and the cost of cofigmce and infrastructure upgrades increase, these costs will be

passed down to consumers, via higher energy lailis, continuethe upward trend.
2.2 The Effectiveness of Solar Energy

For more than a decade, solar-generation has been expanding rapidly ihnaarkets, from
small two to five kilowatt systems on home® multi-Megawatt systems that can power
datacenters and industrial complexes. By generating this powesitena person or institution can
gain a significant amount of power with zero carl®mnissions, instead of the thousands of pounds
of carbon emitted by a codired, oil, or gas power plant J.S. Energy Informatiohdministration,
2016a). Cogeneration investments are more expensive than many initiatives to reduce total energy
demands mipt be, but they are more capable of achieving carbon neutraliympletely
eliminating electricity usage is impossilaled conservation methods can omiiminate a portion of
electrical needs. To neutralize their dependencesaergy grids, many peoplatie turned to

independent, carbon freenergy generation along with conservation methods.



Cogeneration is where big strides carbon neutralitycan be made and is the only real option
for true carbon neutrality as long as utility companies continue tobfassil fuels in order to
generate powersolar energy is only becoming a more attractive option fegeneration. Every
year, advances in technology make the equipment needed for solar electricity generation more
efficient and less expensive, makingnesvables a better option for power generation around the
world (Farmer & Lafond, 201&ins,Williamson, Leitner& Teske2014).Smaller institutions have
begun to invest in enough solar energy to power their entire facilities, often partnering witty utili
companies and even venture capitalists in order to be able to get the funding to afford such a
project (PublicServicecCompany of New Mexi¢c@016¢ Sunpwer, 2016). Solar energy production
has reached the point where it is not only lowering carbon siaiss but is also able to pay for itself

in energy savings in 15 years or less.

There are three popular ways for solar panels to be installed, each with their own advantages
and disadvantage®. Baker, personal communication, September 4, 20163 leasexpensive
method is to install the solar panels on the roof of an existing buildisghis requires the least
new infrastructure, its installation costsver the cost of the panelss the lowest. However,
because they are now limited by the inclinedaangles of the roof the panels are being installed on,
roof-mounted solar panels often can have limited effectiveness if the roof is flat or pointed a
direction other than due south. Yet, as raobunting is the least expensive option in most cases, it

tends to be the most popular choice for residential and commercial systems.

The next most popular choice is to groumibunt the panelgD. Baker, personal
communication, September 4, 2018)his system is preferred when considering very large solar
arrays.In order to get Megawattand Gigawatiscale generation, so many panels are needed that it
is nearly impossible to install all those panels on the roofs of buildihgwever, the mounting for
such systems is more expensive than when mounting panels amdttieand the panels take up
large tracts of land that could otherwise be developed for other uses. Growuht systems tend
to be the most efficient, because they can be placed at the exact optimum angle, and sometimes
use tracking technology to havedtpanels follow the sun. However, they also tend to be the least
secure, as it is easy to access panels when they are on the ground. Thus vandalism can be a concern

so many panel owners choose to fence in the panels, which requires additional costs.



The thrd option is almost a combination of the two previous oiiBs Baker, personal
communication, September 4, 201€pecially built structures such as carports can become the
understructure upon which panels are mounted. Most of the time, these structuebuailt over
parking lots, creating shade for parked cars while generating electricity. These solar carports are the
most expensive of the three options due to the large number of support structures required.
However, they also can be the most effecti®a.the angle and location of the carport roofs are up
to the designer, they can be built at the optimum angles. Additionally, their structure gives a second
LJdzN1J2 a S G2 (K& KilIIRSRE MIKQA0 Ko dRR2{SiE yaoyint systerndLBinglly, 6 A ( K =
since the carport raises the panels well off the ground, the risks of vandalism are much less. Yet, the
panels are fixmounted on the structures, so they cannot take advantage of the increased efficiency

of a tracking system.
2.3 Gas Meterin@nd Importance oMetering

Electricity and gas meters measure the flow of electricity and gas into the systems that they are
measuringU.S. Department dEnergy, 2016 Gas meters measure cubic feet simply by using the
force of flowing gas to drive the meter. Electricatersdisplaywatts and kilowatthours and use
electrical current to drive the meter. While electrical meters simply measure a voltage and current
to display watts and kilowathours there are a variety of different options for measuring gas flow.
One conmon type of gas meter is a positive displacement meter, sometimes called a diaphragm
meter (Steinberg, 2013). This type of meter requires the gas to displace mechanical components to
measure. Another type is a thermal mass flow meter, which use heat gafrsin a heated
element to measure the mass of the fluid that has passed through the meter. They are very
accurate and easy to be installed. Although there are more tharntypes of meters for gas and
other fluids, the last one we will mention is the aoy meter. Rotary meterrely on two rotors that
mesh together seamlessly so that no gas can slip by wittadating the meter (Poch, 20)5The
amount of times the rotors make a full rotation is directly proportional to the amount of gas that
has flowedthrough the meter.Utility canpanies use meters to sé®w much electricity or gas is
used by their consumel®.S. Department dEnergy, 2016Meters allowthe utility companies to
bill their customers in@cordance to the amount of gas or electridifyey use. But meters are useful

for consumers as well. According a study in Northern Ireland, residential consumers reduced energy



usage and bills when given feedback about how much they used through a metering device (Gans,
Alberini, and Longo, 2013). Thiappens because the meters are able to highlight when and where
the most resources are expended, providing the consumers with information about where to focus

their efforts in conserving electricity or gas, thus reducing their consumption more effectively.
2.4 Other Leaders in Sustainability

WwWSRdAzZOAYy 3 St SOGUNAOAGE O2yadzYLiAzy A& | LI g SNFdJA
and the IAIA has plenty of places to look for examples on how to do just that. Currently, the largest
sources of energy farniversities comes from fossil fuels, and therefore energy conservation is one
of the biggest ways that colleges and universities can change their climate impact (Uhl & Anderson,
2001). At colleges like the State University of New York at Buffediv,efforts onconservation has
cut energy usage and costs even as the campus has expardielihg 8 new buildings between
1982 and 1999 while cutting more than 20 million kilowlatturs of electricity consumption each
year. Most of their changes came from updafilighting, adding more and better insulation, and

using more energy efficient equipment.

Another major way that colleges have been working on sustainability is through power
generation. New buildings at both Oberlin College and Northland College stileephotovoltaic
arrays andvind turbines inordertosuppt 2 YS 2NJ I ff 2F GKS o6dzAf RAy3aQ
Anderson, 2001). Solar energy production is one of the more popular ways of implementing
sustainability improvementdHarvard Universitysione school that has invested heavily in solar
energy and has installed solar panels that generate more than 1,500 kW when running at peak
efficiency(Harvard University, 2013Butte College in California has even developed a solar
installation that geneates more energy than the school uses, sending their excess energy into the
power grid (DPR Construction, 2018 far these are examples of colleges and universities that
have taken steps towards carbon neutrality and energy sustainability, but therscéiools out

there that have already achieved the goal that the IAIA has committed itself to.

The College of the Atlantic in Bar Harbor, Maine was nafallar Mechanicsumber
oneamongthe ten greenest colleges in the United States (Howard, 2008)oddh the college is
home to only a few hundred students, it managed to be the first Odiegeto be 100% carbon

neutral in 2007. The College of the Atlantic (COA) does still produce carbon dioxide emissions, as



they are not totally fossil fuel free; never, they take steps to offset what little emissions they do
produce. They have invested $25,000 towards a project in Portland, Oregon, to streamline traffic
flow, therefore reducing automobile emissions in that city. The parent organization of thecpieje
The Climate Trust, and the project is expected to reduce automobile emissions by 189,000 tons over
five years. COA measured everything they do on campus, from the carbon emitted by people
traveling to the campus to daily energy use and how that epégroduced. COA used an
emissions calculator provided by Clean Air Cool Planet of Portsmouth, NH. Using this calculator,
they determined that since October 2006, the college has produced 2,500 tons of carbon dioxide.
The school eventually plans to reduits output to 1,800 tons, while still offsetting this with other
green measures. To keep its carbon emissions so low, COA used electricity sourced

from hydroelectricgenerators. It also employed lighting with low energy draw and has encouraged
carpoolingand biking in and around campus. COA also built a new residential building with wood
pellet boilers and composting toilets (Trott&007). It is important to understand that carbon

neutral still means the school produces carbon emissions, but it offisetsmissions elsewhere,

either on or off campus.

Through energy conservation techniguearbon offsettingand orrcampus power generation,
many colleges acreghe country are working towards sustainability and carbon neuttalibeir
methods, technologs, equipment, and experiences can provide a model for the IAIA to move

towards carbon neutrality.
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2.5 |IAIA Carbon Footprint Baseline

The ACUPCC is an organization of colleges and universities that have pledged to make their
institutions a carboremissionfree environment to combat climate change (Thomashow, 2014,
p.177). The Institute of American Indian Arts is one such signatory that has made the commitment
to eliminate net carbon emissions. In 2010, the IAIA president, Dr. Robert Martin, signed the
ACUPC@ccording to the commitment, the IAIA needs to complete carbon neutralization by 2050.
In 2013, the Institute of American Indian Arts (2013) reported their baseline energinusie-
watthours, by sources, as shownigure22d0 ¢ KS L! L! Q&4 St SOGNKIOAGE O2 Y
Service Company of New Mexico, which providestecity to most of New Mexico. A significant
LRNIAZ2Y 2F GKS L!L!Qa OFNb2y SYAaarazya |faz 0O2Y
the New MicoGas Companylhe main concern of the IAIA is the dependency of the PNM on
carbon based energy sources. One of the Institute's-teng goals is finding a way to be less
dependenton the energy provided by the PNéd that they can move towards beingarbon

neutral campus.

IAIA Baseline Energy Use By Source (2010)

Trahsportation .

Solid Waste

Electricity from PNM
Natural Gas

Figure2-2: IAIA Baseline Energy Sourggsstitute of
American Arts 2013)

Since2013, therehas notbeenmuch progress made by the Institute of American Indian Arts
(2013) to achieve their 2025 midterm goal, whiebuld involvethe I1AIA switcinga large part of
their energy demand to renewable energgurces In their 2013Climate ActiorPlan the 1AIA

reported an emission quantity of 2,340 metric tons per year of carbon dioxide. In 2014, a WPI
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research teanwas tasked with providinganlJRIF 6 S G2 GKS L!L! Qa OIFNbh2y S
the school emited 2,946 metric tons of carbon dioxidie 2013(CornachiniMcMullen, Milholland,

& Nutting, 20149 ¢ KA & NBLINBASYGSR | Hpodi: AYONBIFaAS 23FSNJ
IAIA hacda goal to reduce their carbon emissions by 50% by 2025, andesgtthan 10 years until

this deadline, the IAIA needed to find more efficient solutionsetducingtheir energy consumption

and carbon emissions.

As shown irFigure2-3, in order to reverse this trend of increasing carbon emoiss, the IAIA
needed to start reducing their carbon emissions soon, or their goal might be unattainable. In order

to reach the goal of zero net emissions by 2050, the IAIA needs to reduce their taolyjoint by
an average of nine percentr 104 tons a year.

4,000 Tons—+

3,500 Tons©

3,000 Tons+

2,500Tons—§

2,000 Tons+

1,500 Tons

1,000 Tons |

500Tons—§

OTonS:omcomNmOOHvl\ommmc\l
— — — — (9\] (qV| (qV] ™ o ™ < <t <t <t Lo
c & & & & ¢ & & & ¢ ¢ ¢ ¢ ¢ ¢
T @8 8 8 8 8 8 8 8 8 &8 & & & &
L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
Historical Required to Meet Emissions Goal
Emissions

Figure2-3: Annual Carbon Emissions by the 1A013;CornachiniMcMullen, Milholland, & Nutting, 2014

Another WPI IQP team undertook the task of starting the IAIA on the right path towatatsnca
neutrality (Dibiasio, Pilaar and Rosa, 2016). In the spring of 2016, thiséeammendedand
installed electrical meters on thmain circuit panels of three buildings on campus, the Main

Academic Building, the Center for Lifelong Education anddbnedty. These meters measure the
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peak power demand of the entire buildings and while this is useful for facilities, it does nothing to
show students just how much power the buildings at the IAIA actually use. In addition to the
electrical meters, the tearalso looked into LED lighting for the camplbiased on data they
gatheredfrom one room that already had LEO$iey took some illuminance measurements, but
eventually decided to hold off on recommending that the IAIA purchase LED lights for the entire
campusbased on theavailabletechnologiesThe spring 2016 team also came up with a list of
recommendation for the IAIA to reduce their carbon output and save on utility bills. One such
recommendation was for the IAIA to have an energy audit done of thesecdimpus, to highlight
areas of inefficiency. Another recommendation they made was for the IAIA to come up with a
A2AGSYIFOGAO I LILINRI OK F2NJ O2YLX SGAyYy 3 Fdzi dzZNB NB i NP
neutrality. They also recommend that the IAlAKanto devices that reduce gas and water usage,
but they do not mention the lack of fully functioning natural gas meters for all the campus
buildings. It would be difficult for the 1AIA to start reducing gas usage if at first they do not know
how much eah building is using. Overall, it seems that the previous IQP team has made solid
recommendations for the IAIA, but there is still work to be done to get them on the path towards

carbon neutrality.
2.6 The REvolv Solar Lease

REvolv, a solar energy financingpmpany reached out to the IAIA in the summer of 204#h
aproposal to lease twenty-five kilowatt solar installation that Sacred Power would install on the
roof of the Center for Lifelong Edation (CLE) Residence Center-(BE & Sacred Power, 2016)
REvolv would own the panels and pay to install and maintain the solar array, while the 1AIA would
pay REvolv for the rights to the power generated by the panels. AB@years of lease payments,
the ownership of the system would transfer to the IAl& which point the IAIA would assume
responsibility for any maintenance of the panels. The array would be composed of a total of 91
CS6K280M solar panels manufacturdy Canadian Solar Inc., and seven Sunny Boy power inverters
manufactured by SMA Solar Tewmlogy AGThe IAlAvasuncertain about whether or not to accept
this proposal but it is the first concrete proposal that the IAIA has considered to install solar power

on campus, and Wvasthe first step towards greener sources of energy.
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2.7 Summary

In this chapter we reviewed a number of factors that drive many institutions, including the 1AIA,
to increase their energy efficiency, sslifficiency and renewable energy sources, especially
through using solar energy. We explained how huraetivities havedamaged the environmeriy
producing more C& and what needs to be done to solve these problems. We also reviewed what
others have done to achieve the same goal that IAIA has of reaching carbon neutrality. In the next
chapter we explain what research mett®we used to determine how to help IAIA move to a more

carbon neutral future.
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3 Methodology

The goal of this project was to identify ways to help the IAIA advancegbairofcarbon
neutrality on campusTo achieve thigoal,we had two mairobjectives,ncreasing conservation
methods on campuand findingenergy generation methods to bring to the IAIA. Under the topic of
conservationwe focused on three areas, awareness and community involvenedettrical
sustainability, and gas sustainabiligorgeneration, we focused on carbon free power generation
systems, starting with a proposed solar system byw®&t In this chapter, we discuss the methods

we used to acteve our research goals and objectives.
3.1 Conservation

To help thelAlAprogress towardsheir goalof carbon neutality, the first priority wasto
determinethe attitudes and knowledge abownergy and carbon conservation at the IAIA. We first
wanted to investigate what the students and staff already knew about energy conservation and
carbon neitrality. We thenresearched various methodbkat the IAIA couldise toprovide energy
conservation examplesuch as usingneters forcomparingLEDand fluorescent lightingn addition
we researched various gas metering systems to help thedAtérminehow to conserve their

natural gas usagehuslimiting their carbon emissions from burning natural gas.

3.1.1 Gauging Interest and Knowledge in Carbon Neutrality and Energy
Conservation

As community awareness and involvement in sustainability efforts is aorieny factor in the
success of initiatives to conserve energy, we decided to conduct a survey of the IAIA community in
order to gauge the level of interest akdowledgeA y G KS L! L! Qa SFTFF2NIa G2 o
The survey was formatted as a shanformal discussion with several students and faculty where
0KS adz2NWSe2NJ RAa40dzaaSR GKS L!L! Qa OdaNNByid AyAlGA
guestions available in AppendiX. We formatted the survey to be moapenendedin order to get
a more thorough understanding of stude@sd facultyY SY 0 $NIEHIG G dzZRS& (26 NRa (K
efforts to combat climate change. A simple online survey would not necessarily get a large number

of responses, and the only reliable way to get good informatiomfan online survey is through
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Ydzf GALX S OK2A0OS 2N ljdzt yGAGEFGAGS ljdzSadAazya GKIFQ
interested in opinions and mindsets than quantitative metrics, we believed that we would get a

better idea of the mindsetrad knowledge of the students through a dynamic conversation than
GKNRBdzZZAK | NBIAYSYdSR &dzNIBS eé ar@aNdnded by Spdiditg floln ¢ KS &
Y2NB 3ISYSNIf AYyldZANARSE | 062dzi (KS ado@Hmamia | g N
Action Plan to morspecific questions about their experience with the rooms affected by the switch

to LED lightas shown in Appendix.NlVe also discussed how to make these changes relate to

something meaningful enough to them to help provoke intéttesA y (G KS aO0OK22f Qa ST 7¥:

carbon neutrality.

During each interview, we wrote our notes from the discussion on the Google Form containing
the eleven questions we used to guide the survey. Once we had surveyed a total of 15 students and
faculty, wecollatedthe responses, available in AppendixaNd analyzed them to gauge the
O2YYdzyAtle2Qa AyuGSNBald Ay adzadlAylroAfAde SFF2NIA

involved in those efforts, and the sacrifices they are willing to makedardo conserve energy.

3.1.2 Electicity Conservation

The IAIA has been investing in energy conservation methods around their campus, most
recently beginning a switchover to LED lighting. In their main academic building, one classroom has
received LED lightinfixtures, whilghe classroom next door still had its original fluorescénts[ 9 5 Qa
have proven significantly more efficient than fluorescent lights, but the IAIA did not have a system
in place to highlight that difference. These two rooms provided arodppity to demonstrate to
everyone on campus the advantages that LED lighting has, in a manner that students, staff, and
guests could easily see. The power saved with the LEDs can also provide a model for how the IAIA
could save even more energy aretluce carbonemissionby expanding LEDs to the entire campus.

Our objective was to findn electric metering systerthat would eady display the effect of LED
improvements on energgonsumptionand carbon emissions, and to use this data to determine the

beneft of LED lights for the entire campus.

3.1.2.1 MeteringOptions
Simply knowing that the LED lit classroom is more efficient did not create the impact desired by

the IAIA facilities staffThey required aisual representation that shows anybody walking by that
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one room uses notieably less power than its neighb@ur sponsor at the IAIA suggested that an
electrical meter, wired into the lighting circuits of each room, wodidplay the instantaneous

power usage in each room

Through discussion with our sponsor wetermined that the meters needed to have readable
displays, and the ability to be wired into the hallway outside of the rooms. From there anyone
walking by these two rooms could then compare the numeric values shown on the meters to
posters that explaiad what the raw numbers meant. This could highlight exactly how different the
two power usages were. In order to recommend a specific meter for this purpose, we needed to
ensure the meter could be easily wired into the existing circuitry, have little tmaiotenance, be

able to output the necessary data in a readable format, and be reasonably priced.

We began by identifying the ranges of power draw that the meters would need to measure. We
found the power consumption specifications for the lights in ea@m by examining each light to
find its model number and by looking at the datasheets for each light model. We then developed a
spreadsheetas seen in Appendix I, enter in the specifications for the meters that we found. This
spreadsheet had sectiortisat listed the model of the meter, a link to the product page, the cost,
the type of display, the size, the voltage and amperage capacities, the readings it could output, the
number of circuits it could monitor, information about the ease of use/mainteearhe
manufacturer, and the distributor. Using the features that we had identified as things we should
compare, we looked on the websites of wiitiown suppliers like Grainger, Blackhawk, and Block
Lighting, and reputable brands like Leviton, Siemend,EBiM to find the meter that met all of the
L!'L! Qa ySSRad® 2SS SyGdSNBR RIGlF 2y S@SNER YSGSNI 6S
compared them based on the criteria we had established in order to find the ones that best fit the
LI'L! Qa ySSRao
3.1.2.2 LED Benefits

The IAIA uses over 2 million kilowdibursof energya year, which is responsible for the
emission of more than 2,000 tons of SBased2 y (G KS 9y SNHE& LYy F2NXIQiA2y | F
most current estimate of 2 pounds GfQ per kWh prodeed with fossil fuels. Therefore, for the

school to get on track with reducing its carbon footprint, they need to make significant changes to

their campus with the goal of decreasing their usage of camediant electricity. As lighting is one
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of the sinde largest users of electricity on many institutional campuses (E Source Companies LLC,
2013) we focused a portion of our research on determining if the effect that changing over all

existing lighting to LEDs from the current fluorescents would be wostettpense.

The first step was to develop an estimate for the number of lights that were in use around
campus and how much electricity they consumed. We measured the lighting deihsity many
lightbulbs were in use per square foot of campus by countingothibs in several different locations
GKSNE ¢S O2dzZ R I OO0dzNI ( FlieSouliielst &lazdiddm wes Sur a2 Y& Q | N.
baseline Using the total area of campus buildings provided by the facilities department at the 1AIA,
we extrapolated the lightingensity to make an estimate of the total number of bulbs on campus.
With that number in hand, we examined the lights themselves to determine the exact consumption
of each lightbulb when it was on. Then we estimated the balandiglitts between two categues,

regular and irregular traffic

In the spring of 2014, a WPI IQP team did a lighting survey in the Center for Lifelong Education
They divided all of the ligh@® f 2 Ortoiiwo 2ayegories, regular and irregular traft©ornachini,
Mathews, McMulén, Milholland, & Nutting2014). They described irregular traffic as offices,
classrooms and bathrooms and regular traffihhaiways meeting areasnd all otherspaces in the
building Using the schedules past outside classrooms andgith input from Mr. Mason, we were

able to estimate the weekly runtime for each categofyocation

By searching retailers like Amazon and the Home Depot, we foundidrggplacement LED
bulbs for the fluorescent lightbulbs already installed. Using the specificatiornialaleafor the
consumption of the new LED bulbs, we estimated the total weekly consumption of the lights on
campus if they all were switched to these LEDs. With the two consumption nurfviérsand
without LEDs)we then calculatethe approximatesavingdi K+ & ¢2dzf R aK2¢g dzZL) 2y

electricitybill andthe approximate amount thatt ! Lchriba footprintwould be reduced by.

3.1.3 Gas Conservation

The IAIA also lacks a system that measbms much natural gas eachdividual building on
campus useshegas being mainly used for heating and hot water. Similar to the electrical meters
identified by the pevious WPI team, we identifianetering systems that the IAIA could install on

S OK o0dAfRAYIQE 3JFa AyiSi &2 (i KiSroreQarghriy thahS | & dzNB
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was available from the utility company. For these gas meters, our objective was to find a system
family of meters that could be fitted to each building, atigit would provide simpleand
understandable measurements help the AIA beter understand their gas usaged develop gas

savingstrategies all in the hopes of reducing their carbon emission

3.1.3.1 Metering Options

There argen mainbuildings on the IAIA campus, each consuming gas to provide hot water and
central heating. Fothe most part, the IAIA only knows how muadituralgas the entire campus
uses, not how much each individual building us#&hile seven of théuildingsdo have individual
gas meters installed on their gas lines, those meters are bulky and difficelatmndin some
cases,bypasséd ¢ KS T oAfAde G2 Y2YyAG2NI SIFOK AYRAGARdZ €
identify usage patterns and inefficiencies, whveiti eventually help them reduce thematuralgas

usage and become more energy efficient.

We began our research on what new meters to install by identifying the current meters already
installed on campus and examining the gas inlets for each building. We communicated with the
L!L! Qa yFddzNFf 3 & LINEGOARSNJI ozrobsénzatidogivare valil G KS O
and could be used to choose compatible metering options. We had an informal phone interview
with an HVAC contractdor Arden Engineeringyho had some experience installing gas metars
order to identify the criteria that woldl help us choose an appropriate gas meter; our interview
protocol for this conversation is availableAppendixM. We estimated the amount of gas each
building would consume by recording what equipment was in each building that could burn natural
gasWes Sy (2 SIFOK o0dzAf RAy3IQa YSOKIYyAOFf NB2YA | yF
of the equipment attached to thenaingas line, such as furnaces, water heaters, HVAC units, ovens,
ranges, and other kitchen equipment. At a maximum, a buildindgdcose the sum of each piece of
SIdZA LIYSYy G Q& YIEAYdzY O2yadzYLIiA2y 2F ylGdzNFt 3L &z

meters would be compatiblbased orthe natural gas demands efchbuilding

We also observed the existing meters and gas linedinganto buildings at the IAIA in order to
better understand how much space was available on the gas main for a metering system and what
the shortcomings of the existing meters were. Using that information, we searched manufacturer

and supplier websitef meters that provided a simple and clear display, were capable of
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measuring the amount of gas flowing to each of the buildings, and were reliable and credible
metering systems, trusted by consumers and reviewing agencies. From there, we called suppliers
and manufacturers for quotes and further information about the preferred models in order to see if
there was anything we had overlooked. We narrowed our recommendations by determining what
an acceptable price range was to the IAIA and ranked the meteesllmastheir prices and the
features that each meter provided. We provided our final list of recommendations to our sponsor,

so that the IAIA could choose one to install.

3.1.3.2 Data Collection

Installing gas meters at the 1AIA will only provide them with a méanssualize their gas usage,
it will be equally important for the 1AIA to collect and monitor their gas usage. This data could
highlight the times or areas were gas efficiency could be improved. We investigated the important
times of day for data to be dlected, and the necessary information that could benefit the IAIA. An
important factor in our investigation into a data collection metlsadas the effort required for data
collection. If a data ctdction method is simple enougind recordghe necessarylata, the IAIA will
have another tool to usé decide how to reducéheir carbon emissions by conserving theatural

gas usage.
3.2 Generation

Upon arriving at the IAIA, we were immediately presented witt’REf @ Q& LINR L2 4| f
solar array and &®d to evaluate it. We first looked at the history and effectiveness of both of the
companies involved in the proposal and the equipment that they wished to use. We considered
whether the system would produce long term savings by generating enough emeoffgét the
costs. After researching the option presented to the IAIA, we investigated the options available to
the IAIA in the Santa Fe area. Our objective was to provide the IAIA with the best solar

implementation plarin orderto start the IAIA down té path to carbon neutrality.

3.2.1 AnalyzingRP2 f Q& t NRB L2 &l f

We began investigating RE2 f dQ& LINRP LR &l f o6& SEFYAyAy3a GKS

completing the project and the equipment they planned to install. When researchiwgplREve
identified pastpr@ SOG & FNBY (GKS O2YLIl yeQa 6SoairidsS | yR

T2
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their outcomes, and the costs of the projects in comparison to what the site owners had to pay RE

@2t @ C2NJ { I ONBR t286SNE 6S ARSY (i hefchnipany wekisge O2 Y LI
and looked for their experience as far as installing solar arrays of similar size. We also looked for

what kind of history they had with solar installations and their maintenance by looking at reviews

and comments by organizations thaave partnered with REolv and Sacred Power in the past. We

found a list of previous projects on the Sacred Power website and, by searching the local newspaper
archives for the locations of those projects, determined how successful or not Sacred lirmver

been with their past projects.

Besides evaluating the capability of the two companies, we also determined the quality,
durability and reliability of the equipment they would install on the CLE Residence Center roof. RE
volv proposed putting up Canadian &CS6K panels with SMA Sunny Boy string inverters. We used
YIydzFl OGdzNBNJI RIFGl aKSSiGa 2y GKS KFENRgLFNBEZ SELISNI
review aggregation websites, and data on similar configurations quoted by other solar energy
companies. Weould only recommend RE2 f Q& LINRPLI2AaSR aeadsSy AT | ff
and tested models or technologies that came highly recommended from other consumers, and if
the systems came with good warranty packages. If the IAIA was going to invastpndjlect, we
needed to be certain that the equipment would be effective and reliable, and that the
manufacturers guaranteed them against suboptimal performarfdfis were not the case, then

the system would be a waste of time, effort and money for tARA.

For the solar panels, we determined which photovoltaic technology was used in the CS6K panels
FNRY G4KS Yl ydzZHFl OGdzNBNNR&E RIGFakKSSiad 28 (KSy 0O2Y
to those on datasheets for recent panels produced by other uf@cturers such aSunpwer, First
Solar, and Trina Solar to see if the panels were up to industry standards. We also confirmed that the
YIYydzFIF OGdzNENEQ 61 NNFyiASa 2y (KS aeaidisSy ¢6SNB ad:
to fail, the manufaturer would replace the system at no extra cost in most cases. Finally, we
compared different types of solar panels and inverters from different manufacturers, in a similar
price range, to see if they produced a comparable amount of energy by reseasciéanganel
aggregation sites and comparing technical datasheets for the different technologies. We also

compared the different warrantee packages as described by the marketing material provided by
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other manufacturers, and made note of any hardware thghgicantly outperformed the specific

panels proposed by RElv.

Similarly, with the Sunny Boy string inverters, we checked the datasheets provided on the SMA
company website and reviews for basic information about the system, to see if theyumase
highly recommended and would perform as expected for the life of the system. We also compared
them with other systems, such as those manufactured by Enphase, General Electric, SolarEdge, and
LG, to see if there were better choices from other companidsyarsing other models. Our
comparisons, similar to those with the panels themselves, relied on comparing the datasheets and
reviews of the SMA inverters to those produced by their competitors, as mentioned above.
Additionally, we compared the costs and betebf switching from string inverters to micro
inverters, such as the ones produced by Enphasesamgbwer. We looked at the comparative
costs and benefits of each to determine the scenarios where switching technologies could benefit
the IAIA.

Once we hadletermined the quality of the equipment mentioned in the proposal, and once we
had determined whether the IAIA could trust-R&v and Sacred Power to install and maintain the
equipment properly, we turned to a financial analysis of the proposal. Orfeedfiggest factors in
ouranalysisof RB2 f Q& LINR LR ALt F2NJ GKA& NR2FG2L) a2t NI |
that the system would provide. While RBlv provided their own statistics and tables with
information on how much they believed thAIA could save by implementing their proposal, it was
important that we perform our own financial analysis to determine the accuracy @ RE @ Q &

calculations and assumptions.

To begin our financial review, we extrapolated the future increases in gridygmests based
2y KAAG2NAOIE RIGF RNIgy FNRBY tbaQa NBO2NRa® | a
available in Appendix hichwould show how much money the IAIA would spend on electricity

throughout the life of the solar array.

We also modellethow much power the solar array could generate, using historical data for
solar irradiance in the Santa Fe area provided by the National Renewable Energy Laboratory (2010),
and formulas compiled by John Duffie and William Beckman (1980), to confirm ¢haystem

would generate the amount of electricity claimed by-WRi#tv. These calculations also relied on the
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efficiency specifications of the Canadian Solar panels so that we could properly determine the
amount of energy that would be converted from the dable radiation. We used these calculations
to determine whether the prediction provided in 2 f Q& LINB LI A&l f gl & NBI azy

Once we knew how the panels would perform and had our own financial predictions for how
much the IAIA could expetit spend or save over the twentyear lease period, we formulated our
final recommendation on whether or not this project would provide a financial benefit to the IAIA.
No matter what our recommendation on the RE&lv proposal ended up being, the 1AIA wbalso
need to know what the possible alternatives were if the b5 to look into other companies for

their first move into solar generation

3.2.2 Other Solar Options

In addition to determining the efficiency of B2 f Q& LINRLI2ZASR a ®de&katSY> 4 S
local solar providersWe looked to see if the IAIA could get a better deal by working with other
companies to install a rooftop system on the CLE Residence Ciestead of REolv. We
contactedGoSolarSunmwer, andAmenergy three solar compaies that serve the Santa Fe area,
and inquired about their costs for a similar 25 kW system and ways to save money over the long
term by changing certain parametei/e also discussed the option of having solar carports as a
part of the overall systemVethen set up meetings with sales representatives in order to
determine whether changing the size of the system could be better for the IAIA, or if switching
types of panels, inverter technology, or mounting technology would be cheaper or more efficient

with a focus on increasing overall savings for the I1AIA.

Our sponsor highligedthe ¥ £ SEA 6 A f A & bufgat, ahdythe fadt Baheirlbudgen
sometimes allows for the spending ofaagesum of moneyat the end of the fiscal year. THed us
to resaarch smaller systems that the IAIA could potentially fund mvitheir ownyearlybudget.
Since the IAlAloesnot haveroom in their yearhudget for a large solar installationgwesearched
local grants and funding options other solar providersommerd. After learning about popular
methods to fund solar projects, we researched local laws and implementation methods for forming

an LLC at the IAIA.

This information gave us a better perspective on thevBlE proposal and allowed us to

determine if an akrnative supplier would provide a better option. We have included information
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from these companies or systems thatuld providea better returnon-investment, as calculated

using the same methods we used for the\REv proposal
3.3 Summary

In this chapteme explained how we went about our research in order to determine the
advisability of acceptinthe solar proposal given to the IAIA by-Ritv, to identify alternative solar
optionsandto determine the best metering solutions for bogjas ancelectricity. We present the

results and findings of our research in the next chapter.
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4 Results & Analysis

This chapter presents the results of our research into helping theadé&igve their goal of
carbon neutrality¢ 2 A YLINE @S ( KS we!dikcusghd re<diss pfpestud@ntsuvey y >
ways to improveelectricityconservation on campusinda metering and data collection method to
KSt LI AYLINR @S ( K8 thdn discusQdur réblitsion days t@lBiny solar energy
generation to the IAIA, basedmurreview ofthe REvolv solamproposaland the other options we

located in the Santa Fe area.
4.1 ImprovingConservation

On the road to carbon neutrality, one step isremluceenergy usage through conservatioe
02y RdzOG SR I & dzNIJ S &pinidreon subtalrafity, caodn nutrafitydaizd Q 2
willingnesgo help the IAIA towards their goal. We also researched metering sydtarboth
natural gas and electricity. To begin the process of conservation, the 1AIAiratkshow the

amount of resourcse they are using.

4.1.1 Gauging Interest and Knowledge in Carbon Neutrality and Energy
Conservation

The survey we conducted of students and faculty at the IAIA uncovered many interesting and
useful information regarding current knowledge about carbon neutradiistainability, LED
lighting, and attitudes towards carbon saving and sustainability. From our data, recorded in
Appendix M, only 42% of students interviewed knew what carbon neutrality meant, and only 33%
of the students knew that the 1AIA haineda carbon neutralitycommitment However,on a very
positive note, 3% ofstudents are interested in sustainability efforts at the |ABAshown irFigure
4-1. There is a lot of room for improving the awareness on the campus abeUf#Q éfforts to

achieve carbon neutrality.
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INTEREST IN INVOLVEMENT IN SUSTAINABILITY

m Very Interested in More Sustainability on Campum Mostly Interested in More Sustainability on Campus

m Not as Interested in Sustainability

Figure4-1: Interest in Sustainability Efforts on Campus

The lightingof the Northwest and Southwest classroomghe main academic buildingas also
an impotant topic of interest. Of eight students who said they currently had classes in either or
both rooms, only 3 students actually noticed a difference in the light quality.d8at| the students
surveyed, 1®f the 16 students said they would be interesten seeing realime data about how
muchenergyis saved with the LED lightires shown irFigure4-2. Some interviewees stated that
the fluorescentroonighté I & G i22 KIFNARKé |yR (G4KS [95 fA3IKiGa o
students and faculty who use the rooms on a regular basis have a preference for the LED lights, and

have no issues with thievel ofbrightness in the rooms.
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INTEREST IN REALTIME FEEDBACK ON ELECTRICITY
CONSUMPTION

m Interested in Realtime Electicity information ~ mNot Interested in Efficiency Information

Figure4-2: Interest in Seeing Electrical Consunyuti Data

The ability to see more sustainability and carbon neutrality projects was also an interest of
students and faculty. All but one interviewee supported seeing more projects or more project
advertising to show how the IAIA is trying to limit carlemissionsand be more sustainable. One
LISNE2Y aLISOAFAOFIfteEe adl G§SR GKIsimoréd HsBIS to the whaleS R G K S
Ol YLIza ®¢ ! £ f 0dzi that geeiny hdrésScNdidgeSwoddieéad theinltoimake more
sustainable and carboemission reducin@ K y3Sa> SaLISOALFffte& AF GKS L!L
YSYOSNB 2y K2g GKS& OFy FFSOG NBIf OKIy3aSoe {1
IAIA to support sustainability. Students wanted to see changes like: bottle filitigrst on water
fountains to reduce plastic bottlevaste,more recycling instructions, better heating and AC
monitoring in buildings, and bringing solar technology, as well as other renewable energy to

campus.

The students at the IAIA are not as informesdthey would like to be, and there is a great
interestamongboth students and faculty to learn about carbon neutrality, sustainability, and how

the 1AIA is progressingwardsthese goals.
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4.1.2 Electrcity Conservation

Electrical sustainability is an impoytai FF OG2NJ G2 GKS L!L! Qa 321t 27
research into options for electrical sustainability found two metedegiceshat could be used to
educate the students and staff at the school about the benéfitéd LED lights can bring tbeir
campus. We also explain ocalculationsF 2 NJ RSGSN¥YAYyAy3d GKS LI2gSN al @S

and how this information was conveyeditreaseanterest in sustainability and carbon neutrality.

4.1.2.1 Metering Options

After studying the fixtures and liginiy circuits for each room, we calculated the max amperage
that both the LED and fluorescent systems drew, in order to size possible meters. These limiting
points allowed us to select meters that would be able to read the minimum and maximum draws

betweenthe rooms.

Figure4-3: Comparison blighting between two classrooms. LED classroom on left.
(Camera Settings: Shutter: 1/320; ISO 1608tdp: 5.6, 18mm, WB: 4000Kk)

For the LEBIt room, there are four individual LED lights, one LED strip per fixture, shown on the
left in Figure4-3. These LEDs use 43 Watts of power, according to their datasheet, and are all
connected in paradll (EatonCorporation, PL2016). This means that each light uses the same
voltage. If one light uses 43 Watts, with a 277 Volt system, the light draws 0.16 Amperes. Since they
are connected in parallel, the total Amperage of the circuit is the amperagaah light added

together. Four LED strips, at 0.16 Amperes each, draw a total of 0.64 Amperes.

There are four fixtures of fluorescents, with six bulbs per fixtAsavith the LEDs, each

fluorescent fixture is connected in parallel, and the bulbs ase abnnected parallel with each
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other. These 48nch fluorescents use 32 Watts each, and since the entire system is in parallel, each
uses 277 VoltgGeneral Electric, 2013Jhis meanthat each bulb draws around 0.16 Amperes. At
this amperage, eactf the fourfixturesdraws 0.96 Amperes for all six bulbs. This means that all

four fixtures draw a total of 3.84 Amperes.

20K GKS 4GYIE RNIgé¢ @IfdzS FT2dzy R F2NJ S OK NR2VY?
detect a draw as little as 0.64 Amperes, and deteotax draw of 3.84 Amperes. With these limits
we came up with a list of possible metering solutions, which can be segmpendixD. We then
narrowed our choices down to two main options. The first solution was aimasive, wireless
displaythatregqlB R y 2 OKIl y3Sa (2 GKS NRB2YQa gANRYy3a 2N S
less expensive multheter that would be housed inside the wall, and would require the electrical
wiring to be rerouted. The two meter choices were the Efergy® ElitssidVireless Electricity
Monitor and the DROK 20A AC Digital Monitor respectively. We compared the features and
specifications of the two meters ifiable4-1, below. This comparison highlights thignificantprice
difference between théwo models, with the DROK meter being 86% less expensive. Itsdftsle
for the low price are a smaller screen and information range (though it can handle power draws far
beyond our needs), and that it needs to be installed directly in the wida@pmsed to theEfergy
meter, where the measurement device can just be secured ompdsiive (hot) wirewithout a lot

of labor.

Table4-1: Comparison of Electrical Metering SysteniBROK2016; Efergy, 2016)

Hergy® EliteClassidVireless DROK 20A AC Digital
Electricity Monitor Multimeter
Price $119.95 $15
Installation Method Put sensors on wires in ceilini  Installed in wall, wittcircuit
place wireless monitor in wired through meter

convenient location.
Display Type Segmented LCD display: 4 Segmented LGBisplay,

inches. backlit, 2inches.
Output  Power, Total Consumption, Voltage, Current, Power, Tot:
Energy Costs, Carbon Consumption (All
Emissions, Tariffs. simultaneous)

Capacity/Display Rang  0-200A;0W-24kW; OWAh OW-4.5kW; OWR9999kWh; 0
9999kWh 20A; 80260 VAC
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After compiling the technical information for each of the systems, we presented these two
options to our sponsor. While the DROK meter was the initial preference due to its lower price, it
hadto be eliminated as an option for these two rooms. While the meter would work for most
rooms on campus, the Northwest and Southwest classrooms both run on 277 Volts, which is
outside of the 260 Volt limit for the DROK. This left the more expensive Efetgy as the top
choice. We think the higher price of the Efergy meter could be worth the extra display information
that can provide a redime comparison for how much the energy for each room costs, and how

much carboris emitted by the power used

While the meters wergurchasedve developectalculations phrasingand graphicgo highlight
information about the power difference in the roomgresented in Appendix Qhis information
would be displayedn a poster, presenting qualitative information deibing the power usage in

non-technical terminology.

Our posterdescribedelectrical terms andalculationsn a simple manor, and related the
theoretical power difference betweerhe rooms in terms that are applicaltie common devices.
These examples Wneed to be refined once the meters are installed and the true difference can be
determined.If the LED room draws 0.64 Amps at 277 Volts, it uses approximia2Wyatts, while
the fluorescentroom, at 3.84 Ampand277 Volts, uses approximatefs8 Watts. We then
explained the596 Watt difference in common terms f@resentation We began by explaining what
a Watt means, and how energy in kilowduburs (kWh) is calculated from Watts (WNe based all
of our calculations on the lights running 66 hounseek, this assumption is explained in further
detail in the next sectiomfter findingthe differencein kilowatt-hour usageper yearwhich is
2,045 we listed examples of how many kilowdtburs common appliances use. For example, an
iPhone battery hold a charge of 5.45 Waltours (Helman, 2013). This means a student could
charge their iPhon875316times with the energy saved by the LEDs. Some other examples
included: the number of years a LCD television could be left running, how many years a gcompute
could be left on, how much capltthe school saves a year, and what people can save in their own
homes with this energy difference. Using tha&se figure wher@pproximately two pounds of GO
are emitted per kWh that is produced by burning fossil fuglsS. Energy Information
Administration 2016), the IAIA save$,090pounds of C@from being emitted into the
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atmosphere a year. This is almds100pounds of Cethat the IAIA has eliminated from their

carbon footprintby just changing one room to LHiDhts.

A limitation for our electrical meter recommendations is the size of systeatshe electrical
meters are meant to read. These meters were intended for an entire Hmideslectricakystem,
but we recommended using them for individual circuithile this will not cause any problems, the
meters will only be functional for comparison if both of the rooms have the lights on at the same
time. Along with this, any totaling features that measure the cumulative engsggein kWh of
each classroorwill provide an inaccurate comparison. If one room is used ritwaa the other it
will have a higher kWh reading as it has been used more than the other circuit. Therefore, the IAIA

will need to make sure the meters are set to the instantaneous powerimgad kW.

4.1.2.2 LED Benefits

LED light, compared to fluorescent light, would undoubtedly save a lot of energy. We did some
calculations to confirm the benefits of replacing fluorescent lighting with LED lighting. We did not
look with detailinto specific modelsf lights;this is only a general calculation. Hopefully this section

can provide constructive advice for future work at the 1AIA.

LED lights have a lot of advantages compared to normal fluorescent light. LEDs typically produce
the same number of lumensising half of the power of fluorescent lights (Eco Revolution, 2016).
Although LED ligbtulbsare usually2-4 times more expensive than fluorescent lighkbs the long

lifetime of LEDs catpunteractthis differenceover time

We began our projection byséimating the number of fluorescents lights per square foot for the
entire campus. Using the 24 lights in the 400 square foot Southwest classroom, there is
approximately 0.06 lights per square foot. With a campus of 208,885 square feet, there are
approximdely 12,500 fluorescents on campus. Assuming all the lights are 32 Watt (W) bulbs,
400,000 Watts, or 400 kilowatts of power is used to light the camiputhe CLE there are 700
fluorescent bulbs, 420ulbsare categorized as being in an area of irregtriaffic and the other
280bulbsare in areas described as regular trafftornachini, Mathews, McMullen, Milholland, &
Nutting, 2014) This means that 60% of the bulbs are in offices, classrooms and bathratink
are in the category of irregular tratfiand the other 40% are in hallways and other aré&és.

extrapolated these percentages to the entire campus, thenassumed 60% of the lights would be
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on for 66 hours per week, and the other 40% of lights would be on for 20 hours per Week.
assumed thdights in hallways and other areas were only on for 20 hours per week due to the large
amounts of skylights built into the buildings on campith 52 weeks in a year, this means each
light is on for an average of 2475 hours each year. This means th&lih useapproximately

990,000 kWh per year.

If each fluorescent bulb was switcheddad 7-18 WLED replacemertiulb, the 1AIA would draw
approximately225,000 W, or 225 kW. Using the same estimates for how many hours each light
would be on, with LEDke IAIA would only usapproximately 556,875 kWh a year.

This means the IAIA would save approximately 433,125 kWh a year by switching to LED lights.
' G GKS L !akeragednergydosihdy KilowatK 2 dzZNE  LINE A RSR o0& thbaQa o
of $0.086/kWh, the IAIA could save $2B82a year. The IAIA also stands to save carbon emissions
by switching to LEDs. According to PNM (2016b), 75% of their power produced in New Mexico is
from fossil fuel fired power plants. Additionally, the U.S. Energyrrdton Administration (2018
said that fossil fuels produce around 2 poundsafbon dioxide (C&pper kWh. If 75% of the
energy saved, 324,844 kWh, generates @@issions at 2 pounds per kWh, the IAIA would prevent
649,687 pounds of Gdrom being emited, equivalent to about 325 tons of GOrhis is 11% of the
L!'L! Qa OFNb2y olaStAyS Ay unmo 2F Hdpnc (2yad {A
their goal of carbon neutrality by 2050, 325 tons provides the$ | WaBh®f emissions
redudions. The switchto LED lightings an easy retrofit that would kiestart the IAIA in the

direction of carbon neutrality.

Current dropin replacements can be found for approximately $6 for residential users, and
possibly less from bulk suppligiBhe Hme Depot, 2016)We did a very simple return on
investment calculation assuming a $6 LED bulb. Using our assumption thaated@500 bulbs
on campus, the 1AIA would spend approximately $75,000 on purchasing LEDs. Since these are
simple dropin tubes,there is no additional cost for installation as anyone should be able to replace
these bulbs. With the difference in power usage between the bulbs, as stated previously, the 1AIA
would save approximately $37,252 on energy savings a year. This meanstthatyears the LED

odzf 6a ¢2dz R NBGdzZNYy GKS L!L! Qa Ay@SauySyd Ay GKS



32

the IAIA to not only conserve energy costs, but an easy retrofit to start the campus on the path to

carbon neutrality.

The limitationsfor our LEDbenefits area simpleestimationfor the number offluorescentlights,
and thesource for LED replacemeniere are certainly rooms that do not use fluorescent tube
lights, and some rooms mightave more lights than our prediction counts f&or our simple return
on investmentpour limitation is that we did not account for a bulk price of the bulbs. A company
that supplies thousands of bulbs at a timeél probablysell each bulb at a lower price, which would

decrease how long it would takbe LED lights tprovide a return on investment.

4.1.3 Gas Conservation

In order set up a system for the IAIA to get a thorough understanding ofribgairalgas
consumption patterns and have a baseline from which to launch conservation efforts, we
developeda plan for the IAIA to upgrade their gas meters to Elster RABO pulse meters and to

collect the data those meters produced on a rigorous schedule.

4.1.3.1 Metering Options

From discussions with our sponsor, we determined that the most important requirements for
natural gas meters were that they were easy to read, which meant that the meters needed to
display the recorded flow on a digital screen instead of a dial or odometer style display, and that the
meters needed to be sized correctly so as not to disrupt the 86gasnto the buildingswhile still
being able to measure lofow situations. For buildings that did not already have existing meters,
we calculated the maximum amount of gas that could be consumed if all of thebugamg
applianceswvere runningat 100% demand. For buildings that did already have meters installed, we
trusted that they were sized correctly for the buildirkigure4-4 shows which buildings already had
gas meters installed and which buildings did not hameeger at all, more detailed information

about the preexisting gas meteis available il\ppendixB.
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IAIA CAMPUS

AMERICAN INDIAN ARTS bu[ld[ng map
o Hogan o CLE Residence Center @ Sweat Lodges
o Family Housing o Fitness & Wellness Center @ Lloyd Kiva New Welcome Center
o Academic Classrooms o Barbara & Robert Ells @ Digital Dome
Science & Technology Building
o Center for Lifelong Education @ Allan Houser Haozous @ The Haozous Garden
Center for Student Life / Cafeteria Sculpture & Foundry Building
o Library & Technology Center 0 Dance Circle 0 USDA Agricultural Field
o Facilities @ Green House @ Future Site: Performing Arts &
Ftitness Center

@ Parking

City of Santa Fe Bus Stop

DISC GOLF COURSE

Installed gas meter

Gas pipe without
® gas meter

‘

AVAN NU PO ROAD gl
Figure4-4: Map of Gas Meter Location@nstitute of American Indian Arts201&)

All the existing metes had capacities of 5,000 or less cubic feet per hour (CFH) of flow. Our
calculations of the requirements of the buildings without existing metdre Main Academic
Building (building 3 on the map kigure4-4), the Fitness aniellness Center (building 8), and the
Family Housing Complex (building Zhow that the main academic building requires a meter

capable of handling more than 7,000 CFH and that the Fitness and Wellness Center and Family
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Housing Complex require meters thagn support 3,000 CReach the full table of calculations can

be seen imMppendixC.

We found three different systems that seemed to fit our requirements. The first metering
system was a family of ultrasonic meters manufactured by Sensus, the Sone.niétess could
handle the rates of flow of all of the buildings, but are completely different from the existing
meters, and would require that each meter be replaced, regardless of its condition. The second
system was a pulse meter system manufacturedIsteE the RABO family of rotary meters, with
pulse counterswhich output an electrical pulse as natural gas passes through the ntie¢er
technical documentation for these meters is available in AppendiI€er Gas Depot, 2014)
These also require thtdB LY | OSYSy G 2F +tf SEA&GAY3I YSGSNE® hd
meters, but required purchasing aduh equipment for the buildings with existing meters. This was

the Encoder Receiver Transmitf@RT] system manufactured by Itron.

After contacting suppliers of each meter, we developed estimates for the costs. The information

provided by each supplier is displayedrable4-2, below.

Table4-2: Cost Comparison of Differe Gas Metering System@. Malone personal communicationSeptember
23, 2016 Flow Factor, 2018Mountain State Pipe& Supply, personal communication, September 23, 2016
Elster Gas Depot, 2016&lster Gas Depot, 2016hb)

Option What Needs to be Costs
Purchase
Install & replace all meters 10 Sensus Sonix Ultrasoni 10 meters x $2170 = $21,700
(Sensus Sonix Ultrasonic with  Meters
LCD display)

Replace All Meters with Elster| 8 Elster RABO 3.5M, 1 $16,545
RABO Rotary Meter w/ Pulse | 5.5M, 1 9.5M, and 10

counter CTR30 Pulse counters
Install meters for buildings Roots rotary meter $6910 (reading device and
without meter, replaced 5M175*1 2M175*1 software not ircluded)
broken meter and install ERT | 3M175*1 Diaphragm
module for all of them. Meter AC630*1 ERT

module*10

Our quotes showed that the ERT metering system would be the least expensive one to
implement. However, after further research, we found that the handheld meter reading device, the
server it required, and the software licenses to make it all rauba be prohibitively expensive for

the IAIA. Therefore, the RABO metering system with the pulse counters is the least expensive way
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Table4-3: Elster RABO Pulse Metering System Price Breakdown (Flow Factor; E&iér Gas Depot, 2016a
Elster Gas Depot, 2016D. Cunningham, Personal Communication, October 12, 2016

Building Meter Price Required Accessories Accessory Total
Model Price Price
[4] CLE| RABO 5.5M $1,845 | T210 Pulse Counter and | $210 $2,055
Pulser Kit
[7] Res| RABO 3.5M $1,260 | T210 Pulse Counter and | $210 $1,470
Pulser Kit
[5] Lib | RABO 3.5M $1,260 | T210 Pulse Countend $210 $1,470
Pulser Kit
[3] Academic RABO 9M | $2,520 | T210 Pulse Counter and | $210 $2,730
Pulser Kit
[9] Science RABO 3.5M $1,260 | T210 Pulse Counter and | $210 $1,470
Pulser Kit
[10] Foundry, RABO 3.5M $1,260 | T210 Pulse Counter and | $210 $1,470
Pulser Kit
[14] Welcome, RABO 3.5M $1,260 | T210 Pulse Counter and | $210 $1,470
Pulser Kit
[2] Family| RABO 3.5M $1,260 | T210 Pulse Counter and | $210 $1,470
Pulser Kit
[6] Facilities)] RABO 3.5M $1,260 | T210 Pulse Counter and | $210 $1,470
Pulser Kit
[8] Fitness| RABO 3.5M $1,260 | T210 Pulse Counter and | $210 $1,470
Pulser Kit
Labor Parts Costs  $16,545
Estimate  ~$24,800

This systenis the best option for the 1AIA if they were to install the metershe nearfuture.

The total parts cost for the system would be aroud® 300, with an installation cost of

approximately$24,800 This labor estimate came from a quote given to us by Roadrunner

Plumbing, displayed in Appendix S.

4.1.3.2 Data Collection

Installing gas meters would not provide any benefits to the IAIA on its owmdén for the 1AIA

to be able to use the measurements that these meters generate, someone would have to record

how much gas has been consumed at each meter quite regularly. The meters will only be as useful

as the data one can collect from them. Therefoxe, developed a measurement schedule that

(o))
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provides consumption figures for the night, the morning, and the afternoons. This schedule requires
measurement of each meter three times each day. The first measurement time should start

relatively early in the maring, before classes would begin. The second measurement of the day

g2dzd R 200dzNJ  NBdzy R UKS fdzyOK K2dzNJ I yR (GKS FAyL §
classes have finished. As it only would take a few moments to write down the value disptayed

the meter, most of the time taken would be from moving between the different buildings to

perform the measurementslable4-4 shows an example of what data to collect and how to record

it.

Table4-4: Example Data Recorded for Gas Meters

Time of Outdoor | Indoor Building Meter
Date Day Temp Temperature| Building | Occupied?| Reading
AM/PM °F °F Yes/No CFH
10/4/2016 | 8:00 AM 61 69 Academic Yes 6789
10/4/2016 | 8:04 AM 61 65 CLE Yes 2901
10/4/2016 | 1:00 PM 67 72 Academic Yes 9799
10/4/2016 | 1:08 PM 67 68 CLE Yes 3988
10/4/2016 | 7:00 PM 56 73 Academic No 12835
10/4/2016 | 7:06 PM 54 66 CLE No 5231

The data collected here could be used to develop recommendations for where to focus the
I'L! Qa STF2NIa 2y O2yaSNBAYy3I yIFGdaNIf I & F2N GKS

Our gas meter recommendation is limited by the currently available technolégy meter
reading technology igpidly evolving and is an emerging market. If A& purchases and installs
the RABO system amdmmitsto collecting thenecessary data, a simpler, more ceffective,
technology could become availableor instancethere is a real possibility that ERT style systems
with automatic data collection will beconehuge market for homes and small businesses, driving
down the complexity and price. This would be a much simpler, cost effective, and less time

consuming retrofit for the IAIA.
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4.2 Solar Energéeneration

StartingwithR&Z2 f @Q & LINE LJ2 & &&archshdwed\ihat inaNier & Treaedhl)
dramatic changes the school needsteaningfully reducearbon emissions, solar was the best
way forward. While the Rizolv proposal had a number of limitations that made it difficult to use as
a starting point formore significant investments into solar (with more impressive reductions in

carbon emissions), we found several other possibilities for the IAIA that would perform better.

421 AnalyzingRB2 f Q& t NRB L2 AL f

Our research regarding BE2 f @ Qa LINE deldsédlor corfiryhigiok refdtibgdhe @aims
laid out in their proposal documentation. The most appealing part of those claamthat, over
the 25year life of the panels, the system would generate around $100,000 in savings beyond the
costs of the systemmHowever, we believed it to be far more useful to understand how much savings
the array could generate over the length of the-yar lease since the school may want to update

the system with new technologies at that point.

Therefore, according to the ppmsal, the IAIA could expect to save $38,000 over thatez
period REvolv& Sacred Power, 20)6However, when we analyzed the equipment thatiRE
had proposed using 91 Canadian Solar CS6K panels and 7 Sunny Boy string inverters manufactured
by SMATechnology Group AGwe questioned the ability ofhe panels to perform as well as
predicted. Canadian Solar panels have a very high degradation 22686 of its production is lost
FFGSNI GKS FANRG @SN 2F GKS lattheddfter BasddbriF S | y R |
I Iy RA I gatapnzhie LIN fdrfciriance (Canadian Solar, 2018herefore, in our model,
we used a more conservative estimate for power generation by the arrayoRuarantees that
the array will produce 90% of their tmistic estimate of 43,000 kilowattours each year or 38,183
kWh of generation for the first year, degrading the guaranteed performance by 0.5% each year. If
the system generates power #ie 90%guaranteedrate, then the savings would be quik@wver
thanREZ 2 f @ Qa LaAd#itierdaly,ihk Bfe/olimost string inverters is only about ten years, so
we had concerns about how those would be replaced once before the end of the lease, and the

proposal did not clearly state how that requirement would balavith.
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We also had questions about the rate of inflation of electricity prices quoted byoREThe
energy market is a volatile one, and we wanted to see if historical trends matched the figures
provided in the proposal. Therefore, we analyzed therstend longterm trends of historical data
for commercial electricity prices provided by the U.S. Energy Information Admirosti@0169.

From this data, visualized Figure4-5 below, we found that the average rate of increain energy
prices over the past five years was 5.4% annually, a little higher than the 5.0% presenteddby. RE

However, a longeterm trend including the last 15 years indicated a lower rate of inflation, with
prices rising by 3.2% yearly.

PNM Electricity Prices for the Commerical Sector

12.00

10.00 3.2%/year /
3.00 5.4%/year

6.00

cent/kWh

4.00
2.00

0.00
19380 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Years Electricity Price
Trend Based on 15 Years Data
=== Trend Based on 5 Years Data

Figure4-5: Historical Electricity Prices for the Commercg&ictor
Then we extrapolated both of those rates of electricity price inflation out over the length of the

lease. The solar array would provide energy offagtthe costs of purchasing electricity from the
utility at those rates. For the starting point of the costetdctricity, we used the average cost of
electricity during peak hours (8 AiVB PM) for the General Power (3B) rate from the PubliviSer
Company of New Mexicmver the past year, which is $0.096/kWh. The only expense for the IAIA
regarding this system during the life of the lease is the lease payments paieMa\Rfonthly. In

the first year, these monthly payments would sum to $3756, anceased by 2.9% every twelve

months. Combining that information produces the following cash flow, display&dbte4-5.
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Table4-5: Cash Flow Analysis

Electricity Costs ab.4%

Year Inflation Cost of Lease High Inflation Cash Flo
1 $3,757.25 $3,760.56 -$3.31
2 $3,940.34 $3,869.62 $70.72
3 $4,132.25 $3,981.84 $150.41
4 $4,333.39 $4,097.31 $236.08
5 $4,544.21 $4,216.13 $328.08
6 $4,765.16 $4,338.40 $426.76
7 $4,996.72 $4,464.21 $532.51
8 $5,239.40 $4,593.67 $645.73
9 $5,493.71 $4,726.89 $766.82
10 $5,760.22 $4,863.97 $896.25
11 $6,039.48 $5,005.03 $1,034.46
12 $6,332.11 $5,150.17 $1,181.94
13 $6,638.73 $5,299.53 $1,339.20
14 $6,960.00 $5,453.21 $1,506.79
15 $7,296.61 $5,61136 $1,685.26
16 $7,649.28 $5,774.08 $1,875.20
17 $8,018.76 $5,941.53 $2,077.23
18 $8,405.84 $6,113.84 $2,292.01
19 $8,811.35 $6,291.14 $2,520.21
20 $9,236.13 $6,473.58 $2,762.55

Total $122,350.95 $100,026.06 $22,324.89

We performed this calculatiofor the two different electricity inflation rates and the two

estimatesfor the performance of the solar array. These estimates for the savings generated by the

proposalleasearein Table4-6, below.
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Table4-6: Quadrant Diagram lllustrating the Boundary Cases for the Net Savings or Loss of the Array

Optimistic Power| Guaranteed Power

Avg. 5Year/5.4% | $35,919.44 $22,324.89

Avg. 15Year/3.2%  $8,426.79 -$2,418.50

As thistable showsin the worst casethe school would los@pproximately$2,400 dollars over
the twenty years of the leaseThis was achieved when using the conservative guarantee for solar
generation figures combined with the lower, lotegrm, trend for electricity pge inflation. When
using the more optimistic figures, the IAIA could hope to see more savings than predicted by RE
volv. The actual performance of the array would likely lie within this range. However, despite the
likely economic success of the proposarn are serious drawbacks to the system that make us feel
that REG2 £ Q& LINR LR Al g2dAZ R y20 6S | 3F22R Ay@dSaidyYs

Our primaryreservations about this system stem from the fact that for the first twenty years of
0KS aeadSyQa dfbal@aSing thé &rSy ahd nbhaveownérstip of it. Once the lease
ends and the IAIA owns the system, solar energy technology will likely have advanced so
significantly that the IAIA will want to use the reggace taken up by the array for new
technolagy. In fact, it is likely that these panels, already-ofitlate, will be completely obsolete
long before the lease is up. Thus the IAIA may be stuck operating and paying for a solar array that is
comparatively useless when they could alternatively usé tbaf-space for the much more

effective technologies.

Additionally, not owning the panels would make it more difficult for the 1AIA to expand their
investment into solar with other projects and arrays. Different manufacturers for solar panels often
use dfferent hardware to connect the system to the power grid, and they are often incompatible.
This makes it difficult to tie in multiple systems at a later date, especially since Canadian Solar
panels are much less effective than panels from different manufacs and any future projects
would probably use those better systems. Since the IAIA could not make changes tevible RE
array while leasing it, future expansion would be quite difficult. Since it is important to use solar as
a big portion of their efirts in reducing carbon emissions, the ability to expand solar to the sizes

necessary to reduce carbon output significantly is essential aFd RE Q& LINRP LR &l f f A YA
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Because of thelisadvantages to R#@ 2 f s@ldd Ease, it was not a goodapl for the 1AIA. Our full

report can be seen iAppendixE.

4.2.2 Other Solar Options

In the last section, we mentioned that the effectiveness of the Canadian Solar panels was
subpar. We found three companies that install solar arrays in the Santa Fe areaegpaheats of
much better quality than those recommended by-R#v. These companies are Positive Energy
Solar, a local partner with the nationally recognized br&uhmpwer, Go Solar, a small, locally
owned installer that uses panels produced by LG, andnfenglz, another local company that uses

LG panels.

These panels both would generate significantly more electricity over their lifetimes than the
Canadian Solar panels. Because of their increased initial efficiency and a lower degradation rate
overall, paned manufactured by LG and Sunpovae both more than 10% better than Canadian
Solar in terms of generation. Therefore, these systems are more suitable to be used by the IAIA as
they will have a longer lifespan before obsolescence. That is, these systemessatikely to be so
quickly outpaced by technology that they will become essentially useless before they produce
enough electricity to have paid for themselvesThble4-7, we compared the specifications of each
ofthe manuf® G dZNBE N & LI ySf a o

Table4-7: Comparison of Panels from Different Manufacturers, Ranbunted, 10degree elevation (Canadian
Solar, 2016Sunpwer, 2016 LG, 201k

Canadian Solar Panel Sunpwer Panels LG Panks
Rated Wattage 280 W 327 W 320 W
Panel Area 1.62 n¥ 1.62 n? 1.62 nt
Efficiency Approx. 17% Approx. 21% Approx. 19%
Degradation Guaranteed 2.5% the Guaranteed less than Guaranteed less than
first year, 0.5 % of 0.4% of initial 0.6% of initial
initial production production peryear.  production per year.
thereatfter.
al y dzF I O 25year parts and 25-year parts and 12-year parts and
Warranty labor warranty labor warranty labor warranty
Generation Per Yee 478 kWh per panel 653 kWh per panel 577 kWh pe panel
Guaranteed Lifetime 25 years 25 Years 25 years

Generation over Lifc 11,000 kWh per panel 15,500 kWh per panel 13,400 kWh per Pane
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The main difference between thBunpower panels and LG panatstheir degradation rates.
Both panels are aroun?0% efficiency, but th8unmwer panels degrade 17% slower, at 0.4% per
year rather than the 0.6% degradatiofthe LGpanels Therefore, because the difference in prices
between these panels is less than their difference in productionSinegwer pands are a better

value. Thus, it would be more economical for the IAIA toSisemwer technology.

The IAIA consumes about 2.5 million kWh of electricity a yal{cServiceCompany of New
Mexicqg 20169. According to our model in Appendix B,denerateall of their needed electricity,
the IAIA would need to install a 1Megawatt solar array. An array of this size, in the commercial
sector, would cost more tha$2.5 million (Chung, Davidson, Pudani, & Margolis2015).While
that is an option for theschool, its large expense would make it difficult to fund. Additionally, since
the IAIA would prefer to save ground space for the construction of future buildings, rather than
dedicating land to solar generation, and it would be very difficult to set Miegawattscale solar
array without resorting to ground mounts, quickly ramping up to this size of system is not the best
plan for the IAIA. Therefore, we focused on creating a proposal for smaller systems that would still
YI1S +ty AYLI OlGgyhisagei KS L! L! Qa Sy SNJ

Because groundhounted solar panels would take up land that the 1AIA would prefer to save for
other uses, we examined the main two other methods for installing solar arraysproofting and
solar carports. As discussed in the Backgrathpterof this report the roofmounted arrays are
the least expensive, while solar carports are a bit more effici@ttcost more. The carport solar
systems also are the most visible, providing a greater impact for the casual passersby, and do a
better job ofshowing the IAIA community that the school is making efforts towards carbon
neutrality. If the funding is there, there are numerous benefits to installing solar on carports over
rooftop installationd & f F NBES OF N1J2 NIi & ¢ A fdds fdt dBkbapsionand Sy G A 2y
commitment to carbon neutrality\We set up three different systems, with varying focuses on solar
carports. The least expensive option would be to forgo carports and put all the solar power on the
roof. Then we compared that option \kitusing carports alond-inally we looked atusing a hybrid
of small, modular carports, and having the bulk of the panels-no@finted. InTalle 4-8, below, we

compared the costs and features of those three different designs.
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TaHe 4-8: Comparison of Mounting Methods for Solar Array (D Baker, personal Communication, September 18,

2016)
RoofMounted Only  Pilot-size system, CarportMounted
with both roof and Only
carport
Cost Least Epensive Slightlyless Most Expensive
option: ~$4.10/Watt  Expensive. Option: $4.80
~$3.90/Watt $5.30/Watt
Visibility Sign Presenting Solar Some carport system 12 or more spots of
Array, panels barely  with visible solar shaded parking with
visible from ground  panels.Other roof visible solar panels,
panels are barely will have attached
visible. sign presenting array.
Total Cost for 35 kW' $143,500 $135,500 $168,000¢ $185,500

The middle option in the above table, using the modular sheglecarports andeaving the
remainder of the panels to be roshounted, is a flexible one. The modular units are prefabricated
and installing two or three of them would be just as easy as installing only one. Each carport
contains3 kW of panels so that number of panetautd be removed from the roof system to keep
the same production and minimize costs. However, it would be more economical to switch to a

single, larger, carport if the IAIA were to increase the number of cars covered to more than 10.

The more expensive agect, the more difficult it would be for the IAIA to find funding.
Therefore, we designed systems of various sizes, so the IAIA could choose the one that makes the
most sense when they start fundraising. The smaller systems could be constasgpedt ¢ any
new buildings to help offset the increased energy usage that those buildings would require. We
created proposals for system sizes3afkilowatts, 70 kW, and 150 kW. TB& kW system would be
a good initial project. kvould costaround$120,000, pravide a good starting point to expand for
future projects, would be visible enough to create interest in solar energy, and could make future
funding efforts easierSpecifically, in its first year, the array could be expected to generate about
55,000 kWh, pabout 2.5% of their current electrical demands. That energy would reduce carbon
emissions around campus by about 42 tons of.@Qarger system would have the same effects,
but would make the economic barrier to entry into solar power that much highdfigure4-6,

below, we compare the relative sizes and costs of these different systems.
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Figure4-6: Comparison of Costs and Footprints for Various Solar Optiorso(Ee, 2016)

There are a number of solutions open to the IAIA for funding solar projects. The most
economically beneficial solution would be for théAAo create a Limited Liability Company, or LLC,
Fdzy RSR 06 @& & T NDB. Bakdk tPérsodalyOdrBniuiicatdd, September 13, 26b6pur
LJdzN1J2aSaz || GFNASYyRfe Ay@Saiuz2NEx Aa Of2aSNI G2 |
really funding the project purely for economic gain, but rather to help the school. However, unlike
traditional donors, they could expect to receive all of their investment back through tax credits and
lease payments. A second option for the school would be toviolhe pattern they used when
constructing many of their buildings, soliciting donations in a capital campaign for the construction.
However, if the 1AIA did not want to pressure investors or donors into another project or if they had

the necessary fundeady to spend, the IAIA could simply purchase the system outright.

An LLC provides the most savings and benefits for the 1AIA, as many of-teatas benefits
that come from investing in renewable energy would not be availabtbeédAlIA given theirax
status¢ KS O2YLI ye ¢g2dZ R 0S ONBIFIGSR o6& (KS aoOKz22ft |
AY@P@SEaAG2NARE AY | LINAGFGS LI IFOSYSyliod ¢KSasS Ay@Sali
from those purchases would be used to fund the purchasesafiar array at the IAIA. The investors
could then use the Federal Renewable Energy Tax Credits to help offset some of the costs of the

system. The IAIA would then pay a belmarket lease payment for the system to the LLC, which
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would be split among thenvestors to continue to offset their investments. Finally, when the lease
had paid for most of the value of the system, the LLC would donate the array, and could take

advantage of the tax credits which come with making a valuable donation to a charitaltie e

Thus the IAIA would end up paying less than if they had leased a similar system from a
traditional solar financier. The investors would have made back all of the money they invested,
through tax credits and the lease payments. Additionally, the WdAd have far more control over
the system than through a traditional lease, as they would be able to set the terms of the project in

the funding documents for the LLC and through the private placement.

As with any project, we faced certain limitatiomsdompleting our research and
NEO2YYSYyRIGAZ2Yyad ¢KS o0A33Sad tAYAGIGAZ2Y 6S TFI OS
gKIFIG NBO2YYSYRIFGA2ya 6S YIS FT2NJ NBRdzOAy3a (GKS L
need to reduce their output at a gager rate than the school plans to expand. With each new
building comes new electrical and gas needs, which adds to their total carbigeiens. To combat
this, ourgas metering and lighting retrofits would need to be included to each expansion, and each
phase of solar installations would need to offset the new building, and a portion of the existing
dzal 3S G2 I R@FryOS GKS L!L!Qa 321t o

The decreasing price of solar energy also limitsadiity to make accurate predictions
Technology is constantly beingproved, which lowers theostof installing solar generation on
campus. This means that any estimates of system cost, and system size could change over the
course of a few months. For instance, if the IAIA waits until next year to install solar, thefpthee
system could changeasedon the available technologies froBunmwer. Or, the cost of energy
could drop dramaticallpased on new generation methods that would make the savings from the
system minimal. When we calculatéte savings projections dm solar generation on campus, we
made a few assumptions. We assumed that energy prices increased at a fixed rate, when our
researchproved this is not the case. We needed to assume a constant increase as it is very difficult

to provide an accurate modef an inconsistent change.
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4.3 Summary

The results of our survey showed that the students at the IAIA really want to see more visible
sustainability projectsit the school. We determined that the best option for the 1AIA in terms of
solar is not the system ppmsed by Riolv, but rather a series of solar arrays installed as the IAIA
can get funding using equipment manufacturedSynmpwer. We also found that the IAIA would
create significant carbon savings by switching campus lights over to LEDs from flobbesbse

and that the ElsteRABQmeters would be the best option for gas metering at the lai#is time
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5 Conclusions & Recommendations

The IAIA signed the ACUPCC in 2010, realizing that their campus needed to drastically reduce its
carbon footprint and become a more energy sustainable campus. The goal of our project was to set
the IAIA on the path towards achieving carbon neutrality by 2050, as they are not currently on that
path. In order to reverse their current trend of increased emissions, we ta@v®llowing
recommendations for the how the IAIA should proceed in the fields of electricity and natural gas
conservation, as well as with solar enemgyplementation andexpansion on campus. We also
recommend different areas for the 1AIA to conductutg researchin order to further reduce

carbon emissions.
5.1 Energy Conservation

Conservation is very important to the community at the IAIA and we recommend that the 1AIA
capitalize on this and leverage student interest to make future efforts smoothergAidah student
interest, we recommend that the 1AIA use the educational value of the metering systems to interest
even more student and provide more examples of where opportunities for energy conservation
exists. To further electricity conservation on camspwe also recommend that the IAIA should
switch their lighting systems to LEDs for both the carbon reduction and electricity savings. Lastly we
recommend that the IAIA only use a gas metering system at this time if the IAIA is fully committed

to the rigaous data collection method necessary to get full value out ofstystem

5.1.1 Progressing Interest in Energy and Carbon Conservation

One of the biggest takeaways from the results of our survey was that the student body of the
IAIA was unsatisfied withthewiso A f AGeé 2F (GKS L!L! Qa Od2NNByid I yR
neutrality on campus. Therefore, the IAIA needs to focus on student awareness and involvement in
these efforts. This topic wasut of the scope of our main research on this project, butglole
FNBlF&a 2F F20dza F2NJ GKS L!'L!'Qa SFF2NIa Ay ONBIFGA
campus are renewing student involvement in the community garden on campus, improving the
information available for recycling on campus, having presentatabout the various sustainability

efforts the IAIA will take, and forming student groups that could provide their own iideas
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achievingcarbon neutrality that the IAIA. We recommend that the 1AIA do their own research on
what the most effective methodfor stimulating community involvement might be and then

implement the methods that theidentify as having the greatest potential for their community.

5.1.2 Electricity Conservation
hyS 2F GKS L!L!Q&a fINBS&al SELSYaSaKSyROHK2ANDS:
electricity usage. With the installation of electricity meters on the two classrooms discussed in
previous sections, the IAIA can monitor their electricity consumption and highlight the benefits of
switching from fluorescent lighting to LEBhits. The next step is to educate the students about

electricity usage on campus and to find out exactly how nthellighting changes would Imefit

the IAIA.

Just having electrical meters installed on the Northwest and Southwest classrooms\ditihe
Academic Building is not enough to show the students the energy efficiency benefits of using LED
lights in classrooms on campus. We created various phrasings to put the difference in energy usage
created by LEDs into terms that have more imp#mEn the rawelectrical figuresonthe
O2YYdzyAde 4G GKS L!'L!® 2S NBO2YYSYR GKIdG GdKS ao
information about the sustainability efforts on campus to develop posters and infographics to
highlight the data that the metersrpduce. These graphics should be visually pleasing and could
provide another marketing tool to develop interest in the investment that LED lights require. We
also recommend that the same metering solutions also be used in different classrooms, art studios,

or galleries to provide other examples of where LEDs can benefit the 1AIA.

With the information for the graphics developed, our survey complete, and our predictions on
LED lighting benefits, we recommend that the IAIA begin replacing all of the fluotdigbés on
campus with their dropn ready LED counterparts. This process can be done all at once, ona floor
by-floor basis, or buildindpy-building. It is up to the IAIA administration to choose which method of
replacing all theéluorescentlights on canpus would be the best for the school, as well as finding

the specific models of LED lights that will be the most economically effective.
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5.1.3 Gas Conservation

Based on the metering technologies currently available, our recommendation iagaas
metering atthe IAIA is that, unless the school is ready to fully commit to the labor intensive task of
gathering data on theinaturalgas usage, they delay purchasing a system until more automated

options are available.

If the IAIA is committed to fully utilizing ymew metering technologies to help reduce their gas
usage including ensuring that they are collecting data with enough regularity that the school can
judge when and where efficiencies in usage appeaur recommendation is to purchase the Elster
RABO rotar meters, along with an electronpulse outputand pulse totalizer for each meter.

Unlike the electrical meters, where the same meter model will work for any size room, gas meters

are sized for each specific building. The IAIA will need to purchase:

A 9Mmodel for the Main Academic Building.
A 5.5M model for the Center for Lifelong Education.
A 3.5M model for each of the 7 remaining buildings on campus.

9 IN-S10 pulse output attachmentsone for each meter.

= =2 =4 =4 =4

9 T210 pulse countersone for each meter.

The totd cost for the entire system would be $41,344 (including $16,545 for the meters
themselves and $24,799 for the labor to install them (D. Cunningham, Personal Communication,

October 12, 2016).

If the IAIA decides to use other gas metersytbkrould supporthe same flow capacity as the

meters currently installedn each buildingor the meters that we are recommending.

It should be noted that the IAIA must be seriously committed to acquiring the data produced by
these meters in the manner developed withimet Results Chapter before they make the
investment. Since remote gas metering systems are currently not available at a scale that is
affordable for the 1AIA, they will be required to send someone to walk by each meter and record
the necessary data. We reconend that the 1AIA record this data at each meter multiple times
each day. This will highlight the times of day that use the masiralgas and will point out

opportunities for efficiency improvement. However, having a staff member record these data for
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each building so often will be a time consuming task, and that time could be used on other projects.
Therefore, the IAIA may prefer to not commits@anyresources to collecting these data. However,
without collecting that information as recommended, thas meters will not be able to inform the

IAIAof opportunities to save energgnd therefore, nobe worth the investment.

Thus, we recommend that the 1AIA waits ungwer andbetter technologies are available to
the IAIA within their technical constrasiand are affordable to outfit and install. There is a high
possibility that automated metering technologies, like ERT modulesvhich can record
measurementsvith minimalhuman interaction, will become less expensive and useful at a scale

more applicdle to the IAIA.
5.2 Power Generation

The IAIA has been interested in solar energy production since its singing of the ACUPCC. Solar
energy is one way the IAIA hopes to reduce its carbon footprint. Our research into the propesed RE
volv system led to our recomendation that the IAIA not enter into the agreemelte then
focused on finding other solar options available to the IAIA, ultimately recommending an
Ayadlrfttriaarzy O2YLIye yR &a2flF NI AYLIXSYSyldlFrdAz2y L
discussd in the Results chapter, BE2 £ Q& LINRP L2 ALt F2NJ F a2t NJ F NNJ
regarding its long term benefits for the IAIA. So, we recommend that the IAIA reject the proposal

and search for solar energy from other sources.

Because we recommendedahthe IAIA choose not to accept the solar lease proposal from RE
volv, we came up with an alternative for the IAIA to bring solar generation to campus. Our research
revealed two options for solar power in the Santa Fe area, Go Solar and Positive Elatghéo
local affiliate of Sunpower, a national solar energy company. We concluded that, based on
estimated prices and equipment performance data, the best option for theit4bruse Positive
Energy Solar as a provider for a solar generation systemre@éenmend that the 1AIA continue
work together with Sunpower and develop a mutually beneficial set of terms that will allow the IAIA

to use their equipment for introducing solar generation on campus.

Since the IAIA has already set aside funds to builtr galnels on their next construction

project, the Recreation and Performing Arts Center, we also recommend that they specify
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Sunpower as a preferred subcontractor during their Request for Proposal process. That way, the

IAIA can be sure of getting the magneration and best equipment for the value.

We also recommend that the IAIA begin the process of bringing solar generation to the campus
by installing a 31 kW pilot system that would be funded by the school. This pilot system would
consist of 24 Sunpowé?27 Watt panels installed on a prefabricated twar solar carport and 72
roof-mounted panels. According to Dan Baker, at a rough estimate, this system would cost the 1AIA
approximately $120,000 (Personal Communication, October 7, 2016). If the IAlAgiErihoose
Sunpower as their preferred installer, they will be abldi¢adogether their first two projects on

campus, the new Recreation and Performing Arts Center and our recommended pilot system.

In the future, we recommend the IAIA continue to exdaheir investments in solar energy as
the campus expands. The school should install future solar arrays in phases where each phase is
fI NAS Sy2dAK G2 Y2NB (KFy 2FFasSid lye ySg SySNBHe@
output. These phases could henfled by donorsh y G KS &l YS FlLakKAzy +a Ylye@

expansions have beear purchased through LLC investments.
5.3 Future Impact

There are certain aspects of our project that will create a lasting impact for the 1AIA. The first is
the explanations thewill accompany the electrical meters. We hope that the displaykich can
even be student designedwill explain the power differences in terms that will help the 1AIA
community understand energy usage and conservation. We also hope that they will etdinu
promote and build community interest in helping the IAIA become carbon neutral. This
understanding of energy usage can be applied anywhere, in the dorms, in classrooms, and even

places outside of the school, even if it as simple as turning off thes ighen they are not needed.

We also hope our recommendation for a solar project can open up new pathways for the IAIA
to receive funding for future expansion. If the 1AIA goes through with installing a small solar carport
as a part of its pilot system,enbelieve they can use it as an advertising tool to interest investors
and donors. More donors mean that the IAIA will be able to increase its donor pool to those who

are interested in solar energy expansion which will help the 1AIA achieve carbon gufsalfor
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the future, there is still a lot that the 1AIA needs to do before they will be able to reach zero net

carbon emissions by 2050.

In order to make their path towards carbon neutrality easier, themesearch that we believe
the 1AIA shouldompkte in order to follow up on our research. The first project would be to
RSPGSt 2L I Y2NB O2yONBGS LIX Iy F2NI K2g az2fl N SySN
expansion as a whole. If the IAIA begins with a pilot system like the 31 kW design that we
reconmencded, they will need to expand that system to really have a significant effect on their
carbonemissions Therefore, we recommend th#le future research develop a yedy-year
timeline for the IAIA so they know when to expand the initial system, hawtnsolar to install each

time, and where to install that equipment. This would give the IAIA a plan to work towards.

If the IAIA does choose to instghs neters on campughey willneed to be manually read, we
recommend that future research develop axpdicit schedule for reading all of tlgas neters the
IAIA may decide to install. If they are read randomly, they will not provide information that is useful
towards reducing gas usage on campus. If a schedule is adhered to, then the IAIA will be able to
determine usage patterns and find opportunities to reduce gas usage and therefore carbon

emissions.

While we did a basic calculation for how much energy the IAIA could save if the lights on
campus were switched to LEDs, more research should be donene th& estimates and
assumptions that we made for those calculations before the tabketrofit the entire campus.

This research should be focused on the different LED lights available for replacement, and should
determine which specific products woul@st serve the IAIA to achieve the most energy, monetary,

and carboremission reductions

The IAIA should also look into alternative methods of transport for their students. While the
school is in a fairly remote location, with students from various pdrth® country, there are many
opportunities to save carbon emissions by lowering the amount of driving by the school community
to and around campus. Future research in this field will determine which solutions will work for the
LI L! Qa & LIS Qhistake® Thé doihhidatiori o2 gll of thgse possible projects and the
dedication and commitment of the IAIA campus and staff will lead the IAIA to meet their 2050 goal

of carbon neutrality.
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AppendixA: Sponsor Description

The Institute of American Indian Arts (2016a) is a private, fine arts college located in the
outskirts of Santa Fe, New Mexico. Unlike many colleges that cater to a wide variety of majors and
educational paths, the Intstie of American Indian Arts has a much narrower focus:

At [the] IAIA, the spirit and vision of Native American and Alaska Native people is a first priority.
Founded in 1962, the Institute of American Indian Arts offers academic excellence to bothmdative a
non-Native populations. Our goal is empowerment through education, economguffadfency and

expression and enhancement of artistic and cultural traditions. (13)

The mission of the Institute of Ameandcan | ndi &
| eadership in Native Arts and cultures through

During the presidency of John F. Kennedy, the Institute of American Indian Arts was established
(2016d).

It was first a high school but offered pagtduate art classes before switching to an accredited

degreeawar ding institution in 1979, offering assoc
was the Astudy, preservation and disseminati on
Natve Ameri can | anguage, | iterature, hi story, ora

(Institute of American Indian Arf2016f). The IAIA has been constantly expanding since then, by
adding new buildings and expanded course offerings. The saamiied a milestone in 2013 when

it began offering its first graduate program.

Currently, the campus consists of more than a dozen buildings situated caad 4@mpus
(Institute of American Indian Arf2016c). There is one traditional dormitory ofdauble suites,
along with 24 fAldedronin apartmentsihausing gnare thaw 164 of the 610 students
enrolled at the IAIA. The 610 students of the IAIA (2016€) represent 71 federal American Indian
tribes, with 39 of 50 US states represented.

In addition to the 610 students at the school, the faculty and staff of the IAIA (2016€), (not
including the museum) consist of around 103 active workers. The largest group of the faculty and
staff consists of the 24 professors that teach the classes neaitdin a degree from the school.

The possible areas to obtain a degree in are creative writing, studio arts, museum studies, media arts,
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new media arts, art history, business/entrepreneurship, indigenous liberal studies, and Native
American studies. ThRAIA also offers general education classes, like math, science and English.
Each department has its own department head. Another large portion of staff is for facilities
maintenance and conference service, our sponsor, Mr. James Mason, is the diraciidres f

maintenance operations.

Being a federally appropriated college, the 1AIA (2016e) must submit a budget request to the
federal government. It outlines all the expected expenses in each department for the upcoming school
year. Compared to the buddet the 2014, the 2015 budget request went up by $2.1 million dollars.

One hundred thousand dollars was for wage compensation due to a slight increase in the cost of
living. The other $2 million was due to a forward funding request. The IAIA made thissedue to

the recent government shutdown; it is essentially a safety net for the institute in the event of another
shutdown. This would provide peace of mind for faculty and students. Overall, the projected budget
for the 1AIA in 2015 is around $11.469iliion, of which, $1.715 million is allocated for facilities

operations.

Everyday operations and the future of the institute are the primary responsibilities of the
President of the Institute and the Board of Trustees, appointed by the President ofdteStines,
with consent from the United States Senétstitute of American Indian Arf2016b). The board of
trustees has the power to approve and create policies for the Institute, and appoint the President of the
Institute. The current President oétimstitute is Dr. Robert Martin, who is associated with the
Cherokee Nationligstitute of American Indian Art22016b)

Although the IAIA does not currently list any sponsoring organizations on its website, it is a
member of the American Indian Higherugdtion Consrtium (American Indian Higher Education
Consortium 20160). The consortium is a group of thirsgven tribal colleges and universities
|l ocated throughout the Southwestern United St at
the prirciple of tribal sovereignty is recognized and respected and that the tribal colleges and
uni versities are equitably incl Andegcdnindian t hi s nat
Higher Education Consortiurg016a).
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AppendixB: ExistingsasMeters

TableB-1: Natural Gas Meters on Campus

Required
Meter
Existing Meter Capacity (max
Building Meter? Meter Type Sizing CFH)
Academic Building No N/A N/A 7360
Center for Lifelong Dresser Roots 5000
Education Yes 5M175 CFHmax 5000
Dresser Roots 3000
CLE Residence Centel Yes 3M175 CFH max 3000
250 CFH
Facilities Yes Itron Metris 250 max 250
Family Housing No N/A N/A 2040
Fitness and Wellness No N/A N/A 1780
Dresser Roots 3000
Foundry Yes 3M175 CFH max 3000
Dresser Roots 3000
Library Yes 3M175 CFH max 3000
Science and Tech Itron 890 CFH
Building Yes 1000A/800A max 890
Itron 890 CFH
Welcome Center Yes 1000A/800A max 890
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AppendixC: Gas Meter Sizing

TableG1: Gasburning Appliances in Main Academic Building

Max
Max Total Use

Equipnent Use BTU/hr Quantity (BTU/hr)
A.O. Smith BTR Hot Water

154 106 Heater 154,000 1 154000
Reznor RGBI250 HVAC unit 108,400 2 216800
Reznor RGBL 1,170,50 117050

1200 HVAC unit 1 0
Reznor RGBL

1050 HVAC unit 917,900 1 917900
Reznor R&H350 HVAC unit 144,500 1 144500
Reznor RGBI125 HVAC unit 102,600 1 102600
Reznor RGBR0O0 HVAC unit 484,200 1 484200
Reznor RGB25 HVAC unit 204,000 1 204000
Reznor RGB400 HVAC unit 176,900 1 176900
Reznor RGBI250 HVAC unit 110,300 1 110300
Reznor RGB4250 HVAC unit 112,500 1 112500
Reznor RGB400 HVAC unit 202,200 1 202200
Reznor RGB400 HVAC unit 277,400 1 277400
Reznor RGBL 1,243,70 124370

1200 HVAC unit 1 0
Reznor RGB400 HVAC unit 396,600 1 396600
Reznor RGBI75 HVAC unit 73,900 2 147800
Reznor RGBI150 HVAC unit 98,700 2 197400
Reznor RGBI150 HVAC unit 135,000 1 135000
Reznor RGBI150 HVAC unit 101,100 1 101100
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Max
Max Total Use
Equipnent Use BTU/hr Quantity (BTU/hr)
Reznor RGBI150 HVAC unit 138,100 1 138100
Reznor RGBI75 HVAC unit 46,600 2 93200
Reznor RGB&00 HVAC unit 780,3®M 1 780300
Max Building 750700
Total (BTU/hr) 0
Max Building
Total (CFH) 7360
TableG2: Gasburning Appliances in Family Housing Units
Max
Max Total Use
Equipment Use BTU/hr Quantity (BTU/hr)
Furnac 40,00 104000
Carrier 58 MCA 0402 e 0 26 0
Hot
Water 40,00 104000
A.O. Smith PGCG 40 246 Heater 0 26 0
Max Building 208000
Total (BTU/hr) 0
Max Building
Total (CFH) 2039




64

TableG3: Gasburning Appliances in Fitness and Wellness Center

Max
Max Total Use
Equipment Use BTU/hr Quantity (BTU/hr)
Hot
Water 275,00
A.O. Smith BTR 275A 104 Heater 0 1 275000
Hot
Water
A.O. Smith PGCG 40 246 Heater 40,000 1 40000
HVAC 250,00
Reznor RGB50 unit 0 1 250000
HVAC 600,00
Reznor RGB&00 unit 0 1 600000
HVAC 350,00
Reznor RGBI350 unit 0 1 350000
HVAC 300,00
Reznor RGB00 unit 0 1 300000
Max Building 181500
Total (BTU/hr) 0
Max Building
Total (CFH) 1779

Once all the gas consumption data was compiled, we totaled the maximum use of each building
in BTU/hr, highlighted in the firsbw in each of the green boxes. Since all of the gas meters we
were considering were sized in cubic feet per hour (CFH), we thought it would be relevant to
convert BTU/hr to CFH. Since there is about 1020 BTUs in a cubic foot, the conversion is
straightforward. The maximum usage rate in CFH is highlighted in the second row of each of the

green boxes.
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TableD-1: Electrical Metering Ofions (EKM Metering Inc, 2016; Veris Industries, 2006; Leviton, 2016; Lumel,
2016; Eérgy, 2016; DROK, 2016)

AppendixXD: Electrical metering options

Meter Cost Display @ Voltage Amperage Reading Manufacturer
EKM- $90.00 LCD 120/240VAC | 100 kWh EKM
25IDS

Veris $313.90 LCD 120/240VAC | 200 kWh Veris
H8150

02001-1

Leviton | $347.20 LCD 120/240VAC | 100 kwh, Levibn
1K240 demand, kW

1SwW

PCE $147.90 | LED 0-480V 6 16 different | Lumel
N30P readings

Efergy $119.95 | LCD 100600V N/A kW/$ Efergy
Elite

Classic

Drok $15.00 LCD 80-260VAC | 20 V/IAIW/Wh | DROK
Digital
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AppendibdEY ¢KS L! L! Qa {2t o\ Qic
Solar Lease Propdsa

Our researchregarding RE2 f dQa LINR LR alf F20dzaSR YIAyfte 2y (
fIrAR 2dzii Ay GKSANI LINPLRAIf R20dzYSyid o ¢CKS Y2ai
over the course of the 2§ear life of the panels, the sysh would generate around $100,000 in
savings. We found that RBlv has funded a number of similar lease agreements across the
country. Each project seems to have been successful and has been completed to the satisfaction of
the leasing entities. Sacred Wer, a New Mexico solar contractor, has also completed many solar
installations of various sizes. Both of these companies have extensive histories and experience with
AAYAE LN LINP2SOGas YR GUKSNBE Ad y2 NPploppy (KSe 4

system.

The REvolv proposed solar array would consist of 91 Canadian Solar CS6K panels and 7 SMA
Sunny Boy string inverters. The CS6K panels are a monocrystalline cell panel, with an efficiency
rating of 17% and a 2ear warranty (Canadian Sgl2016). While 17% is not a bad efficiency for a
panel, there are more efficient panels on the market that are above 20% efficiency (Wesoff, 2016).
This means that fewer panels can create the same level of energy. While efficiency can be fixed with
adjusing the number of panels, the Canadian Solar panels also halat@elyhigh degradation
rate of 0.5% per year, after a 2.5% loss in the first year. The degradation rate is how quickly the
silicon loses the ability to convert solar radiation to eledyidHalf a percent a year is quite high
compared to the national average for monocrystallpanels which is 0.36% (Jord&Kurtz
2013). A lower degradatiorate leads to more solar energy produced each year, increasing the

yearly savings the arraysmgrate.

While the solar panels could be more efficient, or degrade slower, the SMA Sunny Boy inverters
are top of the line. REolv claims the inverters come with a-§8ar warranty, whereas SMA only
provides a 16/ear warranty, with an option to increasieto 20 years (SM&olar Technology AG,
2016b).These inverters are highly rated by solar magazines and suppliers (Newkirk, 2015). These

string inverters will serve the 1AIA well, and are an excellent product to use with any solar system.
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InREZ 2 f épbaal, they estimated the IAIA would save $38,735 over the lease period. We
O2YLX SGSR 2dz2NJ 246y OF f Odzf F GA2ya o6FaSR 2y (KS L!L
equipment. REvolv guarantees the solar arrays will operate above or at Higiency, and
anything below that is credited to the IAIA. We assumed the solar panels would operate at 90%
efficiency for the lease period, as 100% cannot be guaranteed. We then based our model on the
LIL!Qa LI ad LI evYSyida u2.Theeneky prodiRedbyttii:NdlaBatraySy S NH &
each year, including the loss each year due to degradation, was then calculated and used to
determine how much the IAIA would save each year on energy bills. The total savings were then
calculated, and subtracteddm the total amount the 1AIA would spend on the lea&ssuming the
two best case scenarios, of optimistic power generation and a higher percent increase for the price
of electricity, the IAIA could save up$86,000. Assuming the opposite scenariosowf power
generation and a lower percent increase for the price of electricity, the 1AIA could lose up to $2,400

after their total leasepayments.

While this REvolv proposal has the potential to returnnet financial benefitand would bring
solar energyo the IAIA, we believe there are much better technologies and companies in Santa Fe
that can provide the IAIA with better service. We also believe that by using a different solar installer
the IAIA can save more on energy costs and create a more appsgbitem that can be advertised
to future investors or donors of the school. In conclusion, we do not think that the 1AIA should

agreetoREI2 f Q& LINRLR &It FyR (KIFG o3ADGSNIZZ LINI By S NEE
Section 1: The Introduction

Fa the past six years, the IAIA has committed to green energy reform and carbonssaviting
past two years the IAIA has retrofitted lighting systems, installed electrical meters, and planned new
buildings with green technology. In 2010, the IAIA sigaedgreement and set forth a plan to
make the school carbon neutral by 2050. Installing solar energy solar technologies is important to

achieving this goal, and the IAldutd begin realizing the benefits from solar projects today.

In the summer of 2016,ERvolv, a solar financing company, presented a proposal to the IAIA to
install a solar energy system on the roof of the Center for Lifelong Education Residence Center. RE
volv would provide the upfront capital to purchase and install the necessary equipaneriease

the system back to the IAIA over twenty years. The IAIA asked us to evaluate the merits of the
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proposal and make a recommendation on whether they should proceed with this proposal. To
evaluate this proposal, we examined the capability, expegesind viability of the companies, the
guality and performance of the proposed technologies, and the overall economic benefits for the
IAIA.

Section 2: The Companies

Two companies working in partnership,-R#v and Sacred Power, proposed this solar ptojec
To install the solar arrays, RBIv would provide the capital to buy the necessary materials for the
system and pay Sacred Power to install it. We were initially concerned With./RE dQa I y R { I ON.
t 26 SNRa FoAfAGE YR SELISNASYOS (2 O02YLX SGS GKAA
REvolv is a norprofit organization founded in 2011, and is exempt from taxation under section
501(c)(3) of the Internal Revenue Code (Tucker, 2015 RE @ Q& & f 2fdndegd A & & LIS 2 LI ¢
NEBYySgl o6f S Bly SONE$).Sincé 2091, most of theirgjects have been located in San
Francisco but recently have expanded to other states, including Wisconsin, Ohio and, Pennsylvania.
Once RE&olv crowdfunds the capital, they purchase the panels and associated hardware, then a
local solar contractor installthe equipment; REolv then owns the arrays and all associated
hardware. REolv then leases the panels to the organizations that they are working with, and over
the course of twenty years, RBIv assumes the maintenance aoperationalcosts (Tucker,@L5).
REvolv recently completed funding a 22 kilowatt array at the Kehilla Community Synagogue in San
Francisco (Hughes, 2014). Sunwork, another San Francisco based company, installed the system. RE
volv estimated that the synagogue would save $130,0Q0 the next twenty years. Rélv
reinvested the lease payments from Kehilla to finance three new solar projects: systems built at The
Serenity House, a community outreach center in North Philadelphia, The Riverwegt@&ocery
& Cafe in Milwaukee, andhé Isla Vista Food Cooperative in Isla Vista, CalifornriaolRBas had a
number of successful projects of similar size and scale and we could find no reasons to believe that

they would be less successful serving the IAIA.

Sacred Powe2014), a New Mexto solar energy contractor, would install the solar arrays, and
would be responsible for maintaining the system during the tweragr lease. The company was
established in 2001, is located in Albuquerque, and is the largest Native American owned and

operaed renewable energy systems integration and manufacturing firm in theSa&ed Power is
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a North American Board of Certified Energy Practitioners certified installer of solar photovoltaic and

solar hot water systems, proving that they are qualifiednstall photovoltaic systems on most
buildings and in most areaSacred Power has an extensive project history, working with numerous
government and public facilities nationwide including the US Navy, the DOD, NASA, and the

National Guard. The 21 kilowagrid-tied, solar photovoltaic system consisting of nearly two dozen

OF NLR NI & |G C2NI .fAaa Ay 9f welknavhprojettS(Bdcred A &

Power,2014 RobinsorAvila, 2013). Sacred Power also has a foothold in the privaterséc 2013,
the company reached a deal with The Home Depot to begin selling its patented portable solar
systems in stores in New Mexico, with plans to sell them nationwide (Rob#witay 2013). Sacred
Power has installed many solar projects of sinsiae, type, and scale, and we could find no reason

to believe they would be unable to install the proposed system.
Section 3: The Equipment

To create the 25 kilowatt system Sacred Power would install 91 Canadian Sol&#8086K
panels along with seven SMsunny Boy 4000TL AC/DC inverters. Specific datasheet about these

two models can be found iAppendixH and Appendixl respectively.

Canadian Solar (2016) is a walbwn and trusted solar panel manufacturer that produces a
variety of panels and home solaptions. The CS6K panels are a monocrystalline solar cell that are
17 percent efficient at converting solar energy into usable electricitywdREand Sacred Power
plan to install the solar array in seven strings of thirteen panels each. An SMA irweuiertie
SIOK adNARY3I Ayid2 GKS L!'L! Q& LR266SNI INAROD

SMA is a German based company that has been in the electrical inverter manufacturing
business since 1985 (SMA Solar Technotdg016). The Sunny Boy inverters have been in

2y

production forthe pastsie S N&E FyR N8 4 GKS (G2L) 2F A& LINBYAdzy

inverters get high ratings for quality and product service (Newkirk, 2015). The inverters tiiahRE

plans to use would support converting up to four thousand watts each from the D€rmonitted

08 UKS LIhySfta G2 dzatofS !'/ SySNHeod ¢KAa LRoSN g

where it can be consumed.
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All of the equipment R&olv and Sacred Power plan to install is high quality and durable. The
Canadian Solar (2016) pasdlave a 2fear performance warranty and a 4@ar product
warranty. The SMA inverters come with ayi&ar warranty that can be extended to 20 years, which

is much greater than most inverter warranties (SMA Solar Technology AGy)2016

While theCS6Hkbarels are not the most efficient panels on the market, they would work well in
this system and would provide the expected energy to the system. The SMA Inverters are top of the

line, and highly rated. They also carry a much longer warranty than other sinwéater choices.
Section 4: Specifications and Costs

The proposal from Reolv briefly introduced their plans and the benefit for IAIA. The
planned PV system would have 25.48 kW of power and would produce 43,487 kWh in the first year.
REvolv claimed ®.5% degradation of the solar panels each y&agradation is the rate at which
the siliconin the panels lose the abilitp generat electricity.However, we found different values
for the degradation of the solar panels. According the National Reneviaiergy Laboratory
(NREL) (Jordad Kurtz 2013), monocrystalline solar panels like the Canadian Solar panels, degrade
at anational averagef about 0.36% each year. However, based on test data provided by Canadian
Solar (2016), the panels actually dedge2.5% in the first year, and 0.5% every year thereafter. The
Canadian Solar panels underperform compared to other panels in a similar price and technology
range. A lower degradation rate is recommended as more energy can be produced each year,

decreasinghe rate of return, increasing the future value, and the energy credits of the system.

Once the system isinstalled, B2 f @Qa f S &S ¢g2dZ R 0SIAYyd ! yYRSNI |
would pay a monthly lease, totaling $3,761 a year. The lease payméhitscrease by 2.9% each
year, for20years. Projecting these costs over @@year lease, the I1AIA would pay-R#lv a total
of $100,026.060ne way to gauge whether or not the project would be worthwhile to the IAIA is to
calculate the Net Present We of the investmentThe net present valuNPV)f a cash flow is a
way to find the present value of a future sum of money (Gallo, 2014). In Appendix J, we created a
table to outlinethe cash flow of the lease perio8or our interest rate, we used tl& month libor,
from October ¥, 2016, plus 2%, which gives us an interest rate of 3.55% (The Wall Street Journal,
2016). Using the NPV formula in excel, we were able to discountde&ch dsdh ow back to the
value of money at year zero. When totalitgK S LINB &Sy i @I t dzS 2F SI OK &SI
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total NPV. In the case of the lease proposdheflAIA opts to accept the lease instead of spending
$100,0000ut of pocket they, in theory,have the ability to invest instead If the IAIA inveted at
3.55%, they would generate $31,586addition to the savings from the electricity produced by the
solar arrayThis means that if the IAIA was going to purche$&00,000 solar array on their own,

the real cost would be $131,566.

Since a 25 kW stem is larger than a residential projettwill cost more upfront for equipment
and labor, but the system is much smaller than commepajects meaning this irfbetween
project cannot benefit from the lower cost per Watt installed that larger systproside. A 10 kW
residential system can cost as little as $3.50 per Watt, and commercial systems cost even less
(Clover, 2016). The turnkey cost per installed Watt for this project is about $4 per Watt, which is
reasonable for an installation thad in between typical residential and commercial projects in size.
When we aske&unmpwer, the most prominent solar installer in Santa Fe, what a similar sized
system would cost, they estimated about $4 per Watt (Dan Badersonal communicatian
September 13, @16), which also alignswith B2 t Q& LINRB LR Al f & { Ay OS |
cost approximately $100,000 without RBlv, thefinancialbenefit of this proposal comes from the

fact that the costs of the project are spread out over 20 years.

REvolv povided calculations on the projected savings for the IAIA. They calculated these
savings by assuming the cost of electricity starts at $0.096/kWh, and increases at an annual rate of
five percent. Using these values,-Ritv projects that the IAIA would ga approximately $38,735
over the 20year lease period and $100,259 over 25 years. Twhwtyyears is the warranty period
for all the equipment that Sacred Power would instéb.check the accuracy BEZG 2 f @ Q a
calculations we researched the actual cosenergy and the actual yearly rate of increase of the

cost of electricity per kilowathour.

Using historical data for the past 25 years, for electricity rates from the Public Service
Company of New Mexico (PNM), we were able to determine a percergase for different lengths
of time. REvolv estimated that energy costs would increase yearly at a five percent rate. When
looking at the past five years, the cost of energy increased at a rate of 5.4%Ealflelow,

shows the results of our calculatis. A full set of these calculations can be foundppendixF.
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TableE-1: Calculated Rate of Energy Cost Increases byr&mtageover 25 years

Time Start
Period Year End year Percent
5 2010 2014 54
10 2005 2014 4.2
15 2000 2014 3.2
20 1995 2014 2.2
25 1990 2014 1.6

As shown infableD-, the farther back the period reaches, the rate of increase becomes lower.
The first three data sets are the most usable for any financial calculations, as the data before the
year 2000do not follow a similar trend compared to the next fifteen years, as depict&igareE

1, below.

National Electricity Prices for the Commerical Sector
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FigureE1l: Commercial/Institutional Electricity Prices Over TwerBve YeargU.S. Energy Infanation
Administration, 201&)
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calculated the expected costs vs. savings for each percentage at the expected degradation pattern.
These final costs or savings otlee twenty-year lease, after paying R@lv the total lease

payment, are displayed in Tal2. Our full calculations can be foundAppendixG.

TableE-2: 20-year Savings/Losses after Lease Payments
Optimistic Power| Guaranteed Power

Avg. 5Year/ 5.4% | $35,919.44 $22,324.89

Avg. 15Year/ 3.2% $8,426.79 -$2,418.50

The optimisticand guaranteed powevariables are taken fromRE2 f Q& LINB L2 &l f & ¢ R
is expected to produce 43,487 kWREvolv & Sacred Power, 2016). With the variability in weather
and system functions, Riblvset a guaranteed production value at 90% efficiency, or 39,138 kWh
for the first year. This means that if the solar arrays operate at less3@#nefficiency, Rlv will
repayfor the electricity the 1AIA had to spend wéihe system was below that thresholthis
efficiency difference, 4,349 kWh, $0.096/kWh,is$417 of possible savings that is ld§the
panels operate closer to 90% for the lease period, the IAIA will spend rad@8¥0 on purchasing

power from PNMhat the solar arrays could have produced instead.

With the highest rate increase for energy costs, and the system operating at 100% efficiency,
the IAIA can expect to saaeound$36,000. Butising all worst case scenarios the 1AIA wdode
up to $2,4.8. Both of theseassumptiongredict that the cost of energy would linearly increase for
the next twenty years, whereas the data in Figure 5.1 shows that the cost of energy is anything but

linear.

After identifying thepotential outcomes, we then attempt to determine the percenincrease
in energy costs that wouldausethis project to have not net cost or savings for the 1/&er
testing various percent increases in electricity rates, we managed to find the rate of increase that
allowed the total sgings or costs to be under one dollar. With a 90% effective system, the IAIA will
have a net zero gain on this project if energgts increase at approximately 3%4a yearlf the

system operates close to 100% for its lifetime, a 2.38% will return ringsawr costs.
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year. If local energy costs follow this trend every year, and the panels operate above the lower limit

of 90%, the IAIA can expect to generatpositive return on investment.

Summing up all the financial calculations, it is very possible that this project would save the 1AIA
more money than they would spend. Since it is unlikely the solar panels would greatly
underperform, and it is very likelgjven recent data, that energy prices would continue to increase
at a percentage above the zero limit we calculated, we expect to see a positive net gain after the

twenty-year lease.
Section 5: The Verdict

As discussed in the previous sections@RE f pgbpaal is likely to be a beneficial deal for the
IAIA. The equipment, while not uniformly top of the line, is quite good for the price and is
considered quite reliable. The companies involvedy®f and Sacred Power, both have experience
with projectsof this size or larger. According to our calculations and the ones done-bgl\Ria the
proposal document, the solar system is likely to produce a positive return on investment over the
lease period. In comparison to doing nothing, this proposal woutthtsolar technology to the 1AIA

and could save the IAIA several thousand dollars in energy bills, even while paying off the lease.

However, our research has indicated that the IAIA could find additional savings by going
elsewhere to install solar panels ¢he roof of the CLE Residence Center. There are various
technologies that could lower the costs of installing, such as using {inieedters, a different
mounting system, or even expanding the size of the system. The proposed tfianiglowatt
systemwould cost approximately $4 per installed Watt, not only fordRE, but for the IAIA as well
since they would pay off the system over twenty years. A 25kW system is much larger than
residential scaled systems, which are about 5 to 10 kW. It is also smuglter than any commercial
installations, which are above 100kW. Most large commercial systems cost around or less than $3

per Watt, because of the fixed labor cost for balancing any sized solar system (Chung, Davidson, Fu,

(0]

Ardani,&Margolis, 2015). A lae system hatewerd a2 Fi Oz2adaxé¢ 2N O02ada GKI

hardware but have a fixed value. This includes balancing the system, interconnecting the system,
and having the system inspected. On larger systems, these relatively fixed costs mattetdessi

of costs per Watt, but on smaller systems, including a 25kW system, these costs can be very high.
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We feel the IAIA has much more solar potential for their campus, and thislIRBeal would
limit the solar future of the IAIAf the IAIA leases ih system, they will have no control over it for
20 years. The IAIA cannot upgrade the technologies or build upon the existing system to increase
their solar capacity, which is important for the IAIA to save even more on energy costs, and limit
their carba emission baselingf the IAIA uses up other available lands attémpts to install
more solar technologin Revolv's system areahey will run into a problem trying to tie any new
installation in with the existing solaystem because during that 2Qear lease period, the IAIA
does not own the panels or any associated equipment. Any new solar techribidgize IAIA
wantsto install on the same rookould require the IAIA to try to seek permission from-®Riv to

expand the system.

Any other systeninstalled by the IAIA has more flexibility and potential for increased energy
generation for two reasons, the array can be larger than the 25kW system proposeeviojvRé&nd
it could incorporate carports. Solar carports are an excellent way of genesatiagenergy, while
also providing an advertising tool. Investors to a solar carport project will have a tangible product to
look at and can peak interest in solar to fund expanding solar on campus. These carports could even
hold student art on the outsiel to provide students with more ways of presenting their art, while
attempting to keep with the aesthetic on campus. While carports provide a good advertising tool,
rooftop solar remains the most cost efficient solar option. We recommend the IAIA imvibetit
solar potential through phases. These phases are made up of solar installations, of similar size to
the REvolv deal, or smaller, that can generate interest in solar and fund other phases. The first
LK 4S8 aKz2dzZ R 0S5 I a lagsdasfitureldNi 2ASA@Quudgpeaivestoriiterésk f A I K
This pilot project could be relatively small, a simple carport or a small rooftop system. Then, the
IAlAcouldmarket where it wants to go with its solar future itateresteddonors and investors who
can help fund an even larger project to install more carports, or make the roof obon®re

buildingscompletely solar the possibilities at the 1AIA are endless.



76

Appendix= Economic Model for Electricity Prices

INRe@2 f @Q& LINR LJ2 & | fthe pricekoSetectricity waldy &B&by 6% andually.
Initially this seemed like a very large rate of increase for energy prices, so we decided to look into its
accuracy. In order to get an idea of a more realistic rate, we downloaded the
commercial/institutonal electricity prices recorded in New Mexico over the last 25 years and

analyzed them.

National Electricity Prices for the Commerical Sector
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Figure~1: Commercial/Institutional Electricity Prices Over TwenrBive Years\.S Energy Information
Administration, 201&)

The graph above shows the energycps over that last 25 years, starting from 1990, going until
2016. Between 1990 and 2000, the price for energy remained relatively constant, hovering around
$0.08 per kilowatthour. Around 2000, energy prices began to rise. Because of the irregularities of
the rate at which the energy prices rise, we decided not to use the average rate of increase over the
whole 25 years because it is considerably lower due the segment of relatively constant prices for
the first ten years. Instead, we thought it would bevibuld be more relevant to look at the data
from 2000 forward, since REblv had assumed that energy prices would increase at a rate of 5%

over the twentyyear lease period. If you look at the-YBar data, you find that the average annual
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rate of energy pice increase is 3.2%. If you look at the-jgrar data, the average annual rate of
energy price increase is 4.2% and finally, if you look at thesb data, the average annual rate of

energy price increase is 5.4%, which is closest to whabREassume.
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AppendixG: Savings Calculations

AppendixFdevelops our own economic model for predicting how electricity prices will increase
over the life of the solar array. With that in hand, we can now recalculate how much the solar array

would save the IAIAwvr the life of the lease.

Before the real calculation starts, the performance rate of solar panels need to be referred. In
Revolv's proposal, the promised performance ratarts at 39,138 kWh in the first year, with the
amount reducing by 0.5% of theitial value each yeamhich means if the whole system produces
lessthis prediction, Revolv will compensate the value of the energy IdREvolv also predicted a

more optimistic rate of energy production starting at 43486 kWh in the first.year

The timespan of our savings calculations is for they2@r lease period. After the lease
payments is when the solar array with generate the most savings, as the IAIA is no longer paying RE
volv. But after 20 years, it is highly possible this solar system wsk\erely outdated, and
technology in energy creation may have advanced to the point to make this system obsolete,
especially the 17% efficient panels. Therefore, we assumed the system would need replacing at year

20.

Using the percent increase of energyst and a starting cost of energy of 896kWh, we

predicted how the cost of energy would increase over the 20 years.
Model equations:
Year 2 Solar Energye wp ®¢iQ 1iuv c wp @¢Q o P w GO

Year 3 Solar Energy & J p ®2uiQ ™Iu o PQAQ o P x VK0
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TableG-1: Assumptions forCalculating EconomicaSings

Assumptions

Value

Units

Percent
Increase of
energy costs

5.4

%

Starting cost
of energy

0.096

$/kWh

Starting
energy
produced by
solar

39138

kWh

Degradation
rate (REvolv
Guaantee)

0.5

%

Interest rate
(annually)

2.9

%
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TableG-2: Table of Savings Calculations

Cost of Solar Energy

energy Produced per| Value of Payments to
Year (annual avg) | year energy saved| REvolv Savings

$/kWh kWh $ $ $
0 (2016) | 0.0960 0 $0.00 $0.00 $0.00
1 $0.096 39,138 $3,757.25 $3,761 -$3.31
2 $0.101 38,942 $3,940.34 $3,870 $70.72
3 $0.107 38,747 $4,132.25 $3,982 $150.41
4 $0.112 38,551 $4,333.39 $4,097 $236.08
5 $0.118 38,355 $4,544.21 $4,216 $328.08
6 $0.125 38,160 $4,765.16 $4,338 $426.76
7 $0.132 37,964 $4,996.72 $4,464 $532.51
8 $0.139 37,768 $5,239.40 $4,594 $645.73
9 $0.146 37,572 $5,493.71 $4,727 $766.82
10 $0.154 37,377 $5,760.22 $4,864 $896.25
11 $0.162 37,181 $6,039.48 $5,005 $1,034.46
12 $0.171 36,985 $6,332.11 $5,150 $1,181.94
13 $0.180 36,790 $6,638.73 $5,300 $1,339.20
14 $0.190 36,594 $6,960.00 $5,453 $1,506.79
15 $0.200 36,398 $7,296.61 $5,611 $1,685.26
16 $0.211 36,203 $7,649.28 $5,774 $1,875.20
17 $0.223 36,007 $8,018.76 $5,942 $2,077.23
18 $0.2% 35,811 $8,405.84 $6,114 $2,292.01
19 $0.247 35,616 $8,811.35 $6,291 $2,520.21
20 $0.261 35,420 $9,236.13 $6,474 $2,762.55

$22,324.89 Total Savings
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AppendixH: Canadian Solar CS6K Solar Panel Data Sheet

Available fromhttp://www.canadiansolar.com/fileadmin/user_upload/downloads/datasheets/v5.4/Canadian_Solar

DatasheeCS6KM_v5.4Clen.pdf

CS6K-270|275|280M

The high quality and reliability of Canadian Solar’s
modules is ensured by 15 years of experience in
module manufacturing, well-engineered module
design, stringent BOM quality testing. an
automated manufacturing process and 100% EL
testing.

KEY FEATURES

Excellent module efficiency of
upte 17.11 %

Outstanding low irradiance
performance: 96.5 %

Positive power tolerance of
upto5W

High PTC rating of up to 90.93 %

(\‘ IP67 junction box for long-term
) weather endurance

(( A Heavy snow load up to 5400 Pa,
3/ wind load up to 2400 Pa
)
g Z % 3
™ Salt mist, and ammonia resistance,
I for seaside. and farm environments*

CANADIAN SOLAR INC,

Vs "
> CanadianSolar

*Black frame
product can be
provided upon
request.

?é , linear power output warranty
@

&

years J and workmanship
e

\, product warranty on materials

MANAGEMENT SYSTEM CERTIFICATES*

IS0 9001:2008 / Quality management system

ISO/TS 16849:2003 / The automotive industry quality management systam
IS0 14001:2004 / Standards for environmental management system

OHSAS 18001:2007 / International standards for occupational health & safety

PRODUCT CERTIFICATES*

IECE1215/IEC 61730: VDE / CE / MCS / CEC AU

UL 1703 / IEC 61215 performance: CEC listed (US)

UL 1703: CSA /IEC 61701 ED2: VDE / IEC £2716: VDE / Take-e-way

HEGCET BBV G @

* Az thaere are Oifferant certification réquiremants In oifferent markats, please contace
your local Canadian Soiar $a1es reprasentatne for the specific certificates applicable to
the products In tha region In which the products are to be used.

CANADIAN SOLAR INC. is committed to providing high quality
solar products, solar system solutions and services to customers
around the world. As a leading manufacturer of sclar modules
and PV project developer with over 14 GW of premium quality
modules deployed around the world since 2001, Canadian
Solar Inc. (NASDAQ: CSIQ) is one of the most bankable solar
companies worldwide.

545 Speedvale Avenue West, Guelph, Ontario N1K 1E6, Canada, www.canadiansolar.com, support@canadiansolar.com


http://www.canadiansolar.com/fileadmin/user_upload/downloads/datasheets/v5.4/Canadian_Solar-Datasheet-CS6KM_v5.4C1en.pdf
http://www.canadiansolar.com/fileadmin/user_upload/downloads/datasheets/v5.4/Canadian_Solar-Datasheet-CS6KM_v5.4C1en.pdf
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