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Overview

This document aims to provide a roadmap for increasing solar generation on the

Auraria campus as a primary strategy for attaining the commitment made, by all

three institutions, to the American Colleges and University : 0z SEg9yljzU 7U0Suyi |j
Commitment. This commitment calls for a 20% reduction in g reenhouse gas

emissions from a 2007/2 008 baseli ne by 2020, 50% by 2030, and 80% by 2050. As

such, this plan prioritizes short, middle ,and long-term strategies among the physical

spaces on campus; breaks down financial considerations and key stakeholders; and

recommends policy implementation and techno  -economic modeling resources to

achieve proposed strategies.

We have already passed 2020 and the campus fell short of its 20% GHG reduction
goal by 2.5%. We need to accelerate our efforts to hit the 50% by 2030 goal which
has now also been adopted by the State of Colorado.

CRSz EbBeEilGuygylfj Sz SYILYgYEGE 1ljb Bl i g0 BbBASgcli SDay
and key stakeholders when weighing solar inves tment opportunities. This guidance

is based on extensive research AA [f Rg £G 07 0Si AbGzlji Syi AUg 77 yU
igE IRg ¢iUeGUiIjSBbY BI £034§01 OSiopta-saumeltoold WHIj § ¥ |j
and software in addition to consulting with local exp erts and other stakeholders.

Updates have been made to this document as of April 2022 and many relevant

additions are in green text throughout.

Why now?

We are currently falling short of compliance with a climate commitment that all

three institutions on t his campus signed in 2007. It is a primary responsibility of the
ASCP to keep moving toward these goals in an efficient manner. We installed the
Library Solar Array in November of 2019, but we now need to continue our progress.
Through our programming over the past 10 years, we have measurably reduced our
campus emissions by 3.26%through our solar installations (2%), and energy
efficiency programs (1.26%).

In addition to the climate commitment, our program is also beholden to the student
referendum where t he students voted , repeatedly, to have their fees spent on

f OgEGEeSYn BPGO ¢iyWizyu OguUSigeg By I hzzSU [ GgU
£GO0T OSi Uz UOBbiz 109 BYyUA nbSYyn b ngli PUEgOOo
solar and decreases financial favorability of the investment (  the cost to take solar
panels down and reinstall them is nearly 25% of the cost to purchase them). We
should capitalize on our new or soon-to-be-replaced roofs to maximize profit
margin.

Solar is popular among our constituents, high-impact, and a visible achievement that
would increase our credibility with students and contribute to our identity as a
sustainable college campus (which will be come increasingly marketable to
prospective students Wecisions to attend school on this campus in the coming
years). In fact, our recent survey (Fall,2020) of over 800 Auraria students found that
2/3rds of those surveyed Agreed or Strongly Agreed with the statement
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TFYDSObYyygylii U zdzli SywosldHa pall arRmpEct) borymy Sy Wi ¢ 1) n
ERbSEYg bi €bUUGng bO GySDmyvzSI[ATo CRSz dzi z i
This project will pay for itself, its maintenance, and provide a  roughly 33%surplus

that will be used to purchase more renewable projects in the future.
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Executive Summary

E.1Key Recommendation #1: Rooftop Installation and Phasing
After evaluating the solar potential of 25 roofs and parking lots on campus (out of
| PO A AGSUESYnz 1jblji UBE WogUSysSyi BA §gzIljSuyiljSh
for these spaces is around 8 .5 Megawatts *. By combining individual rooftop potential
in conjunction with other factors that impact the economic feasibility of solar (roof
age, utility rates and tariffs), the ASCP suggests the following general
implementation priorities and timeline f or the Auraria campus:
0 Phase 1:Short Term/Immediate (Completed )

3 Library rooftop: 779 kw (DC), potentially producing 1,050,000 kWh
annually and offsetting 700 bi | Rg USAOI BAuz i199aGdi 0 ¢
This array would save us roughly $ 49,000 per year (average savings
over 30 years) on electricity bills and prevent 15,000 metric tons of
carbon dioxide (MTCO2e) from entering the atmosphere over a 25 year
life. The ASCP recommends purchasing th is system with our current
cash surplus in order to start generating project revenue immediately
and to maintain Renewable Energy Credits which will allow this
investment to count toward the ACUPCC reduction goals . More details
are provided in Section 2.3 Priority PV Locations.

Yy Power Purchase Agreements (PPAS) are not being considered at
this time due to the preferences of leadership. This does not
affect the viability of solar as an option for our program.

3 Consider solar for newly constructed institutionally -owned buildings to
maximize efficie nt placement of arrays.

0 Phase2:Tj gnl 1 WTYT+$earsTg Oy n

3 As roofs age toward replacement, consider next:

Yy~ West Classroom and North Classroom (roof replacement
needed in next few years )

y" Central Classroom

y" CU Wellness and CU Student Commons (if feasible to pursue )

Yy Confluence and Cherry Creek (if feasible to pursue)

3 Implement Roof Replacement Policy: As roofs are up for replacement
consider solar installation. Refer to prioritization table for potential kW
production and feasibility/fit.

0 Phase 3: (-8 years)

3 Continue to consider solar as roofs are replaced. Good candidates at

this point may include:
Yy PE Center
Yy Plaza Building
Yy King Center

3 Consider PPAs if we are struggling with financing up -front costs on
future projects T Y E E b §y Ugnewalyej Eherdy Credits immediately
(can recapture RECs if purchase system outright after a depreciation
period)
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3 If cost of stand -alone solar canopies (over parking garages) decrease,
consider installing on expansive parking lot spaces

*Note: aside from Library, S cience, Plaza, West, Arts, and parking garages (which came from the 2016
£ygoOgzch OgWbOl 6 [RSz Sz [O4dUA i TAdol§ioie&eeperal Snid OgE ¢ 7
idea of solar capacity. For a more accurate figure, AHEC would need to engage a professional

cChbyljOr ¢l b oSoaltlechitél assistance Team . For more detailed information on the tools

and assumptions utilized to arrive at these fig ure, please see Appendix A for Methodology.

E.2Key Recommendation #2 : Green Revolving Fund

cYy PUOEGgOD b ngygoilg [ G9yESYyn 1 b0 [ GljG0Og WOBS G
fossil fuels, the ASCP proposes a Green Revolving Fund . Under this model, s avings

generated from solar projects would be captured and  reinvested into energy

efficiency projects that would further reduce campus energy use and utility costs or

go toward investing in the operation , maintenance and future solar installations.

Please see section 5.5 for more information.

E.3 Other Key Findings: Improvements in Solar Tech/Cost, Resources
1 Both the technology and cost of solar have improved tremendously in the
past few years, particularly among multi -crystalline modules.
o Cost: The installed cost per watt for commercial scale solar is now
around $1.50 (Fu et. al 2017), compared with the $2.29 /watt that Auraria
was quoted by Am eresco in 2016 (Ameresco, 2016) and the $4.85/watt
cost on the Arts solar array in 2011 and 2013.
o Technology: A July 2018 proposal from Namaste Solar (Namaste 2018)
includeda per-y BEGUG dzi ljljing Bi &FE dziljljzE &by
2016 proposal which included 315 watt modules (Ameresco 2016) ,
meaning the array itself will be more efficient with the sp  ace. The
panels on our arts building installed five years ago produce around 200
watts/module.
T CRgOUg T10g yiygobildz 9b T 9E Ubdz ¢bhzlf 0gzbdoe
available to provide technical assistance, techno -economic analysis and
financial incenti ves. We highly recommend further investigation and pursuit
bi I|JRg OgzbGoegz bl arspgpendic®yT ljZROE TSy BRITO CIGF
report for future solar feasibility studies.
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Section 1. Background

11CvsbsjbGt Evssfou GofshzrEwetvnquj po boe Tbu

In the 2017-2018 fiscal year, the Auraria campus consumed 48,560,443 kWh of

electricity, costing the campus nearly $4.1 milion!CRSz ¢byWoSzgz ! Z0O B
utility budget and nearly 27% of our facilities budget. To put this in perspective,t  his

is roughly equivalent to the annual electrical consumption of 5,417 American

homes ?2

CRg yi 3POSIA bBi I Rg £G§07 0Si bdildingsliskiledd@hé n RUA &
Primary General Rate class, at between $0.038/kWh and $0.04/kWh (current utilit y

rates can be accessed at openei.org 2 or via Xcel Energy 4)> We are afforded this low

rate because we receive energy at high voltages from a nearby transformer and

Ri D BGO Bdzy TESzlj USAIG Ipf$he frts Bujidhl Wherb we stelR g | SOz |j
down high voltage and distribute power to the rest of campus. There are five

buildings on campus that are still billed on the secondary general rate, and those are

the Admin Building, the 5 ™ Street Hub, the Modular Classrooms, the Tivoli, and the

King Center. These buildings are billed at rough Iy $0.0473/kWh and will be moved

to the Primary General meter in the next couple years. ©

Most commercial customers in Colorado who £ 6 ydigtfibute their own energy pay
around $0 .092/kWh for electricity . In fact, electricity in Colorado is relatively cheap
when compared with the rest of the county, with commercial rates 6.94% cheaper
than the national average. A below market rate for electricity makes it difficult for
solar to a) offer a rapid payback (when purchasing a system) or b) look financially
appealing (when buying energy back from a solar developer through a PPA).
However, it is important to remember that part of the reason our electricity is so

cheapis because 44% of X6 gUUz n g9 §goiljSby ySHafSglfuelby WOSz gE

zbG0Eg | Rilj Sz TERgIT WT dized lyiour public Blicy adefailk § i DS U A
to internalize the health and environmental ramifications o  f its extraction and )
combustion. @ Inthissense,lf Rg T Onduygyli [Rilj TzbUi O dzSUU 9 ¢

1 RossKen. Auraria Higher Education Center Facilities ManagemenailEnessages received summer 2018.

[

24DNBSYyK2dzaS DI & 9ldAdltSyOASa /1t Odf G2NWéE 9t! DNBSYK2da S DI

Agency (EPA), accessed July 2@i&s://www.epa.gov/energy/greenhousgasequivalenciesalculator

3 Utility Rate Database. Openei, National Renewable Energy Laboratory, Accessed July 2018.

https://openei.org/wiki/Utility Rate Database

4. 08t 9ySNHed &/ 2t2NFR2 /2YYSNDALFE yR LYRdAGNAFIf DIFa FyR
https://www.xcelenergy.com/staticfiles/xe/Regulatory/COBusRates.pdf

5Ross, Ken.

6 Ibid.

7 Utility Rate Database. Openei, National Renewable Energy Laboratory.

8t 26 SNJ DSy SNI i A 2 Hlebtéicityd Xc& BLiBrgy, accaaNdd July ROLE Y
https://www.xcelenergy.com/energy_portfolio/electricity/power_generation

u»

9 Redman, Jan€iDirly Energy Dominance: Dependent on Deqidbow the U.S. Fossil Fuel Industry Depends on Subsidies and
Climate Deniat Oil Change InternationaDctober 3, 2017http://priceofoil.org/2017/10/03/dirty-energydominanceus-
subsidies
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is not universally true .

cli Sz dBOUIR 9b61Syn [Rilj FNO nb0 UOBhlinRUA Guluou
even come from electrical consumption, but rather from demand charges. 10 This

presents an opportunity to reduce costs further by participating in a demand

management or demand response program. Hiring an Energy Manager would help

£G07T OSi SEQYISI A EguigE yiginguygyli zljo0iljgnsSgz
currently leaving on th e table. In conjunction with solar, demand management has

the potential to provide considerable costs avings for the Auraria campus.

10 Ross, Ken.
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Section 2 : Campus PV Development Team

2.1 Key Points of Contact
The key points of contact during the compilation of thisr  eport include the following:
1 ASCP Staff
o Chris Herr IJDirector of Sustainability 1JChris.Herr@ahec.edu
o Jackie Slocombe IJASCP Graduate Assistant 1J
Jackie.Slocombe@ahec.edu
o Karmen Burchett IJASCP Ambassador 1IJKarmen.Burchett@ahec.edu
1 AHEC Facilities Staff
o ' OBDSEGE Syi bOyiljSby b fgyaderertiyi Uz AGSUE
consumption, roof ages and types, billing rates and structures, AHEC
facilities project timelines.
o Ken Ross, Facilities Management Director
0 Pete Candelaria, Electrical Manager
1 Xcel Energy
o ' OBDSEYE SyzSnRIl by ASadsBdentivei § E
o ~gUi9S§g Wi DSYE £ _F7Uz £¢¢biaygl -~
1 Green Schools Listserv
o Crowdsourcing platform for sustainability in higher education
1 Heath Mackey from Namaste Solar
o Compiled preliminary PV potential and cost analysis for Library and
Science Buildings
1 Renato Nitura from Kinect Energy
o Compiled preliminary PV potential and cost analysis for Library

éégU
1Tyingo

2.2 Student Engagement, Retention, and Incentives

This plan would not be possible without the significant contributions from the
student interns and student staff of the ASCP. One student participated for course
credit through an internship program and others gained applicable work experience
related to their course work via a work -study position. Students also had the
opportunity to receive impor tant training through the Midwest Renewable Energy
£zzbc¢SiljShyuz @ dEA ¢bhilivzgo

2.3 Stakeholder Incentives

©9yg bl I Rg £G407T0ST AlGzlji S9i AUg 7iyWiz *0BNnOIy
i Rg |jROgg zE&RBBUzU indggugyli B*PBESEGYPSUI Y
Climate Commitment, is to reduce our campus emissions 20% by 2020, 50% by 20 30,

and 80% by 2050. Renewables will play a large part in maintaining a pace necessary

to hit those goals.
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Section 3 : PV Development Sites

3.1 Potential PV Locations
A prioritization ranking was assigned to each building based on  the following criteria:
1) Potential Array Size and P roduct ion (kW and kWh, respectively)
a. £Da SUT ASUSI A bl Tizi AUgGT =z Wi ¢g
2) Roof Age
3) Utility rate structure (Primar y General or Secondary General)

nOUi &t Bl

Roofs with greater potential capacity that are either new or nearing replacemen  t
were prioritized over others, as these roofs would be likely to produce more savings
over a greater time period.

A series of steps were utilized to estimate module size and potential production. As

noted earlier, these were estimations made using a combination of best available

i gcRYyBUBNA T9E BWgYy zbGOEY zbhlljda OgE SYyeUGESY
Earth/Google Maps, Unira ¢ U zBuilder Design tool, and direct communication with

a handful of solar companies. The final figures in this report are considered best

estimates and are intended to provide a general idea of solar capacity. = The detailed

methodology used to arrive att hese figures, as well as the full table of PV locations

and potential solar production and financial savings, can be found in Appendix A. A

sample is provided here below:

Potential Potential 1":;?: Average

Building Priority | Roof Age Roof Size | Array Size | Array Size Produchion A.nnual
(ow-DC) | flw-ac) | o T | savings ($)
Arts 0 1999 or 2003 149,889 75 63 115,350 5,454
Library 1 2016 100,580 711 593 967,072 45,727 45
Science 2 1994 35,000 258 215 346,713 16,394.11
West 3 1998 40,350 450 375 587,999 27,803.21
Central (+ ped bridge) 4 1999 30,000 300 250 391,999 18,53547
CU Wellness Center 5 2018 28,000 260 217 339,733 32,973.61
CU Student Commons 5 2015 150,000 150 125 196,000 19,023.28

Table 1: Sample of PV Development Site Potential Table (full version in Appendix

3.2 Implementation Timeline
0 Phase 1: Short Term/Immediate (Completed )
3 Library rooftop: 7 79 kW (DC), potentially producing 1,050,000 kWh 11

annually and offsetting 700 B |

i Rg

A)

USADI DAU=z

This array would save us roughly $ 49,000 per year (average savings

over 30 years) on electricity bills and prevent

1 Updated May2019 after receiving a more accurate projects from Namaste Solar
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carbon dioxide (MTCO2e) from entering the atmosphere over a 25 year
life. The ASCP recommends purchasing this system with our current
cash surplus in order to start generating project revenue immediately
and to maintain Renewable Energy Credits which will allow this
investment to count toward the ACUPCC reduction goals. More details
are provided in Section 2.3 Priority PV Locations.

3 Consider solar for newly constructed institutionally -owned buildings to
maximize efficient placement of arrays.

6 *Rizg 0& Tignl 1L3yfe)~SE CgOy n

3 As roofs age toward replacement, consider next:

Yy West Classroom and North Classroom (roof replacement
needed in next few years)

Yy Central Classroom

Yy CU Wellness and CU Student Commons (if feasible to pursue)

y* Confluence and Cherry Creek (if feasible to pursue)

3 Implement Roof Replacement Policy: As roofs are up for replacement,
consider solar installation. Refer to prioritization table for potential kW
production and feasibility/fit.

0 Phase 3: 6-8 years)

3 Continue to consider solar as roofs are replaced. Good candidates at

this point may include:
Yy PE Center
Yy Plaza Building
Yy King Center

2 Consider PPAs if we are struggling with financing up -front costs and )
Eby Ul 9J9g9E *%gygdzi AU FygOnA 709gESIz Suyy
RECs if purchase system outright after a depreciation period)

3 If cost of stand -alone solar canopies (over parking garages) decrease,
consider installing on expansive parking lot spaces

3.3 Priority PV Locations

CRSz =zg¢ljShy 1 giljdogz IR TIbhW T AGSUESYynz b
potential combined with roof age, etc.) The tools mentioned in Section 2.2 and in

Appendix A were used to visually spec out an array and capaci ty for these priority

buildings.
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Library 1%

The library is the most ideal candidate for solar because the roof is only two years

old (2016); there is a sizable amount of flat, unobstructed space to mount contiguous
panels; and the building is a shared AHEC -owned building. (This project was
completed in 2019 )

100,580 712 600 2,034 967,072 $45,727
Table 2: Estimated Library PV Energy Generation and Savings

.4 = *“ﬁ \
% . A Tl BN Y \ g2 3 9
Figure 1: Library Roof PV Mockup using Unirac U -Builder

Science:

The science building is another ideal candidate, again because the roof is flat and
largely unobstructed. The science building is our most energy intensive buildings, so
solar is an important step toward net zero electricity. If the roof is updated, this
would be a strong choice.

35,000 258.3 200 738 346,713 $16,394

Table 3: Estimated Science PV Energy Generation and Savings

12 after publication of this PV Roadmap, the Library Solar Array has been approved and will be completed before November,
2019.
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F/gure 2: SC/ence Roof PV Mockup &smg Unirac U -Builder

West Classrooms:

As a flat, AHEC-owned building that is free from major obstruction and will be up for

roof replacement in the near future, West classroom provides an ideal mid -term
location for a 450 kKW array .

40,350 450 375 1,084 587,999 $27,803

F/gure 3 West Roof PV Mockup using Unirac U BU//der
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H_ESULTS 631 ,733 kWh/Year*

E; Print Results System output may range from 586,817 to 650,369 kWh per year near this location.
Click HERE for more information.

Month Solar Radiation AC Energy Value
(kW m? / day ) (kWh) (%)
January 342 37,367 1,308
February 431 43,162 1,511
March 486 53,443 1,871
April 493 52,635 1,842
May 5.97 64,432 2,255
June 7.28 72,836 2,549
July 6.43 66,931 2,343
August 6.59 67,866 2,375
September 5.51 55,975 1,959
October 428 46,109 1,614
November 360 37,919 1,327
December 297 33,057 1,157
Annual 5.01 631,732 $ 22111

Table 5: Estimated Monthly Generation, West

Central:

As a flat, AHEC-owned building that is free from major obstruction and will be up for
roof replacement in the near future, West classroom provides an ideal = mid-term
location for a 450 kW array. This would complete the arts -west-central triumvirate .

30,000 300 250 720 392,000 $18,535
Table 6: Estimated Central PV Energy Generation and Savings

Figure 4: Central Roof PV Mockup using Unirac U - Builder
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ESILTS 421,155 wwn/vear*

g Print Results System output may range from 391,211 to 433,579 kWh per year near this location.
Ciick HERE for more information.
Month Solar Radiation AC Energy Value
(kWh /m? | day ) (kWh ) (s)
January 342 24,911 872
February 431 28,774 1,007
March 4.86 35,629 1,247
April 493 35,090 1,228
May 597 42,955 1,503
June 7.28 48,557 1,700
July 643 44,620 1,562
August 6.59 45244 1,584
September 5.51 31,317 1,306
October 4.28 30,739 1,076
November 360 25,279 885
December 297 22,038 771
Annual 5.01 421,153 $14,741

Table 7: Estimated Monthly Generation, Central

CU Wellness and Commons Buildings

CU Wellness and Commons buildings are particularly suitable for solar because
they are both flat and young. Furthermore, they are billed much higher than the
primary general rate, at a blended rate of $0.078. Therefore, the cost savings are
bolstered. W hile this is an institutionally -owned building, AHEC should work with
CU Denver to consider this potential.

410
43,000 | (260 and 342 920 535,733 $51,997
150)

Table 7: Estimated CU Wellness and CU Commons PV Energy Generation and Savings

B 2 D

o o [\ N L5 L @
Figure 4: CU Wellness and

Commons Roof PV Mockup using Unirac U -Builder

e
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RESULTS 575,579 wwh/vear*

g Print Results System output may range from 534,655 to 592,569 kWh per year near this location.
Click HERE for more information.
Month Solar Radiation AC Energy Value
(kWh / m?/ day ) (kWh ) (%)
January 3.42 34,045 1,192
February 4.3 39,325 1,376
March 4.86 48,693 1,704
April 4.93 47,957 1,678
May 5.97 58,705 2,055
June T7.28 66,362 2,323
July 6.43 60,981 2,134
August 6.59 61,834 2,164
September 5.51 51,000 1,785
October 4.28 42,011 1,470
November 3.60 34,548 1,209
December 297 30,119 1,054
Annual 5.01 575,580 $ 20,144

Table 8: Estimated Monthly Generation, CU Wellness and Commons

3.4 Institutionally Owned Buildings

As is visible in the latest AHEC Master Plan, many of the new buildings being
constructed on campus are being built individually by one of the three institutions.
AGER Sz I|JRg ¢izg dzSIiR 71 BygyYDPHHPUZHBUYQYD
7byi UGgyeg 5G4SUESYnNE i 9E ~Al Uz £g0bz Wi
Building and Marriot t Suites.

—

O W

©- ¢
Yl

5g¢idzg £ _F7 yilzl Dgwogzgyli i00 [ROgyg bBI | RG
individually, it was deemed to be too compli cated to pursue solar on these roofs,

regardless of how well -positioned they might be for solar given the youth of their

roofs and the potential to increase their US Green Business Council LEED rating

from Gold to Platinum. As such, they were not seriously considered in this master

plan. However, as new buildings offer the most optimal platforms for solar

production, we highly recommend that Auraria consider a path to pursue these

spaces or to encourage each individual institution to pursue these rooftops.  While

each institution has its prerogatives, we share one atmosphere and one common

mission of reducing £ ¢ U7 ®ashpus’gependence on fossil fuels. As each school

pursues expansion ofits Sy z [ S G SBYyi U TYygSNnRABUORBBEET Sl S
remember th ese climate goals and priorities shared by the students from all three

institutions .
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Figure 5: Auraria Campus Neighborhoods and Expansion Plans
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