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ACRONYMS
AASHE

Association for the Advancement of Sustainability in Higher Education

ACUPCC

American College and University President’s Climate Commitment

AEE

Association of Energy Engineers

APPA

Association of Physical Plant Administrators – Leadership in Educational Facilities

BTU

British Thermal Units

CARP

Climate Action and Resilience Plan

CASH

California’s Coalition for Adequate School Housing

CPUC

California Public Utilities Commission

CSU

California State University

ECM

Energy Conservation Measure

EHS

Environmental Health and Safety

EPA

Environmental Protection Agency

EUI

Energy Utilization Index

GHG

Greenhouse Gases

kWh

Kilowatt hours

LEED

Leadership in Energy and Environmental Design

MTCO2e

Metric Ton of Carbon Dioxide Equivalents

SEMP

Strategic Energy Master Plan

SF

Square Feet/Footage

STARS

Sustainability Tracking, Assessment and Rating System

USGBC

U.S. Green Building Council

ZNE

Zero Net Energy
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1
EXECUTIVE SUMMARY
1.1. California State University, Chico Commitment
California State University, Chico (Chico State) identified the goal of being carbon neutral
by 2030 when they signed on with the American College and University President’s Climate
Commitment (ACUPCC) in 2006. Chico State then followed up with the generation of their
first Climate Action Plan in 2011 to outline measures to achieve that goal.
The University Strategic Plan for 2019-2024 set forth three Strategic Priorities: Equity,
Diversity, and Inclusion; Civic and Global Engagement; and Resilient and Sustainable
Systems. Resilient and Sustainable Systems is described to advance environmental, social,
and economic sustainability, while striving toward a just and resilient future. It further
details the following action items:
- Work to be climate neutral by 2030
- Cultivate knowledge, research, and practice to increase awareness that our individual
and collective actions have impact regionally, nationally, and globally
- Be wise stewards of resources and embrace sustainability and resilience as a way of
living
- Integrate sustainability and resilience into curriculum, research, and the campus
operations to better serve students and meet the needs of society
- Recover and adapt to significant difficulties or challenges and recognize our
responsibility to forge resiliency in the communities we serve (CSU, Chico 2019)
In order for goals of this magnitude to be achieved, campus administration must show
commitment, and based on the Strategic Plan further supporting the goal of neutrality by
2030, they have done so. To further show support, the campus also funded the update of
the Climate Action Plan and the creation of this Strategic Energy Master Plan (SEMP). As
mentioned above, it will be necessary to incorporate this commitment into all levels of the
university: from administration, staff, faculty and students. The entire campus community
must be actively engaged and educated on how they can contribute to this goal.
1.2. History of Sustainability and Energy Efficiency
Chico State and the California State University (CSU) system both have a long commitment
to sustainability, energy conservation and green building. The first energy conservation
policy was established in 1978 and it has been superseded four times to update systemwide
polices. Most recently, the Sustainability Policy was updated in May 2014 with the goal to
decrease emissions to 1990 levels by 2020, as well as 80% below 1990 levels by 2040 (CSU
2014).
CALIFORNIA STATE UNIVERSITY, CHICO
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California statewide policies have also dictated local policies. The Clean Energy and
Pollution Reduction Act, California Senate Bill 350, passed in 2015, “requires the CPUC to
focus energy procurement decisions on reducing greenhouse gas (GHG) emissions by 40
percent by 2030, including efforts to achieve at least 50 percent renewable energy
procurement, doubling of energy efficiency, and promoting transportation electrification”
(CPUC 2015). Locally, PG&E, the university utility provider, has agreed to these interim
measures, and this SEMP incorporates the forecasted decrease in emission factors.
In addition to setting these goals, Chico State has implemented many energy conservation
measures, executed many energy efficiency projects, and built several green buildings.
Chico State currently has six LEED certified buildings: Gateway Science Museum, Student
Services Center, Wildcat Recreational Activity Center, Sutter Hall, Arts Building and the new
Science Building. Chico State has also submitted and received two AASHE STARS ratings of
gold; one in 2014, and again in 2018.
1.3. Purpose of the SEMP
This is a pivotal moment for Chico State as they recently updated their Strategic Plan, their
Campus Master Plan and Climate Action and Resilience Plan (CARP), in addition to
generating this SEMP. The SEMP will compliment all of the plans, as it will be consistent
with recommendations as outlined in the Master Plan and CARP in order to ease
implementation and share cohesive ideas.
Campus Master Plan
Starting in March 2018, the campus started the process to revise their Campus Master
Plan. This plan, with the input of many stakeholders and the community, outlines how the
campus’ physical environment should transform to incorporate the Strategic Plan over
the coming years. This plan details out several phases of construction that include the
demolition of older buildings, the construction of newer buildings, as well as major
renovations of existing buildings. The plan was approved at the end of 2020.
Newer energy efficient buildings not only reduced emissions, but are shown to improve
occupant health and provide more productive work places through the improvement in
indoor air quality and lighting. For universities, this can equate to improved student
learning, and healthier faculty and staff (WELL 2020; Kilbert 2016, 460-461; Marans and
Edelstein 2009).
Climate Action and Resilience Plan
The CARP was created concurrently with the generation of this SEMP. The CARP covers
the entirety of scope 1, 2 and 3 GHG emissions and provides broader recommendations
CALIFORNIA STATE UNIVERSITY, CHICO
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across multiple facets on campus. These include waste, water, transportation, research
and education. In addition to meeting the President’s Climate Commitment, the new plan
addresses campus resiliency as well.
Strategic Energy Master Plan
The purpose of the SEMP is to be an implementation and guidance plan to assist Chico
State to reduce energy, which in turn reduces GHG emissions in support of the CARP and
Strategic Plan. While the CARP focuses on all emissions, the SEMP will specifically
represent scope 1 Stationary Combustion and scope 2 Purchased Electricity. Renewable
energy, as in solar generation, will be represent a reduction of scope 2 but has a
dedicated chapter in this SEMP. The SEMP makes recommendations on energy
conservation measures, evaluates existing infrastructure and building efficiency, evaluates
how the proposed campus modifications under the new Campus Master Plan will affect
the energy use on campus, and identifies measures to reach the 2030 goal.
Reducing energy consists of three main focuses: employing energy conservation measures,
retrofitting or constructing new building to improve energy efficiency, and last,
incorporating renewable energy. Conserving energy conserves both renewable and nonrenewable natural resources by decreasing the need for natural gas and electricity
generation. Decreased energy use also has the potential to decrease utility budgets,
allowing money to be spent elsewhere, or be put back into the campus towards deferred
maintenance, capital improvements, and funding future energy efficiency projects.
The most recent GHG emissions inventory report is from 2017-2018. At the time of
compiling the data for the SEMP the 2018-2019 GHG emissions has not been completed,
but the utility data for the natural gas, diesel generators, electricity and solar generation
was. It was determined to use the most recent energy use information, and calculate the
GHG emission from that data. Based on the 2017-2018 emissions study, scope 1 stationary
combustion and scope 2 emissions were 28% and 19%, respectively. Combined they
accounted for 47% of the GHG emissions for the university. This plan is specific to those
percentages and energy sources.
1.4. Business as Usual
If Chico State does not move forward with reduced energy in support of its goal of carbon
neutrality the campus will continue to see a large share of their budget go toward utility
costs. They will miss the potential energy rebates offered by utility providers to upgrade
from older technologies. They will continue to invest money in older buildings through
increased maintenance and operational costs. They will also lose its competitive advantage
and reputation as a leader in higher education sustainability. AASHE reports that
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sustainability and energy commitments are a potential determining factor when students
decide where to attend college (AASHE 2009).
1.5. Resiliency
While not the primary purpose of this plan, Chico State has seen a tremendous amount of
campus closures and utility power uncertainty over the last few years. The Camp Fire of
2018 devastated the adjacent Town of Paradise and the campus was forced to close for
several days due to thick smoke and unhealthy air quality. Since that time, the campus
utility provider, PG&E, has also implemented several Public Safety Power Shutdowns due to
high wind and fire risks. These, luckily, have not directly affected the campus operations,
but the surrounding community, students, faculty and staff have been significantly
impacted.
To reinforce energy resiliency as a campus goal, Chico will need to increase renewable
energy generation on campus and add battery storage as a preventative measure to future
outages. It will allow the campus to provide necessary services and potential shelter for
students and community for any longer outages, and provide a cleaner backup source of
power than currently provided.
To implement the SEMP there will need to be significant financial commitment, as well as
disruption to normal operations to perform the renovations and energy retrofits. With the
commitment from administrators, and support from the campus community though, the
improvements should be welcomed to achieve the ambitious goal set forth. Chico State has
long been a leader in the sustainability movement and by implementing the SEMP and
achieving the goals, it will not only reduce their carbon footprint, but conserve energy and
utility costs, and continue to attract students.
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2
INTRODUCTION
2.1.

Campus Overview
Chico State is the second oldest of the 23 campuses in the CSU system. Chico’s campus is
located in the middle of Chico, California and encompasses 132 acres and approximately 80
buildings. For the purpose of this report, Chico State is comprised of five managing entities
within the univeristy: the academic Main Campus, Associated Students, University Housing,
Chico State Enterprises, and the University Farm.
Main Campus (Main). The university is mostly comprised of state supported buildings. This
includes all academic buildings, administration buildings, two gymnasiums, parking lots and
structures, stadiums and play fields, the Student Health Center, and the Gateway Science
Museum. Within the campus there are seven academic colleges on campus. They include:
- College of Agriculture
- College of Behavioral and Social Sciences
- College of Business
- College of Communication and Education
- College or Engineering, Computer Science and Construction Management
- College of Humanities and Fine Arts
- College of Natural Sciences
Most buildings are fed from one electric PG&E meter and several natural gas meters. Most
building are also primarily heated and cooled from the campus centralized Boiler Chiller
Plant (BCP). The main campus is maintained and operated by Facilities Management and
Services (FMS). This portion of the campus totals 2,386,118 SF.
Association Students (AS). The AS operates several buildings on campus, including the
campus bookstore and student union, Wildcat Recreation Center, and two student snack
shacks: Butte and Holt Station. They also oversees campus dining operations in Sutter Hall
and Selvester’s Cafe. The AS has an operations and maintenance staff. The buildings
primarily receive electricity, heating and cooling from the BCP and are invoiced monthly for
their actual energy usage. Most of the buildings have their own PG&E natural gas meters.
In total, the AS has 258,158 SF.
University Housing (Housing). Housing has multiple residential buildings, several
maintenance shops, a dining hall (operated by AS), an administration building, as well as an
off campus apartment style housing complex called University Village, located one mile
from campus. FMS recently took over the maintenance and operation of housing buildings.
The housing buildings have independent heating and cooling systems, and are supplied by
CALIFORNIA STATE UNIVERSITY, CHICO
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PG&E’s electric and natural gas services. Overall Housing has 540,798 SF.
Chico State Enterprises (CSE). CSE is the university foundation and occupies two
administrative buildings on the exterior perimeter of the campus. The buildings have their
own heating and cooling systems, and are served by their own PG&E electric and natural
gas meters. The two buildings are a total of 35,360 SF. CSE also operates three additional
PG&E electric accounts from remote transmission and radio towers. While there is no SF
associated with this unit, there is energy being consumed that must be accounted for.
University Farm (Farm). The Farm, which is approximately five miles from the main campus,
is comprised of 800 acres. The Farm contains several administrative and classroom
buildings, a pavilion, a meats lab, a dairy, barns, greenhouses, maintenance buildings, and
pumps for irrigation of crops, orchards and grazing pastures. Most buildings and
agriculture pumps have individual PG&E meters, as well as local heating and cooling. The
Farm has their own operations and maintenance staff, but occasionally require assistance
from the campus staff. The Farm receives a combination of state and foundation funding.
While there is a large amount of acreage, the total square footage of the buildings are only
132,023 SF.
Table 1. Total square footage of space by entity on campus
Entity

Square Footage

% of Total

Main

2,386,118

71.2%

Housing

540,798

16.1%

AS

258,158

7.7%

Farm

132,023

3.9%

CSE

35,360

1.1%

3,352,457

100.0%

Total

Campus Buildings
Due to the age of the campus, many buildings are historical in age, and at Chico State the
average age of buildings on campus included in the study is 50 years old and seven
buildings are over 85 years old. Most mechanical and electrical systems often have a useful
life of 20-40 years and when evaluating the universities’ Facilities Condition Assessment
most buildings are well overdue for major equipment upgrades.
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Figure 1. Map of Chico State campus
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Table 2. Chico State building list

25 Main Street

Building
Code
25MST

200
009

35 Main Street
Acker Gymnasium

35MST
AGYM

CSE
Main

16,433
72,659

1965
1961

55
59

101
002

Arts & Humanities Building
Aymer Jay Hamilton Building

ARTS
AJH

Main
Main

107,735
29,421

2015
1949

5
71

004
022

Ayres Hall
Bell Memorial Union & Bookstore

AYRS
BMU

Main
AS

48,961
137,669

1932
1969

88
51

026
029

Boiler-Chiller Plant
Butte Hall

BCPL
BUTE

Main
Main

19,861
86,812

1970
1972

50
48

017
050

Butte Station
Center for Continuing Education

BSTA
CCE

AS
Main

1,250
7,701

1999
1949

21
71

010
072S

Colusa Hall
Esken Hall

CLSA
ESKEN

Main
Housing

15,487
26,636

1921
1983

99
37

335
315

Farm Building Maintenance Shop
Farm Office

FABM
FAFO

Farm
Farm

3,732
2,377

1970*
1999*

50
21

303
082

Farm Meats Laboratory
FMS Administration

FAML
FMSA

Farm
Main

6,413
6,257

1977
1974

43
46

122
006

Gateway Science Museum
Glenn Hall

GSCI
GLNN

Main
Main

11,041
42,937

2009
1958

11
62

025
071G

Holt Hall
Housing Grounds Shop

HOLT
HGS

Main
Housing

127,185
820

1972
1983

48
37

071M
070

Housing Maintenance Shop
Housing Office

HMS
UHFS

Housing
Housing

2,895
4,913

1983
1959

37
61

001
071

Kendall Hall
Konkow Hall

KNDL
KONK

Main
Housing

49,656
23,289

1927
1983

93
37

028
052

Langdon Engineering Center
Lassen Hall

LANG
LASS

Main
Housing

52,497
38,110

1965
1958

55
62

Laxson Auditorium
Mechoopda Hall

LAXS
MECH

Main
Housing

32,157
28,710

1930
1983

90
37

054
021

Meriam Library
Modoc Hall

MLIB
MODC

Main
Main

261,522
37,091

1958
1962

62
58

089
095

Nettleton Stadium
O'Connell Technology Center

NETL
OCNL

Main
Main

9,766
74,435

1996
1992

24
28

091
093E

Parking Structure 1
Parking Structure 2 and Office Building

PS01
PS02

Main
Main

188,000
9,567

1996
2012

24
8

027
008

Performing Arts Center
Physical Science Building

PAC
PHSC

Main
Main

105,131
81,566

1967
1960

53
60

023
012

Plumas Hall
Sapp Hall

PLMS
SAPP

Main
Main

63,764
6,536

1972
1884

48
136

103
051

Science Building (New)
Selvester's Cafe

SCI
SELV

Main
Main

110,783
9,485

2020
1956

0
64

053
020

Shasta Hall
Shurmer Gymnasium

SHAS
SGYM

Housing
Main

38,115
22,633

1958
1956

62
64

075

Sierra Hall and Annex

SH

Main

5,034

1926

94

Bldg #
201

016
072N

Building Name

Managing
Entity
CSE

Building
SF
18,927

Year
Built
1965

Age
55
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011

Student Health Center

SHC

Main

22,214

1971

49

100
074

Student Services Center
Sutter Hall and Program Building

SSC
SUTR

Main
Housing

124,133
117,955

2006
2010

14
10

092
019

Tehama Hall
Trinity Hall

THMA
TRNT

Main
Main

88,426
25,516

1992
1933

28
87

104
013

University Village
Whitney Hall

UVIL
WHIT

Housing
Housing

140,740
117,925

1998
1967

22
53

106
039

Wildcat Recreation Center
Yolo Hall

WREC
YOLO

AS
Main

118,973
72,140

2008
2001

12
19

*Estimated age of building

2.2. Boiler Chiller Plant
Chico State has a central utility plant referred to as the Boiler Chiller Plant (BCP) that
provides chilled water, steam and is the primary electrical distribution point for the main
campus and AS buildings. As mentioned, Housing operates each building independently
with dedicated chillers and boilers.
The BCP was renovated and expanded in 2017 to replace older natural gas fired boilers with
new gas fired boilers and added a second Thermal Energy Storage (TES) tank to the
campus cooling system. This recent renovation to the campus was very much needed, but
will prove challenging to meet the 2030 goal due to the large capital expenditure and the
reliance on the new natural gas boilers that contribute to fossil fuel emissions.
2.3. Energy Overview
In figure 2 below are the total emissions from 2017-2018. The SEMP evaluated the natural
gas and diesel for backup generators portion of scope 1 emissions and the electricity of
scope 2 emissions; refer to the CARP for recommendations for the other emission sources.
The combined total of these is 47% of the overall GHG emissions. As shown in table 3, the
university has reduced its total GHG emission by over half from 2007-2008 to 2017-2018.
The emissions from electricity have greatly reduced for a number of factors from energy
efficiency projects on campus, to a greener supply of energy. However, the total emissions
from natural gas has remained approximately the same.
All figures are estimated using annual totals of natural gas and electricity. Natural gas is
calculated based on units of either therms or BTU’s and converted to MTCO2e. Electricity is
calculated based on units of kW demand or annual kWh and converted to MTCO2e. By
evaluating the breakdown of the energy uses among the entities on campus, as shown in
table 4, it becomes easier to evaluate which entity uses the greater amount of energy.
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Fleet
2.4%

Travel
3.3%

Waste
2.3%

Landscape & Agriculture
5.7%
Natural Gas (Scope 1)
27.5%

Commute
39.5%

Electricity (Scope 2)
19.3%

Figure 2. Campus emissions, 2017-2018
Table 3. Totals and percentages of emissions, 2007-2008 and 2017-2018
Emission Source

Scope

2007-2008

2017-2018

MTeCO2

% of Total

MTeCO2

% of Total

Commute

3

11,709

28.4

8,239

39.5

Natural Gas & Diesel Generators

1

5,762

14.0

5,733

27.5

Electricity

2

16,268

39.4

4,025

19.3

Travel

3

5,318

12.9

679

3.3

Landscaping & Agriculture

1

1,105

2.7

1,189

5.7

Fleet

1

743

1.8

502

2.4

Waste

3

280

0.7

483

2.3

Refrigerant

1

77

0.2

16

0.1

41,262

100.1*

20,867

100.1*

Subtotal
* Represents rounding addition over 100.0%
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Table 4. Comparison of entity square footage relative to GHG emission, 2018-2019
Entity

Square

Emissions

Total

Footage

MTCO2e

Emissions

Scope 1

Scope 2

AS

7.7%

1,098

11.2%

12.6%

9.0%

Farm

3.9%

272

2.8%

2.0%

4.1%

CSE

1.1%

119

1.2%

1.0%

1.0%

Housing

16.1%

1,620

16.6%

15.3%

18.9%

Main

71.2%

6,631

67.9%

69.1%

66.5%

0%

21

0.2%

0%

0.6%

100.0%

9,760

100.0%

100.0%

100.0%

Remote
Total

2.4. Structure of SEMP
A business as usual (BAU) model was generated to identify future emissions and utility
costs until 2030, should no changes or renovations be made to the campus. The BAU
scenario takes into account the new Science Building, and the estimated solar increase that
is under contract (as discussed in Chapter 7). All recommendations are then compared
against this model.
The following chapters then provide recommendations and guidance on energy efficiency
to reduce energy use and GHG emissions: Master Plan, Energy Conservation Measures,
scope 1 – Stationary Combustion Emissions, scope 2 – Purchased Energy Emissions, scope 2
– Renewable Energy Emissions, followed by Funding and Financing and Summary.
2.5. Emission and Cost Factors
Over the next ten years, emission factors will adjust on an annual basis. Scope 1 emissions
should remain the same at 53.11 kg CO2e/MMBtu, but scope 2 emissions will gradually
decrease, as SB 350 requires PG&E and other public utilities to have a greater percentage
of their electricity generation come from renewable energy sources. The 2018-2019 scope 2
emission factor is 127.22 kg CO2e/MWh, and 2030 is forecasted to be at 70.68 kg
CO2e/kWh. Figure 3 represents the BAU forecasted emissions.
Utility costs are calculated to increase at 3% each year. For 2018-2019, electricity averaged a
cost of $0.1685/kWh for the campus and gas was $0.9230/therm. It is estimated that in
2030-2031 the cost will be $0.2402/kWh and $1.3160/therm. Figure 4 represents forecasted
costs per the BAU scenario.
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Scope 1 NG

Scope 2 Electric

9,500
8,500
3,636

7,500

3,513

3,378

3,243

3,108

2,973

2,838

2,702

2,567

2,432

2,297

2,162

2,027

6,123

6,123

6,123

6,123

6,123

6,123

6,123

6,500
5,500
4,500
3,500
6,098

6,123

6,123

6,123

6,123

6,123

2,500
1,500
500
(500)

2018 - 2019 - 2020 - 2021 - 2022 - 2023 - 2024 - 2025 - 2026 - 2027 - 2028 - 2029 - 2030 2019
2020
2021
2022
2023 2024
2025
2026
2027 2028
2029
2030
2031

Figure 3. BAU forecasted GHG emissions

Scope 1 NG

Scope 2 Electric

Scope 2 Solar

10,000,000
240,022
9,000,000
8,000,000
7,000,000

171,068

109,193
80,610

201,015
195,160

213,257
207,045

226,244
219,654

130,341

6,000,000
5,000,000
4,975,916
4,000,000
3,000,000
2,000,000

4,815,054

5,278,949

5,125,193

1,096,095

1,128,978

5,600,437

5,437,318

1,162,847

1,000,000
1,059,826

247,223

233,031

5,768,450

1,233,665

1,197,733

5,941,504

6,119,749

1,308,795

1,270,675

6,303,341

6,492,442

1,388,501

1,348,059

6,687,215
6,887,831

1,473,060

1,430,156

1,517,252

2018 - 2019 - 2020 - 2021 - 2022 - 2023 - 2024 - 2025 - 2026 - 2027 - 2028 - 2029 - 2030 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Figure 4. BAU forecasted utility costs
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2.6. Implementation of the SEMP
According to the Association of Energy Engineers (AEE), there are five main elements of
developing and managing an Energy Master Plan: planning, organizing, staffing, directing
and controlling (AEE 2020). This closely mirrors what Association of Physical Plant
Administrators (APPA) suggests, and these elements were considered when evaluating how
to make this plan successful and able to be implemented.
Planning Element
Plans are developed to ensure the achievement of objectives, and Chico State has many
key objectives to accomplish in the coming decade. The planning element is what the
university is undertaking with this SEMP, the CARP, the Master Plan, and Strategic Plan.
While the campus has made significant progress toward improving energy efficiency, there
has not been one plan that provides recommendations to achieve the larger goal. The
objective and purpose of this plan is to outline a path forward, with a list of recommended
energy conservation projects and policies, to obtain a carbon neutral campus by 2030. All
procedures recommended in the following chapters have been evaluated to be achievable.
Organizing Element
The current organizational structure at Chico State to implement energy efficiency and
sustainability measures on campus is set up for success from the administration, staff and
faculty perspectives. The administration has publicly committed to the 2030 goal, and
several other related goals as part of the Strategic Plan. The Associate Vice President of
Facilities and Capital Projects, who oversees the maintenance, operation and construction
for the campus, has direct responsibility for sustainability and a direct line of
communication to the Vice President of Business and Finance, that has direct
communication to the President. This improves communication related to the built
environment and the ability to make decisions specifically related to the CARP and SEMP.
The Campus Sustainability Committee (CSC) serves as the institutional structure to
implement the CARP and meets monthly. The CSC consists of many key individuals on
campus, from each entity, and several subcommittees, including the energy and built
environment subcommittee. It is very important with multiple entities independently
operating to have alignment and communication of common goals, and the CSC aligns
that message. The campus also has a large group of faculty and students dedicated to
sustainability efforts on campus.
Recommendations:
- Expand the group of individuals on the campus energy and built environment
subcommittee to include AS, CSE and Farm.
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-

The energy and built environment subcommittee should meet at least quarterly to
review energy reporting, progress, and plans to implement additional energy
measures. Since many of these recommendations have initial financial investments
(but potential for future savings), they should be agreed upon as a path forward.

Staffing Element
Properly staffing the campus maintenance, operations and planning departments are
essential to execute the SEMP. As seen from the organizational structure, Chico is well
organized with only a few recommendations. Chico State FMS has recently undergone
some staff changes to incorporate a Director of Energy and Sustainability from the previous
Campus Energy Manager and Campus Sustainability Manager positions, as well as adding
an Energy and Climate Analyst. There is also an AS Sustainability Coordinator and many
sustainability interns housed in both FMS and AS. While this may seem appropriate, the
magnitude of implementing and executing this plan will be more than these few people,
the CSC and its subcommittees can manage.
With the increase of green buildings and building automation systems it is important to
educate the maintenance, operations and custodial staff on the newer technologies in
order to continue operating buildings as efficiently as designed and commissioned. The
International Facility Management Association (IFMA) and the US Green Build Council
(USGBC) provides many great training and education programs for facilities management
staff on sustainability and energy efficiency for buildings. Existing staff and operators
should become Building Operator Certified (BOC). The Level 1 Certification costs $1,895,
requires 74 hours of training, but results show that on average certified operators can save
100,500 kWh, 14.5 kW and 1,400 therms annually (BOC 2020). That calculates to
approximately $16,900 in kWh and $1,290 in therm savings, for a total of $18,190 annually
per individual trained for Chico State.
One recommendation mentioned multiple times in the SEMP will be the requirement for
additional submetering. The campus has many meters that are not working properly that
require regular maintenance checks. Having the recommended additional staff dedicated
for energy tracking and management will help with ongoing and continual improvements.
Recommendation:
- IFMA and USGBC trainings should be set up for FMS planning and design staff and
other entities department staff.
- Over a three year period, have all maintenance, operations and custodial staff BOC
Level 1 BOC.
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-

Hire another controls specialist position to confirm submeters and building
automation controls are operating effectively and efficiently as possible.

Directing Element
From the organization and staff there must be clear and concise directions to implement
these recommendations and policies. These directions should be how to engage and
influence campus employees to cooperate in achieving the objectives, and be a part of a
positive goal for the university. Without the entire campus involvement and support, it will
be difficult to achieve the energy conservation measures. As you will later see, plug load
and lighting can total up to 44% of a buildings total energy consumption (CEC 2006). Much
of this is specifically in the hands of the building occupant and out of the hands of the
facilities personnel.
Recommendations:
- The CSC and Director of Energy and Sustainability should develop a rollout strategy
to educate and engage the campus community.
- Identify which measures should be implemented first and how to best engage with
the campus, auxiliaries or colleges.
- The first measures should be easy to accomplish and be set up for success. The
allows the campus to celebrate progress early and gain momentum.
Controlling Element
The final element is controlling, whereby the campus develops ways to measure and report
progress. This effort is already seen through the annual sustainability report, but not to the
level of detail for the energy reporting needed. It is recommended that the Director, or
energy subcommittee, develop and calculate the energy utilization index (EUI) and possibly
energy cost index (ECI) for the campus, using this report as a reference. This could also be a
primary task for the analyst position. These indexes should be publicly available and
updated frequently for the campus to see, at a minimum annually. This will further educate
and allow for engaging opportunities with the campus.
Progress can also be measured with maintenance staff. The campus currently uses TMA for
work order management. The campus should research if there is a way to mark some work
orders as energy related and track how many get fixed, and how many are outstanding.
Maintenance and operations staff should be encouraged and incentivized to correct energy
related items and maintenance issues that assist in the campus goal.
Recommendations:
- Generate annual energy use report for campus buildings and entities that calculate
both EUI and ECI.
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-

Utilize TMA work order system to track energy related work orders
Provide incentives or recognition for employees that go above and beyond to
encourage broader participation

These management recommendations will help ensure the SEMP are successful, and it turn
Chico State reaches its goals.
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3
MASTER PLAN RESULTS
The Master Plan, by SmithGroup, outlines how the physical campus could appear with the
incorporation of new buildings and services to meet the growth and needs of the campus in the
future. It has four defined phases, and one phase that is independent from the other phases in that
the projects can be completed at any time. Figure 5 is the campus after implementation of all
phases per the report issued Spring 2020. SmithGroup has recommended improvements either
through renovations of existing buildings or by demolishing older buildings to build new buildings.
For each of the renovated or new buildings the university has the goal of Zero Net Energy (ZNE).
Therefore, the buildings meet or exceed California Title 24 Energy Efficiency Codes, many LEED
Certification goals, and generate renewable energy to offset the buildings energy use. It is assumed
that renewable energy will be photovoltaic solar and will be procured and installed via a Power
Purchase Agreement (PPA). Additionally, the campus suggests that future new buildings, including
entities on the main campus, be tied into the existing 12kV campus electricity, and central heating
and cooling loop from the BCP.
3.1. Methodology
The main objective of this chapter is to forecast where the university emissions will be in
2030 from implementation of a portion the Master Plan. Of the phases a decision was
made with Facilities Management and Services (FMS), to implement the effects and results
from phase 1 and 2 as part of the SEMP. Per the Master Plan phase 1 is estimated to occur
between 0-4 years, and phase 2 is to occur between 4-8 years. Phase 1 and 2 plans were
incorporated in two individual milestone years, instead of forecasting what years specific
projects will be funded and constructed. For phase 1, the implementation year will be fiscal
year 2024-2025, and for phase 2, 2028-2029. It is possible that a portion of phase 3 could
be implemented prior to the 2030 timeline, but those resulting emission changes can be
forecasted in follow up updates to this plan if the Master Plan implementation is ahead of
schedule, or modified.
The details of the Master Plan document the estimated reduction of energy usage when a
building will be demolished, and the estimated new energy when a new building be
constructed. Similar methodology will be held for buildings that are recommended for
major renovation. All new construction and renovations are planned to be carbon neutral
(no natural gas equipment or appliances), with the possible exception of steam heating
from the central plant. As a result, the electricity use will increase as natural gas appliances
are phased out, but the overall energy use and emissions of buildings will be a net
reduction. At the initial generation of this report, the campus recommended the continued
use of steam for all new buildings due to the recent BCP renovation and calculations are
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based on this. The current recommendation is to attempt to decrease steam use for new
buildings and renovations, but the campus will ultimately need to decide their path
forward.
The energy and emission calculations were completed using the CSU Chancellor’s Office
projected EUI’s for 2020 and 2027 and associated building types (CSU 2020). The 2020
EUI’s were used for phase 1 and 2027 for phase 2. Since the campus plans to continue the
use of the centralized steam heating system, California Energy Commission (CEC) end use
data (2006) was then used to calculate the percent of EUI that would go towards heating
loads. This load was then estimated for natural gas (therm) use and electricity (kWh) use
based on the proposed SF of the new or renovated building. Solar generation was then
equaled to the estimated annual electrical usage from each building to help offset each
building and renovation for the goal of ZNE.

New or Replacement Building
No Scope Proposed

Renovated building
New buildings with public partnership

Figure 5. 2030 Master Plan Report, final proposed campus, Spring 2020
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3.2. Phase 1 Results
Phase 1 involves the addition of three new buildings, three major renovations, some
improvements to play fields and upgrades along the Ivy and Warner Street corridor. The
overall effects of this phase on the energy use on campus has the following results.

Figure 6. Master Plan phase 1 projects

The following additional projects were not found to have significant impact to energy use
and were therefore not included in energy calculations: Upgrades to Electrical Distribution
System, Northwest Field Improvements, Softball Stadium Improvements, Hammer Throw
Venue, Game Fields 6 & 7, Golf Practice Area, Ivy/Warner Corridor Street Improvements,
North Campus Non-Motorized Vehicle Paths, and University Stadium Restroom/Seating.
Increased Square Footage
Phase 1 calculated to have a result of an additional 164,842 SF. Most of this is from the new
WREC Expansion and Student Health Center, the Forensic Anthropology Building and the
increased size of the University Services Building and Meats Laboratory.
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Table 5. Phase 1 emission results on BAU
New Building/ Renovation

Type

Entity

New or
Renovated SF

Building Use
(Defined by CO)

EUI

MTCO2e

01. Butte Replacement

NC

Main

89,421

Academic

33.96

112.58

08. University Services

NC

Main

39,800

Office

43.92

69.13

09. FMS Warehouse

R

Main

19,000

Warehouse

18.19

10.02

10. Forensic Anthropology

NC

Main

33,000

Academic

33.96

41.55

NC

AS/Main

75,000

Rec. Center

36.73

101.22

15. Farm Meats Lab

R/NC

Farm

14,941

Food Store

50.00

21.66

16. Farm Store

NC

Farm

10,380

Retail

39.68

11.95

Building
11. WREC Expansion/
Student Health Center

Subtotal
Deduct of Demo/Renovation GSF

281,542

368.10

(116,700)

(280.36)

Subtotal

87.74

Deduct of Solar Offset
Total Phase 1

(206.56)
164,842

(118.82)

NC – New Construction, R – Renovation

Increased Energy Use
- Phase 1 calculated to increase in natural gas usage by 11,479 therms, or 17.41 MTCO2e
from BAU. With the continued use of natural gas for heating the campus will continue
to use approximately 30,416 therms, or produce 161.54 MTCO2e of scope 1 emissions.
- With the increase in GSF and transitioning to additional electric appliances and
equipment, there will be a net increase of electricity needed for phase 1 for an
estimated increase of 710,782 kWh and 70.33 MTC02e.
- The combined scope 1 reduction and scope 2 increase results in an estimated increase
to overall emissions by 87.74 MTCO2e.
- As part of the ZNE goals however, there is an estimated need of solar to generate
approximately 2,087,000 kWh annually, which will offset the estimated total electricity
needed for those buildings. This electricity includes the cooling load, but does not
include the offset for the heating load.
Decreased Overall Emissions
With the addition of the solar offset, the total cumulative effects of phase 1 is a reduction
of 118.82 MTECO2 from BAU.
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3.3. Phase 2 Results
Phase 2 involves the demolition of several buildings, replacement of several buildings,
several new large facilities and the renovation of one building. The overall effects of this
phase on the energy use on campus resulted in the following results.

Figure 7. Master Plan phase 2 projects

The following additional projects were not found to have significant impact to energy use
and were therefore not included in energy calculations:, North Fields (Esken Hall), Arena
(Public Private Partnership), Pool Facility, West Campus Gateway Plaza, South Field
Improvements, Hotel & Convention Center (phase 4 PPP), Retail and Parking Structure
(phase 4 PPP), and Mixed Use Office Building (phase 4 PPP).
Increased Square Footage
Phase 2 will have a large increase in SF for the campus with the new parking structure,
arena and new residence halls. It will also benefit from several renovations that will improve
the energy efficiency of several buildings, as well as the replacement of Glenn Hall. Overall,
it will increase by 373,283 GSF.
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Table 6. Details of phase 2 effects on the SEMP

New Building/ Renovation
02. West Campus Parking

Type

Entity

New or
Renovated
SF

Building Use

NC

Main

270,000

Parking Structure

06. Whitney Hall

R

Housing

120,261

08. Creekside Residence Halls

NC

Housing

175,000

09. SSC Renovation

R

Main

10. Glenn Hall II

NC

11. CCE Renovation

EUI

MTCO2e

5.48

34.73

Residence Hall

35.68

119.79

Residence Hall

35.68

174.32

30,000

Office

41.30

45.15

Main

72,000

Academic

27.89

67.07

R

Main

8,276

Office

41.30

12.45

15. Farm Creamery

NC

Farm

6,200

Food Store

45.00

6.55

16. Farm Maintenance Shop

NC

Farm

10,000

Warehouse

15.99

3.75

17. Farm Equipment Storage

NC

Farm

10,000

Warehouse

15.99

3.75

Structure

(I and II)

Subtotal
Deduct of Demo/Renovation

701,737

467.57

(328,454)

(894.78)

Subtotal

(427.20)

Deduct of Solar Offset
Total Phase 2

(311.25)
373,283

(738.46)

Decreased Energy Use
- Phase 2 calculated to decrease natural gas usage by 82,382 therms, and 437.53
MTCO2e. With the continued use of natural gas for heating, those buildings are
estimated to require 29,434 therms, or 156.32 MTCO2e annually.
- With the increase in GSF, there will be a net increase of electricity needed for phase 2 of
200,720 kWh or 10.32 MTCO2e from BAU.
- The combined scope 1 reduction and increase in scope 2 resulted in an estimated
decrease to overall emissions by 427.20 MTCO2e.
- As part of the ZNE goals, there is an estimated need for solar to generate
approximately 3,885,000 kWh annually to offset the building electrical needs.
Decreased Overall Emissions
With the addition of the solar offset, the total cumulative effects of phase 2 is a deduction
of 738.26 MTCO2e from BAU.
3.4. 2030 Master Plan Results
The combined effects of phase 1 and 2, with the addition of solar renewable energy, will
have a net decrease of the GHG emissions by 857 MTCO2e from BAU.
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Even though the campus is increasing SF, there is a net reduction of therm use from BAU,
but electricity use will increase. Even with newer more efficient buildings, the transition to
electricity for all remaining utility use (except heating) will still increase overall electricity
need. These additional utility costs should be forecasted into future utility budgets.
Table 7. Phase 1 and 2 effects on SF and MTCO2e
Phase

Total SF

Bldg Demo

New Bldg

Net Scope 1

MTCO2e

MTCO2e

& 2 MTCO2e

Solar Offset

Net
MTCO2e

Phase 1

164,842

(280.36)

368.10

87.74

(206.56)

(118.82)

Phase 2

373,283

(894.78)

467.57

(427.20)

(311.25)

(738.46)

Total

538,125

(1,175.14)

835.67

(330.46)

(517.81)

(857.28)

Table 8. Phase 1 and 2 effects on energy use
Phase

Demo

New Therm

Delta Therm

Demo kWh

New kWh

Delta kWh

Therm
Phase 1

(27,138)

30,416

3,278

(1,376,748)

2,087,531

601,293

Phase 2

(111,815)

29,434

(82,382)

(3,756,765)

3,885,652

128,888

(138,953)

59,849

(71,610)

(5,133,513)

5,973,183

839,670

Total

Increased Square Footage
Combined additional building space for phase 1 and 2 is 538,125 GSF.
Energy Use
For scope 1 emissions, there is an estimated usage of 59,849 therms annually for the new
buildings that will need to be forecasted for. This calculates to 317.86 MTCO2e.
For scope 2 emissions, there is an estimated total electrical need of 5,973,183 kWh, or an
equivalent 517.81 MTCO2e. Scope 2 solar generation is calculated to be equivalent to the
electricity needed to account for the offset.
3.5. Phase 3, 4 and Independent
After evaluating Phase 1 and 2 projects, a majority of the campus core and existing
buildings remain untouched. As these buildings are not planned to be improved prior to
2030, there are many opportunities to increase their energy efficiency. Many of these
buildings may have energy retrofit projects that could have less than a ten year payback
and the campus could benefit from renovating or retrofitting prior to the 2030 goal year.
Table 9 shows the list of buildings that could be eligible for retrofit projects in remaining
phases. These remaining buildings are evaluated for energy efficiency recommendations
under the scope 1 and 2 reduction chapters.
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10,000

9,800

9,637

9,501

9,366

9,126

9,096

9,064

8,926

8,792

8,654
8,093

Emissions (MTEC02e)

8,000

7,954

7,820

6,000

4,000

2,000
40

77

86

105

2018 19

2019 20

2020 21

2021 22

112

107

308

294

279

264

561

528

495

2022 - 2023 23
24
Scope 1 & 2 Total

2024 - 2025 - 2026 25
26
27
Scope 2 Solar Total

2027 28

2028 29

2029 30

2030 31

Figure 8. Phase 1 and 2 net effects on scope 1 and 2 emissions against BAU

Note: 2024-2025 phase 1 implementation, 2028-2029 phase 2 implementation

Figure 9. Campus Master Plan, highlighting buildings outside of phase 1 & 2
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Table 10 shows the list of remaining buildings not included in the Master Plan scope
document. These buildings are prime candidates for energy efficiency retrofits. As seen
from the electricity assessment performed in Chapter 6 for scope 2 emissions, many of
these buildings have the highest EUI as well. These buildings are prime candidates for
mechanical, electrical or plumbing (MEP) upgrades and energy retrofits.
Table 9. Buildings scheduled for renovation or demolition outside of phase 1 & 2
Building Name

Entity

Master Plan Phase

25 Main

CSE

4

Demolition & Replacement

35 Main

CSE

4

Demolition & Replacement

Acker Gymnasium

Main

3

Renovation

Aymer Jay Hamilton

Main

2&3

Ayres Hall

Main

4

Renovation

AS

4

Renovation

Butte Hall

Main

3

Demo

Butte Station

Main

3

Demo

Dean House

Main

Any

Holt Hall

Main

4

Renovation & Addition

Holt Station

AS

4

Demolition

Kendall Hall

Main

4

Renovation

Housing

4

Demolition & Play Field

Main

4

Renovation

Housing

3

Renovation

Main

3

Renovation

Housing

4

Demolition & Play Field

Meriam Library

Main

Any

Modoc Hall

Main

2&3

Demolition & Replacement

Plumas Lab

Main

3

Demolition & Replacement

Sapp Hall

Main

Any

Renovation

AS

Any

Demolition

Housing

3

Renovation

Shurmer Gymnasium

Main

3

Demolition & Replacement

Trinity Hall

Main

4

Renovation

University Stadium Seating

Main

Any

Renovation

Bell Memorial Union

Konkow
Langdon Engineering Center
Lassen Hall
Laxson Auditorium
Mechoopda

Selvester’s Café
Shasta Hall

Scope

Demolition & Replacement

Renovation

Renovation
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Table 10. Buildings not planned for renovation or replacement in master plan
Building Name
Gateway Science Museum

Arts Building

Tehama Hall

Parking Structure 1

Plumas Hall

Sutter Hall

Yolo Hall

University Housing Office

O’Connell Technology Center

Nettleton Stadium

Performing Arts Center

Boiler Chiller Plant

Colusa Hall

Science Building

UPD/EHS/Parking Structure 2

Wildcat Recreation Center

3.6. Summary
The Master Plan reflects the major changes proposed to the physical campus. Phase 1 and
2 have a net decrease of emissions from BAU, but with the continued use of natural gas for
heating, even in higher efficiency buildings, this will be a significant contribution to the
campus GHG emissions. While the net results for Phase 1 and 2 are a positive change for
GHG emissions, the reliance on natural gas for heating for the new buildings and additional
SF, will continue to challenge the university goal of zero carbon emissions by 2030.
As many academic buildings in the campus core are not being renovated or replaced as
part of the plan, those buildings will become the priority buildings for energy efficiency
retrofits in the following chapters. The second priority for renovation would be for the
buildings that are included in phase 3, 4 or independent since those renovations may be
further away, but still have large potential for energy savings.
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4
ENERGY CONSERVATION MEASURES
The first step to reduce energy should always be on conservation measures through education,
policies and engagement from the campus community, not just modifications to the built
environment. The measures are usually lower in cost to implement, but also harder to estimate the
energy to be saved. These measures will ultimately help engage faculty, staff and students, which is
essential to achieve the 2030 goal. Reducing energy through plug loads and lighting on campus is
still at the hands of the university and its daily occupants for the most part. According to PG&E,
interior lighting and office equipment accounts for 35.9% of a buildings electric load (CEC 2006).
Our choice of electronic equipment, how we choose to turn on and off power to that equipment
has a substantial impact on the amount of energy consumed by the campus.

Cooling, 11.7%
Heating, 4.0%

Ventilation, 24.2%

Air Compressors, 0.8%
Motors, 3.4%
Misc., 5.2%
Water Heating, 1.3%
Office Equipment, 4.1%

Cooking, 2.8%
Refrigeration, 4.2%

Interior Lighting, 31.8%

Exterior Lighting, 6.5%

Figure 10. College electric load for PG&E territory (CEC 2006)

4.1.

SEMP Implementation Strategies
It is recommended that all employees be involved with the roll out the SEMP and
understand their part as faculty, staff, students, and management. The Campus
Sustainability Committee should consider rolling out the CARP at a similar time to show the
commitment to meet the 2030 neutrality goal.
Prior to the roll out of both plans though, the CSC should long consider the best message
to send that will be interpreted by the campus community and how interim targets and
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campaigns will be delivered over the course of the following months and years. Questions
to ask and plan for are as follows:
- How can the largest number of people hear the message in the most positive way?
- How can you minimize the fear from some that you are trying to take away their
personal comfort or imposing on their office space?
- How can you show to those who want to take a more aggressive approach now, those
that are further along in their own lives with sustainability, that there is a clear path to
gradually integrate other recommendations or policies?
Similar to the Master Plan that had several public design review meetings; similar meetings
should be held to receive feedback or comments on how to best approach the
implementation. This will get ideas from the campus to build a more cohesive execution
plan. The earlier involvement the better the buy-in from the campus will be. The university
should explore different strategies to ease students, staff, faculty, and certain departments
on campus into energy conservation measures. Start with small recommendations that do
not impede on building occupants comfort or productivity, and show how easy small steps
are, then move forward with the next recommendation. Start by finding the easier things to
implement, like turn off the light campaigns, closing window blinds at the end of the day,
and using power strips. Chico State generally has support for sustainability related items,
and a large part of campus would be agreeable to several recommendations or guidelines
to save energy if it is rolled out properly.
AEE recommends to generate short videos to send to the campus, and to provide a
website with links to past videos (2020). Consider generating and issuing one new video a
month to highlight some small way to incorporate energy or sustainability into the office or
their home. There could also be new hire videos people could watch highlighting what the
university has done to date and some of the programs that have rolled out. Student groups
can play an integral role in the generation of videos and personally meeting with certain
groups who are looking for assistance or ideas for their offices. Both Green Campus and
SCOOP already have a YouTube channel.
Recommendations:
- Generate monthly videos on energy conservation topics.
- Create a new hire video highlighting energy measures across campus and what new
hires can do to help.
- Answer the questions above and create a rollout plan for the campus.
4.2. Plug Load
Plug loads are shown to be approximately 20% of a commercial buildings total electrical
load, or an average 0.27 W/SF (DOE 2014) to 0.49 kWh/SF (CEC 2006) for higher education.
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Using these calculations, the energy used for plug load on campus is between 5,716,521
kWh to 7,529,303 kWh, or between $963,234 and $1,268,688 annually. Using the DOE
model, it can also be calculated to represent 861.87 kW of electricity demand load, which
can help explain the minimum electricity demand for the campus when it is unoccupied. As
buildings become more efficient with lights and HVAC, plug load will become a larger
percentage of our amount of electricity consumed, and more important to manage and
educate the campus on use.
Personal Computing Devices
It is estimated that each faculty and staff has at least one laptop and/or personal computer
on campus, in addition to possibly two monitors, and a personal printer. While dual, or
triple, monitors improve work productivity, they comes with an added electricity demand
and cost. Personal printers are very common for ease of printing, but should be minimized
the more faculty know how to print to their department multi-function printer’s (MFP)
typically found in the department office. All auxiliary equipment should be on a surge
protector or an occupancy sensor power strip to turn off when the office or area is
unoccupied, or when your computer goes into sleep mode. Providing plug strips and
properly turning them off are found to significantly decrease plug load and phantom loads
during unoccupied times.
Personal Cooking and Comfort Devices
One of the easiest ways to reduce plug load and electricity use on campus is through the
reduction of individual mini fridges, coffee makers, microwaves, water coolers, etc. By
providing defined break areas in buildings or at each department office, it can conserve
electricity by reducing individual numbers and providing centralized locations. Departments
should have larger efficient fridges to accommodate faculty and staff items and personal
fridges should only be allowed by EHS for medical purposes.
Personal comfort devices consist of personal heaters and fans. While personal fans typically
require a smaller amount of energy when in use, heaters are a large use of power and
come with additional safety concerns if accidentally left on, or come in contact with
flammable materials. Personal heaters are prohibited unless approved by EHS/FMS due to
fire safety concerns, yet they still exist in some locations on campus.
Office Audits
Sustainable Consultants of Office Practices (SCOOP) provide energy and sustainability
audits for departments and offices. The student lead group typically performs several audits
a year, make recommendations, and follow up for questions to see how implementation is
going. They have had good success and also provide small awards to the offices that get
audited and improve their efficiency as a result of their audits.
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Recommendations:
- The campus should provide either a power strip or occupancy sensor power strip to
each staff and faculty member for use with their computer setup.
- Produce a video or instructions on the proper way to use the power strip in order
to maximize energy savings.
- Educate occupants on plug loads and reminders to turn items off at the end of each
day to decrease unnecessary loads at night and over the weekend.
- Generate stickers to place near each light switch in offices, reminding faculty and
staff to turn off their lights, turn off their power strip before leaving for the day or
weekend, along with other items such as closing the blinds, etc.
- Require faculty to connect to department MFP’s to decrease the need for individual
printers.
- Generate department or college break rooms to decrease the need for personal
cooking items.
- Break rooms should have a power strip for personal cooking devices (coffee maker,
microwave, etc.) with a designated individual responsible to turn off each night.
- Encourage departments to purchase one large EnergyStar refrigerator to
accommodate faculty and staff lunches, and reduce the number of personal minifridges on campus.
- Similar to personal heating, the university should generate a policy surrounding
personal cooking devices requiring approval prior to installation.
4.3. Metering
While there is no direct savings for the installation of meters and submeters, the
opportunity to manage what you meter becomes possible. Not just some, but all buildings
should be submetered for electricity, natural gas, steam, chilled water (CHW), potable
water, and solar generation. If possible, buildings should also be submetered to further
measure the different electrical uses between HVAC, plug and lighting loads. This allows for
greater accuracy for determining actual energy use during the day, night and weekend,
which is necessary to make informed recommendations and decisions.
Without metered data Chico cannot apply for some of PG&E’s specialized energy rebate
applications. They now require a minimum of twelve months of metered data prior to
project implementation. As projects and renovations are planned in the near future, or at
least one year away, metering must be installed in order to receive energy rebate funds.
One option to cover the cost of meter installation is to roll them into the project for early
implementation; knowing that the project duration would now need to include the twelve
month metering period.
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Metering is not just a capital investment. It requires staff or contractors to install them,
possible building shutdowns to do so, the creation of data points and the management of
the data to make sure it is consistently operating and measuring correctly. Metering allows
for good budgeting and forecasting of the utility budget also. It lets you know where
excessive use and spending is to adjust for the future.
Recommendations:
- Audit all buildings and determine exactly which meters are functional, in need of
repair, need to connect to EMS, or still need to be installed.
- Install building level meters for all utilities: electricity, natural gas, chilled water,
steam or heating hot water, potable water and solar.
- Install additional electrical submeters for all buildings expecting capital
improvements for the following year to allow the potential for PG&E rebates
- Have dedicated staff monitor metered data that can correct any issues as needed.
4.4. Energy Information Systems
Chico State is currently working with Ecovox in a systemwide collaboration as an Energy
Information System. This will provide a dashboard for energy consumption on campus
across buildings that have submetered data. The campus also uses other Energy
Management Systems (EMS) and Building Management Systems to collect and manage
data. All software should be optimized for data collection and ease of viewing from outside
the campus.
Recommendations:
- Create data points for all submeters to allow easy access to energy use through
wired or wireless networks. Manual downloads of data from meter locations is not
recommended as it relies on staff availability and does not provide early detection
of non-functioning meters.
- Create EIS/EMS notifications or alarms when metered data is not recording properly
or is not longer communicating.
- Send notice to the campus community when Ecovox is operational and energy
information is available.
- Introduce a campaign to save energy or a friendly competition between colleges
and award prizes to encourage participation through the data available.
4.5. Improved Building Utilization
While the campus continues to encourage greater access to buildings for student resources
outside of normal operating hours as part of the Strategic and Master Plan, this also has
the potential to increase energy consumption on campus. One way to decrease energy is
through consolidated use during nights and weekends to the fewest number of buildings
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possible. Through building consolidation, you are decreasing the annual operating hours of
many buildings. Hallway lights and building fans can be operated less and the savings
would be represented during nights and weekends.
The campus currently uses a scheduling system called Astra, in which the BCP operator’s
view to determine which buildings need to be operated at night or on weekends based on
room scheduling and reservations. FMS has worked with Facilities Reservations in the past
to encourage the use of more energy efficiency rooms and buildings when scheduling
events. For example: On a Wednesday night, there could be ten classes on campus
scheduled through multiple departments. In general, the classes are scheduled in the
building the department is located in, which means the classes are scattered across
campus. This often means there could be only one to two classrooms being used in an
entire building and therefore multiple buildings lightly occupied. Through consolidation it
can reduce to one to two buildings, allowing the remaining buildings to be in unoccupied
mode.
Collaboration with faculty on which buildings and classrooms support their varying needs
on most nights and weekends can assist the campus meet energy goals. By identifying
which buildings best support the various needs, reservations can be encouraged for those
buildings. This can also encourage energy retrofits for those buildings since its known they
will be operating at greater hours than others. An additional benefit to consolidation is that
the buildings and adjacent areas of campus have a higher level of foot traffic, making them
safer to the students and occupants in the buildings also. Ideally, the chosen buildings
should be near the perimeter of the campus, close to bike parking, public transportation or
parking structures.
As the campus considers additional buildings and future renovations, it will be important to
keep these choices in mind. To alleviate the need for centralized chilled water or steam
during certain times of the year, the campus should consider creating one or two
standalone buildings able to be operated separately from the central plant. Chico could
also consider retrofitting additional larger classrooms or conference rooms with
independent HVAC for night and weekend use.
Recommendations:
- FMS and Facilities Reservations continue to work together to provide energy
efficient recommendations to support the multiple needs of the campus, but in a
condensed set of buildings. These recommendations would support evening and
weekend campus needs.
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-
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-

Survey classes, meetings and events that are typically held on nights and weekends.
Identify the key features of the rooms that are needed and research if there are
other rooms in more efficient buildings to consider moving them to.
Work with faculty and staff to shift their classes or events to another building where
something was already scheduled . This allows the other previously booked building
to have the HVAC and lighting minimized or off for considerable energy savings.
Consider renovating additional spaces to be independent from the BCP that can
accommodate night and weekend use.

Reduced Summer, Increased Intersession schedules
During COVID-19, Chico State, as did most of the US, figured out a way to work remotely.
This, of course, led to a substantial energy savings for the campus. Over the summer the
campus traditionally transitions to working four, ten hour days to eliminate commute
emissions for one day a week as well as building energy savings for one day. This has
proven to be an effective method to reduce energy, and energy costs over the summer.
Recommendations:
- The campus could consider restrictions in the summer by continuing with four, ten
hour days, and encourage that fourth day to now be transitioned to remote work.
- Campus departments could rotate personnel similarly during the school year to
eliminate some energy use, and reduce commute emissions.
- Do a larger campus shutdown, similar to winter break, over the summer for greater
energy savings, and allow FMS and other maintenance and construction crews
more flexibility in building access and maintenance.
- Understandably, these recommendations will be met with both agreement and
opposition. It might be possible to calculate these savings once data is recovered
from the COVID-19 shutdown period to compare from prior years.
4.6. Building Treasure Hunts
EnergyStar has created a program called Treasure Hunts that has shown to conserve
energy use in campuses across the US (2020). The program recommends gathering a small
core group of individuals from energy, facilities and operations departments to spend
several hours walking through a building. The intention of the walk is to find items that are
not functioning as designed, excess plug loads or lights, fans or temperature settings not
properly working, confirm accessible electric panels and thermostats, etc. During the
walkthrough the group has the opportunity to engage with building occupants, and ask
questions about any operations, comfort and energy concerns they have. EnergyStar has
standard forms and checklists to follow along and complete for different building types, as
well. The program mentions that often many of the solutions typically found are low cost. In
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addition, most items were resolved in a short amount of time if maintenance staff were
scheduled to be available after the hunt and directed to fix items found.
Through the use of the Treasure Hunts, occupants of the building chosen should be made
aware of the plan to do an internal audit and be provided with the energy use from the
building. This can come from Ecovox, which will allow campus members to see what their
building energy usage is. Providing the occupants with continual updates on any fixes,
improved energy use, etc., will further involve them with the process and continue to
reinforce their contribution and ownership of energy related items.
Recommendations:
- The Campus Sustainability Committee should kick off the program and establish the
group to walk through, possibly a portion of the energy and built environment
subcommittee.
- Target one or two buildings a year with Treasure Hunts, or each entity (main, AS,
Housing, etc.) was able to each perform one Treasure Hunt a year.
- Perform the Treasure Hunts on the buildings with the highest EUI first (found in
Chapter 6).
- Make sure to involve building occupants of the process and follow up with pre and
post energy results.
4.7. Campus Recognition, Acknowledgement and Celebration
The last necessary step is to motivate the campus by continually communicating the status
and results of any efficiency measures and annual energy reductions. When buildings are
renovated or retrofitted, celebrate the accomplishment of the energy and annual costs
saved. If building or academic college competitions are done, recognize and award prizes
to the building occupants for the greatest energy saved.
It is important to provide continual updates so that the campus stays involved with
progress and feels committed to the outcomes. Celebrations can be combined with Earth
Day (April 22), Energy Efficiency Day (October 7), Campus Sustainability Day (fourth
Wednesday of October), Campus Sustainability Month (October), or as part of the annual
This Way to Sustainability Conference.
4.8. Summary
There are many energy conservation measures and educational outreach opportunities to
involve the campus community, colleges and departments on campus. In order to succeed
in the carbon neutrality goal the campus must get involved and engaged. The CARP also
offers many additional recommendations on how to engage with the campus and should
be referenced for more information and ideas.
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5
SCOPE 1 NATURAL GAS AND DIESEL
Scope 1 emissions include stationary combustion, which includes natural gas usage in buildings
and diesel for backup generators on campus, was the second largest contributor of 2018-2019 GHG
emissions, at 27.5%. While it is the energy source that should be focused on the most in the SEMP,
it proves to be the most difficult and expensive to reduce.
The largest use of natural gas is for boilers to generate steam to heat buildings in the cooler
months and is primarily through the main campus BCP. Secondary use of natural gas is for local
water heaters needed for restrooms, showers, laundry, dining and food service operations,
followed by other specialty equipment throughout campus. The other scope 1 stationary
combustion emission is diesel use for backup power generators.
Table 11 represents the breakdown of the natural gas consumption per entity on campus. These
numbers do not include the diesel used for backup generators, as that is less than 0.1% of campus
emissions. The annual cost of natural gas for 2018-2019 was $1,064,170 at an average cost of
$0.9230/therm. As the table shows, the BCP represents $648,134 of heating costs.
Table 11. Scope 1 – stationary combustion, 2018-2019
Entity

Annual

Emissions

Therms

MTCO2e

% of Total

Annual Cost

AS

144,915

770

12.6%

$133,755

Farm

23,398

124

2.0%

$21,596

CSE

10,785

57

0.9%

$9,954

Housing

175,746

933

15.3%

$162,212

Main

793,406

4,214

69.1%

$732,308

702,210

3,729

60.9%

$648,139

91,196

485

7.9%

$84,174

1,148,250

6,123

100.0%

$1,059,826

-BCP
-Buildings
Total

The main campus has incorporated a Zero Scope 1 Procurement Policy. The purpose behind the
policy is to support eliminating scope 1 emissions and the use of natural gas as an energy source.
This policy encourages the procurement of electric or battery powered appliances, tools and fleet
by requiring approval by senior management for purchases for any item requiring fossil fuel use.
FMS supports and encourages other entities to implement this policy.
Transitioning energy use from gas to electricity does not come without concern. The campus and
buildings electrical infrastructure must be sized to handle the added capacity of electrical
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equipment. This is where the importance of implementing energy conservation measures and
additional energy efficiency projects come in.
5.1. Submetering
Since elimination of carbon sources is one of the main priorities of the campus, it will be
very important to install natural gas submeters at all buildings that do not have individual
PG&E meters. Some buildings on campus have individual PG&E gas meters, so the building
usage is quantifiable. Housing and AS mostly have individual meters per building, but
unfortunately, most of the main campus buildings are not metered to allow the granularity
to see the gas consumption. For instance, there are 27 gas meters, yet there are 41
buildings evaluated in this SEMP.
For larger buildings with multiple natural gas uses, it is important to attempt to further
submeter buildings as well. For instance, at the WREC, separating the use of water heating,
pool heating, and laundry use would be important to determine the greatest load and
make recommendations.
There also are not steam meters to measure heating loads for each building. This makes it
very difficult to track any individual usage and to make specific recommendations per
building. Without additional submetering of the steam, the campus does not know what
amount of steam goes to each building, or is potentially lost due to steam leaks in the
campus’ aging infrastructure.
It is necessary to install both natural gas and steam meters at each building in order to
track usage for detailed recommendations. This allows the actual use of the entire building
to be collected, trended and compared against other buildings for operational efficiency. It
also assists with finding outliers or issues that would not otherwise be known, as well as
calculating an EUI for natural gas usage to get complete building energy data. This will be
crucial should the campus want to achieve carbon neutrality by 2030.
Recommendations:
- All buildings on campus should have a minimum of two meters to represent scope 1
emissions. One for natural gas consumption at the building for any boilers,
appliances or hot water use. Another for incoming steam, or heating hot water,
from the BCP.
- For each meter, the data should be monitored through the campus EMS.
5.2. Natural Gas Boilers
As mentioned, the largest contributor to energy based emissions on campus is the
consumption of natural gas needed to generate steam in the campus’s boilers. There has
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been a movement to electrify the campus, reduce our reliance on fossil fuels and natural
gas and “wean the steam.” These actions are centered on the campus commitment to
reach carbon neutrality by 2030.
Boiler Chiller Plant
The gas consumption from the BCP, that heats approximately 75% of the campus is 3,729
MTCO2e, or 60.9%, of the scope 1 stationary combustion emissions. It is also approximately
18% of the overall GHG emissions. As mentioned in the introduction, the campus recently
underwent a large renovation and expansion of the BCP, and there is hesitation to make
drastic changes to the way buildings are heated.
The existing steam system is distributed through a network of underground steam lines
that heat buildings. New buildings proposed in the Master Plan, are shown as being added
to the campus steam distribution system, ultimately requiring the BCP to supply heating.
This will continue the need, and increase scope 1 emissions as SF increases, even with
newer efficient technologies. The Master Plan also recommends that future buildings
include heating hot water connections as future as described above, for the eventual
transition away from the natural gas boilers.
Another recent study was performed by Willdan Performance Engineering (Willdan) to do
energy modeling and evaluate alternative heating strategies to propose to the campus.
Willdan’s recommendation is to use the campus chilled water loop and TES tank as a
heating hot water source. Heat pumps are options to produce heating hot water through
an electric energy source. This option will still require a small amount of supplemental heat
source to warm the water for the loop. Initially it could be the existing boilers, but
eventually could be new solar hot water, geothermal, or electric boilers. This transition
would also then require all buildings to have their heating system converted from receiving
steam heat to heating hot water through the installation of heat pumps. To reduce these
figures across campus there are several strategies to explore, but all come with significant
infrastructure and equipment costs. Both the Master Plan (SmithGroup 2020) and Willdan
(Willdan 2021) discuss several of these options.
Other Campus Boilers
There are multiple smaller boilers on campus that are needed for individual buildings, for
instance all of housing, Student Health Center, 25/35 Main, Shurmer and Holt. These are
necessary as some buildings are not connected to the central heating loop, or are on the
heating loop, but require a larger amount of outside air (mainly laboratory buildings), and
may need supplemental heating during off seasons. The recommendation is to replace
these boilers with electric technologies.
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Recommendations:
- Slowly phase out the use of steam for new and renovated buildings by incorporating
electric technologies.
- Include the use of heat recovery systems as part of new and renovated buildings to
phase out steam and the need for natural gas.
- Add electric heat pumps to reduce heating and cooling loads.
- Consider electric boilers for peak heating demands when auxiliary heat is needed.
5.3. Domestic Water Heaters
Another way to reduce natural gas consumption is to replace older gas domestic hot water
heaters with hybrid electric heat pump technology. Newer hybrid models are significantly
more efficient than natural gas water heaters and support the campus de-carbonization
strategy. From initial calculations, replacing hot water heaters will save 90% on comparable
emissions, although it will increase the electricity use on campus.
An audit of a large portion of the main campus was performed to document the existing
water heaters. Based on the size, electric alternatives were researched and energy savings
were calculated. These calculated savings were then estimated for the remaining buildings
on campus. Housing and the WREC, due to the hot water demands, have much larger hot
water boilers. Their calculations are not included here, but there are electric alternatives
available that should be evaluated.
The following estimates the reduction of natural gas usage and the increase of electricity
usage for 29 different water heaters across the main campus.
- Reduction annually of 53,810 therms, or 285.8 MTCO2e, a savings of $49,667
- Increase annually of 268,385 kWh, or 27.4 MTCO2e, a cost of $45,222
- Overall decrease of GHG by 258.4 MTCO2e
- Estimated savings of $4,445 annually in energy costs
- Estimated cost of $235,250 to replace 29 water heaters
Recommendations:
- Replace gas hot water heaters with electric in three phases, split into two year
phases each. This allows for all replacements to be completed prior to 2030.
- Consider installation of solar thermal systems, and/or heat pump water heaters for
domestic water use.
- Phases should based on the PG&E meter division on campus to attempt to do all
buildings within certain meters at one time. This allows for easier quantification of
savings after implementation, and possible PG&E rebate incentives.
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5.4. Other Natural Gas Usage
Across campus, there are other pieces of equipment and appliances that use natural gas.
As the buildings on campus are not submetered to allow the granularity, it is difficult to
know exactly how much usage is going toward what appliance or piece of equipment. After
the BCP, the buildings metered that use the next highest amount of gas are:
- BMU, 83,100 therms, 441 MTCO2e
- Sutter Hall, 62,431 therms, 332 MTCO2e
- WREC, 61,170 therms, 325 MTCO2e
- Whitney Hall, 35,263 therms, 187 MTCO2e
- University Village (all buildings), 32,896 therms, 175 MTCO2e
- Farm Meats Lab, 23,236 therms, 123 MTCO2e
The BMU and Sutter Hall both have dining operations, operated by AS, that include gas
stoves, ovens, dishwashers and hot water heaters. Housing and the WREC have laundry
operations. The WREC has pool heating equipment as well, but it has been supplemented
by solar hot water heating. The Farm also has a high use of hot water needed for the Meats
Lab. All of these appliances and pieces of equipment have electric options available.
Recommendations:
- The above buildings should be audited to quantify all gas appliances and equipment.
- As items are in need of repair or replacement electric models should be considered
and replaced prior to 2030. Determine best replacement options and work with PG&E
on any possible rebate incentives.
- The Meats Lab is scheduled for renovation as part of Phase 1 of the Master Plan, and
it should be a priority to electrify the building for all food processing loads.
5.5. Diesel Generators
The current usage of diesel on campus for generators is equivalent to 10 MTCO2e, or less
than 0.1% of GHG emissions. The primary purpose of backup generators is to continue to
operate fire life safety components of buildings to allow occupants to safely exit the
building in the event of an emergency. Other generators on campus are sized to run critical
functions on campus, like the Emergency Operation Center (EOC), for use during longer
power outages.
The CSU Chancellor’s Office is working on a contracting and funding mechanism to
implement a solution to transition to utilizing battery storage has the primary source of
backup power. Diesel generators would remain as redundancy for sustained operations
beyond the normal storage capacity. Future buildings should be designed to operate in this
configuration to minimize the need to purchase additional large generators. The campus
could exit occupants under battery power, then, if needed, operate the EOC and other key
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equipment with a more appropriately sized generator. The batteries should be charged
utilizing renewable solar power, or more affordable power during night time, or off-peak
hours.
Recommendation:
- Continue to work with the Chancellor’s Office to transition from diesel generators.
- Install battery backup for all new buildings in the Master Plan and incorporate with
the solar generation needed to obtain net zero.
5.6. Summary
Removing the entire use of gas and diesel from campus operations will be very expensive
and disruptive to current operations, but it is achievable. As mentioned in the CARP, there
may be options to purchase offsets to help negate the scope 1 emissions until the campus
completes its transition off steam heating.
As the Master Plan gets executed and additional buildings receive energy retrofits the gas
usage will decrease as new buildings will be more efficient and electrification takes place,
but it will be up to the campus to determine whether they truly want to be carbon neutral
or not and wean off the steam.
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6
SCOPE 2 PURCHASED ELECTRICITY
Scope 2 is the electricity purchased from a utility provider and equated to 19.3% of 2017-2018 GHG
emissions. Most electricity on campus is used for lighting, plug load, fans and air handlers, some
for well pumps for irrigation, and a large portion is used to generate chilled water at the BCP to
cool the buildings in the warmer months.
As mentioned, the campus has a scope 1 Procurement Policy for FMS and state operated buildings.
As the campus continues to minimize its use of natural gas, it will need to replace those items with
some form of electric power. There is concern about the transition of some equipment to an
electric and whether the campus and building infrastructure can handle the additional electrical
load. In order to offset some of that concern, existing buildings will need to continue to improve
their energy efficiency and decrease their current electrical loads. The recommendations to reduce
natural gas and replace with electric equivalents are identified in chapter 5. This chapter will focus
on how to reduce electricity and recommend retrofits of the existing buildings on campus.
Electricity provides the greatest amount of energy data as most buildings are submetered for
electricity at Chico State. Monthly data for the academic year 2018-2019 was utilized for the
calculations in this report. There are a number of buildings on campus that are not submetered,
so those buildings were not included in the study. Therefore, a portion of campus electricity
consumption has not been evaluated for efficiency measures.
The annual cost of electricity for 2018-2019 was $4,815,054 with a campus average of $0.1685/kWh.
Table 12 represents the breakdown of the electrical consumption per entity on campus. The
numbers include the offset reduction of electrical use of solar on campus. Chapter 7 on renewable
energy will provide further information on solar energy.
Table 12. Scope 2 – electricity, 2018-2019
Annual kWh

Emissions

% of Total

MTCO2e
AS

Annual kWh
Cost

2,578,087

328

9.0%

$434,307

Farm

1,161,478

148

4.1%

$195,664

CSE

449,811

58

1.6%

$75,775

5,393,162

686

18.9%

$908,537

Main

19,000,072

2,417

66.5%

$3,200,771

Subtotal

28,582,610

3,636

100.0%

$4,815,054

Solar

478,511

(61)

Total

29,061,121

3,697

Housing
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There are several EUI’s that can be used for evaluation based on the data available. For this
study, electricity consumption per gross square footage (kWh/SF) is the EUI that was calculated.
It allows the evaluation of how much energy is consumed based on the size of the building. This
helps normalize the data so that the biggest buildings on campus, which typically consume the
largest amount of energy, can be evaluated based on how much energy is used per square foot.
6.1.

Submetering
Since the main campus is supplied from one PG&E meter, submetering allows the
opportunity to measure the electricity consumption into building level detail. While
submetering does not directly conserve energy, it provides valuable details on how the
electricity is being used on campus. While most of the buildings have submeters to allow
the ability to see the electricity consumption per building, few of them allow for further
submetering within a building to see the loads for fans, air handler units, lights and plug
loads. In order to narrow down recommendations and complete thorough building audits,
it is important to install additional submeters in all new and renovation buildings, and all
buildings that will be remaining on campus past phase 1 and 2 in the Master Plan. With
individual building consumption data, as well as additional use on lighting, plug and fan
loads, specific projects can be targeted, implemented and trended to see results.
The following buildings do not have working submeters that are connected to the campus
network and need to be installed:
- Housing: Lassen Hall, Shasta Hall, Whitney Hall and Sutter Hall
- Main: Shurmer Gymnasium, University Stadium, Parking Structure 2 (including
University Police Department and EHS) and Yolo Hall
Recommendations:
- Submeter every building on campus at building level.
- Prioritize the buildings listed above to correct any deficiencies.
- Link all data into EMS and EIS for daily energy use with a minimum of twenty-four
month storage.
- Data should be real-time, with no more than a 15 minute delay.
- Install additional levels of submetering, such as lighting, plug loads, fans, or
individual floors or areas of buildings that may have different uses. These should be
all major buildings and buildings slated for future renovations.
- Install submetering to include building chilled water consumption.
- As buildings are electrified for heating, install necessary submeters.

6.2.

Load Demand
Load demand studies focus on the daily evaluation of peak demand across all buildings
and the campus as whole. It trends building use to see when equipment turns on, shows
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the start-up of a building fans and lights every morning, and as equipment and lights turn
off at night. The university pays a separate demand charge to PG&E every month.
By gradually turning equipment or building fans on, one at a time, instead of everything all
at once, the university can save thousands of dollars annually in kW demand costs. From
the campus EMS this information is available to be evaluated, but a standard report needs
to be generated for constant evaluation by the BCP operators. This information is currently
available the next day to the energy manager. Ideally, load demand would be available in
real-time data, or within 15 minutes. This allows immediate adjustments to be made,
instead of looking at the previous day to learn what could be improved. Having consistent
data across all buildings available to essential personnel will improve accessible information
to improve efficiency, save energy and our demand charges to save money.
Recommendation:
- Create a real-time load demand report.
- Have this information available online through a secure network and easily
accessible to the EMS or EIS for the campus to see.
- Report should include all entities and both the Main and Housing PG&E meters with
a breakdown of all buildings within those two meters.
6.3.

Benchmark of Existing Buildings
Using electricity data from Chico State, this study replicates the methodology developed by
the California Coalition for Adequate School Housing (CASH) to benchmark the electricity
use of the existing buildings on campus. The steps included compiling energy data for a
duration of time, establishing a benchmark or average, identifying which buildings are
performing less or more efficiently than others and then perform audits to make
recommendations for retrofits for those buildings (CASH 2009).
Figure 11 shows the annual electricity for the campus buildings. It includes both the BCP
(which supplies heating and cooling to a majority of campus) and HOUS (the combination
of Lassen, Shasta, Whitney and Sutter Halls). As mentioned above the residence halls are
not currently submetered but are shown for reference. Next, the Meriam Library is the
largest single building consumer of electricity, but it is the largest building on campus and
open long hours. Table 13 shows the annual electricity consumption per building included
in the project. From this list you will see labeled what phase in the Master Plan the building
is being demolished, renovated or replaced. Those buildings from Phase 1 and 2 have been
removed from the remaining part of the study as it is assumed they will undergo a major
renovation or replacement in the near term. Other buildings from later phases, and those
not included in the Master Plan upgrade have been further evaluated.
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Figure 11. Annual electricity, 2018-2019
Table 13. Annual electricity per square footage
Building Name

Bldg

Square

Annual

EUI

Code

Footage

kWh

(kWh/SF)

Annual

ECI

Master

Cost of

($/SF)

Plan

kWh

Phase

25 Main Street

25MST

18,927

218,403

11.5

$36,801

$1.94

4

35 Main Street

35MST

16,433

70,258

4.3

$11,838

$0.72

4

Acker Gymnasium*

AGYM

72,659

244,096

3.4

$41,130

$0.57

3

Aymer Jay Hamilton Building

AJH

29,421

220,726

7.5

$37,192

$1.26

2

Arts & Humanities Building*

ARTS

107,735

658,566

6.1

$110,968

$1.03

-

Ayres Hall*

AYRS

48,961

220,726

4.5

$37,192

$0.76

4

BMU & Bookstore*

BMU

137,669

1,454,319

10.6

$245,053

$1.78

4

Boiler-Chiller Plant*

BCPL

19,861

3,576,922

180.1

$602,711

$43.00

-

Butte Station

BSTA

1,250

61,744

49.4

$10,404

$8.32

3

Butte Hall*

BUTE

86,812

965,854

11.1

$162,746

$1.87

3

CCE

7,701

60,796

7.9

$10,244

Colusa Hall*

CLSA

15,487

57,507

3.7

$9,690

$0.63

-

Facilities Management Admin

FMSA

6,257

48,823

7.8

$8,227

$1.31

1

Center for Continuing
Education*

$1.33
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Farm Building Maintenance

FABM

3,732

31,302

8.4

$5,274

$1.41

2

Farm Office

FAFO

2,377

16,359

6.9

$2,756

$1.16

2

Farm Meats Lab

FAML

6,413

224,001

34.9

$37,744

$5.89

1

Glenn Hall*

GLNN

42,937

340,397

7.9

$57,357

$1.34

2

Gateway Science Museum

GSCI

11,041

1,121,669

101.6

$189,001

$17.12

-

Housing Grounds Shop

HGS

820

7,964

9.7

$1,342

$1.64

2

Housing Maintenance Shop

HMS

2,895

12,691

4.4

$2,138

$0.74

2

Lassen, Shasta, Whitney & Sutter

HOUS

325,665

3,716,223

11.4

$626,184

$1.92

2&3

Holt Hall*

HOLT

127,185

1,393,789

11.0

$234,853

$1.85

4

Kendall Hall*

KNDL

49,656

365,781

7.4

$61,634

$1.24

4

Langdon Engineering Center*

LANG

52,497

677,473

12.9

$114,154

$2.17

4

Laxson Auditorium*

LAXS

32,157

236,305

7.3

$39,817

$1.24

3

Meriam Library*

MLIB

261,522

2,560,401

9.8

$431,428

$1.65

IND

MODC

37,091

260,389

7.0

$43,876

$1.18

2

Nettleton Stadium

NETL

9,766

130,397

13.4

$21,972

$2.25

-

O'Connell Technology Center*

OCNL

74,435

1,431,156

19.2

$241,150

$3.24

-

Performing Arts Center*

PAC

105,131

704,722

6.7

$118,746

$1.13

-

Physical Science Building*

PHSC

81,566

839,333

10.3

$141,428

$1.73

1

Plumas Hall*

PLMS

63,764

422,430

6.6

$71,179

$1.12

3

Parking Structure 1 (1st & Cherry)

PS01

188,000

120,334

0.6

$20,276

$0.11

-

Sapp Hall

SAPP

6,536

52,854

8.1

$8,906

$1.36

IND

Selvester's Café*

SELV

9,485

92,692

9.8

$15,619

$1.65

IND

Sierra Hall and Annex

SH

5,034

30,010

6.0

$5,057

$1.00

IND

Student Health Center

SHC

22,214

299,318

13.5

$50,435

$2.27

1 or 2

Student Services Center*

SSC

124,133

639,511

5.2

$107,758

$0.87

2

Tehama Hall*

THMA

88,426

567,019

6.4

$95,543

$1.08

-

Trinity Hall*

TRNT

25,516

150,024

5.9

$27,279

$0.99

4

University Housing Office

UHFS

4,913

35,115

7.1

$5,917

$1.20

-

University Village

UVIL

140,740

863,520

6.1

$145,503

$1.03

-

Wildcat Recreation Center*

WREC

118,973

1,050,103

8.8

$176,942

$1.49

-

Yolo Hall*

YOLO

72,140

149,658

2.1

$25,217

Modoc Hall*

-

Note: *Buildings that receive CHW/S from BCP

From the average EUI, the remaining buildings were ranked, from worst EUI to the campus
average. Those buildings are then recommended for retrofit and renovation. The
recommendations should be one building per year in order to plan, design and execute a
single major renovation per year. Per renovation, there are several retrofits that have been
recommended for lighting, plug load, and HVAC savings have been calculated based on
estimated energy use and average savings.
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Figure 12 shows the EUI, kWh/SF, calculated. As the numbers show they range from 0.6
kWh/SF to 180.1 kWh/SF. Based on the average, the benchmark for the 2018/2019 year is
therefore 8.8 kWh/GSF and allows for the comparison of buildings in the study. Table 14
shows what buildings are the highest total consumers of energy per square footage. The
numbers show that the Gateway Science Museum, (101.6 kWh/SF) consumes at least two
times more electricity per square foot than the next highest building, Butte Station (49.4
kWh/SF), which is more than double the next building, the Meats Lab, and then O’Connell.
On campus, not all buildings can be compared equally though, for instance some buildings
provide their own heating and cooling sources, while other receive heating and cooling
from the BCP. This directly affects the amount of energy used by a building.
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Figure 12. Annual electricity per square footage, sorted by EUI

Note: Orange bars designate buildings removed from EUI study due to being in phase 1 and 2 of Master Plan

Based on the results shown, it is recommended to renovate the above buildings. Not only
are they shown to be the highest EUI, but many of the buildings are the largest users of
total electricity and will show the greatest reduction of kWh, and therefore GHG emissions,
after performing energy retrofits.
To assist with the recommendations there have been several other energy audits
performed on campus previously. AECOM did a fifteen building Investment Grade Audit in
2011, PG&E did a 21 building Large Investment Grade Audit in 2014, EnerNOC completed
five Monitoring Based Commissioning projects and Willdan generated a Carbon Neutral
Implementation Plan in 2020. Of the ECM’s previously recommended many of those
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projects were not implemented, and those that were implemented are ready to be
upgraded again. For instance most of lighting retrofits that were upgraded from T12 to T8
fluorescent lighting, now should be upgraded to LED with additional lighting controls.
Table 14. Highest EUI buildings at Chico State
Division/Buildings

Rank

GSF

Annual

Emission

Annual Energy

kWh

(MTCO2e)

kWh/SF

Cost

Gateway Science Museum

1

11,041

1,121,669

143

101.6

$ 174,531

Butte Station

2

1,250

61,744

8

49.4

$ 9,607

O’Connell Technology Center

3

74,435

1,431,156

182

19.2

$ 222,687

Nettleton Stadium

4

9,766

130,397

17

13.4

$ 20,289

Langdon Engineering Center

5

52,497

677,473

101

12.9

$ 105,414

25 Main Street

6

18,927

218,403

28

11.5

$ 36,801

Lassen, Shasta, Whitney & Sutter Hall

7

325,665

3,716,223

473

11.4

$ 578,244

Butte Hall

8

86,812

965,854

123

11.1

$ 162,746

Holt Hall

9

127,185

1,393,789

177

11.0

$ 216,873

BMU & Bookstore

10

137,669

1,454,319

185

10.6

$ 226,292

Meriam Library

11

261,522

2,560,401

326

9.8

$ 398,398

Selvester’s Cafe

12

9,485

92,692

12

9.8

$ 14,422

WREC

13

118,973

1,050,103

134

8.8

$ 163,396

1,235,227

14,874,223

1,909

TOTAL

$ 2,329,700

Annual Renovations
From the results and recommendations Chico State should target renovating the highest
consumer of energy first since the goal is to reduce energy emissions as much as possible
over the next ten years. Here would be the recommended order of renovation.
Gateway Science Museum Recommendations:
- There have been no prior energy audits at Gateway
- Based on the information provided Gateway used 1,121,669 kWh in 2018-2019
compared to prior energy consumption from 2012-2013 of 139,993 kWh.
- Confirm the meter is reading properly
- Upgrade to LED lighting with added occupant controls
- Incorporate HVAC room controls with occupant controls
- Perform retro-commissioning of HVAC systems
- Confirm or implement unoccupied modes for HVAC and lighting
- Confirm exhibit rooms have appropriate temperature and air controls
- Replace hot water heater with electric heat pump or hybrid version
- Consider replacing HVAC unit with electric heat pump
CALIFORNIA STATE UNIVERSITY, CHICO
STRATEGIC ENERGY MASTER PLAN

50

Butte Station Recommendations:
- PG&E has proposed three ECM’s:
o Install Refrigerated Night Curtains (EEM-10)
o Lighting Retrofit (EEM-11)
o Replace Domestic Hot Water Heater (EEM-12)
- Confirm or implement unoccupied modes for HVAC and lighting
- Consider additional curtains or closed door refrigerated appliances
- Consider replacing HVAC unit with electric heat pump
O’Connell Recommendations:
- There have been no prior energy audits at O’Connell
- Upgrade to LED lighting with added occupant controls. Consider upgrading from
parabolic fixtures
- Install occupant controls for HVAC, lighting and plug load
- Replace hot water heater with electric heat pump or hybrid version
- Consider replacing HVAC unit with electric heat pump
Nettleton Stadium Recommendations:
- PG&E has proposed four ECM’s:
o Install Lighting Occupancy Sensors (EEM-38)
o EMS and Occupancy Thermostats (EEM-39)
o Replace Domestic Hot Water Heater (EEM-40)
o Vending Machine Controller (EEM-41)
- Confirm or implement unoccupied modes for HVAC and lighting
- Consider upgrading stadium lighting
Langdon Hall Recommendations:
- AECOM has proposed two ECM’s:
o Lighting Efficiency Retrofit & Controls (ECM-LAN-1). This has already been
implemented, but it is time for another retrofit to LED
o Convert Supply Air Fan’s to VAV (ECM-LAN-2)
- Replace hot water heater with electric heat pump or hybrid version
- Install occupant controls for HVAC, lighting and plug load
- Consider replacing HVAC units with electric heat pump
25 Main Street Recommendations:
- There have been no prior energy audits at 25 Main (or 35 Main)
- Upgrade to LED lighting with added occupant controls
- Install occupant controls for HVAC, lighting and plug load
- Confirm or implement unoccupied modes for HVAC and lighting
CALIFORNIA STATE UNIVERSITY, CHICO
STRATEGIC ENERGY MASTER PLAN

51

-

Replace hot water heater with electric heat pump or hybrid version

Housing Recommendations:
- Submeter the buildings to see electricity demands and usage between Lassen,
Shasta, Whitney, Sutter, and Sutter Dining.
- AECOM has proposed various ECM’s for housing that should be further evaluated
for Lassen and Shasta Hall. It is unclear whether any of the ECM’s were
incorporated.
o Lighting Efficiency Retrofit & Controls (ECM-LAS/SHA-1)
o HVAC Controls - Rec Rm/Lounge AHUs and CHW/HHW Temperature
Controls (ECM-LAS/SHA-2)
o HVAC Zone Level Improvements - Dorm Rooms (ECM-LAS/SHA-3)
o Install Occupancy Sensors for AHUs (ECM-LAS/SHA-4)
o Solar Thermal Installation (ECM-LAS/SHA-5)
- Upgrade to LED lighting
- Install occupant controls for HVAC, lighting and plug load
- Replace hot water heaters
Butte Hall Recommendations:
- PG&E has proposed four ECM’s:
o Stairwell Daylight Sensors (EEM-22)
o Install Thin Clients (EEM-24)
o Replace Hot Water Heater (EEM-25)
o Install Water Side Economizer (EEM-26)
- Upgrade to LED lighting
- Install occupant controls for HVAC, lighting and plug load
Holt Recommendations:
- AECOM has proposed two ECM’s:
o Interior Lighting Retrofit (ECM-HOL-1)
o VAV Retrofit (ECM-HOL-2)
- PG&E has proposed one ECM:
o Install Lighting Occupancy Sensors (EEM-18)
BMU & Bookstore Recommendations:
- PG&E has proposed four ECM’s:
o Interior Lighting Upgrade (EEM-14)
o Install VAV into Kitchen Exhaust (EEM-15)
o Install Loading Dock AC Interlock Door Switch (EEM-16)
o Auditorium Lighting Retrofit (EEM-17)
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-

Replace hot water heater with electric heat pump or hybrid version
Install occupant controls for HVAC, lighting and plug load

Meriam Library Recommendations:
- AECOM has proposed two ECM’s:
o Interior Lighting Retrofit (ECM-MER-1)
o Convert Supply Air Fan’s to VAV Retrofit (ECM-MER-2)
- Upgrade to LED lighting
- Install occupant controls for HVAC, lighting and plug load
- Maximize daylight sensors and controls along exterior of the building
- Install occupancy sensors in the book stack areas
- Install lighting controls to turn off lights when unoccupied
Selvester’s Cafe Recommendations:
- PG&E has proposed one ECM:
o Install Refrigerated Case Night Curtain (EEM-28)
- Upgrade to LED lighting
- Install occupant controls for HVAC, lighting and plug load
WREC Recommendations:
- There have been no prior energy audits at the WREC
- Upgrade to LED interior and exterior lighting
- Confirm nighttime temperature setback
- Other recommendations included transitioning to electric equipment and
appliances
6.4.

Building Controls and Commissioning
Through building controls it is important to constantly confirm the building is operating as
intended. Upgrading controls and re-commissioning a building’s controls can provide great
electricity savings. However, re-commissioning a building is often labor intensive to
research how a building should be operated to function at peak efficiency. One benefit to
re-commissioning is that there are not always significant material costs unless something is
not operating properly and needs to be replaced. Chico has successfully re-commissioned
five buildings in the past; they include Tehama, O’Connell, Yolo, SSC, and PAC.
Continuously commissioning an existing building, especially a newer LEED building, is
critical to it operating at peak efficiency.
Building controls no longer just solely operate HVAC systems. Newer technologies and
companies now support occupancy based controls that incorporate both lighting and
HVAC for increased energy savings. The controls turn off both the lights and HVAC to
CALIFORNIA STATE UNIVERSITY, CHICO
STRATEGIC ENERGY MASTER PLAN

53

rooms that are no longer occupied, and then turn back on when occupants enter the
space.
Table 15. Recommended building renovations
Year

Building

kWh

Proposed

Proposed

Savings

Savings

kWh

($/Yr)

Estimated

Rebate

Project Costs

Incentive

Payback
w/Incentive
(yrs)

1,121,669

31,162

$ 5,251

$ 37,500

$ 7,479

5.7

61,744

6,492

$ 844

$ 5,336

$ 1,632

4.4

1,431,156

227,554

$ 38,343

$ 157,400

$ 54,613

2.7

2,560,401

1,272,660

$ 250,101

$ 5,082,098

$ 305,438

19.1

Langdon

677,473

493,230

$ 74,481

$ 1,779,988

$ 132,065

22.1

25 Main Street*

218,403

34,726

$ 5,851

$ 60,000

$ 8,334

8.8

Housing

3,716,223

201,793

$ 42,038

$ 1,552,211

$ 57,136

35.6

Butte Hall

965,854

294,609

$ 44,212

$ 369,324

$ 72,027

6.7

BMU & Bookstore

1,454,319

306,575

$ 48,757

$ 345,375

$ 74,146

6.7

2027

Holt

1,393,789

714,865

$ 47,966

$ 389,620

$ 68,320

6.7

2028

WREC

1,050,103

105010.3

$ 17,694

$ 357,745

$ 25,202

18.8

2029

Selvester’s Café

92,692

15,530

$ 2,586

$ 25,605

$ 3,739

8.5

2030

Nettleton Stadium

130,397

42,997

$ 7,245

$ 10,285

$ 11,123

(0.1)

14,874,223

3,747,205

$ 585,369

$ 10,172,487

$ 821,256

16.0

2021

Gateway Science*

Current

Butte Station

2022

O’Connell*

2023

Meriam Library

2024
2025
2026

Total

Note: * Estimated project costs only include LED lighting upgrade
There are also room controls to monitor the number of people in a space based on CO2
respiration rates. These increase, or decrease, the ventilation required based on occupancy.
CO2 monitors are common in meeting spaces and can conserve energy by ramping up and
down based on actual demand, not worst case scenario. Both strategies can significantly
decrease energy use, but do require additional HVAC zone controls.
Recommendations:
- All building controls should be centrally monitored at the BCP.
- Upgrade older building controls as necessary, or as part of building renovations
and retrofits.
- Install occupancy based controls (lighting and HVAC) as part of retrofit projects.
- Install CO2 based controls in classroom and meeting spaces.
- Buildings previously commissioned should be re-commissioned again on an
ongoing basis.
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-

6.5.

Re-commission newer buildings to confirm they are operating at efficiencies, such
as Arts and Gateway Science Museum.

Lighting
Lighting is estimated to be 31.8% of college based building energy use, or 3.79 kWh/SF
(CEC 2006). Lighting retrofits and upgrades make a substantial impact on the reduction of
electricity use. On average, a building with T8 fluorescent lights that is converted to LED
fluorescent lights with occupancy controls can achieve a 50-75% savings in electric lighting
consumption. Lighting projects have the least upfront cost to the campus with the highest
energy savings based on a payback calculation that is typically less than ten years.
Based on a square foot calculation (3,352,457 SF x 3.79 kWh/SF) the estimated total lighting
load of the campus is 12,705,812 kWh. If LED retrofits were performed campus wide with an
estimated savings of 50% would be a savings of 6,352,906 kWh annually with an estimated
utility savings of $1,070,465 per year. Incorporating additional lighting controls to maximize
savings of 75% would save 9,529,359 kWh annually with a savings of $1,605,697 per year.
Interior Lighting
Retrofitting interior lighting is one of the best ways to reduce energy consumption and LED
retrofit kits are widely available to ease installation costs. Newer retrofit styles can also
incorporate occupancy sensors into the fixtures decreasing the installation and wiring of a
separate device. Building wide lighting controls are also key to energy savings. Lighting
controls allow for lobby, open space and hallways to reduce to minimum lighting levels
during unoccupied times. This result can also be achieved with occupancy sensors to
reduce light during normal business hours when spaces are not occupied.
Recommendations:
- All buildings should be retrofitted to incorporate LED lighting. Starting with the
buildings with the highest EUI and continue prioritizing buildings with the largest
electricity consumed until all remaining buildings are completed by 2030.
- Incorporate lighting controls to override building wide lighting in hallways and
public spaces to allow minimum lighting levels over nights and weekends when
buildings are typically unoccupied.
- Incorporate occupancy sensors in all spaces, where feasible.
- Incorporate daylight sensors and controls, where feasible.
- Incorporate occupant dimming/light level controls to allow maximum comfort and
task specific control.
- The estimated cost to perform lighting retrofit for all of the main buildings is
$4,383,500, with an estimated payback of 11.3 years. It will save an estimated
2,043,000 kWh and annual utility costs of $345,000.
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Stairwell Lighting
This recommendation and its calculations were performed by Green Campus interns
working at FMS. The goal of this audit was to determine the energy, cost and emission
savings if existing T8 fluorescent lighting in building stairwells were retrofitted with bilevel LED lamps in eight buildings on campus. Eight were selected as a manageable
number for a semester project for the interns. By placing new LED bulbs into the existing
fixtures, stairwell lighting energy consumption would be reduced from current annual
kWh consumption by up to 57%. For the audit types of fixtures were first identified and
recorded by floor, and then number and type of bulbs per fixture were counted. Annual
hours of operation are based on whether the bulbs operate on occupancy sensors. From
there, assuming that all types of fixtures can be retrofitted for LED bulbs without
replacing the entire fixture, the annual energy, cost and emissions saving were calculated
based on specifications for the retrofitted bulbs.
By retrofitting stairwell lighting in the eight campus buildings listed below, the audit
projected that campus could save 33,291 kWh, $5,609.57 and 4.24 metric tons of CO2
emissions annually. Based on these savings, the intern team recommends that all T8
fluorescent lighting be retrofitted with energy-efficient LED lighting across campus.
Recommendation:
- Retrofit or replace all stairwell light fixtures to LED with occupancy sensors and bilevel lighting in eight buildings
- Complete retrofit of all remaining stairwells across all entity buildings
Table 16. Eight building stairwell lighting study
Building

Current

Proposed

kWh

kWh

kWh Saved

% kWh

$/kWh

Current

Emission

savings

savings

Emissions

Savings

OCNL

8,311

4,041

4,270

51.38%

$719.51

1.06

0.54

LANG

734

314

419

57.14%

$70.66

0.09

0.05

MLIB

24,461

10,483

13,978

57.14%

$2,355.23

3.11

1.78

KNDL

2,201

943

1,258

57.14%

$211.97

0.28

0.16

TRNT

1,468

839

629

42.86%

$105.99

0.19

0.08

AGYM

3,914

1,677

2,236

57.14%

$376.84

0.50

0.28

HOLT

12,498

4,332

8,166

65.34%

$1,375.92

1.59

1.04

PLMS

3,741

1,406

2,335

62.42%

$393.47

0.48

0.30

57,327

24,036

33,291

58.07%

$5,609.57

7.29

4.24

TOTAL

Outdoor and Parking Lot Lighting
The CEC estimates that exterior lighting is 6.5% of college energy use (CEC 2006), so
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approximately 1,844,812 kWh annually at an estimated cost of $310,851. The campus has
already completed some bi-level exterior lighting on campus and in a parking structure to
save energy. Bi-level lighting consist of two lighting levels that are activated by motion. The
higher level when people are present, while the reduced level meeting minimum required
lighting levels. The benefits to bi-level exterior lighting is that in addition to saving energy,
there is also an added security benefit. As light level increase with movement, it
automatically draws the eye to the change in lighting and brings attention to any
movement.
Another key initiative in exterior lighting is minimizing light trespass and maintaining dark
skies. This focuses on having lighting directed down towards the walkway or area,
minimizing uplight and lighting the sky. Many LED exterior building lights have lighting cutoff shields to help direct the light in the down direction to assist in this energy savings, and
environmental impacts.
Recommendations:
- Exterior lights should be replaced with bi-level LED lights.
- Lighting and pole parking lot lights should have lighting that supports dark sky
initiatives.
- Parking structure ceilings and walls should be painting white, or a light grey, to
improve lighting reflectivity to increase light quality and decrease light needed.
6.6.

Farm Recommendations
While the Farm is only 4.1% of the overall campus energy use, there are several
recommendations listed above that should be considered. In addition to the
submetering, interior and exterior lighting upgrades, a significant portion of the electricity
use is for irrigation. The irrigation pumps are older and do not have automated or
remote operation controls, so they are operated manually during the daytime.
Recommendations:
- Retrofit all interior building lights to LED. Consider occupancy sensors in
classrooms and offices.
- Retrofit all exterior lighting with dark sky and bi-level lighting.
- Upgrade pumps and install remote operating controls to run pumps at night or
early morning. This will assist to minimize peak demand and energy costs, and
also to reduce evaporation of water during peak day temperatures
- Farm meters should be on the campus EIS so the campus users can see the daily
and monthly energy use.
- Since the farm does not pay for their utility costs, provide additional incentives to
reduce their energy where possible.
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6.5.

Summary
Because the campus has so many buildings, it is often difficult to prioritize what energy
efficiency projects to do first. By focusing efforts on the buildings that have the highest EUI
on campus can decrease the overall kWh/SF, constantly lowering the campus electricity
consumption and therefore GHG.
The net result of the reduction of scope 2 by implementing the above recommendations
and projects will be the following. All recommendations are shown as being implemented
annually against the BAU plan.
Scope 1 NG

Scope 2 Electric

9,500
8,500
7,500

3,636

3,513

3,373

3,212

2,838

2,648

2,507

2,335

2,154

2,031

1,924

1,810

1,697

6,123

6,123

6,123

6,123

6,123

6,123

6,123

6,500
5,500
4,500
3,500
6,098

6,123

6,123

6,123

6,123

6,123

2,500
1,500
500
(500)

2018 - 2019 - 2020 - 2021 - 2022 - 2023 - 2024 - 2025 - 2026 - 2027 - 2028 - 2029 - 2030 2019
2020
2021 2022
2023
2024
2025
2026 2027
2028
2029
2030
2031

Figure 13. Scope 2 reduction forecasts
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7
SCOPE 2 RENEWABLE ENERGY
Renewable energy and solar production should be one of the final steps implemented in the
energy plan. It is always important to first reduce energy use through energy retrofits and
conservation measures, and then when energy use is reduced to a new benchmark to calculate the
needed renewables. The campus at a minimum will always have a demand for electricity and can
safely start installing more solar to their defined baseline kW demand as to not over produce.
Chico State currently has solar on the rooftops of four buildings on campus: Acker Gymnasium,
Yolo Hall, Parking Structure II and the Arts Building. They generate approximately 478,500 kWh per
year, and reduce peak load by 397 kW, or 1.2% of the campus electricity. Two of the roof top solar
installations at Acker and Yolo are owned and operated through a Power Purchase Agreement
(PPA), while Arts and Parking Structure II are owned and operated by Chico State. The two owned
by Chico State are not directly linked to the campus EMS for viewing of energy production.
Renewable energy will be shown as an offset per the definition of EnergyStars zero energy campus
(DOE 2015).
Chico State is under contract to expand solar on campus through the Chancellor’s Office and their
Phase 4 Solar initiative. There is currently no battery storage on campus, but they have been
evaluating adding battery storage. The current preference on campus is to not export energy to
PG&E on the main campus, as it is cost prohibitive, therefore, they have not wanted excess
generation to assist in achieving neutrality. There is an opportunity at the Farm for a greater
amount of solar generation and some recommendations will be made for further research.
PPA’s are where an owner leases a building rooftop or space, and allows another company to
install, own and operate the solar panels and electricity production. That company then sells the
power back to the building owner at a rate typically near the cost per kWh they would purchase
from their utility provider in order to be competitive. Benefits of PPA’s are that there is minimal
upfront cost to the owner since the PPA company provides, installs the solar system and operates it
efficiently to maximize the generation and monthly payment. They typically come with a 20-30 year
agreement whereby at the end of the term the owner then owns the system. This then requires the
owner to provide the maintenance and operation of the system, but the kWh production is then at
no utility cost. Most PPA’s also have escalation clauses that increase the cost per kWh annually,
often around 2-3% per year.
7.1.

Submetering
Submeters, again, are an important aspect of renewable energy generation. It is important
as additional solar installations happen on campus that the solar generation is tracked
separately from the building usage in both kW and kWh. Currently, most building level data
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is the building electrical use minus the solar generation to provide the net electrical need
from the grid. This, however, provides inaccurate building usage data for energy analysis.
Both PPA installations have accurate kWh readings, as the campus is billed each month for
the usage. But, both Acker and Yolo building electric meters to not properly read electric
use due to the solar.
Recommendations:
- As part of Phase 4 make sure all data is linked to campus EMS
- Have multiple meters to monitor use. One for entire building, one for solar and
one for net electricity. Data should be in both kW and kWh
7.2.

CSU Phase 4 Solar
The Chancellor’s Office is currently executing the fourth phase of a systemwide solar
contract for installation. A systemwide approach allows greater negotiations for rates and
terms for all of the campuses that wish to participate. Chico State is under contract to
proceed forward with the installation of solar on the new Science Building, BMU, WREC and
the remaining solar for Parking Structure II. In total Phase 4 is estimated to generate
1,258,206 kWh per year. It is expected to start construction the summer of 2021 and be
completed and interconnected with PG&E by the summer of 2022. The installation and
maintenance will be through a PPA, therefore Chico State will be paying for the cost of the
electricity generated on a monthly basis.
Table 17. Existing and planned solar at Chico State
Building

Annual (kWh)

Demand (kW)

Ownership

Acker Gymnasium

161,111

200

PPA

Yolo Hall

153,400

125

PPA

Parking Structure II

140,000*

60

Campus Owned

Arts Building

24,000*

12

Campus Owned

Existing Solar

478,511 kWh

397 kW

Phase 4 Solar

1,258,206*

630

Total

1,736,717 kWh

1,027 kW

PPA

Note: *Estimated annual generation

7.3. Master Plan Solar Projects
As Chico State implements phase 1 and 2 of the Master Plan, all new buildings and major
renovations should be built with the ZNE goal. This means some form of renewable energy
will be incorporated to offset the energy use. With the additional goal of decarbonization,
most new buildings must incorporate electric heating generation and electric hot water
heating, to increase the demand for electricity and solar offsets. The new installs would be
through a PPA.
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Based on calculations Phase 1 of the Master Plan will need approximately 2,087,531 kWh in
solar generation and Phase 2 will need approximately 3,885,652 kWh in generation to
offset the estimated electrical use. This totals approximately 5,973,183 kWh in solar
generation will be needed to neutralize the electricity usage of the new and renovated
buildings.
Recommendations:
- Design buildings to maximize electrical use and efficiency to minimize the need
for solar
- Allow for the maximum use of rooftop space for solar installations in order to
install to the estimated building energy use, at a minimum
- The campus will need to hire or train someone to manage and maintain the
campus solar equipment and panels to maximize their operation and output.
7.4.

Battery Storage
Chico State currently would like to use any excess solar rather than export to the grid. The
benefits to this include energy resiliency, demand load shed, and backup generator
replacement. Additionally, there is a cost associated with exporting to PG&E. The CSU
Chancellor’s Office is currently working on a Master Enabling Agreement with several
vendors to provide and install batteries. It has proven to be successful on one CSU
campuses already for load shedding to save on kW demand charges.
Because battery storage is still being tested out across the CSU and costs are so high, it is
difficult to determine exactly how much storage would be needed, or what that cost would
be. The final estimated kWh consumption models should be a starting point to estimate
those costs in the coming years.
Recommendations:
- Install batteries sized according to the estimated solar generation when no longer
cost prohibitive
- Incorporate load shed software to minimize peak demand charges. This allows
the university to shift peak demand of electricity from the grid to the stored
energy in the batteries.
- Consider removal of some diesel backup generators for replacement with
batteries, as discussed in chapter 5.

7.5.

Farm Solar
The Farm is an untapped potential of land suitable for solar installations. While much of the
Farm is prime grazing and orchard acreage there is plenty of space along the roadway, in
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parking areas, rooftops of barns, maintenance shops and classrooms. This would allow the
farm to export to the grid, not requiring the main campus utility meter to be on an
interconnection agreement. This allows the main campus to function as is, until battery
storage is improved, but allow the generation of electricity at the farm to offset that of the
campus to support our efforts of neutrality.
Recommendations:
- Move forward with the recommended areas identified in the Master Plan for farm
solar
7.6.

Summary
Solar will be a crucial piece of the carbon neutrality goal of 2030. When totaling the
existing, Phase 4 solar and phase 1 and 2 Master Plan solar estimates together, it totals an
estimated 7,536,228 kWh generated annually. The estimated kWh needed in 2030 is
18,450,000 kWh in solar generation.
Therefore, either the farm, or additional renewable energy on campus, will be needed to
offset the electricity needed to be neutral. Until the campus removes all need of natural gas
by 2030, there will never be enough solar energy generated to offset, unless the campus
exports.

CALIFORNIA STATE UNIVERSITY, CHICO
STRATEGIC ENERGY MASTER PLAN

62

8
FUNDING AND FINANCING
There are various ways the university can finance the renovation, retrofit and maintenance projects
introduced in the SEMP. The campus receives annual funding from the Chancellor’s Office for
facilities projects; there should be a savings in the annual utility budget for each energy project
implemented; and there is a potential to receive rebates from PG&E for some of the projects. There
occasionally are grants available from the California Energy Commission and the Department of
Energy. Also, with PPA’s used for future solar there is limited upfront costs to be spent for the
electricity offsets.
8.1.

Chancellor Office Facilities Conditions Assessment Funds
Chico State receives funds from the Chancellor’s Office for the renovation and upgrade of
older buildings on campus through an annual facilities conditions assessment. The funds
are for specific projects that the campus identifies based on the documented needs from
the assessment. The university should request these funds to support the annual
renovations or retrofits as outlined in the scope 1 or scope 2 chapters.

8.2.

Energy Rebates
PG&E offers energy rebates for projects that replace older technologies with ones that
exceed current efficiency codes. They offer several programs and the campus has financially
benefited from rebates in years past. Rebates help the payback on energy efficiency
projects, often by several years, and are worth the paperwork process.
PG&E is part of the Investor Owned Utility (IOU) Partnership Program along with the
University of California and CSU systems. They currently offer $200 per kW reduced, $.24
per kWh saved and $1.25 per therm saved from projects implemented. As part of the
application PG&E requires calculations on the existing building energy use for that
particular scope, what the proposed new estimated energy use is, and the estimated
savings. PG&E then performs a walkthrough of the project before any construction begins
and provides any revised calculations for approval. Construction can then begin, and when
complete, any changes are resubmitted to PG&E. PG&E then does a verification
walkthrough, notes any additional changes and revised calculations, and later sends a
rebate check to the university.
They also offer a similar program called normalized meter energy consumption (NMEC)
that allows submetered data to be submitted instead of detailed calculations, should
multiple projects, or calculations be difficult to generate. The process is similar, as to you
would submit a detailed write up of the scope of work, previous twelve months of data for
the building or defined area and the application could get tentatively approved. This
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particular program allows submetering costs to be included in the cost of the project and
for them to be installed post-PG&E initial approval. The program also allows up to two
years for implementation, so from approval and installation of the submeters, there would
be roughly one year to complete the installation. Again, post project calculations would be
done, this time from actual energy data, not calculations.
PG&E also offers on-bill financing for their clients. On-bill financing allows PG&E to loan the
campus funds to perform energy renovations at 0% finance charges. The projects are
calculated based on a return on investment and repayment schedule. The energy reduction
seen on the monthly utility bills is then offset by the repayment schedule. The goal is to
have the same monthly utility bill for the life of the repayment. So, if a project has a three
year payback, then after three years, the bill would then decrease by the monthly loan
amount. On-bill financing has minimum loan values of $5,000 up to $4M, with a maximum
of a ten year payback term. Rebates can also be applied for all projects up to $250,000.
Recommendations:
- All renovations and retrofits should be submitted through PG&E for energy
rebates. This substantially reduces the project payback costs, but also provides
energy saving metrics for the campus.
- Rebates should be deposited into the energy budget and be spent on future
energy related projects.
- If projects are funded by the Chancellor’s Office, request to have rebate funds
deposited into the campus energy fund.
8.3.

Energy Savings Performance Contracting
Similar to on-bill financing, there are many Energy Service Companies (ESCO) that perform
energy retrofits using the future utility savings as payment. This decreases the need for
upfront capital costs as the ESCO finances the project costs and are paid from the
performance measures implemented (DOE 2021).
Chico State has worked with several ESCO’s in the past, such as AECOM and more recently
Willdan, but has never used their financing model to perform their projects, only their
expertise in providing energy audits and recommended projects. With the number of
projects and renovations that will be needed in order to reduce the energy demands and
convert the campus utilities to electric, it might prove beneficial to work with an ESCO to
supplement projects that are able to be traditionally state funded.
Recommendations:
- Consider working with an ESCO to achieve a holistic approach to energy savings.
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8.4.

Energy Costs
Chico State has an energy fund that pays the monthly utility bills. As energy costs continue
to rise, the utility budget will need to increase overtime. The Chancellor’s Office
recommends an estimate of 3% annually. The current electricity and gas costs for Chico
State is approximately $5,955,490. BAU extends that forecast to $8,652,306 in 2030 an
increase of $2,267,000. With the implementation of ECM’s, retrofit and renovation of
buildings, the utility spending should decrease each year. Over the next ten years, the utility
budget should remain stagnant or increased annually by the estimated in energy costs, 3%.
With any budget surplus, that money should be used to implement additional retrofit or
efficiency measures.
Table 22. Estimated Utility Rate Increases
Year

Cost per Therm

Cost per kWh

2018-2019

0.9230

0.1685

2020-2021

0.9792

0.1787

2025-2026

1.1352

0.2012

2030-2031

1.3160

0.2402

Recommendations:
- All energy budget savings be retained each year in order to reinvest into further
submetering and energy projects.
- Energy rebates from PG&E should also be deposited in this account for use on
future energy projects.
8.5.

Research Grants
There are grants available to public entities for research in energy efficiency technologies
through the Department of Energy and the California Energy Commission. While there is a
significant amount of effort to submit a proposal and manage a grant, the opportunity for
additional funds does exist and should be considered as an option.

8.6.

Summary
Chico State has several options to help achieve energy efficiency and carbon neutrality.
With the Chancellor’s Office, energy rebates, and annual reduction of energy use after
projects are completed, more money could be available each year to implement more
projects.
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9
SUMMARY AND RECOMMENDATIONS
The SEMP recommends that the following guidelines be implemented at a high level: transition to
electric form of heating, renovate higher energy use buildings, upgrade to more efficient lighting,
reduce building hours of operation, decrease plug loads, installation of submeters and increase
solar energy with new buildings and major renovations. These recommendations will continue to
support the goal to decrease energy consumption and reduction of greenhouse gases that align
with Chico State’s commitment to achieve carbon neutrality by 2030.
With the electricity benchmarks for 2018-2019 it will be important to update and review the energy
use on an annual basis. As energy efficiency measures are implemented, each building will
continue to change its energy consumption and the benchmark averages will always be changing.
With the automation of EIS data it will be easier to continuously evaluate and improve energy
efficiency.
9.1.

Forecasted Year 2030
By implementing phase 1 and 2 of the Master Plan, renovations of the high EUI
buildings, and implementing other campus wide energy conservation measures the
results are the following results shown in figure 14. The campus is estimated to be at
6,755 MTeCO2 emissions of energy use in the 2030-2031 fiscal year, which is not zero.
Most of the emissions are related to the continued use of natural gas boilers. If those
were removed, then electricity use would greatly increase due to the electricity needed
to produce heat.
Additional solar will be needed above and beyond what is currently planned. Use of the
farm land, the Meriam Library roof and various other roof tops or stand alone structures
will be needed to achieve neutrality.
Even with the reduction of energy, costs will continue to increase, as shown in figure 15. The
estimated cost of the utility budget needed in 2030-2031 will be $9,064,028. This is an
increase of $3,108,538 from the 2018-2019 budget. A large portion of the increase shown in
the solar, which is purchased through a PPA, but either the university would purchase this
energy from PG&E, or through a PPA that will be paid off in 20-30 years. It is when the PPA
is paid off that the energy will be more affordable.
Offsets
In lieu of implementing all of these measures, the campus could consider purchasing
offsets as well. Please refer to the CARP for additional details and recommendations.
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Scope 1 NG

Scope 2 Electric

Scope 2 Solar

9,500
8,500
3,636

7,500

3,513

3,373

3,227

2,853

2,670

2,615

2,444

2,263

6,500

2,136
2,039

1,920

1,806

5,500
4,500
3,500
6,098

6,123

6,123

5,982

5,982

5,908

5,925

5,881

5,881

5,881

5,444

5,444

5,444
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(495)
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Figure 14. Emission forecasts incorporating Master Plan, scope 1 & 2 recommendations
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Figure 15. Energy Costs incorporating Master Plan, scope 1 & 2 recommendations
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2021

• Gateway Science Museum Energy Retrofit
• Butte Station Energy Retrofit

2022

• O'Connell Energy Retrofit
• Phase 1 Water Heater Replacement
• Campus Wide Lighting Retrofit

2023

• Meriam Library Energy Retrofit

2024

• Phase 1 Master Plan Implemented
• Phase 2 Water Heater Replacement
• Langdon Hall Energy Retrofit
• 25 Main Energy Retrofit

2025

• Housing Energy Retrofit

2026

• Phase 3 Water Heater Replacement
• Butte Hall Energy Retrofit
• BMU & Bookstore Energy Retrofit

2027

• Holt Hall Energy Retrofit

2028

• Phase 2 Master Plan Implemented
• WREC Energy Retrofit

2029

• Selvester's Cafe Energy Retrofit

2030

•Nettleton Stadium Energy Retrofit

Figure 16. Yearly plan recommended until 2030

9.2.

Final Recommendations
There are many actions Chico State can take to improve energy efficiency and decrease
energy consumption. By educating and engaging building occupants, energy use and costs
will be more transparent and full ownership will start to pass to those who live, learn and
work in the buildings. Newer efficient buildings will replace older less efficient buildings.
Existing buildings will be renovated to improve efficiency.
The recommendations outlined continue to support the Strategic Priority by being stewards
of our natural environment and making economic decisions on efficiency projects that are
equitable to all building occupants.
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It is recommended that the Campus Sustainability Committee generate an annual update
of the campus energy use and consumption for review by the campus. It is important to
understand and continually target the least efficient buildings to bring the campus average
down. An annual report will become an important communication document for the
campus to show the progress towards the stated goals and what measures still need to be
worked on.
Together with the Climate Action Plan, these plans should outline the path to neutrality in
2030.
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Green Campus
Several projects were also assessed and audited by Green Campus Interns. They picked the
projects to audit from a short list and eventually chose a campus wide stairwell audit and Meriam
Library book stack audit. They performed the necessary audit steps, and their findings and
summaries are included. It was a great opportunity to include students in the discovery, audit and
calculation stage of energy efficiency projects. Hopefully, the campus can continue to expand the
intern program and involve more students in the coming years.
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