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DISCLAIMER OF 
ENDORSEMENT
This document contains references and links to organizations and 
companies that are not affiliated with the California Community Colleges 
Chancellor’s Office, South Orange County College District or Harley Ellis 
Devereaux. These links and references are provided solely for informational 
purposes and do not represent any endorsement of organizations, 
companies, products or their views. Additionally, the authors and sponsors 
of this document cannot guarantee the accuracy or completeness of the 
information contained in linked materials and websites. This document 
does not authorize the use of copyrighted materials contained in links and 
is not responsible for transmission users receive from these sources. 
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EXECUTIVE SUMMARY
The California Community Colleges mission is to provide students the 
knowledge and background necessary to compete in today’s and future 
economy. It is the largest higher education system in the United States with 
over 2.1 million students enrolled annually. It is comprised of 115 colleges with 
73 self-governing districts. The South Orange County Community College 
District (SOCCCD) is a public comprehensive community college district 
which began providing service in 1967 and today has strong ties to the 26 
communities that exist within its service area and beyond. The multi-campus 
district is comprised of Saddleback College in the City of Mission Viejo (1967), 
Irvine Valley College in the City of Irvine (1985) and Advanced Technology 
Education Park (2007) in the City of Tustin. 42,500 registered students are 
served by 931,467 assignable square feet and 1.3 million gross square feet of 
facilities. 

As a leading employer and well respected public agency, SOCCCD 
understands it has a deep responsibility to its local communities and society-
at-large to operate its facilities in ways that are efficient, sustainable and 
cost-effective—with the least possible impact on the environment. Reducing 
energy consumption is good for the environment and any generated cost 
savings can be utilized to better serve students and all communities, locally 
and globally. Consistent with these perspectives, the students, faculty, staff, 
administrators and Board of Trustees of the College have consistently pursued 
and implemented a wide range of sustainability efforts over many years, 
including energy efficiency improvement, recycling, LEED certification, green 
transportation and procurement practices, water conservation and more. 

The SOCCCD Integrated Energy Master Plan  (IEMP) is the most recent 
undertaking in a series of longstanding campus efforts that continue to 
positively contribute to society’s need to reduce energy usage, while building 
upon the institution’s growing culture of sustainability.

The IEMP addresses the following information:

• Driving factors for the Integrated Energy Master Plan (IEMP)
• Interpretations of Executive Orders for application at District and 

campus level
• Current campus energy consumption
• Energy Use Intensity (EUI) metrics establishment
• Building-by-building energy goals compared to external benchmarks
• Long-term and near-term goals with energy and greenhouse gas 

emissions targets
• Implementation of energy related projects and methodologies to 

achieve Net Zero Energy
• Incentives and Rebates

 Saddleback College Sciences Building (LEED Gold Certified)
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The information contained in this doc-
ument has been organized in sections 
that enable readers to become familiar 
with how the overarching energy poli-
cies of the State of California, the Cali-
fornia Community Colleges and South 
Orange County Community College 
District advance effective energy 
management. Moreover, this report 
provides the key data for understand-
ing the existing and projected energy 
consumption of Irvine Valley College, 
IDEA building at ATEP campus and Sad-
dleback College as well as the available 
options to achieve the objectives of 
this Integrated Energy Master Plan. The 
report’s sections are as follows: 

Sections most recommended for Sustainability / Energy Managers

PROJECT BACKGROUND AND 
GUIDING ENERGY POLICY
This section provides an overview of key energy 
policies of the State of California and, relatedly, 
the California Community Colleges. Within this 
overview is a summary of the important role 
of Government Partnerships Energy Efficiency 
Programs and the benefits they provide to 
colleges. The section concludes with a discussion 
about how South Orange County Community 
College District and other agencies can utilize 
these foundational policies to manage energy 
costs.

PROJECT APPROACH
This section describes the methodologies 
that were used to create the IEMP.  A hallmark 
of this plan is its innovative perspective and 
distinctive emphasis on the integration of 
varied energy solutions that synergistically 
address the College’s present state and 
projected future condition.

HOW TO USE THIS
DOCUMENT 
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ENERGY ANALYSIS AND STRATEGIES 
FOR MODERNIZATION
This section identifies specific strategies that are most appropriate for 
each phase of campus development as outlined in the Facilities Master 
Plan. 

Sections most recommended for Business / Financial Officers

STRATEGIES
This section provides a broad framework 
for implementing energy solutions that 
deliver maximum savings and operating cost 
efficiencies, in alignment with institutional 
needs and California’s loading order.  

Sections most recommended for Facilities Managers / Design Professionals
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Irvine Valley College- Quad Landscape
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[OVERVIEW]  
The intent of the Integrated Energy Master Plan (IEMP) is to provide practical, 
real-world energy solutions that take into consideration the impact of synergies 
between various cost effective strategies including energy efficiency, energy 
conservation and on-site renewable energy generation. A key goal for the 
project was to create a comprehensive plan of holistic energy solutions across a 
wide spectrum of applications. The plan would be designed to meet the needs 
of South Orange County Community College District through a deliberate 
alignment with the College’s present state and projected future condition. In 
parallel, the plan would provide a strategic road map of recommended energy 
solutions that could be followed by any of the 115 California Community 
Colleges or other interested agencies. By understanding the synergistic 
outcomes between programs and projects, whether these are competing or 
complementary, the IEMP provides strategies the College and other agencies 
can utilize to proactively manage energy costs.

PROJECT BACKGROUND AND 
GUIDING ENERGY POLICY

This Section Includes:

16 California’s Energy Environment

22 The California Community Colleges

25 Focus on SOCCCD

29 Call to Action
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[ CALIFORNIA’S ENERGY ENVIRONMENT ]
In 2019, California current-dollar GDP was $2.9 trillion and ranked 1st 

in the United States. California’s economic prosperity and quality of life 
substantially rely on dependable, high quality and reasonably priced 
energy. As the nation’s exemplar for promoting matters of environmental 
sustainability, the Golden State has been long recognized for introducing 
groundbreaking public policy. In California and throughout the world, there 
is a great public awareness and interest concerning energy related matters 
such as maintaining an effective and stable energy grid, the importance of 
energy security, mitigation of sometimes rapid fluctuations and volatility in 
the price of energy, and the need to consider climate change. Importantly, 
California’s energy and environmental policies have, over time, taken a whole 
systems approach with a strategic focus on key priority areas for achieving 
meaningful objectives.

Environmental law involves legal standards written to protect and improve 
the natural environment. The California Environmental Protection Agency 
(CalEPA) was established in 1991 combining numerous activities in one 
cabinet level agency. They are comprised of one office, two boards and three 
departments. Their mission is:  

“to restore, protect and enhance the environment, to ensure public 
health, environmental quality and economic vitality.”

California Regulatory Drivers include aggressive policies for reducing 
greenhouse gas (GHG) emissions, passing legislation, developing incentives 
and encouraging voluntary actions. The following list illustrates several of 
these policies the college must consider in its planning.

• Air Quality Management Districts and California Air Pollution Controls Act 194

• California Air Resources Board (CARB) established in 1967

• California Environmental Quality Act (CEQA) 1970

• Senate Bill 20 Electronic Waste Recycling Act (EWRA) 2003

• California Executive Order S-3-05 (2005) established the California Environmental Protection Agency (Cal/EPA)

• Senate Bill 97 (2010) CEQA set guidelines for land-use planning and GHG emissions

• Assembly Bill 32 (2006) Global Warming Solutions Act

• Executive Order S-01-07 (2007) set the Low Carbon Fuel Standard 

• Executive Order S-14-08 (2008) California Renewable Portfolio Standard set utilities target of 33% of electricity generated from 
renewable resources 

• Executive Order B-18-12 Green Building Action Plan

• Senate Bill 375 (2008) requires Planning Organizations to work with CARB to reduce GHG emission
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• California Community Colleges Board of Governors (2008) adopted an Energy and Sustainability Policy. The policy was updated in 
2019

• Pavley Bill (AB 1493) (2009) authorizes Cal Air Resources Board regulations on GHG emission

• Assembly Bill 341 establishes a statewide solid waste diversion goal with the intention of encouraging innovation in technology 
in recovery of recyclables in waste and requiring the Department of Resources and Recycling Recovery to submit reports on 
Legislature strategies necessary to accomplish the state goal. 2011-2012

• Executive Order B-16-12 ZEV Regulations 

• Senate Bill 535 (2012) – requires 25% of state cap-and-trade revenues to go to projects that benefit disadvantaged communities

• Executive Order B-48-18 ZEV & infrastructure deployment

• Senate Bill 350 (2015) - mandates an increase of California’s renewable energy use to 50% by 2030 and a doubling of energy effi-
ciency

• Senate Bill 32-15 (2016) – expands AB32 and requires a reduction in GHG emissions to 40% below 1990 levels

• Assembly Bill 758 -- doubles building energy savings (17% reduction in building energy use by 2030)

• Senate Bill 49 (2017) California Environmental, Public Health, and Workers Defense Act

• Assembly Bill 398 Extends cap-and-trade program to 2030

• Senate Bill 50 Public Lands Protection Act 2017

• Executive Order B-55-18 (2018) -  By 2045, achieve statewide carbon neutrality

• Senate Bill 100 (2018)- 60% of all electricity from renewable sources by 2030 and 100% from carbon-free sources by 2045; double 
the energy efficiency of existing buildings; and allow greater electric utility investment in electric vehicle charging infrastructure

• AB 3232 (2018) Requires the Energy Commission to assess how to achieve a 40 percent GHG reduction in the building sector by 
2030 to below 1990 levels

• Senate Bill 1477, also signed in September 2018, will allocate $50 million annually in incentives for very low emissions new build-
ings

• The recently passed AB 3232 law sets a tentative target of 40 percent GHG emissions reduction in California’s buildings below 1990 
levels by 2030 (to align with the state’s overall GHG emission goals) and directs the Energy Commission to assess how to achieve 
it in a manner that is beneficial for consumers and the grid
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Integrated Energy Policy Report

In the aftermath of the 2001 electricity crisis, the California Energy 
Commission (CEC) collaborated with key stakeholders in 2002 to develop 
and establish a biennial Integrated Energy Policy Report (IEPR). The purpose 
of the IEPR is to assess major energy trends and issues facing the state’s 
electricity, natural gas, and transportation fuel sectors and to provide policy 
recommendations to conserve resources; protect the environment; ensure 
reliable, secure, and diverse energy supplies; enhance the state’s economy; 
and protect public health and safety. Each new edition of the IEPR includes 
these assessments and associated policy recommendations. The IEPR is 
published every two years, with updates in alternate years. Preparation of 
the IEPR involves close collaboration with federal, state, and local agencies, 
as well as a wide variety of stakeholders to identify critical energy issues and 
develop strategies to address those issues.

Energy Action Plan

In an unprecedented collaborative effort, the California Energy Commission, 
the California Public Utilities Commission, and the California Power Authority 
jointly adopted in 2003 an Energy Action Plan (EAP) that was, in essence, a 
post-energy-crisis call-to-action that articulated a single, unified approach to 
meeting California’s electricity and natural gas needs. The EAP was updated 
in 2005 and again in 2008, and today is widely recognized and respected for 
its formative policy, both nationally and internationally. The cornerstone of 
the EAP was that it articulated for the first time California’s “loading order” for 
addressing the state’s future energy needs. As depicted below, the loading 
order is a priority list establishing that the state, in meeting its energy needs, 
would invest first in energy efficiency and demand response, followed by 
renewable generation, and then distributed generation.

1    Energy Efficiency / Energy Conservation
2    Demand Response
3    Renewable Generation
4    Distributed Generation

From another perspective, the EAP established the overarching pillars of the 
state’s sustainable energy policy.  First, energy efficiency was identified as 
the state’s top priority procurement objective; hence, all energy providing 
utilities operating within the state have been required to invest in energy 
efficiency, whenever it is cost effective, reliable and feasible. Second, the EAP 
recognizes the need for new generation of energy and promulgates that 
new energy must be produced initially through renewable energy resources 
and then by distributed generation.

Global Warming Solutions Act

California set the stage for its transition to a sustainable, low-carbon future 
by legislating for a sharp reduction of greenhouse gas (GHG) emissions 
through AB 32, the California Global Warming Solutions Act of 2006.  In 
doing so, California established another watershed policy in its history with 
the first program in the United States to take a comprehensive, long-term 
approach to addressing climate change, concurrently aiming to improve the 
environment and natural resources while maintaining a robust economy. 
The Global Warming Solutions Act requires: 

• California to reduce its GHG emissions to 1990 levels by 2020

• 40% reduction in GHG emissions below 1990 levels by 2030

• 80% reduction in GHG emissions below 1990 levels by 2050
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Full implementation of the Act is intended to help mitigate core risks associated 
with climate change while improving energy efficiency, reducing waste and 
expanding the use of renewable energy resources and cleaner transportation.

California considers its energy efficiency standards “the bedrock upon which 
climate policies are built” and uses renewable energy to fill any remaining 
energy needs. Compared to the implementation costs of other climate 
policies, the state finds that “energy efficiency provides substantial emissions 
reductions and should be an essential element of the Best System of Emissions 
Reductions (BSER) CO2e reduction target.” 

Long Term Energy Efficiency Strategic Plan

Adopted in 2008, California’s Long Term Energy Efficiency Strategic Plan 
serves as a statewide road map for achieving maximum cost-effective 
energy efficiency and energy savings in California’s electricity and natural 
gas sectors between 2009 and 2020, and beyond. This strategic plan was 
developed through a collaborative process involving the utilities firms that 
are regulated by the California Public Utilities Commission—namely, Pacific 
Gas and Electric Company (PG&E), Southern California Edison Company 
(SCE), San Diego Gas & Electric Company (SDG&E) and Southern California 
Gas Company (SoCalGas)—and more than 500 additional stakeholders. The 
regulated utilities are collectively recognized as Investor-Owned Utilities 
(IOUs) and play a critical role in furthering the state’s goal of attaining energy 
efficiency as a way of life in California by advancing structural changes in the 
way Californians use energy.

Previously, with the adoption of California’s Energy Action Plan, energy 
efficiency was identified as the state’s top priority resource. The Long Term 
Energy Efficiency Strategic Plan continues this commitment to energy 
efficiency as it articulates a long-term vision and goals for each of the 
state’s economic sectors, while also identifying specific near-term, mid-
term and long-term strategies to assist in achieving those goals, some of 
which include:

• All new residential construction in California will be zero net   
energy by 2020;

• All new commercial construction in California will be zero net  
energy by 2030;

• Heating, ventilation and air conditioning (HVAC) will be reshaped to 
ensure optimal performance for California’s climate resulting in a 50 
percent improvement in efficiency in the HVAC sector by 2020;

• All eligible income-qualified customers will have the opportunity to 
participate in special energy programs by 2020; 

• Energy efficiency will be made available to every Californian.

California Community Colleges, along with all government agencies, are 
identified in the Long Term Energy Efficiency Strategic Plan as having 
key roles for increasing energy efficiency, largely due to the presence of 
commercial buildings that are intense users of energy. In this context, 
the 5 billion-plus square feet of diverse commercial buildings in the state 
consume more electricity than any other end-use sector in California, in 
aggregate accounting for 38 percent of the state‘s power use and over 25 
percent of natural gas consumption.
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Energy Management in State Buildings 

In 2009, California’s Department of General Services (DGS) issued MM 09-
04, Procedures for Energy Management in State Buildings during Normal 
Operations and Electrical Emergencies. The procedures provide information 
about efficient energy management in state buildings during normal 
operation and outline actions state agencies should take during electrical 
emergencies. The energy management practices of all state agencies should 
conform to these procedures, including the prescribed detailed instructions 
on controlling energy usage during the following conditions:

 Emergency Status Level
 No emergency
 Stage 1 Electrical Emergency
 Stage 2 Electrical Emergency
 Stage 3 Electrical Emergency
 Rotating Outage or Blackout

As stated previously, the California community colleges are comprised of 
more than 75.6 million gross square feet of facilities throughout 115 colleges 
across the state; accordingly, each college has an important role to perform 
during an emergency electricity event.  In this regard, when the California 
Independent System Operator Corporation (CAISO) declares an electrical 
emergency, the DGS takes action and notifies all departments, universities 
and community colleges to take appropriate curtailment measures to reduce 
electrical load during Stage 1, 2 or 3 electrical emergencies. Federal law 
requires that CAISO maintain specified levels of energy reserves available to 
the electrical grid. In addition, CAISO is charged with maintaining a reliable 
and affordable power supply while minimizing the environmental impacts 
of conventional generation. CAISO envisions “demand response and energy 

efficiency becoming integral, dependable and predictable resources that 
support a reliable and environmentally sustainable electric power system.”

Zero-Net-Energy Goal

All Integrated Energy Policy Reports since 2007 have included a key 
recommendation to create a pathway to zero-net-energy (ZNE) buildings 
for new construction through the Building Energy Efficiency Standards 
contained in Title 24.  California’s Long-term Energy Efficiency Strategic Plan 
and other related policies and programs also support this approach.

Executive Order B-18-12 & Green Building Action Plan EO B-18-12 establishes:
• 50% of new state buildings to be ZNE* by 2020
• All new state buildings to be ZNE by 2025
• 50% of existing state buildings to be ZNE by 2025

*ZNE Source – Energy Efficient building that produces as much clean 
renewable energy as it consumes annually, when accounted for at the 
energy generation source.

A ZNE code building meets an energy use intensity (EUI) value designated in 
the Building Energy Efficiency Standards by building type and climate zone 
that reflect best practices for highly efficient buildings. 

Making the ZNE definition operational will require ongoing efforts 
through the 2016 and 2019 code development cycles. To ensure that all 
buildings have a pathway to compliance, the CEC anticipates establishing 
reasonable exceptions to account for building and building site limitations, 
including the need for “development entitlements” for off-site renewable 
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energy resources, such as community based renewable energy generation. 
Recommendations to ensure success in meeting present ZNE goals include 
adopting triennial building standards updates that increase the efficiency of 
new buildings by 20 to 30 percent in each update; tracking market progress 
on ZNE construction and performance; coordinating with the California 
Public Utilities Commission (CPUC) on future Investor-Owned Utility new 
construction-related programs; collaborating with the CPUC and stakeholders 
to create workforce development programs that provide the skills needed to 
meet ZNE goals; and including a voluntary energy tier for ZNE in the California 
Green Building Standards Code.

Renewable Portfolio Standard (RPS) Program

Renewable energy generation is third on the state’s loading order of priorities, 
and critical to the state’s energy infrastructure. California’s Renewables Portfolio 
Standard (RPS) is one of the most ambitious renewable energy standards in the 
country. Established in 2002, accelerated in 2006, 2011, 2015 and expanded in 
2018, the RPS program requires that Investor-Owned Utilities, electric service 
providers, and community choice aggregators derive 60 percent of the total 
electricity from renewable power by 2030 and requires all state’s electricity to 
come from carbon-free resources by 2045.

Government Partnerships Energy Efficiency Pro-
grams

Government Partnerships are energy efficiency (EE) programs implemented 
through collaborations between IOUs and local governments, regional 
governments or state agencies. 

 The California Energy Commission in September 2015 set out its 10-year 
roadmap to transform the states existing built environment. The action plan 
requires industry and government to collaboratively deliver substantial 
energy savings to help meet the states carbon emissions reductions goal 
– 80% reduction from today’s level by 2050. At the heart of the action plan 
are robust milestones to double energy savings in existing buildings. Key 
stakeholders partnering agencies include:

• CA Department of General Services
• Local Government at all levels
• Local Government Associations
• Local Government Partnership Utility and Implementer Leads
• Public K-12 Schools, colleges and universities
• California Division of the State Architect

 Saddleback College Observatory



[ THE CALIFORNIA COMMUNITY COLLEGES ] 
The California community colleges (CCC) is the largest system of higher 
education in the United States, comprised of 115 colleges within 73 self-
governing Districts. The colleges provide students with the knowledge 
and background necessary to compete in today’s economy through a wide 
range of educational offerings that include workforce training, basic courses 
in English and math, certificate and degree programs and preparation for 
transfer to four-year institutions. The colleges serve more than two million 
students annually, or approximately 25 percent of the nation’s community 
college students. Notably, three out of every ten Californians, aged 18 to 24, 
are enrolled at one of the 115 colleges. 

Each community college district is governed locally by a popularly elected 
Board of Trustees whose role includes being responsive to its community, 
setting local-level institutional policy and overseeing the operations and 
budgets of each college within its district. Comparably, the CCC is governed 
by a Board of Governors (BOG) whose role is to set policy and provide 
guidance for the 73 districts and 115 colleges that constitute the system. 
The 17-member board is appointed by the governor and formally interacts 
with state and federal officials and other organizations.  The BOG also selects 
a chancellor, who provides leadership for the system of colleges through the 
California Community Colleges Chancellor’s Office (CCCCO).

California Community Colleges Board of Gover-
nors Climate Change and Sustainability Policy

In 2008, the California Community College Board of Governors (BOG) 
adopted the Energy and Sustainability Policy  for all districts to achieve energy 
conservation, sustainable building & plant management best practices to 
reduce energy consumption. Furthermore, the BOG’s is committed to a goal 

of 100% participation in long term sustainability planning, greenhouse 
gas reduction strategies and programs to prepare students for careers in 
the Green Economy. In May 2019, the BOG approved and adopted a new 
Climate Change and Sustainability Policy to better align with the states 
vision and goals as outlined by California’s scoping plan.
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 Saddleback College Library Building



Reduce Energy Costs

California community colleges receive the majority of their general fund 
operational dollars from the state. Governor Gavin Newsom has allotted total 
budget for 2019-20 of $8.7 billion in funding for the CCC.  Eighty to ninety 
percent of these allocated dollars pay for personnel related costs at each 
campus.  In contrast, capital improvement projects are usually financed 
through General Obligation (GO) bonds that are authorized locally by the 
electorate of each college district. California Community Colleges’ unmet 
facilities needs are estimated at $42 billion over the next 10 years. A failure to 
fund these capital projects would likely be considered a missed opportunity 
to create jobs and to cultivate a skilled and educated workforce throughout 
the state.

The physical infrastructure of the present day CCC is expansive, with thousands 
of facilities located in diverse urban, suburban and rural communities across 
California. The system has 5,281 buildings that consist of 75.6 million gross 
square feet of facilities space located on 24,279 acres of land. Of significance, 
the system of 115 colleges annually consumes approximately 706 million kWh 
of electricity and 26 million therms of natural gas at a total annual operating 
cost for energy of $6.9 billion and $162 million, respectively. For each college 
within the CCC system, energy costs represent the one of the largest line item 
expenses, after faculty and staff salaries and benefits. With these factors in 
mind, CCC recognizes there are significant opportunities to reduce energy 
costs and, thereby, district operating costs by following the state’s loading 
order priorities by focusing first on efficiencies and conservation and then 
potentially through renewable or distributed generation. Through sheer 
size and its comprehensive efforts for a system-wide deployment of energy 
optimization strategies, the CCC is strategically positioned to play a major role 
in meeting California’s goal for a more reliable and sustainable power system.
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 Irvine Valley College Library Building
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 Table 1 California Community Colleges Goals for Addressing Climate Change and Furthering Environmental Sustainability 



Note: The campus owned vehicles, which are almost exclusively used on campus, have minimal effect on the carbon emissions and are too 
small to have an impact on this report. Additionally, electric vehicles do not yet exist for pickup trucks and vans which almost exclusively 
make up the campus fleet.
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[ FOCUS ON SOCCCD ]

SOCCCD STATS AS OF SCHOOL YEAR 2017-2018
Saddleback & District 

Services IVC & IDEA building at ATEP

College Acreage (acre) 172.54 106

No. of Buildings 40 35

Gross SF of Buildings 816,321 493,502

Staff 1,202 756

Students 26,476 15,162

Electricity (kWh) 3,354,040 6,182,123

Natural Gas (therms) 990,665 83,866

Water (gallons) 62,458,374 45,243,777

Campus Owned Vehicles 97 25

Parking Spaces 4,436 2,262
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The District’s vision is to be an educational leader in a changing world. The 
Board of Trustees adopted Board Policy 3006 Sustainability in May 2009, 
revised in February 2019. An administrative regulation was passed that 
focused on energy and sustainability. The regulation dealt with ten major 
categories:

• Sustainability
• Climate Action Plan
• Energy Conservation and Utility Management
• Water Conservation
• Waste Management
• Physical Plant Management
• Sustainable Building Practices
• Sustainable Procurement
• Sustainable Food Service
• College Operations, Education and Service

The District identified goals and strategies which provided the mechanisms 
for tracking progress.

SOCCCD Key Drivers:
• CA Legislation 
• CA Code of Regulations & Standards 
• Gubernatorial Executive Orders
• Reduce energy use, reduce operating costs and reduce emissions
• Utilize IOU’s Incentives & Rebates 
• Political – State and Federal governmental expectation that public 

entities will lead by example
• Economic–to build financial resilience to rising utility costs
• Reputational–promoting excellence in education and sustainability 

California’s leadership in reversing climate change – A multi-sector 
strategy:
• Limit statewide GHG emissions to 1990 levels by 2020 and at least 

40% below 1990 levels by 2030 
• SB100 100% Renewable energy by 2045 
• Zero Net Energy mandates (EO) B-18-12 
• 50% of new major renovations of state buildings will be ZNE by 2025
• IOU’s Energy Efficiency Programs 
• Natural Gas Efficiency Programs 
• Vehicle Emissions Standard stricter than Federal Standard 
• Appliance Efficiency Standards 
• SB 700 3,000 MW behind the meter storage by 2026 
• Statewide cap-and-trade program (pay to produce emissions)

The College upgraded and adopted its Facilities Master Plan to implement 
this extensive building and modernization program in direct support of 
the goals of the 2011-2031 Facilities Master Plan, and the 2020 Facilities 
Master Plan, currently being developed. The 2020 Facilities Master Plan 
currently in development will include funds for new and continuing 
efficiency improvements on all of the District’s campuses.

Facilities Master Plan (FMP)

The Facilities Master Plan (FMP) provides a long range planning framework 
to strategize new construction and accommodate changes in existing 
conditions through the 2031 planning horizon. 

The goals of the Facilities Master Plan include:
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• To establish clear direction for the colleges by envisioning the future under 
the changing conditions of internal and external trends and influences.

• To provide a foundation and serve as a primary resource for the 
development of college planning activities.

• To determine the status of the colleges, the dynamics that may impact the 
college, and to provide appropriate responses to the situation.

• To serve as the basis for facility decisions regarding expansion and 
modification of facilities and the implementation of the state bond 
measure that was provided to improve college facilities. 

• To identify the limitations, strengths, and capabilities of the colleges and 
offer options for the future.

• To stimulate continuing discussion about college programs and their 
effectiveness.

To this end, the Facilities Master Plan is intended to:

• Establish clear development/modernization direction for the colleges 
by strategizing future growth relative to changing internal and external 
trends and influences.

• Provide a foundation for implementation strategies and serve as a primary 
resource for the development of other college planning activities.

• Support accreditation reviews and demonstrate compliance with 
accreditation standards.

• Inform the community of the college’s present needs and future plans, 
forging a closer relationship between the colleges and the community.

• Serve as the basis for facility decisions regarding expansion and 

modification of facilities and the implementation of all funding 
measures provided to improve college facilities.

• Identify how the campus can serve students by emphasizing the 
strengths and capabilities of the colleges, and offer an environment 
supportive of academic and cultural pursuits.

• Stimulate synergies between students and faculty, and promote 
effectiveness of college programs.

• Increase coordination between master plan development and 
ongoing facilities maintenance projects.

SOCCCD - 2017 Sustainability & Energy Plan

The Sustainable Master Plan is designed to be a living document subject 
to ongoing evaluation and improvement. It is expected to evolve with 
changing circumstances including implementing the articulated sustain-
ability goals on waste, recycling,  water conservation, energy efficiency, 
renewable energy, green buildings, and sustainable transportation. 
Through the work of the District, five focus areas for sustainable practices 
were identified:

• Governance & Policies 

• Teaching, Learning & Outreach 

• Sustainable Transportation Planning

• Waste Reduction, Reuse & Recycling 

• Green Buildings & Sustainable Operations
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Integrated Energy Master Plan

As the campus building program progressed and energy costs remained as 
one of the largest operating expenses after personnel expenditures, South 
Orange Community College District staff identified the need to further 
maximize operational efficiencies. Further, the Integrated Energy Master 
Plan (IEMP) provides an opportunity to engage in meaningful discussions 
with key stakeholders to ensure their needs and concerns are accounted 
for during the planning phase which ensures successful implementation of 
actual projects.

The IEMP focuses on deploying facility management practices to reduce 
overall energy consumption by maximizing energy efficiency in existing 
buildings. Strategies include:

• Deep energy efficiency lighting upgrades 
• HVAC upgrades to highly efficient, right-sized systems with regular 

scheduled maintenance 
1. Replace chillers, boilers, and water pumps with more efficient 
options 
2. Install variable air volume (VAV) fans and motors with adjustable 
speeds. 
3. Install electric sensor water faucets in restrooms. 
4. Replace transformers with new higher efficient electrical 
transformers. 

• Improving thermal performance of building envelope e.g. insulation, 
glazing, roofing, etc

• Participate in IOU’s Demand Response Programs to reduce peak 
electrical load

• Load reductions by improving efficiency of appliances and equipment 
• Energy savings data controls 
• Retro-based building commissioning (RCx) & Monitoring-based 

building commissioning (MBCx) 
• Central Plant / Equipment replacement 
• Utility incentives & rebates programs (e.g. Savings by Design Programs)
• On-site renewable energy generation

The SOCCCD Integrated Energy Master Plan is a comprehensive strategic 
plan that identifies various energy related projects and methodologies to 
be employed by the college in support of the continued progression of the 
campus building and modernization program. In addition, the SOCCCD 
IEMP has been concurrently designed as an energy conscious Strategy and 
Resource Guide to be utilized by any of the 115 colleges within the California 
Community Colleges as well as other interested colleges, universities or 
public agencies.
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[ CALL TO ACTION ]
According to the U.S. Department of Energy, America’s buildings account 
for about 40% of the total US primary energy consumption, which is natural 
gas, gasoline, coal, nuclear energy and renewable energy.  Primary energy 
sources are mainly used to create secondary energy (i.e. electricity) which 
buildings use over 70%. Buildings also produce 39% of the country’s carbon 
emissions. For community colleges and other governmental agencies, 
these metrics indicate that significant opportunities exist to reduce the 
cost of energy and the institution’s carbon footprint. In this regard, the 
State of California has created a policy driven framework that supports 
a continuous endeavor to increase energy efficiency and conservation, 
through renewable energy and distributed generation—where feasible 
and cost effective. This comprehensive framework is supported by the 
California Community Colleges Board of Governors and Chancellor’s Office. 
Moreover, all industry sectors operating within the state are expected to 
play a role in reducing the cost of energy to ensure California’s economic 
prosperity and quality of life for all Californians. 

Each IEMP provides for a holistic integration of energy use throughout 
campus, building by building. Notably, the IEMP is also aligned and 
integrated with California’s full complement of guiding energy policies. 
SOCCCD strives to be a leader in energy conservation within the state 
as well as the communities served by the District.  As an educational 
institution, the District aims to increase awareness with its constituents and 
its colleagues to promote sound energy management practices. Readers 
of this plan, especially those who work in California community colleges, 
can and should lead by example by providing cost effective solutions 
(such as those identified in this report) that will increase energy efficiency; 
create operational savings by reducing the demand for energy; reduce an 
institution’s carbon footprint and deliver stellar stewardship of resources 
for the betterment of the environment, institution and economy.
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Integrated Design, Engineering and Automation (IDEA) Building at ATEP
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32 Methodology Overview
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35 Energy Design Guidelines

36 Energy Modeling & Data Analyses

37 Benchmarking Standards

38 Energy Strategies for Existing Conditions

This Section Includes:
The South Orange County Community College District Integrated Energy 
Master Plan intentionally follows California’s loading order priorities by striving 
to increase energy efficiency campus-wide through energy optimization 
strategies that reduce costs and minimize consumption. The strategies 
recommended or documented herein for meeting the state’s uppermost 
priorities are augmented by recommendations or strategies that utilize 
renewable or distributed generation to potentially offset consumption costs 
or create new revenue streams. The college’s need to become more energy 
efficient in a cost effective manner, where feasible, aligns well with the state’s 
overarching energy policies. 

This section provides the varied energy solutions that meet the sustainable 
goals of the District.

PROJECT APPROACH
[ OVERVIEW ]  
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[ METHODOLOGY OVERVIEW ]
A central objective of the IEMP was to develop a phased, holistic approach 
for meeting the college’s energy needs whereby, in alignment with 
California’s loading order priorities, solutions could be applied near-term 
to existing buildings and in the longer-term to newly constructed or 
modernized buildings that are delineated in the college’s Facilities Master 
Plan. As described throughout this section, this essential objective was 
accomplished through the following reproducible methodologies:

1 Based on existing conditions, the energy consumption of each  
building on campus was modeled, both wholly and by subsets of 
categories (e.g., lighting load, cooling load, heating load);

2 Energy consumption baseline data were created for each building on 
campus;

3 Multiple national energy consumption benchmarking standards were 
identified, compared to campus building-by-building baseline data, 
then utilized for setting campus building-by-building consumption 
reduction goals; and

4 In alignment with California’s loading order priorities, varied strategies 
were identified, prioritized, and recommended for the existing 
conditions of the campus and also for a multi-phased, multi-year 
approach based on the sequencing schedule of the Facilities Master 
Plan.



[ ZERO NET ENERGY APPROACH ]
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Given that buildings consume approximately 40% 
of the total energy consumed in the U.S, recent 
legislations in California have prioritized energy 
efficient buildings (approaching zero net energy). A 
systematic approach with a set of priorities is needed 
to achieve this goal. These are:

1. Owner’s Program Requirements examples 
include reducing the energy consumption by 
understanding the existing energy use and 
planning for future development.

2. Reduce Loads by using passive strategies. These 
strategies include:
• building orientation
• shading
• thermal mass
• natural ventilation

3. Energy Efficiency (EE) Measures or Active 
Strategies. Typical EE measures include: 
• High efficiency lighting (LED)
• High efficiency air-conditioning units (VRF)
• Central Plant Systems
• High efficiency motor variable frequency 

drives
• Hybrid ventilation systems
• Economizer systems
• Radiant cooling and heating systems
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4. Demand Management aims at reducing the cost of energy by shifting 
energy consumption to off-peak hours of the day to take advantage of 
lower electrical rates. Some strategies include:
• Thermal Storage: This technique generates ice from ice making 

chillers at extra low off-peak tariffs, typically from 12:05 am to 6:00 
am. The ice then melts and the chilled water is pumped to the Air 
Handling Units during the peak load hours (11:00 am to 6:00 pm) 
without turning on the chillers. This process is repeated every day.

• Pre-Cooling: This involves having water drip down the condenser 
coils of rooftop air-conditioning units. This causes the ambient 
temperature around the condenser coil to drop between 20-30°F 
and increases the efficiency of the A/C unit.

• Battery Storage: This works similar to thermal storage. This method 
uses batteries that are charged during off-peak hours for use during 
peak hours.

• Photovoltaic Systems: PV systems generate electricity during the 
same time when electricity consumption is also at its peak, thereby 
reducing the peak load.

• Smart Operation: typically classrooms and offices have a space 
temperature set-point of 72°F. However, by having a floating 
set-point which is dependent on outside temperature can reduce 
energy use and demand. This strategy has been proven to be 
successful because comfortable temperature for occupants can 
vary depending on environmental (outdoor temperature, air 
velocity, humidity, etc) and personal factors (metabolism, clothing, 
activity level, etc). For example, having a constant set-point of 72°F 
can be uncomfortable for occupants when the temperature outside 
is in the 90s. This is especially effective in transient spaces such as 
corridors or lobbies when having a controlled temperature is not 
necessary as occupants do not stay in these spaces for long periods. 

Another strategy is to keep transient spaces such as corridors at a 
higher temperature set-point compared to an occupied space.

5. Recover Energy. The code requires each occupied area to be provided 
with minimum outside air (OSA) for each occupant. Therefore, the 
quantity of OSA entering the building must be exhausted to prevent 
building pressurization. However, the exhaust is already conditioned 
and therefore, to save energy, it may be possible to use this cool air 
to precondition the incoming OSA. Another strategy is to use heat 
recovery chillers that allow the heat rejected from the chillers be used 
for hot water or heating purposes. This technique is commonly used 
for cogeneration systems and is used at Saddleback Central Plant for 
heating, hot water and swimming pools.

6. Renewable Energy or on-site generation. Southern California is one of 
the best places in the world to generate electricity from PV panels due 
to the abundant sunlight. It is also an excellent candidate to produce hot 
water from solar panels. Climate analysis shows that there isn’t sufficient 
wind velocity to drive wind turbines at SOCCCD and therefore should 
not be considered as a viable source of renewable energy. Fuel cells are 
another alternative only if bio-gas is used. However, SOCCCD does not 
have a supply of bio-gas and therefore it should not  be considered.
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The most effective strategy to manage the energy consumption of future 
facilities is to design and construct buildings that allow flexibility of use, 
incorporate efficient systems, conserve energy and resources and, under 
certain circumstances, generate energy.  Planning for such wide ranging 
options requires thoughtful consideration. Developing and utilizing Energy 
Design Guidelines can be instrumental in delivering the types of holistic 
energy solutions that are envisioned in this IEMP.  Although presently not 
in widespread use, Energy Design Guidelines for new construction and 
significant modernization projects have value as an innovative strategy for 
effectively and proactively managing energy consumption.  IEMP Energy 
Design Guidelines include:

Establishment of target benchmarks for Energy Use Intensity (EUI). It is 
important to establish an EUI baseline for all new capital projects at inception 
in order to create an internal benchmark for comparing energy performance. 
Overall, a lower EUI indicates better building energy performance, but EUI’s 
vary according to building type. Designing to a specific EUI target will provide 
the colleges with a good indication of the annual operating budget that will be 
needed to operate the building. Refer to page 37 for the detail  EUI definition. 

Development of life-cycle cost analyses of energy technologies during the 
design process that show the relationship between capital and operational 
costs. Life-cycle cost analyses of energy technologies and strategies can assist 
in the formation of construction budgets and energy budgets by providing a 
true cost comparison of different alternatives.

Optimization of building orientation and massing. Both active and passive 
solar strategies are more effective on buildings that maximize southern 
exposures while minimizing east and west exposures. Building massing should 
optimize airflow, by promoting or limiting airflow as needed. Massing should 

also consider both positive and negative impacts to adjacent structures 
and open spaces.

Optimization of building envelopes. High performance glazing that 
minimizes solar heat gains and maximizes visible light transmission is 
essential for reducing heating and cooling loads, thus energy consumption.

Optimization of shading and daylighting. While shading can reduce solar 
heat gains, daylighting promotes learning. Shading and daylighting 
strategies should be paired to maximize the effectiveness of both passive 
strategies. In addition, adjacent landscape and site structures can provide 
shading to buildings and should be considered and designed to maximize 
beneficial impact.

Specification of high efficiency and Energy Star rated equipment. This 
strategy applies to all energy consuming equipment from HVAC systems 
to refrigerators. Significant information is available to both engineers and 
specification writers that allow for identification of appropriate equipment 
that minimizes energy consumption. 

Establishment of energy performance requirements and strategies by 
building type. This allows performance levels to be applied appropriately 
to each building in consideration of the specific challenges of each building 
type. 

Establish LEED requirements. The district requires that all new construction 
and major renovations shall be at least LEED Gold equivalent. Therefore, all 
college staff should continue to ensure that all relevant new construction 
meets or exceeds this commitment.

[ ENERGY DESIGN GUIDELINES ]



INTEGRATED ENERGY MASTER PLAN  South Orange County Community College District  

36

[ ENERGY MODELING & DATA ANALYSES ]
An initial task was to benchmark the energy consumption of each campus 
in its existing condition. The Irvine Valley College campus is currently 
served by two electric meters and  the Saddleback campus is served by 
six (i.e. individual buildings are not independently metered).  It was thus 
necessary to model the entire campus for energy consumption—building-
by-building—and further divide the consumption of each building into 
energy consuming categories such as lighting load, HVAC load, heating 
load, etc. The data generated for each of the buildings was calibrated using 
a HED proprietary Excel based engine, thus allowing alignment of the actual 
consumption from the electrical meters with the predicted consumption 
from the computer model. Reference data used to provide this level of 
analysis included:

1 Electricity consumption from one main meter at 15 minute intervals 
for both kW and kWh for 3 years

2 Fuel usage including gasoline, diesel, propane, etc.
3 Natural gas consumption for 3 years
4 Water consumption
5 Building management systems information
6 Lighting retrofit project scopes and year of completion
7 Computer equipment load demands
8 Building envelope data, determined by referring to code 

requirements by year of construction
9 Building schedule operation
10 Campus hours of operation
11 Existing Educational Master Plan and Facilities Master Plan

A comprehensive review of all consumption data, including metering data, 
interval data, data analytics and energy simulation of the entire campus 

was undertaken to identify energy consumption, building-by-building. All 
building performance data underwent multiple reviews and data precision 
tests to ensure the data was within a reasonable accuracy range. This campus-
level internal benchmarking established a baseline for energy consumption, 
building-by-building. 

Once the energy consumption data for the campus was modeled, the 
data was analyzed and considered. The overall analytical results were then 
graphically presented alongside industry benchmarks so that comparisons 
between building energy use and industry benchmarks could easily be 
made, leading to informed decision making for the establishment of specific 
reduction strategies and goals. The consumption information, related 
baselines and multiple reduction strategies that were developed from the 
existing conditions of the campus enable college stakeholders to assess 
the varied energy savings opportunities with a high degree of accuracy.  
The data analyses and resultant baselines incorporated estimated energy 
savings from already completed projects. 

The following key activities were conducted during this stage of the project:

1 Create a baseline graph of consumption kWh
2 Create a baseline of demand in kW
3 Assessment of the existing greenhouse emissions of the campus
4 Review of operational practices
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[ BENCHMARKING STANDARDS ]
Benchmarking allows SOCCCD to understand the relative energy efficiency of 
a building and compare its performance to similar types of buildings. Once 
energy consumption baselines were established for each of the colleges, 
comparative analyses with multiple national benchmarking standards 
were conducted to ensure the reasonableness and efficacy of the baseline 
calculations. The benchmarks that were utilized and approach to the analyses 
are described below.

The energy consumption of a building is measured in Energy Use Intensity 
(EUI). EUI is a building’s energy use (in kBtu) per square foot per year. EUIs 
are calculated by totaling the annual energy used by all utilities serving the 
building, such as electric and natural gas, divided by the building’s gross floor 
area. EUIs are normalized for building size, allowing buildings of various sizes 
to be compared to each other.

Higher EUIs show greater energy use, whereas lower EUIs indicate more en-
ergy efficient buildings.  With this in mind, it is important to note that certain 
building types will always use more energy than others.  For instance, build-
ings that house information technology servers will account for greater ener-
gy usage than buildings that house regular classrooms and/or office space. 
Similarly, greater energy usage will also occur in buildings that house multiple 
laboratories; this type of workroom may consume three to four times more en-
ergy than regular classrooms. Further, the type of laboratory and the activities 
conducted in the space will determine the equipment needed for ventilation, 
lighting, fume-hoods, etc.  These factors, combined with a laboratory’s hours 
of operation, will impact its overall energy consumption.

The Commercial Building Energy Consumption Survey (CBECS) is the 
national dataset upon which ENERGY STAR scores are modeled. To facilitate 
the establishment of sound energy reduction goals for the College, it was 
important to compare the overall EUIs (total energy consumption/total 
square footage) by building type between the CBECS dataset and the 
college’s dataset to ensure that HED’s proprietary software produced EUI 
datasets that were in alignment with, and considered reasonable relative to, 
CBECS overall EUIs by building type. Following this comparative analysis, a 
graphical illustration was developed that shows the CBECS EUI and college 
EUI for each building on campus, in its existing condition.  This data served 
as baselines and benchmarks to establish college EUI reduction goals for 
each building on campus. The college EUI reduction goals are shown on 
the illustrative bar chart on the chapters “Energy Analysis and Strategies 
for Modernization”.
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[ ENERGY STRATEGIES FOR EXISTING CONDITIONS ]
The IEMP quantifies and benchmarks energy consumption and demand 
based on existing college conditions. Further, the plan addresses future needs 
by taking into account planned-for systems such as an improved energy 
management system as well as planned-for building activities including 
demolition, modernization or new construction. The key to implementing 
successful energy projects is recognizing and taking advantage of synergies, 
trade-offs, and all available incentives, rebates and grants. Naturally, this 
entails setting both short-term and long-term goals and also balancing 
projects with longer payback periods with projects that have quicker 
payback periods. Doing so in alignment with the Facilities Master Plan will 
maximize energy savings, reduce CO2 emissions, and provide a comfortable 
healthy indoor environment that promotes an optimal learning experience. 

In developing and highlighting these varied approaches to energy efficiency, 
conservation, and generation, the following took place:

1 Acknowledged the energy savings projects previously completed 
on the three campuses- refer to the individual college sections

2 Assessed consumption reduction values of multiple improvement 
strategies

3 Illustrated the estimated reduction in demand, by each major project 
strategy.

4 Illustrated the importance of an effective Energy Management 
System

5 Considered demand response to lower consumption at peak times 
and receive financial incentive for doing so 

6 Highlighted consumption reduction and clean power generation 
through a photovoltaic system

7 Characterized the role of distributed generation

8 Identified synergies between program/project recommendations
9 Ascertained the benefits to students, staff, and faculty of program/

project implementation
10 Identified learning opportunities available from the performance of 

the energy projects

Specific loading order strategies are identified and described in the following 
sections.

 Irvine Valley College Library Building
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Saddleback College, located in Mission Viejo, was established in 1967 and 
since then has educated more than 500,000 students. The college has a 
rich history and diverse student population. The values of the college 
embrace innovation and sustainability as one of their core principles. 
Saddleback College is dedicated to reducing its ecological footprint by 
ensuring its facilities are maintained and operated in a resource efficient 
and sustainable manner. The college offers various academic courses on 
the various facets of sustainability and is also committed to teaching by 
example and showcasing innovation and sustainable technologies through 
campus projects. It is also imperative to address the financial health of the 
institution through efficiency and resource management.

Efficient resource management can reduce the college’s impact on natural 
resources such as air, water, energy and other raw materials.  The 2011 
Facilities Master Plan (the new 2020 Master Plan is currently in development) 
set goals for upcoming new construction projects and site improvement 
projects and detailed a 5, 10 and 20 year development plan. These goals 
were set after considering the existing college goals and objectives. The 
Integrated Energy Master Plan (IEMP) provides a roadmap for the college to 
operate its facilities in an efficient, sustainable and cost-effective manner. 
The IEMP also provides a pathway to achieve the goals set by the Board 
of Governors of the California Community Colleges in the Resolution on 
Climate Change and Sustainability Goals and Policy. It provides campus 
wide and building specific passive and active sustainability measures. 

Stakeholder engagement included formal meetings, one-on-one 
meetings, on site visits for technical briefings to gain relevant data, and 
answer questions relating to the development and scope of the Integrated 
Energy Master Plan. The District’s objective was to foster discussions with 
key stakeholders. Stakeholders were integral to the entire process as this is 
a data driven exercise.

[ EXECUTIVE SUMMARY ]
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  Saddleback College- Sciences Building
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[OVERVIEW]   

ENERGY ANALYSIS AND 
STRATEGIES FOR MODERNIZATION
This section examines in detail the existing energy usage and generation 
as well as the Greenhouse gas (GHG) emissions at Saddleback College. 
Reduction targets are established relative to the existing Energy Use Intensity 
(EUI) and to the Commercial Building Energy Consumption Survey (CBECS) 
benchmarks. Further, this section recommends various energy strategies 
for implementation at Saddleback College based on climate analysis (See 
Appendix). The specified strategies were selected from the general menu of 
strategy options that were described in the Strategies section of this resource 
guide. The recommendations are aligned with the present state of the campus 
as well as its future condition. Strategies for two tiers of upgrades were selected 
to maximize energy savings for the campus while considering the operational 
logistics of the institution. A range of applicable potential savings for specified 
strategies are included for reference. The detailed analysis for implementation 
of solar energy are also provided to reach the goal of net zero energy.

This Section Includes:

9 Energy Analysis

20 Climate Action Plan

23 Strategies for Modernization

30 Reach to Net Zero Energy
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[ ENERGY ANALYSIS - existing energy campus map ]
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Saddleback College has a long history of implementing energy efficient 
projects and have been recognized by the community. 
• The college was awarded by San Diego Gas & Electric in 1980 and 1991 for 

their advanced energy efficient technologies.
• The college was nominated to receive the Excellence in Energy Award 

from the San Diego Business Journal in 2001.

The energy conservation efforts by the college have resulted in energy savings 
of over 1,000,000 kWh per year. Some of these projects were:

• The installation of a 1.5 MW cogeneration plant that produces over 
8,500,000 kWh per year. The heat generated from the plant is used to heat 
the college’s swimming pool and to provide domestic hot water for the 
buildings. The heat is also converted by the absorption chillers to provide 
chilled water which is used to air condition the buildings on campus.

• In 2015, the existing central plant and cogeneration facility were upgraded 
and all the parking lot fixtures were upgraded to LED. This resulted in 
further reducing the energy consumption by 11%.

Current construction and renovation projects have included various energy 
conservation efforts such as:

• Sciences Building: Use of high performance windows, LED fixtures, 
Building Management System, interior and exterior lighting controls and 
thermostat controlled multiple zones.

• Fine Arts Building HVAC Replacement/Upgrade: Replacement of rooftop 
HVAC units, improved insulation on roof utility lines, replacement of 
ducts, displacement ventilation in the performing arts theater, thermostat 
controlled zones, use of a building management system and a LED system 
upgrade.
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[ ENERGY ANALYSIS - existing energy conservation projects ]
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[ ENERGY ANALYSIS - building consumption and eui summary ]
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[ ENERGY ANALYSIS - energy consumption by building ]
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This graphic provides a 
comparative overview of 
the energy consumption 
of all existing buildings at 
Saddleback College.  Each 
building is represented 
by a pie chart. The color/
dashed line indicates if 
the building is scheduled 
for demolition or planned 
for future renovation/
expansion.

The size of each pie 
chart represents each 
building’s annual energy 
consumption.
(The larger the pie, the 
higher the overall energy 
consumption).  Each pie 
chart is divided into the 
percentage of energy 
consumed by each major 
building system (power, 
lighting, heating, cooling, 
process energy, and hot 
water).

See the Legend on 
the opposite page for 
additional information.
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[ ENERGY ANALYSIS - existing campus energy use intensit y ]
Note: This image shows two 
distinctive elements for each 
building. The first uses the color 
scale to show the actual energy 
consumption of the building per year 
(in kBtu). The second uses the height 
of the buildings to depict the Energy 
Use Intensity. Since buildings with 
larger area naturally consume more 
energy, EUI values provide a method 
of normalizing the consumption by 
dividing the energy consumption 
per year by the area of the building.
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[ ENERGY ANALYSIS - eui comparison of all campus buildings ]

The Commercial Buildings Energy Consumption Survey (CBECS) is a sample survey that collects energy usage information from the existing U.S building 
stock. The survey provides the average EUI of similar buildings located in the same climate zone and therefore can be used for benchmarking. Currently, 
approximately 30% of the college’s buildings are more efficient than the CBECS benchmark. Should the college achieve their 25% reduction in energy goal, 
over 80% of the buildings will be more efficient than the CBECS benchmark.
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2016-2018 Saddleback College GHG Emission Trends

kwh equivalent lbs CO2

This figure depicts the monthly trend 
in GHG emissions levels between 
April 2016 and December 2018 
at Saddleback College based on 
monthly utility consumption. There 
is a wide variation in GHG emissions 
from month-to-month. The more 
in-depth study was conducted to 
help better understand building-
by-building energy consumption. 
There is a strong correlation between 
energy use reduction measures 
and GHG reductions. The goals and 
strategies outlined in the Plan will 
support the development of further 
measures that can be taken and 
projects that can be implemented to 
continue the college’s effort towards 
reducing GHG emissions and the 
eventual goal of carbon neutrality in 
40 years.

[ CLIMATE ACTION PLAN- HISTORICAL MONTHLY GREENHOUSE GAS EMISSION TRENDS ]



INTEGRATED ENERGY MASTER PLAN  Saddleback College  

21

RECORDED AND PROJECTED DATA FOR ENERGY CONSUMPTION
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RECORDED AND PROJECTED DATA FOR CO2 EMISSION
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[ strategies for moderniZation - lighting retrofits ]
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 Buildings with LED retro�t

Buildings with partial LED retro�t
Buildings with General Lighting

Not currently in use

Note: The college has replaced all site lighting with LED fixtures 
as well. This has resulted in significant savings to the college.
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[ strategies for moderniZation - completed led lighting retrofit projects ]

- 7.4% - 7.9%
- $4,500 per year - $7,800 per year
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- 6%- 7.9%
- $5,500 per year - $1,500 per year

[ strategies for moderniZation - completed led lighting retrofit projects ]
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[ strategies for moderniZation - high efficiency hvac projects ]
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High E�ciency HVAC Units Installed

Buildings without upgraded HVAC Systems

Not currently in use
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- 4.4%
- $10,600 per year

- 3.5%

[ strategies for moderniZation - high efficiency hvac projects ]

- $34,500 per year
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[ strategies for moderniZation - building management system ]
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Buildings controlled by BMS

Buildings without BMS

Not currently in use

The college has a campus-wide Building Management System 
(BMS). The graphic shows which buildings are connected to 
the central BMS and those that are not. However, the campus 
BMS system is undergoing a major upgrade to another system 
that has an “open” protocol. The benefits of open protocol BMS 
systems include:
• Low cost of ownership- open protocol means that the 

owner is not locked into one priority system which requires 
components and software from only one company for the 
entire life of the system. This can be very expensive for the 
owner as there is no choice in both hardware and software 
and is a monopoly.

• Sensors and equipment can be obtained from a wide 
selection of manufacturers that specialize in any one 
component of a BMS. For example, some manufacturers 
solely focus on actuators while others focus on lighting 
management systems. Therefore, the owner has the most 
innovative and energy efficient components for their 
system.

• Staff require training for only one software and in addition, 
it makes it easier to hire staff that have had the same 
training.

• It makes preventative maintenance easy and facility staff 
can program the software to their exact needs.

• Deploying the same computer graphics for each building 
across the campus makes it easier for maintenance and 
can be easily modified without the need for expensive 
proprietary software modifications.

• It is easy to revise the software if functionality of the space 
is expanded or changed.
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[ strategies for moderniZation - ev charging station ]
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4 Stations

4-6 Stations

2-4 Stations

2-4 Stations

2-4 Stations

4-6 Stations

Proposed EV Charging Stations

Campus Buildings

Planned EV Charging Stations

Note: The proposed EV charging stations are 
based on a staged roll-out which will depend 
on demand on electric cars. For convenience, 
a set of chargers are located at all major 
parking lots

S

VICE RDR
SERVICE

Electric charging stations are required by Title 24 Energy Code in 
all new parking lots. An electrical rate determined by the college 
will provide constant revenue. Depending on the rate charged 
to the consumer, the payback is usually less than 2 years and it 
most importantly encourages the use of clean vehicles, thereby 
reducing the carbon footprint and providing a positive image 
of an eco-friendly college. The 4 planned EV stations and the 
infrastructure and conduits for the 24 proposed EV stations will 
be installed within the next year.
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[ REACH TO ZERO NET ENERGY - sol ar energy demand ]
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Saddleback College does not have 
any existing solar systems. The 
cogeneration plant produces 7,448.35 
MWh of electricity, providing 68.9% 
of the total electricity consumption 
per year. The central plant system still 
generates carbon emissions because 
its primary fuel source is gas. Therefore, 
to meet the goal of net zero energy*, it 
requires additional 10,802.39 MWh of 
electricity to be produced by 6.5MW 
solar systems in the future planning. 

* Zero Net Energy is an energy efficient 
campus where the annual renewable 
energy generated on the campus 
is equal or more than the energy 
consumed100% of consumption uncovered by renewables

Additional 6.5MW Solar System required
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[ REACH TO NET ZERO ENERGY - life cycle analysis ]
System Size:                 6500 kW
Annual Generation:   10,784,059 kWh/year
Required PV Area:      6500 kW * 100 sqft/kW = 650,000 sf

Initial PV Cost:               $ 3180 /kW x 6500 kW = $ 20,670,000
Annual O & M:               $ 19 /kW-yr x 6500 kW = $ 123,500
Annual Payback:           10,784,059 kWh/yr x $ 0.12 /kWh = $ 1,294,086

ROI (excluding rebate):      
                                      $ 20,670,000 / ($ 1,294,087 - $ 123,500) = 17.6 yrs   

12/31/2019 PVWatts Calculator

https://pvwatts.nrel.gov/pvwatts.php 1/1

Caution: Photovoltaic system performance
predictions calculated by PVWatts® include
many inherent assumptions and
uncertainties and do not reflect variations
between PV technologies nor site-specific
characteristics except as represented by
PVWatts® inputs. For example, PV modules
with better performance are not
differentiated within PVWatts® from lesser
performing modules. Both NREL and private
companies provide more sophisticated PV
modeling tools (such as the System Advisor
Model at https://sam.nrel.gov) that allow for
more precise and complex modeling of PV
systems.

The expected range is based on 30 years of
actual weather data at the given location
and is intended to provide an indication of
the variation you might see. For more
information, please refer to this NREL report:
The Error Report.

 

Disclaimer: The PVWatts® Model ("Model")
is provided by the National Renewable
Energy Laboratory ("NREL"), which is
operated by the Alliance for Sustainable
Energy, LLC ("Alliance") for the U.S.
Department Of Energy ("DOE") and may be
used for any purpose whatsoever.

The names DOE/NREL/ALLIANCE shall not
be used in any representation, advertising,
publicity or other manner whatsoever to
endorse or promote any entity that adopts or
uses the Model. DOE/NREL/ALLIANCE shall
not provide

any support, consulting, training or
assistance of any kind with regard to the use
of the Model or any updates, revisions or
new versions of the Model.

YOU AGREE TO INDEMNIFY
DOE/NREL/ALLIANCE, AND ITS AFFILIATES,
OFFICERS, AGENTS, AND EMPLOYEES
AGAINST ANY CLAIM OR DEMAND,
INCLUDING REASONABLE ATTORNEYS'
FEES, RELATED TO YOUR USE, RELIANCE,
OR ADOPTION OF THE MODEL FOR ANY
PURPOSE WHATSOEVER. THE MODEL IS
PROVIDED BY DOE/NREL/ALLIANCE "AS IS"
AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING BUT NOT
LIMITED TO THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE ARE EXPRESSLY
DISCLAIMED. IN NO EVENT SHALL
DOE/NREL/ALLIANCE BE LIABLE FOR ANY
SPECIAL, INDIRECT OR CONSEQUENTIAL
DAMAGES OR ANY DAMAGES WHATSOEVER,
INCLUDING BUT NOT LIMITED TO CLAIMS
ASSOCIATED WITH THE LOSS OF DATA OR
PROFITS, WHICH MAY RESULT FROM ANY
ACTION IN CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS CLAIM THAT ARISES OUT
OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THE MODEL.

The energy output range is based on
analysis of 30 years of historical weather
data for nearby , and is intended to provide
an indication of the possible interannual
variability in generation for a Fixed (open
rack) PV system at this location.

10,784,059 kWh/Year*RESULTS

System output may range from 10,479,949 to 10,944,741 kWh per year near this location. 

Month Solar Radiation
( kWh / m2 / day )

AC Energy
( kWh )

Value
( $ )

January 4.43 683,362 82,003

February 5.11 717,828 86,139

March 6.20 940,210 112,825

April 6.72 994,699 119,364

May 7.03 1,068,302 128,196

June 6.96 1,003,212 120,385

July 7.42 1,106,074 132,729

August 7.36 1,079,103 129,492

September 6.81 976,847 117,222

October 5.78 866,624 103,995

November 4.80 705,351 84,642

December 4.09 642,447 77,094

Annual 6.06 10,784,059 $ 1,294,086

Location and Station Identification

Requested Location 28000 Marguerite Pkwy, Mission Viejo, CA 92692

Weather Data Source Lat, Lon: 33.57, -117.66  1.3 mi

Latitude 33.57° N

Longitude 117.66° W

PV System Specifications (Residential)

DC System Size 6500 kW

Module Type Standard

Array Type Fixed (open rack)

Array Tilt 20°

Array Azimuth 180°

System Losses 14.08%

Inverter Efficiency 96%

DC to AC Size Ratio 1.2

Economics

Average Retail Electricity Rate 0.120 $/kWh

Performance Metrics

Capacity Factor 18.9%

Note: Typically PV panels have a warranty of 25 years and the inverter of 
10 years.  The panels decrease in efficiency output approximately 1% year 
per year.  Therefore the only regular maintenance required depends on the 
location of the PV panels, typically PV panels should be hosed down twice 
a year to remove the dust. The District may finance the PV system from the 
District Capital Outlay Fund. This would enable the college to gain all the 
savings from the generation of power.



INTEGRATED ENERGY MASTER PLAN  Saddleback College  

32

[ REACH TO ZERO NET ENERGY - benefits of pv systems ]
Benefits of adding PV panels on site include:

• Renewable Energy Source: Southern California experiences clear skies 
for most of the year. Solar energy is the most easily accessible source 
of renewable energy and can be used to offset most of the electrical 
energy consumption of the campus

• Reduced Electricity Costs: The energy savings translate to significant 
cost savings and with enough PV panels to enable a net-zero campus, 
the initial costs will be paid back within approximately 18 years.

• Demand Response: Conventional power plants experience peak 
demand during approximately 11am to 4pm and from 8pm to 11pm. 
To manage this demand the price of electricity increases during peak 
times. Peak solar energy, on the other hand, peak production coincides 
with the time of peak demand and can further reduce electricity costs. 
Further, the energy produced by the PV panels can be stored in batteries 
to further manage demand.

• Resilience: PV panels reduce the dependence on the power grid and 
increase the security of the campus power grid against fires, overloads 
and other natural disasters.

• Carbon footprint: Solar PV helps in reducing and/or eliminating the 
operational carbon footprint. 
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[ REACH TO NET ZERO ENERGY - proposed future pv locations ]
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Campus Buildings

Proposed Canopy PV Panels

LOT 9

LOT 10

LOT  5ALOT  5

LOT  1

LOT 13

PV panels should be part a of car port structure.  This provides 
shading for the cars and can easily be phased as a stand alone 
project.  Placing PV panels on existing roofs is not recommended 
because it will effect the building structure and will trigger a DSA 
structural upgrade. 
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STRATEGIES
This Section Includes:

37 Climate Analysis

44 Campus Level Energy Efficiency

47 Building Level Energy Recommendations

49 Lighting Hardware and Controls

50 Demand Response

52 Building Management Systems

53 Cogeneration Plant

54 Battery Energy Storage

55 Water Conservation Efforts
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This section provides a broad framework for implementing energy solutions 
that deliver maximum savings and operating cost efficiencies, in alignment 
with institutional needs and California’s loading order.  Highlighted are varied 
technologies that address energy efficiency, energy conservation, renewable 
energy and renewable energy production across all campus buildings and 
infrastructure.  Additionally, this section presents a holistic approach to energy 
planning by emphasizing the importance of Energy Design Guidelines for new 
construction as well as the value of stakeholder engagement as a driving force 
for positive outcomes.



INTEGRATED ENERGY MASTER PLAN  Saddleback College  

36



[ CLIMATE ANALYSIS ]
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A climate analysis was performed to assess if the climate can be used to reduce the energy needed to cool and heat the buildings. The graph above shows 
the outdoor temperature against month of the year.  The peak temperature can reach as high as 100F when mechanical cooling will be required. During 
winter the temperature can fall as low as 38F as denoted by the small circle when heating will be required.  These are extreme conditions however the 
average temperature is shown by the white bars with green shade depicting upper and lower limits.  Most of the time of the year the climate is moderate so 
that outside air can be used to cool the building (i.e. economizer mode). There is also a need for heating however this can may be achieved by heat provided 
by internal gains such as lighting, people etc. 
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This graph shows the temperature range experienced during the month, this range can be used to justify thermal mass strategies. Thermal mass structures 
are those that include concrete, masonry, or other thermal mass assemblies which can store solar energy during the day and re-radiate it at night. This 
averages out the diurnal extremes. The building is cooled during the night when the temperature drops and the cold structure slows the heat from entering 
the building during the day, thus reducing the energy required to cool the building.
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The image above provides a 3-D representation of outside temperature at monthly intervals and time of day.  The red circle shows that the temperature 
can reach between 91F- 100F for only 4% of the time in the year in September during noon and 4:00pm period. This gives an indication on the cooling and 
heating requirements for the buildings.
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As the sun rises in the east and sets in the west it delivers different levels of sun intensity to the building.  This chart plots the path of the sun during 
December 21st to June 21st and shows the temperature for most of the time is less than 68F.  Therefore, shading is not required for that period.
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This chart differs from the previous one and is for summer months from June 21st to December 21st.  It shows that shading is needed for 370 hrs of the year.
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The wind study indicates that there is a breeze of approximately 25 mph for less than 5 % of the year.  This is insufficient to drive a wind turbine and therefore 
this technology should not be considered as a viable option in generating renewable power. 
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The strategies above show that for approx 17% of the time the outside climate is within the comfort conditions of the inside, so that the windows can be 
opened or the ventilation fans of the Air Handling Units can be used to bring in cool air without cooling.
It also demonstrates that 37% of the time the building would benefit with thermal mass.  Typically high thermal mass construction is concrete, which has the 
property to slow the heat entering the building, when it does several hours later, it’s evening and the windows can be opened to cool the space.  If windows 
are not preferred then a night flushing strategy can be used instead.  
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[CAMPUS LEVEL ENERGY EFFICIENCY ]
As designated in California’s loading order, energy efficiency is the state’s 
top priority for meeting its energy needs and for strengthening its notable 
economic prosperity and quality of life for all Californians. Energy efficiency is 
recognized for producing substantial savings in relation to implementation 
costs. In alignment with the loading order priorities and an ongoing desire 
to reduce energy consumption and costs, the college consistently seeks 
to identify energy efficiency projects that are scalable, cost-effective 
and support broader campus efforts toward increased sustainability and 
improved energy performance. Once identified, these projects are to be 
strategically implemented in a phased approach making sure to verify 
planned-for energy efficiency outcomes so that future adjustments can be 
made as needed.

The first step for identifying viable energy efficiency measures is to conduct 
a building-by-building analysis across campus, pairing energy modeling for 
each building with mechanical equipment surveys while also considering 
building size and age. Small and medium buildings ranging from 10,000 

Projects Planned for Completion 2019 -2020
Project Name Budget Amount

Saddleback - ATAS Renovation        $ 64,100,000

Saddleback - PE Renovation          $ 3,188,000

New Stadium      $ 62,230,000 

Campus-wide BMS Controls          $ 4,900,000

Total Amount     $ 134,418,000

square feet to 25,000 square feet present challenges and potential dollar 
savings limits because the cost of an energy audit is fixed by the amount of 
time an auditor needs to survey the building. For buildings of this size, the 
savings can be more challenging because of a small overall footprint and 
related low energy usage. To ensure cost effective retrofits for these types 
of buildings, it is critical to provide streamlined energy surveys to minimize 
engineering time on site and maximize energy savings on energy projects. 

Buildings that are larger than 25,000 square feet will benefit from an 
ASHRAE Level 2 audit which is likely to yield highly accurate results and 
recommendations. ASHRAE Level 2 audits should integrate the audit, scope 
of work, project management commissioning, and measurement and 
verification (M&V). Based on typical performance, each building larger than 
25,000 square feet should benefit by way of a 10 to 20 percent reduction in 
cooling, heating and domestic hot water energy, upon implementation and 
commissioning. 
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ASHRAE ENERGY AUDIT

ASHRAE Level 1 Energy Audit

Buildings with smaller square footage with smaller HVAC equipment and low-
er energy usage have fewer cost effective solutions available to reduce energy 
consumption. However, substantial results can still be achieved by investigat-
ing all rebates and incentives that are available for specified small projects in 
addition to conducting a complete energy survey through an ASHRAE Level 1 
Energy Audit. When conducting such an audit on more than one building it is 
prudent to aggregate multiple buildings through an identified overall energy 
efficiency strategy.

ASHRAE Level 2 Energy Audit with Implementation and M&V

An ASHRAE Level 2 Energy Audit is designed to uncover the most cost-
effective measures and projects for a particular facility. As a result, this level 
of audit typically includes recommendations to modify three or more types of 
equipment for the facility under review. In general, energy projects in buildings 
that are large enough for ASHRAE Level 2 Energy Audits have included one or 
more of the following upgrades shown on the right.

Note: 
Rebates and Incentives are continuously changing so it is best to check 
websites
SDGE website:  https://www.sdge.com/rebates
California Energy Commission: 

https://www.energy.ca.gov/funding-opportunities/funding-resources

• Low pressure drop air filtration
• Supply air temperature reset
• Duct static pressure reset
• Duct sealing
• Automated scheduling
• Demand control ventilation 

(CO or CO2 based)
• Optimizing outside air usage
• Repairing economizers
• Non-integrated to integrated 

economizers
• Allowing outside air to go to 

0% during warm up periods
• Outside air based boiler 

lockout
• Outside air based chiller/

compressor/cooling tower 
lockout

• Interior lighting retrofit
• Exterior lighting retrofit
• Lighting occupancy controls
• Lighting daylighting controls
• Motor replacement
• VFD installation on supply fans
• VFD installation on return/

exhaust fans
• VFD installation on pumps
• VFD installation on cooling 

tower fans
• VFD installation on 

compressors
• Web bulb temperature reset 

on cooling towers
• Pumping optimization and 

right sizing
• HVAC equipment retrofits
• Computer server room 

optimization
• Window films
• Hot water heater replacement
• Electric transformer retrofit
• Duct sealing
• Pneumatic to DDC conversions
• Adjusting zone temperature 

deadbands
• Installing energy management 

system
• Repairing/replacing sensors 

in an existing energy 
management system

• Repairing compressed air leaks
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Conducting an ASHRAE Level 2 Energy Audit will identify the best possible 
combination of core project opportunities and, additionally, will define a 
tailored implementation package for each building. The ASHRAE Level 2 
process will determine the exact mix of energy efficiency measures best 
suited for each building. Measures might range from simple lighting retrofits 
to deeper capital-intensive projects that can have positive implications 
throughout the campus and within the central plant. 

As appropriate, the college should employ an integrated energy firm to 
install data loggers for each building to monitor energy consumption for 
a minimum period of 4 - 6 months. Monitoring should be used to confirm 
appropriate cost-effective strategies that include a payback analysis and 
deliver guaranteed savings. The vendor shall maximize all rebates, incentives 
and tax credits. In addition to identifying and implementing project 
opportunities, a rigorous data intensive commissioning and measurement & 
verification procedure should be built into the energy audit process for every 
building. For each building, electric and natural gas meters, as well as chilled 
water valve sensors should be installed. These meters and sensors should 
have the ability to communicate with the EMS. Having these technologies in 
place will assist in tracking usage and trends and will also help identify areas 
that have the most efficient return on investment strategies. 



[ BUILDING LEVEL ENERGY RECOMMENDATIONS ]
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Perform an ASHRAE Audit, Type 2 for all Saddleback buildings. Provide building 
systems commissioning as described in the Major Renovations checklist.

BUILDINGS WITH EUI OVER 100 KBtu/sqft

T, W, FA 100, FA 200, PE 500, K, Village 18-33, Village 3-8, Village 9- 10 and PE 
200

Buildings T, W, PE 500, K and Village buildings 9- 10 have a high EUI but low 
total energy consumption. Prioritize passive energy efficiency strategies such 
as passive cooling, daylighting and passive solar design. Buildings built before 
1990 (FA100, FA 200, PE 200) might require an envelope retrofit.

• Maximize daylighting and minimize direct sun penetration- solar 
protected windows, skylights, light shelves (S, SE, SW façades)

• Implement daylighting controls, occupancy sensors and timers
• Upgrade to LED fixtures
• Consider using high-emissivity roofing to reduce heat load on roofs
• Redesign passive shading devices to block solar heat gain while 

admitting sunlight
• Improve envelope performance:
  o Increase R-value of walls, roof, windows and floors
  o Minimize thermal bridging
  o Improve building airtightness
  o Use high performance windows
• Consider using high thermal mass to store heat and to drive night 

flush ventilation
• Specify efficient office equipment and appliances to reduce plug 

loads and consider establishing a plug load budget
• Consider the use of solar water heating systems

BUILDINGS WITH EUI OVER 50 KBtu/sqft

PE 600, PE 300, PE 100, FA 300, AGB, PE 400, SM, Child Development Center, 
LRC, Campus Police, HS, BGS, SSC and CE

PE 600 has a high EUI but low total energy consumption. Prioritize passive 
cooling and daylighting. Buildings built before 1990 (PE 100, PE 100, PE 
300, FA 300, AGB,  PE 400, SM, LRC, BGS, CE) might require an envelope 
retrofit.

• Maximize daylighting and minimize direct sun penetration- solar 
protected windows, skylights, light shelves (S, SE, SW façades)

• Implement daylighting controls, occupancy sensors and timers
• Upgrade to LED fixtures (PE 600, PE 300, PE 100, FA 300, PE 400, 

SM, Child Center, LRC, Campus Police, TAS, CE)
• Consider using high-emissivity roofing to reduce heat load on 

roofs
• Redesign passive shading devices to block solar heat gain while 

admitting sunlight
• Improve envelope performance:
  o Increase R-value of walls, roof, windows and floors
  o Minimize thermal bridging 
  o Improve building airtightness
  o Use high performance windows



 Saddleback College Fine Arts Complex

INTEGRATED ENERGY MASTER PLAN  Saddleback College  

48

BUILDINGS WITH EUI UNDER 50 KBtu/sqft

Village 1-2: Classrooms, SCI: Sciences, WH: Warehouse

Prioritize daylighting. Reduce fan and pump use.

• Maximize daylighting and minimize direct sun penetration- solar 
protected windows, skylights, light shelves (S, SE, SW façades)

• Implement daylighting controls, occupancy sensors and timers
• Upgrade to LED fixtures

• Consider using high-emissivity roofing to reduce heat load on roofs
• Redesign passive shading devices to block solar heat gain while 

admitting sunlight
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The college could increase energy efficiency through a campus-wide retrofit 
of interior and exterior advanced lighting hardware and controls. Like most 
institutions, the college recognizes that lighting retrofits reliably generate 
strong payback on investment as these projects can often yield energy 
reductions of up to 30 percent. The college consistently evaluates its existing 
lighting and controls for retrofit opportunities. Lighting strategies include the 
following: 

• Occupancy sensors: This strategy involves reducing lighting levels or 
automatically turning lights off in spaces when there is no occupancy. 
When motion is detected lights turn on automatically; they can also be 
set to come on partially dimmed. Occupancy sensors are highly suited for 
parking structures and parking lots, as well as smaller, enclosed spaces 
that are intermittently occupied such as private offices, classrooms, 
conference rooms, and restrooms.

• Daylight harvesting: This strategy involves capturing daylight and 
supplementing it with electric lights to achieve a preset lighting level.  For 
example, placing day light sensors at the perimeter of the buildings allows 
light levels to be measured so that electric lights automatically turn-on to 
supplement the daylight if light levels fall below a preset limit in specified 
spaces.

• Building Management System: It is important to have the lighting system 
operational only during times of occupancy.  To that end the lighting 
control panel is connected to the Building Management System with a 
programmed occupancy schedule. This ensures lights are not inadvertently 
left on during non-occupied periods such as nights and weekend periods. 
However, there may be occasions when lights are required such as when 
a cleaning crew is performing work.  In these instances, an override switch 

should be provided locally which allow lights to turn on manually for a 
preset period.

• LED lights: This technology provides great dimming capabilities, 
longer life and reduction in operational costs.

  Saddleback College Science Building Classroom with LED lighting

[ LIGHTING HARDWARE AND CONTROLS ]
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[ DEMAND RESPONSE PLAN ]
Another cost saving plan is to enroll the college on a demand response 
program with the utility. Demand Response is a strategic and tactical tool 
used by utilities and grid operators to reduce energy demand across the 
system in order to prevent power outages from occurring during high 
stress times on the electricity grid. The periods of acute high demand for 
electricity are deemed emergency events and typically occur only during 
a few days each year, with durations usually lasting only for a few hours at 
a time. Demand Response is primarily called into action during the hottest 
days of summer, at times of extraordinary load on the system when energy 
efficiency and such SOCCCD practices are insufficient to curtail electric 
demand. Institutions who voluntarily participate in the Demand Response 
program benefit financially by receiving a monetary incentive from the utility 
provider and also through the utility cost savings derived by a reduction in 
kWh used. The Board of Governors of the California Community Colleges 
through its Energy and Sustainability Policy encourages each college to 
participate in all utility offered Demand Response programs and pursue all 
possible incentives offered by these programs. 

The college is a prime candidate for participation in a utility provided 
Demand Response program. Based on the institution’s current conditions, 
the campus should employ a combination of manual and semi-automated 
Demand Response strategies. By doing so, the college will be able to 
generate exceptional value through this no-cost, no-penalty program with 
very minimal impact to day-to-day operations. The dollars generated can 
be allocated to expanding other energy savings initiatives and the energy 
behavior the program generates is consistent with the college’s overall 
goals.

Plan to Curtail Energy Load

Additional energy reduction strategies that are commonly employed at 
college campuses include HVAC, elevator and generator procedures, as 
detailed below.

Heating, Cooling & Air Conditioning (HVAC)

• Pre-cool each of the areas prior to the event by reducing set point 
temperatures 5°F to 10°F or as low as 60°F on each of the units. Ten 
to fifteen minutes prior to the start of the event, turn off the units 
completely or raise the set points as high as 80°F in order to keep the 
compressors off as long as possible during the event.

Chiller System – Air / Water Cooled

Chiller Water Pump

Condenser Pump

Cooling Tower

Rooftop Units

Split Units

Packaged Units

Air Handling Units

Fans

Elevators

Personal Computers 

Kitchen – Dishwasher / Freezer Units

Pool Pumps

Lighting

Exhaust Fans

Heat Pumps

Hot Water Heater Pumps

Electric Boiler
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• Similarly with chillers, pre-cool the building prior to the event by reducing 
chilled water temperatures 5°F to 10°F or as low as 38°F. Ten to fifteen 
minutes prior to the start of the event, turn off completely or raise the 
chilled water temperature to 48°F.

• Turn off as many air handling units/fans as possible or cycle them in a 
constant air volume system. Reduce fan VFD’s or DSP (duct static pressure) 
as much as possible in a variable air volume system. Also reduce VFD’s 
on chilled water pumps, condenser pumps and cooling tower fans to 
minimize pumping and fan power.

• Turn off as many refrigeration compressors as possible and keep freezer/
cooler doors shut for the duration of the event.

• Turn off lighting in offices and all other unoccupied areas, as well as areas 
with natural lighting.

• For any areas that cannot be shut down fully, try reducing lighting by 
simply turning “off” every other row. Reduced lighting can assist in 
maintaining a cooler building temperature.

Elevators

• If there is more than one elevator, post signs in front of extra elevators and 
ask that they not be used. Only take elevators offline in accordance with 
building and safety codes, and ADA requirements.

Generator

• If running a generator, make sure to engage it 15 minutes prior to the 
Demand Response event time and keep it operating 15 minutes after the 
event time.

• Make sure the generator transfer switch is properly engaged and is fully 
fueled for a successful Demand Response reduction outcome.

Institutional Actions Required for Participation in 
Demand Response Program
For participation in a Demand Response program, the college must ensure 
that proper hardware and software controls are in place to effectively 
respond to Demand Response protocols from a utility. Moreover, the college 
must consistently communicate and emphasize to campus stakeholders 
the effects as well as the benefits of Demand Response to help ensure 
that the organizational culture accepts participation as a normal way of 
doing business. Additionally, and importantly, the campus community 
must understand through ongoing organizational communication and 
feedback that Demand Response is a strategy embraced by the college 
and that certain conditions may exist when participating in Demand 
Response. For example, when an electrical emergency event is declared, 
authorities will notify the college’s contact personnel by 3:00 pm the day 
prior. Subsequently, all college staff should be notified and encouraged 
to participate by turning off lights, utilizing pre-cooling strategies and 
shutting blinds in rooms with southern and western exposures to help 
mitigate heat gain during hours of reduced air-conditioned loads. All 
applicable equipment from the following list should be shut down or 
reduced, if possible.
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The current Building Management System (BMS) for the campus is 
Computrols, which controls the co generation central plant, chilled water 
system, hot water systems, AHU’s etc.  However the system is proprietary 
and needs specialized programing knowledge to operate effectively. This 
has led to inefficiencies and expense to the colleges’ operational budget.  In 
order to remedy the situation the District has prepared a RFP to provide a 
new BMS system throughout the campus and abandon the existing system. 
HED recommends Niagara Control Systems or a system which includes the 
following features:

1) BACNet open protocol system
2) Web based system
3) Must interface with the existing college IT system
4) Must be upgradeable

Some of the benefits of a Building Management System include:

• Reduction of operational cost by energy optimization
• Reduction of operational cost through preventative maintenance
• Reduction of service cost through staff productivity
• Campus security such as fire alarms, site lighting, CCTV cameras, safety 

and security telephones
• Remote alert notifications prior to user complaints

[ BUILDING MANAGEMENT SYSTEMS ]
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[ C0GENERATION PLANT ]
The Saddleback College Central Plant was constructed in 1975, and is one part 
of the larger Facilities, Maintenance & Operations Department which supports 
Saddleback College administrators, faculty and staff on the 172 acres of the 
picturesque rolling hills that are Saddleback College, and its 40 buildings.

In 1975 the Central Plant was constructed as the source of all the Hydronic 
Water on campus, and in 2001 the central plant was renovated to include a 
1.5 MW cogeneration facility. In 2013, the Central Plant underwent another 
significant renovation to include a second absorption chiller to support its 
smaller sister absorption chiller and the 600-ton and 1,000-ton workhouse 
centrifugal chillers. This renovation also included new hot water pumps and 
three new cooling towers to support the ever growing needs of the campus 
community.

Saddleback College is looking forward to the future and anticipating the needs 
of Saddleback College’s new state-of-the-art Stadium, new ATAS Building, New 
Tennis Courts and future Gateway Building. The Central Plant and facilities will 
continue to be the source of Saddleback College’s Power, and Hydronic water 
campus-wide. 

It is recommended as the maintenance of the plant increases and the cost of 
clean renewable energy decreases a life cycle study should be conducted in 
detail that compares the existing system with a v system and Battery Storage.  
The study should include:
1) Cost of maintenance
2) Operational Cost
3) Maintenance Cost
4) Green House Gas Emissions
5) Standby Charge
6) Salvage Value
7) Future proof
8) Impending legislation that curb Green House Gases
9) Community Engagement.
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[ BATTERY ENERGY STORAGE ]

  Battery Energy Storage System

Battery storage is a new technology that would allow the college to charge 
the lithium-ion batteries during the night when electricity rates are at very 
low rates and discharge during peak hours during the day.

This process is to reduce the demand charge and not necessarily to reduce 
the energy consumption.  The demand charge is significant so will reduce 
the operational cost depending on the size of batteries. 

Currently, Saddleback College is generating electricity utilizing a 
1.5-megawatt cogeneration plant as described in the previous section.  
However, the cogeneration plant is on 24 hours a day 7 days a week 
producing approximately 70% of the needs of the college. The reason for 
continuous operation is that it takes a long period to go through the process 
from the cold start to fully operational stage.  In addition, the maintenance 
of stop and starting reciprocating engines dramatically increase. It is 
recommended to install a battery energy storage system of approximately 
one megawatt in size along with the PV system previously described on 
page 31. This would reduce the load on the cogeneration plant and reduce 
natural gas consumption as well as result in a reduction in maintenance and 
operational cost of the plant. Additionally, it reduces the carbon emissions 
of the college. 

A battery system of 1MW would cost approximately $2 million and the 
college would realize operational and utility savings immediately. The size 
of the battery storage system should be approximately 2 megawatt at an 
approximately cost of $4 million, pay back would be approximately 10- 13 
years.
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[ WATER CONSERVATION EFFORTS - existing and upcoming ]
Saddleback College has been using reclaimed water (over 265 million gallons) 
for landscape irrigation since 1995. Reclaimed water accounts for 75% of the 
college’s total water consumption and results in over $75,000 in cost savings. 
Current water conservation efforts that have already been implemented and 
are upcoming are:

• Water Efficient Irrigation Controllers: New irrigation controllers were 
installed in 2014. These controllers are part of a campus-wide computer 
controlled irrigation system (installed in 2016) which allow increased 
water efficiency by better management of watering schedules.

• Drought-resistant planting: Drought-resistant and California native plants 
are used on all new construction and renovation projects (LRC renovation 
and new Sciences building).

• Reduction in turf areas in all new construction and renovation projects.
• Mulching mowers: Mulching mowers increase the composting materials 

in sod area and allow for better waste retention and healthier sod.
• Cooling Tower water use: This project intends to eliminate the use of 

potable water for the central plant cooling towers.
• Reclaimed water for toilets and urinals in new construction projects such 

as the new Athletics Stadium.

Annual water consumption was calculated using utility bills from calendar 
years 2015 to 2016. The gross annual water consumption at Saddleback 
College is 62,458,374 gallons per year, the annual water use intensity is 11.5 
gal/sqft per year and the per capita consumption is 2,211 gal/person per year.

Water  Consumption Distribution Pie Chart
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APPENDIX
This Section Includes:

59 Acronyms
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AB Assembly Bill

ADR Automated Demand Response

ANSI American National Standards Institute

ARB California Air Resources Board

ASHRAE American Society of Heating, Refrigerating and 
Air-Conditioning Engineers

BIS Business Incentives & Services package

CALEPA California Environmental Protection Agency

CEEP Commercial Energy Efficiency Program

CHP Combined Heat and Power

CO2e Carbon Dioxide Equivalent

CPAC Comprehensive Packaged Air Conditioning 
Systems program

CPUC California Public Utilities Commission

CSI California Solar Initiative

DG Distributed Generation

DOE U.S. Department of Energy

DSIRE Database of State Incentives for Renewable 
Energy

EE Energy Efficiency

EERS Energy Efficiency Resource Standard

EO Executive Order

EM&V Evaluation, Measurement, and Verification

EPA Environmental Protection Agency

ESCO Energy Service Company

Fc Foot-candles

FiT Feed in Tariff

GDP Gross Domestic Product

GHG Greenhouse Gas

GIS Geographic Information System

GW Gigawatt (1 GW = 1,000 MW)

GWh Gigawatt-hour (1 GWh =1,00 MW)

HVAC Heating, Ventilation and Air Conditioning

IDSM Integrated Demand Side Management

IOU Investor-Owned Utility

kW Kilowatt

kWh Kilowatt-hour

LBNL Lawrence Berkeley National Laboratory

MW Megawatt

MWh Megawatt-hour (1 MWh = 1,000 kWh)

NEM Net Energy Metering

PEV Plug-in electric Vehicle

PG&E Pacific Gas & Electric

PV Photovoltaic

RCx Retrocommissioning

REC Renewable Energy Certificate

RES Renewable Energy Standard

RPS Renewable Portfolio Standard

SCE Southern California Edison

SCG Southern California Gas Company

SDG&E San Diego Gas & Electric

SGIP Self-Generation Incentive Program

SPC Standard Performance Contract program

TOU Time-of-Use

ZEV Zero Emissions Vehicle

ZNE Zero Net Energy

[ ACRONYMS ] 
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The Irvine Valley College (IVC) was established as a satellite campus of the South 
Orange County Community College District in 1979. It is a public community 
college which is funded by a combination of state and local tax dollars. IVC is 
committed to student success, access and equity. An integral part of providing 
access and equity is sustainability and addressing global climate change. As 
a leading employer and a well-respected public agency, IVC understands 
its responsibility to its students and the local community at large that its 
facilities are operated in an efficient and sustainable manner. Sustainability is 
interwoven in the fabric of IVC’s vision and goals for the future. Student groups 
and college policies have played an important role in furthering this goal. 
Additionally, for the long-term financial health of the college in this climate of 
rising utility costs, increasing maintenance and operational expenditures, it is 
imperative to address resource effectiveness.

Efficient resource management can reduce the college’s impact on natural 
resources such as air, water, energy and other raw materials. The 2011 Facilities 
Master Plan set goals for upcoming new construction projects and site 
improvement projects and detailed a 5, 10 and 20 year development plan. The 
2020 Facilities Master Plan is currently in development and will be completed 
by 2020. These goals were set after considering the existing college goals and 
objectives. The Integrated Energy Master Plan (IEMP) provides a roadmap for 
the college to operate its facilities in an efficient, sustainable and cost-effective 
manner. The IEMP also provides a pathway to achieve the goals set by the 
Board of Governors of the California Community Colleges in the Resolution on 
Climate Change and Sustainability Goals and Policy. It provides campus-wide 
and building specific passive and active sustainability measures.

Stakeholder engagement included formal meetings, one-on-one meetings, 
on site visits for technical briefings to gain relevant data, and answer questions 
relating to the development and scope of the Integrated Energy Master Plan. 

The District’s objective was to foster discussions with key stakeholders. 
Stakeholders were integral to the entire process as this is a data driven 
exercise.



INTEGRATED ENERGY MASTER PLAN  Irvine Valley College & Advanced Technology Education Park  

6

Irvine Valley College Chemistry Annex
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[OVERVIEW]   This Section Includes:

8 Energy Analysis

18 Climate Action Plan

21 Strategies for Modernization

27 Reach to Zero Net Energy

ENERGY ANALYSIS AND 
STRATEGIES FOR MODERNIZATION
This section examines in detail the existing energy usage and generation as 
well as the Greenhouse Gas (GHG) emissions at Irvine Valley College (IVC). 
Reduction targets are established relative to the existing Energy Use Intensity 
(EUI) and to Commercial Buildings Energy Consumption Survey (CBECS) 
benchmarks. Further, this section recommends various energy strategies 
for implementation at IVC based on climate analysis (See Appendix). The 
specified strategies were selected from the general menu of strategy options 
that were described in the Strategies section of this resource guide. The 
recommendations are aligned with the present state of the campus as well 
as its future condition. Strategies for two tiers of upgrades were selected to 
maximize energy savings for the campus while considering the operational 
logistics of the institution. A range of applicable potential savings for specified 
strategies are included for reference. The detailed analysis for implementation 
of solar energy are also provided to reach the goal of net zero energy.
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[ ENERGY ANALYSIS - existing energy campus map ]
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[ ENERGY ANALYSIS - existing energy conservation projects ]
Irvine Valley College has been aggressive in its energy conservation efforts 
starting with retrofitting the existing electrical and mechanical systems 
and scheduled maintenance programs for chillers and boilers. Energy 
conservation projects that have been implemented so far are:

• A campus-wide exterior lighting retrofit was completed in 2014 at Irvine 
Valley College. This achieved a 53% reduction in energy consumption 
which resulted in over $89,000 in savings.

• An HVAC system retrofit was conducted in the Student Services building 
in 2014.

• Commitment to adhere to LEED performance criteria in all new 
construction in all retrofit projects.

• A generating facility which comprises of a 53.56 kW solar PV system 
and a 66 kW battery energy storage system was installed at the ATEP 
campus.

Current construction and renovation projects have included various energy 
conservation efforts such as:

• Liberal Arts Building: Upgraded envelope insulation, provision of 
increased daylighting, lighting controls & sensors and LED system 
replacement, building level energy metering, addition of a building 
management system.

• Life Sciences Building: Provision of increased daylighting using 
Solatubes, lighting controls & sensors and LED system replacement, use 
of a building management system.
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[ ENERGY ANALYSIS - electric meter grouping ]

NOTE: The campus is on two meters, one which serves the campus and the 
other serves the area near the campus police and FMO buildings as of 2019

ENERGY CONSUMPTION
Campus Meter Group 1 | 447.51 MWh/year 
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[ ENERGY ANALYSIS - building consumption and eui summary ]
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This graphic provides a comparative 
overview of the energy consumption 
of all existing buildings at Irvine Valley 
College and the IDEA building at ATEP. Each 
building is represented by a pie chart. The 
color indicates if the building is scheduled 
for demolition or planned for future 
renovation/expansion.

The size of each pie chart represents each 
building’s annual energy consumption (the 
larger the pie, the higher the overall energy 
consumption).  Each pie chart is divided 
into the percentage of energy consumed 
by each major building system (power, 
lighting, heating, cooling, process energy, 
and hot water).

See the Legend on the opposite page for 
additional information.

[ ENERGY ANALYSIS - energy consumption by building ]
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[ ENERGY ANALYSIS - existing campus energy use intensit y ]
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[ ENERGY ANALYSIS - eui comparison of all campus buildings ]

The Commercial Buildings Energy Consumption Survey (CBECS) is a sample survey that collects energy usage information from the existing U.S building 
stock. The survey provides the average EUI of similar buildings located in the same climate zone and therefore can be used for benchmarking. Currently, 
approximately 38% of the college’s buildings are more efficient than the CBECS benchmark. Should the college achieve their 25% reduction in energy goal, 
over 75% of the buildings will be more efficient than the CBECS benchmark.
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[ CLIMATE ACTION PLAN- HISTORICAL MONTHLY GREENHOUSE GAS EMISSION TRENDS ]
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2016-2018 Irvine Valley College GHG Emission Trends
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This figure depicts the monthly trend 
in GHG emissions levels between 
April 2016 and December 2018 
at Irvine Valley College based on 
monthly utility consumption. There 
is a wide variation in GHG emissions 
from month-to-month. The more 
in-depth study was conducted to 
help better understand building-
by-building energy consumption. 
There is a strong correlation between 
energy use reduction measures 
and GHG reductions. The goals and 
strategies outlined in the Plan will 
support the development of further 
measures that can be taken and 
projects that can be implemented to 
continue the college’s effort towards 
reducing GHGs and the eventual goal 
of carbon neutrality.
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RECORDED AND PROJECTED DATA FOR ENERGY CONSUMPTION
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RECORDED AND PROJECTED DATA FOR CO2  EMISSION
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[ strategies for moderniZation - completed lighting retrofit projects ]

- 5.2 %
- $ 2,700 per year - 6.2 %

- $ 4,000 per year
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[ strategies for moderniZation - high efficiency hvac projects ]
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- 5.2 %
- $ 11,200 per year

[ strategies for moderniZation - high efficiency hvac projects ]
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[ strategies for moderniZation - building management system ]
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[ strategies for moderniZation - ev charging station ]
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Note: The proposed EV charging stations are based 
on a staged roll out which will depend on demand 
on electric cars. For convenience set of charges are 
located at major parking lots. 

The stations in Lot 4 are not paid and need to be 
upgraded/removed.

The existing charging stations in Lot 8 to be 
removed.

Electric charging stations are required by Title 24 Energy Code in 
all new parking lots. An electrical rate determined by the college 
will provide constant revenue. Depending on the rate charged to 
the consumer, the payback is usually less than 2 years and more 
importantly it encourages the use of clean vehicles, thereby 
reducing the carbon footprint and providing a positive image of an 
eco-friendly college. 
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[ REACH TO ZERO NET ENERGY - sol ar energy demand at ivc ]
As shown in the diagram, the existing 
and proposed solar systems will provide 
12.9% of the total electricity consumed 
by the campus. An additional 6,267.76 
MWh of electricity is needed to be 
covered to reach the goal of zero net 
energy*, which means an additional 
3.8MW solar system is needed in the 
future planning. 

*Note: Zero Net Energy is an energy 
efficient campus where the annual 
renewable energy generated on the 
campus is equal or more than the 
amount of energy consumed

87.1% of consumption uncovered by renewables

= Additional 3.8MW Solar System required
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[ reach to net Zero energy- existing sol ar pv systems at ivc ]
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[ reach to net Zero energy- pl anned future sol ar pv systems at ivc ]
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[ REACH TO NET ZERO ENERGY - proposed future pv locations at ivc ]
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PV panels should be part of a car port structure.  
This provides shading for the cars and can easily be 
phased as a stand alone project.  Placing PV panels 
on existing roofs is not recommended because it 
will effect the building structure and will trigger a 
DSA structural upgrade. 
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[ REACH TO NET ZERO ENERGY - proposed future pv locations at atep ]

Proposed PV Panels
Existing Buildings

IDEA

PARKING
 LOT

VICTORY ROAD

VALENCIA AVENUE

RED
 H

ILL A
VEN

U
E

                     A
RM

STRO
N

G
 AVEN

IE

N

AREA FOR
FUTURE DEVELOPMENT

12/31/2019 PVWatts Calculator

https://pvwatts.nrel.gov/pvwatts.php 1/1

Caution: Photovoltaic system performance
predictions calculated by PVWatts® include
many inherent assumptions and
uncertainties and do not reflect variations
between PV technologies nor site-specific
characteristics except as represented by
PVWatts® inputs. For example, PV modules
with better performance are not
differentiated within PVWatts® from lesser
performing modules. Both NREL and private
companies provide more sophisticated PV
modeling tools (such as the System Advisor
Model at https://sam.nrel.gov) that allow for
more precise and complex modeling of PV
systems.

The expected range is based on 30 years of
actual weather data at the given location
and is intended to provide an indication of
the variation you might see. For more
information, please refer to this NREL report:
The Error Report.

 

Disclaimer: The PVWatts® Model ("Model")
is provided by the National Renewable
Energy Laboratory ("NREL"), which is
operated by the Alliance for Sustainable
Energy, LLC ("Alliance") for the U.S.
Department Of Energy ("DOE") and may be
used for any purpose whatsoever.

The names DOE/NREL/ALLIANCE shall not
be used in any representation, advertising,
publicity or other manner whatsoever to
endorse or promote any entity that adopts or
uses the Model. DOE/NREL/ALLIANCE shall
not provide

any support, consulting, training or
assistance of any kind with regard to the use
of the Model or any updates, revisions or
new versions of the Model.

YOU AGREE TO INDEMNIFY
DOE/NREL/ALLIANCE, AND ITS AFFILIATES,
OFFICERS, AGENTS, AND EMPLOYEES
AGAINST ANY CLAIM OR DEMAND,
INCLUDING REASONABLE ATTORNEYS'
FEES, RELATED TO YOUR USE, RELIANCE,
OR ADOPTION OF THE MODEL FOR ANY
PURPOSE WHATSOEVER. THE MODEL IS
PROVIDED BY DOE/NREL/ALLIANCE "AS IS"
AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING BUT NOT
LIMITED TO THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE ARE EXPRESSLY
DISCLAIMED. IN NO EVENT SHALL
DOE/NREL/ALLIANCE BE LIABLE FOR ANY
SPECIAL, INDIRECT OR CONSEQUENTIAL
DAMAGES OR ANY DAMAGES WHATSOEVER,
INCLUDING BUT NOT LIMITED TO CLAIMS
ASSOCIATED WITH THE LOSS OF DATA OR
PROFITS, WHICH MAY RESULT FROM ANY
ACTION IN CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS CLAIM THAT ARISES OUT
OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THE MODEL.

The energy output range is based on
analysis of 30 years of historical weather
data for nearby , and is intended to provide
an indication of the possible interannual
variability in generation for a Fixed (open
rack) PV system at this location.

1,068,148 kWh/Year*RESULTS

System output may range from 1,038,026 to 1,084,063 kWh per year near this location. 

Month Solar Radiation
( kWh / m2 / day )

AC Energy
( kWh )

Value
( $ )

January 4.52 68,907 8,269

February 4.92 69,495 8,339

March 6.30 95,535 11,464

April 6.63 98,392 11,807

May 6.86 104,748 12,570

June 6.95 99,418 11,930

July 7.25 106,641 12,797

August 7.43 108,000 12,960

September 6.63 94,701 11,364

October 5.69 85,411 10,249

November 4.91 72,283 8,674

December 4.11 64,617 7,754

Annual 6.02 1,068,148 $ 128,177

Location and Station Identification

Requested Location 1624 Valencia Ave, Tustin, CA 92782

Weather Data Source Lat, Lon: 33.73, -117.82  1.2 mi

Latitude 33.73° N

Longitude 117.82° W

PV System Specifications (Residential)

DC System Size 650 kW

Module Type Standard

Array Type Fixed (open rack)

Array Tilt 20°

Array Azimuth 180°

System Losses 14.08%

Inverter Efficiency 96%

DC to AC Size Ratio 1.2

Economics

Average Retail Electricity Rate 0.120 $/kWh

Performance Metrics

Capacity Factor 18.8%
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As shown in the diagram, the proposed 
solar systems will provide over 200% of 
the total electricity consumed by the 
campus. An additional 591.33 MWh of 
electricity is generated which can be 
used to power future development. 
This would make the campus a Net 
Positive campus.

100% of consumption uncovered by renewables

+ Additional 360kW Solar Energy generated

[ REACH TO ZERO NET ENERGY - sol ar energy demand at atep ]
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[ REACH TO NET ZERO ENERGY - life cycle analysis ]
IRVINE VALLEY COLLEGE

System Size:                 3800 kW
Annual Generation:   6,275,689 kWh/year
Required PV Area:      3800 kW * 100 sqft/kw = 380,000 sf

Initial PV Cost:               $ 3180 /kW x 3800 kW = $ 12,084,000
Annual O & M:               $ 19 /kW-yr x 3800 kW = $ 72,200
Annual Payback:           6,275,689 kWh/yr x $ 0.12 /kWh = $ 753,082 

ROI (excluding rebate):      
                                      $ 12,084,000 / ($ 753,082 - $ 72,200) = 17.6 yrs

ADVANCED TECHNOLOGY EDUCATION PARK

System Size:                 650 kW
Annual Generation:   1,068,148 kWh/year
Required PV Area:      650 kW * 100 sqft/kw = 65,000 sf

Initial PV Cost:               $ 3180 /kW x 650 kW = $ 2,067,000
Annual O & M:               $ 19 /kW-yr x 650 kW = $ 12,350
Annual Payback:           1,068,148 kWh/yr x $ 0.12 /kWh = $ 128,177 

ROI (excluding rebate):      
                                      $ 2,067,000 / ($ 128,177 - $ 12,350) = 17.8 yrs

12/31/2019 PVWatts Calculator

https://pvwatts.nrel.gov/pvwatts.php 1/1

Caution: Photovoltaic system performance
predictions calculated by PVWatts® include
many inherent assumptions and
uncertainties and do not reflect variations
between PV technologies nor site-specific
characteristics except as represented by
PVWatts® inputs. For example, PV modules
with better performance are not
differentiated within PVWatts® from lesser
performing modules. Both NREL and private
companies provide more sophisticated PV
modeling tools (such as the System Advisor
Model at https://sam.nrel.gov) that allow for
more precise and complex modeling of PV
systems.

The expected range is based on 30 years of
actual weather data at the given location
and is intended to provide an indication of
the variation you might see. For more
information, please refer to this NREL report:
The Error Report.

 

Disclaimer: The PVWatts® Model ("Model")
is provided by the National Renewable
Energy Laboratory ("NREL"), which is
operated by the Alliance for Sustainable
Energy, LLC ("Alliance") for the U.S.
Department Of Energy ("DOE") and may be
used for any purpose whatsoever.

The names DOE/NREL/ALLIANCE shall not
be used in any representation, advertising,
publicity or other manner whatsoever to
endorse or promote any entity that adopts or
uses the Model. DOE/NREL/ALLIANCE shall
not provide

any support, consulting, training or
assistance of any kind with regard to the use
of the Model or any updates, revisions or
new versions of the Model.

YOU AGREE TO INDEMNIFY
DOE/NREL/ALLIANCE, AND ITS AFFILIATES,
OFFICERS, AGENTS, AND EMPLOYEES
AGAINST ANY CLAIM OR DEMAND,
INCLUDING REASONABLE ATTORNEYS'
FEES, RELATED TO YOUR USE, RELIANCE,
OR ADOPTION OF THE MODEL FOR ANY
PURPOSE WHATSOEVER. THE MODEL IS
PROVIDED BY DOE/NREL/ALLIANCE "AS IS"
AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING BUT NOT
LIMITED TO THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE ARE EXPRESSLY
DISCLAIMED. IN NO EVENT SHALL
DOE/NREL/ALLIANCE BE LIABLE FOR ANY
SPECIAL, INDIRECT OR CONSEQUENTIAL
DAMAGES OR ANY DAMAGES WHATSOEVER,
INCLUDING BUT NOT LIMITED TO CLAIMS
ASSOCIATED WITH THE LOSS OF DATA OR
PROFITS, WHICH MAY RESULT FROM ANY
ACTION IN CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS CLAIM THAT ARISES OUT
OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THE MODEL.

The energy output range is based on
analysis of 30 years of historical weather
data for nearby , and is intended to provide
an indication of the possible interannual
variability in generation for a Fixed (open
rack) PV system at this location.

6,275,689 kWh/Year*RESULTS

System output may range from 6,098,715 to 6,369,197 kWh per year near this location. 

Month Solar Radiation
( kWh / m2 / day )

AC Energy
( kWh )

Value
( $ )

January 4.49 400,447 48,054

February 5.01 409,757 49,171

March 5.99 538,606 64,633

April 6.73 582,548 69,906

May 6.93 619,378 74,325

June 6.98 586,725 70,407

July 7.37 636,331 76,360

August 7.42 638,762 76,651

September 6.76 565,430 67,852

October 5.51 477,349 57,282

November 5.04 431,062 51,727

December 4.24 389,294 46,715

Annual 6.04 6,275,689 $ 753,083

Location and Station Identification

Requested Location 5500 Irvine Center Dr, Irvine, CA 92618

Weather Data Source Lat, Lon: 33.69, -117.78  0.7 mi

Latitude 33.69° N

Longitude 117.78° W

PV System Specifications (Residential)

DC System Size 3800 kW

Module Type Standard

Array Type Fixed (open rack)

Array Tilt 20°

Array Azimuth 180°

System Losses 14.08%

Inverter Efficiency 96%

DC to AC Size Ratio 1.2

Economics

Average Retail Electricity Rate 0.120 $/kWh

Performance Metrics

Capacity Factor 18.9%

Note: Typically PV panels have a warranty of 25 years and the inverter of 
10 years.  The panels decrease in efficiency output approximately 1% year 
per year.  Therefore the only regular maintenance required depends on the 
location of the PV panels, typically PV panels should be hosed down twice 
a year to remove the dust. The District may finance the PV system from 
the District Capital Outlay Fund. This would enable the college to gain all 
the savings from the generation of power. However, adding PV panels may 
have financial implications that need to be analyzed.

IRVINE VALLEY COLLEGE PV Production
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Performing Arts Building



This section provides a broad framework for implementing energy solutions 
that deliver maximum savings and operating cost efficiencies, in alignment 
with institutional needs and California’s loading order.  Highlighted are varied 
technologies that address energy efficiency, energy conservation, renewable 
energy and renewable energy production across all campus buildings and 
infrastructure.  Additionally, this section presents a holistic approach to energy 
planning by emphasizing the importance of Energy Design Guidelines for new 
construction as well as the value of stakeholder engagement as a driving force 
for positive outcomes.

This Section Includes:
STRATEGIES

36 Climate Analysis

43 Campus Level Energy Efficiency

46 Building Level Energy Recommendations

48 Lighting Hardware and Controls

49 Demand Response

51 Battery Energy Storage

52 Building Management Systems

53 Water Conservation Efforts
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[ CLIMATE ANALYSIS ]

A climate analysis was performed to assess if the climate can be used to reduce the energy needed to cool and heat the buildings. The graph on the left 
shows the outside temperature against month of the year.  The peak temperature can reach as high as 100F when mechanical cooling will be required. 
During winter the temperature can fall as low as 38F as denoted by the small circle when heating will be required.  These are extreme conditions however 
the average temperature is shown by the white bars with green shade depicting upper and lower limits.  Most of the time of the year the climate is moderate 
so that outside air can be used to cool the building (i.e. economizer mode). There is also a need for heating however this can may be achieved by heat 
provided by internal gains such as lighting, people etc. 
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This graph shows the temperature range experienced during the month, this range can be used to justify thermal mass strategies. Thermal mass structures 
are those that include concrete, masonry, or other thermal mass assemblies which can store solar energy during the day and re-radiate it at night. This 
averages out the diurnal extremes. The building is cooled during the night when the temperature drops and the cold structure slows the heat from entering 
the building during the day, thus reducing the energy required to cool the building.
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The image above provides a 3-D representation of outside temperature at monthly intervals and time of day.  The red circle shows that the temperature 
can reach between 91F- 100F for only 4% of the time in the year in September during noon and 4:00pm period. This gives an indication on the cooling and 
heating requirements for the buildings.
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As the sun rises in the east and sets in the west it delivers different levels of sun intensity to the building.  This chart plots the path of the sun during December 
21st to June 21st and shows the temperature for most of the time is less than 68F.  Therefore, shading is not required for that period.
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This chart differs from the previous one and is for summer months from June 21st to December 21st.  It shows that shading is needed for 370 hrs of the year.
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This wind study indicates that there is a breeze of approx. 25 mph for less than 5 % of the year.  This is insufficient to drive a wind turbine and therefore this 
technology should not be considered as a viable option in generating renewable power. 



The strategies above show that for approx 17% of the time the outside climate is within the comfort conditions of the inside, so that the windows can be 
opened or the ventilation fans of the Air Handling Units can be used to bring in cool air without cooling.
It also demonstrates that 37% of the time the building would benefit with thermal mass.  Typically high thermal mass construction is concrete, which has 
the property to slow the heat entering the building, when it does several hours later, it’s evening and the windows can be opened to cool the space.  If 
windows are not preferred then a night flushing strategy can be used instead.  
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[ CAMPUS LEVEL ENERGY EFFICIENCY ]
As designated in California’s loading order, energy efficiency is the state’s 
top priority for meeting its energy needs and for strengthening its notable 
economic prosperity and quality of life for all Californians. Energy efficiency 
is recognized for producing substantial savings in relation to implementation 
costs. In alignment with the loading order priorities and an ongoing desire 
to reduce energy consumption and costs, the college consistently seeks 
to identify energy efficiency projects that are scalable, cost-effective and 
support broader campus efforts toward increased sustainability and improved 
energy performance. Once identified, these projects are to be strategically 
implemented in a phased approach making sure to verify planned-for energy 
efficiency outcomes so that future adjustments can be made as needed.

The first step for identifying viable energy efficiency measures is to conduct 
a building-by-building analysis across campus, pairing energy modeling for 
each building with mechanical equipment surveys while also considering 
building size and age. Small and medium buildings ranging from 10,000 
square feet to 25,000 square feet present challenges and potential dollar 

Projects Planned for Completion 2019-2020
Project Name Budget Amount

Health Center  $ 7,500,000

savings limits because the cost of an energy audit is fixed by the amount of 
time an auditor needs to survey the building. For buildings of this size, the 
savings can be more challenging because of a small overall footprint and 
related low energy usage. To ensure cost effective retrofits for these types 
of buildings, it is critical to provide streamlined energy surveys to minimize 
engineering time on site and maximize energy savings on energy projects. 

Buildings that are larger than 25,000 square feet will benefit from an 
ASHRAE Level 2 audit which is likely to yield highly accurate results and 
recommendations. ASHRAE Level 2 audits should integrate the audit, scope 
of work, project management commissioning, and measurement and 
verification (M&V). Based on typical performance, each building larger than 
25,000 square feet should benefit by way of a 10 to 20 percent reduction 
in cooling, heating and domestic hot water energy, upon implementation 
and commissioning. 
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ASHRAE ENERGY AUDIT

ASHRAE Level 1 Energy Audit

Smaller buildings with smaller HVAC equipment and lower energy usage 
have fewer cost effective solutions available to reduce energy consumption. 
However, substantial results can still be achieved by investigating all rebates 
and incentives that are available for specified small projects in addition to 
conducting a complete energy survey through an ASHRAE Level 1 Energy 
Audit. When conducting such an audit on more than one building it is pru-
dent to aggregate multiple buildings through an identified overall energy 
efficiency strategy.

ASHRAE Level 2 Energy Audit with Implementation and M&V

An ASHRAE Level 2 Energy Audit is designed to uncover the most cost-
effective measures and projects for a particular facility. As a result, this 
level of audit typically includes recommendations to modify three or more 
types of equipment for the facility under review. In general, energy projects 
in buildings that are large enough for ASHRAE Level 2 Energy Audits have 
included one or more of the following upgrades shown on the right.

Note: 
Rebates and Incentives are continuously changing so it is best to check 
websites
SCE website:  https://www.sce.com/residential/rebates-savings/rebates
California Energy Commission: 
https://www.energy.ca.gov/funding-opportunities/funding-resources

• Low pressure drop air filtration
• Supply air temperature reset
• Duct static pressure reset
• Duct sealing
• Automated scheduling
• Demand control ventilation (CO 

or CO2 based)
• Optimizing outside air usage
• Repairing economizers
• Non-integrated to integrated 

economizers
• Allowing outside air to go to 

0% during warm up periods
• Outside air based boiler lockout
• Outside air based chiller/

compressor/cooling tower 
lockout

• Interior lighting retrofit
• Exterior lighting retrofit
• Lighting occupancy controls
• Lighting daylighting controls
• Motor replacement
• VFD installation on supply fans
• VFD installation on return/

exhaust fans
• VFD installation on pumps
• VFD installation on cooling 

tower fans
• VFD installation on 

compressors

• Web bulb temperature reset on 
cooling towers

• Pump optimization and right 
sizing

• HVAC equipment retrofits
• Computer server room 

optimization
• Window films
• Hot water heater replacement
• Electric transformer retrofit
• Duct sealing
• Pneumatic to DDC conversions
• Adjusting zone temperature 

deadbands
• Installing energy management 

system
• Repairing/replacing sensors 

in an existing energy 
management system

• Repairing compressed air leaks
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Conducting an ASHRAE Level 2 Energy Audit will identify the best possible 
combination of core project opportunities and, additionally, will define a 
tailored implementation package for each building. The ASHRAE Level 2 
process will determine the exact mix of energy efficiency measures best 
suited for each building. Measures might range from simple lighting retrofits 
to deeper capital-intensive projects that can have positive implications 
throughout the campus and within the central plant. 

As appropriate, the college should employ an integrated energy firm to install 
data loggers for each building to monitor energy consumption for a minimum 
period of 4 - 6 months. Monitoring should be used to confirm appropriate cost-
effective strategies that include a payback analysis and deliver guaranteed 
savings. The vendor shall maximize all rebates, incentives and tax credits. In 
addition to identifying and implementing project opportunities, a rigorous 
data intensive commissioning and measurement & verification procedure 
should be built into the energy audit process for every building. For each 
building, electric and natural gas meters, as well as chilled water valve sensors 
should be installed. These meters and sensors should have the ability to 
communicate with the EMS. Having these technologies in place will assist in 
tracking usage and trends and will also help identify areas that have the most 
efficient return on investment strategies. 

 Natural light inside Irvine Valley College Library 
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Perform an ASHRAE Audit, Type 2 for all buildings. Provide building systems 
commissioning as described in the Major Renovations checklist. Add 
lighting controls to the building management system.

BUILDINGS WITH EUI OVER 100 KBtu/sqft

B 300, SSC, B 200, B 100, A 300:, Fine Arts, LA, LSB, PAC, A 100, BSTIC

Prioritize passive solar design, passive cooling strategies and daylighting. 
Buildings built before 1990 might require an envelope upgrade.

• Maximize daylighting and minimize direct sun penetration- solar 
protected windows, skylights, light shelves (S, SE, SW façades)

• Implement daylighting controls, occupancy sensors and timers
• Upgrade to LED fixtures (B 300, SSC, B 200, B 100, A 300, LSB, PAC, 

A 100, BSTIC)
• Consider using high-emissivity roofing or PV panels to reduce heat 

load on roofs
• Redesign passive shading devices to block solar heat gain while 

admitting sunlight
• Improve envelope performance:
  o Increase R-value of walls, roof, windows and floors
  o Minimize thermal bridging
  o Improve building airtightness
  o Use high performance windows

[ BUILDING LEVEL ENERGY RECOMMENDATIONS ]
• Consider using high thermal mass to store heat and to drive night 

flush ventilation
• Specify efficient office equipment and appliances to reduce plug 

loads and consider establishing a plug load budget
• Consider using solar water heating systems 

BUILDINGS WITH EUI OVER 50 KBtu/sqft

PE 200, A 200, PE 100, LIB, CEC, CP 100

Prioritize passive cooling and daylighting strategies. Buildings built before 
1990 might require an envelope upgrade.

• Maximize daylighting and minimize direct sun penetration- solar 
protected windows, skylights, light shelves (S, SE, SW façades)

• Implement daylighting controls, occupancy sensors and timers
• Upgrade to LED fixtures (PE 200, A 200, PE 100, CEC, CP 100)
• Consider using high-emissivity roofing or PV panels to reduce heat 

load on roofs
• Redesign passive shading devices to block solar heat gain while 

admitting sunlight
• Improve envelope performance:
  o Increase R-value of walls, roof, windows and floors
  o Minimize thermal bridging
  o Improve building airtightness
  o Use high performance windows
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BUILDINGS WITH EUI UNDER 50 KBtu/sqft

M 100, M 300, M 400, M 200

Prioritize daylighting. Examine fan and pump use.

• Maximize daylighting and minimize direct sun penetration- solar 
protected windows, skylights, light shelves (S, SE, SW façades)

• Implement daylighting controls, occupancy sensors and timers
• Upgrade to LED fixtures

• Consider using high-emissivity roofing to reduce heat load on 
roofs

• Redesign passive shading devices to block solar heat gain while 
admitting sunlight

BSTIC and Performing Arts Center
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The college could increase energy efficiency through a campus-wide 
retrofit of interior and exterior advanced lighting hardware and controls. 
Like most institutions, the college recognizes that lighting retrofits reliably 
generate strong payback on investment as these projects can often yield 
energy reductions of up to 30 percent. The college consistently evaluates its 
existing lighting and controls for retrofit opportunities. Lighting strategies 
include the following: 

• Occupancy sensors this strategy involves reducing lighting levels or 
automatically turning lights off in spaces when there is no occupancy. 
When motion is detected lights turn on automatically; they can also 
be set to come on partially dimmed. Occupancy sensors are highly 
suited for parking structures and parking lots, as well as smaller, 
enclosed spaces that are intermittently occupied such as private offices, 
classrooms, conference rooms, and restrooms.

•  Daylight harvesting This strategy involves capturing daylight and 
supplementing it with electric lights to achieve a preset lighting level.  
For example, placing day light sensors at the perimeter of the buildings 
light levels to be measured so that should levels fall below a preset 
limit electric lights automatically turn-on to supplement the daylight 
in specified spaces.

•  Building Management System It is important to have the lighting system 
operational only during times of occupancy.  To that end the lighting 
control panel is connected to the Building Management System 
with a programmed occupancy schedule. This ensures lights are not 
inadvertently left on during non-occupied periods such as nights and 
weekend periods. However, there may be occasions when lights are 
required such as when a cleaning crew is performing work.  In these 

instances, an override switch should be provided locally which allow 
lights to turn on manually for a preset period.

•    LED lights This technology provides great dimming capabilities, longer life 
and reduction in operational costs.

  Irvine Valley College Student Center natural light

[ LIGHTING HARDWARE AND CONTROLS ]
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[ DEMAND RESPONSE PLAN ]
Another cost saving plan is to enroll the college on a demand response 
program with the utility. Demand Response is a strategic and tactical tool used 
by utilities and grid operators to reduce energy demand across the system in 
order to prevent power outages from occurring during high stress times on the 
electricity grid. The periods of acute high demand for electricity are deemed 
emergency events and typically occur only during a few days each year, with 
durations usually lasting only for a few hours at a time. Demand Response 
is primarily called into action during the hottest days of summer, at times of 
extraordinary load on the system when energy efficiency and conservation 
practices are insufficient to curtail electric demand. Institutions who voluntarily 
participate in the Demand Response program benefit financially by receiving 
a monetary incentive from the utility provider and also through the utility cost 
savings derived by a reduction in kWh used. The Board of Governors of the 
California Community Colleges through its Energy and Sustainability Policy 
encourages each college to participate in all utility offered Demand Response 
programs and pursue all possible incentives offered by these programs. 

The college is a prime candidate for participation in a utility provided 
Demand Response program. Based on the institution’s current conditions, 
the campus should employ a combination of manual and semi-automated 
Demand Response strategies. By doing so, the college will be able to generate 
exceptional value through this no-cost, no-penalty program with very minimal 
impact to day-to-day operations. The dollars generated can be allocated to 
expanding other energy savings initiatives and the energy behavior the 
program generates is consistent with the college’s overall goals. 

Plan to Curtail Energy Load

Additional energy reduction strategies that are commonly employed at 
college campuses include HVAC, elevator and generator procedures, as 
detailed below.

Heating, Cooling & Air Conditioning (HVAC)

• Pre-cool each of the areas prior to the event by reducing set point 
temperatures 5°F to 10°F or as low as 60°F on each of the units. Ten 
to fifteen minutes prior to the start of the event, turn off the units 
completely or raise the set points as high as 80°F in order to keep the 
compressors off as long as possible during the event.

Chiller System – Air / Water Cooled

Chiller Water Pump

Condenser Pump

Cooling Tower

Rooftop Units

Split Units

Packaged Units

Air Handling Units

Fans

Elevators

Personal Computers 

Kitchen – Dishwasher / Freezer Units

Pool Pumps

Lighting

Exhaust Fans

Heat Pumps

Hot Water Heater Pumps

Electric Boiler



INTEGRATED ENERGY MASTER PLAN  Irvine Valley College & Advanced Technology Education Park  

50

• Similarly with chillers, pre-cool the building prior to the event by 
reducing chilled water temperatures 5°F to 10°F or as low as 38°F. Ten 
to fifteen minutes prior to the start of the event, turn off completely or 
raise the chilled water temperature to 48°F.

• Turn off as many air handling units/fans as possible or cycle them in 
a constant air volume system. Reduce fan VFD’s or DSP (duct static 
pressure) as much as possible in a variable air volume system. Also 
reduce VFD’s on chilled water pumps, condenser pumps and cooling 
tower fans to minimize pumping and fan power.

• Turn off as many refrigeration compressors as possible and keep freezer/
cooler doors shut for the duration of the event.

• Turn off lighting in offices and all other unoccupied areas, as well as 
areas with natural lighting.

• For any areas that cannot be shut down fully, try reducing lighting by 
simply turning “off” every other row. Reduced lighting can assist in 
maintaining a cooler building temperature.

Elevators

• If there is more than one elevator, post signs in front of extra elevators 
and ask that they not be used. Only take elevators offline in accordance 
with building and safety codes, and ADA requirements.

Generator

• If running a generator, make sure to engage it 15 minutes prior to the 
Demand Response event time and keep it operating 15 minutes after 
the event time.

• Make sure the generator transfer switch is properly engaged and is fully 
fueled for a successful Demand Response reduction outcome.

Institutional Actions Required from Participation in 
Demand Response Program
For participation in a Demand Response program, the college must ensure 
that proper hardware and software controls are in place to effectively 
respond to Demand Response protocols from a utility. Moreover, the college 
must consistently communicate and emphasize to campus stakeholders 
the effects as well as the benefits of Demand Response to help ensure that 
the organizational culture accepts participation as a normal way of doing 
business. Additionally, and importantly, the campus community must 
understand through ongoing organizational communication and feedback 
that Demand Response is a strategy embraced by the college and that certain 
conditions may exist when participating in Demand Response. For example, 
when an electrical emergency event is declared, authorities will notify the 
college’s contact personnel by 3:00 pm the day prior. Subsequently, all 
college staff should be notified and encouraged to participate by turning 
off lights, utilizing pre-cooling strategies and shutting blinds in rooms with 
southern and western exposures to help mitigate heat gain during hours of 
reduced air-conditioned loads. All applicable equipment from the following 
list should be shut down or reduced, if possible.
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[ BATTERY ENERGY STORAGE ]

  Tesla Battery Energy Storage System

Battery storage is a new technology that would allow the college to charge 
the batteries during the night when electricity rates are at significantly low 
rates and discharge during peak hours during the day. There are two types 
of demand response (DR) structures the first price-based DR programs are 
designed to encourage electricity use off peak (i.e. time-of-use pricing or 
demand charge which assigns prices for different blocks of time). The other 
category is event based and compensates utility customers who allow 
program administrators to control energy consuming equipment directly to 
reduce energy consumption during grid emergencies. The purpose for the 
college is to reduce the demand charge and not necessarily reduce the energy 
consumption.  The demand charge is significant and needs to be reduced or 
eliminated resulting in operational cost savings. 

Currently, the college has installed 33 Tesla power packs each with a capacity 
of 50kW producing 6,930 kWh to reduce demand charge especially during 
a the summer months. Capacity is the amount of energy in kWh (units) that 
a battery can store. The battery storage system is designed to work with PV 
system to ensure maximum cost-savings are achieved. With the goal of having 
the college be a zero net energy campus, the recommendation is to increase 
the current size of the photovoltaic system as described earlier.  As the PV 
system is increased to the recommended size of an additional 3.8-megawatt 
system.  In order to shift the load even more and to provide for future time 
dependent rate structure changes, the battery storage should increase by 
approximately one-megawatt battery storage that would bring the total to 
approximately 1.5 megawatt of battery storage.  The cost of a one-megawatt 
battery would be approximately $2 million.  The added storage capacity 
would allow for anticipated peaking. It is anticipated the payback period to be 
approximately 10 – 13 years.
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Today’s buildings demand more from building automation and security 
systems. Buildings must adapt to many rapid changes, and be smarter, more 
comfortable, more efficient and safer than facilities designed just a few years 
ago. The controls system is the critical component to meeting these new 
demands. Improvements to existing building automation systems often 
require little investments and help save a significant amount of energy, 
reduce CO2 emissions and shorten payback periods. 

Andover Continuum is the Building Automation System currently controlling 
the air conditioning systems at Irvine Valley College. It is recommended 
that the lighting controls that are compatible with the Andover system 
throughout the campus should be considered for future development.

[ BUILDING MANAGEMENT SYSTEMS ]
Benefits of a Building Management System include:

• Reduction of operational cost by energy optimization
• Reduction of operational cost through preventative maintenance
• Reduction of service cost through staff productivity
• Campus security such as fire alarms, site lighting, CCTV cameras, safety 

and security telephones
• Remote alert notifications prior to user complaints
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[ WATER CONSERVATION EFFORTS - existing and upcoming ]
Irvine Valley College has been striving to reduce water consumption since 2008 by 
replacing high water demand turf grass, shrubs and trees with drought resistant 
California native and desert landscaping. Water conservation efforts for new 
construction since 2015 have included:

• Water efficient landscaping
• Reclaimed water irrigation for all outdoor landscape
• Motion-sensing faucets in labs and restrooms
• Low flow urinals and toilets which use reclaimed water
• Exterior bio-swale retention for on-site treatment of rainwater (Liberal Arts 

Building)

Annual water consumption was calculated using utility bills from calendar years 
2014 to 2016. The gross annual water consumption at Irvine Valley College is 
45,243,777 gallons per year, the annual water use intensity is 16.1 gal/sqft per year 
and the per capita consumption is 2,782 gal/person per year.

Water Consumption Distribution Pie Chart



INTEGRATED ENERGY MASTER PLAN  Irvine Valley College & Advanced Technology Education Park  

54

Performing Arts Center  Building at Night



55

INTEGRATED ENERGY MASTER PLAN  Irvine Valley College & Advanced Technology Education Park  

APPENDIX
This Section Includes:

57 Acronyms
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AB Assembly Bill

ADR Automated Demand Response

ANSI American National Standards Institute

ARB California Air Resources Board

ASHRAE American Society of Heating, Refrigerating and 
Air-Conditioning Engineers

BIS Business Incentives & Services package

CALEPA California Environmental Protection Agency

CEEP Commercial Energy Efficiency Program

CHP Combined Heat and Power

CO2e Carbon Dioxide Equivalent

CPAC Comprehensive Packaged Air Conditioning 
Systems program

CPUC California Public Utilities Commission

CSI California Solar Initiative

DG Distributed Generation

DOE U.S. Department of Energy

DSIRE Database of State Incentives for Renewable 
Energy

EE Energy Efficiency

EERS Energy Efficiency Resource Standard

EO Executive Order

EM&V Evaluation, Measurement, and Verification

EPA Environmental Protection Agency

ESCO Energy Service Company

Fc Foot-candles

FiT Feed in Tariff

GDP Gross Domestic Product

GHG Greenhouse Gas

GIS Geographic Information System

GW Gigawatt (1 GW = 1,000 MW)

GWh Gigawatt-hour (1 GWh =1,00 MW)

HVAC Heating, Ventilation and Air Conditioning

IDSM Integrated Demand Side Management

IOU Investor-Owned Utility

kW Kilowatt

kWh Kilowatt-hour

LBNL Lawrence Berkeley National Laboratory

MW Megawatt

MWh Megawatt-hour (1 MWh = 1,000 kWh)

NEM Net Energy Metering

PEV Plug-in electric Vehicle

PG&E Pacific Gas & Electric

PV Photovoltaic

RCx Retrocommissioning

REC Renewable Energy Certificate

RES Renewable Energy Standard

RPS Renewable Portfolio Standard

SCE Southern California Edison

SCG Southern California Gas Company

SDG&E San Diego Gas & Electric

SGIP Self-Generation Incentive Program

SPC Standard Performance Contract program

TOU Time-of-Use

ZEV Zero Emissions Vehicle

ZNE Zero Net Energy

[ ACRONYMS ] 





San Diego     Los Angeles     San Francisco     Sacramento     Chicago     Detroit     Boston     Dallas


