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Program Summary and Leadership 
 
Climate change caused by greenhouse gas emissions is the greatest environmental and socioeconomic 

challenge and opportunity of our time. Stanford has then accepted the challenge and is raising the bar in 

efficiency to develop and implement global solutions. The Stanford Energy System Innovations (SESI) 

program is a new district heating, cooling, and electricity system designed to meet the current and 

future energy needs of Stanford University in a sustainable and economic way.  

 

SESI has transformed Stanford's energy supply from a primary reliance on fossil fuel to a primary 

reliance on renewable electricity. After four years of planning and three years of construction and 

implementation, SESI came online via a new Central Energy Facility (CEF) in April 2015 and incorporates 

a 65% renewable energy portfolio; reduces campus greenhouse gas emissions by 68%-far out-

performing all local, state, national, and international targets; saves 15% of the campus drinking water 

supply; and saves the university an estimated $420 million over the next 35 years.   

 

The new CEF features heat-recovery chillers, both hot and cold water thermal energy storage, and an 

innovative 'model predictive control' energy management system developed and patented at Stanford. 

In addition to the new CEF, the SESI project converted the campus district heating distribution system 

from steam to hot water for additional energy, water, and cost savings. Making the switch from steam 

to hot water required the addition of 22 miles of new hot water piping, and conversion of 155 building 

steam connections to hot water. Furthermore, a new campus high voltage substation with new 

interconnections to the campus grid in ten different locations increase the capacity and reliability of the 

campus electrical system. Although developed independently by Stanford, SESI may be the first large-

scale example in the world of employing the technology road map for building heating and cooling 

recommended by the International Energy Agency. 

(https://www.iea.org/publications/freepublications/publication/technology-roadmap-energy-efficient-

buildings-heating-and-cooling-equipment.html) 

 

Environmental Benefits 

 

The new electrically-powered system is 70% more efficient than the previous Combined Heat and Power 

(CHP) plant, largely due to heat recovery and lower line losses from hot water distribution compared to 

steam. Heat recovery now supports 93% of Stanford's annual heating load. Powering the CEF with 

electricity procured through Direct Access provides flexibility in Stanford's energy supply and enables 

the university to transition to renewable energy sources. 

Key Performance Indicators - Greenhouse Gas Reductions 
 
Since the CEF opened in April, greenhouse gas emissions have dropped to 137,000 metric tons, a 40% 
reduction compared with the peak level of 228,000 in 2011. Stanford publically reports its annual scope I 
and II greenhouse gas emissions through The Climate Registry. All inventories are third-party verified. 

https://www.iea.org/publications/freepublications/publication/technology-roadmap-energy-efficient-buildings-heating-and-cooling-equipment.html
https://www.iea.org/publications/freepublications/publication/technology-roadmap-energy-efficient-buildings-heating-and-cooling-equipment.html


The emissions reduction gained from these efficiencies will be confirmed when the 2015 greenhouse gas 
inventory is conducted in spring 2016. After a full year of operation in April 2016, it will drop down to 
114,000 metric tons-a 50% reduction from the peak. 
 
By the end of 2016, Stanford will procure 65% of its electricity from renewable sources-50% from a 73 
MW installation being built offsite, 3% from 5.5 MW of onsite solar, and the remaining 15% from 
renewables in California's grid. This will contribute an additional 18% emissions reduction. By the end of 
2016, SESI will reduce Stanford's scope I and II greenhouse gas emissions by 145,000 metric tons 
annually, or 68% compared to 2013 levels. The emissions reduction from renewable energy components 
will be confirmed when the 2016 greenhouse gas inventory is conducted in spring 2017. At 55% below 
1990 levels, Stanford will significantly outperform the emissions reduction goal established by 
California's Global Warming Solutions Act.  
 
Key Performance Indicators - Water Use Reductions 
 
The CEF also yields significant water savings. The facility uses 70% less potable water than the CHP plant, 
as the majority of the waste heat from the chilled water loop is reused instead of discharged out of 
evaporative cooling towers. The transition from steam to hot water for heating also results in lower line 
losses throughout the distribution system. Monthly bills reveal SESI has reduced Stanford's potable 
water consumption by 115 million gallons annually, or 15% compared to 2013 levels.  
 
Indirect Benefits 
 
Aside from extremely efficient operations, sustainability features are incorporated throughout the 
Central Energy Facility so that it can serve as an example for generations to come. The Central Energy 
Facility has classroom and meeting space built in, so it is more than just a power plant, it is a learning 
center. Students will have the opportunity to get a first-hand look at the systems and technologies at 
work, and because the plant was designed and built for future growth and expansion, real-time 
experimentation could provide an unparalleled platform for innovative research and development. 
 
Potential Model for Business Community 
 
Expansive Partnerships 
 
The SESI project encompasses the best of both North American and European district heating and 
cooling system advances, with engineers, manufacturers, and constructors from both continents 
collaborating to develop this state-of-the-art transformation of Stanford into one of the most efficient 
district energy systems in the world. More than 20 industry partners contributed to SESI's success. Each 
of these industry leaders brought specific skills to the table that combined to create a system that 
stands out among its peers economically and environmentally.  
 
Close partnerships with the city and county were also critical to SESI's success. The City of Palo Alto 
recognized the significant benefits of SESI and, as a result, approved an amended agreement to allow 
construction of the Central Energy Facility in the optimal location. The County of Santa Clara's General 
Use Permit (GUP), approved in 2000, foresaw a future where flexibility was needed to capture 
innovations that could not be imagined 15 years ago. This inherent flexibility within the GUP allowed 
Stanford to leverage new technology to build the highest performing district energy system. 
 



A Model for the Community 
 
SESI demonstrates that heat-recovery at a district level is possible for others across the state and 
country. The technology used is highly transferrable, and thermal storage enables application in almost 
all climate zones. Stanford is willing to share its patented Central Energy Plant Optimization Model 
(CEPOM) with any entity interested in determining the overlap in heating and cooling and the 
subsequent potential for heat recovery. CEPOM was invented out of necessity, as no program to 
efficiently model and operate a district-level thermal plant with heat recovery previously existed. 
 
SESI's best practices and lessons learned are shared through in-depth tours of the CEF and an extensive 
website (sustainable.stanford.edu/sesi) that includes fact sheets, videos, technical documentation, news 
coverage, and more. The tours have sparked the interest of other institutions with district-level heating 
and cooling. Visitors have included the White House President's Council of Advisors on Science and 
Technology, Lawrence Berkeley National Laboratory, Ambassador of France, German Consulate, 
Massachusetts Institute of Technology, University of California, Google, The Association for the 
Advancement of Sustainability in Higher Education Board of Trustees, NRG Energy, Excelon Energy, 
Sonepar (France), Mines University (France), San Francisco International Airport, and others. Stanford 
has provided advice and support to many universities as a follow-up from interest gained through the 
tours. 
 
Demonstrated Commitment 
 
Campus Support 
 
SESI has set a precedent for campus involvement with major capital improvement projects at Stanford. 
In setting the vision and principles for this multi-year initiative, the SESI program integrated input and 
leadership from all stakeholders on campus (staff, students, faculty), while maintaining steady 
communication with Stanford leadership (Executive Cabinet and the Board of Trustees). A GHG 
reduction options report was prepared in 2008 and presented to the university administration for initial 
review. Subsequent reviews with more detailed analysis were held with the Board of Trustees in 2009, 
2010 and throughout 2011; two different faculty advisement committees actively participated during 
this inception phase of the project (President's Blue Ribbon Taskforce in 2008 and 2009 and Board of 
Trustees Energy Advisory Committee in 2010 and 2011).  
 
In December 2011, Stanford's Board of Trustees gave concept approval to the SESI program. In 2012, 
after a full year of planning, contract negotiation and internal campus coordination led by the 
Department of Land, Buildings, and Real Estate, the university broke ground for the conversion of steam 
to hot water and the construction of the new CEF. The Department of Project Management managed 
design and construction of 22 miles of hot water pipe, conversion of 155 buildings to receive hot water 
instead of steam, and installation of the CEF. The Department of Project Management and Office of 
Sustainability launched a comprehensive outreach effort and met with over 30 campus departments and 
entities to explain the importance of energy action and Stanford's leadership role with SESI, as well as to 
coordinate the schedule of widespread construction. The campus community was very supportive, 
despite a short-term inconvenience. 
 
SESI has been a steady source of education for Stanford students and community members. Not only 
were students involved during the planning of SESI, but student and campus community outreach was 
pervasive during the implementation stages, and continues now that the CEF is up and running. In total, 



over the entire course of SESI planning and implementation, more than 25 faculty members and 100 
students were involved through student groups and departmental queries. This was truly an all-campus 
project that solicited, welcomed and benefited from faculty and student input throughout the years.  
 
Future Growth 
 
The CEF is designed to meet the campus' energy needs through 2050. Its high-voltage substation, which 
receives all the electricity for the campus, has twice the capacity of the campus' current peak load. The 
CEF includes spare equipment to meet a 50% increase in heating and cooling demand, with space to 
install additional equipment if necessary. The flexibility of the energy supply will allow Stanford to 
consider additional renewable resources to increase these reductions in the years ahead. Phase 2 
studies of additional potential major enhancements to the campus energy system have already begun. 
These include: 

 Development of a ground source heat exchange system to complement the core heat recovery 
process; 

 Installation of a new high-voltage transmission line to improve the reliability of the grid that serves 
the university; 

 Installation of a plug-in electric vehicle infrastructure to support both private and university electric 
vehicles and electrification of the Stanford bus, truck, and car fleet; and 

 Installation of a natural gas-based centralized emergency generation and distributed electrical 
storage system to replace the current distributed diesel fuel emergency generation system. 

 
Detailed feasibility studies of these potential enhancements are under way and will again seek to 
incorporate feedback from the campus community and executive leadership.  


