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Q&A Will Not Be Answered Live

Please submit questions in the Q&A box. 
The presenters will respond to questions off-line. 



Agenda

• Caltech Overview

• Energy planning

History of cogeneration system

Energy Resource Plan

• Utility Master Plan 

Chilled water system modeling

Chilled water system improvements

• CHW System Improvements
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Caltech Overview



Sustainability
At A Glance –

Key 
Performance 

Indicators
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Energy
Map
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N. Wilson Parking Structure

380 KW

S. Wilson Parking 

Structure

440 KW

Linde + Robinson Laboratory

5 KW

Braun Gym

94 KW

IPAC Laboratory

40KW

Annenberg 

Center

64 KW

Holliston Parking Structure

200 KW

Watson Laboratory

Student Solar Initiative

Baxter Hall

131 KWCahill Center

27 KW

Linde + Robinson Laboratory Fuel Cell

200 KW 

S. Wilson Parking Fuel Cell

1 MW

Satellite Plant Fuel Cell

1 MW

Central Plant Fuel Cell

1 MW 

Central Plant Gas Turbine

10 MW

Central Plant Steam Turbine

2.5 MW
Solar (1.3 MW)

72% of campus space eligible for solar used

Fuel Cells (~3.23 MW)

Co-Generation (12.5 MW)

On-Site Generation
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OFF-SITE 

RENEWABLES

OFF-SITE PWP 

PURCHASES

ON-SITE 

COMBUSTION

ON-SITE 

DISTRIBUTION & 

MANAGEMENT

ON-SITE NON-

COMBUSTION

CALTECH ENERGY 

SCENARIOS

Renewable

Purchases

Renewable 

Development

PWP 

Partnership

Grid 

Purchases

Alternate          

CHP
Business as 

Usual CHP

Fuel Cells & 

Renewables

Efficiency, 

Optimization & 

Controls

Storage

Building & 

Energy 

Infrastructure
Initial Energy

Scenario
Categories
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Business As Usual: 

108,000 MT CO2e

2019 Actual: 

69,056 MT CO2e

Climate Action 

Plan Goal: 51,000 

MT CO2e

Climate   

Action Plan         

Implemented

Campus Carbon Emissions Progress

Emissions flat 
since 2016, 

not on target 
to meet 2020 

goal
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Utility Master Plan
Chilled Water System



Goals of Caltech UMP

• Identify ways Caltech can continue to meet campus 

energy requirements in an economical manner while 

remaining sensitive to environmental concerns, 

reducing risks, and addressing reliability and 

adaptability.

• Minimize Total Cost of Ownership including capital 
expenditure, operation and maintenance, and utility 
costs.
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Grid Purchases



Goals of Caltech UMP

• Enable adaptability and reliable capacity to meet 
campus growth, while improving controllability.

• Reduce environmental impact, emissions, and 
campus risk to regulatory changes.
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CALTECH ENERGY 

SCENARIOS



Utility Master Plan

• AEI hired to provide outside confirmation of 
Caltech Energy Resources Plan

• Deeper dive into utility systems
• Existing Conditions

• Establish/Verify Business as Usual

• Investigate Combined Heat and Power Usage

• Bring perspective of campuses across country to Caltech
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Business as 

Usual CHP
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Cooling 
Capacity

vs
Future Loads



Utility Master Plan – Chilled Water Improvements

• Inefficient Chilled Water System

• Issues with space in central and satellite plants

• Mismatch in design/sizing between pumps, towers, 
and chillers

• Develop A3 Analysis for 
Chilled Water System Improvements
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Efficiency,

Optimization &

Controls
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Utility Master Plan
Options Modeling



Options

• Options investigated to provide 
heating, cooling and electric power to 
campus

• System reliability, environmental 
impacts, sustainability, regulations, and 
budget requirements included in 
analysis

• Options screened with Caltech facilities 
and services staff

• Viable, significant in scale, and contribute 
meaningfully to Caltech’s energy, 
environmental and operational goals
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A3 Analysis



Chilled Water System Analysis

• A detailed energy and economic model of the chilled water 
system and options was developed.

• The model includes probable estimates of construction costs 
(CAPEX), non-fuel operations, maintenance, and repair costs 
(OM&R), utility rates, emission rates, and economic analysis

• Chilled water demand based on three years of hourly measured 
data

19



Chilled Water System Analysis

• Existing and new chillers are modeled using manufacturer’s 
data for compressor energy given the hourly chilled water load 
and entering condenser water temperature.

• Cooking tower leaving water temperatures are modeled using 
the tower design conditions and hourly wet bulb temperatures.
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Chilled Water System Analysis

• Chiller operation is modeled to represent current operation of 
the chilled water plants.

New 1,500-ton chiller with 5°F approach cooling tower

Existing 1,500-ton chillers with 7°F approach cooling tower

Existing 1,500-ton chillers with 7°F approach cooling tower

Any of six remaining 1,500-ton chillers with 11°F approach cooling tower
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Chilled Water System Recommendations

• Replace Satellite pumps in 2019 with addition of Chiller 5

• Implement a chiller plant dispatch model immediately

• Replace Central Plant towers within next 5 years.  
• Central Plant pumps replaced with cooling tower project.

• Replace constant speed chillers with VSD chillers as chillers 
reach end of useful life.  
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Path Forward



Chilled Water 
System Efficiency  

Improvements

• Upgrade control strategy

• All variable speed plants
• Chillers

• Towers

• Pumps

• Properly sized pumps

• Comparing to BAU-ERP shows the benefits of 
improving the chilled water system efficiency 
over the 20-year study period.  

• $16,400,000 savings

• 71,400 MTCO2e reduced



Implementation Plan
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