BRIDGE TO THE FUTURE

Feb.16-18 | CONNECTING VIRTUALLY
WORKSHOPS | Thermal Distribution: March 2 | Microgrid: March 16



Utility Master Plan Update
Caltech
February 2021

A — I Affiliated
== I Engineers




Q&A Will Not Be Answered Live

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

Key
Performance
Indicators

Fiscal Year 2019 At A Glance — Key Performance Indicators

Water

Water consumption fell slightly in FY19
due to conservation measures at the
utility plants and irrigation savings that
resulted from turf removal and an
unusually rainy winter.

Materials

Waste generation fell again in FY19, as
we've begun to establish a new
baseline after the closure of the
Recycling Center. Recycling markets
continue to be unreliable.

Built Environment

Caltech continues to transition
towards more sustainable land use
practices. 2019 saw pro,

care electrification, drougt

Transportation

2019 saw a mixed bag of indicators for
progress. While drive alone rates and
campus AVR are trending in the wrong
direction, new programs should bring
progress in commuting trends in 2020.

Emissions

Caltech’s emissions were flat from last
year, continuing a trend in place since
2012. Despite emissions intensity
improvements, we will not meet our
2020 Climate Action Plan goal.

15%
total electricity
demand since peak in
FY16, lowest demand
since FY08

112%
water consumption
since FY17 but a

44% decrease since
FY06 peak

campus non-
hazardous waste

diversion rate, down

from 37% in FY17

2

buildings pursuing
LEED certification in
2020

campus occupants
per vehicle, down
from 1.63 in 2018

1 1%

regulated greenhouse
gas emissions since

2016

100% | 3%

electricity
produced on-site,
marking three
consecutive years
as net exporter

130%

irrigation water use
from FY18 mostly
due to significantly

wetter year in FY19

1350/0

municipal solid waste
per capita, down
to .24 tons from .41
in FY14

176K

square feet of LEED
building space to he
added by 2021

campus drive
alone rate, up to
44%

122%

total greenhouse gas
emissions since 2008

energy intensity by
area since FY17 peak
but 7% increase since
FY11

1129

water use per square
foot from FY14 peak
but constant since

hazardous waste
diversion since
FY17, down to
55%

16%

of campus now covered
with low-water
vegetation, up from 4%
in 2012

average commute
distance, up from 8.0
in 2018

emissions intensity
per capita from 2017
but flat since 2015

$11.2M $17M

in annual energy

costs, flat since FY17
and a 22% decrease

since FY11

in annual water

costs, down 15%

from FY18 but up
20% from FY11

In total campus
waste costs, up 15%
from FY14

8,000

square feet of
turf removed
from campus in
2019

72%0

staff drive alone
rate, highest since
record keeping
began in 2005

pounds of CO2e per
research dollar, down
2% since 2018

in cumulative energy
cost reductions
compared to FY11
baseline

In campus costs per
gallon since FY11 but
down 13% from FY18

drop in net recyding
revenue compared to
FY17 due to
commodity prices

14%

Of campus building
square footage is now
LEED certified, up
from 6% in 2011

carpools and vanpools
at the end of 2019,
respectively

MTCO2e per person,
down 6% since 2014
but flat since 2015




15

N. Wilson Parking Structure N kDELMAHwD-

JCI‘ r Vj w13 o \Hd gy e :
380 KW OB )
i Eﬁmmm Ao 2 f | — Annenberg
e MA[}E”T”MM“—W‘ S| _‘,‘“ Cen’[er
S. Wilson Parking J D::FQ 64 KW
s | : Holliston Parking Structure
440 KW 1 o 200 KW
S. Wilson Parking Fuel Cell B wl
i | AN
< 1B = Satellite Plant Fuel Cell
Linde + Robinson Laboratory a — 3 1MW
5 KW
s : SIIN Watson Laboratory
Linde + Robinson Laboratory Fuel Cell | | Student Solar Initiative
200 KW :
i |~ Baxter Hall
Cahill Center 131 KW

27 KW

Central Plant Fuel Cel
1MW

Central Plant Gas Turbine_

On-Site Generation

10 MW /
Central Plant Steam Turbi =

gl &

ﬁ:lf e Solar (1.3 MW)
— %’ ) 72% of campus space eligible for solar used

2.5 MW /'
Braun Gym S
94 KW “ - Fuel Cells (“‘3.23 MW)
/ 74 Bl Co-Generation (12.5 MW)
IPAC Laboratory \\\I\\H—H\I\lﬁ\l\\\\ 1 ]
40KW



Initial Energy

Scenario
Categories

ON-SITE
COMBUSTION

ON-SITE
DISTRIBUTION &
MANAGEMENT E Alternate "
Efficiency, CHP

Business as

Optimization &
Usual CHP

Controls
Building & II

Energy Grid
Infrastructure Purchases OFF-SITE PWP

PURCHASES

PWP
Partnership

Fuel Cells &
RENEWEIES

ON-SITE NON- E @

COMBUSTION Storage f Renewable

(o)
'. Purchases

Renewable

Development

OFF-SITE
RENEWABLES



Campus Carbon Emissions Progress
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Utility Master Plan
Chilled Water System




- Goals of Caltech UMP

* |dentify ways Caltech can continue to meet campus
energy reguirements in an economical manner while
remaining sensitive to environmental concerns,
reducing risks, and addressing reliability and _maT

adaptabllity. I

Grid Purchases

« Minimize Total Cost of Ownership including capital

expenditure, operation and maintenance, and utility
COSts.
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- 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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- Utility Master Plan

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

(g
» Deeper dive into utility systems l
« Existing Conditions -
« Establish/Verify Business as Usual LTSSJZFESH‘;S

* Investigate Combined Heat and Power Usage
 Bring perspective of campuses across country to Caltech
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- Utility Master Plan — Chilled Water Improvements

* |[nefficient Chilled Water System

* |ssues with space in central and satellite plants ﬁ
: : : .. Efficiency,
« Mismatch in design/sizing between pumps, towers, Stz &

and chillers Controls

* Develop A3 Analysis for
Chilled Water System Improvements

15



Utility Master Plan
Options Modeling




Screening

Method
* Options investigated to provide
heating, cooling and electric power to DESIEN TEAM
campus IDEATION
« System reliablility, environmental |
Impacts, sustainability, regulations, and =IEEINIE
budget requirements’included Iin SCREENING N
analysis m
* Options screened with Caltech facilities TECHNICAL
and services staff VERIFICATION

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

DESIGN AR
APPROACH S,




© Flant Improvements.

Caltech currently usas constant speed chillers and packaged coolng towers with a 7°F or 11°F approach. Given the electrical demand of the.
existing chilled water system, variable speed chillers, conling tawers with lower approach, and improved chiller dispatch was considered as an
alternate mezns of producing chilled water. This analysis considers replacing chilled and condenser water pumps, improving the chillar plant

dispaich, replacing Chiller 4 in 2019 instead of 2020, and replacing the central plant cooling fowers in 2020 inslead of 2023,

The Campus Coaling Load versus Capacity chart indicates the addition of the Chen Neuroscience Research Buiding results in a campus peak
cooling load 185 tons greater than chiled water firm capacity. The Satelite Plant Chiller 4 and the Central Plant Cooling Towers. are at the end
of typical squipment life expectancy. Replacing Chiller 4 wilh a 1,500-ton chiller, or replacing the Central Plant Cooling Towers with larger
towars would result in firm capacity

Considerations of this A3 should include: campus firm capacity, first cost, maintenance, repair & replacement costs, fuel casts, lotal cost of
oumership, and maintainabiliy.

BAU: Addition of variable speed 1,500-1on electric-cantrifugal Sk Carrier chiller, pumps and cooling tower at Satellite Plant.
EFF: Replace chilled and tower water pumps and impraving chille dispateh, startn

CH-4: Replace Satellite Plant Chiller 4 with a variable speed 1,500-ton chiller in 2019, mcleas\ng ‘capacity from 1,065 to 1,500 tons.
GPGT:  Replace Central Plant Gooling Tewers with 2,250 ton towers in 2020, increasing capacity from 6,000 ta 9,000 tons.

The goal is to provide suficient chilled water capacity fo meet growing campus loads, replace equipment at the end of useful life, improve
efficiency of campus chilled water system operation, and increase Central Plant chilled water generation capacity by replacing cooling towers to
match existing chiller capacily.

- - --
| Qimplementation |

Existing and new chillers are modeled Using manufaclurer's dala for compressor enrgy given
chiked water oad and ccling tower

are modelsd using the tower design conditions lsted inthe Coaling Tower Design Condiions table and
adusted for hourly wet bulb temperatures

he hoirly

Chiller operation is modeled to represent current operation of the chilled water plants. Chiliers are
dispalched in the following order.

MNew 1,500-ton chiller with 5°F cooling tower (Satellite Plant)
Existing 1.500-10n chillers with 7°F eooling tower

Exisling 1.500-1on chillers with 7°F cocling tower

Any of six remaining 1,500-ton chillers with 11°F cooling tower

BAU: Chiller 515 installed in 2019 with 2 1,500-ton cooling tower, one new VFD chilled water pump, and
one new VFD tower water pump. Chiller dispatch is modeled based on current operation. Satellite Plant
Chiller 4 I3 installed in 2020 with one new VFD chilled water pump and ane new VD lower water pump.
Central plant caoling towers 1 through 4 are replaced in 2023 with 2.250-ton lowers.

EFF: Efficiency improvements include repiacing chilled and tawer water pumps with variable speed
pumps and a revised dispalch sirategy for chilled water plants to reduce energy consumplicn, Revised
dispateh strategy is modeled by selecting the number of chillars operating to keep ehillers operating
between 50 and 80% loaded.

CH-4: Satellite Plan Chiller 4 is replaced a year early in 2019 with a 1,500-ton VSD chiller. increasing
firm capacity by 435 tons. One new VFD chilled water pump, and one new YFD fower water pump are
installed with chiller 4. Ciller dispatch is modeled based on current operation.

GP CT: Gentral plant coaling towers 1 through 4 are replaced in 2020 with 2,250-ton towers, increasing

Caltech

al Cost of Ownership (without Carbon Costs)

$180.000,000

$160,000,000 .:’:
$140,000,000
$120,000,000
§100,000,000
$80,000,000
$60,000,000

$40,000,000

$20,000,000

@
3
c

firm capacity by 3.000 tons, Ghiller dispatch is modeled based on current operaticn. s-
CPCT
Annual operating fuel savings associated with raplacing Chiller 4 with a 1.500-ton variable spead chiller
AR ithout changes t dispateh strategy, pumping, or cooling towers, 1S on the order of 540,000, The
Campus Cooling Load versus Chiller Capacity chart indicatss Campus Firm capacily can be provided
TOTAL COST OF OWNERSHIP Wwithout replacing chiller 4 If the Central Plant Caoling Towers are replacad with Iarger towars,
Ceniral and Satellite Plants Discussions with Callech indicaled a firn capacily shortage of 185 tons. untl the Ceniral Plant cacling CARRIER 19XR VARIABLE SPEED
towars are replaced, is an acceptable condition CALTECH
Prasont Value
Non-fuel Total Cost of Total Cost of o8
Option Capital Capital Maintenance, Carbon Fuel Costs Ounership Ounership SIMPLE AMORTIZATION 55
Cost Expenditurss | Ropar, Replace Costs Costs (no Garbon Costs) | (w/ Carbon Costs) Gentral and Satelite Plants o8 f—
] ® ® ® ® ® ® —
BAU s 4p000|s  3seeetaz|s  2re1ssst| s 25749035 meeor2t1(s 153084834 |5 1s5ss07TeR or
EFF R an 2100781 |8 7e37aTE|s  t4s0ttdes|s 145208275 Option Capital Annuat Simple g \ \
o8
che s z7esgme|s 39055811 (s 29,282,075 | 5 2483015 | § 88,982703| 8 157,030,680 | 159,813,695 Cost Savings Amortization z \ \
]
cpet s 7a08000|5  sesis7es |5  zmacre2| s 2564133 (5 msazedte|s 1545119855 157076118 @ i tywars) @os
o
NOTES: 1. Capital include costs to hillers, towers, and d of useful life. Useful life based on industry BAU_|S 4,840,000 - & \ \
standards: ~23years; - 15 years; pumps - 25 years efF |5 1750000 |3 1,240,000 14 o |
2. Central Plant Cooling Towers 1 replaced in year 2023, Satsilts Plant Chiller 4 replaced in year 2020 cha |5 2759000 | 0,000 700 \
3. 7CO caleulated for Centrsl and tor plants yo t02038) cPcT | 7a08000 | § 192427 559 03 =
4 Discount Rate = 5.0% Escalation Rate = 2.5% MOTES: 1. CPCT instalis cooling towers in 2020 versus 2023.
. 02
5. Electricity Cost = $0.1441/kWh 2. Savings mprove b =~ m - = = -+ m = =
6. Carbon Cost=$16/MT of pumps, and i llation of CHILLER LOAD, %
7. Non-fuel maintenance, repair, and replacement based on 3.5% of olal assel value
CAMPUS COOLING LOAD VS. CHILLER CAPACITY
CaLTECH
COOLING TOWER DESIGN CONDITIONS
Plant Caoling Wet
Tower Bulb Ewr owT Capacity The Satellize Plant pumps should be repiaced in 2019 with the addition of Chiller 5, and the Central Plant pumps
R 5 n toms) shoukd b replaced in 2020. A project to deveiop and implerent chiler plantdispatch model showld be scheduled
Efficiency have o simale payback less than 2 years.
o1 7 95 8 1,300
Central 12 ,4 m M 1300 Itis not recommended to replace Satellte Plant Chiller 4, Firm capacity will be availabe when the Cenral Plant
ling towers are replaced. Firm cap ly be 185 tons less pus load, with additional load of Chen
Plant cors ™ 9 & 1300 Neurosciences Research Bulding, uni Central Plan caoling towers are replaced.
o " il ad 1300 BT [T e
=) ,‘ m m 7500 L Based on the age of the Central Plant cooling tawers, a project to replace the towers should be scheduled within the
e 25 years.
cT2 " o 8 1,500 ot s next 5 years.
Satsllite €T3 i 9 85 1,500 - e
Plant T4 4 95 85 15500 Bundling the efficiency improvements and the Central Plant Cooling Tower replacement results in increased tower
Non T8 T o o 508 = = = = == savings and a combined simple payback of 7.2 years.
NOTES: T, Satellts Plant Towers GT-1 and CT-2 are operated at 70% capacity at night 1o reduca noiss. The resulting
reduction in tower capacity is not modeled in this analysis. MNOTES: 1. Chillerd 023

Chiller can remain in operation as long as chiller is servicable.

Affiliated Engineers Inc

Published on: 4,
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- 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
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- 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.

20



- 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

21



- 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.

22



Path Forward




Upgrade control strategy
All variable speed plants

* Chillers
Chilled Water o
System Efficiency + 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

e 71,400 MTCOZ2e reduced

Improvements
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Implementation Plan
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