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CalFlexHub Technology Portfolio
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W 18 demo projects
W 95 field sites (259 units)
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Promising LF Technologies

Growth-Share Matrix

I,

W Continuous & deeper LF:
¢ Stationary batteries, EVs

High

C Dedicated active thermal energy storage (TES)
C Model predictive controls (MPC)
C HEMS/smart panel/breaker
W Quick to deploy in scale:
¢ Connected thermostats; EVs; HPWHSs
W Low user impact:
¢ HPWH; Integrated HP systems
W Reliability and safety benefit: High Low

Relative market share

Market growth rate

Low

¢ Ceiling fan; HEMS/smart panel/breaker
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Technology Readiness Status eusismar

EV Connected
Charging Thermostat

EV
+ TES Charging

W Technology Readiness Level (TRL)

W Demo Scale + BAS TES
W Load Impact Performance ? i
. . EMS
W User Experience Thermostat HPWH
W Communication Pathway and Business Model
. . . . MPC Ceiling Fan
W Technical Potential - Grid Impact + HP +AC
W Cost Effectiveness — Pool
IHP Pumps
+ TES
- Ending TRL (1-9) Small Commercial
- = Starting TRL Large Commercial
Single Family Housing Campus

Multi Family Housing
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Technology Field Testing Scope i Residential
l

SF: 1, Summer 2023;
UC Dawvis, Villara IHP + TES Davis, Central Valley ME: 1 (2) Summer, Fall. Winter 2024
SF: 4; Spring 2023;
2 Harvest Thermal IHP + TES Bay Area MF: 1 (6) Winter, Spring 2025 50
3 Olivine, Ecobee Connected Thermostat Across CA SF: 19 winter, Sgr(l)r;gg Summer 24
4 Olivine, Sensi Connected Thermostat Across CA SF: 37 SULIElD (e A0 18
Summer 2025
5 SkyCentrics, Pentair Pool Pumps Burbank SF: 3 Summer 2025 1
6 NBI, Rheem Unitary HPWH Across CA SF: 10 Winter, Summer 2025 10
7 A.SK E_ner_gy, SEREE Central HPWH San Francisco MF: 1 (140) Winter, Summer 2025 17
Mitsubishi
8 UC Davis WCEC, Rheem Unitary HPWH Woodland, San Jose MF: 2 (17) Winter 2025 20
9 UC Dauvis, Eaton Smart Panels/'HEMS UC Davis SF 1 Summer 2025 17
10  UC Berkeley, Big Ass Fans Ceiling Fan + AC Stockton MF: 1 (5) Summer 2023 3
11  Olivine, BMW EV Charging Across CA 938 EVs Fall, Winter 2025 12

*SF: Single Family Housing; MF: Multi-Family Housing
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Load Impact Results T Residential

kW Single Multi
Reduced Family Housing Family Housing
5.5 4
5.0 A .
4.5 1 ~25-80% of baseline load
4.0

3.5 — | i | | i | | —
1.5

per apartment unit

|
I
!
|
1.0 2-hr i
i
i
0.5 - o 8 : I
-hr I '
3 o i '
I ()
HEMS/ Thermostat EV IHP HPWH IHP Central
Smart Panels (Cooling) + TES + TES HPWH
(n=2) (n=5) n=2) (n=6) (n=3 (n=15) (n=2)
1 sites, 56 sites, 705/938 cars, 5 sites, 27 sites, 7 units, 140 units,
2 days 42 days 12 days 42 days 24 days 85 days 17 days
—&— Demand Reduction Range ® Summer ® Transition Seasons ® Winter
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Load Impact ResultsT Res i dent | al

$/day Savings

Residential: Demand Reduced vs $ Savings [n(SF, MF) = (18, 18)]
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Technology Field Testing Scope 1T Commercial

Project Partners Technology Location # Tes*t Test Periods # Test Days
Sites per Site

Spring 2024 to Fall

Melrok, LA County, LACCD, KCCD, UC Davis MPC + HP Across CA
2025 (all seasons)
Davis, Claremont, _
13 UC Davis, Elexity EMS + San Juan SC: 3 S e 10
Thermostat . Spring, Summer 2025
Capistrano

14 LBNL MPC + BAS LBNL LC: 1 Fall 2023 to Summer 42
2025 (all seasons)

15 Olivine, Santa Rosa JC MPC HVAC Santa Rosa JC LC: 1 Summer 2025 9
16  Olivine, UC Davis MPC + TES UC Davis Campus: 1 Spring, Fall 2025 7
17 UC Merced MPC + TES UC Merced Campus: 1 Fall 2023 3
18 UC San Diego, PowerFlex EV Charging UC San Diego Campus: 1 Summer 2022 4

*SC: Small Commercial; LC: Large Commercial
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Load Impact ResultsT Commer ci1 al ( Cor

Demand small Large Demand
Reduced (%) Commercial Commercial Reduced (%) Campus
100 - ! 100 A
|
:
80 : 801 4
i A
60 i r 60
s s .
40 - ! 40 A
i
|
20 i | 20 1
i
1
|
0 i 0
MPC EMC MPC MPC EV
+ HP + Thermostat + BAS + TES
(n=13) n=3 (n=4) n=1) n=1)
6 sites, 3 sites, 1 sites, 1 sites, 22 chargers,
178 days 4 days 42 days 3 days 4 days
—&— Demand Reduction Range (%) A Summer 4 Transition Seasons A Winter
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Interoperability and Integration Challenges

E
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Each building (integration) Is a snowflake

Site 1 Site 2
ECentraI : Central Database [+» Dashboard
- Server Database [+» Dashboard * Server
/ .................................................................
Edge Server / Edge Server
MPC |« Middleware » Database MPC |« Middleware » Database
[ BACnet/IP Driver 1 [ Database Driver } l Savant Driver [ SiteSage Driver ]
A\ u\ k X
T B e FESSSPSS SR W
[ API L 1 ;
S Additional Sensing : Server - Server —
Controller e
;
Savant SiteSage '
AN Edge Trane Driver || | Metering Metering
*\
o SN Trane
: ﬁ ﬂ —y Thermostat API
7,

W Future: Work with industry to increase
adoption of interoperable protocols and

—

APIs (eg. MATTER)

Site 3
Central Server
MPC |« Middleware [<— Database [« Dashboard
/’\

Daikin one Driver ]

[ eGauge Driver ]

Daikin
Thermostat

eGauge Meter
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Large commercial buildings are even more complex
and heterogeneous

Examples of Names for Discharge Air Pressure Sensors

BAS Implementation 1

ACAD.AHU1.Supply Air Pressure

BAS Implementation 2

15 AHU 1 SA PRESS

BAS Implementation 3

30_ahu-001/dstpr

BJ1.AHU1_2.SSP

015-AHU-008.DA1-P

30 _bl-023 024/statc_press

GIEDT.AHU.AHU1.SSP1

AHUO00150.5A4-SP1

33_ahu-01/stat_press

GHA.AHU1.FAN SSP

70_BL184.DS-P

59-ahu_001/control pressure

BRIG.SF1A.SUP STATIC

77 AHU 7 SA DUCT PRESSURE

59-ahu-004/da_stat press

GBSF.AHU3.SPD

86 BL5-DP

CHEM.AH2N.DUCT STATIC

90_BL4-5.DUCT-DP

W Future Work:
W Develop trusted sequence
specifications for LF
W Increase digitalization of building
metadata and control sequences
(ASHRAE 223, 231)
W Create workflows to simplify
configuration of controls
W Work with industry for
implementation in commercial
products and field testing
Follow on CEC-funded and
NYSERDA-funded projects.

\ TRt ' . ’
NS e \
- A,
| rereer '"l

BERKELEY LAB | T~



MPC deployment for commercial buildings needs to be
streamlined and simplified

Time N TENSORS &
MPC Implementation Phase el Expertise required = = AT
- . Energy Efficiency = =
Building Audit days Audits
: R . Mech Systems, =n -
(Optional: Building Retro-commissioning) weeks Building Science E ‘
Mech Systems, E
: _ Electrical Systems,
(Optional: Control Software/Hardware Upgrade) weeks Control Systems, B
Networking .
Data Assessment and Integration SEVOIL DBV SEEES W FUt-ure Work:
g weeks Computer Science W Use templates, semantic models to configure MPC
Control Systems, rather than starting from scratch
MPC Design and Development Wﬂ?g::tsh;o Optimization, Data W Use Al agents to automate some of the tasks
Science W  Work with industry to integrate MPC with commercial
Control Systems, software platforms
MPC Deployment and Tuning weeks Optimization, Data W Demonstrate in the field
Science W  Work with Utilities to adopt machine-readable tariffs and
days to : programs (like MIDAS)
System Handoff Customer relations . .
/ weeks W Follow on NYSERDA-funded project
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Lightning Round Speakers Introduction

WPierre Delforge, Head of Product and Operations, Harvest Thermal
WSteven Rowsey, Program Operations Associate, Olivine

WAfshan Qamar, Research Assistant, UC Davis

WPeter Grant, Technology Researcher IlI, Berkeley Lab

WTherese Peffer, Program Director, CIEE / UC Berkeley

WFelipe Godinez, Engineer, Olivine

WJohn Powers, Founder and CSO, Elexity

WArmando Casillas, Technology Researcher lll, Berkeley Lab
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Demand Flexible Heating and Hot Water

Integrated Heat Pump with Thermal Energy Storage e
IN Low-Income Multifamily "




? Harvest

Integrated Heat Pump (IHP) with Hot Water Storage
(Harvest Thermal)

HVAC and hot water with thermal energy
storage in low-income multifamily

C.'nIFIExH_L[h API . WiFi /
% Price > Ethemet l
Server

Property Internet

Access Point Heating
B Harvest ﬁ @
O | Forced
Harvest A
Outdoor Air Pod
=
i
Hot
’ Wate
Heat Pump | |
Water Heater | | | |
Hot Water
Storage Tank
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? Harvest

Test Results

To

S 10 60-80% of heating and hot water

g load shifted off-peak

2% MOrE sisairicly 05 £ 0 35-50% of entire home peak

2064 Load Shif 1 - & energy use shifted off-peak

£ o] ﬂ (1 M Load 42 A No compromise on occupant

I | :]—\;1—.—' T Sh'ft__,_!___l__m% comfort

Rl I == B e Ll "5 A 29% heating/hot water bill

<gof Tmr-rme-d ENRey IS e A P savings

“g AN T T T T T I Less electrimty used

L o1 2 3 4 5 6 7 8 9 1{) 11 12 13 14 15 16 1? 13 19 2{) 21 22 23 24 Average Percent Peak Load Reduction across the Five Test Homes

Hour of Day ) )
=== Price-responsive Demand Profile Demand Increase —— Hourly Price AVEELE Vi P_ea
— = Baseline Demand Profile Demand Decrease Load Reduction
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? Harvest

Scaling Residential HVAC & Hot Water Load Flex

V 500+ systems deployed in both single- and
multi-family Market Growth
V Federal tax credit for thermal energy storage for Strategy:

HVAC: 30-40% . ;

. _ _ Monetize grid value
U Leasing program : $0 down, leverage tax credits .

to reduce first costs

for affordable monthly payments, )
30% bill reductions and operating costs

U Still needed : utility rebates that monetize grid
value to accelerate adoption
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Thank you!

Contact: Pierre Delforge, pierre@harvest-thermal.com
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What Real Homes Reveal About
Smart Thermostat Flexibility

Presenter: Steven Rowsey 1 Olivine, Inc.
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Residential Connected Thermostats

Demonstration of third-party optimization of smart
thermostats in response to hourly price signals

Brand 2 Non-LI Site

A Brand 2 Ui site

* Brand 1 Non-LI Site

Brand 1 LI Site

A 75 thermostats from two vendors installed across 63 households

A Single-family detached homes, townhomes and multi-family complexes
A 41 households identified in areas with high CalEnvironScreen scores
A Sites distributed across climate zones 9 through 14

CalFlexHub

s Smart Central HVAC

g Price \ Th tat

% Server A ﬁ\\ mp—— S~
——————————————— 1
| g | I
| o |
: olivine :
I ( Control Functional __ || . .
([togic 1919 | e control ()| > |  Cloud Control qnd Communications
| | Platform Signals = | architecture diagram

g
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Test Results

= ] . A An average of 0.67kW of load
5 s ] [eef reduction was seen across all
: = 1.2 test periods
3 et A Average of $0.79 (11%) daily
< s energy bill savings
A D R E TR AR L X A Load reduction capacity is
e responshe Domand Frfle . Demand arease — Houty s correlated to outdoor
T2 e e o Semand oo

_ . temperature
Load shift response to price signal from example test day . L. .
18 A No significant impact  on load

reduction from pre-cooling was

Load Reduction (kW)

- I I observed
L, — =W A Load reduction across brands
50-59 60-69 70-79TemperaZ(:;8§ange (UF;BO-QQ 100-109 110-119 WaS COﬂSlStent

mBrand 1 Brand 2

Average load reduction per temperature band for all test days
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Key Learnings / Technology Transfer

A Smart thermostats are already commercialized ; the priority is scaling current and
future devices as flexible load resources

A Cost -effectiveness is currently a challenge  due to high OEM device fees and
customer acquisitionexpensesaddi ng t o ASPsO0 cost s

A Wider adoption of open communication protocols can reduce ASPsbO
Implementation cost

A Participant education, device response rates, and baseline accuracy are critical
factors in achievable load flexibility

A Benefit of pre -cooling cannot be assumed T it can reduce comfort and potentially
increase customer opt-out rates
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Thank you!

Contact:
Steven Rowsey, srowsey@olivineinc.com
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Balancing Costs and Capacity: Intelligent Load
Management for Electrified Homes

Presenter: Afshan Qamar!? e

1 Energy-and Efficiency Institute, UC Davis
= La@wréhcé,%_eley National Laboratory, Berkeley, California
72 Californid Lightihg Technology Center, UC Davis
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Coordinated multi-load control for dynamic

prlce response under panel capa(:lty constramts

Third Party
Cloud

CFH Price
Server

Weather
forecast

CaIFIexHub

MPC RBC

Internal forecast
Frequency: 5 min

Y

EStmation &
optimization

Send MPC outputs
Frequency: 5 min

RBC Loop
Frequency: 30 s

|

€ Smart
Home
Database

MPC/RBC

Innl IS

Réal-time
data

—(h———————————————

Sub-panel (120A,
240V)

On-site devices

@ EVSE

(—) HvAC
OET=]
Dryer

2y Dishwasher

......

YJOM}SN 8WOH Hews
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X III
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Test Results W%)

Flex+panel (moderate load)

Hourly Average Electricity Demand (kW)

Hourly Average Electricity Demand (kW)

16

14 1

12 1

[a)

4 *3
2.
L o= _F —J_I
[i] - ~ - T T T
17 20 23 02 05 08
Flex+panel (moderate lo (OSt SQ
16 1
1
14 |
|
12 1=
10 1
8 1 |
|
. | -~ |
1= |
4 1 x | I
-
2 = | |:l___-
17 20 23 02 05 08 11 14

Demand increase

Hour of Day

0.8

0.7

0.6

F0.5

0.4

0.6

0.5

0.4

F0.2

0.1

0.0

Demand decrease = Baseline demand profile

Flex+panel (stress load)

16
14
12
10
B
G
4
2 -
—~
[i] - T N T - r {
* - 02 05 o8 11 14 17
0
- 0) t+panel (stress load)
(dy |
|
|
|
 —————
17 20 23 02 05 08 11 14 17
Hour of Day
Price-responsive demand profile = — Price

& & & o
[¥1) &= (%)) [=;]
Summer Price ($/kWh)

=
kJ

(=}
[=1]

L=)
-l

=
[

(=]
(=]

(=]
Fa
Fall Price ($/kWh)

rated: 60A, 240V (14.4kW)

safety threshold:
11.52kW
20
AN @ Summer
) = Fall
15 -

--..-I'
DEh /

Whole home power (kW)

D I I
Baseline Flex+panel
(stress load)

~751 80% less excursion time
~9171 92% lower exceedance
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Key Learnings / Technology Transfer

Key Learnings Scalability/Commercialization Barriers

W Coordinated load shifting of multiple home W Unreliable device connectivity
loads and capacity limiting is feasible with W Lack of open APIs
current commercial hardware. W High integration effort and
W Performance depends on user preferences: commissioning/debugging overhead.
min. battery SOC, comfort bounds, flexibility
In scheduling appliances.
W During test measured load reduction of 50-
70% under tested scenarios and non-trip

panel excursions

Mo L Ty &
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Thank you!

Contact: agamar@ucdavis.edu
https://www.linkedin.com/in/afshan-gqamar-055823223/
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Simple Controls to Minimize Electricity Costs of

Central Heat Pump Water Heaters =i
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Simple Controls to Minimize Electricity Costs of
Central Heat Pump Water Heaters

A Multifamily buildings
A Domestic hot water 1
A Large, central water heating systems A -

A

Communication Architecture

e . = s
o - — == 2 iz
e Hs Sl m Bdg ‘e e
L/ A\ [ [T @e o \e>[0000 e
Fel [l e h Tl VAL B 2045-8 g
0 2 4 6 8 10 nﬁ: 4 16 18 20 22 24 # Human # Baik..g..m..w..z.. q .
shifting controls and retrieves data =

CHPWH

3

Prlce Server Weather Data
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Test Results

CFH SummerHDP

" eAswsHIET — « A CalFlexHub SummerHDP
£ ™| Baseine A 42% cost savings
= A 58% high price demand reduction
3 R — = A PG&E Hourly Flex Pricing
& —1o A 36% cost savings
"""""" e A 52% high price demand reduction

PG&E Hourly Flex Pricing :
A 2 manufacturers seeking to adopt

30171 ™ W B
% 25 e I .| : EASY-SHIFT :r__,,,,,,'_':j ------ ‘ ...... o . —
B | o B z
g 204 | , o o o >
E | Baseline | . | Less electricity | P
g 15 T i used ] &
L))\ i ...... 1 %‘
S 10 _LI—:—'L_l_" £
g - N i
w 51 ] —_—— ng

. B O | | e | | .

04-06 00 04-06 06 04-06 12 04-06 18 04-07 00 04-07 06 04-07 12 04-07 18

Date & Hour

=
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Key Learnings / Technology Transfer

30-50% bill reduction _
Occupants dondt noti c«

A P§rformance . Storage enables flexibility

A I\k&rket-readiness . Industry can adopt !:. ” |
1 manufacturer seeking to license ,_’1

A S'&alln - 25-150 kW/site
Reduced recruitment and communication costs

A CRallen ges .
Communication not standardized
Need automated control-device communication

CaIFIexHub
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Thank you!

Contact: pgrant@Ibl.gov
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CoolFIT

Integrating a ceiling fan with smart thermostat | S
and B ‘
powering a fan with a battery W/ N TS




CoOIFIT: Rresidential battery-integrated Fan with Thermostat

Integrating residential (SF & MF, DAC)
fans with batteries and smart
thermostats for HVAC/Packaged TAC

Project Server
(algorithms, price signal

Home Assistant

/ \

EPIug-in fan} [ Battery }

Add battery

Smart ceiling fan with Iig_ht, and
occupancy and temp sensors

Temperature
sensor

Hotspot
=
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Test Results

|00 %
- Battery State

Fan Power (W)

[_] Grid Power (W) [_

\ |

Battery Power (W)

A Ceiling fan successfully provided comfort
when AC setpoint was raised to reduce peak

energy

A Switching fan power to battery versus grid
successfully reduced load during event.

b b % % J
.~ . \
- |||
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Key Learnings / Technology Transfer

A One can add a smart thermostat to an existing
Packaged Terminal Air Conditioner (PTAC).

A Celling fans (2-8 Watts) kept people comfortable
during warmer-than-normal temperatures (>90F).

A Raising the thermostat setpoints reduced HVAC
Aono time (1000W power) .

A Seniors found the remote control for the fan more
convenient than the chain switch.

A Senior residents required some time to learn how
to use smart thermostats; need larger text. H

A Off-the-shelf batteries can power an efficient

ceiling fan for >24 hours (depending on fan speed) FM&!

R e .
¥
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Thank you!

Contact: Therese Peffer, tpeffer@berkeley.edu
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Orchestration of Residential EV Charging

A BMW fleet with 938 EVs in California

A Small Batterie EVs (<35kWh)
A Large Battery EVs (>35kWh) 1

A Mobile app used by participants to set . o

|
I Customer EV Telematics
I Platform

desired SOC and departure times

A Ev telemetry used for price informed
charge control

_ Signal communication and control diagram
A Ev response at any charge location

A Primarily home charging
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Test Results

A 705 EVs had charge session during
a total of 12 days of CFH testing

A Average hourly load reduction of
0.35 kW per vehicle during 2-, 4-,
and 6-hour high price periods

A Smaller battery vehicles , on
average per charging session,
shifted approximately 4.74kWh

A Larger battery vehicles , on
average per charging session,
shifted approximately 21.33kWh

A Average 24-hour cost savings of $2.57
or 21%

Example 24-hour test period with averaged hourly charging
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