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INTRODUCTION

CARB’s Impact

Cars in general are 99% cleaner than in 1970s 1960s: PCV valve Positive Crankcase Ventilation
1970s: The catalytic convertor NOx—smog “precursor”
1990s: “Check engine light” OBD (On Board Diagnostics)
2010s: VW Defeat Device, $33B cost to VW and counting

INTRODUCTION

CARB’s New Headquarters

RIVERSIDE DESIGN CONDITIONS

Cooling 0.4% 100.6°F DB
Evaporation 0.4% 72.4°F WB
Heating 99.6% 34.2°FDB

Climate Zone: ASHRAE (3B); CA (10)
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INTRODUCTION

CARB’s New Headquarters

vy ¥ ol X

Ken Calvert, Mark Takano, Mark De

Q1 0 29 Q 40

Design-Build Competition
Stipulated Sum Contract

* 3.5 Years for Design-Build
» 18.8 Acre Site

402,000 SF Building

* 3.5+ MW Solar Panels

* 1.5 MWh Battery

* 110 Vehicle Chargers

* Largest On-Site Zero Energy
(ZE) Building in US
* CALGreen Tier 2

Mary Nichols @ @MaryNicholsCA - Oct 27 v e LEED Platinum®
Single largest #netzero energy structure in US, new state-of-the-art SoCal HQ . .
builds on the legacy of #HaagenSmit lab & will provide CARB with tools & * Air Qua“ty Mandates
technology to continue to lead the #cleanair fight for generations to come! * HFO Refrigera nts
#CARBS0 buff.ly/2y9ZWaU
Design Build Team
I
AIR RESOURCES BOARD
California Department of
General Services
HENSEL . KPFF ojB TK1SC KPFF /B&B Colim RWDI
PHELPS Design ZGF Civil Landscape Fire / Life Safety Structural 3:’;:::5:' Wind Analysis
i APS Allerton  EyeApplied  Murray/
Eq;_l;g:il:;t J AEI AVL Webber Canister Controls optix AES
Preconditioning BAS System Solar Simulation Gas Cylinder
Management
System
Morrow .
AEI ACCO Murray Co.  ChulaVista
MEP MEP Meadows HVAC Plumbing PV
Electrical /IT

10/8/2019



10/8/2019

THE BASICS

Project Goals and Challenges

Scaling Up:

* A New Identity for CARB

* Unique, Complex Program
* High-Quality Construction

* Budget, Time & Site
Constraints

* Prioritizing for Best Impact

= On-Site Generation for ZE
All-Electric Design

= Passive Design Strategies
= Thermal Energy Storage
= Battery Storage

= EV Charging

9
Building Program
I
ARRIVAL
PLAZA
LIGHT-DUTY
TESTING
120,600 SF
TESTING VEHICLE PARKING STAFFPARKING
402,000 SFTOTAL
[ Office/ Education
[l Chemistry
M Heavy-Duty
Testing (HD)
Light-Duty
Testing (LD)
area NN
Building Support
N
o
10
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THE BASICS

Building Program — Vehicle and Engine Test Cells

11

THE BASICS

Building Program — Vehicle Test Cells

22% Engine
Exhaust @

Solar Simulation o \. 4 3 N
Arraylnpu‘ I s i ; ; DvmaJutput

1% To Dyno
Pit Ventilation
[4)

600 HP Full Power

s Combustion Air

€
6— Fan Power Input

h Fuel Input
! + 2,500 HP

- 1,864 KW
* 6,367 MBH

Light Duty Chassis
.. TestCell

ASIEGRE

12
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THE BASICS

Building Program — Heavy Duty Chassis Testing

Heavy Duty Chassis
Emissions Test Cells

* Two Emissions Test Cells

* 4WD (4x2 Dyno) rated for
14,000 to 100,000lb Gross
vehicle weight, on-road
and off-road

Class 4 to class 8 trucks,
including full size buses
25% of testing done to
class 4-6. class 7-8 is 38%
and road-to-laboratory

is 37%
13
THE BASICS
RFP Benchmarks: Metering and Scaling Up
I
RFP - TES T " Actual Electrical Usage HSL
Dynamometers LD Test Gross
8% | 5%
HD Test Gross LD Test MEP | }
3% 11°/o o] . LAl
HD Test MEP ‘ ‘ ‘
300
11% ‘
200 1
LIPS VTR TR R
¥ | i
100
J L 0\; & & e \‘v 4 4 \'7 3 & 3 o
HD Test Equipment LD Test Equipment \‘\\IVQ '»‘”{‘ '-“"§ ,\\,e «-‘-‘YS‘ a\“f\ «\‘\'? ‘\“'e & F \5‘\{; ,s\"‘n‘ o"\u“
30% 32%

14
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THE BASICS

Building Program and Energy Usage

Proportion of Program Area and Energy Use

402,000 SF TOTAL [ Office
[11 Chemistry
B Heavy-Duty
Testing (HD)
€ gy Testing (LD)

55 KBTU/SF-YRTOTAL

15

THE BASICS

Electrical Systems Supporting the ZNE Solution

16
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THE BASICS

, h
INTEGRATED
IES ENVlRONMENTAy

SOLJTIONS |
\ J

yA\|=

ZNE Analysis Tools and Design Concept

CR/ET

VEUSLIZE: ISCOVER - DECIOR

Energy

Grid
Electric
X3.15EF

2

17

THE BASICS

Concept Aerial View
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BALANCING PROGRAM AND ZERO CARBON

Biogenic Emissions: BVOCs from Plants and Trees
I

BVOC Biogenic Volatile Organic Compounds = Leaf Mass + Emission Factors + °F + Light
SOA Secondary Organic Aerosols

Ground level or “bad” ozone is not

emitted directly into the atmosphere,
but is created by chemical reactions of \/
oxides of nitrogen (NOx) and volatile ceN
organic compounds (VOC) in the
presence of sunlight. Necy=Asize, x)
son 25 (5] T oigi

1

voo A

[constitutive)

19

BALANCING PROGRAM AND ZERO CARBON

Biogenic Emissions: Low BVOC Plants = Better Ozone !

Low = Less than 1 mg
BVOC emissions

Med =1-10 mg
emissions

High = 10 + emissions

10



BALANCING PROGRAM AND ZERO CARBON

Roof Plan

Laboratory Exhaust Stacks

=
7 - ‘E

Air Monitoring Platform

0000 Oyl 000

mﬂf GNCC

=
5
=
=
i’z’ ‘7

Test Cell Exhaust Stacks

21

BALANCING PROGRAM AND ZERO CARBON

Level 1: Testing, Office, Chemistry Laboratories, Education / Conference

o F° dh oot 0B

p i
=T
@n B

o=

Office

Office Support
Laboratory
Laboratory Support
Testing

Seminar

Conference

Café

Landscape
Circulation
Building Support

10/8/2019
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BALANCING PROGRAM AND ZERO CARBON

Light Duty Testing and Atrium Adjacency

BALANCING PROGRAM AND ZERO CARBON

Chemistry Laboratory: Intense MEP requirements

24
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BALANCING PROGRAM AND ZERO CARBON

Passive Systems: Daylighting

DAYLIGHTING WITHOUT SKYLIGHTS DAYLIGHTING WITH SKYLIGHTS

Useful Daylight IHuminance - Underlit s oy o
(Annual)

Useful Daylight Iuminance - Underlit o s . s
(Annual)

............ 1L a
Pt P’ - »

Ly L 1

25

BALANCING PROGRAM AND ZERO CARBON

Level 2: Open Office and Atrium

13
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BALANCING PROGRAM AND ZERO CARBON

Level 3: Office and Roof

views 10

SANGASRIEL
MOUNTAINS

BALANCING PROGRAM AND ZERO CARBON

High Performance Building Envelope: Office

14
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INTEGRATED DESIGN STRATEGIES

RFP Requirements: NZE and a Powerful Vehicle Testing Program

Reduced Energy Demand from
Building or Campus End Uses

Reduced Demand
e

» . \ usenfEne‘rﬁg-Efﬂﬁlﬂ‘ ;
Efficient Delivery SE! te m:ﬂf
LELELLELTY n

Active

Minimize Capital
Cost Investment and
Embodied Energy

Clean Supply Daylight Harvesting Control

NZE

Investin C ity | cl _
"“p%&l;/‘h’?é?&‘ﬁaélm?ﬁ{‘y NET ENERGY EXPORT —D
\/

Dual Lighting/HVAC
Occupancy Sensors

Wstation, copyright AEVAatd Engincers nc

ADDITIONAL CONCEPTS *

« Fume Hood Occupancy-based

Included in RFP [l

Additional Strategies Employed -

Control
» Enhanced Thermal Envelope
« Electric Vehicle Charging

Aircuity + Demand
Control Ventjlation
y

(

Rain Water Collection

High Performance Chiller

High Efficiency RO System

* AHU Condensate Recovery
« Grey Water Collection

= Weather Sensing Irrigation

« Native and Adaptive Plantings

Adiabatic Humidification

4 ¢ 8

e

Weather Sensing Irrigation

* Dual Chilled Water & DX

Cooling Coil

* Elevated-temperature Chilled

Water Loop

« Heat Recovery Chiller
« Total Energy Recovery

High Performance Glazing

Task-Ambient Lighting

Fluid Cooler

« Passive External Shading
« Low-energy Elevator Controls

« High Efficiency LED Site lighting
« Parking Lighting with

Occupancy Control

29

INTEGRATED DESIGN STRATEGIES

Program Area EUI: Plug and Process EUI vs Total by Program Area

160 Program Area (Net) EUI

Process/Plug vs Total

1407
1207
100

80

Energy Use Intensity (kBtu/sf-yr)

125
60 962
7.4
407
207
7.5
HD Test LD Test Chemistry Office
Model Model Laboratory Model

Model

Energy Totals

15%

13%

34%

Model Total
Model Plug / Process

30
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INTEGRATED DESIGN STRATEGIES

Woaterside Economizer Potential 42°F vs 57°F l

Total LB B | I- = 1
Enthalpy  Supply i LI _
Heat Fan Precooling/ l Cooling I Final
Pre-Filter ~ Wheel Array Preheat Coil Coil B Filter

Cooling
57°F Cooing Coil

=)

Air

ASNSNNNAN
SSL LY

. A
Outside | ‘ ﬁ

3 way Valve Supply | ‘ X

for Reheat Air /Q:.;\/,;)
W 42°F Dehumidification
N 57°F/42°F 42°F Cooing Coil

31

INTEGRATED DESIGN STRATEGIES

Chilled Water Distribution: RFP System Design

LS : 2 M 42°F
aanul - Bt e (s o@ | W 57°F/a2F

TS

\\
& i}m@ﬁ@%%@@%’%\%x
00 8 Vot

o=
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INTEGRATED DESIGN STRATEGIES

Chilled Water Distribution: Climate and Program-Informed System Design

B 42°F
M 57°F/42°F

INTEGRATED DESIGN STRATEGIES

EUI Comparison

/ Addendum Adjustment (temp / RH)
80 1

o 77" 57°F 7 42°F Chilled Water

=

—_——

R R —

60 - Heat Recovery Chiller
|-
Low-Temperature Humidification
50
40 -

25.4%

20 1 REDUCTION

10 4

Energy Use Intensity [kBtu/sf-yr]

RFP Baseline (42F) Concept

34
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Fuel Cell

ENERGY GENERATION AND STORAGE

RFP Concept Validation of Fuel Cell + Absorption Chiller + TES Tank

Thermal Energy Storage (TES)

Green Power

35

2B000 T

26000

4000 |

22000 T

o0y 8

Megawatts

000

6000 |

4000

12000 |

10,000 1

P

ENERGY GENERATION AND STORAGE

Future of Energy Rates and Demand Charges

Net load - March 31

2012
{actual}

2013 (actual) \

ramp need
~13,000 MW
in three hours

/ 2020
overgeneration

risk

12am 3am

Source: California Independent System Operator (CAISO)

Gam

gam 12pm apm Gpm pm

Hour

36

10/8/2019
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ENERGY GENERATION AND STORAGE

Grid Harmonization: PV Production vs Use On-Site Without TES

Production vs Demand Profile

—PV kW
—— Facility kW
—Chiller kW

i
Power

37

ENERGY GENERATION AND STORAGE

RFP Concept Validation for Grid Harmonization

TES Add 1.5 MWh Battery Add 300 kw PV
» $24,000 / year demand savings » $58,000 / year demand savings » $14,800 / year demand savings
» $13,000 / year energy savings * S0/ year energy savings » $58,300 / year energy savings
* 40-year simple payback ¢ 26-year simple payback * 9-year simple payback
* Provides some redundancy * Flexible demand reduction * On-site ZNE

38
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Heavy-Duty

72,338 SF Total

ENERGY GENERATION AND STORAGE

Photovoltaic (PV) System

Office / Education
30,071 SF Total

Total PV Area =
204,903 SF

Capacity = 3.75 MW
(Megawatts)

Office / Education
| Chemistry

B Heavy-Duty
Testing (HD)
Light-Duty
Testing (LD)
Excess PV
Site and Misc.

"1 Future (25,000 SF)

| B

39

ELECTRIC VEHICLE CHARGING

Electric Vehicle Charging Stations (EVCS)

e 14EVCS
Installed

Testing Parking

0 BOB
%o o
906 S0 @DGU(X';

L,

Installed — = ‘

+ Readyfor1zg ) H & it
Additional g |
it ol
) H |
i = 5|
e —

Visitor Parking

6 EVCS
Ready for
10 future

0=

EVCS Quantity:

* CALGreen=31
EVCS (6%)

* RFP =109 EVCS
(21.5%)

* Future =+149
(51%)

20



ELECTRIC VEHICLE CHARGING

Considering EV Charging Loads for Design and Grid Harmonization

i I Home-L1
. Home L2

0.0 || I Work L1 [ Workd 1
] work-L2 CworkL2

08H = PublicLt [——JPublicL1
I Fuic L2 X

07 I PusicOCFE |77 I Fubic OCFC

06 H

Per veh chg load, kW

Normalized Charging Load, KWIPEV

=

12
Hour of Day

Source: NREL “National Plug-In Electric Vehicle Infrastructure Analysis”

Work Dominant

12
Hour of Day

41

Considering EV Charging Loads for Design and Grid Harmonization
I
1400 kW 1400kwW
1200 kw 1200kwW
1000 kW 1000kW
800 kW /\ \/\v\ \ 800kW
600 kW : 600kW
400 kW 400kW
200 kW 200kW
kw kw
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
-e-Mar. Facility Jun. Facility Sep. Facility Dec. Facility EV
42

10/8/2019
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ELECTRIC VEHICLE CHARGING

Considering EV Charging Loads for Design and Grid Harmonization

I
1400 kW 1400kwW
1200 kW 1200kW
1000 kW N 1000kw

800 kW / \/-\\ 800kW
600 kw ’\__\ 600kW

400 kW \_ﬂ 400kW
200 kW 200kwW
kW kW

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

-e-Mar. Facility -e-Jun. Facility Sep. Facility Dec. Facility EV

43

Considering EV Charging Loads for Design and Grid Harmonization
I
1400 kW 1400kw
1200 kw 1200kwW
1000 kW 1000kW
800 kW 800kW
600 kW 600kW
400 kW Ng==& 400kw
200 kW 200kW
kw kw
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
-e-Mar. Facility -e-Jun. Facility Sep. Facility -e-Dec. Facility EV
44
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ELECTRIC VEHICLE CHARGING

Considering EV Charging Loads for Design and Grid Harmonization

— Level 1: 1.4 kW

1400kw Level 2: 7.2 kW 1400kW

1200 kW Level 3: 35-375 kW 1200kW

1000 kW 1000kW
800 kW 800kW
600 kW 600kW
400 kW g0 400kwW
200 kw 200kW

kw kw

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

-e-Mar. Facility -e-Jun. Facility Sep. Facility -e-Dec. Facility -e-EV

45

ELECTRIC VEHICLE CHARGING
Building + EV Demand vs. PV — Average December Temperatures
|
2900 kW 2900kW
2400 kW Off Peak Mid Peak On Peak Off Peak 2400kW
1900 kW 1900kW
1400 kW 1400kW
900 kW 900kW
400 kW 400kW
-100 kw -100kwW
-600 kW -600kW
-1100 kW -1100kW
-1600 kW -1600kW
-2100 kW -2100kW
[ ___§3Y% Dec. Facility Dec. PV Dec. Net
46
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ENERGY MANAGEMENT

Metering, Monitoring, Demand and Utility Costs

3 T 3 1

3 LR 4

T O

POWER MANAGEMENT SYSTEM

LGCALPRODLESGH ) BTE CORBUMPTIEN (W)

Solar PY  — Battery Storage

—— Actual KW —— Forecasted kW

47

CALIFORNIA AIR RESOURCES BOARD
New Headquarters it Riverside 2 E RO
L
— Energy On-Site
£yt % Net-Carbon
T weter Green
lmelenng green
= » 75%
w < o
dacgery ) S ) Energy Cost Savings
Battery EV Charging
I 15“ annumzrgy zmv
Payback Period
48
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ZERO

Energy On-Site

ZERO

Net-Carbon

75%

Energy Cost Savings

<10YR

Simple Payback

ights from the New CARB Zero Energy
ting and Research Facility | October 11, 2019

50
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