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Grid Harmonization & Building Decarbonization
CANNOT be Separate Topics
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POLICY PUSH

* It’s simple! Design for
Electrification and we’re
done right?

e Earth is SAVED!

* NOT So simple to Decarb |
Electricity on the Grid

* Time of Consumption is
Critically Important to

Emissions
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Sonoma Clean

Power : :
Headquarters Retrofit Design &

* Building Electrification Retrofit DemonStrate G”d
« 15,000 SF Two Story Office Harmonization based

* Eliminated “Natural” Gas on site . o e e i ’ —

The Challenge: All-Electric

* High Efficiency Variable Speed
Rooftop Heat Pumps

e Smart VAV diffusers
* On-site Solar 30kW

* 150 kWh Stationary Battery
storage

* 23 Electric Car Charging Stations
* Automatic, grid-signaled HVAC,

lighting and plug load demand
reduction
« NBI Grid Optimal Pilot =
% %stimated comlel_ejio_n_zgz )

GRIDOPTIMAL.

BUILDINGS INITIATIVE
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« Building retrofit with high efficiency /' m":“
rooftop heat pumps = o A O i
* Smart VAV diffusers . /‘./ S 3_‘:&
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* On-site solar, stationary battery storage, !.9(/ €:',f..: ey ot a/
car charging i e ...,::\ e
e o okl \
* NBI Grid Optimal Pilot ) . Y
. i oo
* Automatic, grid-signaled HVAC, lighting B A NN PR 2N
and plug load demand reduction ',@’ T c;gg\ \ oo s \
- R - o——C
* Estimated completion 2020 % 2. @\ \ _mmmw
P > .
‘ ",:,_;‘ NIES
= bl 150 kWh
23 Car -~ /T" i Stationary
Charging T Battery
Stations SV
4 S i G B
= "{ ;




10/14/2019

Sonoma Clean Power Headquarters: Map of ¢GRID Subregions
Static Carbon Accounting
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2007 Emssion Factor - Static Carbon multipliers are easy & accessible BUT not

Cram AR can useful for Time of Use or Grid Harmonization

EverGreen - 53.00 b CO./MWhH
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Sonoma Clean Power Headquarters: Hourly

Carbon Accounting Emission Sources
& Colifornia ISO ey s
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Sonoma Clean Power Headquarters: Hourly
MARGINAL Carbon Accounting Emission Sources

Marginal Carbon Emissions Coverage [+ (an)

Europe: ENTSO-E
USA: Retail Electric Power Markets

USA: Wholesale Electric Power Mar...
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Sonoma Clean Power Headquarters: Hourly LONG
RANGE MARGINAL Carbon Accounting Emission Sources
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U.S. State Electricity Portfolio Stand...
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Sonoma Clean Power Different Hourly Emission January 1st Rates
Headquarters: Which Hourly
Emission Factor |s BEST?

Co2e Ibs/kWh

6 7 B 9 10 11 12 13 14 15 1

WattTime Marginal Emission  s==eCBECC-LONg-

Different Hourly Emission June 19th Rates

Co2e Ibs/kWh

Marginal emission rates are best for project
planning and carbon mitigation strategies

LONG Range Marginal emission rates (30 Year
Planning) good for life cycle carbon emissions of 5 : : )
buildings or long range policy development i _“‘ i

ission  em—mCBECConE
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Sonoma Clean Power
Headquarters: Design Modeling

*Traditional Modeling Tools
Designed for optimizing
energy and cost = NO
Connection to Carbon

*Energy & Building
Performance tools NOT

Connected to Renewable and Rosioresd
Storage tools automatically =
*Charge Charging Stations NOT Buse - ] oml  ak Js e -
modeled in tools easily or S i Dot s TR EH
modeling the dynamic nature EOHA Bonc BN o 13 T T o0
ECM-5 Plus 150 kWh Battery 150,620 41,285 2% 26244 224
I@Bﬂm 150620 41295 2% 26234 234
ECM-5 Plus 600 kWh Battery 150620 41298 Fik] 2628 217

Sonoma Clean Power

HeadquarterS: Winter Warm Up Carbon Peaking 150kt lacokwt looo Kt
PGE/ SCP A6 TOU Rate Base ECM-1  ECM-2 ECM-3 ECM-4 ECM-5  Battery Battery Battery

1/1/2019 22:00 39 5.3 5.3 48 5.3 48 20 20 2.0

* Winter Peak rates fall outside of building warm up 1/1/2019 23:00 165 123 123 105 123 105 132 23 23
period, NOT aligned with carbon 1/2/2019 0:00 07 51 51 6.8 51 6.8 209 16.8 15.7]
o o 1/2/2019 1:00 175 17.7 17.7 16.1 17.7 16.1 193 15.4 14.4

* Maintaining building temperature and “gentle 1/2/2018 2:00 07 07 07 23 07 23 193 156 145
winter warm up” a key strategy 1/2/2019 3:00 17.3 173 173 155 155 18.8 15.1 14.1

T . 1/2/2019 4:00 121 121 121 198 192 156 14 4

« Utilizing battery storage early morning a carbon 1/2/2019 500 157 15e 157 202 1ee i
savings advantage 1/2/2019 6:00 213 17.4 16.4]
1/2/2019 7:00 219 179 16.8

1/2/2019 8:00 16.9]

Time-of-Use: Winter Rates 1/2/2019 o
Wichir raies are i et Novesnbir thrvegh Apri. 1/2/2018 10:004
1/2/2019 11:00) 132 17.8 17.8 155 17.7 15.4 215 17.3 16.1
o onempammreak | 50263 per i P 1/2/20139 12:00) 159 182 182 183 189 17.4 209 16.7 156
[ E 1/2/2019 13:00) 16.1 161 161 143 16.0 141 209 16.7 156
1/2/2019 14:00) 16.7 16.7 167 151 16.7 175 16.3
1/2/2019 15:00) 144 144 144 128 144 17.2
N 1/2/2019 16:00) 152 202 202 187 201 18.8
7 1/2/2019 17:00) 127 183 183 163 183 21.6]
g 1/2/2019 18:00)
= 1/2/2019 19:

12am 830am #30 pm
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Sonoma Clean Power
Headquarters:

PGE/SCP A6 TOU Rate

* Time of Use Rates NOT Aligned with Carbon on
the Grid with this office occupancy,
exacerbated by hotel/motel, restaurant
occupancy types

« Solar and battery storage deployment shifts to
later day “ramping period” outside CURRENT
on peak rate time

Time-of-Use: Summer Rates

-uuuu-an:w ON-PEAK SO0 per kiWh
£
=
12am 8:30am  Hosn bpm 9:30 pm

Summer Afternoon Carbon Peaking

150 kwh 400kwh 800 kWh

Base ECM-1 ECM-2 ECM-3 ECM-4 ECM-5 Battery  Battery  Battery
8/7/2019 O =] 0.7 0.7 0.7 0.7 0.7 N 52 g
8/7/2019 1:00] 07 07 07 07 07 07 8.6 86 8
8/7/2019 2:00] 07 07 07 07 07 07 85 85 8
8/7/2019 3:00] 07 07 07 07 07 07 8.6 86 8
8/7/2019 4:00] 13 13 13 13 13 13 74 9.0 9
8/7/2019 5:00] 87 86 87 7.8 8.6 7.3 7.3 53 9.
8/7/2019 6:00] 108 109 108 9.4 109 95 95 56 9,
8/7/2013 7:00) 145 154 145 146 154 15.4 9.7 5.7 G
8/7/2019 8:00 117 123 116 117 123 125 8.8 8.8 8.
8/7/2019 9:00 139 1438 139 130 148 137 85 85 8.
8/7/2019 10:00 165 172 16.4 143 172 148 8.8 8.8 8.
8/7/2019 11:00 16.0 16.6 159 136 16.6 142 8.9 8.9 8.
8/7/2019 12:00) 190 196 175 16.4 196 16.0 95 55 =1
8/7/2019 13:00) 221 95 205 197 95 112 9.8 58 9,
2/7/2019 14:00) 251 227 223 214 227 182 106 106 10,
8/7/2019 15:00) 285 245 240 230 245 210 115 115 11
8/7/2019 16:00) 191 257 250 240 257 203 119 119 11]
8/7/2019 17:00) 193 251 26.2 25.2 251 19.5 12 9 124 12,
8/7/2019 18:00 228 277 278 266 277 3.4 228 133 13,
8/7/2019 19:00 251 228 291 260 228 192 186 136 13,
8/7/2019 20: 174 145 209 165 145 12 6 13 4 13 4 13
8/7/2019 21:00) 21 19 19 19 19 19 129 129 12]
8/7/2019 22:00 75 0.9 0.9 0.9 0.9 0.9 11.7 117 11,

Design Optimization: Winter Weekday

*Utilize Battery
Storage for building
warm up

*Prioritize building
warm up and
maintain building
temps overnight

*Charge Batteries
after winter ramping
period
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GRIDOPTIMAL

January Design Optimization

Solar+Battery

(|
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Design Optimization: Summer Weekday

*Utilize Battery
Storage for
afternoon ramping
period

*Prioritize self
utilization or storage
of on-site generation

*Mitigate Building
loads in ramping
period, temp
setback, lighting
dimming, etc.

GRIDOPTIMAL

S INITIATIVE

CO2e Lbs per hour

June Design Optimization

(D-Desgn+Solar+Battery  ===CD-Design+Solar+Battery+CarbonOPT
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S INITIATIVE

CD-Design

==([-Desigr+Solar+Batter y+CarbonOPT

Design Optimization: Summer

1

Weekend & Excess PV Production,

Prioritizes Storage

June Design Optimization: Larger PV Changes the Equation

Batteries Carry Through

Ramping Period With On-

Site Generated Energy
Excess

—CD-Design+48kW Solar +Battery+CarbonOPT
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Optimization Challenge

Emissions (Ib COZ/MWh)

Time=-of-usé Summer Rates

ADR Automated Demand .
Currant Flat Rale
Response Program

Cost per kWh

Pacific Gas and
' Electric Company

Basis of Design : System Control Architecture

i

«‘\\riptide‘ ¢

' \‘T/\**’J
Eaton |
( Power
! Xpert
5 Energy
Optimizer

Riptide Cloud Application
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Proposed Approach

Key Parameter: $ per pound of CO,
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Proposed Approach

FMW

|_Enerey Arbitrage Savines | _GHG Impact |

$0/metric ton $3,112/year $158/year 15 metric tons INCREASE/year -I
515/metric ton 53,112/year 5158/year 10 metric tons INC_REASE/year
$65/metric ton $3,112/year $47/year 8 metric tons INCREASE/year
$150/metric ton $3,112/year -553/year 7 metric tons INCREASE/year
|_$1000/metricton 52.220/vear $63/vear Lmetricton DECREASE /vear |
I_ $2000/metric ton 5904/ /year $145/year 8 metric tons DECREASE/year

From a study by Enel X on impacts of adding cost of carbon assumptions to a microgrid financial model

Key Parameter: S per pound of co,

" Cost ($)
$$

$0
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Lessons Learned: ....'j; =—*Q“5":.:
* Key To Everything is COST of esneanciil) - ey
CARBON e B - Eele

Either align utility rates to Carbon on the
grid (3-5yr process with CPUC/Utilities
OR

Include the high cost of Carbon to the
financial equations

Rates need to adapt to reward self
utilization of on site renewable power
first before seeking low carbon energy
on the grid

Design tools need to be enabled

W|th
PV and battery storage sizing tools
Marginal Emission rates need to be
accessible like weather files for different
grid regions
Utility rate adders for cost of Carbon
should be easily added
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The GridOptimal™ Initiative

A New Rating System and Metric
For Building-Grid Interactions

New Buildings Institute
U.S. Green Building Council
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GOOGLE IOWA DATA CENTER

=% Low-wind period

MIDNIGHT
MORNING
NOON
AFTERNOON
EVENING | L% 1 i
- - 100% match with Dynamic Power
carbon-free enery
> Purchases Based on
Hourly Carbon Change
the Concept of “Net”
MIDNIGHT ,i. WL : ’ - Energy or Carbon AND

N—— 1. Considers Regional
.INIWIIINMW {
i il i g 5 |
, 1005 match with
- R ikl

SPRING

MIDNIGHT

NOON . L} 1
i i i { | |
AFTERNOON ? J { ‘ 4 oog e
¥ | |
EVENING g

0% match with 100% mateh with
earban-frae enargy carbon-free anergy
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