Case Study: Grid-Interactive Buildings
Can Accelerate Decarbonization
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How can a building
help clean up the
electricity grid?
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Case Study: Loyola U Schreiber Center =/ IFLIMIR IS s (ERH B L
Floor Area: 150,000 sq ft | L

Year Built: 2015 m = ey | g
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Location: Chicago, IL = == PP
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Grid Balancing Authority: PJM

Project Team: BrainBox Al, Berkeley CBE, WattTime

Project Timeframe: 2022-2023 -'
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Insights & Actions

Insights: electricity grid :
emissions concepts z»

Actions: things you can
do to reduce emissions

5 gears:

five concepts
to help you
level up
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Annual GHG Reporting (Scope 2) iP O

Typical annual GHG reporting treats all kWh equal, since there is a single CO, factor for each entire year °

GREENHOUSE
GAS PROTOCOL

GHG Protocol SGEPA s eGRID total output
2 j Environmental Topics v Laws&Regulations  ReportaViolation~  AboutEPA v
Scope 2 Guidance egul C02 rate (IbS/MWh)

An amendment to the GHG Protocol
Corporate Standard

i Detailed Data

l Detailed Data

Summary Data eGRID With 2023 Data
For a building:

Maps Released: 1/15/2025
Revision 1 Released: 1/17/2025
eGRID Explorer Revision 2 Released: 6/12/2025

Power Profiler Next planned release: eGRID2024 in January of 2026 AI I kw h I oo k eq u a I

Known Issues, Data Notes, and Revisions

Power Plants and Neighboring

Communities
Download eGRID2023 (xlIsx)

Frequent Questions About eGRID

--------
nTITeTE

https://ghgprotocol.org/scope-2-guidance https://www.epa.gov/egrid/detailed-data
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Efficiency First

When all kWh look equal, efficiency is a good tool. Save as many kWh as you can. ®

Case Study: Loyola U Schreiber Center —

(T D O et

EUI: ~90 kBtu/sf/year P

Awards: LEED Gold u ‘ :

Design: Daylighting, Active shading

HVAC: Passive ventilation, radiant heating &
cooling, chilled beams, efficient —
water-cooled chillers /L

+ Controls Optimization (implemented by
BrainBox Al in 2022)

Pictured: Interior Atrium of Schreiber Center
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Emissions Vary by Location g

CO: total output emission rate (lb/MWh)
by eGRID subregion, 2023

US: 767.25 (Ib/MWh)

]
0 505 738 864 914 116k b/MWh

w”_me| California = 428 Ibs/MWh
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Portfolio Choices to Maximize Impact

Prioritize energy efficiency and renewables procurement in places with the dirtiest electricity (low-hanging fruit)

Nuclear/Geothermal

brev

CARBON TREASURE MAP ’

https://carbontreasuremap.org/
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Emissions Vary by Time of Day P @_T

At different times of day there are different power plants running, some fuels emit more CO, when burned ®

PJM Interconnection, LLC (PJM) electricity generation by energy source 9/16/2025 - 9/18/2025, Eastern Time

megawatthours
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€l1a’ Data source: US Energy Information Administration
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Load Shifting to Reduce CO,

Many electric loads have flexible timing. Be greedy when emissions are low and stingy when they are high. ®

_ 1,500 Marginal Emissions Rate
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Generation (MWh)

Average & Marginal P

Grid operators dispatch the cheapest resources first. Fossil resources are typically stacked on last (marginal).

- PJM Elec. Generation by Fuel Source (co2 intensity), stacked roughly by Cost Which fuel is burned
iAverqge CO, Intensity: All Fuels @ 832 Ibs/MWh more when demand
i is higher?

120,000 !

100,000 i ........... \— Total Grid Demand
80,000 i B Petroleum (~2,400)
: Natural Gas (~1,000)

60,000 |

m Coal (~2,300)
40,000 Solar ( 0)

m Wind (0)
20,000 Hydro ( 0)

m Nuclear ( 0 Ibs/MWh)

0
1
9/16/25 0:00 9/16/25 12:00 6 ! 9/17/25 0:00 9/17/25 12:00 9/18/25 0:00 9/18/2512:00 9/19/25 0:00
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Average & Marginal

Total (Average)

CO: total output emission rate (lb/MWh)
by eGRID subregion, 2023

US: 767.25 (Ib/MWh)

s el N A to/Mwh
oo R 5555
AKMS - 520.48
AzNm - 703.70
CAMX~ 428.46
ERCT- 733.86

NYLI 1,181
NYUP - 242.09
PRMS 1,543

0 505 738 864 914 116k b/MWh

Chicago = 911 Ibs/MWh
Average CO, Intensity

1,240

srve- 503.42
eGRID=*

Chicago = 1,757 Ibs/MWh
Marginal CO, Intensity

{
CO: non-baseload output rate (lb/MWh)
by eGRID subregion, 2023

US: 1,373 (Ib/MWh)

 lb/MWh

.e HIOA
-

"' HIMS

0 101k 122k 148k 162k 174k  b/MWh
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Generation (MWh)

Use Average or Marginal? H )

The different emissions rates are used to answer different questions.

140,000

Average CO, Intensity: All Fuels @ 832 Ibs/MWh
Marginal CO, Intensity: Petroleum @ 2,400 lbs/MW

120,000

e i \— Total Grid Demand
S i W Petroleum (~2,400)
oo E Natural Gas (~1,000)
m Coal (~2,300)
40,000 Solar ( 0)
m Wind ( 0)
20,000 Hydro ( 0)
m Nuclear ( 0 Ibs/MWh)
9/12/25 0:00 9/16/25 12:00 | 9/17/25 0:00 9/17/25 12:00 9/18/25 0:00 9/18/2512:00 9/19/25 0:00
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Measure Impact

GHG Protocol’s Project Protocol describes how to measure the avoided emissions of a project/intervention

compared to a counterfactual baseline, requiring the use of marginal CO, factors

The Greenhouse Gas Protocol

Guidelines for Quantifying GHG Reductions from
Grid-Connected Electricity Projects

WORLD
RESOURCES
INSTITUTE

https://ghgprotocol.org/guidelines-grid-connected-electricity-projects

2.1 Quantifying GHG Reductions from Projects

Quantifying a project’s GHG emission reductions is done

by subtracting actual GHG emissions associated with the
project’s implementation from an estimate of GHG emissions
under its “‘baseline scenario” (referred to as “‘baseline
emissions”). See Figure 2.1.

FIGURE 2.1 Quantifying GHE Reductions
from Projects

Baseline Emissions
Project Emissions
Claimed GHG

reductions relative
to baseline scenario

GHG EMISSIONS

YEAR 1 YEAR 2

The Project Protocol refers to changes between baseline and
actual emissions as “GHG effects.” Fully accounting for GHG
reductions requires assessing both the intended change caused
by a project activity (i.e., its “primary effect”) and any
unintended changes (i.e., “'secondary effects).* The primary
effect for all grid-connected project activities is the reduction
of combustion emissions from grid-connected power plants.?
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Measure the Impact of a kWh

Your CO, impact is indicated by the marginal emissions rate, use it to measure the impact of your choices.

Chicago - Marginal CO, [lbs/kWh]
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CO, MOER for PJM_CHICAGO from WattTime
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Can Renewables be Marginal? Yes H)

Electric grids change rapidly, RE gets wasted. Increasing consumption during RE waste can reduce the waste.

California's duck curve is getting deeper A CAISO Wind & Solar Curtailments by Month
CAISO lowest net load day each spring (March-May, 2015-2023), gigawatts ela
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Activate More Renewables

When you increase load during curtailment, it can reduce renewable waste, and give you zero impact kWh.

Chicago - Marginal CO, [lbs/kWh]
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CO, MOER for PJM_CHICAGO from WattTime
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Case Study: Optimize / Load Shift

With a real-time (ideally forecast) marginal CO, signal, you can schedule electricity use at the cleanest times

Marginal Emissions
Signal Forecast

BrainBox Al

On-site Controller
Adjusts Setpoints

,,

WattTime -
Load-Shifting
Algorithm
Existing
Renewable BAS

Curtailment Event
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Case Study: Optimize / Load Shift

Building HVAC Response to setpoint changes for pre-cooling to shift the electricity load

Zone Temp Setpoint

2100519-VAV_3_1_2-OCC_ROOM_TEMP_SP-AV-F (Commands)

BrainBoxjwrite setpoint commands
I

12:00 13:00 !
Jun 25, 2022 l
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Case Study: Optimize / Load Shift

With a real-time (ideally forecast) marginal CO, signal, you can schedule electricity use at the cleanest times

Loyola Schreiber Center Case Study

HVAC Load-Shifting in Response to Grid CO2 Emissions
June 25, 2022

1.5 Ibs/kWh - — e
1 Ibs/kWh -
— Grid Marginal
CO2 Signal
0.5 Ibs/kWh - s (e
Coasting periods = | = b o
Low CO2 Event | |l e |
Detected g ,JK_L _t_x _:_L
0 Ibs/kWh - i i \ ] e | [RFIEMIETIE
| | ] xm mmm s N
150 kW - 2 i LR i L i i
oyt M W] R 14
100 kW -
50 KW - Case Study Overall Results:
Actual . ° ° °
¢ " 0,
o e 15% Reduction in CO, Emissions
0 kW - l \ 1 . during CO, events plus the following 4 hours
9AM 12PM 3PM 6PM 9PM
. . . . ; Results measured by Berkeley CBE
https://www.sciencedirect.com/science/article/pii/S2352710224027025
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Case Study: Comparing Options

The relative benefit of measures depends on the building profile and the location (electric grid emissions profile).

Metric Tons

20 1

10

Estimated Annual Avoided CO?2

Efficiency

Chicago, IL

Metric Tons

20 A

10 1

Estimated Annual Avoided CO2

Efficiency

Omaha, NE

WattTime
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How can a building o A |
help clean up the ] |
electricity grid?

@Efficiencyz use fewer kWh

Gk, T | 2 J_Jv JJI =il =
@Tlmlng: shift kWh to clean times g = D e T TR T

| | |
| fo e | i ] 4

@Location: prioritize dirty grids

@Optimizeon Marginal CO, for == R i==== 1 IMPINtP,

deeper carbon reductions : = j -k ECIE IR

@ Reducing Renewable Waste
unlocks more renewables

L STEES Chr. -;i;‘_; nter
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Thank you!

Geoff Hancock 4
geoff@watttime.org

reach out any time!




sITY SCHREIBER CENTER

upY: LOYOLA UNIVER

(2923) ASHRAE Guide for
Grid-Interactive Buildings

CASE ST
« Looa Chicago, IL
. E?ni;‘.'n”; <ioe: 150,000 ft (14,000 ™)

. Building type: Office s

. gﬂ;g;ﬁ?cn,yn‘:u type: Existing building o

i ~ersity’s Schreiber Center is a LEED
(L;mj aoflt‘i?:’;??m? classroom building Im:atgd in
downtown Chicago, Ninois (10 slones,.bum in
2015). The HVAC plant uses pondensmg gas
boilers for heating and electric water-cooled

chillers serving a chilled beam system for cool-
ing. There are a number of passive and active
envelope measures 10 improve energy perfor-
mance and indoor environmental quality.
A public/private consortium wurkeﬂ glnfrt:
Loyola's facilities team to automatically shi el -
HVYAD loads in response to a real-time carbon Loyola University Schreiber Conter
signal and reduce the building's source emis-
§::1 :aussd Nex[:elel:lrit:ity use. The building’s
ud-base optimizer autonomously sent commands to the existi .
gve:ﬁ_le: Tr;ss‘H'VAC ‘omintnlizer useg a "etvf:e algolrithm to ingest the mami:;}gggﬁscg';:‘;';*‘ ﬁm
inute intervals and precondition the buildin i i 7 ;
sions in later periods when the grid was less cldwg during periods when the grid was cleaner, el
|
For example, on June 25, 2022, e it |
signal dropped substantially, and in rape
the HVAC optimizer precooled the buide §
decreasing the space temperature s2t jo
The CO, signal increased again an b =
and remained high. During this perid Ses
points returned to normal, and the fCe |
tem used less energy due to the e #® i
cooling. {
o The year-long study ended in Jue S5
- used a novel Measurement & 'ﬂ= {
orn (M&V) methodology (Raftecy &t f-u
. developed by CBE where each 827 ST
assigned as an intervention of 3 pres
and the carbon reduction 3ger®™ S5,
ates on intervention dﬂ!;“""-." ‘
Brid carbon emissions and act M&V method are that it takes "’
ctual vs. modeled base- [ TR B AL UUC LY allows for B2 45

HVAC Lt g in to Grid CO2

- s :
> ine emissions on a summer day, of confidence in the i

GHG o - more robust to inevi ,dm-“

ed €0, emissions during thy ; : ing over time. Using this |

0 the combined event window (low emissions period pUS mﬂ; ‘

Period) decreased from an ave

co0ling season due o1 - 20¢ Of 26 kg/hr (57 Ib/hr) to 22 kg/hr (49 Ib/he) als%

sions, hift e 10 the load-shifting strategy, Operati kg/hr (49 16/h0), 2 1934 cos a4
curtaieg. ™ "1 off of high-polluting poarer 3h'§2?§fafmg‘:umﬁz"}&3$aﬁ r'""‘.‘

ASHRAE. For more informati 2
\"uﬂ on this study, see: http://dx.doi.org/10.2139/ssm.4531516.
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