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“Indirect” Emissions in the Value Chain
(spatially distributed, huge variety)




U.S. Health Care GHG Emission
Contributions

Pharmaceuticals
and Chemicals
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Eckelman et al., Health Affairs 2020



U.S. Health Care GHG Emission Trends
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Comparing Across Health Systems
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Injuries, fatalities, Asthma,
mental health impacts cardiovascular disease
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Health Effects of Health Care Emissions
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Scope 3 Categories

Upstream

* Purchased Goods & Services

e Capital Goods

e Upstream Fuel & Energy

e Upstream Transp. & Distribution
* Waste

* Business Travel

* Employee Commuting

e Upstream Leased Assets

Downstream

* Downstream Transp. & Distribution
* Processing of Sold Products

* Use of Sold Products

* End-of-Life of Sold Products

* Downstream Leased Assets

* Franchises

* |nvestments

GREENHOUSE
GAS PROTOCOL

Corporate Value Chain

(Scope 3) Accounting
and Reporting Standard

Supplement to the GHG Protocol Corporate
Accounting and Reporting Standard

WORLD wia
e, "

RESOURCES & Wbcsd
@ INSTITUTE w




Scope 3: Purchased Goods & Services

Category description

his category includes all upstream (i.e., cradle-to-gate) emissions from the production
of products purchased or acquired by the reporting company in the reporting year.

Products include both goods (tangible products) and services (intangible products).

* This is the largest and most complex category of Scope 3
emissions, so we will spend the most time on it

* The GHG Protocol Corporate Standard presents several carbon
accounting options — you can choose



Scope 3: Purchased Goods & Services

Step 1. Collect and categorize procurement data

Vendor Account [ltem Long Descr Std UOM |Net Recv || Per Unit Cost Iltem Cost
10100 00000000000000424 |CATHETER COUDE 14FRXAML LATEX EA 1.0000] 5 1011 F 1011
10100 00000000000003044 |CATHETER FOLEY 14FRX5CC LATEX EA 1.0000( 5 185 & 1.85
, 10100 00000000000029227 |CATHETER FOLEY 5CCX14FR BALLOO EA 1.0000 5 342§ 3.42
CATHETER THORACIC 28FRX20IN STERILE
0000000001 910100 j000000000000029275 [STRAIGHT 6 EYE PVC CLEAR CSMOEA EA 1.0000( 5 422 % 422
10100 00000000000035827 |TRAY CATHETERIZATION FOLEY URI EA 1.0000] 5 913 % 9.13
10100 00000000000438579 |CATHETER VIRDEM RECTAL 17 30FR EA 1.0000( 5 2306 5 2306
10100 00000000000003045 |TRAY CATHETERIZATION FOLEY W/O EA 2.0000| & 1.80 % 3.61
10100 00000000000029228 |CATHETER FOLEY 5CCX16FR BALLOO EA 2.0000| & 369 % T.37
10100 00000000000082837 |CATHETER URETHRAL 30CCX22FR FD EA 2.0000| & 268 3§ 5.36
, 10100 00000000000012097 |TRAY CATHETERIZATION URETH W/ EA 2.9999| 5 172 | § 5.16
CATHETER FOLEY 20FRX30ML LATEX
BALLOON URETHRAL 2 WAY ROUND TIP
0000000001 (910100  |000000000000000423 |LUBRICATED STERILE CSM2EA EA 3.0000 #MNIA
, 7510100 [B00000000000048756 |CATHETER SUCTION 10FR STRL W/ EA 3.0000] 5 024 0.71
CATHETER FOLEY BARDEX IC 16FR 5CC
0000000001 910100 |000000000000101207 |BXMZEA BX 3.0000] & 9256 § 2V7.6@
%10100 %UUUUUUUUUUUUMSEB CATHETER VENTRIC 35CMX2.9%1.6M EA 4.0000| & 767 & 23028
, 10100 00000000000044173 |CATHETER VENTRIC 80CMX1.6X0.7M EA 4.0000| & 15169 § 606.74
eM: CATHETER VENTRIC 80CMX1.5X0.7MM
0000000001 910100 |000000000000044173 |EXT LUMBR HERMETIC CLS TP EA 4.0000| & 15169 & 606.75
10100 00000000000145094 |KIT ICP MOMITORING 4FR CATHETE EA 4.0000] % 581.79 §232714
00000035825 10100 00000000000447226 |eM: CATHETER LICOX TUNNELING KIT EA 4.0000 #M/A
, 10100 00000000000029226 |CATHETER FOLEY 5CCX12FR BALLOO EA 5.0000] 5 3By § 1927
CATHETER FOLEY 18FRXaML LATEX
BALLOON URETHRAL 3 WAY LUBRICATED
0000000001 910100  |000000000000037415 [RADIOPAQUE STERILE RED PKM2CSM2EA |EA 5.0000( 5 912 § 4561
0000000001 r§10100 ﬁJUUUUUUUUUUMTUHT CATHETER SWAN-GANZ TD VIP CS/6EA EA 5.0000] 5 38.92 5 194.60




Scope 3: Purchased Goods & Services
Step 2. Decide on Accounting Method

Product life cycle stages

1| J— Supplier’s scope
g. E ’ %'9 1 & 2 emissions
m->
Caliulition All other upstream emissions h h ——— Purchasing
Method from production of product dor oo data type

GHG Protocol Scope 3 Standard



Mass-based Process LCA Models

Background, from LCI database Foreground, measured

' | unit process _ .-
unit process unit process——
unit process unit process

unit process _
unit process unit process

_ unit process unit process——
. | unit process )

_____________________________________________

> unit process——>

— g

- e e e ——

* Uses engineering models to determine emissions from each
process/material in the supply chain



Spend-based / EEIO Modeling

-# T “Environmentally-Extended

e Use economic models
at national scale




Scope 3: Purchased Goods & Services
Step 2. Decide on Accounting Method

product-level accuracy

Supplier-
specific

speed/ data availability/
Average-data comprehensiveness
Spend-based




Scope 3: Purchased Goods & Services
Step 2. Decide on Accounting Method

Typical Challenges

* it’s difficult to get procurement data

* it’s difficult to categorize procurement data

e it’s difficult to get mass quantities from procurement data

* asingle supplier may provide hundreds of different items

* multiple suppliers may provide the same item

e suppliers change over time

 suppliers have limited / no information to provide

* suppliers only track their own Scopes 1-2 emissions, not supply chain
* services don’t have mass...

* spend-based methods don’t reflect a supplier’s green initiatives



Spend-based Aggregation Disadvantages

* Using EEIO modeling, these things are the same:

$1000 at IKEA $1000 at Aspen Fine Furniture



Spend-based Quality/Price
Disadvantages

i
-

Shipped from Netherlands Farmer’s Market: $6/Ib.
to Supermarket: $1.99/Ib.



Spend-based Averaging Disadvantages

Cradle-to-Gate Greenhouse Gas Emissions for Twenty Anesthetic
Active Pharmaceutical Ingredients Based on Process Scale-Up and
Process Design Calculations

Abbhijeet G. 'Psirw«"‘itl<e1;+ Huseyin Tunceroglu,i Jodi D. Sherrf_mn,i Philip Coish,§ Paul Anastas,§‘
Julie B. Zimmerman,”!"*® and Matthew J. Eckelman™*"

Succinylcholine Bl This study

Sugammadex
Propofol
Neostigmine methylsulfate
Bupivacaine HCI
Lidocaine
Epinephrine
Ropivacaine HCI
Ondansetron
Glycopyrrolate
Ephedrine HCI
Fentanyl
Remifentanil
Ketamine
Rocuronium Bromide
Phenylephrine HCI
Midazolam
Hydromorphone
Morphine
Dexmedetomidine

Vancomycin HCI

Unspecified {GSK)

Carboxylic acid-intermediate
4-D-Erythronolactone
Morphine sulfate

Sertraline

Z-isomeric compound (Sanofi)

10 100 1000
Cradle-to-gate GHG emissions, (kg CO2 eq./kg API)

Il Previous studies




What Modeling Approach is Best?

 Both are needed!

NHS
* Spend-based methods are critical for Delivering a ‘Net Zero'
reporting and identifying hotspots — National Health Service

needs to be comprehensive

~ REPORTING and STRATEGY

* Process-LCA is critical for making
improvements or choosing among
options
~IMPLEMENTATION




Scope 3: Purchased Goods & Services
Step 2. Decide on Accounting Method

My Recommendation:

* Use spend-based method to count everything

* Use average-data method to count large-volume,
homogenous items (like paper)

* Once you have this baseline, reach out to preferred
suppliers to get information on specific items of
interest using hybrid method



Scope 3: Purchased Goods & Services
Step 3. Get Embodied Carbon Factors

Example: Supplier Specific Environmental Product Declaration
(E=

Symmasy of
Environmental Product Declaration  Environmental Impacts

Central Concrete wpact nam
Mix  340PGBQ1 Total primary energy consumption | MJ 2,491 1,906
San Jose Service Area Concrete water use (batch) m3 6.66€-2 5.10E-2
EF V2 Gen Use P4D00 3" Line 50% SCM | Concrete water use (wash) m3 B.56€-3 6.55E-3

Performance Metrics i|i|

28-day compressive strength 4,000 psi | Eutrophication kg N-eq 1.31E-1 1.00E-1

Siump 4.0n Plagochemical azone creation kg 03-eq 466 357

A sample EPD for a concrete mix design by Central Concrete Supply Co.
Credit: Cerfral Concrefe Supply




Scope 3: Purchased Goods & Services
Step 3. Get Embodied Carbon Factors

Example: Average-data Tools

* Industry product calculators L Paper Calculator

ented by e ntal pape etwork

* Aggregated embodied carbon factors
(careful about where these come from)

e Life cycle inventory databases FEDERAL

L@/

COMMONS
e Published studies



Scope 3: Purchased Goods & Services
Step 3. Get Embodied Carbon Factors

Example: Spend-based tools

 Specific to the healthcare sector

* Health Care Supply Chain Emissions Carbon Calculator:
https://healthcareghg.org/

* HCWH/Practice Greenhealth:

https://practicegreenhealth.org/tools-and-resources/scope-3-ghg-emissions-
accounting-tool

* Not-specific to healthcare

* GHG Protocol/Quantis Scope 3 Evaluator:
https://quantis-suite.com/Scope-3-Evaluator/

* Many consulting company offerings...

e USEEIO model:

https://www.epa.gov/land-research/us-environmentally-extended-input-output-
useeio-technical-content



https://healthcareghg.org/
https://practicegreenhealth.org/tools-and-resources/scope-3-ghg-emissions-accounting-tool
https://practicegreenhealth.org/tools-and-resources/scope-3-ghg-emissions-accounting-tool
https://quantis-suite.com/Scope-3-Evaluator/
https://www.epa.gov/land-research/us-environmentally-extended-input-output-useeio-technical-content
https://www.epa.gov/land-research/us-environmentally-extended-input-output-useeio-technical-content

Scope 3: Purchased Goods & Services
Step 4. Multiply mass/value by EF for each category

Arroyo Hill Medical Center Compare to Entire System Emissions per $1

Carbon Emissions Analysis, Greenhouse Gases (tCO2e).
Click on points to drill down.

Orthopedic surgical implants
Greenhouse Gases: 1,248 tCO2e
Annual Spend:  $5,479,872
Warcr Withdrawals: 21,136 Tgal

Patient/care/and treatment produc.

Medical apparel/and textiles

Parient exam andimonitoring, prodnets Respiratory and anesthesia and resuscitation’ producy

JEmergencyand field'med = Orthopediciand pribd

demo data from: https://healthcareghg.org/



https://healthcareghg.org/

From Reporting to Implementation

Forecasted change in activty I 1,365 - Present day emissions

Reduced single-use plastics B224 - Emissions reduction

Metal instrument reprocessing 157 Residual

Device reuse and refurbishment B202
Reduced use of paper 417

Reduced food waste | 92

Demand driven actions

Process and product innovation I 1488
Switch to bio-based polymers M 498
Switch to plant-forward diets 220
Decarbonising construction M 525
Electrified freight transport M 533
Comissioned services meet NHS commitments Il 735

Non-pharmaceutical suppliers meet NHS commitments I 4,458

Supplier driven

Pharmaceuticals suppliers meet NHS commitments I 4,203
Research, innovation and offsetting 865
Present day emissions I 16,531

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000
CO, emissions (ktCO,e)

(slide courtesy of NHS)



NHS

From Reporting to Implementation

* NHS identified supply chain measures that they could influence

* Education and training are key to demand-side interventions

Reduce

C

DEVICE REMANUFACTURE Reuse
‘HOW TO’ GUIDE

HOW-TO GUIDE

N
‘

"‘T;]Ifgi

EQUIPMENT RE-USE

WALKING AIDS

MEDICAL DEVICES A

Reprocessed
Return for reuse
and recycling Renewable
For more information visit:
recyclenow.com/walking-aids
or scan the QR code.

Recyclable

(slide courtesy of NHS)



Scope 3: Capital Goods

Category description

This category includes all upstream (i.e., cradle-to-gate) emissions from the

production of capital goods purchased or acquired by the reporting company in the
reporting year. Emissions from the use of capital goods by the reporting company
are accounted for in either scope 1 (e.q., for fuel use) or scope 2 (e.q., for electricity use),

rather than in scope 3.

* Easy, go through the same steps as for
Purchased Goods & Services

* DO NOT DEPRECIATE OR AMORTIZE S
assign all emissions to purchasing year Adventist HealthCare

* DO NOT COUNT EMISSIONS DURING USE



Scope 3: Up/Downstream Transp. &

Distrbn.

Consumer

Tier 1 Supp/ier Transportation Of Repgr[jng TIGHSFGFEE?HDH Retailer
' purchased products Company  of sold products
b g - = -
\ J \
Y Y
Category 4 Category 9
(upstream) (downstream)

If an HCO contracts for transportation, whether upstream or
downstream, it is included in Category 4



Scope 3- Up/Downstream Transp. &
Distrbn.

Step 1. Decide on method and collect/estimate data

* fuel-based. If you know how much physical fuel is being used

* Distance-based. |f you don’t know the fuel use but you do know how far
items are being shipped, and how

* Spend-based. If you only know how much you are spending (such as for
contracted transportation)

Step 2. Collect emissions factors

* |In the US, recommend USEPA Emissions Factors
https://www.epa.gov/climateleadership/ghg-emission-factors-hub

* QOutside US, see GHG Protocol Category 4 Guidance
https://ghgprotocol.org/sites/default/files/standards supporting/Chapter4.pdf

Step 3. Multiply!


https://www.epa.gov/climateleadership/ghg-emission-factors-hub
https://ghgprotocol.org/sites/default/files/standards_supporting/Chapter4.pdf

Scope 3- Up/Downstream Transp. &
Distrbn.

Example. My Boston-area hospital takes delivery of 20 tons of
medical supplies from major manufacturer in Minnesota.

© Minneapclis, Minnesota

@ Boston, Massachusetts

Step 1. | don’t know how much fuel is _ R
combusted, choose distance-based method

20 hr 47 min (1,390.2 mi) via |-90 E

Step 2. Use USEPA emissions factor:

C0O; Factor

CH4 Factor

N;O Factor

Vehicle Type (kg I unit) (g / unit) (g ! unit) Units
Medium- and Heaw-Duty Truck 1.450 0.013 0034 |vehicle-mile
Passenger Car * 0.332 0.007 0.007 |vehicle-mile
Light-Duty Truck ® 0454 0.012 0.009|vehicle-mile
Medium- and Heavy-Duty Truck 0211 0.0020 0.0049)ton-mile
Rail 0.022 0.0017 0.0006|ton-mile
Waterborne Craft 0.041 0.0183 0.0008|ton-mile
Aircraft® 1.165 - 0.0359 |ton-mile

Step 3. Multiply:

(1390.2 miles)*(20 tons)*[0.21+(0.002)(25)/1000+(0.0049)(298)/1000]=5.88 tons CO2e



Scope 3: Processing/Use of Sold
Products

* Emissions associated with downstream processing or use of sold health
care devices or products

* Cold chain medicines = electricity use and refrigera

* Metered dose inhalers = propellant r'
* Home dialysis machine = electricity use
* (in practice, rarely accounted for)

4/
Cleveland® i, &'
Clinic o |

e Collect information on sales of each relevant item

* Follow Scopes 1 and 2 guidance for each, but attribute to Scope 3 Categories
10+11



Scope 3: End-of-Life of Sold Products

* Emissions from waste management of sold items
described in Categories 10+11

* (follow same directions as for Waste Mgmt. Category 5)

Waste Management Hierarchy

- Estimate material quantities/types k e e /

g :
s Recycling
S
% :

Treatment

e
%

e

-1 Determine prevalent
treatment/disposal method

w% E{Eﬁ USEPA
7 Use USEPA emissions factors: '

https://www.epa.gov/climateleadership/ghg-emission-factors-hub



https://www.epa.gov/climateleadership/ghg-emission-factors-hub

=i Providence

Scope 3: Supply Chain
Providence’s Approach to Carbon Accounting

Beth Schenk, PhD, RN, FAAN

Executive Director of Environmental Stewardship
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3= Providence



Do all we can this decade to reduce emissions
and transform health care to be planet-safe

Measurement using the WE ACT Scorecard —

Usage, cost, Automated,
and carbon Each site Monthly transparent,
data accurate
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Category 1: Purchased Good and Services
Category 2: Capital Goods

» Supplier-specific method — collects product-level cradle-to-gate GHG
inventory data from goods or services suppliers.

* Hybrid method — uses a combination of supplier-specific activity data
(where available) and secondary data to fill the gaps. This method involves:

 collecting allocated scope 1 and scope 2 emission data directly from
suppliers

* using secondary data to calculate upstream emissions wherever supplier-
specific data is not available.

° Average-data method — estimates emissions for goods and services by
collecting data on the mass (e.g., kilograms or pounds), or other relevant units of
goods or services purchased and multiplying by the relevant secondary (e.g., industry
average) emission factors (e.g., average emissions per unit of good or service).

° Spend-based method — estimates emissions for goods and services by
collecting data on the economic value of goods and services purchased and
multiplying it by relevant secondary (e.g., industry average) emission factors (e.g.,
average emissions per monetary value of goods).




== Providence

* Spend based method for 2019 baseline
e Supported by consultant
e EEIO data (Environmentally Extended Input-Output). EPA 2016

* Hybrid method with major suppliers
* Collecting Scope 1 and 2 emissions

* Prorating the emissions we claim based on the percentage of their
products we purchase

How did it go?

e Spend based not difficult but may not be accurate or
meaningful. Approximately 40% of total.

* Hybrid method — linked to known quantity of emissions, but
information very difficult to get

* Use Mass



Category 4: Upstream Transportation and Distribution
Category 9: Downstream Transportation and Distribution

* Fuel-based method, which involves determining the
amount of fuel consumed (i.e., scope 1 and scope 2
emissions of transport providers) and applying the
appropriate emission factor for that fuel

* Distance-based method, which involves determining
the mass, distance, and mode of each shipment, then
applying the appropriate mass-distance emission factor
for the vehicle used

* Spend-based method, which involves determining the
amount of money spent on each mode of business
travel transport and applying secondary (EEIO) emission
factors.




== Providence

* Upstream:

* Working to understand emissions of
primary distributor

* Spend based method for 2019
baseline

* % added to categories 1 and 2

e Downstream: Not relevant




Category 10: Processing of Sold Products
Category 11: Use of Sold Products
Category 12: End of Life Treatment of Sold Products

For Providence: Not relevant



Accuracy:

e Depends on emission factors
e Depends on boundaries
e Depends on interpretation of GHGP

Accountability:

e All steps along the supply chain (for
example: raw materials, transportation,
manufacturing, packaging, distribution, use,
end-of-life treatment) count the same
emissions.

Activation:

e Complexity of accounting may stymie action

e Lack of clear accountability may hinder
action

e Excess accountability may slow action



What do we

? do with this

® information’?




Prevention

Patlent Empowerment

Lean Pathways

Low ca rbon alternatives




Brick by Brick...
Emissions Analysis and
Reduction Projects

* Linen Analysis

* Inhaled medications

e Carbon intensity of meals
* Blue wrap analysis

e Embodied carbon —
construction

* Leased Vehicles

* Computer Power
Management

* Reprocessed products
 Surgical Supply Optimization




Clinical Supply Optimization

* Dave Wilson, Six Sigma Black Belt,
Process Improvement, Oregon

* Brian Chesebro, MD, Medical
Director, Environmental
Stewardship, Oregon




Background

 Surgical care is resource intensive —and prone to
inefficiency and waste

* Surgical preference cards are common — to determine
what products are used (or opened and not used)

* Inefficiency leads to
e Discard of new items
e Excessive sterilization costs
e Labor costs
* Environmental impacts — emissions, energy, water, waste



Process Engineering & Decision Support Tools

Surgical Supply Optimization

(3 Reuse/Recycle

Preference Card (@@ <:

o T ERR Di |
\ | @ & =3 Use isposa

I Restocked/Expired

.K. Unanticipated operating room H @ < —
Supplies Wasted




Process Engineering & Decision Support Tools

Surgical Supply Optimization

what enters?
what is used?

DATA what is wasted?

what expires?

Operationalize data.
Relieve clinicians of
tasks.

Process
Engineering

Engage clinicians with relevant

Decision information to inform decisions.

Support
Tools



Process Engineering & Decision Support Tools

g=

Process i Card

Workflow

Optimization

[} ©)

Reporting & Knowledge
Analytics Base

-

Submit a
Request

Program Training
Documents

Procedure Comparison Analyzer eson1y

Allows users to compare their "ACTIVE" preference card to peers doing the same procedure

Carbon Emissions Impact by Surgeon

Avg: 167.38
o
R %
= B
= s o o
B 21 i =

Summg

surgeon Name oo St e s e e s e e S e S e e e e

Base Proc Name LAPAROSCOPIC APPENDECTOMY ~ LAPAROSCOPIC APPENDECTOMY  LAPAROSCOPIC APPI
OSV MAIN OR (14030720) 0SV MAIN OR (14066273) OSV MAIN OR (1406

Supply Pick Cost | $1,295.10 $1,238.36

Supply CEkgcoze | 233.12 22301

Supply Pick Qty | 4 35

Instr Pick Qty | a 5

implant Tray Pick Oty | 0 0

Equip Pick Qty | E E

Med Pick Qty | 1 1

Card Creation Date \ 6/21/2018 11/23/2015

Last Used Date 3/14/2022 3/15/2022

Case Count ‘ 154 a

<

| Supplies | |Instrumentaticm | Implant Trays | | Equipment | | Meds

Surgical Waste Summary (eson13

surgical PrefCard waste “documented” during a case

Refresh Frequency: Twice a day
@ Last Refreshed:  3/16/2022 6:05:14 AM
Data Sources: CDW & Azure

Total Wasted Qty

41,763

Total Wasted Cost

$2.2M

Total Carbon Emissions

Total Carbon Emissions

(mtcoze) (in Hummer Miles)

400.1 449,866

Waste Quantity by Week

1,500

1,000

Wasted Quantity

Apr 2021 1ul 2021

oct 2021 Jan 2022

1,633

Waste Cost by Week

$80K

Total Waste Cost

$20K
Apr 2021 Jul 2021 oct 2021 Jan 2022

Total Wasted Carbon Emissions

Apr 2021 Jul 2021

Oct 2021 Jan 2022

Waste Carbon Emissions (mtCO2¢) by Week

case cancelled (ot .. | N
e —
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Process Engineering & Decision Support Tools

= . Refresh Fre(
Procedure Comparison Analyzer weonwy Procedure Comparison Analyzer geso:1) S
Allows users to compare their "ACTIVE" preference card to peers doing the same procedure Allows users to compare their "ACTIVE" preference card to peers doing the same procedure Data Source
Carbon Emissions Impact @ Home Supplies Instrumentation Implant Trays Equipment Meds
Surgeon Name P R
Base Proc Mams LAPAROSCORIC APPENDECTOMTY LAPAROSCOPIC APPENDECTOMY
Card Location OSV MAIN OR [14051433) 05V MAIN OR [14090720)
Catalog No Supply Description Open | PRN | PickOty | PickCost | CElImpact Open | PRN | PickOty | PickCost | CE Impact
Avg: 172.72 EGIAJSAVM | RELOAD ENDO GIA VASC/MED 45K o] 2 5135 o| 2 - 5135
------------------------- va26+ SUT MCRYL 4-0 FS-2 271N Y428H 2| o 12| 2| o 132
SUT VCL 0 UR-6 27IN V1 J603H 2 o 058 1 0 1 029
IRRIGATOR SUCT W/TIP 1| o 1 ss8| o] 1 1 558
PACK LINEN CHNG OVER 1 o 1 2.00 1 o 1 200
BAG SPECI ENDO CATCH 10MM 1| o 1 7.20 1| o 1 7.20
DECANTER VIAL NDLESS VENT 1 o 1 0.14 1| o 1 014
SOL IRRIG WATER 1000ML 1 ) 1 045 1 0 1 045
BLANKET BAIR HUG UPPER WHT o 1 1 087 o 1 1 087
CANISTER SUCT 3000CC W/LID o 1 1 03| of 1 1 LES
GOWN WRMG BAIR PAW 2-PRTSTD 1 o 1 152 1 o 1 152
5338265145 | TUBE NG SALENI SUMF 18FR 1| o 1 050 1| o 1 050
330815 APPLIC CHLRPRP HI LITE 26ML 1 o 1 104 1| o 1 104
AJUX2044 CIRCUIT ANES ADLT 108IN 1 ) 1 112 1 0 1 112
cTs02 TROCAR CANN SEAL Z-THRD 54100 1 o 1 143 1 o 1 148
DYNDSCL1500 | LINER SFT SUCT CANSTR 1500CC o 1 1 01| of 1 1 013
DYNIZ010258 | PACK CUST GEN LARAROSCORY V 1 o 1 542 1| o 1 .42
DYNIP240L | GOWN SURG N-REINF STRL LS 1| o 1 LES 1| o 1 LES
DYNJP3103 DRAPE ABDOMINAL MAIOR 1 o 1 119 1 0 1 119
DYNJSFO2GS TOWEL SFTY GOLD STRL N-WOVEN 1 ) 1 017 1 0 1 017
7307 ELCTAD GRND PAD REM ADLT 1 o 1 042 1 o 1 042
Surgeon Name R R R A e EGIAUSTND | STAPLR ENDO GIA ULTRA HNDLI12MM ol 1 1 1857 1| o 1 1557
Base Proc Name LAPAROSCOPIC APPENDECTOMY  LAPAROSCOPIC APPENDECTOMY NONGEIS41 | STRAP PATIENT SA e : o3| 2 0 * 04
175820 CLIP ENDO CLIP MM o| 1 1 2347
0sV MAIN OR (14080720) 0sV MAIN OR (14051433) 21-345 KIT LAPSCP CLEARIEY VIS 5¥S 1 o 1 953
o T P P 20721570 LY SURG PROTEXIS LX HYDRO 7 1| o 1 014
Supply Pick Cost e L T e D DT T LD DT 2072PLTSK | GLY SURG Pl CLASS FROT SZ7.5 1 o 1 027
Supply CE kgCO2e 23312 112.32 20738830 | GLYSURG PROTEXISFIPFLFE 1 1 022
Supply Pick ty a1 22 E LT BLADE SCALP 5511 1| o 1 004
" 37215 BLADE SCALP 5515 1 ) 1 0.04
Instr Pick Qty 4 3 60-5163-001 | ELCTRD ENDO MPLR L-HK SMMX32CM o 1 1 484
Implant Tray Pick Qty Y 0 4200351 BAG DAAIN URCL SURESTEF 1678 1| o 1 160
Equip Pick Qty 5 8 cz20 NDL INSUF 120WM STRL 1 o 1 22
Med Pick Qty i 1 CHLOTOL-08 | ADH TISSUE LIQUIBAND OCTYL 1| o 1 203
cTR03 TROCAR KIl BLDE Z-THR SX100MM 1| o 1 27
Card Creation Date 6”21/201& 8”.13”2014 CTB73 TROCAR KIl SHLD Z-THR 12X100MM 1 0 1 414
Last Used Date 3/14/2022 3/13/2022 CTROZ TROCAR KII SEF OFT ZTHRD 5X100 1 o 1 2.70
Case Count 154 250 cTRT3 TROCAR Kl Z-THR OPT 12K100MM 1| o 1 414
DYNIO4052 | FCP ADSON W/TEETH STRL o 1 1 0.3
DYNIP2408BL | DRAPE UTILSTRL1SKZEIN 4/PK 1| o 1 004
HAR3G BLADE HARM HAR3S o 1 1 75.09
J106T SUT VCL 0 SUTPK VI J1106T o 1 1 079
Supplies Instrumentation Implant Trays Equipment Meds LaE00aT ADHSY TINT DOMETIE BUTYL o0 1 23z
MMDTZ165204 | TOWEL OR STRL BLUE 17X27 4/PK 1| o 1 027
RSG-147 GRASPER SUT SPI 14GA 15CM 1| o 1 EES
231324% SOL0.3RCT NACL 1000CC o| o 0 ooo| of o 0 000




Process Engineering & Decision Support Tools

Pilot Hospital- 24 operating rooms

GHG Water
reduction saved

(mtCO,e) (gallons)

834 450,000 820,000 S1.77M ~10

Progressive Scalability- automation, expansion

Involve end-users in all stages of development

Avoid interference with direct patient care (alert fatigue)
Feed data as close to decision-point as possible
Provide comparisons

Consolidate data



“We are
surrounded
by data but
starved for
insights.”

Jay Baer
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5+ hospitals throughout CT, RI, NY
(Flagship hospital, 1590 beds)
200+ clinics
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Agenda: YNHHS

Goods and Services Accounting

* total goods and services CO,,
* metered dose inhaler (MDI)

* intravenous drugs

* pulse oximeter

Disclosures:

Canadian Institutes for Health Research
Commonwealth Fund

Institute for Healthcare Improvement

Yale scHOOL OF PUBLIC HEALTH
Center on Climate Change and Health



YNHHS Scope 3: Purchased Goods FY2021

Lic. beds five UNSPSC segments with the largest carbon emissions shown

All Other
Cleaning Equipment and Supplies

Apparel and Luggage and Personal
Care Products

Drugs and Pharmaceutical Products

1590 Lab and Measuring and Observing
and Testing Equipment
Medical Equipment and
Accessories and supplies
125 Total CO2 Emission
83K
(ton)
308 LMH .
Total CO2 Emission 0.197
(ton) per $
206 Total CO2 Ei
ota mission
per Bed (ton) 31.010
BH
501

Source: YNHHS Supply Chain, YNHHS Center for Sustainable Healthcare and www.healthcareghg.org.

Abbreviations: BH: Bridgeport Hospital, GH: Greenwich Hospital, LMH: Lawrence + Memorial Hospital,
WH: Westerly Hospital, YNHH: Yale New Haven Hospital

Yale sCHOOL OF PUBLIC HEALTH
Center on Climate Change and Health


http://www.healthcareghg.org/

YNHHS Scope 3: Purchased Services FY2021

. Facilities

. Infarmation Technology
Laboratory Services

. Lagal
Med Eguipment & Sarvices

. Outsourced Cinical Services
Autsowurced Ciinical Staffing

. Outsourced Non-Ciinical Services

. feal Estate

BH GH LMH WH YNHH
g o Total CO,(ton)
8
3 . 117K
2 16K 9K 7K 2K 83K
Lic. beds 501 206 308 125 1590

Source: YNHHS Supply Chain, YNHHS Center for Sustainable Healthcare, and www.healthcareghg.org

Abbreviations: BH: Bridgeport Hospital, GH: Greenwich Hospital, LMH: Lawrence + Memarinl Hosnital WH: Westerlv

Hospital, YNHH: Yale New Haven Hospital Yale SCHOOL OF PUBLIC HEALTH
Center on Climate Change and Health



YNHHS Scope 3: Purchased Goods & Services FY2021

[ What is good
e performance?
v How do these
: hospitals
differ?

YNHH

®mBH mGH mLMH =WH mYNHH

Source: YNHHS Supply Chain, YNHHS Center for Sustainable Healthcare, and www.healthcareghg.org

Abbreviations: BH: Bridgeport Hospital, GH: Greenwich Hospital, LMH: Lawrence + Memorial Hospital, WH: Westerly

Hospital, YNHH: Yale New Haven Hospital
Yale SCHOOL OF PUBLIC HEALTH

Center on Climate Change and Health



Inhalers for reactive lung disease

€he New York Eimes

The Cruel Irony of Inhalers That
Make Climate Change Worse

July 23, 2022

Yale scHOOL OF PUBLIC HEALTH
Center on Climate Change and Health

Hydrofluroalkane (HFA) propellants in
metered dose inhalers (MDIs) potent GHGs
* One albuterol inhaler has similar carbon output as

driving mid-size car ~200 miles

55 million MDIs dispensed in US in 2019

3% of National Health Service (NHS) total
emissions from MDlIs

Multiple alternatives: dry power inhaler
(DPI), softmist inhaler (SMIs), nebulizers

Sweden now 88% DPIs, and other nations
and health systems following suit

US EPA 2021

Market Characterization of the U.S. Metered Dose Inhaler Industry, ICF 2021
Tennison et al, Lancet Planetary Health 2020

Janson et al, Thorax 2019



Top-down v Bottom-up:

Metered Dose Inhaler (MDI) emissions

Propellant Global Warming Potential (GWP )
« HFA-134a =1,430
e HFA-227ea =3,220

Total hospital MDI CO,, emissions
Top-down: 0.223 x SS

* Bottom-up:
L X . .a % =0
Grams (g) of propellant Total
per device Hospital
Number of devices MDI CO,, (g)
procured

Yale scCHOOL OF PUBLIC HEALTH
Center on Climate Change and Health



YNHHS Inhaled MDI Emissions 2019

m ALBUTER SUL INH 90MCGTEVA8.5G@ m ALBUTERO SUL HFASOMCG PRAS18G@ m PROAIR HFA MDI W/COUNTER 8.5GM

m VENTOLIN HFA 200DOSE W/COUNTER VENTOLIN HFA 60 DSE W/CTR mALBUTEROL SUL INH9OMCGLUP8.5G@
® BUDE FORM FUMDIH160/4.5PRA120@ ® BUDE FORMO FUMDIH80/4.5PRA120@  SYMBICORT MDI 160/4.5MCG HUD6G0O
W SYMBICORT MDI 80/4.5MCG HUDGD W SYMBICORT MDI 80/4.5MCG 120D0 BEVESPI AEROSPHERE 1
400000
350000 -
~— 250000
o~
@]
%
X 200000
0
S
g 150000
£
= 100000
50000 —
—
0 I
YNHH WH BH GH LMH
Lic. beds 1590 125 501 206 308

Source: YNHHS Supply Chain, YNHHS Care Signature, and YNHHS Center for Sustainable Healthcare

Abbreviations: BH: Bridgeport Hospital, GH: Greenwich Hospital, LMH: Lawrence + Memorial Hospital, WH: Westerly
Hospital, YNHH: Yale New Haven Hospital

Yale scHOOL OF PUBLIC HEALTH
Center on Climate Change and Health



Are MDIs Scope 1 or Scope 3?
_ scopel M scope3

* In-patient use: propellent * Out-patient use: propellent
released directly from the released indirectly, outside of
hospital the health syst, down stream

° Prope”ant emissions are ¢ #/type Of preSCI‘iptionS from
known, very high, dwarf health system known
those of rest materials, and  Distribution/utilization of the
dwarf cost-based emissions devices unknown to health
calculations sy;}stem (unless they own the

* Similar story as inhaled pharmacy)
anesthetics accounting * What about ALL outpatient

prescriptions? If a health system
accounts for MDI prescriptions,
then they should count all

Yale scHOOL OF PUBLIC HEALTH prescriptions

Center on Climate Change and Health



Strategic Management:

Inhaler emissions mitigation

T T T
* Reduce unnecessary g O « @

Aermony Wixela Inhub
Respiclick

treatments R T

Ventolin Diskus Flovent Diskus Advair Diskus Serevent Diskus

* Choose less carbon- i : &8 | = @

Bricanyl Symbicort Pulmicort . ’ .
TarbuHalsT Tiirbiikalss Tiitbukalar Oxeze Turbuhaler Tudorza Genuair  Duaklir Genuair

Intensive treatments

-
=

t'_ = 454

g

° Red uce waste - S
: i : ; . . Asmanex
Arnuity Ellipt:
rnuity Ellipta Breo Ellipta Incruse Ellipta Anoro Ellipta Trelegy Ellipta TWisthAleF

e Take-back programs for E=E [anaiter |
proper waste treatment . & & o £ 9

Atectura Onbrez Ultibro Enerzair Seebri Spiriva
Breezhaler Breezhaler Breezhaler Breezhaler Breezhaler Handihaler

(high-temperature O — e rrr—
incineration) ! 3 Y 1 4

Combivent Inspiolto Foradil via With Spacer
Respimat Respimat Aerolizer (Recommended)

Yale SCHOOL OF PUBLIC HEALTH To view all inhaler videos, go to: ﬁ CASCADES
:

Spiriva Respimat . Without Spacer

Canadian Lung Association: How to use your inhaler
Center on Chmate Chu-nge and Health https://www.lung.ca/lung-health/get-help/how-use-your-inhale

This project was undertaken with the financial support of the Government of Canada. Ce projet a été réalis¢ avec I'appui financier du gouvernement du Canada.

Climate Action Action climatique
Healthcare soins de sante



Drug class: ICS + LABA Drug class: SABA
Waste Assessment Waste Assessment

m Encounters with Full Inhaler Usage m Encounters with Full Inhaler Usage

® Encounters with Partial Inhaler Usage m Encounters with Partial Inhaler Usage

Encounters with associated inhaler waste:
* Patients moved between wards and dispensed new device
* Patients not allowed to take MDI home

Source: YNHHS Pharmacy, YNHHS Care Signature, and Yale SCHOOL OF PUBLIC HEALTH
YNHHS Center for Sustainable Healthcare Center on Climate Change and Health



MDI Estimated Waste Assessment

ICS + LABA SABA

250,000

200,000

150,000

100,000

50,000

0

B Documented Doses M Unused Doses

Source: YNHHS Pharmacy, YNHHS Care Signature, and
YNHHS Center for Sustainable Healthcare

 Utilization (doses given):
* |CS + LABA: $226,913
* SABA: $61,160

e Wasted (unused doses):
* |CS + LABA: $93,034 (41%)
* SABA: $42,812 (70%)

Yale scHOOL OF PUBLIC HEALTH
Center on Climate Change and Health



$200,000

$150,000 $137,995

(BID) ->

$100,000 ICS
nebulizer SABA g6hr

(BID) + SABA prn->SABA
$50,000 nebulizer nebulizer
(g6hr PRN) (a6hr PRN)

50 I A—

ICS + LABA
(BID)
-> DPI (QD)

B Cost impact, annualized estimation

Source: YNHHS Pharmacy, Care Signature, and Yale sCHOOL OF PUBLIC HEALTH

YNHHS Center for Sustainable Healthcare Center on Climate Change and Health



Nebulizer treatment: 15.84 minutes
MDI treatment: 11.52 minutes

Source: YNHHS Pharmacy, Care Signature, and
YNHHS Center for Sustainable Healthcare

$200,000

$150,000

$100,000

$50,000

S0

$137,995
A

-11
minutes/
day

ICS + LABA
(BID)
-> DPI (QD)

B Cost impact, annualized estimation

ICS + LABA
(BID) ->
ICS
nebulizer
(BID) + SABA
nebulizer
(g6hr PRN)

+72
minutes
/day

SABA g6hr
prn-> SABA
nebulizer
(g6hr PRN)

+42
Minutes
/day

Yale scHOOL OF PUBLIC HEALTH

Center on Climate Change and Health



YNHHS Inhaled MDI Emissions 2019

m ALBUTER SUL INH 90MCGTEVA8.5G@ m ALBUTERO SUL HFASOMCG PRAS18G@ m PROAIR HFA MDI W/COUNTER 8.5GM

m VENTOLIN HFA 200DOSE W/COUNTER VENTOLIN HFA 60 DSE W/CTR mALBUTEROL SUL INH9OMCGLUP8.5G@
® BUDE FORM FUMDIH160/4.5PRA120@ ® BUDE FORMO FUMDIH80/4.5PRA120@  SYMBICORT MDI 160/4.5MCG HUD6G0O
W SYMBICORT MDI 80/4.5MCG HUDGD W SYMBICORT MDI 80/4.5MCG 120D0 BEVESPI AEROSPHERE 1
400000
350000 -
~— 250000
o~
@]
%
X 200000
0
S
g 150000
£
= 100000
50000 —
—
0 I
YNHH WH BH GH LMH
Lic. beds 1590 125 501 206 308

Source: YNHHS Supply Chain, YNHHS Care Signature and YNHHS Center for Sustainable Healthcare

Abbreviations: BH: Bridgeport Hospital, GH: Greenwich Hospital, LMH: Lawrence + Memorial Hospital, WH: Westerly
Hospital, YNHH: Yale New Haven Hospital

Yale scCHOOL OF PUBLIC HEALTH
Center on Climate Change and Health



Top-down v Bottom-up:

intravenous (1V) drugs

Drug Total ML |Total ML Total ML Wasted
Opened |Used Wasted V

Propofol 9900 7198.2 2701. 27.29%
Neostigmine 2190 830 1361 62.10%
Ketamine 660 122 53’ 81.52%
Rocuronium 2425 1943.1 481. 19.87%
Dexamethasone 800 322.25 477.7' 59.72%
Zofran 790 786.5 3. 0.44%
Fentanyl 2195 1455.1 739. 33.71%
Glycopyrrolate 1235 880 3 28.74%
Midazolam 558 537 3.76%
Midazolam 185 78 57.84%
Succinylcholine 850 392.5 53.82%
Toradol 57 51.9 8.95%
Lidocaine 1785 1368.9 23.31%
Ephedrine (diluted) 1200 347.4 71.05%
Labetalol 1380 303 78.04% ‘
Hydromorphone (diluted) 2420 945 60.95%
Phenylephrine (diluted) 14400 523.3 13876.7 \ 96.37%
SUmM 24945.85 \

Source: YNHHS Pharmacy and
YNHHS Center for Sustainable Healthcare

S

* Multiple studies,
overall volume of
anesthesiology-
prepared drug waste
ranges from 30-80%

* Problems/solutions
apply to all IV drugs
and care locations

Yale scHOOL OF PUBLIC HEALTH
Center on Climate Change and Health



Top-down v. Bottom-up:

GWP100a kg
Pharmaceutical Drugs CO2 eq./kg
Hydromorphone 4361
Dexmedetomidine 3704
Morphine 1318
Midazolam 455
Phenylephrine HCI 200
Rocuronium Bromide 159
Ketamine 130
Remifentanil 119
Fentanyl 99
Ephiderine HCI 93
Ropivacaine base 68
Succinylcholine 52
Bupivacaine HCI 40
Lidocaine 39
Glycopyrrolate 39
Ondansetron 35
Neostigmine methylsulfatg 15
Epinephrine 12
Morphine (from opium) 7
Sugammedex 3

Intrave

Sugammedex
Morphine (from opium)
Epinephrine
Neostigmine methylsulfate
Ondansetron
Glycopyrrolate
Lidocaine

Bupivacaine HCI
Succinylcholine
Ropivacaine base
Ephiderine HCI
Fentanyl

Remifentanil

Ketamine

Rocuronium Bromide
Phenylephrine HCI
Midazolam

Morphine
Dexmedetomidine
Hydromorphone

Yale scHOOL OF PUBLIC HEALTH

Center on Climate Change and Health

nous Drugs

GWP100a kg CO2 eq./kg

12
15
35
39
39
40
52
= 68
= o3
= g9
=118
=130
158
200

E—— 455

1318

3704

0 500 1000 1500 2000 2500 3000

4361
4000 4500 5000

Parvatker, et al, ACS Sust. Chem Eng. 2019



Operating Room

iIntravenous drug waste

e 20 common OR drugs, one hospital | ©
* 5$1.2 million wasted annually
» 22,514 kg CO,,

e Similar to driving 54,778 miles in
standard passenger vehicle

Yale sCHOOL OF PUBLIC HEALTH

Center on Climate Change and Health
Tunceroglu, et at



Why so much drug waste?

* Over-sized vials

* Regulation

* Contamination

* Over-preparation

* Expiration

We routinely waste 99% of insulin in the OR

Yale scHOOL OF PUBLIC HEALTH
Center on Climate Change and Health



Reduce waste: “pre-filled” syringes and bags

ST [ ARDONATT ” ‘_:.:.DEXTR'DSE |
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| souumon scan |
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In-house pharmacy

Original splits vials
manufacturer S |
“emergency drugs” Shorter shelf life

$S5

Longest shelf life
Third-party vendor

lits vial
SP ts vials Yale scHOOL OF PUBLIC HEALTH
$S Center on Climate Change and Health

Medium shelf life



Do pre-filled syringes reduce waste?

Yale scCHOOL OF PUBLIC HEALTH
Center on Climate Change and Health

Courtesy H. Hopf



Data-driven solutions for waste reduction:

insulin intra-op doses

8 | === I S
2 3 4 5 10

Units of insulin

e Electronic Health
Record: utilization

* Integration with
procurement data
management system

e Strategic guidance for
pharmacy splitting for
greatest efficiency

Yale scHOOL OF PUBLIC HEALTH
Center on Climate Change and Health



Optimizing drug package size and concentration

for waste reduction and improved safety

Reduce vial size

1000 units/ml 1 unit/ml 1 unit/ml

10,000 units

l 100 units 5 units

3,000 units Yale sCHOOL OF PUBLIC HEALTH
Center on Climate Change and Health



Provider performance re

behavior change

Medication Waste by Provider
Provider Name Surgery Date Range Service B o6 Wacke
SHERMAN, 100 D i Laat 12 months il (Al " B o wacke (Service Avg)
Provider; SHERMAN, JODID Apr1, 2018 to Jan 10, 2019 Service: (All)
Surgical Packages % Waste a % Waste Expense Wasted 9 g
Medication Name r Casis Opéned

PHENYLEPHRINE 10 MG/ML INJECTION SOLUTION 45 46 99.9% $162 C O
DIPHENHYDRAMINE 50 MG/ML INJECTION SOLUTION B 7 08.3% 85 2e
EPINEPHRINE 1 MG/ML INJECTION SOLUTION 1 1 08.0% W 5496
DEXMEDETOMIDINE 100 MOG/ML INTRAVENOUS SOLUTION 22 24 97.7% 15165
EPHEDRINE SULFATE S0 MG/ML INTRAVENOUS SOLUTION 35 35 97.0% . £959 A |
ATROPINE 1 MG/ML INJECTION SOLUTION 1 1 96.8% ———— n a Ogo u S
KETOROLAC 30 MG/ML (1 ML) INJECTION SOLUTION a5 35 96.0% 5215 .
FURDSEMIDE 10 MG/ML INJECTION SOLUTION 1 i 96.0% 51 tO I n h a |Ed
METRONIDAZOLE S00 MG/100 ML-SODIUM CHLORIDE(ISG) INTRAVE 1 ! 96.0% §1
MIDAZOLAM (PF) 5 MG/ML INJECTION SOLUTION 1 1 96.0% — 5] .
CIRENET Y B TR ANA RS0 KA1 M 5 % REYTDAGE (MTOAUEKMI IS B 4 Fi G5 Atk 21N a nesthetlcs

Servica
(A 400 6,816 33B% — I 59,095

TOTAL (All Servicas) 400 E,816 33 8% — I 50,095

Yale scHOOL OF PUBLIC HEALTH
Center on Climate Change and Health



Pulse Oximeter Probes

disposable _
disposable

f&s
fﬂ-
fﬂ;ﬂ

— "K

"

incineration |

0.05 A Wipes

Phase
0.15 1
Disposable Oximeter
g Gloves
8 0107 Reprocessed Oximeter
% . Reusable Oximeter
Ev4

0.00 -

disposable reprocessed reusable

Global Warming Potential (kg CO, eq) of Disposable,
Reprocessed, and Reusable Pulse Oximeters (5 days)

Mueller, Ishi, et al.

Reprocessed

reusable

YNHHS: Disposable ->
Reusable

« 123,432 kg CO,,

* $4.4 million per year

Yale scHOOL OF PUBLIC HEALTH
Center on Climate Change and Health




Supply Chain

carbon accounting of the future

Supports external accounting and internal strategic management

 Manufacturer:
e product-level life cycle emissions labeling

* Distributer: procurement data
* product-level emissions
* Purchased, used, expired, returned

 Electronic Health Records: utilization data
* Patient-specific data (co-morbidities and treatments)
* Provider-specific data

Yale scHOOL OF PUBLIC HEALTH
Center on Climate Change and Health
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Supplementary Table

Carbon Emission from Purchased Services Details and Ranking

BH GH LMIH WH YNHH Grand Total
Vendor Sub-Cat Vendor Cat Rank of Rankoft Rankof Rankoft Rankof Rankoft Rankof Rankoft Rankof Rankoft Rankof Rankoft
endor sub-Lategory endorLategory Spend CO2e Spend CO2e Spend CO2e Spend CO2e Spend C02e Spend CO2e

The table is sorted on total CO2 emission of the entire system in descending order, including hospitals only, including all Vendor Sub-categories available for analysis.
Due to page limit, only the 20 highest CO2 emissions categories are shown on this slide.

Source: YNHHS Supply Chain Analytics.
Data includes purchased services from Oct 2020 through Sep 2021, including all Yale New Haven Health System hospitals and non-acute clinics outside of hospital main campuses (grouped with the

hospital main campus which they are most adjacent to). Health Service Corporation, and Northeastern Medical Group are not shown in the table. Vendors (S100k-S500k Vendors) that have not been
categorized at YNHHS are excluded from analysis.



Supplementary Table

Carbon Emission from Purchased Goods Details and Ranking

BH GH LMH WH YNHH Total
UNSPSC Family Description Segment Description Rankof Rankoft Rankof Rankoft Rankof  Rankoft Rankof Rankoft Rankof Rankoft Rankof Rankoft
ry ript 9 ript Spend CO2e Spend CO2e Spend CO2e Spend CO2e Spend CO2e Spend CO2e

The table is sorted on total CO2 emission of the entire system in descending order, including hospitals only. Due to page limit, only the 20 highest CO2 emissions categories are shown on this slide.

Source: YNHHS Supply Chain Analytics.
Data includes purchased goods from Oct 2020 through Sep 2021, including all Yale New Haven Health System hospitals and non-acute clinics outside of hospital main campuses (grouped with the
hospital main campus which they are most adjacent to). Health Service Corporation, and Northeastern Medical Group are not shown in the table.



	Carbon Clinic 2
	The Carbon Clinic Series 
	Presenters
	Agenda
	Carbon Clinic 2�Scope 3 Emissions (part 1)�  �Matthew Eckelman, PhD �Assoc. Prof., Civil & Environmental Engineering Northeastern University
	Carbon Footprint of Health Care
	What are Scope 3 Emissions?
	U.S. Health Care GHG Emission Contributions
	U.S. Health Care GHG Emission Trends
	Comparing Across Health Systems
	Health Effects of GHG Emissions
	Health Effects of Health Care Emissions
	Scope 3 Categories
	Scope 3: Purchased Goods & Services
	Scope 3: Purchased Goods & Services�Step 1. Collect and categorize procurement data
	Scope 3: Purchased Goods & Services�Step 2. Decide on Accounting Method
	Mass-based Process LCA Models
	Spend-based / EEIO Modeling
	Scope 3: Purchased Goods & Services�Step 2. Decide on Accounting Method
	Scope 3: Purchased Goods & Services�Step 2. Decide on Accounting Method
	Spend-based Aggregation Disadvantages
	Spend-based Quality/Price Disadvantages
	Spend-based Averaging Disadvantages
	What Modeling Approach is Best?
	Scope 3: Purchased Goods & Services�Step 2. Decide on Accounting Method
	Scope 3: Purchased Goods & Services�Step 3. Get Embodied Carbon Factors
	Scope 3: Purchased Goods & Services�Step 3. Get Embodied Carbon Factors
	Scope 3: Purchased Goods & Services�Step 3. Get Embodied Carbon Factors
	Scope 3: Purchased Goods & Services�Step 4. Multiply mass/value by EF for each category
	From Reporting to Implementation
	From Reporting to Implementation
	Scope 3: Capital Goods
	Scope 3: Up/Downstream Transp. & Distrbn.
	Scope 3- Up/Downstream Transp. & Distrbn.
	Scope 3- Up/Downstream Transp. & Distrbn.
	Scope 3: Processing/Use of Sold Products 
	Scope 3: End-of-Life of Sold Products
	Slide Number 38
	Slide Number 39
	 
	Providence’s Approach
	Slide Number 42
	Slide Number 43
	Category 1: Purchased Good and Services�Category 2: Capital Goods
	Slide Number 45
	Category 4: Upstream Transportation and Distribution�Category 9: Downstream Transportation and Distribution
	Slide Number 47
	Category 10: Processing of Sold Products�Category 11: Use of Sold Products�Category 12: End of Life Treatment of Sold Products
	Slide Number 49
	What do we do with this information?
	Principles of Sustainable Health Care
	Brick by Brick…�Emissions Analysis and Reduction Projects
	Clinical Supply Optimization
	Background
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	“We are surrounded by data but starved for insights.”
	��������Health for a Better World�
	Slide Number 62
	Slide Number 63
	Disclosures:�Canadian Institutes for Health Research�Commonwealth Fund�Institute for Healthcare Improvement�
	YNHHS Scope 3: Purchased Goods FY2021
	YNHHS Scope 3: Purchased Services FY2021
	YNHHS Scope 3: Purchased Goods & Services FY2021
	Inhalers for reactive lung disease
	Top-down v Bottom-up: �Metered Dose Inhaler (MDI) emissions
	YNHHS Inhaled MDI Emissions 2019
	Are MDIs Scope 1 or Scope 3?
	Strategic Management:�Inhaler emissions mitigation
	YNHH encounters with MDI waste
	YNHH wasted MDI doses
	Estimated Procurement Cost Impact of Device Conversion
	Estimated Procurement Cost Impact of Device Conversion
	YNHHS Inhaled MDI Emissions 2019
	Top-down v Bottom-up: �intravenous (IV) drugs
	Top-down v. Bottom-up:�Intravenous Drugs
	Operating Room�intravenous drug waste
	Why so much drug waste?
	Reduce waste: “pre-filled” syringes and bags
	Do pre-filled syringes reduce waste?
	Data-driven solutions for waste reduction: insulin intra-op doses
	Optimizing drug package size and concentration for waste reduction and improved safety
	Provider performance reports: �behavior change
	Pulse Oximeter Probes
	Supply Chain�carbon accounting of the future
	Acknowledgements
	Appendix
	Supplementary Table
	Supplementary Table

