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Carbon Clinic 2
Scope 3 Emissions (part 1)
Matthew Eckelman, PhD 
Assoc. Prof., Civil & Environmental Engineering Northeastern University



Carbon Footprint of Health Care

Delivering a ‘Net Zero’ National Health Service, NHS in England



What are Scope 3 Emissions?

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



U.S. Health Care GHG Emission 
Contributions

Eckelman et al., Health Affairs 2020



U.S. Health Care GHG Emission Trends

Eckelman et al., Health Affairs 2020

Scope 1

Scope 2

Scope 3



Comparing Across Health Systems
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Health Effects of GHG Emissions



Health Effects of Health Care Emissions

Eckelman and Sherman, AJPH 2018



Scope 3 Categories
Upstream
• Purchased Goods & Services
• Capital Goods
• Upstream Fuel & Energy
• Upstream Transp. & Distribution
• Waste
• Business Travel
• Employee Commuting
• 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
• Investments



Scope 3: Purchased Goods & Services

• 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



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

GHG Protocol Scope 3 Standard

Purchasing 
data type

mass/unit 
by supplier

mass/unit 
by supplier

mass/unit 
by type

expenditur
eby type



Mass-based Process LCA Models

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

unit process

unit process

unit process

unit process

unit process
unit process

unit process

unit process

unit process

unit process

unit process

unit process

Foreground, measuredBackground, from LCI database



Spend-based / EEIO Modeling

• Use economic models 
at national scale

… 

“Environmentally-Extended 
Input-Output Modeling”



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

speed/ data availability/
comprehensiveness

product-level accuracy

Spend-based

Hybrid

Average-data

Supplier-
specific



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
• it’s difficult to get mass quantities from procurement data
• a single supplier may provide hundreds of different items 
• multiple suppliers may provide the same item
• 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

• Using EEIO modeling, more $$ means higher impacts

Shipped from Netherlands 
to Supermarket: $1.99/lb.

Farmer’s Market: $6/lb.



Spend-based Averaging Disadvantages



What Modeling Approach is Best?
• Both are needed!

• Spend-based methods are critical for 
reporting and identifying hotspots –
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 
(EPD)



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

Example: Average-data Tools
• Industry product calculators

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

• Life cycle inventory databases

• 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…
• 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

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

https://healthcareghg.org/


From Reporting to Implementation
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(slide courtesy of NHS)



From Reporting to Implementation
• NHS identified supply chain measures that they could influence
• Education and training are key to demand-side interventions

(slide courtesy of NHS)

Reduce

Reuse

Recyclable

Reprocessed

Renewable



Scope 3: Capital Goods

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

• DO NOT DEPRECIATE OR AMORTIZE
assign all emissions to purchasing year

• DO NOT COUNT EMISSIONS DURING USE

Adventist HealthCare



Scope 3: Up/Downstream Transp. & 
Distrbn.

Transportation of 
purchased products

Tier 1 Supplier

Category 4
(upstream)

Category 9
(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. If 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

• Outside 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.

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

Step 2. Use USEPA emissions factor:

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 refrigerants
• Metered dose inhalers  propellant
• Home dialysis machine  electricity use
• (in practice, rarely accounted for)

• Collect information on sales of each relevant item

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

Cleveland 
Clinic



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)

USEPA

 Estimate material quantities/types

 Determine prevalent
treatment/disposal method

 Use USEPA emissions factors:
https://www.epa.gov/climateleadership/ghg-emission-factors-hub

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


Beth Schenk, PhD, RN, FAAN

Executive Director of Environmental Stewardship

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







Providence’s 
Approach

Measurement using the WE ACT Scorecard –

Usage, cost, 
and carbon 

data
Each site Monthly

Automated, 
transparent, 

accurate

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

Moonshot Goal: Carbon Negative by 2030







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).



• Spend based method for 2019 baseline
• Supported by consultant
• 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?
• 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.



• Upstream:
• Working to understand emissions of 

primary distributor
• Spend based method for 2019 

baseline
• % added to categories 1 and 2

• 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
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Accuracy:
• Depends on emission factors
• Depends on boundaries
• Depends on interpretation of GHGP

Accountability:
• All steps along the supply chain (for 

example: raw materials, transportation, 
manufacturing, packaging, distribution, use, 
end-of-life treatment) count the same 
emissions.

Activation:
• Complexity of accounting may stymie action
• Lack of clear accountability may hinder 

action
• Excess accountability may slow action



What do we 
do with this 

information?



Principles 
of 
Sustainable 
Health Care

Prevention

Patient Empowerment

Lean Pathways

Low carbon alternatives



Brick by Brick…
Emissions Analysis and 
Reduction Projects

• Linen Analysis
• Inhaled medications
• Carbon intensity of meals
• Blue wrap analysis
• 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 
• Discard of new items
• Excessive sterilization costs
• Labor costs
• Environmental impacts – emissions, energy, water, waste



Restocked/Expired

Wasted 

Preference Card

Unanticipated 
Supplies Unused

Clinical 
Use

Reuse/Recycle

Disposal

Process Engineering & Decision Support Tools

Surgical Supply Optimization



Process Engineering & Decision Support Tools

Surgical Supply Optimization

DATA

Process 
Engineering

Decision 
Support 

Tools

what enters?
what is used?
what is wasted?
what expires?

Operationalize data.
Relieve clinicians of 

tasks.

Engage clinicians with relevant 
information to inform decisions.



Process Engineering & Decision Support Tools



Process Engineering & Decision Support Tools



Process Engineering & Decision Support Tools

Pilot Hospital- 24 operating rooms

GHG 
reduction 
(mtCO2e)

Energy 
saved 
(kWh)

Water 
saved 

(gallons)

$ saved Waste 
reduced 

(tons)

834 450,000 820,000 $ 1.77 M ~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



Health for a Better World

Thank You



Jodi Sherman, MD
YNHHS Medical Director of Sustainability

December 15, 2022

NAM Carbon Clinic – Scope 3
Goods and Services

Yale New Haven Health System



5+ hospitals throughout CT, RI, NY
(Flagship hospital, 1590 beds)

200+ clinics



Disclosures:
Canadian Institutes for Health Research
Commonwealth Fund
Institute for Healthcare Improvement

• total goods and services CO2e
• metered dose inhaler (MDI)
• intravenous drugs
• pulse oximeter

Agenda: YNHHS 
Goods and Services Accounting



YNHHS Scope 3: Purchased Goods FY2021

Lab and Measuring and Observing 
and Testing Equipment

Apparel and Luggage and Personal 
Care Products

All Other

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

Drugs and Pharmaceutical Products

Cleaning Equipment and Supplies

Medical Equipment and 
Accessories and supplies

five UNSPSC segments with the largest carbon emissions shown

1590

125

308

206

501

Lic. beds

http://www.healthcareghg.org/


YNHHS Scope 3: Purchased Services FY2021
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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

Lic. beds 1590125308206501

Total CO2e(ton)
117K



YNHHS Scope 3: Purchased Goods & Services FY2021
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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

What is good 
performance?

How do these 
hospitals 
differ?



Inhalers for reactive lung disease

• 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 MDIs

• 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 (GWP100 )
• HFA-134a = 1,430
• HFA-227ea  = 3,220

• Total hospital MDI CO2e emissions
• Top-down: 0.223 x $$
• Bottom-up:



YNHHS Inhaled MDI Emissions 2019

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



Are MDIs Scope 1 or Scope 3?

Scope 1

• In-patient use: propellent 
released directly from the 
hospital

• Propellant emissions are 
known, very high, dwarf 
those of rest materials, and 
dwarf cost-based emissions 
calculations

• Similar story as inhaled 
anesthetics accounting

Scope 3
• Out-patient use: propellent 

released indirectly,  outside of 
the health syst, down stream

• #/type of prescriptions from 
health system known

• Distribution/utilization of the 
devices unknown to health 
system (unless they own the 
pharmacy)

• What about ALL outpatient 
prescriptions? If a health system 
accounts for MDI prescriptions, 
then they should count all 
prescriptions



Strategic Management:
Inhaler emissions mitigation

• Reduce unnecessary 
treatments

• Choose less carbon-
intensive treatments

• Reduce waste
• Take-back programs for 

proper waste treatment 
(high-temperature 
incineration)



YNHH encounters with MDI waste

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

Drug class: ICS + LABA
Waste Assessment 

Encounters with Full Inhaler Usage

Encounters with Partial Inhaler Usage

Drug class: SABA
Waste Assessment 

Encounters with Full Inhaler Usage

Encounters with Partial Inhaler Usage

79% 93%

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



YNHH wasted MDI doses

0

50,000

100,000

150,000

200,000

250,000

Symbicort Albuterol 8g

MDI Estimated Waste Assessment

Documented Doses Unused Doses

ICS + LABA SABA    

• Utilization (doses given):
• ICS + LABA: $226,913
• SABA: $61,160 

• Wasted (unused doses):
• ICS + LABA: $93,034 (41%)
• SABA: $42,812 (70%)

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



Estimated 
Procurement 
Cost Impact 

of Device 
Conversion

$137,995 

($144,253)

($115,025)

($200,000)

($150,000)

($100,000)

($50,000)

$0

$50,000

$100,000

$150,000

$200,000

Cost impact, annualized estimation

ICS + LABA 
(BID) -> 

ICS 
nebulizer 

(BID) + SABA 
nebulizer 

(q6hr PRN)

ICS + LABA 
(BID) 

-> DPI (QD)

SABA q6hr 
prn-> SABA 
nebulizer 

(q6hr PRN) 

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



Estimated 
Procurement 
Cost Impact 

of Device 
Conversion

$137,995 

($144,253)

($115,025)

($200,000)

($150,000)

($100,000)

($50,000)

$0

$50,000

$100,000

$150,000

$200,000

Cost impact, annualized estimation

ICS + LABA 
(BID) -> 

ICS 
nebulizer 

(BID) + SABA 
nebulizer 

(q6hr PRN)

ICS + LABA 
(BID) 

-> DPI (QD)

SABA q6hr 
prn-> SABA 
nebulizer 

(q6hr PRN) 

+42 
Minutes

/day

Nebulizer treatment: 15.84 minutes
MDI treatment: 11.52 minutes

-11 
minutes/

day

+72 
minutes

/day

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



YNHHS Inhaled MDI Emissions 2019

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



Top-down v Bottom-up: 
intravenous (IV) drugs

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

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

Source: YNHHS Pharmacy and 
YNHHS Center for Sustainable Healthcare



Top-down v. Bottom-up:
Intravenous Drugs

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



Operating Room
intravenous drug waste

• 20 common OR drugs, one hospital
• $1.2 million wasted annually
• 22,514 kg CO2e

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

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



Reduce waste: “pre-filled” syringes and bags

Third-party vendor
splits vials 

$$
Medium shelf life

Original 
manufacturer 

“emergency drugs”
$$$

Longest shelf life

In-house pharmacy
splits vials 

$
Shorter shelf life



Do pre-filled syringes reduce waste?

Courtesy H. Hopf



Data-driven solutions for waste reduction: 
insulin intra-op doses

Units of insulin

2             3              4             5             10

• Electronic Health 
Record: utilization

• Integration with 
procurement data 
management system

• Strategic guidance for  
pharmacy splitting for 
greatest efficiency



Optimizing drug package size and concentration 
for waste reduction and improved safety

10,000 units

3,000 units

100 units 5 units

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

Reduce vial size



Provider performance reports: 
behavior change

Integrate 
CO2e 

Analogous 
to inhaled 

anesthetics



Pulse Oximeter Probes

Mueller, Ishi, et al.

disposable Reprocessed
disposable reusable

YNHHS: Disposable -> 
Reusable
• 123,432 kg CO2e

• $4.4 million per year 

Global Warming Potential (kg CO2 eq) of Disposable, 
Reprocessed, and Reusable Pulse Oximeters (5 days)



Supply Chain
carbon accounting of the future

• Manufacturer: 
• 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

Supports external accounting and internal strategic management
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Appendix



Supplementary Table
Carbon Emission from Purchased Services Details and Ranking

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 ($100k-$500k Vendors) that have not been 
categorized at YNHHS are excluded from analysis.

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. 



Supplementary Table
Carbon Emission from Purchased Goods Details and Ranking

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. 

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. 
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