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Squib: A study focused on the cradle to grave emissions produced by the production, use, and disposal of 

seven high-volume syringes used at three hospital locations reveals high variation and several  

opportunities to reduce their environmental impact through the application of E-liability carbon 

accounting. 

 

Abstract 

The carbon emissions from assets owned by health systems are a small fraction of their total carbon 

footprint. The emissions produced by their suppliers of products and services — such as electricity and 

transportation — are typically more than 10 times a hospital’s direct emissions. In this study, two entities, 

a large health system and its major supplier of syringes, applied the E-liability carbon accounting method 

to calculate the total emissions produced from manufacturing and transporting syringes to hospital sites, 

and from their subsequent use and disposal. The paper describes the steps followed to calculate accurate 

product-level embedded emissions across the two entities. The study found, as expected, that the 

emissions produced at each entity were much lower than those produced by their suppliers of materials, 

electricity, and transportation services. Senior managers at both participating entities concurred that 

product-level emissions data from the E-liability calculations reveal multiple opportunities for lowering 

their carbon footprint. While the study focused only on a single supplier of a single product category 

(syringes) sold to a single customer, its methodology is generalizable to multiple suppliers of multiple 

products sold to multiple customers. It can also be used to calculate the product and operational emissions 

from treating a patient’s medical condition.  

 

 



2 
 

“Measuring the Carbon Footprint for Health Systems and Suppliers: A Collaborative Field Study 

by Providence and Becton-Dickinson” 

 

Many health care systems are now attempting to reduce their carbon footprints.1,2 But like most 

corporations and non-profit entities, the emissions from health systems’ owned assets account for only a 

small fraction of their total emissions. The Carbon Disclosure Project (CDP) reported that the 2023 

supply chain emissions of its 23,000 reporting companies were 26 times greater than their direct 

emissions.3 Health systems that want to lower their total carbon footprint must, therefore, receive accurate 

and verifiable information on the emissions generated by the production and transport of their purchased 

products and services (including electricity). Health systems, with accurate emissions information from 

their major Tier-1 suppliers (those from whom they purchase directly), can make better-informed 

decisions about the specific products and services they purchase and from whom. But many of the 

emissions embedded in Tier-1 suppliers’ products and services occur even further upstream, such as 

where raw materials are extracted or grown, and subsequently transported and processed into intermediate 

products. The challenge for health systems is how to obtain accurate and credible information on all the 

carbon emissions embedded in their purchased products and services.  

 

This paper documents a project that had dual goals. The immediate goal was for Providence — a Renton, 

Washington–based health system with 51 hospitals and more than 1,000 clinics across Alaska, California, 

Montana, New Mexico, Oregon, Texas and Washington — to apply E-liability carbon accounting4 to 

obtain accurate information about the emissions in its purchase, use, and disposal of the syringes 

produced by a Tier 1 supplier, Becton Dickinson (BD), a New Jersey-based global medical technology 

company. This required BD to assign its own emissions and those from its principal suppliers to the 

syringes it manufactured and distributed to end-use customers. For this first goal — applying E-liability 

carbon accounting to a supplier-customer relationship — the study was exploratory, encompassing only a 

single product category (syringes), sourced from a single supplier (BD), and sold to a single customer 

(Providence). 

 

The study’s second, and longer-term, goal was to use this pilot project to develop and formalize the 

principles and practices that would enable, within a 3- to 5-year period, the carbon footprint of all health 

systems and their suppliers to be measured accurately, and then used to guide their decentralized 

decarbonization decisions. As discussed later in the paper, the learnings and insights from this study are 

generalizable and extendable (i) by BD to all its high carbon-intensive suppliers of products and services, 

and (ii) by Providence, to all its other high-volume Tier-1 suppliers of carbon-intensive products and 
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services.  Also, the E-liability carbon accounting method’s goal is designed to produce more accurate and 

verifiable data on supply chain carbon emissions and an entity’s total carbon footprint. It does not assess 

the financial implications of actions an entity may choose to implement to reduce its carbon footprint. The 

financial assessment would require a separate analysis of the change in purchasing or operating costs, 

measured in units of currency (e.g., US$, €), not kgCO2, the measurement unit for E-liability accounting. 

 

Using E-liability carbon accounting, emissions are measured and validated when and where they occur, 

and communicated downstream via the specific products and services purchased by customers. A simple 

inductive example, illustrated in Figure 1, shows how the E-liability carbon accounting system works.  

 

 

This figure depicts the three different transactions to apply the E-liability carbon accounting method. The 

company records (i)  the embedded emissions in the products and services it purchases from  its suppliers, 

(ii) its direct emissions that it releases to the atmosphere from its operating processes, and (iii) the 

allocation of its purchased and direct emissions to its output products that it sells and distributes to its 

immediate customers.  

 
Source: Robert S. Kaplan and Karthik Ramanna 
 
Consider a company, such as BD, receiving information on the embedded emissions (measured in kg of 

CO2) for each unit of input product or service (including kWh of electricity) that it purchases from its 

direct (Tier-1) suppliers (Figure 1 shows the emissions contained in products purchased from two 

suppliers). The company also calculates the direct CO2 emissions from converting its purchased inputs 
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into output products. It then uses an internal accounting process to allocate the emissions in its purchased 

inputs and from its own operations to its output products. These steps enable the company to accurately 

calculate the CO2 emissions embedded in each of its output products, which it then reports to each 

customer, such as Providence, purchasing those products. At three critical steps — recording of direct 

emissions, allocation of emissions to products, and transfer of emissions from supplier to customer — the 

transactions can be verified by a qualified and independent third-party auditor to ensure that the data are 

reliable and accurate. A downstream entity, with accurate data on the sources and magnitude of all 

emissions created by production, and transportation of its purchased products, can set priorities for 

emissions reductions through changes in product design, mix of products purchased, and choice of 

suppliers of materials and transportation options.  

 

E-liability carbon accounting has the same goal — accurate measurements via primary data of cradle-to-

gate emissions — as disclosures under the Greenhouse Gas Protocol’s Scope 2 and upstream Scope 3 

approach. E-liability carbon accounting adds the following important features:  

 

• It uses an accounting, not a disclosure, approach, which enables accurate measurement and 

verification of emissions when and where they occur. 

• Product-level emissions measurements flow from upstream suppliers to downstream customers, 

eliminating the need for downstream customers to estimate those emissions via static factors. This 

feature creates incentives to reduce emissions at every stage of a value chain.  

• Electricity producers are treated identically to producers of all other products and services. This 

eliminates the need for a special electricity emissions category and allows the complete cradle-to-

gate emissions of electricity producers to be transmitted to electricity consumers, including the 

emissions in producers’ capital equipment and from distribution line losses. 

• The specific emissions created when transporting products from supplier to customer are included 

in the purchased products. 

• It enables a business-to-consumer (B2C) company to issue downstream Scope 3 disclosures, as 

specified by the Greenhouse Gas Protocol (GHGP), but with specific and accurate emissions 

factors, not approximate ones, when downstream consumers use the company’s products.5 

 

E-liability measurement is a component of E-ledgers carbon accounting,6 which includes also the 

recognition of the E-assets created when an entity removes and indefinitely sequesters existing 

atmospheric greenhouse gases,7 a feature that is outside the scope of this study. 

 

https://ghgprotocol.org/
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Before development of E-liability carbon accounting, many companies complied with the GHG Protocol 

by using spend-based allocations to estimate their  cradle-to-gate emissions,N1 defined as all the emissions 

produced from raw material extraction (the “cradle”) through the point when the supplier’s product is 

ready for transport (the factory “gate”) to a customer, As one example of a spend-based allocation, a 

supplier to a company, such as BD, could assign its total estimated cradle-to-gate emissions 

proportionally to BD’s annual spend with the supplier. Under this method, a customer, such as BD, that 

represented 4.8% of a supplier’s revenues, would be assigned 4.8% of that supplier’s emissions.  

 

Alternatively, a company could estimate the emissions in its purchased products by multiplying its 

financial spending in the product’s category by an industry-average emission factor for that product 

category (such as plastics or medical supplies):  

 

Estimated emissions in purchased product = 

Dollars spent on purchased product * Product category’s emission factor 

 

The company accesses product category emission factors, measured as kgCO2 per unit of currency (such 

as US$ or €), from public databases, such as those at  EPA and EXIOBASE. 

 

Spend-based allocations are simple to apply but they assume that all spending within a broad product 

category generates identical emissions. Also, spend-based allocations, based on highly aggregated data 

and industry averages, are not specific to a supplier’s actual production processes and sourcing of 

materials. While perhaps adequate for corporate disclosure to external stakeholders, spend-based 

allocations provide little guidance for corporate actions to reduce emissions through changes in product 

design, operating processes, supplier sourcing, and transportation.  

 

The E-liability project team included BD’s chief Environmental, Health, and Safety Sustainability officer, 

a BD senior director of sustainability; Providence’s executive director and program managers of 

environmental stewardship; and personnel from E-ledgers Institute, a not-for-profit learning organization 

with a mission to advance carbon emissions accounting practices (and which received no compensation 

for its participation in the project).  

 

Becton Dickinson 

The BD team started by collecting the bill of materials (BOM) for seven high-volume syringes. The BOM 

enabled it to estimate the quantity of each material used to produce and package the seven products. 

https://www.exiobase.eu/
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Ideally, when the E-liability system is widely adopted, each supplier would communicate the total 

emissions embedded in the specific raw materials and packaging purchased by BD.  

 

The BD team referenced publicly available data, including published emissions factors and environmental 

product declarations (EPDs), to obtain average emissions per unit (not dollars spent) for each of its 

purchased raw materials. It multiplied those emission factors by the BOM quantity of input materials 

purchased from the supplier.  

 

The BD team then calculated the emissions from transporting the input materials from each supplier’s site 

to the BD production facility. The calculation was based on the size of the vehicle transporting the 

material, the percentage of the vehicle’s capacity filled by the raw material, the distance traveled — from 

supplier to the BD production facility — and the estimated CO2 emissions per mile of travel.   

 

The BD production facility performed four sequential processes: molding the resin into a syringe, 

marking the barrels with volume stripes, assembling the syringe (barrel, plunger rod, and stopper), and 

sterilizing and packaging the syringes prior to shipment. 

 

The team used the BOM quantity of each purchased material per unit of finished product to assign 

emissions in purchased materials to the seven syringe types. The emissions associated with wasted and 

scrapped materials were assigned, using data specific to each syringe type, to the finished products 

available for shipment to customers.  

 

The team used BD’s existing production system to assign emissions from the electricity used by the four 

internal processes. For each department, the team allocated the emissions from a department’s energy 

usage down to individual machines. The team obtained the machine run times per unit of output from the 

factory’s costing and production system, and used these to assign the allocated machine-level emissions 

(mostly from electricity used) to output products based on the production time, per unit, at each machine 

for each syringe type. This level of granularity was important since the different size barrels and plunger 

rods for each syringe type required differing mold press tonnages, different mold cycles, and different 

barrel marking rates, and ran at different rates on the assembly equipment. A general allocation assigned 

emissions not causally tied to the production process, such as facility-level fossil fuel and electricity 

usage, to each syringe type. The team did not include the amortization and assignment of emissions 

embedded in the building’s property, plant, and equipment (PPE) due to data unavailability and the likely 

immaterial amounts of amortized PPE emissions relative to the emissions embedded in purchased 
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materials and from electricity usage. In future iterations, BD could include such amortized PPE emissions 

to improve the accuracy of its syringe-level emissions. 

 

The seven syringes had quite different sizes, which affected the sterilizing and packaging machinery times 

and emissions associated with each syringe type. The team allocated the quantity of embedded emissions 

in the packaging materials, plus the sterilization and packaging machinery’s electricity emissions, to the 

quantity of syringes in each shipment package.  

 

By following these steps, all the emissions embedded in purchased materials and from the energy used to 

convert raw materials into finished products were allocated, via causal and verifiable mechanisms, to 

output products. This satisfied the conservation of emissions requirement, analogous to the conservation 

of energy law expressed in the first law of thermodynamics. Table 1 shows the buildup of emissions 

embedded in a representative syringe (with data disguised by multiplying each calculated quantity by an 

identical arbitrary amount) and Table 2 summarizes the (indexed) emissions for all seven syringe types.  

 

Table 1. Quantity of Emissions, Total and Per Unit, for Representative Syringe 

 
 grams 
CO2/unit  

 grams 
CO2/unit  Percent 

Materials 
 Resin 5.6    
 Stopper 1.5    
 Primary Packaging 2.4    
 Secondary Packaging 2.4    
 Total Materials  11.9  77% 
 
Shipment  0.0  0% 
 
Electricity    
 Molding 0.9    
 Marking 0.0    
 Assembly 0.1    
 Sterilization 0.2    
 Packaging 0.1    
 Factory Allocation 1.1    
 Total Electricity  2.4  16% 
 
Total Waste & Scrap  0.8  5% 
 
Total General Allocation  0.3  2% 
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Total Emissions  15.4  100% 
This table shows the breakdown of the components and processes that generate CO2 emissions in the 

production and distribution of a representative syringe product, measured as grams of CO2 per syringe. 

Table 2. CO2 Emissions for Seven BD Syringes  
 

  A   B  C D E F G 
 gCO2   %  gCO2   %  gCO2   %  gCO2   %  gCO2   %   gCO2   %   gCO2   %  
Materials 33.7  87  11.9  77  18.4  86  24.6  90  70.9  89  89.5   89  214.2  96  
Shipment  0.0  0  0.0   0  0.0   0  0.0  0  0.0  0  0.0  0  0.1  0  
Electricity 4.3  11  2.4  16  2.1  10  1.7  6  6.0  8  7.5  8  7.1  3  
Waste & 
Scrap 0.2  1  0.8  5  0.7  3  0.8  3  0.1  0  0.1  0  0.2  0  
General 
Allocation 0.6  1  0.3  2  0.3  1  0.2  1  2.2  3  2.8  3  2.7  1  
Total 38.8  100  15.4  100  21.5  100  27.3  100  79.2  100  100.1  100  224.1  100  

 
This table shows the grams of CO2 emissions per syringe for the seven BD syringes, ordered by syringe 

diameter, with smallest at left. Note that the increase in size of the product alone is not necessarily 

associated with a corresponding increase in CO2 values.  

 

Syringe Transportation from BD factory to Providence’s hospitals 

Providence provided data on the annual volume of the seven syringes purchased by three geographically 

separated hospitals, and the location of the distribution centers that served each hospital. The BD team 

estimated the driving distance from its manufacturing site to the three distribution centers, and multiplied 

the driving distance by 1.62 kg of CO2 per mile, an estimated typical amount for a semi-truck or heavy-

duty truck. The BD team, working with its internal logistics group, then calculated the quantity of space 

required by each type of syringe package. Dividing a truck’s total transportation emissions by its cubic 

feet of capacity, and multiplying this ratio by the cubic feet occupied by each syringe type’s package, 

yielded the transportation emissions per syringe package. The team divided the transportation emissions 

per package by the quantity of syringes in each package to calculate the emissions incurred to transport 

each syringe type to each Providence distribution center. The BD team assumed a standard size truck for 

these calculations. It could obtain, in subsequent studies, more accurate information by partnering with its 

distribution and transportation suppliers to learn the specific truck capacity and emissions per mile of 

transport (information generally available from those companies’ internal information systems). 

 

Providence  

Providence calculated the fuel emissions to transport the seven BD syringe types to each of the three 

hospitals from their respective distribution centers. The team interviewed commercial transporters to 

determine: 

• The size and associated fuel consumption of trucks transporting materials from the distribution 

center to the hospital site; 
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• The estimated CO2 emissions per gallon of fuel consumption, based on U.S. Environmental 

Protection Agency (EPA) greenhouse gas (GHG) conversion tables; 

• The percentage of truck capacity used for deliveries containing the seven BD syringes. Less- 

than-truckload trips would have more emissions assigned to the packages on those trips; 

• The number of trips made from each distribution center to its hospital site; 

• The percentage of trips that were empty on return to the distribution center. Empty back haul trips 

required the assignment of roundtrip fuel emissions to the delivered products.  

 

The Providence team assigned emissions associated with syringe storage space and the rooms where the 

syringes were used. This calculation required estimating the percentage of total floor space used for initial 

storage of purchased materials and subsequent storage in cabinets and clean rooms. The team divided 

total facility emissions for heating, air conditioning, and lighting, which was calculated annually by the 

facility’s square footage and multiplied this ratio by the square footage used to store each BD syringe 

type.  

 

The team considered assigning the emissions from employees’ commuting and food purchasing to the 

personnel who used the syringes for patient care. But they decided not to include these emissions since 

they were not specific to syringe usage, and the emissions would be incurred independent of syringe 

usage. (For studies of emissions associated with treating a medical condition, employee commuting and 

food consumption emissions could be assigned to the conditions they treated.) Interviews with clinical 

staff revealed that a syringe pump was used in 0.05% of cases. The emissions associated with the energy 

to operate the syringe pump were calculated using publicly available data.  

 

The Providence team concluded by calculating the emissions associated with end-of-life disposal of 

packaging materials and used syringes. Disposal emissions were assumed proportional to weight, which 

was estimated to be equal between the packaging and the syringes within each package. Clinical staff 

estimated that 15% of syringes went directly to landfill, 25% were autoclaved and then sent to landfill, 

and 60% were incinerated. The emissions associated with each type of disposal were estimated using EPA 

conversion factors for waste treatment, including the emissions associated with transporting the used 

syringes to the waste treatment facility.  

 

For packaging materials, the team estimated that 50% of waste was cardboard or pressboard that could be 

recycled, and 50% was paper or plastic that was sent to landfills. As with the syringe disposal, the team 

applied EPA waste treatment conversion factors to the two treatments, including transportation emissions. 
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In future iterations, accuracy could be improved by more direct measurements of disposal emissions. 

Table 3 summarizes the cradle-to-grave emissions for the seven syringes at the three Providence sites. 

 

Table 3. Cradle-to-Grave Emissions for the Volume and Mix of Syringes at Three 
Providence Hospitals 
 

 Hospital X Hospital Y Hospital Z 

 gCO2/unit Percent gCO2/unit Percent gCO2/unit Percent 

Syringe Manufacturing 50.0 69.0% 33.2 58.1% 50.1 58% 

BD Transport to Providence 
DC 6.7 9% 7.2 13% 14.3 16% 

Providence DC Transport to 
Hospital 2.7 4% 0.0* 0% 0.2 0% 

Syringe Storage & Use 5.5 8% 9.4 17% 13.6 16% 

Disposal 7.5 10% 7.2 13% 8.7 10% 

Total 72.5 100% 57.1 100% 86.8 100% 

 

This table shows the per unit emissions data of each hospital’s mix of syringe purchase, use, and disposal. 

Variations in impact can be related to the particular mix of the seven syringe types at each hospital, and 

their different per unit emissions from transportation, storage, and disposal.  

*The reading of 0.0 gCO2/unit is based on rounding of data that is less than 0.05 gCO2/unit.  

 

Discussion 

The seven syringes shown in Table 2 are arrayed by increasing syringe diameter, with A the smallest and 

G the largest. At first, it seemed counter-intuitive that syringe A’s purchased materials and electricity 

emissions were higher than those for the next three larger syringes (B, C, and D). The team subsequently 

learned that A’s small size required a different raw material and production process. For Providence, Table 

3 shows that emissions in the syringes purchased by Hospital Y were much lower than those in the 

syringes purchased by Hospitals X and Z. This was a result of Hospital Y using a much lower percentage 

of Syringe A. These two findings illustrate the benefits from using E-liability carbon accounting to 

accurately trace emissions at the product level. If Providence had data only about average or spend-based 

emission factors, it would not have seen how to reduce emissions by encouraging other hospitals in its 

system to decrease, when appropriate, use of syringe A.  
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Tables 2 and 3 reinforced the motivation for this study since the direct emissions at both BD and 

Providence were a small fraction of their controllable emissions. The transportation emissions to move 

syringes from BD’s production site to three Providence distribution centers and, subsequently, to the three 

hospital sites were higher than BD’s manufacturing emissions (mostly from electricity consumption) and 

Providence storage and use emissions at two of the three hospital sites. The unexpectedly high 

transportation emissions focused attention, at both entities, to decisions about syringe packaging and 

transportation.  

 

The study also showed the high emissions caused by syringe disposal. Waste disposal emissions are 

typically quantified by the weight of materials sent for treatment or burial, but not by the specific products 

that generate the highest quantities of waste materials and emissions. E-liability product-level 

measurements of waste and scrap (see Tables 1 and 2) disposal emissions (see Table 3) inform hospital 

managers about where to focus their waste-reducing and disposal initiatives. 

 

As noted earlier, without the benefit of specific product-level carbon emissions data from suppliers, 

reporting entities often use a “spend-based” method with product category emission factors to estimate 

the carbon emissions in their purchased goods and services. The Providence team studied how the total 

manufacturing and transportation emissions for the total number of seven syringe types purchased from 

BD by each hospital site (see “Syringe Manufacturing and Transportation” row in Table 4) compared with 

spend-based estimates.  
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 Table 4. Comparing E-liability Total Emissions with Spend-Based Estimates for the Three 
Providence Hospitals 
 

E-Liability Method Hospital X 
MtCO2e* 

Hospital Y 
MtCO2e* 

Hospital Z 
MtCO2e* 

E-liability Product-level Syringe Manufacturing and Transportation 
Emissions 

25.6  
 

27.4 34.6 

Spend-Based Methods  
Manufacturing category EPA USEEIO kgCO2e /US $ MTCO2e based on each hospital's 

spending on BD's syringes 
Plastics and Resin Manufacturing 0.94  49.5  57.4  57.5  
Surgical & Medical Instruments Mfg. 0.14  7.2  8.3  8.4  
Surgical Appliance & Supplied Mfg. 0.12  6.2  7.6  7.6  
All Other Plastics Manufacturing 0.34  17.6  20.4  20.4  

Manufacturing category 
Ratio of MTCO2e using EEIO emission 
factors vs. E-liability calculation 

Plastics and Resin Manufacturing 1.93  2.09  1.66  
Surgical & Medical Instruments Mfg. 0.28  0.30  0.24  
Surgical Appliance & Supplied Mfg. 0.24  0.28  0.22  
All Other Plastics Manufacturing 0.69  0.74  0.59  

 

This table shows the wide variation that is possible using spend-based allocations when a downstream 

entity, such as Providence, selects the category appropriate for its purchased products. Any one of the four 

categories listed could plausibly be selected, each of which produces widely varying results. Some show 

emission levels 75% lower than the E-liability estimate, while others show levels more than twice as high. 

The E-liability method eliminates such discretion and subjectivity since its calculations are based on the 

emissions in the production and transportation of the specific products sold to specific customers.  

 

*Metric tonnes of CO2e (“e” subscript denotes “carbon dioxide equivalent” a standardized unit that 

measures the climate impact of different greenhouse gases by converting them into the equivalent amount 

of carbon dioxide (CO₂) that would cause the same amount of warming.  

  

 

Table 4 shows the EPA emissions factors of four relevant EPA product categories, and the estimated 

emissions, using these factors, based on  total spending on BD’s seven syringe types by each  Providence 

site. Note the high variation in the four EPA emissions factors, indicating how selective use of these 

categories provides companies with considerable discretion in reporting their spend-based estimates. The 

spend-based estimates, relative to the specific product-level emissions data supplied by BD, varied from 

22% lower than the E-liability score (Hospital Z, spend-based’s 7.6 MtCO2e vs. E-liability’s 34.6 

MtCO2e) to more than twice as high (Hospital Y, spend-based 57.4 MtCO2e  vs. E-liability’s 27.4 

MtCO2e). Such significant variation raises doubts about the usefulness of the spend-based approach 
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either for accountability to external users, or as a guide for entities like Providence and BD about the most 

promising opportunities for reducing their environmental impact.  

 

Hurdles 

Carbon accounting is a new concept to many in health care, and education was required to make the case 

for a product-level assessment. Health care organizations, with thousands of products and hundreds of 

vendors, are neither accustomed nor trained to calculate emissions at the individual product level. 

Obtaining granular product-level data was socially challenging, requiring multiple requests and much 

time. Working with transportation and logistics teams required specific calculations of trucks’ capacity 

utilization, delivery routes, and mileages. Since these data were not typically tracked, data collection 

required extensive manual calculations and reporting.  

We did not quantify the time and effort required to collect the input data for the E-liability accounting 

system, considering this beyond the scope of this study, in part because these would vary based on each 

company’s unique circumstances, including its collection of information systems. Our goal as stated in 

the paper’s introduction, was to illustrate and learn how to implement E-liability carbon accounting in the 

health care and medical technology sectors.  

With new carbon accounting software now being introduced into Enterprise Resource Planning (ERP) 

systems, and by specialized vendors, data access and limitations should be overcome over time. Hospitals, 

however, that want a proposed IT solution to capture and report accurate product-level carbon footprints 

should perform due diligence to ensure that any proposed solution for capturing and allocating emissions 

from purchased products, transportation, operations, and disposals is able to access the data in existing 

ERP systems, and operate synchronously with them.  

  

Limitations 

The calculated emissions were not as accurate as they could have been because the project teams were 

unable to obtain accurate product-level emissions from several key suppliers. Instead, they relied on 

estimates and public data on emissions incurred by non-collaborating entities, such as their suppliers of 

resin, packaging, electricity, and transportation. This limitation can be addressed by having health and 

medical sector associations, and important downstream entities, such as BD and Providence, encourage 

wider adoption of E-liability carbon accounting.   

 

The study focused only on a single supplier (BD) of a single product category (syringes) sold to a single 

customer (Providence). But the extension to multiple suppliers of multiple products sold to multiple 

customers just involves replicating the process BD used for assigning the emissions in its purchased 
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materials and production processes for syringes to any of its other product categories, using information 

already existing in its internal ERP system. Also, calculating emissions caused by the distribution and 

transportation of its products to any health system customer would replicate the calculations performed 

for Providence. No changes or additions are required to scale the methods described in this study to 

measure the emissions incurred in any health system supply chain or the supply chain for any sector. 

Measuring the flow of emissions from an upstream supplier of, say, resins, electricity, or transportation, to 

a Tier-1 manufacturing supplier, such as BD, and from the supplier to an end-use customer, such as 

Providence, generalizes and scales to all supply chains.  

 

Given the limited product range for the study, project teams at both sites collected data manually and 

processed them on Excel spreadsheets. Were the scope of accurate carbon accounting to be extended to 

many more products, manufacturing locations, and hospital sites, IT companies would invest to develop 

and deploy the systems  for automated data capture and real-time, batch-by-batch, data capture and 

processing.  

 

Where to Start 

An E-liability pilot project starts with four key steps:8 

1. Create the internal infrastructure for the project: a project leader, a multi-disciplinary project 

team, and high-level executive sponsorship. 

2. Identify the specific products or services for which emissions will be calculated. The criteria for 

selection could include the product’s sales volume, importance for key customer segments, and 

forecasted high carbon intensity (estimated from EPDs and other public sources).  

3. Identify and gain cooperation of key suppliers of carbon-intensive inputs to the selected products 

or services.  

4. Identify and engage with other entities (e.g., downstream customers, an IT supplier) and 

assurance provider (e.g., its external auditing firm); that could be critical for scaling the  project if 

the pilot is successful. 

These initial steps are followed by data collection, data analysis, internal presentation of findings, 

development of action implications, and actions to reduce total carbon emissions in the entity’s operations 

and supply chain. 

 

Future Opportunities 

Senior managers at both participating entities concurred that the granular E-liability data revealed 

multiple opportunities for lowering their carbon footprint. Having access to the details of emissions 
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accumulation along a value chain graph reveals opportunities for significant emissions reduction by, for 

example, shifting the mix of syringes ordered and used, optimizing the packaging and transportation of 

products from suppliers to customers, and providing clear guidance for product disposal. Future work 

could extend analysis to other products, and involve more suppliers, including providers of electricity, and 

transportation services, and those further upstream in the supply chain, such as those producing the input 

materials for a manufacturer, such as BD.  

Future work could also extend the analysis from the emissions in purchased products to emissions from 

treating high-volume medical conditions, including osteoarthritis and oncological diseases, or a year’s 

treatment for diabetes, pulmonary disease, renal disease, and other chronic conditions. This extension 

would enable a health system, such as Providence, to have accurate information on the emissions in its 

purchased pharmaceuticals, anesthesia, and medical devices. 

 

In this way, cost, the denominator in the value equation, would have two parameters for treating a medical 

condition: the traditional time-driven activity-based costing (TDABC) financial cost calculation; and, the 

environmental cost, measured in the total CO2 emissions including those embedded in purchased 

products, services, transportation, waste, and disposal.  
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