Reducing the carbon footprint for a 30-bedded Haemodialysis unit by changing the delivery of Acid Concentrate supplied by individual 5 litre containers to a central delivery system
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Introduction
This section describes the detailed methodology of obtaining the carbon footprints of the products and systems quoted in the main study. Information from the Original Equipment Manufacturer (OEM) was combined predominantly with the UK government Department of Environment, Food and Rural Affairs (DEFRA) and Department for Business, Energy and Industrial Strategy (BEIS) database of kgCO2e conversion factors and included some internet searches where required. A 10,000 litre batch of acid concentrate was used for the calculations, the results of which were then extrapolated into the volumes required for the 30-bedded unit described in the main study.

Assumptions and Reasoning: 
[bookmark: _Hlk126764466]A typical dialysis acid concentrate contains purified water, different chloride salts (predominantly sodium chloride), as well as quantities of acetic acid and glucose. In the absence of publicly available data for the production of highly purified chemicals and using information provided by the OEM (Fresenius Medical Care UK Ltd) (Table 1) this study assumes that each 10,000-litre batch of 1:44 dilution acid concentrate is composed of:
8,836 litres of ultrapure water
2,924 kg of purified sodium chloride
512 kg of Glucose
98 litres/103kg of Acetic Acid

Sodium Chloride:
The carbon emissions factor associated with sodium chloride (table salt) is 0 – 0.1 kg CO2e/kg [1]. No data is available for pharmaceutical grade NaCl but according to the CarbonCloud.com lifecycle analysis 75% of the emissions associated with the manufacture of table salt are due to processing rather than extraction. To apply a realistic emissions factor we tripled the published value to account for further stages of purification to produce pharmaceutical quality NaCl and possible extra greenhouse gas (GHG) emissions from the manufacture of the Potassium, Magnesium, and Calcium chloride salts in the acid concentrate. So, we used a factor of 0.3 kg CO2e per kg NaCl for the overall salt content of the acid concentrate. 
[bookmark: _Hlk156288192]Glucose: 
An emissions factor for Glucose was published in 2013 [2] and reported a range of emissions for glucose production to be between 0.7 and 1.1 kgCO2e / kg. We used the upper end of this range. 
Acetic Acid:
An emissions factor for Acetic Acid of 0.61 kgCO2e / kg was published in 2015 from a life-cycle analysis [3]. The 98 litres reported by the OEM required to manufacture 10,000 litres of acid concentrate, was converted to 103kg using volume to weight converters. 
[bookmark: _Hlk126762280]Water:
According to the OEM a 10,000 litre batch of 1:44 dilution acid concentrate would contain 8,836 litres of ultrapure water. The emissions factor for potable water is 0.149 kgCO2e / m3 [4]. To account for the reject water lost during the treatment processes to produce ultrapure water and subsequent cleaning of equipment, we estimated that total losses would be 50% of the total product, as the typical reverse osmosis reject rate is around 30-35% with an extra 15-20% additional usage by water softeners and carbon filters. As such, 13,254 litres of incoming water would be required to produce each batch of concentrate.   
Thus some 4418 litres of water would be rejected and discharged into the sewers for every batch produced. The appropriate emissions factor for subsequent water treatment has been included [4].
Energy:
The OEM provided invaluable data about their production process. In 2022 0.016kWh was used per litre of concentrate produced. This covered the whole process including water treatment, product mixing and the final production line. The emissions factor used for electricity is an aggregate of UK electricity generation, transmission and distribution losses and all well-to-tank factors [4]. 
Packaging:
Several empty 5 litre plastic containers were measured and found to weigh 250±5 g (Kern weighing scale 6000-1, Kern & Sohn GmbH, Balingen, Germany). Each container was made of non-recycled high-density polyethylene (HDPE). HDPE has an emissions factor for the formed plastic of 3.27 kgCO2e / kg [4].
Acid concentrate for a central acid delivery system (CAD) is delivered in reusable 1,000 litre containers into which is fitted a single-use liner sheet. Each liner weighing 2.275 kg is manufactured from non-recycled linear low-density polyethylene (LLDPE). For LLDPE plastic, the BEIS database provides a figure of 2.6 kgCO2e / kg for formed LLDPE [4].
The reusable container is a 1000 litre Intermediate Bulk Container (IBC) weighing approximately 58 kg and manufactured from HDPE with a steel support cage. 

Transport:
An indicative figure for the emissions savings associated with the non-delivery of 40,000 litres of acid concentrate in 5-litre HDPE containers has been calculated. Assuming that all containers have 5.0 litres of acid concentrate, then 8000 containers each weighing 6.2kg would equate to 49.6 tonnes of total load. The distance from the OEM plant to the kidney care centre is almost exactly 200 km, thus there is a total of 49.6 tonnes*200km = 9920 tonne.km for the outward journey. We have assumed that the 7.5-17 tonne delivery vehicle is Average Loaded on the outward journey. So, to deliver 49.6 tonnes this will require a minimum of 3 additional journeys and therefore three return trips at zero load over 200km are included. Exhaust emissions (tail pipe) and well to tank (WTT) emissions generated from oil extraction to refinery to petrol station are included. 

Waste:
The BEIS database lists an emissions factor of 21.28 kgCO2e / tonne for the disposal of all plastics, though this only covers delivery to a recycling centre [4]. 

Boundaries and Omissions:
Capital Equipment: 
In line with the GHG Protocol Product Standard [5,6], no account is taken of the emissions associated with the manufacture or installation of equipment used in the production process or in the distribution equipment required for CAD. These numbers are amortised over the life of the equipment and so considered minor in the overall scheme. 
Concentrate Production: 
More equipment is used in the 5.0 litre plastic container production line compared to filling bulk containers, but separate energy figures are not available and are not considered large enough to make a significant impact on the overall estimates. 
Transport:
No account is taken of the transport costs associated with delivering the ingredients of the concentrate or the packaging to the OEM production facility as this information is not publicly available. 
For the same reason, no account is taken for the deliveries of additional chemical components and plastic packaging to the manufacturing factory for the additional 40,000 L of acid concentrate that needs to be produced if the kidney service is using individual 5 L containers of acid concentrate.

Fresenius Medical Care main deliveries are currently interwoven across their entire product range and delivery sites. They depend upon many factors such as delivery vehicle size and capacity, milage to different sites, with multiple different products on board. Due to this complexity, unfortunately, extracting any meaningful data about the overall delivery emissions is not possible.
The indicative figure for the savings associated with non-delivery of 40,000 litres will be an underestimate of the true figure. Whilst the outward journey can be calculated using the tonne.km data, only the emissions associated with three return journeys are included whereas in reality it will be more likely monthly deliveries. 
Waste:
In line with GHG Protocols [5], the energy used in the recycling process is accounted for within the factors of future electricity generation.
Maintenance:
Maintenance of the production facility and of equipment associated with CAD is considered outside the scope of the study at this time.
[bookmark: _Hlk156817089][bookmark: _Hlk136594433]Packaging:
An empty 5 litre HDPE container, with lid, weighs 250±5 g (Kern weighing scale 6000-1, Kern & Sohn GmbH, Balingen, Germany) and is assumed to be homogenous. No account is taken of the small difference in materials in respect of the lid and seal. No account is taken of the packaging associated with moving the containers on pallets (cardboard or clingfilm) or the labelling. These factors are considered negligible in the overall calculations.
The container used in bulk deliveries is a 1000 litre Intermediate Bulk Container (IBC) weighing approximately 58 kg and manufactured from HDPE with a steel support cage. Its construction is estimated to cause approximately 150 kgCO2e in emissions but they are used for many years and thousands of deliveries. Within this study their contribution is considered negligible. 

Results:
[bookmark: _Hlk157085387]We estimated the greenhouse gas emissions for the manufacture of 10,000 litres of dialysate acid concentrate was 1548 kgCO2e (Table 2). We then calculated the carbon footprint generated by the manufacture of the LLDPE plastic liners for the bulk delivery of acid concentrate (60 kgCO2e) and for the manufacture of individual 5 litre HDPE containers (1,646 kgCO2e)  (Table 3). Greenhouse gas emissions for the waste disposal of plastics was based on the weight of used plastic to be delivered to a recycling centre. Table 4 outlines the carbon footprint of transporting the extra 40,000 L of acid concentrate from the factory to the dialysis centre required if using 5 L containers with the current 33% wastage (5,205 kgCO2e).

Tables
Table 1: Contents of a 10,000 litre batch of acid concentrate. Data kindly provided by OEM, Fresenius Medical Care UK Ltd. 
[image: ]

Table 2. Estimate of the carbon footprint for the manufacture of 10,000 litres of dialysate acid concentrate: Total greenhouse gas emissions 1548 kgCO2e
	Item
	Description
	Unit
	Carbon emission factor/unit
	Carbon emission kgCO2e

	Ultra-pure water
	13254 L
	m3
	0.149
	2

	Sodium chloride
	2924 kg
	kg
	0.3
	877

	Glucose
	512 kg
	kg
	1.1
	563

	Acetic acid
	98 L/103 kg
	kg
	0.61
	63

	Energy
	0.016 kWh/L
	kWh/L
	0.26155
	42

	Waste water
	4418 L
	m3
	0.272
	1

	Total
	
	
	
	1548



Table 3. Carbon emission values estimated from the manufacture of plastic containers for 10,000 L of acid dialysate concentrate and their waste disposal. 
	Item
	Description
	Unit
	Carbon emission /item
	Carbon emission kgCO2e

	Central acid delivery system

	LLDPE
	10*1,000 L liner (2.275 kg each)
	kg
	5.91
	59

	Waste
	22.75 kg (10 x liners)
	kg
	1.0
	0.5

	Total CAD
	
	
	
	60

	5.0 L single use containers

	HDPE container
	250 g 
	kg
	0.8175
	1635

	Waste 
	400/tonne
	tonne
	0.00532
	11

	Total 5 L cans
	
	
	
	1646



Table 4. Carbon emission values estimated in delivering extra 40,000 L of acid dialysate in single use 5.0 L containers. Distance between supplier and dialysis centre 200 km. 
	Item
	Description
	Unit
	Carbon emission factor/item
	Carbon emission kgCO2e

	Outward journey 

	Tailpipe
	49.6 tonne*200 km
	Tonne.km
	0.38655
	3835

	WTT
	49.6 tonne*200 km
	Tonne.km
	0.08238
	817

	Return journey 

	Tail pipe
	0 tonne 3*200 km
	km
	0.79097
	475

	WTT
	0 tonne 3*200 km
	km
	0.12960
	78

	Total difference
	
	
	
	5205
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