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Summary 
 
The main objective is to perform a life cycle assessment (LCA) on a hot milk high-speed centrifugal 
separator (HMRPX 918-HGV-74C, product number 881275 01 01. The purpose of a life cycle 
assessment (LCA) is to provide a picture of a product’s total environmental impact during it’s life 
cycle.  
 
The study is carried out according to ISO 14 040, i.e. all methods, data and assumptions are accounted 
for in order to make an external review possible. An LCA could provide the basis for an 
Environmental Product Declaration (EPD).  
 
The LCA clearly shows that the main environmental impact of the separator is caused by CIP and 
electricity used during operation. The major part of the impact from the CIP chemicals is due to the 
energy needed for their manufacture. Fossil fuels account for most of the impact for both operation 
and manufacture of chemicals. Therefore customers should be encouraged to use environmentally 
friendly electricity and chemicals, such as renewable energy sources and sodium hydroxide made with 
membrane technology. It is also important to use as little as possible of cleaning agents and make sure 
that waste is treated properly.  
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1 INTRODUCTION 
 
1.1 Background 
The study is carried out because of an increasing demand from customers for improved eco-
friendliness but also as a part of the environmental management system at Alfa Laval.  
 
When a company decides to use standardisation (ISO, eco-labels etc.) it puts pressure on other 
companies with which it has business. In other words, it is no longer only laws and regulations, but 
also a market demand that pushes the environmental work forward. There is also an advantage in 
dealing with environmental issues in time since they may be inevitable in the future.  
 
The purpose of a life cycle assessment (LCA) is to provide a picture of a product’s total environmental 
impact. LCA is a tool that can help identify possible improvements in different stages of the life cycle, 
facilitate decision-making in the company and provide a marketing advantage. LCA gives an overall 
picture of the environmental impact, instead of taking isolated measures which may relocate a problem 
rather than eliminate it. In general, transparency is an important principle because of the complex 
nature of LCA. 
 
The study is carried out as a master thesis project. 
 
1.2 Purpose 
The main objective is to perform a life cycle assessment (LCA) on a hot milk high-speed centrifugal 
separator (HMRPX 918-HGV-74C, product number 881275 01 01). The LCA shows how the product 
affects the environment, thus making improvements possible. The results are presented in terms of 
environmental impact per life cycle stage. The functional unit is 1000 m3 of milk. 
 
Additionally, a template for life cycle assessments would facilitate future studies on other high-speed 
centrifugal separators, which could identify possible improvements and enable comparisons. An LCA 
could also provide the basis for an Environmental Product Declaration (EPD).  
 
The study is carried out according to the ISO standard, i.e. all methods, data and assumptions are 
accounted for in order to make an external review possible. However, the study is only intended for 
internal use at the initial stage, partly because of the time limitation, which is twenty weeks for the 
thesis project.  
 
1.3 Introduction to Alfa Laval 
Alfa Laval today is a world-wide organisation with sales in 100 countries and 9500 employees. The 
main applications are separation (high-speed separators, decanters, filters), heat transfer (heat 
exchangers, refrigeration equipment) and fluid handling (pumps, valves, fittings). The customers are 
found in different fields, e.g. heating and cooling, oil, water, chemicals, pharmaceuticals, beverages 
and foodstuffs, starch etc. 
 
In 1883 engineer Gustav de Laval (1845-1913) and Oscar Lamm founded a company called AB 
Separator, which it was known as until 1963, when it changed names to Alfa-Laval. Altogether, de 
Laval had 92 Swedish patents and founded 37 companies. In 1879 de Laval’s invention, the 
continuous separator, was introduced, and it was later enhanced with pumps. Ten years later, the Alfa 
patent was acquired from its German inventor, Clemens von Bechtholsheim. The principle was a stack 
of conical “Alfa” discs in the separator bowl, resulting in improved speed and efficiency. Later, a 
small and inexpensive separator, known as Collibri, was very successful. In the mid 1900s, new 
features, such as self-cleaning and the automatic Cleaning-in-place-method were introduced. More 
patents and companies were acquired. In 1991 Alfa-Laval was bought by Tetra Pak. The Tetra Laval 
Group started in 1993 and was a collection of different companies. Alfa Laval in its present form was 
created in 2000. Alfa Laval Tumba AB is certified according to ISO 14001. (Alfa Laval AB, 2006) 
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2 TECHNICAL DESCRIPTION  
 
2.1 Separation principles 
The principle of separation is simple (Alfa Laval Separation AB, n.d.). Heavier phases of a liquid are 
forced downward by the force of gravity. The process is dependent on density, viscosity and particle 
diameter. The phases are thus separated into different layers.  
 
The principle is the same in a centrifugal separator, only the gravitational force is replaced by the 
centrifugal force created by quick rotation. The result is a much faster and more effective separation.  
The liquid or particles with higher density and/or lower viscosity will consequently be forced outward, 
while the lighter phase will be located near the centre. 
 
Separation is more effective when particles can fasten on plates, both in a separation tank and a 
centrifuge, since the settling distance is greatly reduced by the discs. Large particles are drawn out 
towards the wall and smaller particles that are drawn towards the middle are stopped by the plates and 
forced to the outer wall. This resulted in the invention of the Alfa discs; thin truncated conical disks, 
stacked at a small distance from each other, separated by caulks. 
 
There are three different types of separation: 

• Clarification: separation of a solid from a liquid 
• Purification: simultaneous separation of two liquids (maximum cleaning of the light phase) 
• Concentration: simultaneous separation of two liquids (maximum cleaning of the heavy 

phase) 
 
There are also different discharge types of separators describing how the third, unwanted, phase is 
removed from the separator: 

• Nozzle 
• Solid-ejecting 
• Solid retaining 
• Open outlet 

 
In many industrial processes, separation of liquids and solids is essential, and a separator is often used 
for cleaning purposes. In industries, coolants, oils, and wash liquids must be regularly purified; the 
alternative would be to dispose of the liquid altogether. 
 
2.2 Technical data for HMRPX 918 HGV-74C 
HMRPX 918 has the highest capacity of the dairy separators manufactured by Alfa Laval today and is 
specially made for the high demands in the industry. The technical data for HMRPX 918 is found in 
table 1. 
 
The components of the separator are in the product specification divided into machine units, 
compulsory and optional. A summary of the units with their main function is found in table 2 and 3. 
 
The abbreviation HMRPX 918 HGV-74C describes the separator according to table 4. 
 
Table 1: Technical data (Alfa Laval Tumba AB, 2006a). 
Technical data 881275-01-01 
Set bowl speed 4800 r/min 
Set frequency 70 Hz 
Hydraulic capacity 75 m3/h 
Lubricating volume 12,5 litres 
Motor power 42 or 52 kW 
Power consumption 17/42 kW (idling/at max capacity) 
Discharge volume, min/max 15/35 litres 
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Discharge interval, min/max 1/60 min 
Bowl volume 72 litres 
Sludge volume 17 litres 
Max bowl inner diameter ~ 650 mm 
Starting time 10-15 min 
Stopping time without brake 90 min 
Weight of separator (without motor) 2200 kg 
Weight of bowl 1150 kg 

 
 
 
 
 
 
 
 
 
 

 
Figure 1: Separator (Alfa Laval Tumba AB, 2006b). 
 
Table 2: Compulsory machine units. 
Machine unit Main materials  Function Major parts/contains 

Machine bottom part 
Cast iron, 
engineering steel, and 
stainless steel 

Housing. The driving device 
takes the movement from the 
motor to the bowl (fig. 1) 

Frame bottom part, vertical 
and horizontal driving 
devices 

Inlet device Stainless steel Inlet housing for the raw milk 
(fig. 1)  

Machine top part Rolled and welded 
stainless steel  Paring disc device, frame top 

part and hood 

Separator bowl 
Acid-proof stainless 
steel and stainless 
steel 

Main part where the separation 
takes place (fig. 1) 

Disc stack, operating slide, 
sliding bowl bottom, 
distributing cone, bowl hood 
and lock ring 

Outlet device Stainless steel Outlet for cream and milk (fig. 1)  

Motor  42 or 52 kW manufactured by 
ABB Motors.  

Parts for mounting of 
motor 

Stainless steel and 
structural steel  Motor cap and foundation 

plate 

Operating water module 
compact (OWMC) 

Rolled and welded 
stainless steel, brass 
and bronze 

Air tank that controls the 
operating water (fig. 1))  

Fittings for OWMC Stainless steel  Welded pipes 
Set of plates   Name plate, safety labels etc. 
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Monitoring kit   Junction box, cables, 
terminals etc. 

 
Table 3: Optional machine units. 
Machine unit Material Function Major parts 

Lock switch  Prevents start of the separator 
unless the hood is closed  

Set of tools General engineering 
steel and cast iron 

Tools for mounting and 
dismounting the separator for 
service and maintenance 

 

Intermediate service kit Mostly nitrile rubber Spare parts changed after 2000 h 
of operation L-packings and O-rings 

Major service kit Rubber and steel 
parts 

Spare parts changed after 8000 h 
of operation 

Ball bearings, gaskets and 
O-rings 

Service kit for foundation 
feet Mostly nitrile rubber Changed every 3-4 years Rubber cushions and 

screws 
OWMC service kit Nitrile, PTFE, bronze Used less than once a year O-rings 

Cyclone Stainless steel Collects the discharged sludge Cylinder made of rolled 
and welded steel 

 
Table 4: Type designation for high speed separators (Alfa Laval Tumba AB, 2000). 
Code letter Position stands for Meaning for HMRPX 918 HGV-74C 
H Commercial index Hot milk 
MR Application Dairy 
PX Rotor type Intermittent discharge - radial peripheral ports and 

slide 
9 Model  
18 Rotor size  
H Rotor inlet and outlet Hermetic 
G Rotor discharge initiation Non-self-triggered  
V Degree of rotor discharge Variable discharge 
7 Rotor function Concentrator 
4 Drive Motor flanged to separator, worm-wheel drive 
C Special features Rigid coupling 
 
2.3 Manufacture and delivery 
The HMRPX 918 is manufactured in Eskilstuna, Sweden. Several parts of the separator bowl are 
forged in Austria and transported to Spain and Italy for further processing, such as forging and rough 
turning. Further processing, such as lathing and milling, is performed in Eskilstuna. 
 
Some parts (cyclone, hood) are manufactured in Eskilstuna by welding. The rolled plates are 
manufactured by Outokumpu in Avesta, Sweden. 
 
The motor is supplied by ABB Motors, Vaasa, Finland. 
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2.4 The separator in operation 
 

 
Figure 2: Milk production cycle (Sally). 

 
In dairies with hot milk separators the raw milk is first preheated to approximately 45˚C. This 
simplifies separation of the milk since crystallisation and melting of milk fat takes place at about 17-
38˚C. After deaeration the raw milk (of known fat content) is fed to the separator. During the 
separation sediment that might contain bacteria, blood cells, hair and alike, is discharged from the 
separator. The phases leaving the separator is cream with approximately 40% fat, and skimmed milk 
with less than 0,1% fat. During homogenisation the fat is divided into smaller particles. 
 
After deaeration, separation and homogenisation, the milk and cream are pasteurized (heated to about 
72-74˚C) to achieve a low content of bacteria. Standardisation of the milk is achieved by re-mixing 
cream into the milk to the right fat content. (Tetra Pak [n.d.] b) 
 
2.4.1 Cleaning-in-place (CIP)  
The separator and the other equipment in the production line are cleaned and disinfected regularly 
with an automatic system known as Cleaning-in-place, or CIP, described by Tetra Pak (Tetra Pak 
[n.d.] a). The procedure is carried out by running water and detergents in cycles through the system. 
 
The detergent solution is stored in a central tank. The same liquid is used for the entire production line, 
i.e. for the separator, heat exchanger and auxiliary equipment, and a detergent suitable for all units is 
therefore needed (see cycle in figure 2). 
 
There are certain demands on both the water and the detergent. For example the water shall be free 
from odour and colour, not too hard, low in iron and manganese, low count of bacteria, devoid of 
pathogenesis, no toxic substances etc., while the detergents must have an emulsifying effect, be 
bactericidal, have low corrosiveness, be able to keep dirt suspended, prevent carbonate deposits etc.  
 
The CIP starts with cool water to make protein residue easier to remove. It is followed by either an 
acid solution or an alkali solution (table 5). The acid can be used before the alkali, since it prepares the 
burnt-on deposit prior to the alkaline, or after, because of possible precipitation, or both. Another 
advantage of using acid last is that it passivates and protects stainless steel surfaces. The protein from 
the milk is best dissolved with alkali, a cleaning technique which has been used for a long time in the 
dairy industry. 
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The acid cleaning solution is usually nitric acid (HNO3). The acid is used as a complement to the alkali 
particularly in processes where heat treatment has taken place. 
 
The strongest alkali is sodium hydroxide (NaOH), which consequently only is needed in small 
amounts. A high alkalinity is required in order to remove dried or burnt milk residues. It also has a 
strong microbicidal effect. Additionally, it hydrolyses the fat, which produces soap, which in turn 
helps the cleaning process further.  
 
The detergent also contains wetting agents, which counteract the surface tension between the water 
and the fat.  
 
The last step in the CIP-procedure is hot-water disinfection, a very efficient method which works well 
with the system and is recommended by Tetra Pak.  
 
Table 5: Cleaning guide (Tetra Pak [n.d.] a). 

Type of discharge/  
number of ejections 

Rinsing / washing 
time [minutes] 

large 
discharge 

small 
discharge 

Liquid temp. 
[°C] 

     
Pre-rinse with water 15-20 3-4   
Circulate acid solution 20-30  2-3 70 ± 3 
Intermediate rinse 10-15 2-3   
Circulate alkaline solution 35-45  3-4 75 ± 3 
After-rinse with water 10-15 2-3   
Hot water disinfection 6-10   90 
 
2.4.2 Maintenance 
The intermediate service is to be performed every three months or after 2000 operating hours. The 
service includes an inspection of the bowl, the OWMC, the inlet and the outlet device as well as 
changing seals and gaskets in the bowl, the inlet, and the outlet. 
 
The major service should be performed once a year or after 8000 hours of operation. It includes, 
besides an intermediate service, a complete inspection of the separator. Seals and bearings in the 
bottom part are also changed. 
 
2.5 Reconditioning 
Because of the long life span of the separator there is a second-hand market for used machines. The 
life span can be extended further by reconditioning, although in the case of dairy separators, this is 
rarely performed by Alfa Laval. 
 
2.6 Recycling 
The separator is made almost entirely of steel, which is completely recyclable.  
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3 METHOD 
The life cycle assessment methodology is part of the ISO 14001 environmental management 
standards. Their purpose is to help organisations implement environmental policies and objectives.  
 
3.1 LCA Methodology (ISO) 
The methodology is defined in ISO 14044:2006, which has to be followed for certification. 
 
According to ISO standard 14040 there are four stages in an LCA study: 
 

• Goal and scope definition 
• Inventory analysis 
• Impact assessment 
• Interpretation 

 
LCA is an iterative technique; each step is dependent on the others (figure 3). The work and results 
must be consistent with the goal and scope of the study, i.e. the goal and scope may have to be revised 
continuously. 
 

Figure 3. LCA framework and applications (ISO 14040:2006). 
 
3.1.1 Goal and scope 
The goal should state the intended application, purpose of the study and the audience, i.e. whether the 
study is intended for internal or external use. 
 
The scope defines the studied system and its purpose. Additionally, it states the system boundaries, 
allocation procedures, assumptions, limitations and data requirements. It should also include the 
functional unit, which defines “quantified performance of a product system for use as a reference unit” 
(ISO 14044:2006). 
 
3.1.2 Life cycle inventory analysis (LCI) 
The next step is the inventory analysis. This is generally considered to be the most time-consuming of 
the LCA work. The inventory analysis covers the collection of all data.  
 
3.1.3 Life cycle impact assessment (LCIA) 
In the LCIA the impact categories (e.g. acidification) are chosen, the LCI results are assigned to the 
categories (classification), and category indicators are calculated (characterisation). See example in 
figure 4. 
 

 
Goal and scope definition 

 
Inventory analysis 

 

Environmental impact 
assessment 

 
 
 
 
 
 
 
 

Interpretation 

Direct applications:
 
• Product development and 
   Improvement 
 

• Strategic planning 
 

• Public policy making 
 

• Marketing 
 

• Other 
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Figure4. Life cycle impact assessment (Rydh et al, 2002). 

 
Normalisation, grouping and weighting are optional elements. Especially weighting is an imprecise 
method as it is based on value-choices rather than scientific data. It should therefore only be used with 
caution.  
 
3.1.4 Interpretation 
The final stage is the interpretation and evaluation of the results.  
 
The results from the LCI and LCIA are analysed in order to identify the important issues. There should 
also be an evaluation of the results to establish how reliable they are. The results are presented in 
categories, graphs etc. This is followed by conclusions and recommendations.  
 
3.2 Software and databases  
The LCA software chosen for this project is SimaPro 5. LCA software facilitates the inventory and 
impact assessment phases of the LCA work. There are usually built-in databases with materials and 
processes and how they affect the environment, and the user can also add more information.  
 
Once the inventory data has been entered the results are shown in charts, assessed according to the 
methods in the software. The LCIA is performed with the software. This includes choice of categories, 
classification, characterisation, normalisation of the results, and possibly weighting. 
 
 

Electricity 
production 

Industrial  
production 

 
            SO2 

 
 
            NOx

 

 
 
            NH3

 

 
 
           Dust 
 
 
            CO2 

 
 
            CH4 
 

Acidification 

Greenhouse effect 

Air quality 

 
  ∑ 

    Result of life cycle inventory Classification        Characterization            Weighting
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4 LIFE CYCLE ASSESSMENT 
 
4.1 Goal and scope  
 
4.1.1 Goal 
The main objective is to perform a life cycle assessment (LCA) on a hot milk high-speed centrifugal 
separator (HMRPX 918-HGV-74C, product number 881275 01 01). The LCA gives an overall picture 
of the environmental impact, which avoids the risk of taking isolated measures which may relocate a 
problem rather than eliminate it.  
 
The study is carried out according to the ISO standard, i.e. all methods, data and assumptions are 
accounted for in order to make an external review is possible. However, the study is only intended for 
internal use at the initial stage. 
 
Additionally, a template for life cycle assessments would facilitate future studies on other high-speed 
centrifugal separators, which could identify possible improvements and enable comparisons. The LCA 
shall work as a basis for an Environmental Product Declaration (EPD).  
 
The LCA will be carried out with the SimaPro 5 software and the chosen method is Eco-Indicator 99. 
 
4.1.2 Scope  
 
4.1.2.1 Function and functional unit 
The functional unit “defines the quantification of the identified functions (performance characteristics) 
of the product” (ISO 14 040). It is also necessary for comparative purposes. The functional unit is 
1000 m3 of raw milk, which is to be separated to a concentration of 40% fat in the light phase and less 
than 0,1% fat in the heavy phase. 
 
4.1.2.2 System boundaries 
 
4.1.2.2.1 Physical boundaries 
The whole separator, including the motor, foundation and other compulsory machine units listed in the 
product specification, will be included in the assessment (see table 2 and 3). The separator is in 
development, but the components are according to Sensei (Alfa Laval’s PDM database) in December 
2006. 
 
Components manufactured within Alfa Laval are considered both upstream and downstream in the life 
cycle, and waste products are taken into consideration. Smaller components that are ready-made from 
suppliers will be calculated by weight and material, unless more data is available.  
 
The motor is supplied by ABB Motors. The product specification states two different possible motors, 
but only the smaller one (42 kW) is included since it is considered sufficient (ÅÖ).  
 
Among the optional units: 
 
Lock switch:  Only used in a few countries for legal reasons, and is therefore not 

included. 
 
Set of tools:  Necessary for maintenance, therefore included. It is worth mentioning 

that one set can be used for several separators.  
 
Intermediate service kit: Used every 3 months or after 2000 hours. Since the separator is used 

close to 24h a day the assumption will be 4 service kits per year. 
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Major service kit: As above but once a year. 
 
Service kit for found feet Small rubber blocks, assume one kit every three years (ÅÖ). 
 
OWMC service kit Used once a year. 
 
Cyclone:  Included since a majority of the customers (approximately 80%) are 

expected to buy it. 
 
4.1.2.2.2 Time boundaries 
It is difficult to estimate the lifespan since it differs depending on the buyer. However, a separator will 
normally last for a long time and there is no obvious reason to replace unless the demand changes. In 
this LCA the lifespan of the separator is assumed to be 30 years. The separator is assumed to be used 
8000 h/year during which it either separates or is cleaned.  
 
4.1.2.2.3 Manufacture boundaries 
At the manufacture stage, the boundaries have been placed so that materials, processes etc. that 
directly affect the separator are included. For example, the oil used as cutting fluid in a machining 
operation would be included, whereas the lubricant for the machine itself would not.  
 
4.1.2.2.4 Operation boundaries 
No pumps, heat exchangers or other equipment in the dairy are included in the calculations. As CIP is 
used simultaneously for other parts of the cycle, (heat exchangers, pipes, pumps etc.) only 33% is 
allocated to the separator (ÅÖ). 
 
4.1.2.2.5 Geographical boundaries 
The separator is used in different countries resulting in different electricity composition, means of 
producing CIP, and transportation routes for the separator and service kits to the different locations. 
 
4.1.2.3 Data quality 
In the inventory analysis no cut-offs have been used, instead chemicals and materials have been 
lumped together with similar materials, especially if they where not available in the database. Waste 
treatment for the hazardous waste in Eskilstuna was difficult to estimate since it was not possible to 
establish the exact content and treatment. Therefore, to avoid too bold assumptions, the waste was not 
included in the LCA. 
 
Because of the many options in how and where the separator is used and because of the many 
components involved, problems arise when collecting data. Therefore, to make sure that all aspects are 
covered properly, initially an overall data inventory should be performed. Based on this information, 
further, and more detailed, data collection should be carried out. Decisions must be taken on how 
inconclusive data is to be evaluated. The order in which the data is collected is generally not relevant.  
 
In some circumstances, it is difficult to assign flows to unit processes. One example is CIP, the 
cleaning procedure during operation. The line includes several units, e.g. separator and heat 
exchanger, and the cleaning agents must be ascribed to the different parts of which the need for 
cleaning also is difficult to assess. The cleaning agents are also used in varying amounts depending on 
application and necessity. The cleaning agents used in Kallhäll were also used to clean other 
equipment in the dairy but to what extent was not clarified. Therefore the amount of CIP in the life 
cycle might be lower. 
 
Another example where the same difficulties occur is electricity consumption during manufacturing 
that could be allocated according to e.g. weight of the units. Since allocation in this project is done by 
weight percent the result will diverge from the actual amount. However, the lack of options and the 
small contribution to the whole life cycle made this the least misleading alternative available.  
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Energy use for transportation is calculated with software based on distance, vehicle type, fuel, weight 
etc. Transport into factory is predictable and easily calculated providing that the source has been 
identified. Transport to customers is more complicated as the destinations vary greatly. One solution is 
to categorise the different routes according to means of transport (truck, ship, air, with adequate load 
rate). The effect of e.g. late delivery by air is shown by calculation examples. Transportation is 
calculated in units of tkm (ton kilometres). 
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4.2 Life cycle inventory analysis (LCI) 
The results of the LCI are divided into the five main life-cycle stages: upstream (blue frame in figure 
5), manufacture (purple), transport (green), use (red) and disposal (yellow). 
 
The first stage includes material data, processing and transport of all parts before arriving at the 
factory in Eskilstuna. The manufacture part consists of all processing, assembly etc. in the factory up 
to the point of delivery of the finished separator. Transport is calculated from the factory to the 
customer. Use is defined as delivery from the factory, operational consumption and maintenance, and 
the disposal phase consists of the end treatment and transport. 
 
The inventory data has been collected and handled in several different ways, which is described for 
each life-cycle stage respectively.  
 

 
Figure 5: Flow chart of materials and energy. 

 
4.2.1 Upstream 
 
4.2.1.1 Data Collection 
The alloy content of the steel used in the calculations was based on material standards found in Alfa 
Laval’s material standards for high speed separators. The pure alloy elements were taken from 
SimaPro’s database. Location of the steel mill as well as processing and transport in Europe can be 
seen below in table 6. The complete list of components were found under ”General consist of” in 
Sensei. 
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4.2.1.2 Transportation and processes 
The stainless acid proof steel is milled by Böhler, a steel plant located in Kapfenberg, Austria. Further 
processing takes place at Voest Alpine in Linz, Austria, SPF in Basque Country in Spain and Riganti 
in Italy (table 6 and 7). 
Rough turning and forging were carried out in Spain and Austria, and thus added to the calculations.  
The following assumptions were made: 
 

• Data on origin of materials and processing were provided by KV and HL. The information did 
not cover all components but the most significant regarding material, processes and 
transportation were accounted for. 

• Other components (screws, nuts, rolled stainless steel) were assumed to be steel plates etc. 
from Avesta, later processed in Eskilstuna. 

• The transportation distances in Europe are in some cases assumptions since the exact location 
of the companies could not be established.  

• The weights of larger components from an almost identical machine (Alfa Laval Tumba AB, 
2001) assumed to be the same for this separator. 

• A few of the components’ weights are estimations based on material and size in drawings. 
• A certain percentage (50 percent in the case of forged components) has been added to the 

weight of the components during transport. This corresponds to the material later removed by 
machining at the factory in Eskilstuna. 

• The forging process in SimaPro has only electricity as input. 
 
Table 6: Weight, transportation, origin and processes for the major components (KV). 

 Part  Weight 
 [kg] 

 Means of
 transport  Origin  Processes  Processes 

 Bowl body    350  Truck  Böhler, AU  Voest Alpine, AU, forging  Rough turning, AU
 Operating slide     60  Truck  Böhler, AU  SFP, ES, forging  Rough turning, ES
 Sliding bowl bottom   105  Truck  Böhler, AU  SFP, ES, forging  
 Distribution cone     30  Truck  Böhler, AU  SFP, ES, forging  
 Distributor   106  Truck  Böhler, AU  SFP, ES, forging  
 Bowl discs incl. top disc   254  Truck  Outokumpu, SE    
 Bowl hood   175  Truck  Böhler, AU  Riganti, IT forging  
 Lock ring     55  Truck  Böhler, AU  Ring forging, AU  
 Rolled steel for cyclone, tubes etc.  Truck  Outokumpu, SE   
 
Table 7: Estimated distances in Europe. 
 From  To  Distance [km] 
 SPF, Legazpi, ES  Alfa Laval, Eskilstuna, SE              2700 
 Voest Alpine, Linz, AU  Alfa Laval, Eskilstuna, SE              1700 
 Böhler, Kapfenberg, AU  Voest Alpine, Linz, AU                200 
 Böhler, Kapfenberg, AU  Riganti, Milano, IT                730 
 Riganti, Milano, IT  Alfa Laval, Eskilstuna, SE              2000 
 Böhler, Kapfenberg, AU  SPF, Legazpi, ES              2000 
 Outokumpu, Avesta, SE  Alfa Laval, Eskilstuna, SE                120 
 
4.2.1.3 Composition of materials 
For the metals the following assumptions were made: 
 

• The material composition is based on data  in Alfa Laval Material Standards, an average was 
chosen in case of spans of percentages of a substance. 

• Of the alloy elements only chromium, nickel, molybdenum and silicon were taken into 
consideration. Carbon and nitrogen were not included, although the remaining amounts (apart 
from the alloys) were entered as steel. This steel does have carbon etc. in it already but the 
exact content may not be the same as the actual steel. 
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• Material data for some of the parts of the tool kit were not stated. For these parts the material 
was assumed to have the same material percentage as the rest of the tool kit. The tool kit is not 
recycled. 

 
The exact compositions entered into SimaPro are found in appendix 1. 
 
4.2.2 Motor  
The motor is supplied by ABB Motors in Vaasa, Finland. They provide environmental product 
declarations (EPDs) for many of their products, but for this particular motor there was none available. 
Instead, ABB Motors provided an LCA report of a 15 kW-motor (ABB Corporate Research, 1998), 
weighing 93 kg. As the standard motor for the separator is 42 kW with a weight of 215 kg, the 
inventory result of the LCA was multiplied by a factor of 215/93 = 2,3 according to weight. The motor 
inventory can be found in appendix 2. Transport from Vaasa was assumed to be by truck and boat. 
 
4.2.3 Manufacture 
The manufacturing part of the inventory includes information from the assembly at the factory in 
Eskilstuna. 
 
4.2.3.1 Data collection and assumptions 
Information on dimensions and material of all separator components were taken from Alfa Laval’s 
product database (Sensei). The larger components were identified from drawings. They were 
investigated more thoroughly with regard to material, weight and manufacturing process. Some 
weights were found in a test protocol for a similar separator (Alfa Laval Tumba AB, 2001) and 
MOVEX. Factory visits in Eskilstuna provided information regarding production methods, materials 
and energy use. The site’s own environmental report (Alfa Laval Tumba AB, 2006c) provided 
extensive information on use and disposal of chemicals and materials as well as energy and water 
consumption.  
 
Chemicals and chemical waste were stated in the environmental report. Those relevant for the 
manufacture of the separator were identified by HL. 
 
For the factory in Eskilstuna the following assumptions were made: 
 

• Transportation of chemicals etc. to the factory in Eskilstuna is not included.  
• Transport distance of waste was assumed to be 30 km.  
• Space heating, building maintenance, transport of personnel, machine maintenance etc. were 

disregarded.  
 
4.2.3.2 Allocation procedures 
As the data provided by the factory regarding energy consumption etc. is not specific to the different 
separators, a method for how to allocate the data to the separator in question was required. The method 
chosen was calculation based on mass percentage (manufactured 918 of total output).  
 
A record of manufactured separators in 2005 and average weights for the different separator types 
(found in the operator’s manuals in Sensei) gave a total weight output of 461768 kg. Out of 255 
separators made that year only one was a 918 model, but it is assumed that the different separators are 
proportional to each other. This fraction was then used to calculate this particular separator’s 
proportion of the waste, energy consumption etc. in the factory (table 8).  
 
Table 8: Percentage for one 918 of total output. 

2005   
 Sum of their mass (without motor)      461768 kg 
 Weight of one 918 (without motor)          2200 kg 
 Mass percent 918         0,476 % 
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4.2.3.2.1 Metal waste 
The waste metals from processing (milling etc.) are collected and sent to Stena Gotthard for recycling. 
The amounts are shown in table 9.  
 
Table 9: Metal waste (Alfa Laval Tumba AB, 2006c). 
 Waste type Amount 2005 [tons] Allocated to one 918 [kg] 
 Stainless shavings 105,9     504,5 
 Stainless steel 107,8     513,6 
 Mixed steel 106,1     505,5 
 Forged steel       2,65       12,6 
 Cast iron steel       0,68         3,2 
 Aluminium        0,306         1,5 
 Brass      0,04         0,2 
 Red brass        0,272         1,3 
 Aluminium bronze        0,132         0,6 
 Bronze        0,236         1,1 
 El        1,274         6,1 
 Total 325,4   1550,2 
 
4.2.3.2.2 Other waste 
The hazardous waste resulting from the use of chemicals, blasting sand etc. is found in table 10. Non-
hazardous waste is taken care of by Eskilstuna Energi & Miljö according to table 11. 
 
Assumptions: 
 

• Treatment of hazardous waste is not included in the calculations since it was impossible to 
establish the exact content and appropriate treatment. 

• The oil waste is refined and incinerated. 
• The non-hazardous waste (wooden waste and combustible waste) is incinerated. 

 
Table 10: Hazardous waste from factory (Alfa Laval Tumba AB, 2006c). 
 Waste type Amount 2005 Unit Allocated to one 918 Unit 
 Emulsions 97  m3 460  l 
 Sludge & water from polishing    31,2  tons 149  kg 
 Evaporated concentrate    25,2  tons 120  kg 
 Used pickle liquor       12,78  tons      60,9  kg 
 Waste oil       4,5  m3    21  l 
 Blasting sand         2,75  tons      13,1  kg 
 Electrical waste           2,488  tons      11,9  kg 
 Sludge from rinse pits         1,78  tons        8,5  kg 
 Cable waste           1,262  tons        6,0  kg 
 Oil waste           0,339  tons        1,6  kg 
 Hydrofluoric acid           0,122  tons        0,6  kg 
 Calcium chloride, solid           0,054  tons        0,3  kg 
 Filter material including solutions           0,028  tons        0,1  kg 
 
Table 11: Non-hazardous waste (Alfa Laval Tumba AB, 2006c). 
 Waste type Amount 2005 [tons] Allocated to one 918 [kg]
 Wooden waste                48,5                    231 
 Combustible waste                39,8                   190 
 Unsorted waste                19,6                        93,4 
 Deposit waste                  4,9                     23 
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4.2.3.2.3 Purchased chemicals 
The environmental report includes a list of purchased chemicals and is shown in table 12. 
 
Some of the chemicals bought in 2005 are in extremely small amounts and will not be included in the 
analysis. It should be mentioned that some of the products, e.g. the cyanoacrylate glues, are not 
environmentally friendly. Some of the products are toxic, e.g. Gleitmo 820. 
 
Table 12: Purchased chemicals (Alfa Laval Tumba AB, 2006c). 

 Type  Description  Total  Unit  Allocated to  
 one 918  Unit 

 Nitric acid 53%  Pickling acid 3840  kg   18,3  kg 
 Q8 Goya 320  Gear oil 2496  l   11,9  l 
 Hydrofluoric acid 70-75% Pickling acid 2420  kg    11,5  kg 
 Sodium hydroxide 50%  pH-adjusted rinsing water 1440  kg     6,9  kg 
 Carclin 1128  Alkaline cleaning agent   400  l     1,9  l 
 Kemesolv 95  Solvent   340  l     1,6  l 
 Ligroin  Degreasing / cleaning   205  l     1,0  l 
 Gleitmo 820  Paste for plastic deformation     55  kg     0,3  kg 
 Ardrox 970 P25E  Crack indicator     25  l     0,1  l 
 Ardrox 9D4A  Crack indicator       8  kg           38  g 
 Bycotest D30 spray  Crack indicator          3,2  l           15  ml 
 Molykote SR  Lubricant       3  kg           14  g 
 Molykote P1900  Lubricant       2  kg     9,5  g 
 Loctite 574  Anaerobic flange sealing            1,55  l     7,4  ml 
 Loctite 270              1,35  l     6,4  ml 
 Loctite 454  Cyanoacrylate            1,25  l     6,0  ml 
 Loctite 243  Anaerobic thread sealing       1  l     4,8  ml 
 Loctite 577  Anaerobic thread sealing       1  l     4,8  ml 
 Loctite 401  Cyanoacrylate             0,46  l     2,2  ml 
 Molykote 55M  Lubricant          0,3  kg     1,4  g 
 Loctite 603  Acrylate glue           0,3  l     1,4  ml 
 Molykote 1000  Lubricant   100  g     0,5  g 
 Loctite 542  Anaerobic sealing agent     50  ml     0,2  ml 
 Loctite 601       50  ml     0,2  ml 
 
4.2.3.2.4 Electricity  
Electricity at the factory in Eskilstuna is supplied by EON (KV). Their energy sources consist of 58% 
nuclear, 41% hydropower and 1% wind, coal and oil (EON, 2007). This energy mix was created in 
SimaPro to be used for the production part of the calculations. Space heating (oil) was disregarded, as 
was the fixed electricity consumption for lighting, office area and others not directly related to the 
production (table 13). 
 
Table 13: Electricity consumption 2005 (Alfa Laval Tumba AB, 2006c). 

 2005 [MWh] Allocated to one 918 
 Variable electricity  4885                          23,27 
 Fixed electricity    930  
 Total electricity  5815  
 
4.2.3.2.5 Water  
Water consumption in 2005 was 5032 m3 (Alfa Laval Tumba AB, 2006c), which, according to the 
same allocation procedure, results in 24 m3 for the production of one 918. 
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4.2.4 Location of and transport to customers 
 
4.2.4.1 Location of customers 
Until May 2007, 37 PX 918 used for dairy applications, have been sold (Installed base). The 
customers were located according to figure 6. 
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Figure 6: Buyers of 918 to date (Installed base). 

 
4.2.4.2 Transport to customers 
The separator is usually transported by truck and boat, but in case of delays in manufacture the 
separator might have to be delivered by air. The different means of transport will be compared and the 
distances can be found in appendix 3.  
 
4.2.5 Operation 
The operational phase of the life-cycle includes electricity consumption, cleaning solutions and 
maintenance.  
 
For operation the following assumptions were made: 
 

• Operation: 8000h/year 
• Flow: 75 m3/h. 
• Pumps etc. in the separation cycle are not included in the LCA. 

 
4.2.5.1 Data collection 
The separator in operation was observed in Arla Foods Stockholm dairy in Kallhäll. Data was sought 
regarding product output, electricity consumption, maintenance, cleaning procedures and chemicals, 
sludge handling etc. The dairy’s environmental report for 2005 contained valuable information.  
 
The separator is assumed to be cleaned (CIP) during 20% of the operating time which is relevant when 
calculating the functional unit and the amount of water used during CIP. The percentage is not easily 
estimated since the cleaning frequency, concentration, and the duration varies between dairies.  
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4.2.5.2 Electricity  
For the electricity consumption the following assumptions were made: 
 

• The electricity composition for the different locations was assumed to be the same as the 
country’s average. 

• According to ÅÖ the separator is operated at 69 Hz in order to keep within the maximum rpm 
of the bowl. This gives a power consumption of 37,8 kW (appendix 4). 

• Electricity consumption other than the normal 37,8 kW at start, stop, discharges and operation 
(CIP and separation) is disregarded. 

 
Table 14: Average electricity composition for different locations (International Energy Agency, 2007). 

  Hydro and  
 geothermal [%]  Nuclear [%]  Wind [%]  Gas [%]  Coal [%]  Biomass and  

 waste [%]  Oil [%] 

 Sweden 46,5 45 0,6     0,47      1,4 4,8 1,2 
 The Netherlands   0,3   3,8 1,9 60,5 26 4,7 2,8 
 New Zealand   71,14    0,86 16,7        9,94 1,3   0,06 
 USA   7,6    19,5 0,3 17,5    50,1 1,7 3,3 
 
4.2.5.3 CIP 
The consumption of CIP solution (NaOH, HNO3 and complexing agent) is calculated based on data 
from Kallhäll (tables 15 and 16) since the amount of cleaning agents used is not exactly specified but 
differs between dairies. The only specified data available is guidelines from Tetra Pak. In Kallhäll the 
solution is also reused which results in lesser amounts than if calculated as flow multiplied by time. 
 
The following assumptions were made: 
 

• Used amount of cleaning agents (2005) is assumed to be equal to the amount bought in 2005. 
• Only 1/3 of the CIP solution is included as the heat exchangers are assumed to dominate the 

cleaning demand (ÅÖ). 
• The cleaning agents have the concentration 1,25% for NaOH and 0,9% for HNO3, 

corresponding to the mean recommended value (Tetra Pak [n.d.] a). 
• Water used between cleaning agents flow at 75 m3/h a certain percent of the total CIP time 

(44%). The percentage is calculated as the average recommended value (Tetra Pak [n.d.] a), 
see table 5. 

• The cleaning agents at Kallhäll are also used to clean other equipment in the dairy. This is 
disregarded because of lack of data. 

• The complexing agent was disregarded due to lack of data in SimaPro and since it was only 
used in small amounts compared to the other CIP chemicals. 

 
To calculate the consumption of cleaning agents the flow for each separator acquired from the dairy is 
assumed to be the same as the CIP flow. The total flow is thus divided in percentages per separator to 
establish what percentage of the CIP solution is used (for separators 1, 2 and 7, whereas number 3 has 
another application). This percentage also relates to the number of operational hours (appendix 5). 
Since the cleaning agents are reused a reasonable approximation must be used in order to determine 
how much of the purchased chemicals should be assigned to a larger separator operating 8000 h/year 
(table 17). 
 
Table 15: Kallhäll: 4 separators bought in 1983, compared to 918(HJ). 
 Size and generation 214 214 414 614 918 
 Application Milk Milk Fermented products Milk Milk 
 Flow [m3/h] 20 20 13 25 75 
 Operation 2005 [h] 3 595 5 127 3 087 6 170 8 000 
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Table 16: Kallhäll: consumption of cleaning agents during 2005 (Arla Foods, 2006). 
 Product  Use  Manufacturer  Amount [kg] 
 Caustic soda (NaOH 50%)  CIP cleaning  AKZO NOBEL 92 030 
 Nitric acid 62% Bulk  CIP cleaning  Helm 60 480 
 Mac 7-18M  Complexing agent  NMK-Livsmedel   5 400 
 
Table 17: Consumption of cleaning agents for one 918 during one year (appendix 5). 
 Product  Amount  Unit 
 Caustic soda (NaOH 50%) 48 858  kg 
 Nitric acid 62% Bulk 32 109  kg 
 Complexing agent   2 867  kg 
 Water for dilution of NaOH   1 909  m3 
 Water for dilution of HNO3   2 165  m3 
 Water used between cleaning agents 17 440  m3 
 
4.2.5.4 Water 
For each discharge during operation a flushing of the sediment outlet takes place. There is no flushing 
of the sediment outlet during CIP. The water consumption is found in tables 18 and 19. 
 
Assumptions:  
 

• 2,5 discharges per hour during operation (ÅÖ). 
• 15 discharges during CIP (ÅÖ). 
• 3 CIP/day. 
• 1 litre of operating water for each discharge (ÅÖ). 
• 15 litres of water for each sediment outlet flushing (ÅÖ). 

 
Table 18: Water consumption, discharges and sediment outlet flushing (ÅÖ). 

 Purpose  Amount per  
 time [litre] 

 Times per
 hour 

 Times per  
 CIP 

 Sum per  
 year [m3] 

 Operating water for discharges during operation   1 2-3    16 
 Sediment outlet flushing during operation 25 2-3  400 
 Operating water for discharges during CIP   1  about 15      16,5 
 
Table 19: Cooling and sealing (ÅÖ). 
 Water used for  Amount [l/h]  Per year [m3]
 Sealing and oil cooler 150 1200 
 Cooling, frame 150 1200 
 
4.2.5.5 Maintenance 
Assumptions for one year (8000 h) of operation: 
 

• One major service kit is used. 
• Four intermediate service kits are used. 
• One OWMC service kit is used. 
• 1/3 service kit for foundation feet is used. 
• The service kits are flown to the customer (except for Swedish customers). 
• Plastics/rubbers existing in small and are approximated as NBR in SimaPro because of lack of 

exact data. 
• The stainless steels in the service kits are assumed to be 2332 and 2349. 

 
The total amount of service kit materials per year is found in table 20. 
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Table 20: Sum of all service kits used during one year (8000 h) of operation (Sensei). 
 Material Weight [kg]
 Stainless steel (2332 (~96%) and 2349 (~4%)) 10,502 
 Nitrile rubber (NBR)   2,867 
 Sintered silicon carbide     1,86 
 HNBR     1,74 
 Amide plastic 66 (PA 66)   1,224 
 Silicon rubber       0,4 
 Tetrafluorethylene (PTFE)       0,3 
 Rubber bounded aramide fibre (asbestos free )   0,217 
 Oxymethylene plastic, copolymer (POM)     0,12 
 Ether-etherketone plastic     0,12 
 PTFE/Bronze   0,104 
 Chloropene rubber (CR)     0,08 
 Fluorocarbon rubber (FPM)     0,04 
 Ethylene propylene rubber (EPDM)     0,01 
 Vulcan fibre   0,004 
 Teflon coated flour rubber for O-rings   0,004 
 PTFE/Coal   0,002 
 Cork   0,001 
 Sum per year 19,595 
 
4.2.5.6 Oil, pastes and grease 
Oil is used for the frame and lithium grease is used on two bearings in the motor. Paste and silicone 
grease is used in the intermediate service, and high protection grease in the OWMC service kit (table 
21). 
 
For oil, pastes and grease the following assumptions were made: 
 

• The oil in the frame is assumed to be of group D which results in a changing interval of every 
2000 h of operation (ÅÖ). 

• The oil in the frame is changed after the first 200 hours of operation or after a change of gear. 
• The used oil and grease are treated as special waste and taken care of. 
• All oils are approximated as “organic chemicals” in SimaPro because of scarce data on oils in 

the databases.  
 
Table 21: Oils and grease (Alfa Laval Tumba AB, 2006d) . 

 Purpose  Product Amount  Times per  
 year 

 Total per 
 year 

 Oil to frame  AL group D oil   12,5 l 4      50 l 
 Oil to frame after first 200 h of operation  AL group D oil   12,5 l 1   12,5 l 
 Paste   50 gram Molykote P- 1900       50 g 4        0,2 kg 
 Silicone grease for rubber details  25 gram Molykote 111       25 g 4       0,1 kg 
 High protection grease  Silicone grease for nitrile rubber       150 ml 1   0,15 l 
 Oil for two bearings in the motor  Lithium grease     100 g 1       0,1 kg 
 
4.2.5.7 Sludge and waste 
For sludge and waste the following assumptions were made: 
 

• Waste treatment for metal waste from service kits: 90% recycling, 5% landfill, 5% 
incineration. 

• Rubber/plastics from service kits are approximated as PVC with 25% recycling, 25% landfill 
and 50% incineration. 
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• Oil and grease (approximated as organic chemicals) are treated as special waste and taken care 
of (incineration). 

• Sludge, water and cleaning agents are collected in a neutralizing tank and later transported to a 
waste water treatment plant. 

• The amount of sludge is 3 kg/10000 kg of milk (inflow) (HJ). 
• COD from a dairy is easily degradable. 

 
Incineration of some of the plastics and rubbers from the service kits is harmful for the environment 
since it contains fluorine and chlorine. Incineration of rubber should be avoided. 
 
Total amount of waste per year is listed in table 22. 
 
Table 22: Waste per year for one 918. 
 Type  Waste treatment  Per year  Unit 
 All oils, greases and pastes  Treated as hazardous waste              43,6  kg 
 Rubber from service kits  Incinerated         9 093  kg 
 Metal from service kits  Recycled       10 502  kg 
 Sludge  Neutralizing tank at the dairy     144 000  kg 
 Used HNO3  Neutralizing tank at the dairy       32 109  kg 
 Used NaOH  Neutralizing tank at the dairy       48 858  kg 
 Water  Neutralizing tank at the dairy       24 350  m3 
 
4.2.5.8 Raw milk 
The amount of raw milk that is separated during the life cycle is to be used for calculating the 
functional unit; environmental impact per 1000 m3 of raw milk. 
 
Assumptions:  
 

• Capacity: 75 m3/h  
• CIP during 20% of time (to be checked with ÅÖ on Thursday) 

 
The amount of raw milk is 480 000 m3 during one year, or 14,4 million m3 for the whole life span. 
 
4.2.6 Disposal etc. 
Since the separator is considered to be recycled due to its large amount of high alloy steel, all metals 
are assumed to be recycled. The steel to be recycled is assumed to be transported 30 kilometres.  
 
All other types of waste are assumed to be treated in different ways, e.g. incineration and landfill. 
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4.3 Life cycle impact assessment (LCIA) 
 
4.3.1 The Eco-Indicator 99 method 
The method used for this LCA is Eco-Indicator 99. The environmental impact is measured in three 
categories: Human health, Ecosystem quality and Resources (PRé Consultants, 2007). The units used 
(the y-axis) are called Eco-Indicators.  
 
The numbers for each category below are normalised and made dimensionless by division by 
reference values (Rydh et al, 2002). 
 
4.3.1.1 Human health 
Damaging effects to human health is measured in DALY (Disability Adjusted Life Years), based on 
climate change, ozone layer depletion, carcinogenic effects, respiratory effects and ionising radiation.  
 
4.3.1.2 Ecosystem quality 
The Ecosystem quality category expresses the loss of species caused by ecotoxicity, acidification, 
eutrophication, and land-use. 
 
4.3.1.3 Resources 
The Resources category measures minerals and fossil fuels in terms of surplus energy demand for 
extraction in the future.  
 
4.3.2 Overall life cycle impact 
The overall life cycle impact shows how the different parts of the life cycle affect the environment. 
Here it is clearly shown that the operation phase contributes the most. The difference in use between 
Sweden (figure 7a and 7b) and New Zealand (figure 8a and 8b) is caused by the difference in 
electricity composition. Electricity is used for operation and for the manufacturing of cleaning agents. 
 

 
 



 23

 
Figure 7a & 7b: Comparison of the different life cycle stages: components, manufacturing in Eskilstuna, 

transport to Stockholm by truck, use in Sweden (30 years) and recycling of the separator. 
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Figure 8a & 8b: Comparison of the different life cycle stages: components, manufacturing in Eskilstuna, 

transport to New Zealand by air, use in New Zealand and recycling of the separator. 
 
4.3.3 Components and materials used 
In figure 9 the difference between the machine units are shown. In each unit transportation and 
processing in Europe before arriving in Eskilstuna are included. The main reason why some units 
contribute with a large environmental impact is their weight, but also the type of steel has an effect on 
the results, which can be seen in figure 11 and 12.  

 

 
Figure 9: Machine units; processing and transportation are included in the parts. 

 
A close-up on the distributor is shown in figure 10, where the environmental impact from raw material 
extraction, processing and transport can be seen. 
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Figure 10: Environmental impact from the distributor. 

 
Stainless steel has a remarkably larger impact than cast iron, due to its high alloy content (figure 11). 
The high value for stainless steel 2349 (figure 12) is largely depending on the high amount of nickel. 
Nickel is found in sulphide ore, which emits SO2 when processed. 

 
 

 
Figure 11: Comparison between cast iron and stainless steel per kg. 
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Figure 12: Differences in environmental impact between stainless steels per kg. 

 
4.3.4 Manufacture 
Figure 13 shows the used chemicals and production waste at the factory in Eskilstuna. Most of the 
environmental impact is caused by the metal waste, 1500 kg for a separator weighing 2200 kg, and the 
recycling can be seen as a significant decrease in impact. 
 

 
Figure 13: Processing, use and waste at the factory in Eskilstuna. 
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4.3.5 Transport 
To illustrate the variation in environmental impact between different means of transport a comparison 
is made between delivery in time (transport by truck and boat) and late delivery (transport by air) to 
New Zealand. The difference is shown in figure 14. 
 

 
Figure 14: Difference between transporting one separator to New Zealand by air and by sea and truck. 

 
4.3.6 Operation 
Figure 15 shows use in the USA. Even though the cleaning agents make the largest environmental 
impact electricity is also a major contributor. The impact can be decreased by choosing 
environmentally friendly electricity both for operation and for manufacturing cleaning agents. 
 

 
Figure 15: Electricity, CIP and service during 30 years of operation in the USA. 
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In figure 16 operation in Sweden is shown. The electricity is divided between the amount used during 
operation (80%) and cleaning (20%). Since electricity in Sweden consists of more renewable energy 
the environmental impact is less than in the USA. Although the difference is not as large for the 
cleaning agents since parts of their manufacture are not related to electricity. 
 

 
Figure16: 30 years of operation in Sweden 

 
4.3.7 CIP 
The cleaning agents will have different environmental impact due to varying electricity composition 
depending on where manufacture takes place. The different parts of the environmental impact from 
producing sodium hydroxide and nitric acid are shown in figure 17 and 18. Because of the low amount 
of fossil fuels used for electricity generation in Sweden, the main impact of NaOH is caused by the 
rock salt. Natural gas is assumed to be used in the production of HNO3 regardless of location and the 
difference in environmental impact is thus much smaller between countries.  

 
Figure 17: Environmental impact for manufacturing 1 kg of sodium hydroxide in Sweden. 
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Figure 18: Environmental impact for manufacturing 1 kg of nitric acid. 

 
4.3.8 Motor 
The LCIA of the motor in SimaPro were compared to that of the original report to evaluate if the new 
results were reasonable. The original results are, however, not included here since the methods of that 
assessment were not necessarily the same as those in SimaPro and the motor must be evaluated on the 
same grounds as the rest of the separator.  
 
4.3.9 Water  
The method only measures environmental damage caused by emissions and resources in the form of 
minerals and fossil fuels. Water is thus seen as a renewable resource and the use of groundwater and 
its effect on the water table is disregarded. This view naturally requires sustainable use and is 
dependent on location. 
 
The total amount of water used during one year of operation is shown in figure 19. The amount for the 
whole life cycle is 730 000 m3 or 51 m3 per functional unit. 
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Figure 19: Water used during operation [litre/functional unit]. 
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4.4 Life cycle interpretation  
 
4.4.1 Results  
The impact assessment clearly shows that the main environmental impact on the life cycle of the 
separator is caused by CIP and electricity during operation. The use of mineral resources is to a large 
extent compensated for by recycling the steel. The major part of the impact from the CIP chemicals is 
due to the energy needed for their manufacture. Fossil fuels account for most of the impact for both 
operation (electricity) and manufacture of chemicals (electricity and natural gas).  
 
The LCA shows the importance of waste treatment. Recycling waste material (e.g. metal shavings) is 
essential. Steel, especially stainless, is almost completely recyclable. Although recycling the product 
material does not in itself compensate for the original mining, it prevents further mining. Recycling in 
itself is not “free” since resources and energy is needed for transport and processing, and the waste 
material should consequently be minimised.  
 
However, sometimes waste material can fill a further purpose, e.g. scrap metal in the smelting process 
and bacteria in waste water that can be used in the water treatment process.  
 
The results should be seen as an indicator of where further work can be done to decrease the 
separator’s environmental impact during the whole life cycle. For detailed studies on only a part of the 
life cycle other methods should be used and more detailed data collection needs to be done. 
 
4.4.2 Limitations 
Because of the long life span, the large amount of components and processes, and limitations in the 
databases, the main objective of the life cycle assessment is to provide an overall picture of the 
separators environmental impact.  
 
Simple “rules”, such as using maximum capacity in the calculation, makes it easier to choose equal 
parameters for another LCA (i.e. another product with the same purpose and functional unit). 
Although it is unlikely that a separator is used 8000 hours per year it is difficult to estimate a more 
likely number as it depends on the dairies. However, one may assume that a large separator would be 
used for the base load at a large dairy. 
 
4.4.3 Recommendations 
The life-cycle perspective should be kept in mind when planning and making decisions. For example, 
a design change that enables less cleaning would dramatically decrease the life-cycle impact. 
Additionally, a change to one stage in the life cycle may affect another stage.  
 
Energy and CIP were identified as the major contributors to the environmental impact. There are 
several questions regarding possible improvements, such as: 
 

• Are there more environmentally friendly alternatives to the chemicals used today? 
• What can be done in design phase? 
• Is it possible to have materials where it is more difficult for bacteria etc. to foul? 
• Can the cleaning demand be lowered in the dairy?  
• Is the efficiency maximised?  
• Is there a way to decrease the energy consumption? 
• Is it possible to change the cleaning cycle so heat exchangers are cleaned separately? 
• Is it possible to change to, or design, a heat exchanger which is easier to clean?  

 
Maybe other changes in the cycle can decrease the amount of chemicals needed, for example changing 
the temperature of the milk in different parts of the cycle. If the system is cleaned after a certain 
amount of operating hours it is also important that the separator is used at full capacity in between. 
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The environmental impact from the cleaning agents (NaOH and HNO3) is almost entirely due to the 
manufacturing even though waste treatment contributes with a minor part. Thus it is very important 
that the sodium hydroxide is manufactured with the less environmentally hazardous production 
method, such as the membrane cell process. 
 
It is also crucial that the electricity used in the manufacture is as environmentally friendly as possible. 
A low content of electricity produced by fossil fuels is essential. 
 
Even though water consumption does not have a negative impact on the environment in the 
assessment, naturally it should be kept at a minimum.  
 
Less environmentally hazardous materials might be available or developed. Materials should be 
checked even if they are only used in small amounts. Waste treatment options should also be 
compared. 
 
Customers should be encouraged to use environmentally friendly electricity and chemicals, such as 
renewable energy sources and sodium hydroxide and nitric acid manufactured by the least 
environmentally hazardous technique available. It is also important to use as little as possible of 
cleaning agents and make sure that waste is treated properly.  
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5 DISCUSSION  
 
The most difficult part of conducting a life-cycle assessment is acquiring the necessary data. There are 
many sources of information, and the availability and quality of the data vary greatly between the 
sources. Therefore many assumptions and approximations must be made. It is important to clearly 
state all those assumptions, and to take them into consideration when evaluating the LCA. This is also 
essential since the LCA is the foundation for an Environmental Product Declaration and should be 
able to be reviewed externally. 
 
The CIP-procedure is, partly since it is the main contributor to the environmental impact, the part of 
the life cycle where the lack of exact data is causing the most possible variation in the result. Since 
usage and amounts can vary greatly between dairies it is almost impossible to calculate an exact 
quantity. Therefore it is more important to acknowledge that the manufacture of CIP chemicals has a 
significant environmental impact and that usage should be minimised. This is valid for other parts of 
the life cycle as well, especially electricity used during operation, but not to the same extent.  
 
Weighing is an option when conducting an LCA and is done as the last step in the impact assessment. 
This will however make the LCA less transparent since the results will be summarised to only one 
number, making it impossible to see which type of environmental impact the product causes.  
 
In a sensitivity analysis e.g. the effect of changing the operational hours should be investigated.  
 
5.1 Limitations of LCA 
There is a difference between life-cycle perspective and “close-up” view. The transport by air to a 
customer far away could give a result X times worse than shipping it by sea. However, in the life-cycle 
perspective the difference is negligible. On the other hand, one should not dismiss small contributions 
to the total environmental impact, such as transport and manufacture method, especially when those 
are directly controllable.  
 
An LCA is not always the most appropriate tool for environmental management. When it comes to 
small contributions to the environmental impact, such as a small amount of a toxic chemical, the final 
LCA results will probably not show the effects.  
 
LCA in general is more informative in comparative situations. Different products can be compared to 
each other, the same product before and after improvements, or, as in this case, different physical parts 
or life-cycle stages can be measured against each other.  
 
In this LCA many assumptions have been made due to the large amount of components and the long 
life span of the product. These make a source of errors that should be evaluated especially if the LCA 
is to be a base for environmental improvements.  
 
5.2 Limitations of data and databases 
One should also keep in mind that the software and its databases are not exact and therefore not 
completely reliable. The materials and process data are sometimes based on averages and sometimes 
on specific cases, neither of which reflects the exact background of this particular separator.  
 
An interesting subject for further investigation would be the development of an impact assessment 
method evaluating water use in different locations. 
 
In addition to the data, SimaPro also evaluates the results with a method, in this case Eco-indicator. 
This method is built into the ECO-it software, which will be used by Alfa Laval in future projects. 
 
One danger when conducting an LCA is favouritism of easily available data. A small amount of a 
specific material may be included, whereas large amount of less attainable data is disregarded or 
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approximated. However, this issue could partly be solved with cut-off rates. Consequently, it would be 
unwise to focus too much attention on the detailed results.  
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7.3 Personal communication 
Personal communication (visits, e-mail, meetings) with the following persons: 
 
HJ     Helge Jonsén, Arla Foods AB, Kallhäll 
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7.4 Databases 
The following of Alfa Laval’s internal databases were accessed (not available outside of Alfa Laval): 
 
Installed base 
Movex 
Sally 
Sensei 
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Appendix 1, Composition of materials 
 
Material Fe 

[%] 
Steel 
[%] 

Cr 
[%] 

Ni 
[%] 

Mo 
[%] 

Sn 
[%] 

Zn 
[%] 

Mn 
[%] 

Al 
[%] 

Mg 
[%] 

Si 
[%] 

Pb 
[%] 

Cu 
[%] 

AL 111 0120 
(cast iron) 97,3       0,7   2   

AL 111 0727 
(cast iron) 96,4   1    0,5  0,1 2,0   

AL 111 1312 
(structural 
steel) 

100       0,7      

AL 111 1650 
(engineering 
steel) 

100             

AL 111 2332 
(stainless steel)  69 19 9    2   1   

AL 111 2349  68,2 17,3 12 2,5         
AL 111 2377  69,2 22 5,7 3,1         
AL 111 2398  64 25 7 4         
Brass 5170       29     3 58 
Bronze 5465      12       88 
Red brass 5204      5 5     5 85 
Aluminium 
Bronze 5716 4,5   5    1 9,5    80 
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Appendix 2, LCA of motor 
 
15 kW motor (from ABB report)         42 kW motor   factor 
  raw mtrl waste left  raw mtrl waste left   
rotor Al 3,080  3,080  1,333  1,333   
 Carbon steel 8,760 1,530 7,230  3,790 0,662 3,128   
 Electrical steel 34,670 12,390 22,280  15,001 5,361 9,640   
stator Cu 8,910 0,530 8,380  3,855 0,229 3,626   
 Electrical steel 53,130 18,980 34,150  22,989 8,213 14,776   
 tin 0,011  0,011  0,005  0,005   
body Al 0,440  0,440  0,190  0,190   
 Al 14,700  14,700  6,361  6,361   
 Brass 0,015  0,015  0,006  0,006   
 EPDM rubber 0,046  0,046  0,020  0,020   
 Carbon steel 1,040  1,040  0,450  0,450   
 Carbon steel 0,079  0,079  0,034  0,034   
 Carbon steel 1,200  1,200  0,519  0,519   
 Polypropene 0,205  0,205  0,089  0,089   
 Polypropene 0,173  0,173  0,075  0,075   
             
sum weight (kg)    93,029    215,000   2,311
power (kW)    15,000    42,000   2,800
kW/kg    0,161    0,195     
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Appendix 3, Transport distances  
 
 
 
 

Name       
transport NZ- air      
       
Processes Amount Unit Comment    
Truck 16t B250 390 tkm 150 km Eskilstuna-Arlanda (eniro) 
       
Air traffic intercontinental I 52000 tkm 20 000 km Stockholm-NZ (infoplease.com) 
       
Truck 16t B250 260 tkm 100 km from airport   
       
       
Name       
transport NZ - sea & road     
       
Processes Amount Unit Comment    
Truck 28t B250 970 tkm 373 km Eskilstuna-Göteborg (eniro) 
       
Container ship 67000 tkm 26000 km Göteborg-Wellington (infoplease.com) 
       
Truck 28t B250 520 tkm 200 km from harbour   
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Appendix 4, Electricity consumption at different frequencies 
 
Capacity [m3/h]  Frequency [Hz]  Power [kW] 
 75  55  21,9 
 75  60  27 
 75  65  33 
 75  70  39 
 
Power consumption at constant capacity and varying frequency from Åke Ölund, Tetra Pak 
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Appendix 5, CIP calculation 

 
 
 

Separator 
  No 1 No 2 No 3 No 4 918 

Type 214 214 414 614 918
Operating hours 2005 3595 5127 3087 6170  
Flow [l/h] 20 000 20 000 13 000 25 000 75 000
Percent of operation time that the separator is cleaned 23,3 23.3 27,9 23,3  
h/year that the separator is cleaned (operating hours * 
percentage) 837,2 1194 860,3 1437  
liters running through the separator during CIP (flow * 
h/year) 16743836 23879178 11184643 35921233  
Percentage of total amount of cleaning agents allocated to 
this separator [%] (liters/total liters) 19,09% 27,22% 12,75% 40,95%  
Used amount of NaOH 50% per year [kg] (percent of total 
* used amount) 17565 25050 11733 37683  
Used amount of HNO3 62% per year [kg] (percent of total 
* used amount) 11543 16462 7710 24764  
NaOH per operating hour [kg] 4,89 4,89 3,8 6,12  
HNO3 per operating hour [kg] 3,21 3,21 2,5 4,01  
Allocated to one 918 according to the 614's amount per 
hour * 8000 h * 3 (the difference in flow rate): 
NaOH per year for a 918 146576
HNO3 per year for a 918 96326
 
CIP according to Helge Jonsén: 
 Per day, no. 1, 2 and 7: [%] No 3   
      7,117 h is average operating hours per day
  Disinfection 0,75 h 4,109589 0,75 h 
  Production 7 h 38,35616 7,117 h 

  
Intermediate 
Cleaning 1,5 h 8,219178  

  Production 7 h 38,35616  
  Final cleaning 2 h 10,9589 2 h 
       
 Sum   18,25 h  9,87 h 
       
% of operating time the separator 
is cleaned    23,29  27,87 
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Appendix 6, CD-ROM 
 
1 ABB Motors 
2 Databases from SimaPro 
3 Excel files 
4 Pictures 
5 Presentation 
6 Report 
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