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In public restrooms, different types of hand dryers exist.  What is the best type of hand dryer?  This is a question of identifying the advantages, the disadvantages and the possibilities for improvement of each system from an environmental perspective.
Objectives
Comparing one use of various types of hand drying: 
1. The paper towel (statistically, one uses 1.5 towels per use); 
2. The air-dryer with hot air -- the model "A4 white enamelled cast iron": 
Functional Unit
The following steps constitute the necessary information to perform an eco-assessment, and thus use SimaPro: 
1. describe the function of the system; 
2. choose the functional unit that represents the function of the system; 
3. for each case, list the reference flows corresponding to the selected functional unit.
 Procedure
The necessary data relating to the inventories are provided in appendix 1 (eventually you should do the energy balance by hand to compare with simapro calculations). 
· Establish the 2 scenarios (for SimaPro) and calculate the inventory of the emissions and the impacts
· Compare the energy, CO2, and other inventories of the 2 Assemblies by using an impact assessment methods (Impact 2002+)
· Answer the following questions:
· 1. Compare your Simapro Energy and CO2 results to your hand calculations from last week.
· 2. Which scenario is better from an energy-use perspective?  What about from a global warming perspective?
· 3. Which scenario results in more lead emissions?

Calculations in SIMAPRO
 Open SimaPro 7
1. Install Simapro and open it.
2.    Go to File  Open Project (this function is not allowed in the demo version, so skip)
click on New on the right handside and  enter the name of your project or select an existing project 
3. 	Click on Libraries in the left Menu and click on select all (this will also load US databases)

 Overview of how you will enter data 
The complete and detailed examination of the impacts of all methods of hand drying can be undertaken using the Simapro software. A detailed description of the procedure is in the following pages (see Section 4.3 for step-by-step instructions). In general, the methods must be described with the software according to the following steps:



The Project is the workspace in which will be defined all Assemblies that one wishes to compare from an environmental perspective. One creates only one Project, regardless of the number of Assemblies to be compared; An Assembly is created by combining different processes
A Process consists of all the quantitative inputs and outputs necessary for a given amount of services or elements entering into an Assembly. For example, 1000 MJ of Swiss electricity, 5 m2 of sown field, or the drying of 1 hand-dryer. A Process can be composed of other Processes and does not necessarily correspond to 1 functional unit. One generally defines these sub-processes in the ‘output to technosphere’.
Here you will need to create three processes, corresponding to the towel dispenser, 1 towel and the air dryer device that are shaded in figure 1.
An Assembly represents a studied system; it always corresponds to a functional unit. Here there will be an Assembly for each type of  hand drying;

Once the Assemblies are completed and saved, you must then: 
· Choose the impact evaluation method (TRACI or Impact 2002+); 
· Compare the systems studied using the functionalities of Simapro; 
· Analyze the results (emissions, impacts, evaluation).


-  -


Figure 1. Some sample processes and assemblies to demonstrate the project structure.  Note: to facilitate later work (sensitivity analyses, etc), it is important to correspond a process to the measuring unit considered (1 towel, 1 MJ, 1 apparatus). The quantity actually used for the scenario will be specified in the assembly (1.5 towels, 0.054 MJ...).

 Step-by-Step instructions
Create a Project (this function is not allowed in the demo version, so skip to ‘New Process’) 
1. Go to File  New Project; 
2. Name the Project. 
This first stage is to be carried out ONLY ONCE. Within this one Project, you will create all Assemblies of the same study. 
When starting a new study, it is necessary to describe the system in detail. This step is achieved under Goal and scope  Description in the left navigation bar. The Author and Comment fields must be filled so that work is reusable later on.
New Process
You will need to create the 3 processes that are in shaded boxes on figure 1, using the existing processes in the database as listed in Appendix 2.
Before creating a new Process, check if it already exists in the database. Since Processes are ordered under specific titles.
1. In the left navigation bar, go to Inventory  Processes. Existing Processes are grouped into Categories (Material, Energy...) and Sub-categories (Aluminium, Chemicals...); 
Note: you can also search for existing processes by typing Ctrl-F
2. To make a new process, choose the Category and Sub-category corresponding best to the Process than you would like to describe. 
Ex: a new cast iron Process could be in Material  Metals  Ferro  Cast Irons 
Note: you can put all project-specific new processes (such as the dispenser) in the ‘Others’ subcategory in order to easily re-find these processes.
3. In the window on the right-hand side, click New. 
4. Under the Input/Output tab, in the ‘Known outputs to technosphere. Products and co-products’ section, give a name to the Process and specify the quantity (mass, volume, unit) and the unit in which flows will be expressed in this Process. 
Ex: for the Process "cultivation of hemp", you would specify Area as the Quantity and specify that measurement will be done in m2. 
The Amount field determines the flow to which the whole of the Process is referring (note that this is NOT per functional unit).
Ex: the Process "towel" outputs 1 towel (specify dimensionless as the Quantity, and n as the  unit) 
5. Fill the other fields with existing processes describing the Inputs and Outputs of the Process according to the data available  In this example, you’ll mostly add ‘known inputs to technosphere (materials/fuels)’. If necessary, add to the Outputs section to account for any known emissions to the environment not directly associated with an included process.
6. Close the window: the software will suggest that you save.  This will count as 1 of your 16 saves (!)
Note: within the framework of a study, it is necessary to fill in the Comment field under Documentation (in order to update the Date field when one modifies the Process).


New Assembly
1. In the left navigation bar, go to Inventory  Product stages; 
2. Select Assembly  Others, then click New in the window on right-hand side; 
3. Give a name to the Assembly; 
4. By double clicking the empty space under Materials/Assemblies, you reach the raw materials necessary to develop the system (HDPE, cast iron or steel in our examples). Don’t forget to specify reference flows necessary for the functional unit (quantity of materials in this case); 
5. In the same way, under Processes, you reach the known processes of Simapro (electricity, transport, etc.). Processes not described in the database must be created according to the procedure described above; 
6. Once the Assembly is complete, close it to save.
 Creation of the inventory
1. Once the different Assemblies are created, select all of the Assemblies you wish to evaluate; 
2. Go to Calculate  Compare, and click Calculate. The software launches calculations for each Assembly; 
3. In the Inventory tab, you can access the numerical results of the Simapro calculation. When Inventory is selected as an "indicator", you can see the inventory of the extractions (raw) and emissions (to air, water or soil) for each system.
4. In order to look at energy and CO2 for each assembly, you can look at the impact indicators, using Characterization as an “indicator” and ‘non renewable Energy’ or  ‘Global Warming’ as a category.
 Impact Assessment in SIMAPRO
Further exploration of results
To aid interpretation, you can see the process tree of each scenario (this is especially interesting if you have selected the Unit processes (process with ‘U’) rather than the aggregated system (‘S’) processes): 
1. In Inventory  Product Stages, select the desired Assembly; 
1. Run Analyze  Tree or click on the Tree icon in toolbar; 
1. The drop-down menu on the left lets you choose how to construct the tree. 
ex: by choosing Characterization  Global Warming, each "branch" of the tree will represent the contribution of each Process to the ecotoxicity of the Assembly; 
1. The Navigator lets you zoom in and out of the tree structure; 
1. The node cut-off enables you to modify the number of Processes displayed; 
1. By clicking the Summation button you can display in each process box either the summed value for all sub-processes or the value from just that one process.

Impact evaluation 
Impact evaluation methods must be applied to the calculated inventories for both scenarios. There are many methods to estimate impacts, so LCA results are considered more robust when multiple methods agree with each other in scenario ranking.  The two methods you will use here are Impact 2002+ and TRACI. 
2. In the left navigation bar, go to Impact assessment  Methods, then select the evaluation method "Impact 2002+”; 
3. Click on Select; 
4. Re-run the calculation as previously done with Analysis  Compare; 
5. Examine the graphs created under the Characterization and Normalization tabs;
NOTE: To see the tables of values rather than the graphs, click on the icon Show table. 
5. Repeat steps 1-4 with TRACI to see if you see the same relative damages between the two scenarios.

You can also have the detailed scores of each Process of an Assembly: 
1. Select, in Inventory  Product Stages, the desired Assembly; 
1. Run the calculation by Calculate  Analyze or by the corresponding icon in the toolbar; 
For more information, see Lesson 2D in the SimaPro Tutorial (accessed from the Help menu).

Answer the following questions in particular: 
1. What is the best scenario between the towel or the air dryer?
1. Where should you act in priority, on which processes and which pollutants? 
1. What do you propose as solutions to improve the hand-driers? 
1. Which model of hand-drier will you use next time?
Uncertainty 
Many of the values used in LCA are uncertain due to uncertainties in the inventory (amount of materials, amount of emissions, amount of use, etc.), as well as uncertainties in the impact assessment (fate, transport and exposure of substance).  SimaPro can only create uncertainty distributions due to uncertainties in the inventory.  It uses a Monte Carlo analysis to create a distribution of results based on the inputted distributions of each sub-process.
1. Select the process to analyze. In the upper tool bar, go to Calculate  Uncertainty Analysis, then select the evaluation method "Impact 2002+”; 
1. Here you can select the number of runs to perform (the more runs you have, the better your distribution will be).  Start around 100, as higher numbers can take a very long time.  Then click Calculate.
1. You may see an error that the processes contain no distribution data (especially in the demo version), in which case you should enter distribution data for some processes.
For more information, see Lesson 11 in the SimaPro Tutorial (accessed from the Help menu).

Appendix 1. Intermediary flows
For all systems: 50 uses per day

Hot air hand-dryer
The A4 device is made out of cast iron with white coating. The mode if action is handled by a press button that is regulated for a 30 s usage.
	
	A4 white coated 
cast iron

	Weight
	12 kg

	Carcass
	8 kg Cast iron

	Base
	4 kg steel

	Device Life time
	20 years

	Electricity cons.
	1800 W

	Drying time
	30 s

	Transport
	100km truck



Paper towel 
	
	paper towel

	Towels per use
	1.5

	Towel weight
	3.58 g

	Weight of towel container
	3 kg plastic

	Device life-time
	10 years

	Transport
	100km truck

	Optional: dispenser emissions to environment 
	2 mg formaldehyde to indoor air



Appendix 2. Processes 
US electricity :	Energy  Production Electricity mix  Electricity mix W-D U
Plastic :	Material  Plastics  Thermoplast  PP ETH U
Cast iron :	Material  Metals  Ferro  Cast Iron ETH U
Steel:	Material  Metals  Ferro  Steel low alloy ETH S
Paper :	Material  Paper+board  Graphic paper  Paper ETH U (Introduction to Sima Pro)
Transport :	Transport  Road  Transport, lorry 28t/CH S
Waste PP:		Disposal, polypropylene, 15.9% water, to sanitary landfill/CH U
Waste Steel & Cast Iron: 	Disposal, steel, 0% water, to inert material landfill/Ch U
Waste towel to landfill: 	Disposal, paper, 11.2% water, to sanitary landfill/CH U 
Waste towel to incinerator: Disposal, paper, 11.2% water, to municipal incineration/CH U
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