Instructions for Using the R&D and LBD module
Whether you are using the stand alone R&D and LBD module or the version that integrates with the Demand Framework, you will need to update the R&D and LBD Library.

1. In the SEDS_Shell go to the “Function Library” (g_function_library).

2. Go to File -> Add Module and select the R&D_LBD_Library_R#.ANA file

3. Select Embed a Copy and Merge Contents (overwrite)

If you are not using the Demand Framework, you will want to use the stand alone version of the R&D and LBD module. You can embed this module anywhere in your model. Once you have embedded the module, you will need to update the indexes (Technology Types, Tec Parameters, and R&D Base and Goal Years) in the user input page. Next, go to the R&D and LBD Details module and redefine the variable “Cumulative Capacity for Learning” such that the variable will represent the cumulative installed capacity of the technologies that you are applying LBD to. Lastly, update all of the input variables, which are greenish in color, from the user input page. (Don’t forget to add your designated prefix to the newly embedded R&D and LBD module.)
If you are using the Demand Framework, you need to open the integrated version of the R&D and LBD module, which must be accompanied by the rest of the SEDS Shell. Using the Prefixer Library, add your designated prefix to the entire Demand Framework. Then extract the prefixed R&D and LBD module from the Demand Framework by saving it as a filed module. Now open your model, go to the Demand Framework that uses the same prefix and delete the existing R&D and LBD Details module. Now you can embed the new version of the R&D and LBD using the Merge Contents (overwrite) option. In most cases the Prefixer will change the identifiers of the variables in the same way as it did when you originally prefixed your demand modules. If you get error messages when you try to run the model, it’s most likely because Analytica cannot find a variable that is referenced in another variable’s definition. If this is the case, check the identifiers of the variables in the new R&D and LBD module to ensure that they are consistent with the references in the rest of the model. For example, the variable “Parameter Improvable” may have originally been prefixed to be Bc_parameter_improva, but, in the prefixing of the new R&D and LBD module, it is now Bc_parameter_improv_. Thus, any variable in the Demand Framework that references Bc_parameter_improva will not be able to find it because that variable is now labeled as Bc_parameter_improv_. This problem can be solved by changing the identifier of “Program Improvable” back to Bc_parameter_improva. Lastly, update all of the input variables, which are greenish in color, from the user input page.
Methodology

     The user must specify the probability of advancement (POA), the percentiles and the deterministic value for each technology parameter (i.e. capital cost, intensity), for each technology (i.e. gas-fired water heaters, heat pumps, solar water heaters) and for each goal year (i.e. 2005, 2010, 2015). These inputs relate to improvements achieved due to R&D. It is also necessary to specify the learning-by-doing percentiles and deterministic values for each technology parameter corresponding to the selected technologies. 

     For the R&D distributions, a POA less than 1 suggests there is some probability that the R&D goal for a particular year may not be reached. In the event that the goal fails, the user specifies the distribution that the model will revert back to using the Base When No Advance pull-down menu. The user can select Base Year, Last Successful Goal Year, or Last Successful Base Program. The Base Year selection is typically a historical value for the base year and is not actually a distribution. The Last Successful Goal Year option will revert back to the distribution from the last goal that was attained in the Base, Target or Over-Target programs, depending on which program is selected. If the Last Successful Base Program option is selected, then the model will revert back to the distribution from last goal that was attained in the Base program, even if the user is running the Target or Over-Target programs. This is to ensure that goals are met sequentially and that, if the 2010 and 2015 programs fail, for example, the 2020 goal cannot be attained.
Example #1:

TPI Distributions:
	
	2005
	2010
	2015

	Base
	triangular(10,10,10)
	triangular(7,9,9.5)
	triangular(6,8,9)

	Target
	triangular(10,10,10)
	triangular(6.5,8.5,9.5)
	triangular(5,8,9)

	Over-Target
	triangular(10,10,10)
	triangular(6,8,9)
	triangular(4,7,8)


POA (Bernoulli distribution):
	
	2005
	2010
	2015

	Base
	1
	.9
	.7

	Target
	1
	.8
	.6

	Over-Target
	1
	.7
	.5


-In 2005, there is 100% probability that the goal will be met because it is a historical value and that is why the TPI distribution is always 10.

-In 2010, if the draw from the POA distribution is 1 (i.e. the program is successful) then the following distributions will be used regardless of what the Base When No Advance variable is set to:
	
	2010

	Base
	triangular(7,9,9.5)

	Target
	triangular(6.5,8.5,9.5)

	Over-Target
	triangular(6,8,9)


-In 2010, if the draw from the POA distribution is 0 (i.e. the program fails) then the following distributions are used regardless of the Base When No Advance variable:

	
	2010

	Base
	triangular(10,10,10)

	Target
	triangular(10,10,10)

	Over-Target
	triangular(10,10,10)


-In 2015, if the draw from POA distribution was 1 and the 2010 draw was also 1 then the following distributions are used regardless of the Base When No Advance variable:

	
	2015

	Base
	triangular(6,8,9)

	Target
	triangular(5,8,9)

	Over-Target
	triangular(4,7,8)


-In 2015, if the draw from the POA distribution is 1 but the 2010 draw was 0 then the following distributions are used depending on the Base When No Advance variable:

	2015
	Base Year
	Last Successful Program Year
	Last Successful Base Program

	Base
	triangular(10,10,10)
	triangular(7,9,9.5)
	triangular(7,9,9.5)

	Target
	triangular(10,10,10)
	triangular(6.5,8.5,9.5)
	triangular(7,9,9.5)

	Over-Target
	triangular(10,10,10)
	triangular(6,8,9)
	triangular(7,9,9.5)


-In 2015, if the draw from the POA distribution is 0 and the 2010 draw was 1 then the following distributions are used depending on the Base When No Advance variable:

	2015
	Base Year
	Last Successful Program Year
	Last Successful Base Program

	Base
	triangular(10,10,10)
	triangular(7,9,9.5)
	triangular(7,9,9.5)

	Target
	triangular(10,10,10)
	triangular(6.5,8.5,9.5)
	triangular(7,9,9.5)

	Over-Target
	triangular(10,10,10)
	triangular(6,8,9)
	triangular(7,9,9.5)


-In 2015, if the draw from the POA distribution is 0 and the 2010 draw was 0 then the following distributions are used regardless of the Base When No Advance variable:

	
	2015

	Base
	triangular(10,10,10)

	Target
	triangular(10,10,10)

	Over-Target
	triangular(10,10,10)


     Once the array of TPI distributions has been reorganized according to the successes and failures, a draw is made from the appropriate distribution based on the time period and the program level. Because the TPI distributions for different goal years may overlap, it is necessary to ensure that the improvement specified by a draw from any TPI distribution is not worse than the draw from the previous goal year’s distribution. For instance, say the draw from the 2005 distribution is near the upper bound and is 10 $/unit, and the draw from the 2010 distribution is near the lower bound and is11 $/unit. It does not make sense that R&D has increased the cost of the unit, so this is prevented by truncating distributions based on the draw from the previous goal year. The Truncate(u, min, max) function is described in the Analytica User Guide as follows:
Truncates an uncertain quantity u so that it has no values below min or above max. You must specify one or both min and max.

It does not discard sample values below min or above max. Instead, it generates a new sample that has approximately same probability distribution as u between min and max, and no values outside them. The values of the result sample have the same rank order as the input u, so the result retains the same rank-correlation that u had with any predecessor.

Essentially, the truncate function will bound a distribution by the draw from the previous goal year and will recompute the probabilities associated with the bounded distribution such that the integral of the probability density function will still equal one.

Example #2:
Reorganized (according to POA) TPI Distributions:
	
	2005
	2010
	2015

	Base
	triangular(10,10,10)
	triangular(7,9,9.5)
	triangular(6,8,9)


-In 2005, the random draw will always give the value 10.
-In 2010, the distribution will have an upper bound of 10, which has no effect in this example, and the distribution will remain triangular(7,9,9.5). (The draw from the previous year will be an upper bound or lower bound depending on whether the parameter was specified as decreasing or increasing, respectively). Let’s say the random draw from the resulting distribution is 8.5.

-In 2015, the distribution will have an upper bound of 8.5, and the original distribution shown in Figure 1 will be reshaped according to the Truncate( ) function. The resulting distribution will no longer be triangular and it will have a lower bound of 6, a mode of 8, and an upper bound of 8.5 as shown in Figure 2. Let’s say the random draw from the resulting distribution is 8.
-The draws from the three goal years are 10, 8.5, and 8 and are always decreasing, as is desired.
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Fig. 1: 2015 distrib. before truncation             Fig. 2: 2015 distrib. after truncation
This sequence will occur for each iteration/trajectory of the model, which may produce a final distribution that is oddly shaped and often multi-modal as shown in Figure 3.
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Fig 3. Resulting 2015 distrib. for all iterations

     For each trajectory, a random draw from each goal year will be known. Since goal years are typically in increments greater than the one-year timestep, it is necessary to interpolate between those goal years. The user has the ability to specify what variability there will be between goals years. For example, variability of 0 will interpolate linearly between goal years whereas variability greater than 10 will result in random jumps between goals years. This is meant to represent the fact that R&D breakthroughs come in random spurts rather than linear improvements. Figure 4 shows the effects of a variability of 0 and Figure 5 shows the effects of a variability of 10.
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Fig 4.: Interpolation of improvements with Variability at 0
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Fig. 5: Interpolation of improvements with Variability at 10
     The procedure for handling learning-by-doing rates is much simpler than that of the R&D improvements. The model will make one random draw from the distribution associated with each parameter of each technology and will use that value throughout the entire iteration.
     If the Run Mode is “Deterministic”, the R&D improvements and LBD percentages will reference the values that the user input in the Deterministic column of the input tables and the TPI and LBD distributions will be ignored. The same is true if the user selects “Deterministic” from the Use Stoch. or Determ. Values drop-down menu, even if the Run Mode is “Stochastic”.






