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Systems Modeling Research Project Idea

Title: Calibration of the AJLC Annex Sunroom Model in Oberlin, Ohio
Background and problem statement: A model has already been built by John Petersen and Alfredo Fernandez-Gonzalez to simulate the expected room temperature dynamics of a sunroom in Oberlin College’s Environmental Studies Annex. However, this model has not yet been used to analyze [I think you mean calibrated with] real data. Our project will compare new observed data with the expected temperature to see if the results are similar. If they are any differences, we will calibrate the model by looking for factors that might have been left out of the original model. We will also validate the model and perform sensitivity analysis. [Good]
This project may be used in future semesters in Systems Modeling as an add-on to the Sunroom Assignment where students will calibrate the model themselves [interesting idea]. Dynamic simulation modeling works really well for modeling temperatures of a sunroom because of the constant feedback [I suppose this is feedback, but outside is mostly just forcing – what goes on in the sunroom does not affect the outdoors] between outdoors and indoors, as well as the factors that determine the heat capacity for the room, including the insulation in the walls and the concrete floor. Feedback also exists with variation between day and nighttime temperatures [seems to me that the most interesting true feedback is between the air stock and the slab stock]. The intended audiences include people that are involved in building greenhouses and Systems Modeling students. In a broader view, architects may also be able to use this research to get tips on how to take advantage of natural sunlight in their buildings in order to reduce lighting and heating energy consumption.
This model has aspects of both research and heuristic models. It is a research model because we are calibrating with data and we have the main question of: Does the current model correctly predict the temperature of a sunroom given building specifications, PAR, and outside temperature? We will answer this question by comparing hypothetical and observed data. 
We will also alter the model to research the possible impact of using the sunroom as a heat source for the rest of the building. This would be possible, practically speaking, with the addition of a pair of fans or louvers, automatically controlled by feedback from a temperature sensor within the sunroom. We will add a stock of “heat exported” to the model to determine the total heat gain in the building due to the sunroom. 
Time permitting, this model could be used to research the possibility of adding a greenhouse to the SEED House. SEED house is the sustainable living experiment house for Oberlin students. The students in Ecological Design class are designing a greenhouse on the south side of the house. We can explore the possibility in using the sunroom model to optimize the thermal performance of the SEED greenhouse. [perhaps in a general sense you could determine how much excess heat could be extracted and use this to help thinking about the SEED house].
The model is a heuristic model in the sense that it will be used to teach Systems Modeling in the future and will provide feedback regarding the resulting temperatures of the room as well as indicating “leverage points” in the model. People with less familiarity with STELLA that are interested in building a sunroom or greenhouse can learn what factors influence the efficiency of the room.
Research/Lesson Objectives: 
· To calibrate the sunroom temperature model to resemble observed temperature data.

· Discover what factors (if any) are absent from the current model and what effect this has on the room temperature. 
· To explore possible additions to and applications of the sunroom model.
Key state variables, flows, forcing functions: Room Temperature, Gradient Based Exchange, Solar Gain to Air, Internal Gain to Air, Exchange with Slab, Slab Temperature
Responsibilities:

We will work collaboratively on almost all aspects of the project.

Kristin will be primarily responsible for downloading sunroom data from the loggers.

Samina will use her background knowledge to calculate the conversion of PAR logged on AJLC to radiation on the sunroom windows. [No need to convert PAR – we have a radiation sensor (pyronometer) pointed south – these are the data currently driving the model]
Lora will focus on compiling background research by searching for published papers to share with the rest of the group. 

Timeline:

Step 1: Visit the sunroom. Meet with John to learn about the history of the sunroom. Gather data and convert it into values we can use in the sunroom model.

Step 2: Calibrate sunroom model with February data.

Step 3: Validate sunroom model with March data

Step 4: Add “heat exported” from the sunroom to the building into the model.

Step 5: [Time permitting.] Explore options of adding a greenhouse to the SEED house.

Step 6: Create presentation and write up final research project.

Note: timing of this will depend on difficulty of calibration, but we will aim for getting each step done in one week.
[Sounds good!]
Annotated Bibliography:
Athienitis, A. K., C. Liu, D. Hawes, D. Banu, D. Feldman. Investigation of the thermal performance of a passive solar test-room with wall latent heat storage. Building and Environment 32:405-410.


This paper involves calibration of a passive solar room as well as a sensitivity analysis of the materials used in the room.

Buzzoni, L. R. Dall’Olio, M. Spiga. Energy analysis of a passive solar system. Revue Generale de Thermique 37:411-416.

This paper is similar in its objective to my proposed research and even calibrates some experimental and numerical data.

Tzikopoulos, A. F., M. C. Karatza, J. A. Paravantis. 2005 Modeling energy efficiency of bioclimatic buildings. Energy and Buildings 37:529-544.
This paper will be helpful in understanding how a model can be formed to show energy efficiency. 
[I suggest that you look at the bibliography I sent to Samina – this contains all of the literature cited in the exercise]

Folks: Sounds like a reasonable strategy.  There will be complexity in thinking about the data that exists, but we can talk about that as a group.  What you describe as a project seems both interesting and doable.
Reviews: 
#1 

Project Critique for Calibration of the AJLC Annex Sunroom Model in Oberlin, Ohio

Given that the sunroom model was one of the more directly applicable and useful models of the semester (albeit frustrating and time-consuming) I imagine that the calibration of this model would be useful for the intended audience of future modeling students. The applicability of this calibration using only two months of data seems as though it may not be useful to architects and ecological designers, but as a start to a longer-term calibration project it makes sense [probably true that this will be a first cut at calibration, but my guess is that that group can get things in the ballpark (or not), and this will be useful]. This project also seems feasible, assuming that no major problems are encountered as far as collecting data is concerned. Perhaps it is a bit ambitious to envision a feasibility test of the SEED house greenhouse, but shooting high rarely hurts anyone. 

I would be concerned about the division of labor in this project, however. It appears that Lora is bearing the brunt of the academic work where the other tasks and group member’s tasks do not seem especially time-consuming. Perhaps this is accounted for in the ‘collaborative’ aspects of the project that they mention. 

It might be interesting to conduct feasibility studies of the quilt-insulation component of the model we did in class through an actual experiment, though the timeframe seems a bit short for such an experiment to be carried out successfully. [Certainly would be interesting to try!  If not this year, maybe this is a project for next year!]
#2 
The objectives of the calibration are pretty clear, but they could be a bit more clear in exactly how they plan to do this [a good point].  Assuming that the theoretical model does not accurately reflect the empirical data, what will they look at first to try to calibrate it?  How do they plan to deal with some of the variable factors such as heat contributed by people in the room or heat lost due to having the door to the lab open?  I also think they might want to narrow the scope of their ideas to expand the model.  It seems like it might be a lot of extra work with too many variable factors to look at both using the heat from the greenhouse to heat the house and creating a greenhouse for the SEED house.  How do you plan on looking at heat exported to the house?  Do you plan on simply looking at passive transport right and what will you need to know/what data do you have available to work with? 

Also, is this primarily a research or heuristic model?  You say there are elements of both but I think it needs to be clear which set of guidelines you plan to follow.  It sounds like your primary objective is the calibration of the existing model as a research project and in your proposal, it is not very clear how your two ideas for expansion fit into this primary thesis/idea or how you plan to accomplish this.  I think the calibration part of the model is definitely feasible, but I’m not sure how feasible the other ideas for expansion of this model are.  As mentioned above, I think you should pick on of your expansion ideas, and perhaps if you have time, you should perhaps focus on how the current greenhouse could be improved and use that as context for recommendations to the SEED house.
In the sense that the model exercise will almost certainly be improved as a result of this project, it will serve as a heuristic model.  On the other hand, this group stands to develop new knowledge – learn things that were not previously known.  So I do see this as falling into both categories.  But you  make a good point that this group should more explicitly describe these components.
