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PROJECT STATUS SUMMARY 
 
1. Schedule Status 
 The focus of our work during April through June 2000 was to continue to collect 
data so that the experiment covers both heating and cooling periods of the year and to 
calibrate the greenhouse climate simulation model. Data were processed to meet the 
requirements as input to the simulation model. The mathematical models that describe 
the physical processes affecting the energy budget of greenhouse systems were 
implemented into a simulation model using a software package (Stella).  Model 
parameters were modified to reflect the specific configuration of the greenhouse.  This 
work is continuing and model testing and calibration are on-going. 
 The key modeling work in this project was being carried out by Dr Lin Ying Li.  In 
June Dr Li reduced the time on this project to half time so as to dedicate time to another 
(unrelated) project at another University.  This has slowed down our progress 
somewhat.  On July 7 Dr Li began working full time at a private company and is 
currently only able to dedicate a few hours per week to this project.  Another student in 
my group, Ms Julia Yun-Yi Chen is currently being trained to take over many of the 
tasks associated with this project.  As this will require considerable training, the project 
is currently progressing very slowly.  While the progress during the three months 
covered by this report was adequate, it is envisioned that the project will require an 
extension of several months. 
 We feel that extending the project to Dec 31 2000 would allow us to complete our 
objectives. This involves hiring Dr Li as consultant to the project at approximately 15% 
time and hiring Ms Chen at 50% time. 
    
2. Budget Status:  
 As of June 30 2000, approximately $58,000 has been spent leaving a balance of 
$17,000.  The latter divides up into $11,700 for direct costs and $5,300 for indirect costs 
(indirect cost rate=46%).  
 We propose to extend the project to Dec 31 2000 (a 3-month extension project). 
As of July 1, the direct costs that remain to complete the project are labor and some 
costs related to monitoring the greenhouse environment (sensors, etc). We project to 
need $900 for materials, supplies and other miscellaneous costs, and approximately 
$10,800 for labor. The labor costs (salaries+benefits) are anticipated to be $2300 per 
month, thus the total fund required for 6 months from July 1 to Dec 31 2000 is $13,800.   
 The anticipated a shortfall will be covered out of the Principal investigator’s 
discretionary funds. 
 
3. Percent complete:  The project is approximately 70% complete. 
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WORK PROGRESS: 
 
 The focus of our work during Apr-Jun 2000 was to get the previously-developed 
greenhouse model ready for use in simulation. While we made progress on this in three 
areas (below) we have not completed this task and are not yet able to run valid 
simulations. The following areas represent specific tasks that were worked on. 
 
1. Data Collection and Processing 
 The data required for this modeling work comes from data loggers and weather 
stations.  A Campbell Scientific Data Logger (model CR23X) was used to record 
greenhouse environment variables and control actions.  A separate data logger was 
used for tracking relative humidity in the greenhouse. The weather data were 
downloaded from CIMIS databases (California Irrigation Meteorological Information 
Systems).  As discussed before, the data collection intervals from data loggers and 
weather stations were different. Also, data from different sources had different date and 
time stamp formats. In order to get a uniform data format, all data were indexed by 
Julian day using fractional part to indicate time-of-day 
  The data were further processed to convert electrical signals to physical 
variables. This is needed because data loggers pick up electric signals, as either current 
or voltage, and convert these into basic measurements using calibration functions. 
Some complex variables (e.g. air movement rate of fans, total greenhouse energy input, 
etc) required further processing. 
 Several computer programs were written for data processing, each used as a 
filter on the data processing pipeline. Each data source collected data on a different 
time-step and without synchrony.  Thus considerable data processing was needed to 
generate one uniform database that could be used in our modeling work.  Data with 
short time intervals were scaled up by averaging or integrating to longer time intervals.  
Final data were stored in Excel spreadsheets. 
 
2. Initial data analysis of greenhouse heating requirement  
 We examined the heating requirement of the greenhouse using the collected 
greenhouse energy data. The heating stage is triggered whenever the greenhouse 
temperature is lower than its set-point. The heating requirement during the cold season 
is determined by both the outside temperature and the interior temperature set-point. 
Therefore the difference between outdoor temperature and the inside temperature set 
point  (Fig 1) might be an appropriate index for the heating demand.  It was noted (Fig 
2) that the heating demand is roughly proportional to the temperature difference defined 
above.  
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Figure 1.  The variation of Heating Energy requirement and the difference between outdoor temperature 
(Tout) and the greenhouse night temperature set point (Td)   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.   The relationship between Heating Energy and the difference of temperature. Tout: the outdoor 
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temperature, Td: the greenhouse night temperature set points (17.5 oC)  
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 However, a linear relationship for the model is far from perfect, indicating that the 
temperature difference alone cannot completely explain the heating load. We then tried 
to incorporate the wind speed the relationship did not improve.   We are continuing to 
investigate how to best model heating demand. 
 
3. Analysis of Greenhouse Temperature Control Algorithm  
 The temperature control algorithm used in modern commercial greenhouse 
environmental controller is much more complex than a single temperature set-point. 
There are generally two sets of temperature set- points. One is for daytime temperature 
and the other for nighttime temperature.  Each set contains a low threshold and a high 
threshold, together they define a window in which the greenhouse temperature should 
be in the day or in the night. This picture is further complicated by defining the windows 
for daytime and nighttime.  It would be unwise if the temperature jumps from nighttime 
level to the daytime level in very short period of time as tremendous energy costs would 
be incurred. It would put great pressure on heating systems and crops would not benefit 
from such a radical action. Thus there is a lag period where temperature is allowed to 
raise from nighttime level to daytime level using natural tendencies. The same holds 
true for the transaction from daytime temperature set points to the night temperature set 
points.  
 These control strategies are being built into the model for our particular 
greenhouse setting. Additional areas of the model that require re-building are currently 
being identified. 
 
4.  The Model Calibration 
 The model framework described in our previous report is used as a basis for 
modeling greenhouse temperatures in this project. For a given greenhouse, the model 
structure and parameters need to be calibrated to reflect the specific condition of that 
particular greenhouse systems. This should include the greenhouse configuration, 
optical properties of the glazing material and environmental control facilities, etc.  More 
specifically, the following factors are being examined as to how they affect the model: 
-  greenhouse dimension, such as the area, volume and average height; 
-  orientation and tilt-angle with respect to the sun 
-  cooling and heating configuration; 
Other factors, such as physical properties of floor materials, crop media and crop 
cultivars, might also affect of the greenhouse microclimate.   
 Model calibration has begun and is focussing on data collected during the winter 
months. 
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ASSESSMENT OF OVERALL PROJECT OBJECTIVES 
 
 In addition to the labor issue, we have had problems as we try to find parameter 
values that result in valid simulation model performance.  Thus we are somewhat 
delayed in entering the next stage of the project (simulations geared towards making 
recommendations). We hope to non-the-less be able to complete this task as originally 
planned assuming that the project is extended through Dec 31 2000. 
 However, a significant risk has emerged with regard to completing the project as 
originally proposed.  Dr. Li’s sudden reduction of effort towards this project does put the 
project in jeopardy and it is not entirely certain whether the 15% time he is currently able 
to dedicate to the project will be adequate to achieve the original objectives.  This is 
particularly true if extensive modifications the to simulation model are needed. It is quite 
likely that a reduction in scope of the work will be needed.  While Ms Chen is competent 
at working with mathematical models (having obtained a Masters Degree in this area) it 
is not yet clear whether she and Dr Li will be able to carry out all the originally-proposed 
work. 




