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•  Detailed monitoring of the system began and early 
data was used to calibrate the simulation model. 

•  Once “tuned”, the model will be able to more 
accurately predict the performance of the system  

•  Answer “What If” questions that surround the 
installation.  

•  Variations in controls (set points, flow rates, operation 
etc.) can then also be made using the simulation 
models first; with promising changes then carried out 
in the real system. 
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•  Measured temperature, flow rate and status data 
from July 1st 2007 through October 31st 2007 

•  The tuning of the models consisted of comparing the 
outlet temperatures and/or relevant energy flows 
between the measured data and the model when the 
model was driven with the measured inlet 
temperatures and flow rates. 

•  Only the calibration of the major components in the 
model is described.  Other calibration exercises were 
performed for many of the lesser components 
(pumps, pipes etc.) 
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•  Tank losses are greater than originally anticipated (by 
about a factor of 2); seems to be changing with time.   

•  Non-uniform losses in the tank with greater losses at 
the bottom (thermal shorts) and less losses at the top 
(not completely filled). 

•  Stratification was better than anticipated (4-nodes 
assumed, 12-nodes best-fit value) 

•  The tank model was calibrated by comparing the 
outlet temperatures from the tank for the district loop 
outlet port, the collector loop outlet port, and the 
BTES loop outlet port and not the measured tank 
temperatures. 
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•  The location of the hot water supply and return ports 
is non-ideal (too low); leading to a large portion of the 
upper part of the hot tank being “unused”. 

•  Unused section of upper tank is the hottest; resulting 
in the controls operating the system thinking the tank 
is hotter than it effectively is. 

•  Simulation model confirms port location problem and 
predicts impact of change-order.  
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•  The outlet temperature from the model can be 
compared to the outlet temperature measured for 
each row of collectors.   

•  The FRτα term was fixed to the value specified in the 
collector test (FRτα=0.6926) and the loss coefficient 
was varied in the model using an optimization 
process.   

•  The minimum error between measured and simulated 
outlet temperatures was found at a value of FRUL of 
2.17 W/m2.K which is ~40% lower than that found 
from the collector efficiency test.   
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•  Look at periods when it is reasonably certain that there 
is no heating going on (to avoid any discrepancies 
between modeled and measured heating loads) 

•  One week of data though does not adequately 
demonstrate that the district loop simulation accurately 
predicts the losses  
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  Ultimately it is the amount of energy lost through the 
pipes that will affect the annual predictions.  The 
energy delivered to the district loop system can be 
integrated on a daily basis for the entire period of 
analysis and plotted versus the average daily ambient 
temperature.   

  The analysis showed that the simulation slightly under-
predicts the measured data for these periods; the 
thermal conductivity of the pipe insulation was 
increased by 20% 
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•  Calibration of the BTES done with an optimization 
algorithm by varying the ground thermal conductivity, 
ground heat capacitance (density x specific heat 
product) and the day of the year in which the ground 
heat exchanger began accepting energy from storage. 

•  For periods prior to the measured data where measured 
data was not available for the tuning process, the inlet 
temperature and flow rate to the BTES were estimated.  

•  The best fit values: k=1.373 W/m.K (2.11 original 
estimate) storage heat capacitance=3203 kJ/m3K (2500 
original estimate), and day of first GHX operation=153 
(181 original estimate). 
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•  Using the measured data, the daily heating load for 
the subdivision as a function of the average daily 
temperature can be derived.   

•  The data showed the typical pattern expected in 
residential construction, however, the heating load 
did not go to zero at warm ambient temperatures due 
to the circulation of hot fluid through the district loop 
during the warm summer months.  

•  If the portion of the load that is attributed to pipe 
losses (~1.4 GJ/day) is removed from the daily 
measured heating loads, the simulated loads are 
found to closely match the measured loads  
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  With these similar load patterns, no tuning of the 
simulated home heating loads was deemed 
necessary. 
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•  A review of the temperature delivered to the district 
loop reveals that the system is doing a poor job of 
keeping the temperature at the district loop setpoint 

•  It is believed that the 3-way valves are not modulating 
flow around the heat exchanger on the tank-side as 
originally intended.   



SimBuild 2008 – Berkeley, California 

•  In the model, the district loop flow rate is set by a 
function which maintains a district loop temperature 
drop as a linear function of the supply temperature.   

•  A plot of the measured return temperature versus the 
measured supply temperature shows that the real 
system is operating with a much different temperature 
profile.   
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•  Short Term Thermal Storage (STTS): The losses from the 
storage tanks are greater than anticipated and the stratification 
in the storage tanks was greater than originally modeled.  As 
suspected from earlier analyses, the location of the inlet and 
outlet ports in the storage tanks is leading to large volumes of 
“unused” energy in the upper sections of the tanks.   

•  Solar Collectors: The solar thermal collectors are performing 
substantially better than anticipated given the tested efficiency 
data.   

•  Borehole Thermal Energy System (BTES): The results from 
the calibration suggest that the ground has a lower “blended” 
thermal conductivity and a higher thermal capacitance than 
originally estimated from the bore test conducted at the site.   
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•  House Heating Loads: The as-modeled house heating loads 
match closely to those found from the measured data  

•  Collector Heat Exchanger: An energy balance problem across 
the collector heat exchanger in the measured data was noted.  

•  District Loop Heat Exchanger: An energy balance problem 
across the district loop heat exchanger in the measured data 
was noted.   

•  District Loop Piping: The measured heat loss from the district 
loop piping was approximately 20% higher than that predicted 
by the model based on manufacturer’s data.   
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•  Pumps: The measured data was used to determine the full-load 
pumping capacity as well as the minimum turn-down ratio for the 
variable speed drives. 

•  Collector Controller: The upper dead band temperature 
difference for the controller was raised to 15 degrees C, a 
change from the 10 C dead band used in earlier analyses. 

•  District Loop Controller: The measured data was used to 
update the temperature difference across the district loop which 
is used to set the loop flow rate as a function of the heating load 
in the model. The 3-way valves that set the flow through the 
tank side of the district loop are not modulating at low tank-side 
pump speeds. 
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