St Louis Large Office Building         Paper 2-Summer Operation & Control
Kirby Nelson, PE

Life member ASSHRAE

PREFACE: ASHRAE approved this paper for presentation at St. Louis 2016. I agreed to present if DOE/PNNL or anyone would present EnergyPlus or other model papers dealing with the same large office building as defined here. No response so the papers were moved to Vegas 2017. Again no response so the papers were pulled.
My effort to advance ASHRAE Building Energy Modeling capability will continue with development of Advanced Energy Design Guides for specific cities in varies parts of the World. Let me know a city you would like me to work on.
ABSTRACT 

This Paper 2 is a continuation of Paper 1 that addressed the design and operation of two Central Chiller Water Systems (CCWS) Designs for a St Louis large office building at peak design summer weather conditions. This paper will address the same two systems at assumed typical summer weather conditions. This Paper 2 will demonstrate that raising the supply air temperature, as suggested by several ASHRAE publications including (Higgins 2013), is not a good control strategy and can result in a significant increase in a (CCWS) kW demand. This paper will also show that thermostat settings can have a major effect on the energy consumption of a building. 
MODEL VERIFICATION

The author suggests that all of ASHRAE has a responsibility to assist in the verification of building energy models. The last figure of this paper presents 24 hour chiller/tower performance data and asks chiller and tower manufactures to provide critical review; judging the model presented here is the objective of the request. 
The author also requests that DOE and/or PNNL provide detail model results of the analysis of the large office building used to establish ASHRAE Standard 90.1-2010, (Liu, B. May 2011), the same building description used in these three papers. A comparison of the two models is the objective of this request.
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Figure 1 Systems 24 hour performance & assumed summer weather conditions.
SYSTEMS PERFORMANCE AT TYPICAL SUMMER WEATHER CONDITIONS

Figure 1 gives the assumed 24 hour summer weather and also gives the total systems kW for the two designs.  The min kW Design requires less kW demand  than the ASHRAE Design in about the same proportion as the systems at assumed peak weather conditions of Paper 1. 
The next figure gives the 24 hour energy consumption of the two designs and an estimate of (bEQ).

[image: image3.png]BLD sq-ft = 498,600
ALL ELECTRIC  Summer day

Week day 24hr
BLD.oshrkw= 10,096
(Fan)snraaw = 5,856

(Duct)zsnrneat kw= 0
(FA)24nr-neat iw= 0

Heatysnr-total kw= 0
Plantosn = 6,967
SYST o4nruw = 22,919

(CCWS)ounrscw= 12,823

BLD.ogoyw= 10,096
Totalynuw = 22,919




[image: image4.png]ASHRAE Week day kbtu/sqft-day
ALLELECTRIC SYSTEM  W/saft | (bEQ)day

BLD 24nrwisqr-=  20.25 0.069
(Fan)snrwisgr- = 11.75 0.040
Plantysnewsqr=  13.97 0.048
(Heat)aanrwisq 1= 0.00 0.000
Syst Totalunwisq =  45.97 0.157





[image: image5.png]BLD sq-ft = 498,600
ALL ELECTRIC  Summer day

Wk. Day 24hr
BLD.oshrkw= 10,096
(Fan)snraaw = 1,692

(Duct)zsnrneat kw= 117

(FA)2anr-heat kw= 0

Heat,snr.otal kw™ 117
Plantosn = 5,720
SYST o4nruw = 17,625
(CCWS)ounrscw= 7,529
BLD.oshrin= 10,096

Totalynuw = 17,625




[image: image6.png](Min kW) Wk. Day kbtu/sqft-day

ALL ELECTRICSYSTEM  W/saft | (bEQ)day
BLD.ognwisqr-=  20.25 0.069
(Fan)umwisqr- = 3-39 0.012
Plantynwisqr=  11.47 0.039
(Heat)aanrwisq &= 0.23 0.001
Syst Totalunrwisqr=  35.35 0.121
90 day (bEQ)= 10.86





Figure 2 Twenty four hour performance and estimate of (bEQ), top chart ASHRAE Design, bottom chart min kW Design.
As required the building kW made up by the lights and plug loads is the same for both designs. The big difference is in the fan usage because the min kW design eliminates the return fans and fan powered terminals, see Paper 1. Note the Central Chilled Water System (CCWS) usage of the min kW Design is almost half the ASHRAE Design. This illustrates the objective of building energy design; first minimize the kW demand of the building then minimize the kW demand of the (CCWS) to meet the building loads. Figure 2 also gives an estimate of (bEQ) based on three months or ninety days of usage at the weather conditions of Figure 1. The (bEQ) value for the min kW design is about 77% of the ASHRAE Design. Paper 3 will make a (bEQ) estimate for spring/fall and winter weather resulting in an estimate of (bEQ) for a typical year. Next we will look at variations in system kW of the ASHRAE Design due to reduced solar load and lights 100% on.
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                                          Figure 3 ASHRAE Design at 100% clear sky and 10% clear sky.
THE CHALLENGE FOR DOE 8760 HOUR MODEL
Much has been written in the ASHRAE Journal about comprehensive 8,760 hour models. If in fact these models determine the system kW demand for any of the 8,760 hours then it seems reasonable to ask to see data for some of these hours. The author does not anticipate DOE or PNNL will respond in that similar requests have been made on ASHRAExCHANGE with no response. Perhaps these models cannot produce the kW demand for any hour?
Figure three illustrates one of the pitfalls or requirements in modeling 8,760 hours. Each of the 8,760 hours must include accurate weather data including solar. Figure 3 illustrates the drop in system kW demand with a 10% clear sky verses 100% clear sky. A model, as presented here, that is set up to model no more than 24 hours can observe in real time the weather conditions or input the last 24 hours into the model verses inputting 8,760 hours of weather history. There are other problems with trying to model history as illustrated by the next Figure 4.
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                                             Figure 4 ASHRAE Design-lights scheduled per (Liu 2011) and lights 100% on.
Figure 4 gives the ASHRAE Design system kW as given in Figures 1 and 2 above and system kW if the lights were 100% on for the 24 hours. As shown by Figure 4 the difference is significant, bringing the question for the 8,760 hour models; what is the percent of lights on for each of the 8,760 hours? Other questions would ask how infiltration is modeled each hour and other parameters as presented here. Clearly the concept of 8,760 hour models is impractical if not impossible to manage accurate input. The alternative (SEE) model presented here looks at one hour or one day of operation and can input with considerable accuracy the actual conditions of weather and control of the building and can do so on site with a lap top computer. The next figure considers increasing air supply temperature off the coils.
[image: image11.png]—+-ASHRAE Design-58F supply air (kW) —+~ASHRAE Design-55F supply air (kW)

DRY BULB TEMPERATURE (F)
169 180 120 10 160 180 0 460 @0 50 O 40
2000 2000
1,795
1,735
1800 Tons L% //\ 1800
1600 e 1600
1622/ % 5%

1400 502 L334 \ 1400
= = =
i 1200 10 1200 i
£ 1000 1000 £

1,04 a
g. 800 1005 \X\B“ 800 E.
575
600 254 443 | 435 | 46 711 - 600
— 567 | 400
40452 441 436 466
200 200
[ [
SOOI\ NCONERO R ORI CRF UREOR
AR AN A A R AN N

TIME of DAY
SYSTEM TOTAL (kW)




[image: image12.png]BLD sq-ft = 498,600
ALL ELECTRIC  Summer day

Week day 24hr
BLD.oshrkw= 10,096
(Fan)snraaw = 5,856

(Duct)zsnrneat kw= 0
(FA)24nr-neat iw= 0

Heatysnr-total kw= 0
Plantosn = 6,967
SYST o4nruw = 22,919

(CCWS)ounrscw= 12,823

BLD.ogoyw= 10,096
Totalynuw = 22,919




[image: image13.png]BLD sq-ft = 498,600
ALL ELECTRIC  Summer day

Week day 24hr
BLD.oshrkw= 10,096
(Fan)snraaw = 6,967

(Duct)zsnrneat kw= 0
(FA)24nr-neat iw= 0

Heatysnr-total kw= 0
Plantosn = 6,897
SYST o4nruw = 23,961

(CCWS)ounrscw= 13,864

BLD.ogoyw= 10,096
Totalynuw = 23,961




 Figure 5 ASHRAE Design-Effect of increasing air supply temperature from 55F to 58F (see chart) & 24 hour consumption for 55F supply air (left table) & 58F supply air (right table).
INCREASING SUPPLY AIR TEMPERATURE

For the weather conditions and the ASHRAE Design as defined here, increasing the supply air temperature off the coils results in greater energy use. The system kW demand at 4PM increases from 1662 kW to 1795 kW (see Figure 5 chart). The tables at the right of Figure 5 illustrates that the 24 hour fan kW increases with 58F supply air and plant kW slightly decreases over the 24 hour period. The next side by side air side schematics look at 4 PM conditions.
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 Air side system with 55F supply air (left schematic) and 58F supply air (right schematic).
Basic Equation;

Air Ton = 1.08 * (CFM) * (delta T)/12000   therefore (CFM) = Air Ton * 12,000/ 1.08 * (delta T)
For the left schematic with 55F supply air off the coils; (Note the numbers in the schematic are rounded & may give different desk top answers than the computer answers.)
Building internal (CFM) = 299.0 ton * 12,000 / 1.08 * (75F – 56.12F) = 175,979
Building perimeter (CFM) = 114 ton * 12,000 / 1.08 * (75 – 57.69) = 73,168
Therefore the total CFM for the left schematic is; (Fan)VAV-CFM = 175,979 + 73,168 = 249,148

Also; VAV fan kW = (FanVAV-CFM)*(dh)/8507*(Efan-VSD ) = 249,148 * 4.848/(8507)*(.646) = 219.8 kW

For the right schematic with 58F supply air off the coils;
Building internal (CFM) = 299 ton * 12,000 / 1.08 * (75 – 58.95) = 207,035
Building perimeter (CFM) = 114 ton * 12,000 / 1.08 * (75 – 60.29) = 86,080

Therefore the total CFM for the right schematic is; (Fan)VAV-CFM = 207,035 + 86,080 = 293,115
Also; VAV fan kW = (FanVAV-CFM)*(dh)/8507*(Efan-VSD ) = 293,115 * 6.216/(8507)*(.665) = 322.1 kW

(Coil)sen ton = 1.08*(FanVAV-CFM )*(delta Temp)/12000 = 1.08*(293,115)*(81.20-58.0)/12000 = 612 ton  
The (CFM) to the building must increase if the delta temperature decreases as shown by the basic equation. The increased (CFM) requires more VAV fan kW and as the VAV fan kW increases the VAV fan CFM must increase and as the CFM increases the duct system static (dh) increases which in turn increases the VAV fan kW and so on until steady state develops in the model just as would occur in a real system. The schematic at right, Figure 6, illustrates the steady state condition when the supply air is increased to 58F from 55F of the left schematic of Figure 6. A rather simple change of increasing the supply temperature off the coils resulted in a major change in the steady state conditions of the system. A very complex set of changes before the model and a real system reach steady state after this simple change in supply air temperature. It is not possible within the limits of this paper to give all the charts, equations, etc., necessary to fully explain this change in the system due to the supply air temperature change. The point is this phenomenal occurs in a real system and therefore must be modeled if we are to have a real time system model that can evaluate a building in real time. The models used to establish ASHRAE Standard 90.1 are not capable of this detail and are therefore inadequate to the task of air side modeling (Hart 2015). Next consider interactive effects.
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        Figure 7 Effect of internal stat at 75F and perimeter stat at 74F & 24 hour consumption for 55F supply air (left table) & 58F supply air (middle table) & 58F supply air plus 74F perimeter stat (right table). 
INTERACTIVE EFFECTS

An ASHRAE Journal article of 2015, (Hart, Reid 2015), states that the computer programs used to establish 90.1 do not include the impact of improved controls or interactive effects and then suggest in the conclusions that we may be at the end of significant reductions in building energy consumption.  The three papers presented here find significant opportunity to reduce building energy consumption through better controls as will be further demonstrated by the following discussion. Figure 7 illustrates the increase in system kW due to the perimeter stats being set at 74F and the internal stats set at 75F assuming internal supply air goes to the perimeter for return. The tables of Figure 7 illustrate the increases in 24 hour consumption due to increased supply air temperature and not controlling stat settings. The point is that bad control strategies, increasing supply air temperature, can consume more energy and not controlling stat setting can result in increased energy consumption. Figure 8 illustrates the effect of the perimeter stat set at 74F.
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Figure 8 ASHRAE Design system at 4PM weather & 74F perimeter stat setting.

Assuming the internal supply air goes to the perimeter for return and the perimeter stat is set lower than the internal stat results in additional cooling load on the perimeter of the system; 18.63 ton as shown in the building of Figure 8. This additional load requires additional fan system kW and puts additional load on the plant resulting in an increase in system kW as shown by comparing Figure 8 and 6. The negative effect would be more if the perimeter stat was set 2 degrees less than the internal stat. 

The point is; stat control is necessary to accomplish minimum building energy consumption. Understanding the return air paths is necessary to accomplish energy control with the stat settings. Not having stat control can result in significant increases in energy consumption. ASHRAE Standard 90.1 calls for perimeter stats set at 75F in the summer and 70F in the winter. The author has found the 70F winter setting will not work; people will find a way to warm the perimeter of a building to about 75F. The concept of stat control presented here is that internal and perimeter stats are set to minimize energy consumption but at values that are reasonable to occupants. This means that during the summer the stats are set the same, for this study 75F. During the winter, as will be demonstrated in Papers 3, the perimeter stat should be set equal to or less than the internal stat so that heat is transferred from the interior to the perimeter of the building again assuming internal supply air goes to the perimeter for return. A different return air pattern will change the stat control strategy. Figure 9 gives the 90 day (bEQ) values.   
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Figure 9 Building Energy Quotient (bEQ) for 55F supply air (left) & 58F supply air & 74F perimeter stat set (right) ASHRAE Design
The 90 day (bEQ) value for the ASHRAE Design increases about 8% with the 58F supply air and 74F perimeter stat set point verses 55F supply air and internal and perimeter stats set at 75F. The next Paper 3 will show a greater effect during spring/fall weather due to the requirement for perimeter heat. 
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Figure 10 ASHRAE Design top chart, min kW Design bottom chart.
SUMMARY
Figure 10 presents the result of this Paper 2 study in a form similar to EnergyPlus. Comparing the two charts illustrates the air handler system of the ASHRAE Design is the big energy user compared to the min kW Design. The tables on the right of the Figure 10 further illustrate giving an estimate of summer (bEQ) values. The min kW Design (bEQ) is about 71% of the ASHRAE Design (bEQ). 

Designing and controlling a system to minimize kW demand can result in significant reductions in building energy consumption as illustrated and determined by this energy model. The obvious question; is this model correct and if not what is incorrect? The ASHRAE community can help answer this question and to that end the next figure is provided.
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Figure 11 Chiller & tower performance for the two designs.
CHILLER/TOWER PERFORMANCE FOR MANUFACTURES TO REVIEW

Chiller and tower manufactures are requested to provide input regarding Figure 11. DOE and PNNL are ask to provide whatever detail is available regarding the study of the large office as defined in the ASHRAE Standard 90.1 study (Liu 2011).
CONCLUSION
DOE, PNNL and chiller and tower manufactures have a responsibility to the ASHRAE community and building owners to join this discussion. Are the concepts and positions stated here correct and if not what is correct?
The next Paper 3 will deal with spring/fall and winter operation and control of the two systems. 

Nomenclature (See Paper 1)
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