Carrier Response and comments on the Stein Response to the AHRI Comments
Nov 8, 2011
Thank you for your comments on the Title 24 Fan Control and Integrated Economizer Proposal, for your alternate proposal, and for your offer to work together to develop a consensus proposal. Along those lines, we have modified the proposal to bring it more in line with your alternate proposal.
Below we respond in detail to your comments. In summary, you make some valid points but the fundamental issue remains: if the actual compressor load is less than the lowest stage of capacity and the compressor has a minimum runtime then either the economizer will have to be limited and/or the supply air temperature will go well below setpoint, which will result in unnecessary latent cooling, risk of coil freezing, degraded compressor efficiency and poor comfort. This basic physical mechanism cannot be prevented without sufficient turndown, even with the most sophisticated control algorithms. Limiting the economizer results in excessive damper movements and premature economizer failure. The most efficient way to address this problem is to have finer increments of cooling capacity control so that the capacity available at any moment more closely matches the actual load at that moment. It is quite common to have real compressor loads below 10% of the total compressor capacity, particularly with integrated economizers, internally load dominated buildings, and oversized air conditioners.
We do not agree.  You still have not separated the energy savings analysis for the 2 speed fan from the integrated economizer change proposal.  For many years small packaged units have been controlled to meet temperature by cycling the compressors.  As shown in the work that was provided on units where proper controls were implemented to interlock the compressors and dampers there was no cycling of the economizer.  Even with a single compressor the dampers remained fully open and the compressor cycled at a duty cycle of 10 minutes.  In the AHRI proposal with the requirement to have two stages of capacity this will be even less of an impact.  Yes, the leaving air temperature drops, but this was included in the analysis that we did.  Our analysis of a real unit using models that match the actual unit and not default residential models used in DOE2 we found that this resulted in some increased energy but as shown in the tables provided in the Carrier comments as well as the AHRI comments the energy impact is small and cannot justify the added cost of capacity modulation down to 20%.  This did not even include the loss in efficiency for the use of a single digital compressor which the costs were based on.  If you look at the data that we provided we found using ASHRAE 90.1 electric rates that the non-ideal economizer incremental power results in payback years from 41 to 7981 yrs.  Even with Title 24 electric rates it still does not meet a reasonable economic justification.  Actual costs will likely be higher because originally we based the costs on a single digital compressor and to meet the current proposed language will require dual compressors in a single circuit one of which likely will be variable capacity.
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We did not see any real substantive difference between your alternate proposal and our original proposal for chilled water units or for fan control of DX units. The real difference comes down to the integrated economizer proposal for DX units. Our original proposal calls for 20% turndown starting in 2015. The AHRI alternate proposal calls for 50% turndown for single zone units and 25% turndown for multiple zone units starting now for 6 to 9 tons and starting in 2015 for 10 tons and above. This alternate proposal for DX turndown will result in less energy savings because most if not all 2 speed/variable speed single zone units over 5 tons will already have 2 stages of capacity and most large multiple zone units will already have 4 stages of capacity.
This is not correct for DX units.  Most of the units at 5 tons and 6 tons are single circuit.  To go to dual compressors will require a chassis redesign for many of the units   As shown above the energy savings are small, but we do agree 2 stage will improve the economizers.  If we were to go to digital, which was the basis of the cost, the energy savings will actual decrease over a 2 stage machine based on actual test results from units that use a digital compressor today.  
For the larger units that are true VAV units I think we are in general agreement and more stages is better and capacity below 25% can be beneficial.  This is likely not an issue and we can likely come to some type of an agreement but the controls have to be addressed and just add capacity requirements will not solve the problem.
AHRI has not focused much on the chilled water, but Carrier has a concern about the very small fan coils that typical are very low cost and simple and today use a 1 stage thermostat and an on off valve.  I see that you include modulating valves and controls, but you costs are probably optimistic and there will be added labor in the field and the factory as well as more expensive thermostats.  Even with your costs the payback is very marginal and is in7.3 to 7.8 years and likely will go above the ASHRAE 90.1 threshold when the fan is modeled as a true 2 speed and not variable speed.  We would recommend that for now we drop to 1 HP and then further study and work with the appropriate manufacturers on a phase 2 in the next round of code changes in 2016.  
One other clarification in general is that all these changes will require redesign and must have an implementation date.  In reality the Title 24 will not be effective until 2014 and ASHRAE 90.1 at best in early 2014 if any state adopts the standard.

	
	



The revised proposal below is a compromise between these two positions. The turndown requirements are set to the AHRI proposed levels until 2018. After 2018 the turndown requirements become stricter. We hope you will agree that this is a reasonable compromise and important step to address the fundamental problem of compressor over-capacity in economizer mode and provide truly efficient, integrated economizer operation.

We appreciate the effort to compromise but do not support the proposal as written.  In general we have issues with proposal that are very specific on how to design a unit and do not define the requirements.  The goal is to save energy and specifications should focus on that and not the design solution.  We know this is not always easy, but is the way energy efficiency standards should be written.  
Revised Proposal
Changes to the original proposal are highlighted in red below: 2. If an economizer is required by Subparagraph 1, it shall be:
B. Capable of providing partial cooling even when additional mechanical cooling is required to meet the remainder of the cooling load. Effective January 1, 2015, direct expansion systems  with a cooling capacity ≥ 65,000 Btu/hra shall be capable of staging or modulating capacity in increments of no more than 20% of total cooling capacity. . have mechanical capacity control  that is interlocked with the economizer control such that the economizer does not begin to close until the unit leaving air temperature is less than 45oF. Direct expansion systems shall also be  capable of staging or modulating capacity in increments of no more than those listed in Table 
X.  Controls shall not false load the mechanical cooling system by limiting or disabling the  economizer or any other means, such as hot gas bypass, except at the lowest stage of cooling  capacity. 
Table X – Effective Date of Lowest Stage of Cooling Capacity
	System Type
	DX Cooling Capacitya
	Lowest Stage of Cooling
	Effective Date

	
	
	Capacity
	

	Single Zone
	≥65,000 Btu/hr and
	≤ 50%
	January 1, 2015 to

	
	<110,000 Btu/hr
	
	

	
	
	
	January 1, 2018

	
	> 110,000 Btu/hr
	≤ 33%
	

	
	
	
	

	
	≥65,000 Btu/hr
	≤ 20%
	After January 1, 2018

	Multiple Zone
	≥65,000 Btu/hr
	≤ 25%
	January 1, 2015 to

	
	
	
	January 1, 2018

	
	
	
	

	
	≥65,000 Btu/hr and
	≤ 20%
	After January 1, 2018

	
	<600,000 Btu/hr
	
	

	
	
	
	

	
	≥ 600,000 Btu/hr 
	≤ 10% 
	



aSee Tables 112-A and 112-B for rating standard and conditions
As we demonstrated in our energy analysis using actual equipment models and not default residential based models that the 20% modulation is not economically justified.  We would propose that we stay with the AHRI recommended requirements for 2 speed fans, economizers and having two stages of capacity for 2015.  We will be glad to work with Taylor Engineering, the CEC and ASHRAE 90.1 to further study the 20% capacity using appropriate models and with DOE2 simulations that can actual model the real system and if justified propose for the 2018 Title 24 standard and 2016 ASHRAE 90.1 standard.  We do not support fixing it to 50% capacity as studies we have done indicated that capacity steps at around 60% can actually result in more savings especially for the fan power.  Again for single zone we do not support the 33% capacity as it has not been demonstrated to be cost effective.  Much of you justification seems to be based on feel and not real technical analysis.
Comment Responses
1. In the AHRI alternate proposal you use the terms constant volume units and variable volume units. We assume you really mean single zone units and multiple zone units, since all units with 2 speed or variable speed fans will be variable volume units.
The term constant volume was used to describe the type of equipment that we are trying to change.  These units typical control space temperature thru a thermostat that directly interfaces with the compressor and economizer and do not directly control supply air temperature.  I think we are all in agreement on the definition of VAV.  What is in-between  is the single zone VAV unit which is a new category that controls space temperature by vary the cfm and then has constant supply air temperature.  To us these are closer to VAV and likely do require more stages of capacity.  We might want to consider some new term or adding a definition.
2. Our proposal for fan control basically says the fan shall be capable of turning down to 66% speed for single zone and 50% for multiple zone but does not prescribe control sequences. The AHRI alternate proposal uses the same fan speeds but it also defines specific control sequences – e.g. fan must go to low speed when cooling demand is less than 50%. We feel


	
	



this is unnecessarily restrictive. For example, even if the cooling demand is less than 50% it might still be more efficient to run the fan above 50% speed to get more economizer cooling and keep the compressor offline.

The AHRI proposal focuses on the old constant volume units and the addition of a 2 speed fan.  Multiple zone VAV units should not be limited to 50% modulation on fans and most if not all already go well below that level. If you read closely the AHRI proposal actual requires fans to for typical staged units to be controlled of the thermostat so when on stage 1 you are on low speed and stage 2 mechanical cooling you are on high speed.  Actual studies we have done shows that more energy can be saving if you have a 60% compressor like an unloading scroll and go to low speed below 66%,  Note the AHRI wording states the following;  

“At cooling demands less than or equal to 50% for proportional controlled units and for 2stage control unit operating on the first stage the supply fan control shall be able to reduce the airflow to no greater than the larger of two-thirds fan speed.”

We actual would be willing to consider for the fully proportional control to also make the fan speed fully proportional.  With all the expensive of having a proportional compressor it does not make sense to have a 2 speed fan.
· We agree that going from 25% to 20% turndown on a large multiple zone system will not eliminate economizer cycling. The expectation, however, is that manufacturers will meet a 25% or lower requirement by converting one of the compressors to a variable capacity or variable speed compressor, as Carrier and Aaon have done on some of their large units. Manufacturers have told us that the cost to do this is minimal. A variable capacity or variable speed compressor on a unit with 4 compressors should provide a total turndown of about 5%, which will largely eliminate economizer cycling. In the long term, we propose lowering the turndown requirement below 25% for large units.
Again you are proposing how to design the units and not defining the real requirements of stable economizer operation.  Without fixing the controls the dampers and compressors will still not function properly.  You also have not considered that at 5% flow there likely will be oil return issues and as we have found override operation is required to insure proper oil return.  We would be will to discuss some modified language for VAV units on capacity control that also factors in controls.  We should also consider the current liberal requirements on hot gas bypass which technical could allow some to comply with the 5% modulation.  Again we are not aligned on economizer cycling although the challenge on a full VAV units is significantly more.
· Slide 7 is used as evidence that economizer dampers do not have to cycle when compressors over cool. It is clear however, from the first figure that the economizer is reducing the return air from about 77oF to about 70oF and the first compressor further lowers the supply air temperature from 70oF to about 57oF (AT = 13oF). This simply indicates that the total load seen by the unit is quite high (close to full load) and the compressor is meeting about 65% of the load and the economizer is meeting about 35%. These are not the typical conditions under which the economizer will cycle. The economizer will cycle when the effective compressor load is say 25%, not 65%. The second figure simply shows that under the same high load conditions, the 2nd compressor overcools the supply air to 45oF. What this figure does not show is that the load has now been artificially raised due to the unnecessary additional latent cooling and that the total compressor efficiency is now lower. This also does not prove that the economizer on this unit will not cycle when the compressor load is low.
As we discussed in Chicago, something did not look right with the 2 compressor 10 ton plot.  What we found was the technician has left off a sealing panel on the damper assembly and there was significant leakage around the economizer so as you can see with the 55 F ambient the supply air temperature did not drop as is should.  We plan to repeat this test.  For the second curve, you are going by feel on the compressor efficiency.  Our model reflected actual compressor efficiency and took into account the low return air temperature and the actual cycling of the compressor. This test was done at 55 F ambient and in general if you look at most building load profiles and historical data on setting changeover temperatures for economizers that just the economizer alone will satisfy the building load below 55 F.   If the compressor load is lower than this test then the cycling period will be even longer between cycles.  Keep in mind the compressor can only come on when there is a Y2 call and we do not run these units like you are used to with VAV control logic. The dampers on this unit are locked in software and cannot cycle.  Again our analysis shows the actual additional energy due to the lower supply air temperature and the incremental annual cost is not significant and paybacks for you 20% capacity are very large.
· Similarly, Slide 8 does not prove that the economizer will not cycle. It just shows with a relatively high compressor load the economizer may not have to cycle but that the compressor will overcool the supply air.
As we said above if the compressor load decreases the cycle will actual be even less.  
· One thing that is missing in the compressor efficiency curves on Slides 11 and 12 is the degradation in efficiency when the compressor overcools the supply air from say 55F to say 45F.
As we explained in Chicago and in the Carrier comments we have taken into account the lower supply air temperature and the energy use is shown in the details on slide 22
· Slide 13 – “the proposal is for 65K and above and currently there is only 1 manufacturer who has a high tier products that was just introduced this month.” Yes, McQuay recently introduced a variable speed unit in this range but Aaon has had units in this range with digital scrolls for several years. Furthermore, there are other manufacturers, like Carrier, that have units above and below this size so the technology and products are clearly available today and will be more so in 3 to 6 years, when the revised proposal takes effect.
I appreciate your marketing effort for Carrier, but we do not have any products in the 65K to 240K that have more than 2 stages.  Our products that did have modulation with the digital compressor below 65K have been obsolete because of poor part load efficiency and a small market demand.  In fact to get them to even meet minimum SEER 13 we had to limit the compressor modulation to 70%.  The technology for modulating compressors is still very new and only be introduced.  The digital is nice for modulation but has efficiency problems at low load and can be up to 10 dba higher in sound.  Inverter driven compressor are being developed, but larger compressor are limited to about 30% capacity and require overspeeding at full load for oil return which will impact their full load efficiency and federal minimum efficiencies.  They also in general cannot be manifolded and some technology development is required for refrigerant and oil management. Yes the VRF’s use them but have many overrides for oil, heat pressure control and refrigerant management that don’t always show in the standard AHRI IEER ratings.  Typical minimum codes do not set regulations on potential technology that might be available.  The other issue is that when separated from the fan energy savings cannot be justified. Again if we put this on the list for the next round then we can properly analysis this.
· Slide 14 – You have correctly identified a flaw in our analysis for integrated economizers. We applied the 25% economizer derate annually. It should not have been applied to economizer-only hours. We are re-running the analysis and expect to use the revised analysis to justify the revised proposal outlined above.
We also have issues with the way you model with a constant 55 F supply air temperature.  This is not the way most units are controlled for compressor integration and it results in many hours of compressor operation that a higher economizer temperature could have done alone.  Yes, it helps cover up for poor enthalpy sensors and allow the use of drybulb  but it does add considerable extra compressor power.
	
	



· Slide 16 – Variable capacity compressors have all the functionality of fixed stage compressors and more so they can provide all the humidity control functions of fixed stage compressors and more. Variable capacity compressors could decrease humidity control if not controlled for humidity but they can also control humidity better than fixed stage compressors if controlled properly. For example, the fan speed does not have to be on high speed during economizer as stated in the second bullet on slide 16. The fan speed could be adjusted to maintain the desired supply air temperature for humidity control for the given load.

Yes they can if you force a lower supply air temperature of 55 F or even 60 F, but if you look at the details of a building operation often you can find that 60 to even 70 F outside air can satisfy a space temperature of 75 F without turning on a compressor.  The issue here is in humid zones you have to have good outdoor air humidity sensing which is another topic of discussion.

· Slide 17 – SEER rating – Our analyses will be re-run using the 90.1-2010 equipment efficiencies for the various sizes of equipment covered in the revised proposal. For example, for large multiple zone units (≥240,000 Btu/h and <760,000 Btu/h) we will use 10.0 EER and 10.1 IEER.
I suspect you will use the default models in DOE2 which I have found are based on nominal conditions with 80- F return air and do not really reflect low return air temperatures seen during economizer operation.    I don’t think we have issues with the >240K.  If you do rerun, which I am not sure is going to tell us much you should use the 65K to 135K efficiencies in 90.1.    I did notice that you fan performance is very high and actual your fan savings was less than what the Carrier study showed. 
· Slide 17 - External static – We will re-run the analyses at a couple different external statics appropriate for the various sizes and types of equipment in question for the revised proposal. I doubt the results will be very sensitive to the external static.
I can do this with my study in a few hours and will do so.  Fan power does very with static so it will have an impact.  I plan to check down to .5 inches, but I doubt that it will change anything on the fan change proposal.
· Slide 18 – Conjecture on cost reductions are not used in the analysis. We are using the costs provided.
But your analysis and justification made claims that the costs are likely to drop.  AHRI provided their best full production costs in $2010.  These are likely to increase by 2015 due to copper and material prices plus the costs were based on digital and to meet some of the requirements will require added costs and changes.
· Slide 26 – You are correct that our CHW fan coil analysis assumed modulating CHW control, rather than on/off control. Please note, however, that the analysis was conservative in that it did not included the motor efficiency benefit of the EC motor or the fan heat savings. In fact, there is another proposal for Title 24-2013 to require EC motors on HVAC motors less than 1 HP and that proposal justifies the EC motor solely on motor efficiency savings. To be conservative, our analysis included the full incremental cost of EC motors using current costs ($182) and a conservative estimate for start-up/commissioning. We have talked to some local contractors who have estimated that the incremental cost for an analog thermostat versus a 2 stage thermostat is about $100. If we take the EC motor cost out of the analysis (since it is already justified by another proposal) or add the motor efficiency savings into the analysis then the extra $100 for the analog thermostat is easily justified.
Your scalar payback periods are very close to the limits.  A fan coil with a ¼ motor is going to be very small and essential has not controls.  They will now have to add a motor control, valve controller, modulating valve and most of this will be done in the field.  I have not done the analysis, but it sure sound marginal.  We would propose that we for now drop to 1 HP and then do some more detailed analysis to see if ¼ can be justified and proposed this with the next round of efficiencies.  Unfortunately the focus has been on DX and AHRI has not really approached the small fan coil manufacturers.
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