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To: California Energy Commission 

From: Taylor Engineers 

Subject: Docket Number: 24-BSTD-01 15-Day Language 

Date: September 5, 2024 

 
 
Taylor Engineers is grateful that the Energy Commission has taken the time to meet with a range of concerned 
stakeholders and has carefully considered feedback in revising the draft 15-day language for the multi-zone heat 
pump baseline in 140.4(a)3. In particular, the Staff Memo has ultimately acknowledged that the proposed FPFC 
system is generally not cost effective in most applications when compared to the existing baseline system. The 
current draft language provides more flexibility in system selection by adding the dual fan dual duct system, which 
can be a very efficient and cost-effective all-electric HVAC system for some applications, and by providing an 
exception for buildings larger than 150,000 ft2 or greater than 5 stories. Taylor Engineers is strongly supportive of 
energy efficient and appropriate solutions for decarbonizing buildings and HVAC systems. We are appreciative of 
the opportunity to collaborate with the Energy Commission to advance Title 24 Part 6 and look forward to 
continuing to collaborate in future cycles. 
 
Nevertheless, Taylor Engineers does have some concerns about the cost effectiveness analysis based on the 
proposed VRF system type for the medium office building (MOB) and small school prototypes. We believe that 
the determination of cost effectiveness is incorrect, compared to the existing baseline system type, based on our 
review of the detailed cost calculations. Our revisions and corrections to the calculations result in higher first 
costs, higher maintenance costs, and higher replacement costs for VRF over the 30 year period, and benefit to 
cost ratios (BCR) of less than 1.0 for both protypes and in nearly all climates.  
 
For example, for the medium office building (many of the same concerns apply to the small school): 

• The MOB has an area of 53,628 sf. The baseline system assumes 60 VAV boxes at $3245/ea installed and 
~900 sf/zone, which is a reasonable average zone size. The proposed system assumes 30 VRF fan coils at 
$2056/ea installed. That unit cost is far too low, it cannot be lower than that for a VAV box, and there is no 
reason that the number of VRF fan coils should be less than the number of VAV zones. In our suggested 
revisions, we increase the number of VRF fan coils to 60 and increased the cost of VRF fan coils to $4000/ea 
installed. This also doesn’t yet include costs for VRF branch controllers and power connections to each fan 
coil. 

• The VRF model assumes condensate piping costs at $317/ton. A contractor suggested $2500/zone for 
condensate piping, not including condensate pumps. 

• The analysis assumes a 20 year lifespan for VRF. We shortened to 15 years, which may still be generous. 
We heard an anecdote from one building where 10% of the units are failing per year already after 8 years. 
The spreadsheet analysis did not include replacement costs for zone level equipment, so we added these for 
VAV boxes and VRF fan coils. Because of the shorter lifespan and higher unit costs, this is a major increase 
in differential replacement costs for the VRF system type. 

• Maintenance costs were included for 30 VAV boxes, but not for VRF fan coils. We set the quantities for both 
to 60, and added the link to the maintenance costs for fan coils. This is a large cost differential because of all 
of the required fan coil filter changeouts. In practice, there’s very little annual maintenance done on VAV 
boxes, whereas changing out fan coil filters is likely even higher than the assumed $180/yr because the 
required MERV-13 filters would generally only last about 3 months in these applications. This results in a 
large differential increase in maintenance costs for the VRF system type. 

• The VRF model assumes $1500/ton for refrigerant piping in CZ3, which works out roughly to $4.4/ft2 and 
seems very low. We had a 2020 cost estimate that worked out to $13/ft2. We have not included this in our 
suggested revisions.  

• Demand controlled ventilation (DCV) is a mandatory requirement for spaces with high occupant densities, 
such as classrooms and conference rooms, even for DOAS systems. To implement this, an additional damper 
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is required for each DCV zone but these costs are also omitted from the VRF system. We have not included 
this in our suggested revisions, but this is particularly costly for the small school. 

 
Further, VRF system costs are widely expected to increase in 2026 as new refrigerant restrictions go into effect, 
requiring the use of mildly flammable A2L refrigerants, changes to VRF product lines, and additions of refrigerant 
detectors and automatic shutoff valves. These costs do not appear to be factored into the analysis. Lastly, there 
have been longstanding concerns that VRF rated efficiencies are vastly overstated based on AHRI rating 
conditions. Recent research into VRF system performance led to significant changes to AHRI 1230-2023, which 
has only recently led to new, lower efficiency ratings for VRF equipment. We have seen average reductions in 
EER of 16% from one manufacturer based on the new AHRI 1230 standard.  
 
Screenshots summarizing our noted corrections to the cost effectiveness calculations for the medium office 
building and small school are included below.  
 

 
 

 


