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Marketecture Definition 
 

Wikipedia defines Marketecture as, “any form of electronic 
architecture perceived to have been produced purely for 
marketing reasons. It may be used by a vendor to place itself in 
such a way as to promote all their strongest abilities whilst 
simultaneously masking their weaknesses”. 
A more insightful description (from an engineer’s perspective) 
can be found at the following link. 
https://www.youtube.com/watch?v=0hn-AU3KQRk 
   
A Few Expensive NZEBs or Many Affordable LowEBs 
 

The building industry is abuzz about Net Zero Energy Buildings. 
The AIA has set a challenge goal of market viable NZEBs by 
2030. ASHRAE has committed to provide tools that support this 
goal. In 2012 Research Project 1651 was undertaken to 
determine maximum achievable energy goals for a variety of 
building types and locations to achieve NZEBs (but cost was not 
a constraint). ASHRAE has also pledged their new headquarters 
to “…include the latest and greatest that the industry has to 
offer…will represent the sustainability values which ASHRAE 
has long held, and will have a zero carbon footprint.” 
 

Does this promote the society’s “strongest abilities while 
…masking weaknesses”?  Recall the 2008 $6.5 million HQ 
renovation project was to be “a leading example of sustainable 
renovation”.  A team of ASHRAE members evaluated systems 
and received over $1 million in equipment donations for the 
35,000 ft2 building. In the spite of this effort and expense, the 
building only squeaked out an Energy Star Rating of 77 in 2010 
(which means it isn’t even in the top 20% of similar building). It 
did achieve a LEED Platinum rating (not sure if I’d brave the 
Atlanta traffic to use one of the bicycle racks). 
 

 What the ASHRAE staff did learn was something that many 
engineers already know: the controls on the latest and greatest 
systems don’t often work so well. After “negotiation” with the 
VRF manufacturer, input from an engineer with sizeable GSHP 
experience, and retro-commissioning (https://cxgbs.com/ashrae-
headquarters-renovation/), the building received an Energy Star 
rating of 95 four years after completion. Hopefully, the new 
office building will operate well soon after start-up and published 
results will include demand, energy use, itemized renovation 
costs, system specifications, and occupant satisfaction results. 

Consider the larger Marketecture issues with NZEB. The New 
Buildings Institute found an increase of Zero Energy (ZE)* 
buildings and districts from 53 to 67 between 2016 and 2018 
(https://newbuildings.org/resource/2018-getting-zero-status-update/). 
However, there were 445 ZEB projects underway between 2012 
and 2016 so it seems only 14 of 445 projects made ZEB by 2018. 
 

 
 

Even if the number of ZEBs doubled from 67 to 134 by 2020, it 
would be much better to reduce the annual building site energy 
from the current 80 kBtu/ft2 to 40  kBtu/ft2 for 1,000 or 10,000 or 
even 100,000 buildings. Good engineers can do this. Just provide 
performance goals and free them from ineffective compliance 
standards that require no measured results (i.e ASHRAE 90.1). 
 

The scarcity of measured data (energy use, demand, installation 
costs, occupant satisfaction, etc.) allows Marketecture to control 
the selection of design professionals and HVAC system types. 
Figure 2 shows several measurements and simplified guidelines 
that would allow good engineers to succeed and be recognized by 
building owners who want the best buildings. (Cont’d on page 2.) 
 

  
 

*The definitions for NZEB and ZEB vary.  Some are based on 
site energy (energy delivered to the site) others on source energy 
(site energy plus production, delivery, and generation energy). 
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Outside the Loop is a revival of a newsletter originally devoted to ground source 
heat pumps. This version is expanded to the larger HVAC industry to provide 
alternative perspectives to publications that depend on advertisement for 
financial support. The editor is a frequent contributor to the ASHRAE Journal 
and is author and co-author of two widely sold ASHRAE publications, HVAC 
Simplified (2006) and Geothermal Heating and Cooling (2014).  
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A Few Expensive NZEBs or Many Affordable LowEBs (cont’d) 
 

A huge elephant in the NZEB room is that in addition to very 
good architects, contractors/subcontractors, control professionals, 
and a committed owner (with deep pockets), the engineering 
firm must be awesome. Achieving NZEB is like winning the 
World Series. In order to win the baseball folks find and pay the 
best players based on performance: batting average, earned run 
average, home runs, runs batted in, etc.  Unfortunately, the 
design world has almost no statistics on the best engineers and 
we’re a profession that deals with numbers constantly. 
 

The Low Hanging Fruit tree diagram suggests the following: 
1. Measure both site and source EUI so those on either side of 

the site vs. source debate can choose their favorite. 
2. Measure costs itemized by 6 to 10 sub-categories to 

determine bang for the buck (and identify best VE options). 
3. Conduct satisfaction surveys to verify 80% occupant 

acceptability rate of comfort and indoor air quality standards.  
4. Measure the perceptions of lighting, acoustics, maintenance, 

and controls to ensure they were acceptable or satisfactory. 
5. Provide limits on heating and cooling requirements to ensure 

architect designs can be low energy buildings (Btu/h∙ft2). 
6. Provide minimum system efficiency (EER≡Btu/W∙h) 

requirements at local climate conditions to ensure primary 
equipment efficiencies include auxiliary energy use.  

7. Combine results of 5 and 6 for power density limits (W/ft2) 
like the Standard 90.1 lighting section. http://geokiss.com/wp-
content/uploads/2018/06/HVACPowerDensity12-06.pdf 

8. Establish power limits to eliminate the Standard 90.1 leniency 
of 1.3 hp/1000 cfm for fans and ∞ hp/gpm for pumps. 

 

While replacing ASHRAE Standards 90.1 and 189 may be 
extreme but why not offer an alternate path that will confirm an 
affordable average site EUI of < 40 kBtu/ft2 is doable with good 
engineering.  It has already been done for 30 years. See page 5.  
 

VRF Marketecture, New Refrigerants, and the Tech Shortage 
(VRF Design by Wesley Sherer, PE, HHB Engineers, Prattville, AL) 

An inquiry was made regarding an update to the text HVAC 
Simplified published in 2006. Two major issues with this task are 
the need to convert to dual units (IP and SI) and include newer 
HVAC systems, especially variable refrigerant flow (VRF). 
 

VRF systems have several potential benefits such as less 
ductwork, lower fan power, individual zone operation, 
simultaneous heating and cooling (in some options) and variable 
capacity.  There are a number of concerns with regard to actual 
performance matching rated values, longer tubing runs with 
increased refrigerant charges, refrigerant line sizing to ensure oil 
entrainment at low flows without excessive pressure/temperature 
losses at full capacity, and complexity of controls. Two of the 
biggest challenges now facing the HVAC industry are (1) the 

possible phase down/out of R-410a and replacement with “mildly 
flammable” refrigerants and (2) the inability of the industry to 
attract qualified personnel. Thus, there are elevated leakage risks 
of a refrigerant that may be expensive and limited in availability. 
 

However, VRF use is growing rapidly. The VRF chapter in the 
2016 ASHRAE Handbook HVAC Systems and Equipment and 
manufacturers’ literature are sources available to understand the 
design process. The chapter is well written, contains good 
graphics and an overview of a design example with some details. 
A prelude to the example states, “Most manufacturers have 
selection software…the following examples are provided to 
show how the software addresses adjustments to system 
capacity”. More details are provided by a manufacturer that 
provides software and also publishes literature that addresses 
refrigerant line sizing and charge calculation procedures. 
http://meus1.mylinkdrive.com/files/01_PUHY-P-T(S)LMU-A,-Y(S)LMU-A.pdf   
 

Several statements in the Handbook chapter mirror some in 
promotional brochures which border on Marketecture. 
VRF Marketecture Item #1 
Promotion of strongest abilities: The Handbook includes the 
statement that “…100% nominal heating performance can be 
obtained as low as 5°F ambient, and approximately 80% heating 
output at -13°F”.  Schematics of “Flash Injection” and “Staged 
Compression” to accomplish this are included. 
Masking of weakness: No information is given of COPs at 5°F 
or -13°F outdoor air temperature (OAT) nor is there a definition 
of nominal heating performance/output. The manufacturer’s 
published data is presented in terms of rated capacity and power 
with correction factors for other OATs. Rated conditions were 
not listed. The AHRI Directory indicates some units are rated at 
47°F and 17°F OATs. Others are rated a single rating OAT of 
68°F. Rating at 68°F and claiming heating performance down to 
-13°F is an example of Extreme Marketecture. Since this rating 
point is useless, analysis will be conducted with highest 
efficiency non-ducted VRF units rated at 47°F and 17°F OATs. 
https://www.ahridirectory.org/NewSearch?programId=72&searchTypeId=3 
 

Figure 3 is a graph of COP vs. OAT extrapolated to -13°F.  Basic 
laws of thermodynamics apply to both flash injection (injection 
of discharge gases into compressor suction) and staged 
compression (two compressors in series). Thus, when 
extrapolated, VRF COP will decline to less than the COP of 
electric resistance as outdoor air temperature falls below 0°F.  
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The COPs will be even lower if the outdoor to indoor unit tubing 
lengths are greater than the rated values specified in AHRI 
Standard 1230 (50 to 100 ft.) and if a defrost penalty is included. 
Suggestion for Engineers/Designers: Insist on certified data 
below 0°F (in writing) that include heating capacity, power input, 
compressor speed, and corrections for defrost and tubing length. 
 
VRF Marketecture Item #2 
Promotion of strongest abilities: The ASHRAE Handbook 
states; “Most VRF system manufacturers list 15 to 20 years for 
air source system and 20 to 25 years for water-source systems as 
the average life expectancy range”. 
Masking of weakness: These life expectancies are estimates 
since data from field measurements of this technology are not 
available.  Also consider compressors can operate at speeds up to 
7200 rpm at extreme conditions with high compression ratios.  
Suggestion for Engineers/Designers: Divulge to your client that 
at this point life expectancy data is limited and the future 
availability and cost of R-410a refrigerant is uncertain.  
 

VRF Marketecture Item #3 
Promotion of strongest abilities: According to the Department 
of Energy (DOE), VRF systems can have “an estimated 30% 
energy savings over baseline conventional HVAC systems, but 
this will vary by building application.” 
Masking of weakness: Efficiencies have improved primarily 
because the rating conditions have been relaxed as mentioned 
previously. Heating COPs tend to be high with an OAT of 68°F. 
Ratings also assume fixed refrigerant line lengths (i.e. 75 ft, for a 
10-ton unit) and no elevation. 
Suggestion for Engineers/Designers: Request COP and EER 
values be provided as designed with correction factors (i.e. 
defrost, line lengths, and indoor temperature less than 80/67°F). 
 
VRF Marketecture Item #4 
Promotion of abilities: Green technology…contributes to LEED 
Masking of weakness: VRF systems contain large amounts of 
R-410a that has a global warming potential (GWP) of 2088 and a 
refrigerant charge limit (RCL) of 26 lbs./1000 ft3 (7th largest 
value of the 92 refrigerants listed in ASHRAE Std. 34). This high 
RCL values limits the system refrigerant charge when lines pass 
through enclosed spaces (i.e. 58.5 lbs. for 15’x15’x10’ room). 
 

The Big Issue: VRF and Mildly Flammable Refrigerants 
  
In the US the primary VRF refrigerant is R-410a which has been 
an effective but not perfect replacement of R-22 due to its low 
Ozone Depletion Potential (ODP) and an A1 safety designation 
(low toxicity, no flame propagation at 140°F). It is under 
pressure to be phased down/out because it has a GWP of 2088. 
 

Most low GWP replacement refrigerants are designated as mildly 
flammable (A2L) like R-32, which is now used in 90% of new 
builds in Japan (ASHRAE webcast, “The Future of Refrigerants: 
Unitary and VRF Systems”).  While the current climate in the US 
is unfavorable to curbs on global warming, there is a conundrum 
due to mergers of major US and Japanese HVAC manufacturers.  
 

A logical path to future is to move toward systems with low 
refrigerant charges and leakage potential. As shown in Figure 4, 
VRF refrigerant charges are quite large compared to other 30-ton 
options and leaks are harder to find since refrigerant lines are 
insulated and often difficult to access. 
 

Figure 5 was created using a manufacturer’s software to compare 
the refrigerant amounts for a VRF system with other HVAC 
office building options.  Refrigerant line sizes are shown that 
connect three 10-ton outdoor units to ten 3-ton indoor units.  
Total refrigerant mass for the indoor units, outdoor unit and 
refrigerant lines was calculated to be 141.2 lbs. The VRF system 
requires almost 8 times the refrigerant charge as the lowest 
charge option. 
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Engineers, Let Not the Marketecturers Lead Us Astray 
 
The previous comment regarding NZEBs can be applied to 
VRFs, “The scarcity of measured data (energy use, demand, 
installation costs, occupant satisfaction, etc.) allows 
Marketecture to control the selection of …HVAC system types. 
However, additional data that is increasingly critical and applies 
to not only VRFs but to all equipment types are refrigerant 
leakage rates. The industry is embarking on a painful transition 
to mildly-flammable, low-GWPs refrigerants with elevated 
safety issues.  This transition will be ill-advised if leak rates for 
HVAC systems are unknown and systems that require greater 
amounts of refrigerant are more prevalent. Recall the number 
one reason for the poor performance identified by a National 
Comfort Institute Survey of 819 unitary HVAC systems was 
improper refrigerant charge (OTL Vol.5, No.3, p.4). 
 
Marketecture GSHPs for the Well-Off but Design for Others 
 
The leaders of GSHP industry are manufacturers and their reps, 
policy makers, a few lobbyists, statewide organizations (i.e. NY, 
IL), equipment installers, a few ground loop contractors, and 
some marketecturers. The electric utility tends to run hot and 
cold with regard to GSHPs. There are relatively few engineers 
involved with the GSHP industry. This make-up has resulted in 
an industry which tends to have a residential focus and relies on 
marketecture and incentives for success.  A consensus among 
many of GSHP industry leaders is that “we” need to do a better 
job of marketing the advantages of the technology. The recent 
industry tailspin when rebates were eliminated is likely to be 
repeated since this approach has been previously ineffective. 
 

Field studies have drawn attention to the poor performance and 
high level of dissatisfaction with HVAC systems including some 
GSHPs (National Comfort Institute Survey, OTL Vol.5, No.4, 
p.4 and Furnace Compare ratings, OTL Vol.6, No.2, p.3). This 
indicates corporations may be entering into programs of planned 
obsolescence and frequent failures. This mimics the approach of 
US automobile manufacturers in the 1970s which was fortunately 
interrupted by higher quality alternatives from Japan. 
 
Currently, the GSHP industry appears to have no aspirations of 
being the 2020s HVAC version of Toyota and Honda. Most 
manufacturers have been bought out by larger corporations and 
equipment has become increasingly complex and expensive. 
Marketecture is prevalent. Controls are proprietary and expensive 
to replace. Figure 6 is snapshots taken from a variable-speed 
water-to-air heat pump installation manual. The current shortage 
of highly skilled personnel able to service this level of controls 
will be exacerbated. Complexity will almost certainly result in 
increased maintenance cost and the long-term availability of 
replacement control boards will likely be nil given the frequency 
of ”upgrades” and new platforms. Marketing this type of 
equipment will ensure GSHPs will remain a niche market since 
there are a limited number of customers that can afford high cost 
heat pumps on top of the added costs of ground loops.  
 

There is a much larger market segment for trouble-free and 
affordable GSHP systems like the one shown in Figure 7. Not 
only are the operating costs low but a unit with a 27-year life and 
minimal service is attractive to schools, small and medium size 
commercial buildings, and modest income individuals financing 
homes with 30-year mortgages. (See OTL Vol.5, No.4, p.2.) 

 
 

 
 

Alternate Paths to GSHP Sustainability (without rebates) 
 
1. Concentrate on the markets in which GSHPs have economic 

advantages over traditional HVAC systems (K-12 schools, 
small and medium size offices, homes being financed with 
new long term mortgages, etc.).  

2. Find the good engineers with proven GSHP success.  Observe 
the Figure 8 energy use graph on page 5 to behold an example 
of 30 years of outstanding engineering and installation. 

3. Measure results such as some of the 8 items listed on page 2 
to ensure buyer perceptions are not based on Marketecture. 

4. Work with manufacturers to provide simple bullet-proof heat 
pumps with non-proprietary, off-the-shelf control components 
that have GSHP industry standardized plug-and-play 
connections to thermostats. Owners could choose between 
simple thermostats, smart ones, building automation systems, 
Alexa, or Internet of Things (IOT) devices so conditions can 
be set from cell phones, cars or even airplanes. 

5. Insist that vendors list prices of heat pumps and related 
equipment. Some already do but the big companies don’t. Car 
dealers list prices, why not do the same for heat pumps? 

6. Coordinate with state GSHP organizations to provide a GSHP 
satisfaction portal similar to Furnace Compare.  

7. Inform consumers of the loopholes of the GSHP ratings 
system so they can make informed decision regarding the 
added cost and maintenance problems of multi-capacity and 
variable-speed heat pumps. Check out the control board 
issues on the site below and compare ratings of older units. 

https://www.furnacecompare.com/geothermal-heat-pumps/waterfurnace/reviews/ 
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Figure 8 – Setting the Bar: Energy Use of Leander (TX) ISD Schools 
http://geokiss.com/wp-content/uploads/2018/06/LeanderGSHPs10-14.pdf 
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