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Feature Story 
ASHRAE 90.1: More Pages ≠ Lower Energy Use 

The latest version of ASHRAE Standard 90.1 (2016) Energy 
Standard for Buildings Except Low-Rise Residential Buildings 
is 380 pages in length.  The 2013 version is “only” 270 pages.  
One would think more complicated and restrictive standards 
would reduce energy use.   If the recent past is an indicator, 
this logic does not appear to be true. 

The most recent Commercial Building Energy Consumption 
Survey (CBECS) for 2102 (EIA, 2017) indicates overall 
building energy use (per unit floor area) is down by 12.4%, 
but buildings constructed in the 2008 – 2012 period use more 
energy than those built between 1980 and 2007.  Figure 1 
indicates a slow growth in Standard 90.1 page length between 
the 1989 and 2007 versions which corresponded to modest 
growth in energy use for buildings constructed in this period. 
A more pronounced increase in page length (221) began with 
the 2010 version.  Why are newer buildings using more energy 
than older ones even though ASHRAE claims reduced energy 
use will result with every new version of Standard 90.1? 

 

The CBECS preceding 2012 was conducted in 2003 and some 
insight is gained by looking at changes in this period.  Figure 2 
indicates the most dramatic improvements were in space 
heating and lighting.  Water heating experienced a less notable 
reduction in energy consumption. Data reveals an increase in 
internal loads of computers, office equipment, cooking and 
ventilation.  This was offset by a slightly larger reduction of 
internal heat due to lighting. Thus, the decline in space heating 

energy use is also likely a result of envelope improvements 
and greater use of outdoor air energy recovery.   

 

The rise in ventilation and cooling energy is a concern to the 
HVAC industry.  The increase is not a result of higher internal 
loads since lighting energy is way down.  Improvements in 
building envelopes should also result in lower ventilation and 
cooling energy use. 

Figure 3 provides some insight counter to the conventional 
wisdom that building automation systems (BASs), variable air 
volume (VAV) systems, and chilled water systems are 
efficient options. The CBECS data indicate the opposite is true 
since HVAC systems incorporating these technologies use 
more energy than the average and buildings with unitary 
equipment. More data are needed to determine if a recent 
wider use of these technologies are part of the problem.   

 
(Continued with some good news on page 2) 

Page 1 



Outside the Loop 
Outside the Loop is a revival of a newsletter originally devoted to ground 
source heat pumps (www.geokiss.com/tech-news.htm). 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 of the most widely sold ASHRAE publications, HVAC Simplified (2006) 
and Geothermal Heating and Cooling (2014). This initial edition is primarily 
the work of the editor and associates but future editions may have other 
contributors.  Support is currently provided via monthly checks from the 
Retirement System of Alabama and the Social Security Administration. 
 Steve Kavanaugh, Professor Emeritus (Retired), University of Alabama 

Please share the newsletter with others. Not on Circulation 
List? Send name and e‐mail to geokisseis@gmail.com  

 

(Cont’d from page 1)  Fewer Pages = Lower Energy Use? 
The good news is the substantial reduction in lighting energy 
from 2003 to 2012.  Consider the ASHRAE Standard 90.1 
page lengths for the lighting sections during this period were 
only 6½ pages in 2004, 7 pages in 2007, and 11 pages in 2010.  
This is not to suggest there is a universal inverse relationship 
between page length and effectiveness in reducing energy use.  
However short, simple and enforceable dictates are valuable 
for many reasons.  The simplicity of the lighting section is that 
specific limits for various spaces are set in watts/ft2 and 
designers are free to create optimum solutions. 

There are multiple problems with an energy standard 380 
pages in length.  The most troubling is that designers must 
spend an inordinate effort complying with a complex list of 
requirements, completing forms and paperwork. Thus 
they have little time left to be engineers.  Additionally, a 
lengthy document is more likely to be filled with loopholes 
(more on this in the next edition of Outside the Loop). 
Enforcement of the standard of this length is next to 
impossible given the many other compliance demands on local 
code officials, especially those with limited HVAC expertise. 

Equally troubling is that the justification for the expansion of 
the standard is based on theoretical energy simulations that are 
rarely verified.  ASHRAE has attempted to match the 
European programs that use asset (simulation) and operational 
(measured) ratings with the Building Energy Quotient 
program (bEQ-See page 3).  After many years of attempting to 
gather data that show a reasonable match between simulation 
and measurement, none are currently available.  However, 
colleagues from the other side of the Atlantic have ample data 
that indicate a divergence between simulation and reality. 

It is recognized CBECS is a broad overview of building 
energy performance. In the absence of a better alternative it 
indicates something is amiss with newer buildings even 
though lighting energy and building envelopes are improving. 
The industry would do well to gather much more actual 
performance data to improve and simplify future building 
energy standards. ASHRAE could follow the advice of W. 
Edwards Deming, the inspiration for the 20th century Japanese 
automotive success: 
 “In God we trust, all others bring data.”  
Reference: 2012 CBECS: Consumption & Expenditures. 
https://www.eia.gov/consumption/commercial/data/2012/inde
x.php?view=consumption 

Building Simulation vs. Metered Energy 
 The UK Experience 

 

Buildings larger than 1,000 m2 (10,800 ft2) have been required 
to exhibit a Display Energy Certificate (DEC) since 2008 in 
England and Wales. At the same time Energy Performance 
Certificates (EPCs) were required when a building was 
constructed, sold or rented.  DECs are based on the metered 
energy use while EPCs reflect design characteristics. 

An Asset Rating (AR) for the building is determined from the 
EPC.  A building energy simulation is performed and results 
are expressed in the Building Emission Rate (BER) of 
kilograms of CO2 per m2. Results are corrected based on 
similar reference buildings of the similar size, shape and 
zoning to arrive at the AR.  An Operational Rating (OR) is 
determined from metered energy use and is likewise corrected 
to reference buildings to arrive at the CO2 emissions rate. 

Figure 4 is a comparison of the AR and OR for the 99 
buildings (of a 56,481 building database) that had both ratings 
prior to April 2010.  The straight line in the figure represents a 
match between the predicted and metered carbon emission 
rates.  Eighteen percent of the buildings had an OR more than 
twice the predicted value, 14% between 1.5 and 2.0 times the 
predicted amount, 2% used less than half the predicted value, 
and 3 times as many buildings had an OR greater than the 
predicted AR than those with a lower than predicted OR. 
There was variation in results from different software 
packages for the same building and discrepancies between 
ARs and ORs are likely the result of poor building operation.    

 
Reference:  Healy, D., Chartered Institution of Building 
Service Engineers, Technical Symposium, Liverpool, UK, 
April 2013. www.cibse.org/knowledge 
 
Carbon Buzz data indicate buildings use 1.5 to 2.5 the amount 
of the energy and carbon emissions predicted. CarbonBuzz is 
a collaborative platform between Royal Institute of British 
Architects and CIBSE to bridge the gap between predicted and 
metered energy use and carbon emissions of buildings.   
http://www.carbonbuzz.org/index.jsp#performancegap 
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Commercial/Institutional Building GSHPs: Do the Math 
and Discover Ground Loop Cost Is Not the Issue  

Engineers and other ground source heat pump (GSHP) design 
professionals should first do the math for estimates of energy 
use and installation costs before relying on conventional 
wisdom.  Chilled/hot water (CHW) systems in commercial 
and institutional buildings cost more than simple, well-
designed GSHPs, use more energy, and have higher electrical 
demand (See ASHRAE Journal, April 2016).  The installation 
cost for a 150-ton (530 kW) GSHP system in a school was 
12% less than a fan coil unit (FCU-CHW) system and 32% 
less than a variable-air-volume (VAV-CHW) system. 

How the Math Doesn’t Work 
Experienced GSHP engineers recognize that adding a ground 
loop to a chilled/hot water HVAC system is not a wise option 
if design goals include lower energy cost, demand, 
maintenance, and installation costs. The math for this option is 
simple (ground loop cost – cooling tower and boiler cost) and 
the energy use/demand is about the same with a ground loop 
or with a tower/boiler.  (See Fig. 6, Page 4.) Why do engineers 
do this? The teacher in me says they haven’t done their 
homework or they copied from a vendor’s work. 

What Two Geezers Know that GSHP Newbies Don’t  
Design firms established by two engineers down in Texas 
recognized better ways of doing GSHPs over 25 years ago. 
They have been making clients satisfied ever since (See 
ASHRAE Journal, October 2014).  One firm has used unitary 
GSHPs (each heat pump connected to an individual loop) for 
most zones and the other has used multiple common loops 
(several heat pumps connected to a loop with no pipe larger 
than 3-inch (90 mm) or 4-inch (125 mm) high density 
polyethylene (HDPE). 

These engineers recognize good ground heat exchangers are 
both critical and expensive. They also recognize that: 
 

 Interior piping loops are expensive but GSHPs only need 
one loop not two like chilled/hot water systems. 

 Insulation for interior piping is unnecessary in their 
climates with properly sized ground loops and especially 
if HPDE (or fiber-core polypropylene) pipe is used. 

 Simple water-to-air (WAHP) heat pumps cost about the 
same as FCUs and require about the same maintenance. 

 WAHPs cost less than VAV terminals and require much 
less maintenance. 

 The costs and maintenance of chillers, boilers, and 
cooling towers are eliminated. 

 Advanced controls are very expensive and rarely work as 
advertised.  Simple non-proprietary controls are better 
suited for most building owners, especially those with 
limited service personnel (like public schools). 

 
It may be HVAC heresy to suggest that advances in energy 
management systems (EMSs), building automation systems 
(BASs), digital controls, and the internet of things (IoT) are 
not working well. The claimed improvement of these devices 
remains conventional wisdom until there are unbiased data to 
support it. Note that the data presented in Figure 3 indicate 
that buildings with EMS/BAS use 20% more energy than the 

average for all buildings.  It is suggested these systems will 
not realize their full potential until technicians who install, 
maintain, and specify advanced controls are plentiful and well-
compensated and true interoperability is attained by 
eliminating proprietary controls from all specifications. 
 

ASHRAE Opens Building Energy Quotient (bEQ) Portal 

ASHRAE has opened a portal for the Building Energy 
Labeling Program (http://buildingenergyquotient.org/) for 
online data entry to obtain a bEQ Performance Score. The 
process is compatible with the ENERGY STAR™  Portfolio 
Manager and Energy Use Intensity (EUI) calculation.  
Standard reports can be generated by licensed professional 
engineers (PEs) or by ASHRAE certified building energy 
professionals.  The program is similar to the UK Asset Rating 
(AR) and Operation Rating (OR) program in that it generates 
an “As Designed” rating and an “In Operation” rating. 
 

To receive an “As Designed” rating a standardize energy 
model must be performed by an ASHRAE Certified Building 
Energy Modeling Professional (BEAP) or PE.  To receive an 
“In Operation” rating an assessment must be performed by an 
ASHRAE Certified Building Energy Assessment Professional 
(BEMP) or PE.  A building walk-through and data gathering 
are conducted. Workbooks must be completed for both the 
“As Designed” and “In Operation” ratings and fees submitted 
to ASHRAE for review and rating development. While the 
bEQ program has not yet released data, the Energy Star 
Buildings program has data for 28,000+ certified buildings 
with 4 billion ft2 of floor space. www.energystar.gov/buildings/ 
 

GshpCalc 5.0 is Now Freeware 

The commercial building design program for ground-coupled, 
(closed-loop), groundwater, and surface water heat pump 
systems is now free. The geokiss.com website indicates 
payment is required but free copies can be obtained via e-mail 
(geokisseis@gmail.com).  An updated and expanded closed-
loop replacement is available from geoconnectionsinc.com.  It 
uses the same basic code but was independently developed by 
more youthful (and probably smarter) engineers than I.  
 

The geokiss website contains several free HVAC and GSHP 
design programs, including piping systems, air distribution, 
psychrometrics, residential and commercial cooling/heating 
loads calculators, IP-to-SI unit converter, ground temperature 
calculator, vertical GSHP heat exchanger resistance calculator, 
HVAC system efficiency calculator, cooling-heating-water 
heating cost & CO2 calculator, and economic calculators. 
  
Pop Quiz ‐ Industry Standards (Answers provided on Page 4) 
1. What are the indoor air temperatures (dry bulb/wet bulb) used to 
obtain SEER rating for heat pumps and air conditioners (HP&ACs)? 

a. 75/63°F (23.9/17.2°C)  b. 77/65°F (25.0/18.3°C)                                
c. 80/67°F (26.7/19.4°C)  d. 80.6/66.2°F (27.0/19.0°C)       

2. What percentage of outdoor air temperatures used for HP&ACs 
SEER rating are actually lower than the indoor temperature? 
a. 0%   b.   20%   c.   33%   d.   50%   e.   66% 
3. What is the external static pressure (ESP) used to obtain EER and 
COP rating for water‐to‐air heat pumps? 
a. 0 in. w.c. (0 Pa)   b. 0.15 in. w.c. (37 Pa)  c. 0.5 in. w.c. (125 Pa) 
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A Tool for System Efficiency (HVAC‐SystemEff16.xlsx) 
One of the spreadsheet tools available with ASHRAE texts, 
Geothermal Heating and Cooling, HVAC Simplified, or from 
www.geokiss.com is a calculator for system efficiency and 
capacity that considers all components and corrects for field 
conditions.  Information from equipment schedules are entered 
into the spreadsheet for all cooling (or heating) equipment, 
fans, and pumps.  Power input values are computed and 
totaled.  Gross cooling (or heating) capacities are corrected to 
net values and totaled.  This facilitates calculation of system 
efficiency (net capacity out ÷ total power in). 

A GSHP example is shown with 200 WAHPs having a 
combined nominal cooling capacity of 575 tons (2,020 kW) 
with 20 common ground loops and 10 WAHPs on each loop.  
Specifications for the units are entered into the yellow cells of 
Item 1. Blue cells show the results of calculations for power 
and capacity. Since rated WAHP conditions do not include fan 
power for duct and filter losses, corrections from zero to more 
realistic external static pressures (ESP) are added in Item 2b. 
Item 5 includes specifications for the 200 circulator pumps. 

The calculated system energy efficiency ratio (EER) is 14.6 
Btu/W-h (COP = 4.27).  This efficiency is a result of a simple 
system with few components (no AHUs, return fans, chilled 

water pumps, or cooling tower fans). High efficiency is also 
due to low power and energy required to circulate air and 
water through low friction loss local pipe and duct networks.  
However, this system is non-compliant with Standard 90.1. 

An equivalent CHW-FPVAV system has two chillers totaling 
680 tons (2,390 kW), 16 AHUs, 200 fan powered variable-air- 
volume (FPVAV) terminals, 8 return air fans, 4 chilled water 
pumps and 2 condenser pumps.  The resulting system EER is 
8.1 (COP=2.39) even though the water cooled chiller has 
excellent efficiency (0.5 kW/ton, EER = 24, COP = 7.0). 

Although the system efficiency is poor it is compliant with 
ASHRAE 90.1-2016. The low efficiency value is a result of 
the large amount of power and energy required to distribute air 
and water through high friction loss central distribution 
networks, especially the duct and terminal units. The power 
and energy of the indoor fans and chilled water pumps also 
have a detrimental impact on the cooling capacity lowering the 
capacity 18% to a net value of 557 tons (1,960 kW). 

The underlying equations are given in ASHRAE publication, 
HVAC Simplified (2006). The spreadsheet contains a 
worksheet with manual calculations using the equations which 
can demonstrate how it is possible (and commonplace) to have 
a system EER of 8.1 even with a chiller EER of 24.    

 

   
                                                                                                                              Page 4                                                 Answers to Pop Quiz: 1. c   2. e   3. a   

Item OR

1 Chillers or Heat Pumps Click Here for Explanation Qty. kW/ton Tons Qty. EER kBtu/h kW‐each kW‐total kBtu/h tons

WC chillers based on CoLWT=95 F*, ChWLT=44 F* ‐‐‐ 50 19.2 28.3 1.5 73.7 1415.0 117.9

AC chillers based on OAT = 95 F*, ChWLT = 44 F* ‐‐‐ 100 19.6 34.5 1.8 176.0 3450.0 287.5

Enter EER at 95 F* (air source) or EER at 86 F* (WSHP) 50 19.2 40.6 2.1 105.7 2030.0 169.2

2a Air Handling Unit Fans (>1.0 hp) Click Here Air Flow (cfm) TP (in. wtr) η fan (%) η mtr. (%) η VSD (%) hp‐each ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

None Used 0.00 0.00 0.0 0.0 0.0

2b DX Coil, Water Coil, or VAV Fans (<1.0 hp) Click Here Air Flow (cfm) TP (in. wtr) η wire‐air (%) OR hp‐each  η mtr. (%) ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

Systems with Unitary ACs or Heat Pumps 50 900 0.6 30.0% 0.28 0.21 10.6 ‐36.1 ‐3.0

100 1200 0.7 30.0% 0.44 0.33 32.9 ‐112.2 ‐9.4

50 1300 0.7 30.0% 0.48 0.36 17.8 ‐60.8 ‐5.1

3 Return Air Fans ‐ Enter exhaust air %  20% Air Flow (cfm) TP (in. wtr) η fan (%) η mtr. (%) η VSD (%) ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

None Used 0.00 0.00 0.0 0.0 0.0

4 Chilled Water Pumps Wtr. Flow (gpm) ΔH (ft. wtr) η pump (%) η mtr. (%) η VSD (%) ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

None Used 0.00 0.00 0.0 0.0 0.0

5 Condenser  or Ground Loop Water Pumps Wtr.Flow (gpm) ΔH (ft. wtr) η pump (%) η mtr. (%) η VSD (%) ‐‐‐ ‐‐‐

50 8 30 50.0% 50.0% 100.0% 0.12 0.18 9.0 ‐‐‐ ‐‐‐

100 9 30 50.0% 50.0% 100.0% 0.14 0.20 20.3 ‐‐‐ ‐‐‐

50 11 30 50.0% 50.0% 100.0% 0.17 0.25 12.4 ‐‐‐ ‐‐‐

6 Condenser (or Fluid Cooler/Cooling Tower) Fan 0 Air Flow (cfm) TP (in. wtr) η fan (%) η mtr. (%) η VSD (%) hp‐each ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

None Used 0 ‐‐‐ ‐‐‐ ‐‐‐ 75.0% 100.0% 0.00 0.0 ‐‐‐ ‐‐‐

kW kBtu/h tons

458.6 6685.9 557.2

kW/ton = 0.82 EER =  14.6 Btu/W‐ COP = 4.27

Figure 5 ‐ Ground Source Heat Pump (GSHP) HVAC System Cooling Efficiency Calculator 
Yellow Colored Cells  for Input Do Not Type in Blue (Output) Cells

System Totals

Enter Chiller Data in Cells Below Enter AC/HP  Data 

Click Here

Item OR

1 Chillers or Heat Pumps Click Here for Explanation Qty. kW/ton Tons Qty. EER kBtu/h kW‐each kW‐total kBtu/h tons

WC chillers based on CoLWT=95 F*, ChWLT=44 F* 2 0.5 340 ‐‐‐ 170.0 340.0 8160.0 680.0

2a Air Handling Unit Fans (>1.0 hp) Click Here Air Flow (cfm) TP (in. wtr) η fan (%) η mtr. (%) η VSD (%) hp‐each ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

4 40000 4 75.0% 93.0% 98.0% 33.60 27.50 110.0 ‐375.3 ‐31.3

4 20000 4 75.0% 92.0% 98.0% 16.80 13.90 55.6 ‐189.7 ‐15.8

8 4000 2 70.0% 88.0% 98.0% 1.80 1.56 12.5 ‐42.5 ‐3.5

2b DX Coil, Water Coil, or VAV Fans (<1.0 hp) Click Here Air Flow (cfm) TP (in. wtr) η wire‐air (%)OR hp‐each η mtr. (%) ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

Systems with Unitary ACs or Heat Pumps 50 1600 0.5 30.0% 0.42 0.31 15.7 ‐53.4 ‐4.5

100 1200 0.5 28.0% 0.34 0.25 25.2 ‐85.9 ‐7.2

50 800 0.5 25.0% 0.25 0.19 9.4 ‐32.1 ‐2.7

3 Return Air Fans ‐ Enter exhaust air %  20% Air Flow (cfm) TP (in. wtr) η fan (%) η mtr. (%) η VSD (%) ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

8 34000 2.5 75.0% 92.0% 97.0% 17.85 14.92 119.4 ‐325.8 ‐27.2

4 Chilled Water Pumps Wtr. Flow (gpm) ΔH (ft. wtr) η pump (%) η mtr. (%) η VSD (%) ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

2 825 100 70.0% 90.0% 97.0% 29.76 25.43 50.9 ‐173.5 ‐14.5

2 825 50 70.0% 90.0% 97.0% 14.88 12.72 25.4 ‐86.8 ‐7.2

5 Condenser  or Ground Loop Water Pumps Wtr.Flow (gpm) ΔH (ft. wtr) η pump (%) η mtr. (%) η VSD (%) ‐‐‐ ‐‐‐

2 1000 50 70.0% 90.0% 97.0% 18.04 15.41 30.8 ‐‐‐ ‐‐‐

6 Condenser (or Fluid Cooler/Cooling Tower) Fan 0 Air Flow (cfm) TP (in. wtr) η fan (%) η mtr. (%) η VSD (%) hp‐each ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

2 ‐‐‐ ‐‐‐ ‐‐‐ 75.0% 100.0% 20 19.89 39.8 ‐‐‐ ‐‐‐

kW kBtu/h tons

834.6 6795.0 566.2

kW/ton = 1.47 EER =  8.1 Btu/W‐h COP = 2.39

Figure 6 ‐ Chilled/Hot  Water Fan‐Powered Variable‐Air‐Volume (C/HW‐FPVAV) HVAC System Cooling Efficiency Calculator 
Yellow Colored Cells  for Input Do Not Type in Blue (Output) Cells

System Totals

Enter Chiller Data in Cells Below Enter AC/HP  Data 

Click Here


