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WHAT SHOULD YOU LEARN


E n e r g y  P e r f o r m a n c e  
C o m p l i a n c e  P a t h :  
d o c u m e n t a t i o n  C h e c k l i s t



 ENERGY PERFORMANCE COMPLIANCE PATH: DOCUMENTATION CHECKLIST


M o s t  o f  t h e  p r o b l e m s  i n  E A  C r e d i t  1  a p p l i c a t i o n s  t h a t  f o l l o w  t h e  
s i m u l a t i o n  c o m p l i a n c e  p a t h  c o m e  f r o m  t h e  i n c o r r e c t  u s e  o f  
r e f e r e n c e d  s t a n d a r d s ,  i n c o n s i s t e n c i e s  b e t w e e n  t h e  e n e r g y  m o d e l  
i n p u t s  a n d  o u t p u t s ,  a n d  l a c k  o f  v a l i d a t i o n  o f  e n e r g y  s a v i n g s  
d e m o n s t r a t e d . T h i s  s e c t i o n  i n c l u d e s  t h r e e  c h e c k l i s t s  t o  h e l p  b o t h  
a p p l i c a n t  a n d  r e v i e w e r  d e t e r m i n e  w h e t h e r  t h e  e n e r g y  m o d e l i n g  
a c c u r a t e l y  d e m o n s t r a t e s  t h e  p r o j e c t ’ s  p o t e n t i a l  e n e r g y  s a v i n g s .

I n p u t  q u a l i t y  C o n t r o l  C h e c k l i s t
T h e  f i r s t  s t e p  i n  v e r i f y i n g  t h e  a c c u r a c y  o f  t h e  e n e r g y  s a v i n g s  i s  t o  
c o n f i r m  t h a t  t h e  m o d e l i n g  i n p u t s  c o m p l y  w i t h  t h e  r e q u i r e m e n t s  o f  
t h e  r e f e r e n c e d  s t a n d a r d . T a b l e  3 . 1  p r e s e n t s  a  c h e c k l i s t  f o r  r e v i e w i n g  
t h e  e n e r g y  m o d e l i n g  i n p u t s  a n d  i d e n t i f i e s  t h e  c o m m o n  e r r o r s  f o u n d  
i n  L E E D  a p p l i c a t i o n s .  P r o j e c t s  f o l l o w i n g  A S H R A E  9 0 . 1 – 2 0 1 6 +  c a n  u s e  
t h e  t a b l e  a s  a  g u i d e  t o  p e r f o r m  q u a l i t y  a s s u r a n c e  f o r  c o m p l e t e n e s s  
a n d  a c c u r a c y . T h e  i n p u t s  a r e  f o u n d  i n  t h e  L E E D  O n l i n e  c r e d i t  f o r m  
a n d  e n e r g y  m o d e l i n g  s u m m a r y  r e p o r t s .

T h e  m o s t  c o m m o n  e r r o r s  a r e  f o r  p r o j e c t s  u s i n g  A S H R A E  9 0 . 1 – 2 0 1 6 + ,  
A p p e n d i x  G .  F o r  p r o j e c t s  u s i n g  C a l i f o r n i a  T i t l e  2 4 ,  t h e  b a s e l i n e  
i n p u t  i s  a u t o m a t i c a l l y  g e n e r a t e d  b y  t h e  s i m u l a t i o n  s o f t w a r e  a n d  i s  
t h e r e f o r e  n o t  s e p a r a t e l y  i n c l u d e d  i n  t h i s  s e c t i o n .

OUTPUT QUALITY CONTROL CHECKLIST


T h e  n e x t  s t e p  i s  t o  d e t e r m i n e  w h e t h e r  t h e  o u t p u t s  c o m p l y  w i t h  t h e  
r e f e r e n c e d  s t a n d a r d ’ s  r e q u i r e m e n t s  a n d  L E E D  r e q u i r e m e n t s ,  s u c h  a s  
u n m e t  l o a d  h o u r s ,  p r o c e s s  e n e r g y  u s e ,  a n d  e x c e p t i o n a l  
c a l c u l a t i o n s . T a b l e  3 . 2  p r e s e n t s  a  c h e c k l i s t  t o  h e l p  t e a m s  a n d  
r e v i e w e r s  c o n f i r m  t h a t  t h e  r e q u i r e m e n t s  h a v e  b e e n  m e t  a n d  t h e  
o u t p u t  v a l u e s  r e p o r t e d  i n  t h e  L E E D  c r e d i t  f o r m  a r e  c o n s i s t e n t  w i t h  
t h e  s i m u l a t i o n  o u t p u t  r e p o r t s .  T h e  c h e c k l i s t  a p p l i e s  t o  p r o j e c t s  
u s i n g  A S H R A E  9 0 . 1 –  2 0 1 6 +  a n d  C a l i f o r n i a  T i t l e  2 4 – 2 0 1 9 ,  P a r t  6 .

O u t p u t - I n p u t  C o n s i s t e n c y  C h e c k l i s t

T h e  l a s t  s t e p  f o r  v e r i f y i n g  t h e  a c c u r a c y  o f  t h e  e n e r g y  s a v i n g s  i s  t o  
c h e c k  f o r  c o n s i s t e n c y  b e t w e e n  o u t p u t s  a n d  i n p u t s .  T a b l e  3 . 3  i s  a  
c h e c k l i s t  f o r  r e v i e w i n g  t h e  c o n s i s t e n c y  o f  e n e r g y  m o d e l i n g  o u t p u t s  
a n d  i n p u t s  a n d  p r o v i d e s  c a l c u l a t i o n  m e t h o d s  a n d  r u l e s  o f  t h u m b  t o  
p r e d i c t  r o u g h  o r d e r - o f - m a g n i t u d e  r e s u l t s .  I t  c a n  a s s i s t  w i t h  q u a l i t y  
a s s u r a n c e  o n  p r o j e c t s  u s i n g  A S H R A E  9 0 . 1 – 2 0 1 6 +  a n d  C a l i f o r n i a  T i t l e  
2 4 .

Table 3.1. Input Quality Control Checklist
HVAC System

TOPIC CHECK ERRORS RESOURCES
Primary system type Verify that HVAC system type selected 

for baseline is correct.


Verify that both heating and cooling 
systems have been modeled for 
proposed design. For heated-only 
storage spaces, verify that baseline 
system type has been modeled using 
system types 10 or 11 from ASHRAE 
90.1-2016+ Addendum dn, or types 9 or 
10 from ASHRAE 90.1–2010, where all 
relevant requirements of system type 
have been applied (this optional 
compliance path allows proposed case 
system to be modeled as designed 
rather than with both heating and 
cooling).

Baseline building is modeled with wrong HVAC 
system (e.g., Title 24 project baseline system is 
not consistent with system mapping from N2-10). 
• Baseline HVAC systems use both fossil fuel and 
electricity when exception (a) to G3.1.1 is not 
applicable.

Baseline HVAC system is mapped using “Electric 
and Other” heating source classification when 
fossil fuel is used in conjunction with electricity to 
heat spaces in proposed case (the heating type 
should be hybrid). 

Baseline HVAC system type includes makeup air 
units as separate air handler when baseline 
system should be modeled with outside air 
supplied directly to air handlers. (Exceptions are 
allowed for residential buildings in hot, humid 
climates where dedicated outside air system is 
necessary to maintain humidity requirements in 
baseline case model. The total fan power for 
baseline case for fan coils plus dedicated outside 
air system should still be same as if project were 
modeled with outside air supplied directly to air 
handlers.) 

Heating source of proposed case with fossil fuel 
preheat is not treated as hybrid if heating source 
of rest of building is electricity. 

 Baseline HVAC system for retrofitted building is 
modeled as existing condition rather than HVAC 
system required by Tables G3.1.1A, and G3.1.1B.


No heating or cooling system is modeled in 
proposed case for conditioned spaces.

ASHRAE 90.1–2016+, 
Table G3.1.10, and Table 
G3.1.1(b)



Table 3.1. Input Quality Control Checklist
HVAC System +

TOPIC CHECK ERRORS RESOURCES
Additional system type Verify that baseline additional system 

type meets requirements in exceptions to 
G3.1.1.

 Baseline incorrectly includes additional type(s) of 
systems.

ASHRAE 90.1–2016+, 
Exceptions to G3.1.1

Thermal blocks Verify that thermal blocks are 
appropriately modeled.

Proposed case spaces served by single-zone 
system are modeled with multiple thermal blocks. • 

Proposed case HVAC zones are not defined 
consistently with HVAC design drawings.

ASHRAE 90.1-2016+, 
Table G3.1.7 and 8

Equipment capacity Verify that proposed case 
equipment capacities are 
modeled as designed and 
baseline case equipment 
capacities are modeled per 
G3.1.2.2.

Proposed case equipment capacities are not 
modeled as designed, or are increased to meet 
requirement for unmet load hours in G3.1.2.2 
without quality check for causes of high unmet 
load hours. 

The baseline equipment capacities are not based 
on sizing runs and are oversized by 25% for 
heating and 15% for cooling. 

 Baseline capacities are oversized at both system 
and plant levels. 

Auto-sizing is performed for baseline case in 
energy model, but cooling degree day and heating 
degree day schedules are not defined correctly, 
leading to significant additional oversizing. Energy 
simulation reports show no equipment operating 
hours above 80% part-load range for cooling or 
above 70% part-load range for heating.

ASHRAE 90.1-2016+, 
G3.1.2.2

Table 3.1. Input Quality Control Checklist

HVAC System +

TOPIC CHECK ERRORS RESOURCES

Fan volume Verify that baseline fan volume has been 
sized correctly.

Proposed and baseline buildings show equal fan 
supply volumes instead of following ASHRAE 
airflow rate sizing guidelines. 

 Baseline case is sized using supply-air-to-room-
air temperature difference from proposed case, 
and not using supply-air-to- room-air temperature 
difference of 20oF as required. 

 Fan volume in proposed design is autosized, not 
using design conditions.

ASHRAE 90.1–2016+, 
G3.1.2.8

Fan power Verify that baseline fan power 
has been calculated correctly.

Baseline fan power does not conform to G3.1.2.9. 

Insufficient information is provided regarding fan 
pressure adjustments to confirm whether fan 
power has been calculated correctly. 

Proposed and baseline buildings show equal fan 
power instead of following ASHRAE fan power 
calculations.

 Additional fan power allowance is claimed in 
baseline for return, exhaust, or relief fans. 

Baseline fan power is calculated incorrectly in 
simulation software with automated baseline.

ASHRAE 90.1–2016+, 
G3.1.2.9.

Table 3.1. Input Quality Control Checklist

HVAC System +

TOPIC CHECK ERRORS RESOURCES

Exhaust air energy recovery Verify that exhaust energy recovery has 
been modeled in baseline building where 
required, and that it is modeled 
appropriately in proposed case when 
included in proposed design.

 Baseline building omits exhaust air energy 
recovery when required. 

 Heat recovery system omits bypass of airside 
economizer. • Baseline case energy recovery 
efficiency is not modeled in accordance with 
G3.1.2.10. 

Proposed case energy recovery efficiency is not 
modeled as designed. 

 Proposed case energy recovery bypass is not 
modeled as designed.

 Baseline and proposed case ventilation rates are 
not modeled with zero flow during unoccupied 
periods, or modeled identically between two cases 
where health or safety regulations mandate an 
alternative minimum flow during unoccupied 
periods.

ASHRAE 90.1–2016+, 
G3.1.2.10

Economizer control Verify that economizers are 
properly included or excluded in 
baseline building.

 Economizer type and/ or control is incorrectly 
modeled in baseline building. 

 Economizer high limit shutoff is not in accordance 
with Table G3.1.2.6B.

ASHRAE 90.1–2016+, 
G3.1.2.6, G3.1.2.7



Table 3.1. Input Quality Control Checklist

HVAC System +

TOPIC CHECK ERRORS RESOURCES

Ventilation Verify that ventilation is appropriately 
modeled in baseline and proposed 
cases.

 Outdoor air is not modeled with identical flow in 
baseline and proposed case models (exception: 
demand control ventilation). 

 Outdoor air is modeled with same design 
ventilation percentage instead of same ventilation 
rates in baseline and proposed cases. 

Outdoor air systems in both cases are not 
modeled with zero outside airflow when fans are 
cycled on to meet unoccupied setback 
temperatures, except where health or safety 
regulations mandate an alternative minimum flow 
during unoccupied periods. 

 When infiltration rates are modeled differently 
between baseline and proposed case, differences 
are not justified using exceptional calculation 
method and/ or there is no provision for 
commissioning building to confirm infiltration rates 
are consistent with design intent and energy model 
inputs.

ASHRAE 90.1–2016+, 
G3.1.2.4

Demand control ventilation Verify that demand control 
ventilation has been excluded or 
included in baseline building and 
modeled appropriately.

 Baseline case is not modeled using minimum 
outdoor air rates required by ASHRAE 62.1–2016+ 
wherever credit is taken for demand control 
ventilation in proposed case. 

Demand control ventilation is not included in 
baseline building when its use is required for high-
occupancy areas by ASHRAE 90.1–2016+, Section 
6.4.3.9 Ventilation Controls for High- Occupancy 
Areas.

ASHRAE 90.1–2016+, 
G3.1.2.5

Table 3.1. Input Quality Control Checklist
HVAC System +

TOPIC CHECK ERRORS RESOURCES
(LEED-CS projects only):  Credit for demand controlled ventilation has been 

taken in tenant spaces where CO2 sensors are not 
specified, but tenant guidelines do not require 
tenants to install CO2 sensors that interface with 
building air handlers.

ASHRAE 90.1–2016+, 
G3.1.2.4

Verify that demand control 
ventilation is correctly modeled in 
proposed design case.

 Insufficient information is provided regarding 
demand control ventilation in proposed design 
case.

Proposed case minimum outdoor airflow rates at 
design conditions are not modeled as designed.

NA

Unitary equipment cooling 
and heating efficiency

Verify that equipment efficiencies of 
proposed design and baseline 
building meet referenced 
standard’s requirements.

Proposed building HVAC equipment does not 
meet mandatory minimum efficiencies listed in 
Tables 6.8.1A–6.8.1G. 

Baseline building HVAC equipment is modeled as 
other than minimum efficiencies listed in Tables 
6.8.1A–6.8.1G. 

 Baseline system capacities are omitted in EAp2 
Section 1.4 table to verify efficiencies listed. 

Cooling efficiencies do not break out cooling 
efficiency separately from fan power, or EER is 
modeled for cooling efficiency component only. 

Cooling efficiencies incorrectly break out cooling 
efficiency separately from fan power using design 
fan power rather than fan power at AHRI rating 
conditions. 

Proposed case part-load performance curves do 
not appropriately reflect operating parameters of 
installed ground-source heat pumps or water- 
source heat pumps.

ASHRAE 90.1–2016+, Table 
G3.1. 10, G3.1.2.1

Table 3.1. Input Quality Control Checklist

HVAC System +

TOPIC CHECK ERRORS RESOURCES

System-specific information Verify that system-specific HVAC system 
requirements are met for baseline.

 Baseline heat pumps allow electric backup 
heat to operate above 40oF. 

 Baseline heat pumps are turned off when 
outdoor air temperature is 40oF or lower, rather 
than operating with supplemental electric 
resistance heat below 40oF, and operating as 
low as 17oF (low temperature rating condition 
using heat pump ARI 340/360 test procedure). 

 Baseline fan systems (5–8) omit supply 
temperature reset. 

Fan-powered VAV boxes are modeled for 
systems 5 and 7. 

Multiple zones are modeled under single-zone 
system type, and reheat is modeled (systems 1, 
2, 3, and 4). 

 Baseline case uses 30% minimum flow ratio 
rather than required 0.4 cfm/sf.

ASHRAE 90.1–2016+, 
G3.1.3.1, G3.1.3.12, 
G3.1.3.13, G3.1.3.14

Chiller parameters Verify that chilled water loop 
configuration and pump inputs for 
baseline meet referenced 
standard’s requirements for 
configuration, temperature 
settings, and supply temperature 
reset.

Baseline chilled water loops are modeled 
with incorrect pumping energy and/or 
incorrect configuration (e.g., modeled as 
primary-only loops). 

 Baseline chilled water loops are modeled 

with incorrect temperature settings. • 
Baseline chilled water loops omit supply 
temperature reset. • Number of primary 
chilled water pumps modeled is 
inconsistent with number of chillers.

ASHRAE 90.1–2016+, 
G3.1.3.8, G3.1.3.9, 
G3.1.3.10



Table 3.1. Input Quality Control Checklist

HVAC System +

TOPIC CHECK ERRORS RESOURCES

Chilled water loop and pump 
parameters

Verify that chilled water loop 
configuration and pump inputs for 
baseline meet referenced standard’s 
requirements for configuration, 
temperature settings, and supply 
temperature reset.

  Baseline chilled water loops are modeled with 
incorrect pumping energy and/or incorrect 
configuration (e.g., modeled as primary-only 
loops). 

 Baseline chilled water loops are modeled with 
incorrect temperature settings. 

Baseline chilled water loops omit supply 
temperature reset.

 Number of primary chilled water pumps 
modeled is inconsistent with number of chillers.

ASHRAE 90.1–2016+, 
G3.1.3.8, G3.1.3.9, 
G3.1.3.10

Condenser water loop, heat 
rejection, and pump 
parameters

Verify that condenser water loop 
configuration and pump inputs for 
baseline meet referenced 
standard’s requirements for 
configuration, temperature 
settings, fan power, and supply 
temperature reset.

Baseline condenser water loops are 
modeled with incorrect pumping energy.

Baseline condenser water loops are 

modeled with incorrect temperature 
settings. 

Baseline condenser water loops omit wet 

bulb reset controls. 

Number of condenser water pumps 

modeled is inconsistent with number of 
chillers. 

 Baseline cooling tower fans are not 

modeled as 2-speed. 

 Baseline cooling tower fans are not 

modeled as axial fans with 38.2 gpm/hp.

ASHRAE 90.1–2016+, 
G3.1.3.11

Table 3.1. Input Quality Control Checklist
HVAC System +

TOPIC CHECK ERRORS RESOURCES
Boiler parameters Verify that number, type, and capacity of 

boilers for baseline meet referenced 
standard’s requirements.

 Baseline building includes incorrect 
number of boilers. 

 Baseline boiler capacities are equal to 

proposed design boiler capacities 
instead of following ASHRAE system 
sizing guidelines.

ASHRAE 90.1–2016+, 
G3.1.3.2

Hot water loop and pump 
parameters

Verify that baseline hot water 
loop configuration and pump 
inputs meet referenced standard’s 
requirements.

Baseline hot water loops are modeled 
with incorrect pumping energy and/or 
incorrect loop configuration (e.g., modeled 
as primary- secondary loops). 

 Baseline hot water loops are modeled 

with incorrect temperature settings.

Baseline hot water loops omit supply 

temperature reset.

ASHRAE 90.1–2016+, 
G3.1.3.3, G3.1.3.4, G3.1.3.5

District thermal energy Verify that projects using district 
or campus thermal energy have 
been correctly modeled.

For project using DES Guidance v2, average 
efficiency of proposed case virtual central plant is 
not modeled following requirements. 

 Project takes credit for efficiency of district energy 
systems serving project, but does not follow DES 
Guidance v2 in its entirety. 

Project not using DES Guidance v2 models on- 
site boilers for systems using purchased hot water 
or steam in baseline case, contrary to ASHRAE 
requirements.

Project not using DES Guidance v2 does not 
model cooling energy using purchased energy 
rates in proposed case and appropriate Appendix 
G baseline cooling system in baseline case.

USGBC DES Guidance v2 
and ASHRAE 90.1–2016+, 
G3.1.1.

Table 3.1. Input Quality Control Checklist
HVAC System +

TOPIC CHECK ERRORS RESOURCES
Cooling tower parameters Verify that baseline cooling tower is 

modeled per referenced standard’s 
requirements.

 Baseline case includes incorrect type 
of cooling tower and/or fan control.

Baseline case models condenser water 

temperatures incorrectly.

ASHRAE 90.1–2016+, 
G3.1.3.11

Service hot water system Verify that baseline hot water 
loop configuration and pump 
inputs meet referenced standard’s 
requirements.

Service hot water system is not included 
in either baseline or proposed case. 

Separate hot water heater system in 

baseline case is not modeled when 
proposed case combines space heating 
with service hot water heating.

ASHRAE 90.1–2016+, 
Table G3.1.11, Section 
6.5.6.2

Verify that projects using district 
or campus thermal energy have 
been correctly modeled.

Storage heating volumes modeled for 
service water heating are inconsistent. 

Baseline does not conform to values for 

minimum efficiency required in ASHRAE 
90.1–2016+, Table 7.8, for corresponding 
system type.

ASHRAE 90.1-2016+, 
Table 7.8

If credit is taken for low-flow 
fixtures, verify calculations.

Backup water heating calculations are 
inconsistent with annual fixture flows shown 
in WE Credit 3, and/or insufficient 
information is provided to show that water 
heating temperature differential and standby 
losses were appropriately accounted for in 
calculations.

ASHRAE 901.-2016+, 
Exceptions to Table 
G3.1.11(i)
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