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1. Background and Motivation
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+ Billions of heat pump installations interacting with building
structures, occupants’ lifestyles, and climates.

% Hardware performance % Operation performance
Efficiency data FTXJ/RXJ 20AW/S/B + 20A
Cooling capacity  Min./Nom./Max. kW 13/2.0/2.6
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Energy labeling DirectiveCooling/Heating

% Operation performance and field performance of HP and AC

o e N installations remains largely unknown.
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1. Background — Field System Operation

Energy in Buidings and
Communities Programme
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Block diagram of air conditioning control * The estimation of moisture content and moisture transfer is also implied
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1. Background — Field System Operation
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1. Background — Target Issue

% HPs performance depends on internal control, external parameters, and interactions with building features.

oo

% Inconsistent viewpoints and technical approaches between HP designers, building owners and manufacturers .

=
-
RECONNECTING .;

w J\Nw

di did M M

Inappropriate design, control, sizing, and installation of heat pumps within buildings.
Gap between product and building performance

% Limited the potential of the heat pump technology as an integrated part of efficient buildings.
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Energy in Buidings and

1. Background - Scope of the Project

Scope of the Project
[ = =
s LY
did 7 (N

% Provide shared viewpoints and transparent technological information transfer on heat pumps between technical
experts, building owners and policymakers

Energy calculation in Design and Field performance
buildings commissioning guidelines monitoring

Testing procedures

1. Review presently adopted testing methodologies and performance rating standards for air conditioners and heat pumps
(Category A standards);

2. Review new testing procedures able to assess the performance of HPs and ACs when operated under the same control as
operated in buildings (Category B standards);

3. Consider use of results to drive effective system design and control to maximize operational performance in buildings
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Energy in Buidings and

2. Categories of Testing Standards

Category A standards: Category B standards:

Operation mode during

tests < Proprietary control to forcibly % System operated under the
: impose steady-state condition same control as operated in the
during tests. buildings.
% Provide reliable hardware % Provide reliable hardware and
performance but does not operation performance
characterize operation characterization of the tested
performance. unit.

*obstinately considered indispensable to *evidence of comparable accuracy and
maintain a high accuracy and reproducibility. reproducibility have been provided.
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3. Current Standards — Category A
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% Tests conducted while deactivating native control

Air flow measuring instrument

Condition generator

o
-

=

Condition
generator
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Air conditioner
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1 ]
PartialLoad %

¥
Chamber Air flow measuringinstrument

Qqc = const
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CompressorFrequency Hz

*does not represent time-dependent response of
the native-control.
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(a) Example of results of JIS test Cooling standard test
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Current rating standards are reviewed in the following aspects:

«  Targeted system,

R

%  Test method,

24

%  Test conditions,

K3

<  Unit control during tests,
< Performance indices and part-load test requirements
< Tolerance of measurement uncertainty.

Test condition

Dry-bulb (wet bulb)
indoor temperature

Dry-bulb (wet bulb)
outdoor temperature

Cooling 27 °C (19 °C) 35°C (24 °C)
Heating 20°C (14.5°C) 7 °C (6 °C)
Heating*low T 20°C (14.5°C) 2°C (1°C)

Test condition C?:’E;gt)(/hait.li{)g) cca(:)Oallril?/ Er\}\?:stier:j%)) Error
Cooling 7038 W 6926 W -1.6%
Heating (7845 W) (7730 W) -1.5%

Heating*low T (8927 W) (8715W) -24%

IEA Energy in Buildings and Communities TCP
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3. Current Standards — Category A
No. Title of standard Year
1 1SO 5151. Non-ducted air conditioners and heat pumps — Testing and rating for 2017
, | 180 13253. Ducted air-conditioners and air-to-ai heat pumps — Testing and rating for 2017
3 1SO 15042. Multiple split-system air-conditioners and air-to-air heat pumps — Testing and rating 2017
for
1SO 16358. Air-cooled air conditioners and air-to-air heat pumps — Testing and calculating
4 methods for seasonal performance factors — Part 1: Cooling seasonal performance factor, Part 2013
2: Heating seasonal performance factor, Part 3: Annual factor
§ | EN 1451141, 2,3. Air conditioners, liquid chiling packages and heat pumps for space heating 2022
and cooling and process chillers, with i driven
EN 14825. Air conditioners, liquid chilling packages and heat pumps, with electrically driven
6 | compressors, for space heating and cooling - Testing and rating at part load conditions and 2022
of seasonal
;| AHRI 2101240, Performance Rating of Unitary Air-conitioning & Air-source Heat Pump 2620
8 AHRI 340/360. Performance Rating of Commercial and Industrial Unitary Air-conditioning and 2002
Heat Pump
9 | AHRI 310/380. CSA-C744-17. Packaged Terminal Air-conditioners and Heat Pumps 2017
10 AHRI 550/590. Performance Rating of Water-chilling and Heat Pump Water-heating Packages 2023
Using the Vapor Cc ion Cycle
" AHRI 1230. Performance Rating of Variable Refrigerant Flow (VRF) Multi-Split Air-conditioning 2023
and Heat Pump
12 ANSI/ASHRAE Standard 37-2009 (RA 2019). Methods of testing for rating electrically driven 2018
unitary air-conditioning and heat-pump
18 ANSI/ASHRAE 206-2013 (R2017). Method of Testing for Rating of Multipurpose Heat Pumps 2017
f el Space Conditioning-and Water Heating
14 | JIS B 8616. Package Air Ci 2015
|15 | JIS B 8627. Gas Engine Driven Heat Pump Air C 2015
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4. New Testing Methods and Rating Standards — Category B
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A

+ Unit set up as in a building
installation.

+ Automated test sequence within
a test bin.

g + Unit performance when
operated under its native

control and using its own
thermostat.

¢+ Capture the interaction of the system

with building thermal features.

£

¢ Characterise efficiency losses
of variable-speed units.
(defrost, on/off cycles, etc.)

i % Prevent manufacturer
from artificially inflating
the efficiency.
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4. New Testing Methods and Rating Standards — Category B
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Institution
Waseda

Test scope
Emulator-type load-

units
**(tentative)
CSA

Heating conditions
2 tests defined consistently with JIS 3 tests defined consistently
University based test for air-to-air B 8515 for heating operation

Cooling conditions

with JIS B 8515 for heating

*partial-load at 25% of max capacity operation *partial-load at

25% of max capacity

SPE-07:23 load-based 5 temperatures (-15 to 12.2C) plus
and climate-specific test one additional test for marine

4 temperatures (25 to 40C)
plus one additional test for

Building thermal inertia 3Rs analysis
Simulated thermal Repeatability (completed)
capacitance (sensible and  Reproducibility (completed)
latent) of building interior ~Representativeness (ongoing)
included in load calculation
Simulated thermal Repeatability (completed)
capacitance (sensible and  Reproducibility (ongoing)

for air-to-air units
(using emulator)
BRI / Better Load-based test for

climates

climate zone as well as optional test

at lowest operating temp
OC:7C (DBT) 6C (WBT)

hot, dry climate zone latent) of building interior Representativeness (completed)
included in load calculation

OC: 35C (DBT) 24C (WBT) Attificial thermal Repeatability (ongoing)

humidity conditions

latent)

Living  VRF air-to-air units capacitance (sensible and  Reproducibility (ongoing)
IC: 20C (DBT) 15C (WBT) IC: 27C (DBT) 19C (WBT) latent) Representativeness (ongoing)
BAM  Load-based test for 5 or 6 outdoor temperatures in Not applied yet Defined within a simplified Repeatability (completed)
hydronic heat pumps  accordance with EN 14825:2022 (ongoing) building model Reproducibility (ongoing)
Representativeness (ongoing)
RWTH Hardware in the Loop Outdoor conditions defined by See heating conditions. Simulated by detailed Repeatability (completed)
(HiL) for building weather data. Use reference days (~4 Depending on location, some Modelica model of a Reproducibility (completed)
energy systems with  days) representing a whole year for a days have cooling demand  specific building and Representativeness (ongoing)
hydronic heat pumps  specific geographical location system to be studied
CEPT and Load-based tests for air- 7o be verified with the research Investigating harmonization Artificial thermal To be verified with the research
RMI to-air units in humid ~ group across jurisdictions and high capacitance (sensible and  group
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4. New Testing Methods and Rating Standards — Category B - Waseda

| Actual air conditioning operation

building and load features (challenges in
reproducibility within different facilities).
| Load-based test requirements:
< Reproduce the room-side conditions.

o

air conditioner.

| Emulator-type load-based tests

% Air-enthalpy testing equipment used for AC
performance evaluation (Hardware).

% Building side conditions delegated to a
numerical room emulator (Software).

< Interfaced by condition generator and
measuring chamber (A/D converters).

« Different control system response for different

% Measure the dynamic performance of the

Air conditioning Load \ L

Condition

generator

Qac

Return air
T,

room
X,

room

Supply air
T,

supply
Xsupply

Building Load Q;

I Occupants & appliances

*

Solar
radiation

»

Measuring

1

Ventilation *
1
Wall heat flux ﬁ

Air conditioner-side air condition

Hardware

Chamber A flow measuringinstrument

Chamber

Test equipment (air-enthalpy method)

Room-side air condition

So re

Outdoor
temp.

Building load emulation
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4. New Testing Methods and Rating Standards — Category B - Waseda

< calculation time delay of
the emulator; (<1s)

< time delay of the signal
from various sensors;

air flow rate and air condition
tracking of the measuring
chamber;

< temperature and humidity
tracking at the condition
generator;

(@Sensors delay

Sensor response delay 15 sec
Transportation delay ~15 sec

Assess factors that affect trackability and delay in measuring modulations of the supply and
return air conditions, to verify suitability to perform dynamic tests.

w
=4
o

°c
o
©o
o

280

Temperature
no
~
o

n
faad
o

N
om
o

Humidifier
—

Cooler

FvFav =y

-20

40

Time sec

—drnninn

(negligible delay compared Reference room thermal time constant

to the system dynamics)

~ 5000 S
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4. New Testing Methods and Rating Standards — Category B - Waseda

Assess factors that affect trackability and delay in measuring modulations of the supply and
return air conditions, to verify suitability to perform dynamic tests.

(3Air flow measuring point
)

< calculation time delay of the _ _
emulator; Differential pr;;s:: control delay

N 25 sec =

< time delay of the signal from T N e

. 25
various Sensors; /

~
=]
S

=)
=3
S

w
1
[
o
S

——Chamber AP
—Air flow rate of AC -
5 ——Fan speed of AC

IN
o
S

°,

< air flow rate and air
condition tracking of the
measuring chamber;

w
=]
S

Fan Speed Hz

o
N
o
S

Differencial Pressure Pa /
Air Flow Rate m3/min

%]

<
IS)
S

e
o

—drnninn

-50 0 50 100 150 200

o temllzgraturehand humidity o fime sec Reference room thermal time constant
tracking at the condition (negligible delay compared ~ 50008
generator; to the system dynamics)
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4. New Testing Methods and Rating Standards — Category B - Waseda

Assess factors that affect trackability and delay in measuring modulations of the supply and
return air conditions, to verify suitability to perform dynamic tests.

(3Chamber
o . . Max heat transfer 1200 W
% calculation time delay of the 16000 .
1400.0 —Sim. .--
emulator; = 12000 0 B .
@ 1000.0 T
5 800.0 E .
< time delay of the signal from SV | NN S——— (| . 1 __ ______ —
R . £ 4000 Humidifier Air conditioner
various sensors; 5000 =
00
0 500 1000 1500 2000
< air flow rate and air e Time sec
condition tracking of the 350 _Delay up td 290 5
measuring chamber; £330 % G
2 310 P @(jﬁﬁ —Av. bIowout‘Kemp. (Sim.)
€290 - Tout Sim.
T £ ——Twall Sim.
+» temperature and humidi R S S O Av. blowout temp. (Exp) .
y D midity YT S — o Tout Exp. Reference room thermal time constant
tracking at the condition 220 O _Twall Exp.

generator; 0 500 1000 1500 2000 ~ 5000 s

Time sec
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4. New Testing Methods and Rating Standards — Category B - Waseda

Thermal inertia of the measuring chamber is The grid of thermocouples is calibrated to steady-
bypassed with a grid of 12 thermocouples state measurements through the measuring chamber
Blowout t ture (i
owout temperature (inp . t ; 25°C 20 %
nitial temperature 25 Measuring SpOt cooler -
chamber heater
Measuring cham (output)
Blowout
temperature o
3 (input) — 35°C
35°Cair inlet
Outdoor condition
Ty § Xoutt) "
Target superheat AT M - m . Kroom(e+at) su.(l)
AT, —O- Controller —»| A unit _l_. easuring | Mo | 7 | Controller I::l Actuator [ Yo
' chamber | s Room | 4. " Test
Room temperature T, emulator room(t+dt) sa(t chamber
Toong S Controller | =y ( | Controller IZ:l Actuator [ Teq
Supply air
T state l
h g
Return air conditions

bypassed thermal inertia of the measuring chamber without compromising sensors accuracy
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4. New Testing Methods and Rating Standards — Category B - Waseda

Assess factors that affect trackability and delay in measuring modulations of the supply and
return air conditions, to verify suitability to perform dynamic tests.

Building load
Supply v
% calculation time delay of th a” iy
% calculation time delay of the AC | stte state Test
Emulator— PID Actuator
emulator; C3| T chamber
3 l
I Return air conditions Return air conditions # Target stateT
“ time delay of the signal from - “
various SeIlSOI‘S; 45 1 Compressor speed Tr/Tr,w =====- Tem/Tem,w |
Condition ’Eﬁ ‘
. . e generator =) —
+ air flow rate and air condition = | : — 25§
tracking of th i § | ! 2 g
g of the measuring [ i 8 E
Chamber; ﬂi Air conditioner - i Humidifier g g
i | 2 | 59 &
! | eater E_ . \ 4 20 S
o, o g =) - ! 8 0 p \ 7
% temperature and humidity : ! \/ \/
tracking at the condition | | = s
. )| - | ‘—_ 0 15
generator; [ 0 20 40 60 80
! T Time (min)
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4. New Testing Methods and Rating Standards — Category B - Waseda

1®

D) 7
Outdoor condition T Xeo X To
Target superheat T rad $For y 3 LA A
arget superheat ATy, + s
— Controller f—| ; —L» ) Msr —n,f  FFC Controller I::I Actuator | Xsa,
- t t ATsh,sa A AC unit m, Measunng Yo Room , msar Test
oom temperaure R X chamber | T, emulator ——=r 1 room
Toom Controller S - S < | Controller IZ:l Actuator | Tear
sa upply air
T state i — $
'room ~ “‘em
Return air conditions Tioom-Tem
. Lo (t 4 d8) — 2Ty (D) F T (£ 2 d0) . ,0053 Ter(E 44D = Ten®) 4 ,000034077, (¢ + i) + 0.028 F2Tem® ZTem(E—d8) | g 558 Tem(®)
Tem(t +dt) = 0.028 , 0.0058
—5e—+ 5=+ 0000034082
28 28 6 S
<P,
104°°%°d0,, —-:!FE\-%GQ‘?~ZP_Q
7 gerd S0 0 4 Feed-forward compensation 275 B 5]
6 440 « | T . . & RS PEREN S 5
4o0®d® 130 s to recalibrate the signal from P e
2 i~ . . .Z =
27 the emulator and minimize 27
error and delay
25 235
6000 6100 6200 6300 6400 6500 6600 6700 6000 6100 6200 6300 6400 6500 6600 6700
Time (s) Time (s)
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4. New Testing Methods and Rating Standards — Category B - Waseda

LOAD 25%, Indoor 27 °C, Outdoor air temp. 29°C

—Partial load rate —Compressor frequency —Air flow

—Suction dry bulb temp. —Blowing dry bulb temp.

Fixed compressor speed

= - - E With emulator (room size 147ms3)
< &€ 50 25 & Y- o
° £ E © g £
= 25 40 20 & = 2= o
s g =} = s U‘m =
- = 30 15 = e 3 & =
=%z 5 g £ =
.‘é g =20 10 = = & E 5
= £E 10 5 S €2 &
~E< = s 2= g

s 0 i T T T T T 0 (- E‘E 0 g

© : ; ' . . : . : ; ; ; ‘

0o Q05> @19 813 b2 23 30 §ES S 000 100 200 3:00 400 500 600 7:00

Time Time
(COP 7.13) (COP 5.58)

Different performance at corresponding conditions between proprietary- and native- control (approx. 25%)

Technology Collaboration Programme
bylea




IEA Energy in Buildings and Communities TCP ANNEX 8 8 E B C @

Annex 88 Evaluation and Demonstration of Actual Energy Efficiency of Heat Pump Systems in Buildings

Energy in Buidings and
Communities Programme

4. New Testing Methods and Rating Standards — Category B - Waseda

—Partial load rate —Compressor frequency —Air flow
—Suction dry bulb temp. —Blowing dry bulb temp.

COP 5.26
- CoP5.12 | ., - 120 2 - 120 : COP5.94 | 4,
N | | N ! ! £ ! L
NA NN AN AN A A AT T " . . T L [T

R 4 25 T 100 T " 25 - o 100 i \ 2
T e ' | o £ ! ! o £ 9]
$E s s E ] £ 8 E s " " 20
2 & 80 -t ¥ 209 &5 8 =y Wyl Y i iy VAW 20; S E— b i =t iy [l Pty F R g
5 1 1 2 §E ‘ ! 5 SE ol SRR SR T ' -
2 g 60 T 1 15 8 2w i i s 2 g 1 1 s

= @ ] | ' o o = [ 1 @
e | ‘ 1 1 g 5% 4 y y A 0 E 55 40l LA § ISR \ N | B ! 10 E‘
g_ S ! | " N 10 5 gz A= 5 £ 32 \ 5}
s 2 ‘ ® S 2 = S 8 =
U % 20 ! 5 Y i 5 O % 20 beoooo 5
Sk ! 33 — N B
xR < xR < x <
b 0 0 © 0 0 =~ 0 0
g o 1 2 3 4 5 & 71 8 [ o 1 2 3 4 5 6 T 8 g o 1 2 3 4 5 6 7 8

Time hour Time hour Time hour

30% Partial load (75m3) 30% Partial load (147m3) 30% Partial load (300m3)

% Freedom to test the system in built environments with different size and characteristics.

% Results demonstrate evidence for performance interaction with building features.
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4. New Testing Methods and Rating Standards — Category B - Waseda
Waseda facility, 25% cooling capacity, 75 m*™room
—Compressor speed —Air flow rate
—Cooling Capacity —Return air temperature - i P
—Return air wet bulb temperature —Power consumption — Facility 3, 25% cooling capacity, 147 m* room
—_ Supply air temperature —Supply air wet bulb temperature ? =N7T 120 30 .
STEE 120 = REE ~— T~ _Z
S E o x ~=E 100 5 54
£3: 'Y N N N . Y e Z28E o |5, B
g8g 04 DTSSR g £ E7e o j s B
S5E 60 Y N SN S N B sgE o X 0 o E ¢
23: 4 S g 5 g 5 gz 4 b ) 10 8 8
= B2 £ SET = 588
SET 20 e 8 8 E o e 3
°8E T, 5 ©8< o H A 0 8
o 0 120 180 Z 0 60 120 180 240
Time [min1 Time [min]
Facility 2, 25% cooling capacity, 75 m® room Facility 4, 25% cooling capacity, 147 m? room
==E 120 . 30— :EE 120 = — —= 30 —
58 N N . =2 E8E : 22
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Time [min] Time [min]
Conditions COP Waseda COP Facility 2 COP Facility 3 COP Facility4  Deviation from average
Low load virtual room 1 5.34 5.57 5.39 5.33 3.01 %
Low load virtual room2  5.37 5.22 5.23 5.30 1.70 %
Mid load virtual room 1 6.24 6.10 6.04 6.03 2.25%
Evidence for similar reproducibility level between Category A and B standards.
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4. New Testing Methods and Rating Standards — Category B - CSA

% Published test method including both test procedures and performance rating
e ESAISRE AT calculations.
SP GROUP" - . = =
Revised and published . . LS
as SPE-07:23. |
] .--
Load-based and climate-specific testing = Zone
and rating procedures for heat pumps July 7, 2020 .- o = i
and air conditioners REPORT #E20.314 L .' Subarctic
S = Very-Cold
EXP07:19 Load-based and -
Climate-Specific Testing and L1 - CUH'DT}F
Rating Procedures for Heat
Pumps and Air Conditioners - Cﬂid-Hul‘nid
Interim Lab Testing and Rating Results
m;pamd for NEEA, in partnership ®  Mixed-Humid
f.ftmfgescms Canada = "!ﬂl'Dﬂ'l
Northeast Energy Effiiency Partnerships
Pacific Gas and Electric s Hn[,Humid
Prepared
Bruce Harley Energy Consulting, LLC ‘
Technical review version ot Fmp ey Ao
blished in 201 EE . . L
publis 2019. Pisaneeacg SPE07 uses load-based tests for both heating and cooling operation in
order to calculate a set of Seasonal Coefficient of Performance (SCOP)
values, for seven different North American climates.
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4. New Testing Methods and Rating Standards — Category B - CSA

Representativeness Study

75 40
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f 5.0 c f c
8 e ——E Ba2s ——E
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2 4.0 \\ﬂ 2 20
35
3.0 (AHRI 210/240) 5 (AHRI 210/240)
M1 Field SPEO7 M1 Field SPEQ7
Cooling RMSE Heating RMSE Cooling MAPE Heating MAPE
SPE0O7 Ml SPEOQ7 Ml SPEO07 Ml SPEO07 Ml
Ducted 0.74 0.45 0.26 0.40 13% 9% 11% 17%
Ductless 0.92 2.14 0.20 1.39 13% 43% 10% 64%
Combined 0.82 1.40 0.24 0.93 13% 22% 10% 36%

SPEo07 results shows smaller errors and better representativeness of field operation.
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4. New Testing Methods and Rating Standards — Category B - Bet

Energy in Buidings and
ommunities Programme

ter Living
% The purpose of this proposed test protocol is to improve the testing and evaluation of variable
refrigerant flow (VRF) systems, covering especially low partial-load ratio.
festFacliyPotmeter Indoor Test Chamber {
""""""""“""""““ Indoor Unit 1
,_—_lo.m '
Unit

Qutdoor Test Chamber

.

Circulator Fan
B el
Refrigerant Pipe

Indoer Unit 2

! —RA_
Circulator Fan
—
Qutdoor Unit
i [IndoorTesiChambert ~  IndoorTestChamberz ) Outdoor Test Chamber Indoor Test Chamber 2
I S,
Heating capacity, kW Power consumption, kW
| Catalogue value (rated) | 25.00 6.43
Measured value (real 23.88 6.48
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4. New Testing Methods and Rating Standards — Category B - BAM
+ The Federal Institute for Materials Research and Testing (BAM) assessed the current
- standards (EN 14511 and EN 14825).
' O T— ‘ + For hydronic heat pumps

Test guideline for a load-based performance testing

2 BAM

«+load-based test with active control to overcome
issues of current tests.

2023-12-18
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in 2020 Heat transfer 1 Heat transfer 2 >
: BAM, 5.4 Ecodesign and energy labelling . Mass H Mass B & ]
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4. New Testing Methods and Rating Standards — Category B - RWTH

% The Hardware-in-the-Loop approach couples hardware and software in real-time.

% RWTH Aachen University developed a method for testing the holistic building energy system, including the hydraulic
transfer system, PV-systems or thermal energy storages.

% The building performance simulation is a multi-zone Modelica model.

InfluxDB E- 225+ | l
tick-stack 7S]
ick-stacl 2 %200
MQTT- s = 105
Broker Historical data o = ﬁ' I :
’ =
4 S
g 2
. [
NI Simulation E_ §0.5 1
Q‘/' System controller E’“ s
Climatic |&5 77 i
— il B SR E— (] |
| chamber | 7 & 00 H ;
| « Indoor Unit . : Y ==
lgllﬁdmr;’ Hydraulic E' ' 404 ~= Supply set temp.
l B test bench ‘E e — Supply temp.
NS I =
: < & 207 R

01:10 05:10 09:10 13:10 17:10 21:10

Technology Collaboration Programme
bylea

IEA Energy in Buildings and Communities TCP ANNEX 8 8 E B C @

Annex 88 Evaluation and Demonstration of Actual Energy Efficiency of Heat Pump Systems in Buildings

5. Concluding Remarks and Prospects

Energy in Buidings and
Communities Programme

% Testing methodologies provide % Opportunities from new test methods where systems are
fundamental measurements for: operated under the same control as in buildings:

+ Development of effective MEPS Load based tests rely on the same equipment and instrumentation
required by current standards.
< Define the basis for performance
rating It can be arguably stated that load-based tests might require more
time for test convergence than current standards, but this may be
% Capturing and verifying design related to the necessary learning curve needed for new procedures
and operation characteristics

Testing heat pumps under the same control as operating in field

< Stimulate technology installations provides opportunities for automating tests
developments, evidence-based
policies, and guide consumers to Results provide additional value in terms of representativeness of
beneficial choices. field operation and transparency.
*The performance of heating and cooling technologies cannot *The review explores potential convergence between product-level performance ratings and
be separated from the building envelope and vice versa. building-level energy calculations, simulations, equipment sizing, and policies.
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