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Consider adopting the ISO CSPF metric based on Brazil-specific temperature bin 
hours of AC use. In addition to improving Brazil’s room AC standards and labeling, 
adopting this widely used metric would facilitate harmonization with international 
AC-efficiency efforts.

 
Consider using only a single, average set of temperature bin hours for all of Brazil. CSPF 
results vary by only 2%–8% across the national and regional temperature bin hours 
analyzed in this study. However, it would be useful to consider potentially large varia-
tions in absolute impacts (energy use, electricity cost, emissions, etc.) based on Brazil’s 
regional climates.

Abstract

1

2

Increasing incomes and urbanization – as well as a warming climate – are driving up the 

global stock of air conditioners (ACs), particularly in emerging economies with hot climates. 

Because AC energy consumption is expected to increase substantially as the stock of room 

ACs rises, improving AC energy efficiency will be critical to reducing AC energy, life cycle 

cost, peak load, and emissions impacts. Variable-speed or inverter technology improves 

AC efficiency, but a seasonal energy-efficiency metric – such as seasonal energy efficiency 

ratio (SEER) or cooling seasonal performance factor (CSPF) – must be adopted to maximize 

the technology’s energy savings potential and accurately communicate the savings to 

consumers, particularly in hot and humid countries such as Brazil. 

This study supports Brazil’s effort to improve AC energy-efficiency standards by adopting 

CSPF in accordance with International Organization for Standardization (ISO) Standard 

16358. After providing an overview of seasonal AC energy-efficiency metrics, we develop 

national and regional outdoor temperature bin hours (sets of hours at each outdoor 

temperature that requires cooling) for room AC use in Brazil. We use those temperature 

profiles to evaluate the efficiency of five example room AC configurations: two fixed-

speed units and three variable-speed units with various efficiencies. The results show the 

superiority of CSPF over the traditional energy efficiency ratio (EER) metric for capturing 

the higher seasonal efficiency of variable-speed ACs. The results also quantify the potential 

energy savings from the variable-speed ACs, which range from 25%–60% compared with 

the lowest-efficiency fixed-speed unit and represent relatively conservative estimates. 

Based on this analysis, we make several recommendations for Brazil:
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For determining the CSPF of fixed-speed units, reduce compliance costs by using only 
one set of test data at full-capacity operation at 35°C, and use another set of data 
points at 29°C calculated by predetermined equations.

 
For variable-speed units, determine CSPF while reducing compliance costs by using 
two sets of test data at full- and half-capacity operation at 35°C and another set of 
data points at 29°C calculated by predetermined equations, without considering 
minimum-capacity operation.

3

4

The analyses demonstrated in this report for Brazil can also be applied to considering 

adoption of seasonal AC energy-efficiency metrics in other countries.
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Acronyms

AC air conditioner

AHRI Air-Conditioning, Heating, and Refrigeration Institute

ANSI American National Standards Institute

APF annual performance factor

ASEAN Association of Southeast Asian Nations

ASHRAE American Society Of Heating, Refrigerating and Air-Conditioning Engineers

CC cooling capacity

CD degradation coefficient

CDD cooling degree-day

CDH cooling degree-hour

CO2-e CO2 equivalent

COP coefficient of performance

CSPF cooling seasonal performance factor

DB dry bulb

EER energy efficiency ratio

EN European Standard

EOL end of life

EU European Union

EU SEER European Union Seasonal Energy Efficiency Ratio

GB “Guobiao” (Guóbiāo), which means “national standard”

GHG greenhouse gas

GWP global warming potential

HDD heating degree-day

HSPF heating seasonal performance factor

INMETRO National Institute of Metrology, Quality and Technology

IS Indian Standards

ISEER India seasonal energy efficiency ratio

ISO International Organization for Standardization

JIS Japanese Industrial Standards

KCEP Kigali Cooling Efficiency Program

KS Korean Standards

LabEEE Laboratory for Energy Efficiency in Buildings

LBNL Lawrence Berkeley National Laboratory

LCC lifecycle cost

MEPS minimum energy performance standards

MOTIE Ministry of Trade, Industry, and Energy

PUC-Rio Pontifical Catholic University of Rio de Janeiro

SCOP seasonal coefficient of performance

SEER seasonal energy efficiency ratio

SHINE Standards Harmonization Initiative for Energy Efficiency

TEWI total equivalent warming impact

UFSC Federal University of Santa Catarina

WB wet bulb
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1. Introduction

1 Defined at the ISO T1 standard CC rating conditions for moderate climates at outdoor and indoor dry bulb temperatures of 35°C (95°F) and 27°C 
(80.6°F). EER is also defined as the ratio of net CC or the rate of net heat removal (in Btu per hour) to the total rate of electrical energy input (in watts) 
of a cooling system under designated operating conditions. Although coefficient of performance (COP) is often used for cooling efficiency instead 
of EER, ISO 5151 defines COP as the ratio of the heating capacity to the effective power input to the device at any given set of rating conditions.

Over time, AC manufacturers have improved the energy performance and reduced the costs 

of AC systems. For example, variable-speed (also known as inverter-driven) products that 

make ACs highly efficient already dominate mature AC markets such as Australia, Europe, 

Japan, South Korea, and the United States. Variable-speed compressors enable an AC unit 

to respond to changes in cooling requirements by operating at full or partial loads. This 

flexibility improves efficiency performance and reduces power consumption compared to 

the efficiency performance and power consumption of conventional ACs with fixed-speed 

compressors that cycle on and off.

Although fixed-speed units still dominate the room AC markets in developing countries, the 

market share of variable-speed room AC units is increasing. For example, the market share in 

sales of variable-speed room ACs in China, the world’s largest room AC market, increased from 

8% in 2007 to 65% in 2016 (Park et al. 2017). In India and South Africa, variable-speed ACs are 

achieving sales market shares of about 30% and 60%, respectively (TCM 2019, UNDP 2019). 

Along with this trend toward variable-speed ACs, seasonal energy efficiency ratio (SEER) 

metrics have been designed to estimate AC performance based on part- and full-load 

operation at multiple temperature conditions, depending on climate. Local climatic conditions 

affect the amount of time an AC operates at part or full load, so climate-specific weighting 

is used in calculating SEER to provide a more representative measure of performance than 

the traditional EER. Adopting SEER metrics will help capture opportunities for reducing future 

energy consumption, particularly in countries where large seasonal variations in climate result 

in ACs running at part load for a larger amount of time (Park et al. 2017). 

Energy-efficiency market-transformation programs for room air conditioners (ACs) were 

initially implemented in the 1990s and early 2000s in many countries. At that time, most 

countries adopted the energy-efficiency ratio (EER) metric1 – defined as the ratio of the 

total cooling capacity (CC) to the effective power input to the device at any given set of 

rating conditions – for rating AC performance based on International Organization for 

Standardization (ISO) Standard 5151. Using EER facilitated comparison of performance 

across different markets and regions (IEA 2011). 
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In Brazil, 10 product categories of electrical equipment, including ACs, have minimum ener-

gy performance standards (MEPS). The AC MEPS and labeling requirements have been set 

based on EER in accordance with ISO 5151. However, as the share of variable-speed ACs in 

Brazil is rapidly increasing, reaching about 40%–50% in annual sales in 2018,2  Brazil is in the 

process of adopting a seasonal energy-efficiency metric at the time of writing this report.

2  The sales estimate is based on a comment from industrial participants at the Kigali Cooling Efficiency Program (KCEP) Workshop at 
the International Conference: Perspectives for Energy Efficiency Improvement in the Brazilian Air Conditioners’ Market, March 25, 2019.

This study supports Brazil’s effort to improve AC energy-efficiency standards by adopting 

the cooling seasonal performance factor (CSPF) metric in accordance with ISO 16358.

SECTION 2

SECTION 3

SECTION 4

SECTION 5

|   Provides an overview of seasonal energy-efficiency metrics for room ACs. 

|   Develops outdoor temperature bin hours for room AC use in Brazil.

|   Evaluates the efficiency performance of room ACs using seasonal  
    versus traditional metrics

|   Makes recommendations in support of Brazil’s adoption of CSPF.



2. Overview of Seasonal  
Energy-Eff iciency  
Metrics for Room ACs
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2. Overview of Seasonal  
Energy-Efficiency Metrics for Room ACs

Climate-specific weighting is used to calculate an AC seasonal energy efficiency that represents 
performance better than the traditional EER does. In the United States, a seasonal energy-efficien-
cy metric for ACs was developed in 1979 (Didion and Kelly 1979). Since the mid-2000s, as vari-
able-speed ACs have proliferated, region-specific seasonal energy-efficiency metrics have been 
designed or adopted to estimate AC performance under regional climatic conditions, and they 
are increasingly used as alternatives to EER or COP to set standards and labeling requirements for 
ACs and heat pumps.

Seasonal efficiency metrics consider the impact of variations in outdoor temperature on cooling 
load and energy consumption, requiring (or optionally allowing) multiple test points to compute 
a seasonally weighted average efficiency. These metrics are intended to represent how the AC 
would perform over a typical cooling season in a representative building type with typical oper-
ating characteristics (Econoler et al. 2011). The seasonal efficiency metrics used in Japan, India, 
and countries in Southeast Asia are equivalent to ISO 16358:2013-defined metrics.3 Japan and 
India use their region-specific climatic conditions. Southeast Asian countries use the ISO refer-
ence temperature bin hours. The seasonal efficiency metrics used in China and South Korea are 
largely consistent with ISO 16358:2013-defined metrics, except that they use their region-specific 
climatic conditions and different ways of evaluating performance at part-load operation, along 
with minor adjustments. The SEERs used in the United States and European Union (EU) require 
more data points for outside temperature and part-load conditions than are required by the ISO 
standard. The European SEER (EU SEER) also includes the impact of standby and other low-power 
modes. Table 1 summarizes seasonal efficiency-related standards, calculation and test methods, 
and metrics for select economies.

3   Test procedures for ACs in these countries are based on the ISO 5151 standard. The ISO 16358:2013 standards specify the calculations for evaluating the seasonal 
performance factor—defined as cooling seasonal performance factor (CSPF, ISO 16358-1:2013), heating seasonal performance factor (HSPF, ISO 16358-2:2013), and 
annual performance factor (APF, ISO 16358-3:2013, which considers both cooling and heating efficiency for heat pumps)—of equipment with testing covered by ISO 
5151, ISO 13253, and ISO 15042.
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Table 1: Standards, Calculation and Test Methods, and Metrics for Seasonal AC Energy-Efficiency Evaluation

Efficiency Standards 
and Labels

Seasonal Efficiency 
Calculation Methods

Efficiency  
Test Methods

Seasonal Efficiency 
Metrics

ISO N/A
ISO 16358-1:2013 (CSPF)
ISO 16358-2:2013 (HSPF)
ISO 16358-3:2013 (APF)

ISO 5151-2010 CSPF, HSPF, APF

China
GB 12021.3-2010
GB 21455-2013

GB/T 7725-2004
GB/T 17758-2010 GB/T 7725-2004

GB/T 17758-2010 SEER, HSPF, APF

EU
(EU) No 626/2011
(EU) No 206/2012 EN 14825:2016 EN 14511:2013 SEER, SCOP

India

Schedule - 19
Variable Capacity  
Air Conditioners ISO 16358-1:2013 IS 1391

(Part 1 & Part 2) SEER

Japan Top Runner Program JIS C 9612-2013 JIS B 8615-1:2013 CSPF, HSPF, APF

South Korea MOTIE Notification  
No. 2017-206 KS C 9306:2017 KS C 9306:2017 CSPF, HSPF

United States 82 FR 1786 ANSI/AHRI Standard 
210/240:2008

ANSI/AHRI Standard 
210/240:2008 SEER, HSPF

AHRI = Air-Conditioning, Heating, and Refrigeration Institute; ANSI = American National Standards Institute; EN = European  
Standard; GB = “Guobiao” (Guóbiāo), which means “national standard”; IS = Indian Standards; JIS = Japanese Industrial Standards; 
KS = Korean Standards; MOTIE = Ministry of Trade, Industry, and Energy; SCOP = seasonal coefficient of performance. 

Note: The Association of Southeast Asian Nations (ASEAN) countries in the ASEAN Standards Harmonization Initiative for 
Energy Efficiency (SHINE) program—including Indonesia, Malaysia, Philippines, Singapore, Thailand, and Vietnam – have 
agreed to use a test method based on ISO 5151 and CSPF defined in ISO 16358 to set MEPS.

Source: Authors’ work based on regional documents listed in Table 1, Xiaoli et al. (2015), Econoler et al. (2011), and APEC (2010).

The difference in seasonal efficiency metrics is primarily due to the outside temperature profiles that 
are used to aggregate steady-state and cyclic ratings into a seasonal efficiency value, as well as the 
ways of evaluating performance at part-load operation in the metric. Specific parameters to account 
for AC performance at part-load and/or lower-temperature operation in the efficiency metric vary 
by country. Table 2 shows options that can be used for seasonal energy-efficiency evaluation by the 
selected regional standards and ISO 16358. 

The ISO CSPF calculation for fixed-speed units requires two sets of test data: measurement of perfor-
mance (capacity and power input) at full-capacity operation at 35°C and 29°C. However, in practice, 
countries require only one set of test data at full-capacity operation at 35°C and use another set of 
data points at 29°C calculated by predetermined equations (see Table 2), resulting in no additional or 
different requirement for testing fixed-speed units compared to using the EER metric.

The CSPF calculation, including the India SEER (ISEER) calculation and the SEER calculation for variable-
-speed units (units with CC ≤ 7.1 kW) in China, requires two sets of test data at full- and half-capacity 
operation at 35°C and another set of data points at 29°C calculated by ISO 16358-determined equations.
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The China SEER calculation for variable-speed units with CC > 7.1 kW and the Korea CSPF calculation 
require three sets of test data at full-, half-, and minimum-capacity operation at 35°C, and another 
set of data points at 29°C calculated by their standard predetermined equations. Minimum-capacity 
tests are typically conducted at the lowest-capacity control settings of units that allow steady-state 
operation at the given test conditions. In China, the minimum-capacity test is conducted at 25% of 
full capacity. ISO 16358 suggests the minimum-capacity test at 29°C be conducted first and allows the 
minimum-capacity test at 35°C to be measured or calculated using default values.

Table 2: Test Requirements and Options Used for AC Seasonal Energy-Efficiency Evaluation

Operating condition/Type Fixed Speed Variable Speed

Full capacity (35°C) Required Required

Half or intermediate capacity (35°C)a Not applicable Required

Minimum capacity (35°C) Not applicable Required/optional/not consideredc

Full capacity (29°C) Required/optionalb Optionalc

Half or intermediate capacity (29°C) Not applicable Optionalc

Minimum capacity (29°C) Not applicable Optional/not consideredc

The ISO 16358-1:2013, JIS C 9612-2013 (Japan), and GB/T 7725-2004 (China) standards specify cooling half-capacity at 
outdoor temperature t to be 50% (±5% or ± 0.1 kW) of full capacity at t at full-load operating conditions. In South Korea, 
the KS C 9306:2017 standard is based on full- and minimum-capacity tests. The intermediate-capacity test can be done 
at a level between the full and minimum capacities, if the minimum capacity is less than 50% of the full capacity. 

While ISO 16358 requires full-load performance at the lower temperature to be measured, this is calculated in regional 
standards by using predetermined equations as below: Capacity(29ºC)= Capacity(35ºC) × 1.077; Power input(29ºC)= 
Power input(35ºC) × 0.914

Performance at the lower temperature can be calculated by using predetermined equations as below:  
ISO, China, India, Japan: Capacity(29ºC)= Capacity(35ºC) × 1.077; Power input(29ºC)= Power input(35ºC) × 0.914
South Korea: Capacity(29ºC)= Capacity(35ºC) × 1.077; Power input(29ºC)= Power input(35ºC) × 0.864

a 

b 

c 

The ISEER calculation in India does not consider minimum capacity tests.
ISO 16358 suggests the minimum capacity test at 29°C to be conducted first and allows the minimum capacity test at 35°C to 
be measured or calculated by using default values. China (for units with CC > 7.1 kW) and South Korea standards require the 
minimum capacity test at 35°C and allow the minimum capacity test at 29°C to be calculated by using default values.

Source: Authors’ work based on ISO 16358:2013; China’s GB/T 7725-2004, GB 21455-2013; India’s Schedule 19; Japan’s JIS C 
9612:2013; South Korea’s KS C 9306:2017.
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The SEERs used in the EU and United States require more data points for outside temperature 
and part-load conditions than do those used in the Asian countries discussed above or the ISO 
standard (Table 3).4

Degradation coefficient (CD) is a factor of efficiency loss due to the cyclic operation of an AC, 
which is an important parameter for on-off cycling performance evaluation. Although the value 
of CD is derived from experiments, CD = 0.25 is typically used for all regional metrics (APEC 2010, 
Econoler et al. 2011).

Outdoor temperature bin hours for AC use are defined as a set of hours at each outdoor temperature 
that requires cooling. Outdoor temperature bin hours used for calculating seasonal efficiency 
vary by regional standard. Table 4 summarizes outdoor temperature bin hours used for seasonal 
energy-efficiency calculations in select regions.

Table 3: Comparison of Primary Test Conditions for Variable-Speed ACs

ISO United States EU

Part load
(%)

Outdoor 
DB/WB 
temp. 

(°C)

Indoor 
DB/WB
temp. 

(°C)

Required test 
- compressor 

speed/  
cooling air  

volume

Outdoor  
DB/WB  
temp.  

(°C)
[°F]

Indoor  
DB/WB
temp.

(°C)
[°F]

Part 
load
ratio 
(%)

Outdoor 
DB  

temp.  
(°C)

Indoor 
DB/ WB

temp. (°C)

Full load

35/24 27/19

A 100 35

27/19

Half load
A2 -  

Max/Full
35.0/23.9

[95/75]

26.7/19.4
[80/67]

Min loada B 74 30

B2 -  
Max/Full

27.8/18.3
[82/65]

Full load 

29/19 27/19

C 47 25
Ev -  

Intermediate/ 
Intermediate

30.6/20.6
[87/69]

Half load

D 21 20

B1 -  
Min/Min

27.8/18.3
[82/65]

F1 - 
Min/Min 19.4/11.9

[67/53.5]Min loada

DB = dry bulb, WB = wet bulb.

According to ISO 16358-1:2013, minimum-load operation is defined as operation of the equipment and controls at 
minimum continuous capacity; 25% of minimum load is used under the Chinese standard.

Source: Authors’ work based on ANSI/AHRI 210/240-2008, EN 14825:2016, and the sources in Table 1.

a 

4  In the EU, the four test points (A, B, C, and D) are points that manufacturers are supposed to “declare.” Hence, each point does not need to be tested; the points  
could also be calculated based on other tested points or based on the performance of similar units.
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Table 4: Summary of Outdoor Temperature Bin Hours Used in Calculations of Seasonal Energy Efficiency by Region

ISO China EU India Japan South Korea United States

Standard
ISO  

16358:  
2013

GB  
21455- 
2013

EN  
14825:  
2016

Schedule  
19

JIS C  
9612:  
2013

KS C  
9306:  
2017

ANSI/AHRI 
210/240-2008

Temperature 
range 21–35°C 24–38°C 17–40°C 24–43°C 24–38°Cc 24–38°Cc 65–104°F  

(18.3–40°C)

Number of 
temperature 

bins

15 bins  
(1°C  

per bin)

15 bins  
(1°C  

per bin)

24 bins  
(1°C  

per bin)

20 bins  
(1°C  

per bin)

15 bins  
(1°C  

per bin)

15 bins  
(1°C  

per bin)

 8 bins 
(5°F  

per bin)

Total hours of 
outdoor  

temperature 
bin

1,817 1,136 2,602a 1,600 1,569 941

Defined fraction 
of total  

temperature  
bin hours b

According to EN 14825:2016, equivalent active-mode hours for cooling are assumed to be 350 hours, while the total 
hours of outdoor temperature bin equal 2,602 hours.

Bin hours of each outdoor temperature may be calculated by multiplying the fractional bin hours by the total annual 
cooling hours if the fractional bin hours are applicable. ISO 16358 also provides fractional bin hours.

Although JIS C 9612:2013 and KS C 9306:2017 define outdoor temperature bin hours in the range of 24–38°C, zero 
hours are actually assigned to 35–38°C in JIS C 9612:2013 and 38°C in KS C 9306:2017.

a 

b 

c 
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 3. Developing Outdoor Temperature  
Bin Hours for Room AC Use in Brazil

5  Degree days are the sum of differences between daily average temperatures and the base temperature (e.g., 10°C or 18°C).

6   Available at http://climate.onebuilding.org/WMO_Region_3_South_America/BRA_Brazil/index.html. TMYx files contain typical meteorological data 
derived from hourly weather data through 2017 in the ISD (U.S. National Oceanic and Atmospheric Administration’s Integrated Surface Database) using 
the TMY/ISO 15927-4:2005 methods.

To adopt a seasonal AC energy-efficiency metric to the Brazil standard, Brazil can use the ISO 
CSPF metric in accordance with ISO 16358-1:2013, based on Brazil-specific temperature bin hours. 
Brazil has diverse climates but is predominantly hot and humid, varying by region from extremely 
hot-humid (0A) to warm-humid (3A) in terms of American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (ASHRAE) climate zone definitions, which are based on cooling degree-
day base 10°C (CDD10), heating degree-day base 18°C (HDD18), annual precipitation, annual mean 
temperature, and so forth (see Annex A for details).5 For example, the São Paulo climate is classified 
as hot-humid (2A).

The Laboratory for Energy Efficiency in Buildings (LabEEE) at the Federal University of Santa 
Catarina (UFSC) also analyzed weather data for 175 cities in Brazil available as TMYx files,6 and it 
chose eight representative cities. Table 5 summarizes climate characteristics of the eight cities and 
classifies them by ASHRAE climate zone. Figure 1 shows annual outdoor temperature distributions 
of the eight cities as analyzed by LabEEE and Lawrence Berkeley National Laboratory (LBNL).

Table 5: Eight Cities in Brazil Defined by UFSC and Corresponding ASHRAE Climate Regions

Climate Region ASHRAE  
Climate Zone CDD10.0 CDD18.3

Annual  
Average DB  

Temperature (°C)

Annual Average  
Precipitation (mm)

Fortaleza

0A

6,405 3,363 27.5 1,642

Manaus 6,497 3,455 27.8 2,286

Salvador 6,060 3,018 26.6 1,234

Teresina 7,072 4,030 29.4 1,392

Rio de Janeiro
1A

5,306 2,268 24.5 1,173

Vitoria 5,651 2,609 25.5 1,407

São Paulo
2A

3,886 1,064 20.6 1,587

Porto Alegre 3,708 1,139 20.1 1,374

Source: ASHRAE Weather Data 6.0

http://climate.onebuilding.org/WMO_Region_3_South_America/BRA_Brazil/index.html
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The hours of each temperature bin for AC use can be determined based on AC use information in the 
country. According to the climate data, hours between 21°C and 35°C account for 82% of the annual 
outdoor temperature distributions in the eight regions of Brazil on average (46%–100% by location), while 
hours over 35°C account for less than 1%, except in Teresina (7%). 

7  According to a recent survey conducted by the National Electrical Energy Conservation Program (PROCEL)

Figure 1: Outdoor temperature distributions of eight regions in Brazil
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The blue histogram in Figure 2 shows a set of outdoor temperature bin hours in the draft document for 
public consultation by the National Institute of Metrology, Quality and Technology (INMETRO), “Proposal 
of Partial Improvement of the Evaluation Requirements of Conformity for Air Conditioners Establishing a 
Cooling Seasonal Performance Factor (CSPF) and Determining other Measures for the Availability of these 
Products in the National Market.”

Outdoor temperature at 0% load t0 = 20°C, consistent with ISO 16358.

Hours of AC use at temperatures between 21°C and 33°C are assumed to increase in proportion 
to cooling load.

The total hours of per-unit AC use match with an average AC use (7.2–8.3 hours per day by 
region)7, resulting in 2,910 hours of annual AC use (yellow histogram in Figure 2).

Based on the climate data discussed above, this study also estimates hours of room 

AC use at each outdoor temperature as follows:
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Figure 2: Annual outdoor temperature distribution (black) and temperature bin hours assumed for AC use in 

Brazil (yellow and blue)

See Table 6 and Table B1 for details.
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4. Evaluating the Efficiency  
Performance of Room ACs 

This study analyzes the efficiency performance of five room AC models according to the ISO CSPF calcu-
lation with five sets of temperature bin hours for AC use in Brazil. The ISO CSPF calculation refers to ISO 
16358-1:2013 Clause 6.4 for fixed-speed units and Clause 6.7 for variable-speed units. The CSPF calcula-
tion for variable-speed units is based on two sets of test data – measurement of performance (capacity 
and power input) at full- and half-capacity operation at an outdoor dry bulb temperature of 35°C – and 
then performance at 29°C is calculated by ISO 16358-determined equations. The CSPF calculation for 
fixed-speed units is based on one set of test data – measurement of performance (capacity and power 
input) at full-capacity operation at an outdoor dry bulb temperature of 35°C – and then performance at 
29°C is calculated by the predetermined equations. Table 6 summarizes the sets of outdoor temperature 
bin hours used in the ISO CSPF calculation. Table 7 summarizes basic specifications of the five select 
room AC models. Detailed information about temperature bin hours is available in Annex B.

Table 6: Summary of Outdoor Temperature Bin Hours Used in the ISO CSPF Calculation

Table 7: Basic Specifications of the Five Room AC Models Analyzed 

Average 1
(based on  

INMETRO draft)

Average 2
(LBNL)

0A 1A 2A

(LBNL)

Fortaleza,  
Manaus, Salvador, 

Teresina

Rio de Janeiro, 
Vitoria

São Paulo,  
Porto Alegre

Efficiency  
calculation ISO 16358-1:2013 CSPF

Temperature 
range 21–38°C 21–40°C 21–40°C 21–38°C 21–38°C

Number of  
temperature 

bins

18 bins
(1°C per bin)

20 bins
(1°C per bin)

20 bins 
(1°C per bin)

18 bins 
(1°C per bin)

18 bins 
(1°C per bin)

Total hours  
of outdoor  

temperature bin

2,914
(8 hrs/d)

2,910
(8 hrs/d)

4,405
(12 hrs/d)

3,279
(9 hrs/d)

1,460
(4 hrs/d)

Sample 1 2 3 4 5

Compressor 
type Fixed speed Variable speed

Nominal CC 
(kW) 3.5–3.6

EER (W/W) 3.2 3.6 3.3 3.9 5.0
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4.1 CSPF WITHOUT MINIMUM-CAPACITY TEST

As an example, Figure 3 shows key parameters – including cooling load, performance at full and half 
capacity, and part load factor8 – used for the Sample 3 CSPF calculation with Average 1 bin hours. 
The black bold line in Figure 3 represents cooling power input calculated based on the parameters. 
Figure 4 shows cooling load and energy consumption in kWh at each temperature. CSPF is calculated 
as ∑ (cooling load × hours)/ ∑ (power input × hours).

Figure 3: Cooling capacity, power input, and cooling load of Sample 3 (variable-speed) AC unit with Average 1 bin hours

8   ISO 16358 defines part load factor as ratio of the performance when the equipment is cyclically operated to the performance when the equipment is 
continuously operated, at the same temperature and humidity conditions.
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tj = outdoor temperature corresponding to each temperature bin

Lc(t
j
) = defined cooling load at outdoor temperature t

j

tb = outdoor temperature when cooling load is equal to cooling full capacity

tc = outdoor temperature when cooling load is equal to cooling half capacity

ful
(t

j
) = cooling full capacity at outdoor temperature t

j

haf
(t

j
) = cooling half capacity at outdoor temperature t

j 

P
ful

(t
j
) = cooling full power input at outdoor temperature t

j

P
haf

(t
j
) = cooling half power input at outdoor temperature t

j 

P(t
j
) = cooling power input applicable to any capacity at outdoor temperature t

j

FPL(t
j
) = part load factor at outdoor temperature t

j

Note that this CSPF calculation is based on two sets of test data at full- and half-capacity operation at 35°C and another set of 
data points at 29°C calculated by ISO 16358-determined equations.
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Figure 4: Cooling seasonal total load and cooling seasonal energy consumption of Sample 3 (variable-speed) AC unit 

with Average 1 bin hours
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Figure 5 shows the EER and ISO CSPF results with all five sets of temperature bin hours for all five 
AC samples.

For fixed-speed units, the CSPF calculation in this analysis is based on one set of test data at full 
operation at 35°C and another set of data points at 29°C calculated by predetermined equations. 
There is no large difference between the EER and CSPF values for the fixed-speed units. Given that 
predetermined equations are used to estimate the performance at 29°C, CSPF for fixed-speed units 
results in a linear relationship with EER, i.e., CSPF = α × EER (e.g., α~1.06 with the ISO reference tem-
perature bin hours and the Brazil Average 1 temperature bin hours). 

For variable-speed units, using a seasonal efficiency metric (such as ISO CSPF) in Brazil better re-
flects real energy performance by capturing full-load and part-load performance and by helping 
better estimate savings gained from the seasonal performance. Given that predetermined equa-
tions are used to estimate the performance at 29°C, CSPF for variable-speed units is greater than 
EER by 39%–72%, with the Brazil Average 1 temperature bin hours. The CSPF results vary by 2%–8% 
across temperature bin hours.

Note that the CSPF calculation for variable-speed units in this section is based on two sets of test 
data at full- and half-capacity operation at 35°C and another set of data points at 29°C calculated by 
ISO 16358-determined equations. According to section 4.2, this calculation tends to result in CSPFs 
that are lower than those calculated based on performance data measured at both 35°C and 29°C, 
including minimum-capacity operation; hence, the results shown here are relatively conservative.
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Figure 5: EER and ISO CSPF of five room AC models by different temperature bin hours in Brazil (ISO 16358, Average 1, 

Average 2) and regions within Brazil (0A, 1A, 2A)

Source: Authors’ work

EER

CSPF ISO 16358 (1817 hrs/y)

CSPF Average 1 (2914 hrs/y)

CSPF Average 2 (2910 hrs/y)

CSPF 0A (4405 hrs/y)

CSPF 1A (3279 hrs/y)

CSPF 2A (1460 hrs/y)
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Table 8: CSPF of One Variable-Speed Room AC Model With and Without Minimum Capacity Testing

CSPF without  
minimum-capacity test

CSPF with  
minimum-capacity test

Operating  
condition  

(outdoor dry bulb  
temperature)

35°C 29°C 35°C 29°C

Full capacity Measured Calculateda Measured Calculateda

Half capacity Measured Calculateda Measured Calculateda

Minimum  
capacity

Not  
considered

Not  
considered Calculatedb Measured

Temperature  
bin hours Average 1 (INMETRO draft)

CSPF  
(Average 1) 4.5 5.1

Temperature bin hours Average 2 (this study)

CSPF  
(Average 2) 4.2 4.4

Capacity(29ºC) = Capacity(35ºC) × 1.077; Power input(29ºC) = Power input(35ºC) × 0.914

Capacity(35ºC) = Capacity(29ºC) ÷ 1.077; Power input(35ºC) = Power input(29ºC) ÷ 0.914

a 

b 

4.2   CSPF FOR VARIABLE-SPEED UNITS WITH  
 MINIMUM-CAPACITY TEST

A few regional standards for variable-speed units require three sets of test data at full-, half-, and 
minimum-capacity operation. Minimum-capacity tests are typically conducted at the lowest-capacity 
control settings of units that allow steady-state operation at the given test conditions. Because the 
draft document for public consultation by INMETRO in Brazil includes a minimum-capacity test at a 
lower temperature, this section shows CSPF calculations with AC minimum-capacity testing.

Table 8 compares CSPF results for another variable-speed room AC model with and without 
minimum-capacity testing, using the two sets of Brazil-specific temperature bin hours. As seen 
in Figure 2, the Average 1 temperature distribution (based on the INMETRO draft) includes more 
AC use during lower-temperature hours compared with the Average 2 distribution developed for 
this study; for example, hours between 21°C and 24°C account for about 39% of the Average 1 
distribution and 11% of the Average 2 distribution.  This difference is reflected in Table 8, where 
the CSPF value with minimum-capacity testing is only 5% higher than the value without minimum-
capacity testing when using Average 2, but the value with is 15% higher than the value without 
when using Average 1. These results suggest that accounting for minimum-capacity performance 
is more important when AC use is substantial at relatively low temperatures. However, if the 
minimum-capacity testing is conducted, the measurement uncertainty specified in ISO 5151 must 
be achieved and compliance costs may increase.
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Field experiments performed at Instituto Mauá de Tecnologia (Mauá Institute of Technology), Ponti-
fical Catholic University of Rio de Janeiro (PUC-Rio), and UFSC showed energy savings of 21%–70% 
for variable-speed units compared with fixed-speed units, depending on efficiency performance 
and operating conditions (Peixoto et al. 2018, Parise and Sotomayor 2018, Güths 2018).9  

Parise and Sotomayor (2018) showed energy savings potential up to about 60% for an efficient 
variable-speed unit (EER 5.1) compared with a typical fixed-speed unit (EER 3.1); this result is com-
parable with our results (56%–60% energy savings potential) when comparing fixed-speed Sample 
1 (EER 3.2) versus variable-speed Sample 5 (EER 5.0). 

Güths (2018) showed energy savings potential of about 37%–51% for a variable-speed unit (EER 
3.2) compared with a typical fixed-speed unit (EER 3.2), varying by operating conditions; this result 
is similar to or much greater than our estimated results (25%–29% energy savings potential) when 

4.3   SEASONAL ENERGY CONSUMPTION  
 AND SAVINGS POTENTIAL 

Energy consumption depends on the total hours of AC use as well as the number of hours at each 
temperature where the AC is in use. Figure 6 shows the estimated annual energy consumption of all 
five room AC models by different temperature bin hours. Variable-speed units consume approximately 
25% (Sample 3) to 60% (Sample 5) less energy compared with the lowest-efficiency fixed-speed unit 
(Sample 1).
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Figure 6: Estimated annual energy consumption of five room AC models by different temperature bin hours 

without minimum-capacity test

UEC with Average 2 (2910 hrs/y)

UEC with 2A (1460 hrs/y)

UEC with 0A (4405 hrs/y)

UEC with Average 1 (2914 hrs/y)

UEC with 1A (3279 hrs/y)

9   A mini-split AC system was installed in each of two rooms, which had the same area and orientation: one AC was a fixed-speed unit, the other was a variable-speed 
unit, and both had the same capacity. Experiments were performed with different periods of operation (day and/or night times) and different internal load densities.
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comparing fixed-speed Sample 1 (EER 3.2) versus variable-speed Sample 3 (EER 3.3). Note that the 
Güths (2018) field tests included operation during daytime (8 am to 6 pm) as well as night time 
(10 pm to 7 am), when ACs are in low-load operation but might rarely be used, and conducted in 
Florianópolis in the south region where cooling load is less than the north region of Brazil. In con-
trast, our CSPF calculations are based on two sets of test data at full- and half-capacity operation 
at 35°C and another set of data points at 29°C calculated by ISO 16358-determined equations, not 
even considering minimum-capacity performance. Therefore, the calculated energy consumption 
differences between fixed- and variable-speed units shown in Figure 6 are conservative.

Annex C and Annex D show analysis of emissions and cost savings due to variable-speed ACs.
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5. Recommendations

Energy savings potential available from room ACs varies by climate. Because Brazil’s 

climate is predominantly hot and humid – and energy-efficient variable-speed ACs are 

available on the market – the country has opportunities to increase energy savings by 

adopting a seasonal energy-efficiency metric. Based on the analysis in this report, we 

recommend the following for Brazil:

Consider adopting the ISO CSPF metric (defined as total cooling load over total cooling 
power input) based on Brazil-specific temperature bin hours of AC use. Adopting this widely 
used metric would improve Brazil’s room AC standards and labeling while facilitating 
harmonization with international AC-efficiency efforts. Determining CSPF based on the 
test conditions specified in ISO 16358 would make the CSPF values comparable with 
those from other countries whose standards are based on or consistent with ISO 16358.

 
Consider using only a single, average set of temperature bin hours for all of Brazil. CSPF 
results vary by only 2%–8% across the temperature bin hours analyzed in this study. Using 
a single set of bin hours would reduce additional costs for manufacturers, regulatory com-
plexity for government agencies, and confusion for consumers, compared with using mul-
tiple sets of bin hours for different climate zones. However, it would be useful to consider 
potentially large variations in absolute impacts (energy use, electricity cost, emissions, 
etc.) based on Brazil’s regional climates.

 
For determining the CSPF of fixed-speed units, use only one set of test data at full-capacity 
operation at 35°C, and use another set of data points at 29°C calculated by predetermined 
equations. ISO 16358 requires testing a fixed-speed AC at full-capacity operation at both 
35°C and 29°C. However, using calculated data points at 29°C reduces additional testing 
requirements (beyond the requirements for determining EER) – thus reducing compliance 
costs – without significantly changing the results. The CSPF values of fixed-speed units are 
calculated in a linear relationship with the EER values.

 
For variable-speed units, determine CSPF while reducing compliance costs by using two sets 
of test data at full- and half-capacity operation at 35°C and another set of data points at 29°C 
calculated by ISO 16358-determined equations, without considering minimum-capacity 
operation. In an example from our analysis, this approach results in a CSPF value only 5% lower 
than the value calculated using minimum-capacity testing when our higher-temperature AC-
use distribution (Average 2) is used. However, the difference is greater (15%) when using the 
lower-temperature distribution (Average 1, based on the INMETRO draft) – suggesting that 
minimum-capacity testing may be important if such a distribution is assumed.

1

3

2

4
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ANNEX A:  
ASHRAE CLIMATE ZONE DEFINITIONS

Table A1: Criteria of Thermal Zones

Thermal 
Zone Name SI units I-P units

0 Extremely Hot-Humid 
(0A), Dry (0B) 6,000<CDD10 10,800<CDD50

1 Very Hot-Humid (1A), 
Dry (1B) 5,000<CDD10≤6,000 9,000<CDD50≤10,800

2 Hot-Humid (2A),  
Dry (2B) 3,500<CDD10≤5,000 6,300<CDD50≤9,000

3A and 3B Warm-Humid (3A),  
Dry (3B)

2,500<CDD10≤3,500
and HDD18≤2,000

4,500<CDD50≤6,300
and HDD65≤3,600

3C Warm-Marine (3C) CDD10≤2,500
and HDD18≤2,000

CDD50≤4,500
and HDD65≤3,600

4A and 4B Mixed-Humid (4A), 
Dry (4B)

1,500<CDD10≤3,500
and 2,000<HDD18≤3,000

2,700<CDD10≤6,300
and 3,600<HDD65≤5,400

4C Mixed-Marine (4C) CDD10≤1,500
and 2,000<HDD18≤3,000

CDD50≤2,700
and 3,600<HDD65≤5,400

5A and 5B Cool-Humid (5A), Dry (5B) 1,000<CDD10≤3,500
and 3,000<HDD18≤4,000

1,800<CDD50≤6,300
and 5,400<HDD65≤7,200

5C Cool-Marine (5C) CDD10≤1,000
and 3,000<HDD18≤4,000

CDD50≤1,800
and 5,400<HDD65≤7,200

6A and 6B Cold-Humid (6A), Dry (6B) 4,000<HDD18≤5,000 7,200<HDD65≤9,000

7 Very Cold (7) 5,000<HDD18≤7,000 8,000<HDD65≤12,600

8 Subarctic/Arctic (8) 7,000<HDD18 12,600<HDD65

CDD
10

 (CDD
50

): cooling degree-day base 10°C (50°F)
• Daily mean temperature minus 10°C (50°F) 
• Annual CDDs are the sum of the degree-days over a calendar year. 

Marine Zone (C)
• Mean temperature of coldest month between -3°C (27°F) and 18°C (65°F)
• Warmest month mean < 22°C (72°F)
• At least four months with mean temperatures over 10°C (50°F)
• Dry season in summer.

Dry Zone (B)
• Not Marine (C)
• The dry/humid threshold is determined primarily by annual precipitation and annual mean temperature.

Humid Zone (A): Locations that are not Marine (C) and not Dry (B).

Source: ANSI/ASHRAE Standard 169-2013
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ANNEX B:  
OUTDOOR TEMPERATURE BIN HOURS

Table B1: Temperature Bins for Calculating ISO CSPF

Outdoor
temperature

ISO 
Reference

Average 1
(INMETRO 

draft)

Average 2
(this study) 0A 1A 2A

ºC Bin hours Bin hours Bin hours Bin hours Bin hours Bin hours

21

ISO 16358-1: 
2013

Table 3

182 20 2 46 55

22 240 46 10 119 98

23 323 89 50 220 126

24 380 171 181 319 142

25 353 286 394 410 147

26 317 367 564 427 147

27 265 383 611 405 143

28 207 331 524 347 136

29 177 294 476 283 123

30 154 280 468 240 108

31 118 213 355 181 86

32 84 152 252 135 61

33 53 105 181 81 39

34 31 68 124 39 23

35 17 43 83 18 14

36 8 28 57 6 7

37 4 20 41 2 3

38 1 9 21 1 1

39 0 4 8 0 1

40 0 1 3 0 0

Total 1,817 2,914 2,910 4,405 3,279 1,460
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ANNEX C:  
EMISSIONS-SAVINGS POTENTIAL
Total equivalent warming impact (TEWI) is a measure of the global warming impact of equipment 
based on the total emissions of greenhouse gases (GHGs) during operation of the equipment and 
disposal of the operating fluids at end-of-life (EOL), accounting for both direct emissions and indi-
rect emissions produced through the energy consumed in operating the equipment (AIRAH 2012). 
The method for calculating TEWI is as follows:

TEWI 

= GWP (direct: refrigerant leaks including EOL) + GWP (indirect: operation) 
= (GWP × m × Lannual × n) + (GWP × m × (1 – αrecovery)) + (Eannual × β × n) 

Where: GWP = global warming potential of refrigerant, relative to CO2 (GWP CO2 = 1); Lannual = 
leakage rate per year (unit: %); n = system operating life (unit: years); m = refrigerant charge (unit: 
kg); αrecovery = recovery over recycling factor from 0 to 1; Eannual = energy consumption per year (unit: 
kWh per year); β = indirect emission factor (unit: kg CO2 per kWh).

Figure C1 shows the TEWI calculation results for the five AC samples with the Average 1 use. The 
GHG emissions savings potential is large, e.g., a 56% reduction between Sample 5 (an R32 variable-
-speed unit) and Sample 1 (an R410A fixed-speed unit).

Figure C1: TEWI calculation results for five room AC models with Average 1 bin (2,914 hours of AC use)
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ANNEX D:  
LIFECYCLE COST ANALYSIS
For consumers, the cost of an AC consists of the upfront cost of the AC equipment and the cost of 
AC electricity use. We assess how the lifecycle cost (LCC) of ACs changes as equipment efficiency 
improves and electricity consumption declines. Installation and maintenance costs are not 
considered for the AC systems discussed here.

Figure D1:  LCC of five room AC models with Average 1 bin (2,914 hours of AC use) 

Assumptions: electricity price = R$ 0.66/kWh, lifetime = 10 years, equipment price = average price based on Letschert et al. (2019).
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Where equipment cost is the AC purchase price, n is the years since purchase, and operating cost is 
the annual operating cost represented by the consumer’s electricity bill. Operating cost is summed 
over each year of the appliance lifetime L.

We assume a lifetime of 10 years for room AC equipment. Based on Letschert et al. (2019), we 
assume an electricity tariff of R$ 0.66/kWh, which is a weighted average between residential and 
commercial customers, and a discount rate of 10.5%. Figure D1 shows the LCC results for the five 
AC samples with the Average 1 use. The LCC savings potential is large, e.g., up to 40% reduction 
between Sample 5 (an R32 variable-speed unit) and Sample 1 (an R410A fixed-speed unit).

LCC = Equipment Cost +
L

Operating Cost

(1+ Discount Rate)n∑
n=1
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