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Total 45 different brands 
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S&L database 
no. models 
Volume 
Energy consumpt 
Efficiency class 

Marketing data 
no. models 
Volume 
Energy consumpt 
Efficiency class 
sales 

Distributor / importer 
no. models 
Volume 
Energy consumpt 
Efficiency class 
sales 

compare, combine, verify, choose, add, divide  
appliance models and market segments 

average annual                -  entire market 
energy consumption        -  volume segment 
                                         -  household type 
                                         -  retail channel  
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Airconditioners: 
models on offer cover the whole size and efficiency spectrum 
while sales narrow size and efficiency class, 
typically 15 manufacturers cover two thirds of the market 
and their models‘ EER all publicly available  

   some sales data required to show the main models,  
      efficiency of all main models is known so the 
      actual efficiency distribution can be established  

Refrigerator Problems:     
several hundred manufacturers – too many to request data 
volume / compartment variability, so x10 number of models 

   without sales, avr efficiency of models offered even when share of  
      models‘ efficiency is not known, 
      approximations for many countries‘ label classes, 
      sampling for price ranges and retailers.  
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� 

BEy = EFgrid * nP ,i,y ∗hrsy ∗βL ∗
PP ,i
EER avr,y

∗
CDDy

CDD 10yr

 Airconditioner New Sales Baseline 

1.  EERavr  calculate average EER or SEER               uniform or size ? 

     mandatory / voluntary S&L data coverage of efficiency information 
     without S&L:  coverage from China, S.Korea, India   with ETL software 
     sales-weighted or models available 
     no testing, too expensive 

2.  hrsy monitoring option   and  defaults option, uniform or household types 

     regional differentiation for annual hours for climate zone  
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SB Framework for       Air conditioner New Sales 

conversions for EER and SEER to combine all sources incl. Imports 

all use   ISO 5151   therefore no need for efficiency class conversions 

minimum coverage of efficiency and sales  

- suggestions for combining the three data sources 

- suggestions for baseline conservativeness reflecting data quality 

- suggestions for additionality 



Conversions 
for all AC 
Test SEER 

Single-speed 
mini-splits 
(non-ducted) 

SOURCE: 
Clasp 2011 
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� 

BEy = EFgrid * nP ,i,y ∗
EEIavr,y
100

∗SAEP

Refrigerator  „New Sales“   Standardised Baseline 

� 

BEy = EFgrid * nP ,i,y ∗Vavr,P ∗SECavr,y
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SB Framework for      Refrigerator   

conversions for Annual Energy consumption   all test standards 

conversions between main efficiency classes  EU, China, Korea, Brazil 

minimum coverage of efficiency, sales, no models 

Standardized average specific annual energy consumption 

Standardized average Energy Efficiency Index 

-   suggestions for combining / verifying the three data sources 

-   suggestions for baseline conservativeness reflecting data quality 

-   suggestions for additionality 



China 

Refrigerators 
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M	
   N	
  

Fresh-­‐food	
   0.233	
   245	
  

0-­‐star	
  comp	
   0.221	
   233	
  

1-­‐star	
  comp	
   0.611	
   181	
  

2-­‐star	
  comp	
   0.428	
   233	
  

3-­‐star	
  comp	
   0.624	
   223	
  

M	
   N	
  

Fresh-­‐food	
   0.233	
   245	
  

0-­‐star	
  comp	
   0.233	
   245	
  

1-­‐star	
  comp	
   0.643	
   191	
  

2-­‐star	
  comp	
   0.45	
   245	
  

3-­‐star	
  comp	
   0.777	
   303	
  

Label equivalences:    China Grade 1   ≈     EU class A 
    China Grade 2   ≈    EU class B  * 1.08 
    China Grade 3   ≈    EU class C  * 1.11 
    China Grade 4   ≈    EU class D  * 1.21 
    China Grade 5   ≈    EU class E  * 1.24 

EU  S&L              Label Equivalence         China   S&L 

� 

EEIavr,y =
AEc

ΣVc ∗TF ∗FF[ ]∗CC ∗BI( )∗M + N
∗100

Models with EEI data from EU  combined with EEI data from China 
Or when EEI not available then sales in a efficiency class  x  mid-class EEI 

Framework can contain  Efficiency Class  conversions 
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Further clarifications: 

Additionality suggestions for large scale DSM   -     define Invest Analysis 

                                         for innovation      -   define automatic additionality 

Refrigerants  and Blowing Agents   (HCFC-22, HCFC-141b, HFC-134a, HFC-245fa) 

insist on DNA asks NOU whether to address that Montreal P. MLF 

    -  substitutes are not differentiated / discriminated 

    -  ineligible enterprises 

    -  additionality oriented on EU‘s F-gas, US-EPA‘s SNAP 



PUTTING IT TOGETHER: A WINDOW UNIT EXAMPLE	



Compressor	

 Condenser	



Metering device	

Evaporator	



Indoors: 75°F	



Outdoors: 95°F	



 R-22	





REFRIGERANTS	
  MUST	
  BE	
  
DETECTABLE	
  

 Soap	
  bubble	
  soluGon	
  –	
  pinpoints	
  leaks	
  
 Halide	
  leak	
  detector	
  –	
  uses	
  an	
  open	
  flame	
  

 Electronic	
  leak	
  detectors	
  –	
  general	
  area	
  leaks	
  
 Ultraviolet	
  leak	
  detectors	
  –	
  pinpoints	
  leaks	
  
 Ultrasonic	
  leak	
  detectors	
  –	
  uses	
  sound	
  waves	
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California 
Compliance Offset Protocol Ozone Depleting Substances 

Emission Reduction Measurement and Monitoring Methodology for the  
Transition to Advanced Formulation Blowing Agent in Foam 

Québec 
Destruction of Ozone Depleting Substances in Insulating Foam or used 
as Refrigerants removed from RAC 

Mexico 
Mexico Ozone Depleting Substances Project Protocol 

VCS 
Infra-red Automatic Leak Detection Project Methodology 

Switzerland 
Swiss Charter – Climate Protection by Recycling 
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Task 4    AC Data Coverage to Prescribe 

         ideally to control 
       S&L data accessible                                importers / wholesalers 

       realistic to combine 

                China, SKr, Jap >70% 
sales and efficiency for all                                    verify averages 
sales and efficiency class  
no sales, most efficiencies                                    sales-weighted EER 
no sales, most efficiency classes                          sales per class 
sales but no efficiencies                                        sales per size 
sales but no efficiency classes           sales per Ch, Kr class 
                           EERISO= EERNAFTA / 1.0096 

               EERISO =  EERKorea / 1.012 
               SEER ....... 
               copied CNIS, Kemco, BEE 

Airconditioners no testing 
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                                           Data available 

      all sales                            survey                          no sales 
     all efficiencies                    GfK                            30% efficiencies 

Baseline Suggestions: 

   % above avr          lower end 
             % of avr 

Additionality Suggestions: 
            EER at Top 20%models 

    EER at Top 20% sales         highest EE class 
            mid EU class A 

Possible Conservativeness to Allow Market and Behaviour 
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Mandatory	
  
S&L	
  complete	
  

Mandatory	
  
S&L	
  par;al	
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S&L	
  

Import	
  	
  
with	
  sales	
  ex	
  
GFK	
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  Ghana	
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  coverage	
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  efficiency	
  
	
  	
  	
  	
  	
  	
  	
  	
  or	
  EE	
  class	
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  coverage	
  
	
  	
  	
  	
  	
  	
  	
  	
  sales	
  
Min	
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  efficiency	
  
	
  	
  	
  	
  	
  	
  	
  	
  or	
  EE	
  class	
  

Min	
  coverage	
  
	
  	
  	
  	
  	
  	
  	
  	
  sales	
  
Min	
  coverage	
  
	
  	
  	
  	
  	
  	
  	
  	
  efficiency	
  
	
  	
  	
  	
  	
  	
  	
  	
  or	
  EE	
  class	
  

Min	
  coverage	
  
	
  	
  	
  	
  	
  	
  	
  	
  sales	
  
Min	
  coverage	
  
	
  	
  	
  	
  	
  	
  	
  	
  efficiency	
  
	
  	
  	
  	
  	
  	
  	
  	
  or	
  EE	
  class	
  
max	
  naGonal	
  
	
  	
  	
  producGon	
  

Min	
  coverage	
  
	
  	
  	
  	
  	
  	
  	
  	
  efficiency	
  
	
  	
  	
  	
  	
  	
  	
  	
  or	
  EE	
  class	
  

max	
  naGonal	
  
	
  	
  	
  	
  	
  producGon	
  
with	
  data,	
  w/o	
  

default	
  usage	
  
parameters	
  

benchmarks	
  
possible	
  
fixed,	
  VSD	
  

AddiGonality	
  
highest	
  class	
  avr	
  

define	
  for	
  impact,	
  
ex	
  China	
  class	
  1,	
  
EU	
  class	
  A,	
  
avr	
  Japan	
  

EERavr	
  corrected	
  

Ex:	
  
Data	
  from	
  30%	
  
of	
  total	
  sales	
  
=	
  	
  lowest	
  is	
  market	
  
avr	
  

Airconditioner   SB Framework  specifies     
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Refrigerator  SB Framework  specifies     

Mandatory	
  
S&L	
  parGal	
  

Voluntary	
  
parGal	
  

Import	
  	
  
with	
  sales	
  ex	
  
GFK	
  data	
  or	
  
	
  	
  	
  	
  	
  Ghana	
  	
  	
  	
  

Import	
  
without	
  sales	
  

Imports	
  data	
  
and	
  test	
  of	
  
unlabeled	
  

No	
  import	
  
data,	
  	
  
only	
  test	
  of	
  
sample	
  

Min	
  coverage	
  
	
  	
  	
  	
  	
  	
  	
  	
  sales	
  
Min	
  coverage	
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  or	
  EE	
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Min	
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Min	
  coverage	
  
	
  	
  	
  	
  	
  	
  	
  	
  efficiency	
  
	
  	
  	
  	
  	
  	
  	
  	
  or	
  EE	
  class	
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  naGonal	
  
	
  	
  	
  producGon	
  

Min	
  coverage	
  
	
  	
  	
  	
  	
  	
  	
  	
  efficiency	
  
	
  	
  	
  	
  	
  	
  	
  	
  or	
  EE	
  class	
  

max	
  naGonal	
  
	
  	
  	
  	
  	
  producGon	
  
with	
  data,	
  w/o	
  

Coverage	
  China	
  
and	
  EU	
  label	
  data	
  

Test	
  sample	
  

Coverage	
  of	
  
geography	
  of	
  
retailers,	
  prices	
  
(from	
  online	
  
shops)	
  and	
  
volumes	
  

EE>60%:	
  
	
  	
  	
  	
  	
  	
  SAECavr	
  kWh/l	
  
	
  	
  	
  	
  	
  	
  120-­‐400	
  l	
  	
  	
  	
  	
  	
  
benchmarks	
  
possible	
  

addiGonality	
  

define	
  on	
  impact:	
  
ex	
  China	
  class	
  1,	
  
	
  	
  	
  EU	
  class	
  A,	
  
	
  	
  	
  avr	
  Japan	
  

EE>60%:	
  
	
  	
  	
  	
  	
  	
  SAECavr	
  kWh/l	
  
	
  	
  	
  	
  	
  	
  120-­‐400	
  l	
  	
  	
  	
  	
  	
  
Ex:	
  
Data	
  from	
  30%	
  
of	
  total	
  sales	
  
=	
  	
  lowest	
  is	
  
market	
  avr	
  

EEIavr	
  	
  Label	
  equiv	
  
Test	
  conversions	
  

>70%sales	
  
Avr	
  imported	
  
models	
  30%class	
  
Avr	
  naGonal	
  
models	
  30%class	
  

EEIavr	
  	
  Label	
  equiv	
  
Test	
  conversions	
  

Simplified	
  test	
  
protocol	
  only	
  
when	
  no	
  
importer	
  data	
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Refrigerants     between     Convention,   KP   and  MP 

    all NAI funding HCFC reductions for 10 more years 
    all NAI will soon fund HFC reductions for 15 more years 

     HFC reductions are credited in KP  while  MP funds phase-down 
     many new replacements for HCFC and HFC are appearing 

   „market leakage“ because HCFC and HFC volume limits cause  
                                  market actors to anticipate  

  - their competitors changing refrigerants 
  - their prospects of exporting (SNAP 21, EU F-gases) 
  - new government regulations 

  market shifting leakage   and   activity leakage 
     new meths for refrigerants in ACR (and blowing agents) 

EB34 only when HCFC will rise   =  cannot occur while NAI are running HPMP 
          now HPMP increase HFC  = credit hypothetical HFC 
   broader:  incentive context under HPMP and future „HFC-MP“ 



Refrigerants	
  SB	
  	
  	
  	
  NAI	
  country	
  with	
  AC	
  manufacturing	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Baseline 	
   	
   	
   	
  	
  	
   	
  	
  	
  Project	
  scenario	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  AC	
  with	
  HCFC-­‐22 	
   	
   	
   	
   	
  AC	
  with	
  HFC-­‐32	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  AC	
  with	
  propane 	
   	
   	
   	
   	
  AC	
  with	
  propane	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  AC	
  with	
  R410a 	
   	
   	
   	
   	
  AC	
  with	
  R410a	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  AC	
  with	
  HFC-­‐134a 	
   	
   	
   	
   	
  AC	
  with	
  HFC-­‐134a	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  AC	
  with	
  HFO	
  
	
  	
  	
  	
  	
  	
  some	
  receive	
  HPMP	
  funds 	
   	
  some	
  receive	
  HFC	
  funding	
  

	
  	
  	
  	
  	
  	
  some	
  ineligibles	
  changed	
  on 	
   	
  ineligibles	
  on	
  their	
  own	
  
	
  	
  	
  	
  	
  	
  their	
  own	
  

	
   	
   	
   	
   	
   	
  SB	
  created	
  

	
  	
  	
  	
  	
  SB	
  Framework	
  defines:	
  	
  data	
  coverage	
  for	
  model#,	
  sales#	
  
	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  baseline	
  aligned	
  with	
  HCFC	
  phaseout	
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Plausible	
  Scenario	
  for	
  marginal	
  new	
  non-­‐HCFC	
  AircondiGoner	
  

	
  	
  Baseline	
  scenario	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  most	
  NAI	
  use	
  the	
  largest	
  share	
  of	
  HCFC	
  for	
  servicing	
  HCFC-­‐22	
  equipment	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  some	
  NAI	
  use	
  largest	
  share	
  of	
  HCFC	
  for	
  manufacturing	
  HCFC-­‐22	
  equipment	
  

when	
  a	
  project	
  reduces	
  HCFC-­‐22	
  equipment	
  by	
  replacing	
  equipment	
  with	
  	
  
HC	
  or	
  HFO	
  or	
  NH3	
  or	
  CO2	
  using	
  equipment,	
  achieving	
  HPMP	
  is	
  made	
  easier	
  

	
  	
  	
  	
  	
  	
  HPMP	
  servicing	
  rules	
  remain	
  and	
  govt	
  will	
  use	
  all	
  its	
  HPMP	
  budget	
  

    	
  	
  a	
  PP‘s	
  effort	
  reduces	
  the	
  volume	
  of	
  HCFC-­‐22	
  imported	
  and	
  produced	
  

    	
  	
  No	
  leakage	
  outside	
  of	
  boundary	
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Airconditioners  - charge volume data feasible manually (from S&L) 
     - without data, approximate with:   
        charge (kg) = ( 0.18 + 0.06 * EER )  x cap (kW) 
     -  manufacturers leakage data 

              -  measure leakage sample  
     -  IPCC default leakage 

         -  inventory of different refrigerants / total sales 

                             Baseline  has big jumps  with GWP 

Refrigerators  - charge volume can be approximated 
     - leakage data from too few manufacturers 
     - leakage assumed uniform over all refrigerants 
     - difference in GWP  factor  1430 / 5 = 286 
     - project refrigerators use manufact. leakage data 
     - no measurement of refrigerant leakage 

� 

PEy = nP ,i,y ∗ QREF ,P *LkREF ,P ∗GWPREF ,P − BEREF ,y( )
� 

LkMar,y = Σ nP ,i,y ∗QREF ,i *LkREF ,i ∗GWPREF ,i( ) ÷ Σn
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Blowing Agent  SB  component 

  HCFC-141b     HFC-245fa     HFC-134a    Cyclopentane    HFO 

  approximation:    all have the same content per refrigerator (at same vol) 
         all achieve the same efficiency 
      end up in the atmosphere at some time 

   Switch Blowing agent GHG reduction only through GWP 

SB     switch to Cyclopentane and to HFO 
          for average appliance sold in previous year 

           tCO2e  /  appliance     per liter    or per kW 
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Baseline Scenario   for   Blowing Agents 

HCFC are declining   11 Art.5 have HPMP with foam component so far 
     incremental costs are calculated with Montreal MLF 
     ineligible companies incur these when up against 
                          phaseout 

              - total vol of foam to  
                estimate with fridge 
                volumes 

              - share of recovered 
                gases to apportion 
                with foam volume 
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Regional Variation of Blowing Agents in Appliances 
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Average Efficiency of all Refrigerators sold in Europe 

Source: Ecodesign 
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Mexico 2012-2030  BAT 

Examples for Ranking the Efficiency Potential of all Appliances  1 of 2 

Lawrence Berkeley BUENAS econ. potential with MEPS 



Examples for Ranking Efficiency Potential all Appliances  2 of 2 

                       LBNL  BAT by 2030 in Latin America   (Lutz) 
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mio t CO2 
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Waide 2015, EEDAL 

Lighting, Airconditioner and Refrigerators  have most  S&L   

depending on S&L coverage of a country‘s market, benchmark and additionality 

Argentina, Australia, Brazil, China, Egypt, Ghana, India, Indonesia,  
Japan, Jordan, Kenya, Korea, Mexico, Nigeria, Philippines, Russia, 
South Africa, Tunisia, Turkey, USA 
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IEA 4E   Mapping 2011  Model Average  and Sales-weighted 
  Refrigerator / Freezer 

Annual Average Energy Consumption Refrigerators in GfK 

Sales weighted average are close to arithmetic averages when most model data include 
energy consumption data  =  average model data is not improved with sales numbers in 
the case of refrigerators  (sales vary little with volume) 
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IEA 4E   AC  Benchmarking 2011   Split types 
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IEA 4E   AC  Benchmarking  2011  window type 
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Appliances  S&L  in  Middle Income Countries 
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China AC 2012 – 2013  Var.Speed and Fixed Sp. 

2007	
   2008	
  

Grade	
  1	
   18	
   8	
  

Grade	
  2	
   14	
   25	
  

Grade	
  3	
   28	
   23	
  

Grade	
  4	
   24	
   33	
  

Grade	
  5	
   16	
   11	
  

Product Offer-weighted Shares by Label Class AC China, CNIS 
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Refrigerator    Exports    2010 
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Refrigerator Imports to Africa 

KPMG 2014 



India China 
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Ghana AC 1999 LBNL 
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Size distribution in Nat.Rebate Scheme 
          5000 recycled 2015 

Refrigerator volume in litres 
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Replacements in             Ghana   2015 

                              of 5000 old refrigerators recycled, 

                              2000 have no brands or small ones. 

                        The 12 largest brands are 1920 

                              if the efficiency of these can be 
                              established, ≈ 40% of the total 
                              but requires noting the model #  
                              and check with manufacturer 

                        ≈ 270 different brands  

                        Half of all contain   HFC-134a 
                                              25% isobutane 
                                              25% CFC-12 
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Source:    http://cdm.unfccc.int/UserManagement/FileStorage/YK0DG9T0T0RHMCK69NDYKCG3ZBWX2L 

Brazil Random Sample 100 Old Refrigerators 2008 
          from five Electric Utilities across Brazil 
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AMS-II.O 
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20% of sales define requires total sales# 
and efficiencies 

Benchmarks 

Refrigerators sold in Turkey in 2010, kWh/100l     GfK data 
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Washing Machines Sold in Turkey in 2010 

20% of sales 
is lower efficiency than 20% from efficiency  
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Airconditioners               EER Trends           by  IEA 4E Benchmarking 
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Refrigerator Efficiency Variations      IEA 4E   Benchmarking 2011 
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Ghana AC models     from Quality Tonnes 
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China Refrigerators 2013-12 Sizes Unadjusted 
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Total Sales in Chile in 2009 



2.440	
  models	
  recorded	
  in	
  shop	
  visits	
  across	
  Ghana	
  in	
  2015	
  



5,000 recycled fridges in 2015 at the site in Accra 
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EU	
  

China	
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India	
  

New Sales SB          thresholds  

Top 40% EEI  42 
Top 30% EEI  32.6       
Top 20% EEI  30.6  
Top 10% EEI  28  



Thresholds for Volume Classes among 2440 models 



three EEI thresholds     < 100 ltr   EEI  22 
                                 100-550 ltr    EEI 30.6     
                                      >550 ltr    EEI 42 

six SEC thresholds   <100 ltr      1.70 kWh/yr/ltr    
                                 100-200     1.48 
                                 200-300     1.08          
                                 300-400     0.92 
                                 400-500     0.88 
                                  >500 ltr     0.84 

Additionality on last year‘s purchase decisions    Top 20% ? 
Baseline on average efficiency   Top 40%  ?                                 

New Sales SB 
   Top  20%    thresholds  product-weighted not sales-weighted 



Parameter with broad distribution is better for SB 



Replacement SB:       last sample measured in situ   1000 HH 
CSIR 2008 for Nkrumah Uni  and LBNL 



Welch and Rogers 2010 Estimating the Remaining Useful Life of Residential 
Appliances, ACEEE summer study    (Navigant Consulting Inc.)  

16 yrs / 14 yrs = 1.14 RUL = 0.33 x 14 = 4.6 yrs 16 yr average age of functioning fridges replaced 

Results from Ghana Replacement Program are not available 



BE = 0.33 tCO2/MWh * nP,i,y * Vavr* 5.734 kWh/ltr * 4.6 yr / 1000 

Replacement Baseline 

1000 HH sample results: 
AECavr 1.164 kWh/yr   /  Vavr 203 ltr   =    5.734 kWh/yr/ltr 

applies to the Ghana Replacement Program because the 1000 HH sample 
was stratified and the Replacement Program is open for all 

with SEC open to varied households, similar with EEI 

when the sample is selective and the Replacement Program similarly, can 
be allowed without any restriction ?  

RUL and SEC/EEI option for ex post ?  more replacement program data but  
    encourages targeting of households or refrigerator types 
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0.345	
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SREFy   =  0.345 kgCO2e/liter  refrigerator volume  

Additionality: each one retailer or importer to eliminate 
HFC-134a completely 
                      can apply SREF on sales in the preceding year, 
                      because his supply decision has no impact on 
household 

Refrigerant Baseline 



Refrigerant bar chart: 

all HFC-134a refrigerators in 2015:    10.845 t CO2e 
all Iso-butane refrigerators  2015:              8 t CO2e 

Refrigerant SB to anticipate HFC Phase-out Plan of Ghana Ozone Office 





Variation of Iso-butane Charge at Optimal Efficiency 



Most efficient manufacturer  EEI  41, least efficient one EEI 73 



Average volume 
recycled:  164 ltr 

Average volume 
in shops  245 ltr 


