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Overview 

 The basics of bottom-up evaluation 

 Building energy code as an example 
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The policy impact perspective: 

BASICS OF BOTTOM-UP EVALUATION 

METHODS 
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Bottom-up impact evaluation methods 

The basic problem: you can‘t directly meter energy savings 
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Renewable Energy: 

just meter production  
Energy Efficiency: savings need 

calculation against baseline 

eg, 24 W  

times 1,800 hrs/yr 

eg, 9 W  

times 1,800 hrs/yr 
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Bottom-up impact evaluation methods 

Elements of calculation: Four steps for calculation (II) 

25 November 2014 WORKSHOP BANGKOK  5 

 Step 1: gross annual energy savings per unit of end-use action 

   Example: How much energy is saved annually by using an A+++ fridge    

  instead of an A fridge? 

 Step 2: (+)  no. of participants or units  

   total gross annual energy savings 

   (of a facilitating measure) 

   Example: How many A+++ fridges were sold within the EE program? 

 Step 3:  (+)  double counting, multiplier effect; free rider effect  

   total net annual energy savings 

   (of packages of EEI measures 

   Example: How many A+++ fridges would not have been sold if the EE    

  program had not existed? 

 Step 4:  (+) timing and lifetine of end-use action within a specific     

  period and performance degradation 

    total energy savings for year “i” 

   Example: How many A+++ fridges due to the program are still effective in    

 year X? And has their energy performance changed over time? 

 



page Wuppertal Institute 

Bottom-up impact evaluation methods 

summing up savings from individual equipment or projects 

25 November 2014 WORKSHOP BANGKOK  6 

 step 1: (annual) energy savings per unit of action  an energy-efficient 

air-conditioner receiving an SOP subsidy, a building constructed 

according to Building Energy Code, or a DSM bidding project 

 step 2: total annual energy savings  summing up 

 

STEP 2: 

total annual energy savings 

(i.e. for a given policy, 

measure, or package) 

STEP 1: 

(annual) energy savings 

for one particular end-

use action or participant 

 E.g., 50 kWh/m2/year average 

savings from energy-efficient 

new office buildings 

 E.g., 50 GWh/year savings from 

1 million m2 of energy-efficient 

new office buildings 
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Bottom-up impact evaluation methods 

Step 1 – what are the annual savings per unit of action? E.g., lamps 
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Energy savings =  Consumption of baseline technology  

     minus Consumption of efficient technology 

Baseline 

Savings 
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Bottom-up impact evaluation methods 
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Type of method Example of existing method in EU 

1  Direct measurement EPS building standards (NL),  
ex post validation; 

Energy Performance Contracting 

2  Analysis of energy bills and energy 

    sales data (step 1 and 2 integrated) 

Electricity Savings Trust (DK) 

3  Enhanced engineering estimates Energy audit programme (FI); 

Energy Performance Contracting 

4  Mixed deemed and ex-post estimate Energy Efficiency Commitment (UK):  
Government estimate of real savings 

5  Deemed estimate 

    (may include some participant data) 

White certificates/EERS activities (FR, IT) 
(Energy Efficiency Commitment (UK): proof of supplier 

target achievement) 

6  Bottom-up modelling based on 

surveys 

Effect of building codes for retrofit in 

existing stock (e.g., DE, NL) 

Examples of bottom-up methods for energy savings calculation, 
step 1 (except no.2: step 1 and 2 integrated) 
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Bottom-up impact evaluation methods 

Elements of calculation: Four steps for calculation 
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 step 3: from gross to net energy savings  applying gross-to-net 

correction factors (here: minus free-riders, plus multiplier savings, 

minus double counting) 

 

 

 

 
multiplier  

savings 

STEP 3: 

from gross to 

net savings 

double  

counting 
free-riders 

total gross annual 

energy savings 

Total net annual 

energy savings 
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 step 3: from gross to net energy savings  applying gross-to-net 

correction factors:  

 Minus free-riders := those who benefit from or are affected by the 

policy to be evaluated but would have taken the energy efficiency 

investment or action without the policy (= part of autonomous energy 

savings)  

=> their savings need to be excluded from net policy impact 

 Plus multiplier savings := additional savings from market changes 

indirectly influence by the policy (e.g., more efficient equipment 

produced/imported/sold even without subsidies, or after program ends) 

also called spill-over effects 

=> these savings to be added to net policy impact 

 Minus double counting: if more than one policy impacts on one action 

(e.g., audit program and investment subsidy) and the action is tracked 

in both monitoring systems => only count it once 

 

 

Bottom-up impact evaluation methods 

Elements of calculation: Four steps for calculation 

25 November 2014 WORKSHOP BANGKOK  10 



page Wuppertal Institute 

Bottom-up impact evaluation methods 

Elements of calculation: Four steps for calculation 
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 Step 4: Energy savings in year X (e.g. EEAP target year 2030)  

 application of savings lifetimes:  

are all savings still “alive” in the target year?  

Changes in user behaviour or some IT equipment may be short-lived 
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Schematic example from EU policy: 
Accumulation of measures& savings to 
achieve the target in 2016 
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Example: KfW „Energy Efficient Construction“ Programm – 

Impacts – CO2 Emission reduction over time 

25 November 2014 WORKSHOP BANGKOK  12 

More information on: http://www.bigee.net/en/policy/guide/buildings/policy_examples/25/ 

2007 2008 2009 2010 2011 2012 

Impact of units built in:  
2011 
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EXAMPLE: BUILDING ENERGY CODE 
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What do we want to know? 
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Possible questions for an M&E scheme 

 What is the impact of the BEC, and what could it be if properly implemented? 

 What are energy savings from the BEC for the new buildings constructed in 2012, 

2013, 2014, etc.? 

 What could energy savings have been for these years / what could they be in the 

future with full / better enforcement of the BEC? 

 Details/Input data: What is the level of enforcement? 

 How many buildings are built according to BEC?  

 What is the “real world” as-designed and actual energy consumption of new 

buildings for different building types? 

 Amendment: Efficiency potential? 

 How much could the energy consumption in buildings be reduced? 

 Should the BEC be adapted (e.g. more strict criteria)? 

Background: 

Building Energy Code (BEC) – exists since 2009, but not properly enforced 

Energy Efficiency Action Plan (EEAP – DEDE responsible agency):  

 Enforce BEC by amending law, regulation & practice 

 Study new criteria and amend code (every 5 years) 
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Step 1: Calculating energy saving per m2 

Calculation Method 
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For each building type: 

 

 

 

Building (type) 1 

EReference 

EPolicy 

ΔE 

Floor size 

Absolut Energy Saving = ΔE 

Energy Saving per square meter = ΔE / floor size (kWh/m2/yr) 

Target values of BEC?  

Or simulation results? 

Needs to be defined! 

- Consumption of building stock? 

- Conventional building of 2008? 
Fictious energy consumption  

if BEC was not enforced 

Reduced energy consumption  

due to implementation of BEC 

For each building type,  

the energy saving per square meter needs to be determined 
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Step 1: Calculating energy saving per m2 

Defining Building Types 
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There are 9 types of building under BEC: 

  

 Hospital 

 Educational Institute 

 Office 

 Condominium 

 Conventional center 

 Theater 

 Hotel 

 Entertainment Complex 

 Department Store 

 

 

 

Different buildings have very different specific energy consumptions (kWh/m2). 

Therefore it is necessary to define building types with similar characteristics 

and similar specific energy consumptions  
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Step 1:  Calculating energy saving per m2 

Data on Energy Consumption of Buildings 
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Important questions for a future M & E system: 

 Are these data realistic? Should these data be taken or the individual BEC 

and reference values for each building? 

 Do updates exist? Where would further updates (measuring, samples) be 

needed?  

Which data can be used to calculate energy savings per square meter?  
 

 

 

Data given in the EEDP: 
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Step 2:  

Calculating Energy Saving over all buildings (Model 1) 

Building (type) 1 
.... 

Size A 

Building 
(type) 1 

Total saving = 

(A + B + C ) * Default energy Saving per square meter (kWh/m2/yr) 

Size B Size C 

type 1 

Data needs: 

 Floor size of all newly built buildings for each building type 

 Default Energy Saving per square meter (kWh/m2/yr) for each building type 

For each building type the total energy savings need to be calculated  

 

 

Model 1: Using default energy savings per m2 (for small and similar buildings) 
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Step 2:  

Calculating Energy Saving over all buildings (Model 2) 

Building (type) 1 
.... 

Size A 

Building 
(type) 1 

Size B Size C 

type 1 

Model 2: Using measured energy savings for each building (large and diverging) 

 

 

Total saving = A * ΔE,A + B * ΔE,B + C * ΔE,C + …  

With ΔE,I  = Energy Saving per square meter (kWh/m2/yr) for building i 

Data needs: 

 Floor size of all newly built buildings for each building type 

 Energy Saving per square meter (kWh/m2/yr) for each building 

For each building type the total energy savings need to be calculated  
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Step 2:  

Energy Saving over all buildings – Data needs 

Is information on floor sizes of newly constructed buildings available? 

 

 

 
Important questions: 

 Who collects this data? 

 Is format of data collection in line with BEC building types? 
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Step 3 

Free-rider effects? Double-counting with green building labelling? 
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• Around 50 % of all buildings fail BEC 
• OTTV limit is strict enough, but must 

be enforced! 

Source: JGSEE/KMUTT 

Free-rider fraction? 

Double-
counting 
fraction? 
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Step 4:  timing and lifetime of end-use action within a specific 

period and performance degradation 
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Timing and lifetime of annual energy savings: 

 EEAP target year 2030: 15 years from 2015 on 

 Time span till next modernisation: 25 years (assumption) 

 Overall building lifetime: > 25 years (tbd) 

 All savings on building envelope induced by BEC 

implementation or other energy efficiency policies will count 

towards EEDP 2030 target 

 What are lifetimes of lighting and air conditioning equipment? 

What will be the efficiency when replacing failed equipment? 

 

 

Total energy savings =  

Total annual energy savings per building type * average lifetime years 



Thank you for your attention! 

stefan.thomas@wupperinst.org 


