
"Dear future generations: Please accept our apologies.  
 
We were roaring drunk on petroleum."  
 

Kurt Vonnegut, 2006 



Passivhaus Retrofit: ‘Putting The Cart Before The Horse’? 
 
Making sense of retrofit - in the absence of integrated energy policy 
 
1. UK Energy Flows: 

a. The ‘Big 3’  
b. Delivered energy  

2. Assessing measures  
a. Marginal Abatement Cost Curve (MACC)   
b. ‘Less Is More’ retrofit  MACC 

3. AECB CarbonLite Retrofit Programme: 
a. Energy target ranges for different house types  

4. Retrofit results to date: 
a. Airtightness  
b. Energy performance 
c. Comfort 

5. Limits to retrofit 
6. Horse Before The Cart 



Of electricity used in buildings, two-thirds of it for 
tasks where electricity is essential and one-third for 
providing forms of heating.  

Energy supply & demand, different sectors, UK economy 2009: The Big 3  
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Source: Dr. R. C.Everett, Energy and Environment Research Unit, Open University 

Breakdown of UK delivered energy in 2009 by energy quality needed, PJ/year.   



By fuel:  
About 12% of delivered energy is used in applications where energy delivered in the form of 
electricity is needed (What ‘Less Is More’ report refers to as ‘essential electricity) e.g.,  

• Lights, appliances, pumps, fans etc  
• underground trains 
• the internet 
• electronic equip  
• etc.  

 
By sector:  
• around 46% of delivered energy consumed within all buildings  
• around 28% within domestic buildings 
 
By end use:  
• Space and water heating (mostly natural gas used in urban areas) 
 
• Transport - mostly oil (except rail transport as is 50% electric – but unlike electric cars, no 

batteries needed!) 
 
At this point in time it appears doubtful that moving en masse to more electrified heating & 
(non-rail) transport will be viable (outside niche applications). This is because of the very high 
cost of building new generation capacity PLUS the cost of the associated replacement of 
existing electricity distribution infrastructure PLUS cost of meeting peak loads (for example as 
a result of large scale use of electric heating).  

Notes on previous slide 



(continuity notes added) 
 
Is the much discussed mass retrofit of UK building stock a part of UK climate 
change mitigation & adaptation policy – or not? Lets agree about this sooner 
rather than later! 
 
Opportunities exist (to adapt to climate change, reduce bills, increase health 
and comfort and help mitigate GHG emissions) that are more affordable for 
UK society, more democratic, robust and resilient than many people realise 
(for more information see AECB ‘Less Is More’ report 
 
Reducing buildings’ CO2 emissions and energy use can be done – sometimes 
more cost effectively (for UK) off-site e.g. providing a low carbon heat supply.  
If retrofit is to be a sensible part of UK Energy & Climate policy,  then how do 
we assess building specific retrofit measures against off site solutions in 
order to detail such a policy? 
 



A valid way to approach the topic is to view energy efficiency technologies as CO2 
abatement measures and to evaluate the cost of different options in £ per tonne CO2 
equivalent. Several such analyses have been presented as marginal abatement cost curves 
(MACCs). In these charts, the cost of each measure in £/tonne is shown on the y-axis and 
successively more costly measures are plotted from left to right along the x-axis. This shows 
the saving from individual measures and the cumulative saving in tonnes/year.  
 



Marginal Abatement Cost Curve 
Suburban Cavity-Walled Semi-Detached House 

Source: LESS IS MORE: Energy 
Security After Oil, AECB (2012) 

Some of these higher unit 
cost measures may be 
needed in a retrofit for 
reasons other than CO2 
reduction. The shape of 
the curve and the order of 
measures will vary 
between different building 
types and for example 
rural vs urban locations. 
However  measures that 
abate co2 at a very high 
unit cost may  indicate 
areas where more cost 
effective off site solutions 
would be more sensible in 
terms of the street, town, 
city, region or UK as a 
whole. This is where the 
detailed policy discussion 
should be had. 



Notes from the previous MACC curve:  
• Each measure has sensible time horizon 
• Based on funding the measures at Treasury Green Book interest rates of 3.5% / yr  
Each measure assessed on the base case to see how much is saved compared to the cost of the measure & then all measures  placed in order and 
recalculated –  shown  on graph in ascending unit cost.  
Cost of subsequent measures  tends to increases on the graph because after saving some energy with the more cost effective measures, there is less energy 
to save. 
The MACC is the method used by Gov. when assessing changes to the building regulations.  
The Green Deal’s Golden Rule doesn’t take into account the value of the national benefit of measures, not does the Green Deal value comfort. 
• Typical semi-detached, CW, 1970s, with central heating, solid floor, uPVC replacement windows. 
• CWI – either none present or a poor job with high lambda insulation (removed) 
Major points from this analysis:  
Nearly all the type 1, most of the type 2 and some of the type 3 measures have negative costs; i.e., they abate CO2 emissions at a profit. The single two 
largest CO2 savings, which each reduce emissions by roughly two tonnes per year in a well-heated house, are from:  
  
CWI with airtight materials  
Heat mains to distribute low-CO2 heat from gas-fired CHP plant.  
  
The shape of the MACC is perhaps more dramatic than usual. About 13 measures near the origin of the y-axis deliver large energy and CO2 savings at 
negative or low costs. Ten measures on the right-hand side, mostly retrofit insulation and replacement windows, deliver small savings at fast-rising marginal 
costs, ranging from £100s to £1,000s/tonne.  
This dwelling construction type, in an urban or suburban location, may account for over 50% of the UK dwelling stock; i.e., cavity-walled, shallow roof pitch, 
solid ground floor, PVC replacement windows, existing gas central heating. Cavity assumed to be available for filling; should we remove the sub-standard 
materials installed from the 1970s to date and re-fill?  
11 measures account for around 85% of the total GHG saving. They abate greenhouse gas emissions at a unit cost of £0/tonne or at a negative cost. (The 
costs are negative for measures 1-10 because they have already saved energy whose value is same as/more than the cost of the measure.)  
2. The first 16 measures account for over 95% of the total GHG saving.  
3. The unit costs of measures beyond 16 rise into a range from £100s to £1,000s/tonne. Diminishing returns are evident. £50-100/tonne may be a 
worthwhile sum to pay for displacing CO2 emissions ... but £2,500/tonne??!!  (there are many other opportunities to deal with the problem at less than 
£2,000-3,000/tonne; e.g., improved farming and forestry practices) 
4. 5. Subject to the reservations that apply to all MACCs; e.g., measures must be analysed in order of rising marginal cost (which takes a great deal of 
recalculation hence highly labour-intensive); occasionally some measures are unavailable and the shape of the subsequent curve would look significantly 
different; e.g., a rural cavity-walled house with a suspended ground floor would give a different MACC.  
Note: this MACC is based upon the marginal costs of the main CO2 abatement measures analysed in late 2009 for some early 1970s cavity-walled London 
terraced and end-terraced houses. The calculation here is repeated for a notional semi-detached house in a UK town or city.  
 Retrofit to Exceed Code 4 with Low-CO2 Piped Heat Supply from Condensing 500 kW(e) CHP.  
Submission by Wates Living Space Ltd., Leatherhead to Technology Strategy Board for Retrofit for a Future Project. Ref. ZA 596T. (November 2009). These 
dwellings had a cavity width of 75 mm, which is very unusual for the 1960s and 1970s. To make the analysis more representative of the UK stock, we have 
redone the calculations with a 50 mm cavity.  



Type                                                      Wall construction 

Understanding (domestic) UK building stock 

• Standard dwelling types: based on BRE research (used as basis for national energy 
modelling exercises) 

• We find it easiest to categorise by wall construction, then building age & ‘building 
systems’ etc 



Typical sub sets –building systems  

A lot more detail – but we don’t need to get bewildered by this…! 

Construction systems 



BRE – standard dwelling types for energy modelling 

Understanding (domestic) UK building stock 



We can categorise these  ‘standard types’ by: 
 
• Their geometry: either expressed as a ‘heat loss area to volume ratio or a ‘form 

factor’ 
 

House type geometry 

Example of the principle 
showing different likely specific 
heat demand target ranges for 
each type  



PHPP retrofit sheet –  for quick modelling & reporting of measures (CLR use) 



Small detached Bungalows – what’s an appropriate Specific Heat Demand target? 

TFA: 64.57 m2  1950s 

Understanding the retrofit challenge for different house geometries 

Solid floor 
 

To renew or not renew – 
that is the question 



Triple low-E glazing 
CWI & EWI 
Renew floor, 150mm insulation 
MVHR + airtightness 1.5 ac/hr 
400mm Loft insulation 



Good double glazing 
CWI & EWI 
Retain existing floor 
MEV + airtightness 3 ac/hr 
400mm Loft insulation 



Need to be realistic with thermal bridges – heat loss, temperature, moisture risks 



Triple low-E glazing 
CWI & EWI 
Renew floor, 150mm insulation 
MVHR + airtightness 1.5 ac/hr 
400mm Loft insulation 

Good double glazing 
CWI & EWI 
Retain existing floor 
MEV + airtightness 3 ac/hr 
400mm Loft insulation 

N AT I O N A L  A V E R A G E  S P E C I F I C  H E AT  D E M A N D  I S  c .  4 0 0  k W h / m 2 . a  



Reality check – a similar, real world, bungalow retrofit 

Triple low-E glazing 
EWI 
Retain existing floor 
MVHR + airtightness 2.05 m3/m2.hr 
400mm Loft insulation 

147 

2.05            m3/m2.hr 



Notes on previous slide 



PH 

• CarbonLite retrofit will recommend a target range per house type 
• Encouraging the most ambitious reductions with ‘moisture robust’ solutions 
• Best practice EnerPHit & PH retrofits will push (or pull) the boundaries 

example 



Bedrooms 20o 

Living 21-22o 

Bathrooms 22o 

TFA: 135 m2  P.E: 120kWh/m2.a  C02: 25kg/m2.a   
Airtightness: 1.0 ac/hr  Gas: <7,000 kwh/a    
Electricity: c. 3,300kWh/a* 

*Garden ‘home office’ 
uses electric heating 

120 

1.0 

Form Factor: 3.31 
High as a result of planning restrictions  



EnerPHit vs Green Deal measures  (a GD version of Grove Cottage, using PHPP) 

Figure (above right):  
 Eaves detail as built.  
Roof U = 0.09 

Figure  (below left) 
alternative GD external 
wall to suspended floor 
(U= 0.25) 

Figure  (left) alternative GD eaves 
detail showing  internal wall (U= 
0.3)  
Roof (U= 0.18) 

Figure (below right):   
Wall to suspended 
floor as built.  
Wall U = 0.12,  
Floor U = 0.18 

‘Likely’ GD measures 
Double glazed uPVC windows 
and doors:  Air permeability of 
5.0 m3/m2h @50 Pa: Whole 
house mechanical extract 
ventilation: Insulation levels to 
current building regulations: 
Hard to treat solid floor – no 
improvement.  
 
The construction details 
illustrated also indicate a view 
of the difference in the design 
and specification approach 
likely under the Green Deal: 
e.g., inadequate treatment of 
thermal bridging. 
 



M o d e l l i n g  G D  m e a s u r e s  u s i n g  P H P P,  c o m p a r e d  t o  m e a s u r e d  
E n e r P H i t  p e r f o r m a n c e  

17,000 kWh or 
£535/yr 

6,450 kWh or £200/yr 

28,000 
kWh/yr or 
£880/yr 

G r o v e  C o t t a g e :   
8 0 %  l e s s  g a s  @  1 7 C   
7 0 %  l e s s  @ 2 1 C  

1. Compared to a GD/ECO 
treatment, EnerPHit measures 
applied to Grove Cottage 
shows a 24,000kWh annual 
saving in gas use (about £800, 
assuming the same internal 
temperature) 

2. If GD version was only able to 
be heated to 17C (average 
across house) the difference 
becomes 10,600 kWh 

3. In this exercise the 
performance of the EnerPHIt 
measures is actual, measured 
the GD measures are 
modelled (PHPP). Because of 
the rigoro0us QA applied to a 
certified PH it is likely that the 
GD version would in reality 
suffer from a significant 
performance gap.  



Airtightness improvements – AECB low energy buildings database 

Pre- & post retrofit air pressure test results: all retrofits with full data sets on  
AECB’s Low Energy Buildings Database (LEBD) 



Measured post retrofit performance – AECB low energy buildings database 



Measured post retrofit comfort – AECB low energy buildings database 



Remember the Limits to Thermal 

Retrofits - cultural, practical  
 

• The UK has a very high proportion of 
legally-protected buildings; e.g., 
Grade I, II* and II Listed or Scheduled 
Ancient Monuments.  
 

• Many are in designated areas; e.g., 
National Parks, Areas of Outstanding 
National Beauty, Conservation Areas 
and Green Belt.  
 

• These give rise to practical 
restrictions on reducing buildings’ 
heat loss.  
 

NOTE: The terms may vary between England, Wales, 
Scotland and Northern Ireland. Picture shows 
Feathers Hotel, Ludlow.  



Remember the Limits to Thermal Retrofits – 
moisture risk 

 Poor air quality 

 

Mould growth 

 

Materials decay 

 

 



Main Priorities, UK Building Stock 
 
 

•More efficient space and water heating systems ; i.e., in converting fossil fuel 
to low-grade heat;  
 
 

•More efficient lighting systems;  i.e., T5s and (a very few) LEDs, not CFLs or 
halogens;  
 

 

 

•Improved insulation of HVAC services; e.g. recirculating hot water piping in 
hotels/flats;  
 
 

•More efficient pumps and fans on heating systems, sometimes reducing 
consumption by 90% or slightly more;  
 
 

•More efficient electrical consumer equipment, usually reducing 
consumption by over 50%, sometimes up to 90-95%;  
 
 

•Fabric insulation and draughtproofing measures where they are reasonable 
in cost, given the types of available Low Carbon heat supply.   
 

 



More rigorous retrofit exemplars needed to demonstrate  
• Synergy between retrofitted buildings & low C02 heat and power infrastructure 

(see: ‘Less Is More’).  
• Best practice to mitigate risks of post retrofit moisture related problems 
• Closing the  performance gap  
• Achievement of high comfort levels inc. IAQ 
• Avoiding fuel poverty post retrofit, not simply deferring it for a short while 
• Less emphasis on ‘novelty’ & more discernment as to what constitutes ‘innovation 

potential’ 
• A focus on simplicity, robustness & integrated, affordable, proven technologies 
Positive signs 
• uptake of PH methodology and unambiguously defined whole house reduction 

targets (kWh/m2.a),  
• more measuring of actual performance.  
Needed 
• closer working between energy efficiency community and ‘traditional’ building 

community 
• building a more powerful energy efficiency lobby across the professions, supply & 

manufacturing industries 

Appropriate financial mechanisms for retrofit should follow integrated policy – post 2015!?  


