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Retrofit Challenge
Current performance and
barriers leading into the

Green Deal
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Presentation Overview Buro Happold

= QOverview of domestic UK retrofit challenge
= General barriers to retrofitting
= Specific challenges for the Green Deal

= Qutputs of internal business modelling / ‘war-gaming’ workshops
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UK RetrOﬁt Cha”enge Buroul-lilappold

= UK must reduce its CO, emissions by 80% by 2050 (against 1990 baseline)
= Qver a quarter of current emissions are attributed to the 26 million homes in the UK

=  Approximately 80% of the homes we live in today will still be in use in 2050
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UK housing stock Buro Happold

2,000,000 —

@ 155000004 || |
a = — Terrace
.g - = Semi-detached
§ 1,000,000 - | mm Detached
2 mm Flat
€ 500,000 - ] "l
2

ok ol ol A0 (L0 00 0 O e

12

CLG. 2001. English house condition survey - supporting tables, profile of the stock, table al.3 dwelling type by age category, raw statistics available online.



http://www.communities.gov.uk/archived/general-content/housing/224506/englishhouse/
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UK housing stock Buro Happold

millions of terrace
houses built
before the 1930s
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CLG. 2001. English house condition survey - supporting tables, profile of the stock, table al.3 dwelling type by age category, raw statistics available online.



http://www.communities.gov.uk/archived/general-content/housing/224506/englishhouse/
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UK housing stock Buro Happold

millions of semi-
detached houses
built after the war
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CLG. 2001. English house condition survey - supporting tables, profile of the stock, table al.3 dwelling type by age category, raw statistics available online.



http://www.communities.gov.uk/archived/general-content/housing/224506/englishhouse/
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UK housing stock Buro Happold
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CLG. 2001. English house condition survey - supporting tables, profile of the stock, table al.3 dwelling type by age category, raw statistics available online.



http://www.communities.gov.uk/archived/general-content/housing/224506/englishhouse/
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UK housing stock Buro Happold

Solid walls were
common until 1930s
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CLG. 2001. English house condition survey - supporting tables, profile of the stock, table al.3 dwelling type by age category, raw statistics available online.



http://www.communities.gov.uk/archived/general-content/housing/224506/englishhouse/
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UK housing stock Buro Happold

Cavity walls introduced
to prevent dampness
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CLG. 2001. English house condition survey - supporting tables, profile of the stock, table al.3 dwelling type by age category, raw statistics available online.



http://www.communities.gov.uk/archived/general-content/housing/224506/englishhouse/
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UK housing stock Buro Happold

Only in the 1976 Building Regulations
was insulation a legal requirement
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CLG. 2001. English house condition survey - supporting tables, profile of the stock, table al.3 dwelling type by age category, raw statistics available online.



http://www.communities.gov.uk/archived/general-content/housing/224506/englishhouse/
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Thermal efficiency of the stock Buro Happold
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CLG. 2006. Review of sustainability of existing buildings, raw statistics available online.



http://www.communities.gov.uk/documents/planningandbuilding/pdf/154500.pdf
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Thermal efficiency of the stock Buro Happold

Millions of homes built before Building
Regulations have lowest energy efficiency
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CLG. 2006. Review of sustainability of existing buildings, raw statistics available online.



http://www.communities.gov.uk/documents/planningandbuilding/pdf/154500.pdf

Hard to treat stock

OFF GAS

NETWORK

England | Scotland Wales N. Ireland All UK
Total dwellings 21m 2.3m 1.3m 0.7m 25.3m
Solid wall homes 6.5m 0.7m 0.2m 0.1m 7.5m
Homes with no loft 1.5m unknown unknown unknown ~2m
High rise dwellings 0.4m 0.5m unknown unknown ~1.5m
Homes of the gas grid 2./m 0.3m 0.2m 0.5m 3.7m
Total hard-to-treat am 0.7m 0.3m 0.5m 10.3m
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BRE. 2008. A study of hard-to-treat homes using the English house condition survey, Part 1 — dwelling and household characteristics of hard-to-treat homes



Hard to treat stock

OFF GAS

NETWORK

England | Scotland Wales N. Ireland All UK
Total dwellings 21m 2.3m 1.3m 0.7m 25.3m
Solid wall homes 6.5m 0.7m 0.2m 0.1m 7.5m
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BRE. 2008. A study of hard-to-treat homes using the English house condition survey, Part 1 — dwelling and household characteristics of hard-to-treat homes



8 million homes in England are not fully double glazed
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PERCENTAGE OF HOMES IN
@ ENGLAND WITH OVER 50% OF
WINDOWS SINGLE GLAZED
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mm >1,250,000 ¢ TENURE:
= >1,000,000 Private rented | 24.2%
=3 >;§8888 Local authority | 16.3%
g ;50:000 @y Housing Association | 12.7%
Owner occupied | 12.1%
Noﬂhi TYPE:
East
- Flats | 29.0%
gﬂﬁ%‘g’;' Terrace |15.1%
‘ Detached | 12.6%
Semi-detached | 10.6%
West
Midlands AGE:
Pre-1919 |33.7%
1919-1944 | 14.4%
1945-1964 | 0.0%
Soith West 1965-1980 | 7.9%
1981-1990 | 11.0%
I' Post 1990 | 3.4%
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Utley J and Shorrock LD. 2008. Domestic energy fact-file 2008, Building Research Establishment, BRE press, Watford, UK.
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Up to 14 million homes have double glazing installed over 20 years ago Buro Happold
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BRE. 2008. A study of hard-to-treat homes using the English house condition survey, Part 1 — dwelling and household characteristics of hard-to-treat homes
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Barriers to retrofitting Buro Happold

= Upto 1.2 million homes are in conservation areas
= Up to 300,000 homes are listed

= Added cost, disruption, time, planning issues and technical expertise
(e.g. moisture control) required to improve these properties

Boardman B, Darby S, Killip G, Hinnels M, Jardine C and Palmer J. 2005. 40% house, University of Oxford, Environmental Change Institute, Oxford, UK
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= Discrepancies between predicted and actual savings

« UCL! modelled the predicted energy savings of 1372 dwellings retrofitted with loft and
cavity wall insulation. 49% energy savings were predicted across the stock. In reality
the average savings were 10% in central heated homes and 17% in homes without

central heating.

= Combination of gaps in insulation and thermal comfort “take-back”
(i.e. occupants raising the temperature of their homes after the
refurbishment) reduced energy savings by up to 39%.

Hong, S., Oreszczyn, T., Ridley, I., 2006. The impact of energy efficient refurbishment on the space heating and fuel consumption in English dwellings
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Barriers to retrofitting Buro Happold

= Uncertainty regarding capital costs & payback periods
= Not all properties and/or occupants qualify for grants

= Too much insulation could cause summertime overheating

UKGBC. 2008. Low carbon existing homes, United Kingdom Green Building Council
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Barriers to retrofitting Buro Happold

» Industry does not have the capacity to retrofit all solid walled homes by 2050
« ~180,000 installations/year required to retrofit all 6.6 million by 2050
« EEPH estimate the industries maximum capacity is 15,000-20,000 installations/year
» Capacity (and expertise) must increase 10 fold.
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Energy efficient partnership for housing 2008. The insulation industry, working in partnership with government to insulate the existing housing stock by 2050
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Barriers to retrofitting Buro Happold

» Lack of public incentives and marketing
= Energy efficiency not viewed as a priority when upgrading homes

» Lack of incentives for landlords (if tenants are reaping the benefits)

UKGBC. 2008. Low carbon existing homes, United Kingdom Green Building Council
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Specific challenges for the Green Deal

Buro Happold

= All of the above, plus more!

» Lack of public engagement with scheme — low penetration rates in early trials

* Only 4.8% of customers signed up to Affinity Suttons “FutureFit” project (resembling the Green
Deal finance mechanism) in 2011. A further 23% of people dropped out before retrofit works.

 B&Q offered a 40% grant to clear out a homeowners loft and install loft insulation. Out of 400
homes that expressed interest, only 126 went ahead with an energy audit and only 66 went
ahead with the retrofit works. Follow up surveys revealed that people who dropped out followiing
the audit were sceptical that long term savings would be achieved.




T
HHH

Specific challenges for the Green Deall Buro Happold

= Size of Green Deal loan (and respective carbon savings obtained) is
limited by the Golden Rule

= Those in fuel poverty look to be ignored by the scheme, as 92% of the
fuel bill savings will be used to pay off the Green Deal loan.

= With Green Deal loans attached to the household, buyers will not be
incentivised to take on the property if the ‘frozen’ baseline fuel bill of the
previous occupants is high.

= Lack of incentives for private investors looking for a high IRR in the
region of 10-15%




Cost effectiveness of measures
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» Investors will want to target low hanging fruit
= Lack of incentives for measures with long paybacks
98 years
100 y
O
S 80
=
B 60
2
S 40 31years |
3 22 years
& 20
o 6 years
3 years 4 years 4 years
0 e  Somewm s [
Loft Cavity wall Draft New Solid wall Floor Double
insulation  insulation proofing Boiler insulation  insulation glazing

Shorrock L, Henderson J and Utley J. 2005. Reducing carbon emissions from the UK housing stock, raw statistics available online



http://projects.bre.co.uk/pdf_files/br480reducingcarbonemissionsfromukhousing.pdf
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What does all of this mean?

Buro Happold

= Complex agenda and a very challenging target

= Aot of technical expertise is required

= A greater appreciation for marketing and public engagement
= Better understanding of investor incentives required

= How the finance market will operate in a competitive situation

Shorrock L, Henderson J and Utley J. 2005. Reducing carbon emissions from the UK housing stock, raw statistics available online



http://projects.bre.co.uk/pdf_files/br480reducingcarbonemissionsfromukhousing.pdf
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War-gaming the Green Deal




War-gaming the Green Deal
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Interested in policy and what goes wrong Buro Happold

Q: What does a policy look like that has not been wargamed?
A: Lansley’s Health Service reforms
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» Untended Consequences

= Effect of competition
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Battle Test Your Innovation Strategy Buro Happold

Leading companies use war games to focus better on their competitors, while
improving the way they identify, shape, and seize opportunities to innovate.

You thought you did everything right—gathered market research and
consumer insights; brainstormed, prototyped, and tested a promising new
idea; developed detailed financial models and a solid marketing plan. Yet your
company’s new product or service didn’t perform as expected. What did you
overlook?

If you answered “the competition,” you’re far from alone. In our experience,
companies making decisions about developing and launching new products
commonly fail to anticipate their rivals’ motivations and actions. Moreover, the
failure often contributes to innovation-related disappointments, many of which
are below the radar and quite insidious: your rival, for example, discounts
prices to encourage customers to stock up on its product rather than try yours,
ties up distributors so you can'’t get shelf space, or duplicates your service to
dissuade consumers from switching.

https://www.mckinseyquarterly.com/Strateqy/Strateqy in Practice/Battle-
test your innovation strateqy 3038



https://www.mckinseyquarterly.com/Strategy/Strategy_in_Practice/Battle-test_your_innovation_strategy_3038
https://www.mckinseyquarterly.com/Strategy/Strategy_in_Practice/Battle-test_your_innovation_strategy_3038
https://www.mckinseyquarterly.com/Strategy/Strategy_in_Practice/Battle-test_your_innovation_strategy_3038

How to anticipate rivals’ motivations and actions?

By borrowing from the military

Forces/investments are assembled

Each sides’ objectives can only be
guessed at

There is negotiation and subterfuge
Unforeseen things happen

They do ‘battle’

There is an outcome

People may or may not live to
invest another day

a3 i
@standardnews

2 NovemBER 2011
e
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City ‘war game’
prepares stafft
for Games chaos

LONDON20IZ =

Matthew Beard
Olympics Editor

THOUSANDS of financial staffin the City
arrived at their desks today to an alert
that there had been a cyber-attack as part
of a “war game” to prepare for the Olym-
pics.

Workers were confronted with the
scenarios that cash machines had
stopped working and customers
switched to debit cards en masse and
internet banking was brought to a halt.

tions today took part in the exercise
simulating a crisis during the Games next
July.

Organised by the FSA, the drill involved
two emergency scenarios — a cyber-
attack on banks and widespread travel
disruption.

The FSA sent out bulletins explaining
what had gone wrong and teams at each
institution tried to respond.

The scenarios could include a complete
shutdown of the London Underground
to the failure of cash machines or a com-
bination of the two.

Some banks have put as many as 70
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Wargaming the Green Deal Buro Happold

» Wanted to ‘reverse engineer’ the
business game concept
= Wanted something difficult
« Multiple stakeholders
« Widely different objectives
« Unsteady coalitions
« Endless negotiation
« Ambitious wrecking agenda




We started with a briefing book

» This was everything we
knew about the green
deal

= Verified by insiders

5]
EE|
8

Buro Happold Green Deal Wargame

Briefing Book
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Green Deal — Where to focus Buro Happold

/

Government Accreditation

User behaviour

Assessment Warranties Manufacturing Innovation Installation
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Where the action takes place Buro Happold

* |n a universe of
fictitious energy
companies, retailers
and banks

= Between each
company’s main
board and its Green
Deal Department

= Within alliances
between 1 energy
company, 1 retailer
and 1 bank (a
consortium)

= Between consortia

= Between government
and consortia
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The Process

Consortium members are required to keep the alliance
together while

= Producing & presenting a business plan

= Negotiating around differing attitudes to risk, reward and
return

= Managing cashflow and the supply chain
» Pursuing individual rather than group victory

= Competing with other consortia
« over particular segments of the market
« and parts of the supply chain

= |dentifying lobbying positions to get government to change
the rules

= Coping with changing external events such as the oil price,




CO, savings & financial payback period of a new boiler
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Payback calculator CARBON CALCULATIONS
Mumber of homes treated 1
Average CO2 emissions per house 7.3425 t/C0O2fyr
Baseline emissions of stock over 20 years 147 tf/CO2 fyr
INVESTMENT OUTLOOK: Predicted saving of retrofit package pver 20 years 20 t/CO2/yr
Cverall 26 COZ saving 13.811%
£8,000 |
£7,000 4 L .r}-“_ AT
e CAPITAL COST
£6,000 4 e . OVER LIFSPAN £ 1,500
£5,000 - F
"g £4,000 i = NET PRESENT VALUE
g £3.000 - - o Year 5 -£ 363
= ot Year 10 £ 774
g £2,000 - P o et Year 15 £ 1,911
£1,000 e, adl Year 20 £ 3,047
. Year 25 £ 4,184
R N S S S T N0 S S A A S S S R S S S A S A S S A Year 30 £ 5321
9 1 2 3 4% 6 7 & 9 101117 13 14 15 16 17 18 19 30 21 22 23 I4 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 4p Year 35 £ 5,458
£1,000 1 Year 40 £ 7,595
£2000 L
YEAR
Government incentives included? No
ASSUMPTIONS: |year 0 YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7
Discount interest rate 3% "% ) "5 "35 "5 "35 )
Fuel price increase rate 3% "ag5 "a05 "0 "30 "0 "30 "a05
Comfort factor 0% 0% 0% 0% 0% 0% 0% 0%
Economies of scale factor 0% 0% 0% 0% 0% 0% 0% 0%
Lender return 92% 9% 925 "9a% "52% "9a% "52% "92%
Include one off replacement cost? No No No No Mo No Mo No
Additional cost 1 (e.g. marketing) £ - £ - £ - £ - £ - £ - £ - £
Additional cost 2 (e.g. admin] £ - £ - £ - £ - £ - £ - £ - £
Primary house type Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detack
Primary heating fuel Gas Gas Gas Gas Gas Gas Gas Gas




Impact of fuel price rises
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Payback calculator CARBON CALCULATIONS
Mumber of homes treated 1
Average CO2 emissions per house 7.3425 t/C0O2fyr
Baseline emissions of stock over 20 years 147 tf/CO2 fyr
INVESTMENT OUTLOOK: Predicted saving of retrofit package pver 20 years 20 t/CO2/yr
Overall % COZ saving 13.811%
£8,000
£7,000 4 ;f
£6.000 e CAPITAL COST
' 3 OVER LIFSPAN £ 1,500
£5,000 4 A
sl
LA ] '.‘,"
= £4,000 o NET PRESENT VALUE
g £3.000 - -_J‘,{:J Year 5 -£ ]:BE
= 1 Year 10 £ 1,478
g £2,000 - “HT Year 15 £ 3,588
£1000 - q.f ’ Year 20 £ 6,263
1Lk Year 25 £ 9,653
£- — T T T T T T T T T T T T Year 30 £ 13 049
[ %.._43:__.4?"5' § 7 8 9 10 11 12 12 14 15 16 17 18 19 20 21 22 23 24 25 26 Z7 2B 29 30 31 32 33 34 35 36 37 38 39 40 Year 35 £ 19,394
-£1,000 - ot Year 40 £ 26,296
-£2,000 4
YEAR
Government incentives included? No
ASSUMPTIONS: |year 0 YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7
Discount interest rate_3% "% ) "5 "35 "5 "35 )
Fuel price increase rate|8% - "gos ¢ "B9% ¢ "B9% "gos
Comfort factor| 3% - 0% 0% 0% 0% 0% 0%
Economies of scale factor ;g’ 0% 0% 0% 0% 0% 0%
o
Lender return| geg, s 929 "529 "a294 "529 "a294 929
Include one off replacement cost?| 7% E No No Mo No Mo No
Additional cost 1 (e.g. marketing) - £ - f - £ - f - £ - £
Additional cost 2 (e.g. admin) 10;;“ - - £ - £ - £ - £ - £ - £
Primary house type Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detack
Primary heating fuel Gas Gas Gas Gas Gas Gas Gas Gas




Impact of thermal comfort take-back
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Payback calculator CARBON CALCULATIONS
Mumber of homes treated 1
Average CO2 emissions per house 7.3425 t/C0O2fyr
Baseline emissions of stock over 20 years 147 tf/CO2 fyr
INVESTMENT OUTLOOK: Predicted saving of retrofit package pver 20 years 14 t/CO2/yr
Overall % COZ saving 9.668%
£8,000
£7,000 - _C,‘
£ 000 g4 CAPITAL COST
' 'A-f OVER LIFSPAN £ 1,500
£5,000 y g
Q i _‘__.A'J'
5 000 e NET PRESENT VALUE
g £3.000 - L Year 5 -£ 581
= e g Year 10 £ 585
g £2,000 - P Year 15 £ 2,062
£1000 - Lk Y Year 20 £ 3,934
LagT Year 25 £ 6,307
R N S S T S S . oSS S S A S Year 30 £ 9,314
0 1 2 3 4 5% 7 & 9 1011 12 12 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 29 4p Year 35 £ 13,126
£1,000 1150 Year 40 £ 17,957
-£2,000 4
YEAR
Government incentives included? No
ASSUMPTIONS: |year 0 YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7
Discount interest rate 3% "3 "33 T35 T35 T35 T35 "33
Fuel price increase rate 8% "gog "gos ¢ "B9% ¢ "B9% "gos
Comfort factor|30% - "30% "30% "30% "30% "30% "30%
Economies of scale factor| 0% 0% 0% 0% 0% 0% 0%
Lender return igg“ "92% "92% "92% "92% "92% "92%
(2]
Include one off replacement CDSt? No No Mo No Mo No
Additional cost 1 {e.g. marketing) | 40% - £ - f - £ - f - £ - £
Additional cost 2 (e admin)[29% - f - f - f - f - f - f
Primary house type Semi-Detached semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detack
Primary heating fuel Gas Gas Gas Gas Gas Gas Gas Gas




Impact of one-off replacement
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Payback calculator CARBON CALCULATIONS
Mumber of homes treated 1
Average CO2 emissions per house 7.3425 t/C0O2fyr
Baseline emissions of stock over 20 years 147 tf/CO2 fyr
INVESTMENT OUTLOOK: Predicted saving of retrofit package pver 20 years 14 t/CO2/yr
Overall % COZ saving 9.668%
£8,000 17
£7,000 - ﬁ-{/
) & CAPITAL COST
£6,000 1 . o OVER LIFSPAN £ 1,500
£5,000 - A
- _‘.,"’
"g £4,000 J,;;'“ NET PRESENT VALUE
S ] i A Year 5 -£ 581
S £2.000 Year 10 £ 585
g £2,000 - 4 Year 15 £ 1,010
£1000 4 1 ] LT Year 20 £ 2,882
LT, ¥ Year 25 £ 5,255
T T T S e R T T T T T T T T T R Year 30 £ 8,262
12 3 _:1:_,_5;--1'57 7 8 9 10 11 12 12 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2B 9 30 31 32 33 34 35 36 37 38 39 4D Year 35 £ 12.074
-£1,000 :__;;--i'»‘"‘-"' Year 40 £ 16,905
£2000 L
YEAR
Government incentives included? No
ASSUMPTIONS: |year 0 YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7
Discount interest rate 3% "3 "33 T35 T35 T35 T35 "33
Fuel price increase rate 8% "gog "gos ¢ "B9% ¢ "B9% "gos
Comfort factor 30% "30% "30% "30% "30% "30% "30% "30%
Economies of scale factor 0% 0% 0% 0% 0% 0% 0% 0%
Lender return 92% "929 929 "529 "a294 "529 "a294 929
Include one off replacement cost?]Yes hd No No Mo No Mo No
Additional cost 1 (e.g. marketing) - £ - f - £ - f - £ - £
Additional cost 2 (e.g. admin) Mo = - £ - £ - £ - £ - £ - £
Primary house type Semi-Detached semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detack

Primary heating fuel Gas Gas Gas Gas Gas Gas Gas Gas




500 homes with insulation, new glazing, new boiler, PV panels & solar thermal

Total number of
homes treated

|

500
o
500
500
o
o
500

o

o

o
500
500
sS00
500
500

o
500
sS00

INTERVENTIONS: YEAR O

YEAR 1

YEAR 2

PRELIMINARY MEASURES
EPC 500
Smart meter 500

]

o

FABRIC IMPROVEMENTS
Loft insulation (none-300mm) S00
Loft insulation (some-300mm) O
Cavity wall insulation 500
Draught proofing 500
Solid wall insulation (external) O
Solid wall insulation (internal) O
Full double glazing (C-rated] 500

o o e o [ [ Y

Lo e o [ [ e Y

SERVICES UPGRADES
Boiler upgrade (av to condensing) O
Boiler upgrade (av to condensing)** 0
Boiler upgrade (G to condensing) O
Boiler upgrade (G to condensing)** 500
Heating Contrals upgrade 500
10 x Compact fluorescent lightbulbs 500
Hot Water Tank lackets 500
5 x Radiator panels 500

s e o [ R o Y [

s e o [ o Y o

REMEWABLES
Air source heat pumps 0
solar photovoltaics 500
Solar hot water 500

]

o

** Select this option for the boiler if loft or cavity insulation is being installed as well

T
T
Tt

T
T

T

T

Buro



CASHFLOW (£)

Buro Happold
Payback calculator CARBON CALCULATIONS
Number of homes treated 500
Average CO2 emissions per house 7.3425 t/CO2 fyr
Baseline emissions of stock over 20 years 73,425 t/CO2/yr
INVESTMENT OUTLOOK: Predicted saving of retrofit package pver 20 years 29,380 t/CO2/yr
Overall % CO2 saving 40.014%
£10,000,000
£8,000,000 4
£6.000,000 - CAPITAL COST
OVER LIFSPAN £ 9,680,000
£4.000,000 4 e h
£2,000,000 - L
oo MNET PRESENT VALUE
E- T T T T T T T T T T T T T T T T T T T T T T T T T .1___‘: T:--\I‘ T T T T T T T T T T Y 5 -] _— 9_:_,.! 494
L 1 2 3 4 5 6 7 & 9% 1011 12 13 14 15 15 17 18 19 20 21 22 23__1%'}-2-5_'25 27 Z8 29 30 21 32 33 34 35 3p 37 3B 30 4D Ear - £33,
-£2,000,000 - = .-‘_-i_:"i" Year 10 -f 6,184 987
= e I
-£4.000,000 - b Year 15 £ 4,437,481
Py Year 20 -£ 2,689,974
-£6,000,000 1 e Year 25 £ 942,468
LT o
_£8.000,000 Lot < Year 30 £ 805,039
|y Year 35 £ 2,552,545
-£10,000,000 ] Year 40 £ 4,300,052
-£12,000,000
YEAR
| Government incentives included? No
ASSUMPTIONS: |YEAR o YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR & YEAR 7
Discount interest rate 3% ) 3% 3% e "3% 39 "%
Fuel price increase rate 3% "0 "0 T35 "a9 39 T35 305
Comfort factor 30% "30% "30% "30% "30% "30% "30% "30%
Economies of scale factor 0% 0% 0% 0% 0% 0% 0% 0%
Lender return 92% 925 "92% "a2% 923 "92% 925 925
Include one off replacement cost? No Mo No No Mo No No No
Additional cost 1 {e.g. marketing) £ £ £ - £ £ £ - £ - £
Additional cost 2 {eg. admin) £ £ £ - £ f £ - £ - f
Primary house type Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Det
Primary heating fuel Gas Gas Gas Gas Gas Gas Gas Gas




CASHFLOW (£)

Feed-in Tariffs

i
T

Payback calculator CARBON CALCULATIONS Bure Happoid
Number of homes treated 500
Average CO2 emissions per house 7.3425 t/CO2 fyr
Baseline emissions of stock over 20 years 73,425 t/CO2/yr
INVESTMENT OUTLOOK: Predicted saving of retrofit package pver 20 years 29,380 t/CO2/yr
Overall % CO2 saving 40.014%
£10,000,000
£8,000,000 4 ;
£6,000,000 - : __1_’__4-;-1"»‘"""'1 CAPITAL COST
LT B OVER LIFSPAN £ 9,680,000
£4.000,000 4 ____1_:_.-3"
£2,000,000 - .
P NET PRESENT VALUE
£- S N S Y N N Y AN N AU = A A U U Y N O AN A RO N R N A Year 5 £ 7,258,960
L 1 2 3 4 5 6 7 & 9 1D11 12 13 14 15 16 17 _1J--13 20 21 22 23 24 25 6 27 28 29 30 31 32 33 34 35 36 37 3B 33 40 ' '_
-£2,000,000 - = Year 10 £ 4,949,706
£4.000.000 - ___i_‘__,_i-;--i'“"* Year 15 £ 2,736,880
o Year 20 -£ 607,232
-£6,000,000 - e it Year 25 £ 1,450,664
£8000.000 4 Lot T Year 30 £ 3,446,668
oS Year 35 £ 5,389,282
-£10,000,000 ] Year 40 £ 7,285,841
-£12,000,000
YEAR
| Government incentives included?|Yes - FIT I~
Mo ‘
‘Yes - RHI
ASSUMPTIONS: Yes - FIT & RHI bR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7
Discount interest rate 3% 3% 3% 3% e "3% 39 "%
Fuel price increase rate 3% "0 "0 T35 "a9 39 T35 305
Comfort factor 30% "30% "30% "30% "30% "30% "30% "30%
Economies of scale factor 0% 0% 0% 0% 0% 0% 0% 0%
Lender return 92% 925 "92% "a2% 923 "92% 925 925
Include one off replacement cost? No Mo No No Mo No No No
Additional cost 1 {e.g. marketing) £ - £ - £ - £ - £ - £ - £ - £
Additional cost 2 {eg. admin) £ - £ - f - £ - £ - £ - £ - f
Primary house type Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Det
Primary heating fuel Gas Gas Gas Gas Gas Gas Gas Gas




CASHFLOW (£)

Feed-in Tariffs & Renewable Heat Incentive

T HH
QO
°
°
o
a

Payback calculator CARBON CALCULATIONS Buro
Number of homes treated 500
Average CO2 emissions per house 7.3425 t/CO2 fyr
Baseline emissions of stock over 20 years 73,425 t/CO2/yr
INVESTMENT OUTLOOK: Predicted saving of retrofit package pver 20 years 29,380 t/CO2/yr
Overall % CO2 saving 40.014%
£10,000,000 e
ol
£8,000,000 Lt o
£6,000,000 o . CAPITAL COST
T e OVER LIFSPAN £ 9,680,000
£4,000,000 4 bt
£2,000,000 S o7
. e NET PRESENT VALUE
:IL al' 3I 6: 5I 11: ::‘ é sll 1|G 1|1 1-2 1-3 :ll4 1'51'3’1‘? 18 1:3 2-0 2-1 2|2 2I3 2I4 2|5 zlﬁ zl?‘ 2I3 2Is 3|0 3-1 3I2 3I3 3I4 3|5 3:5 3|:-‘ 3I3 3Is 4D Years = LB
-£2,000,000 - T Year 10 -£ 3,935,080
£4,000,000 | ad Year 15 £ 1,324,821
& Year 20 £ 1,142,255
~£6,000,000 1 = i Year 25 £ 3,485,821
8000000 4o Year 30 £ 5,722,846
oY Year 35 £ 7,867,967
-£10,000,000 ] Year 40 £ 9,933,811
-£12,000,000
YEAR
| Government incentives included?|Yes - FIT & RHI I~
Mo
Yes - FIT
‘fes - RHI
ASSUMPTIONS: R 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7
Discount interest rate 3% 3% 3% 3% e "3% 39 "%
Fuel price increase rate 3% "0 "0 T35 "a9 39 T35 305
Comfort factor 30% "30% "30% "30% "30% "30% "30% "30%
Economies of scale factor 0% 0% 0% 0% 0% 0% 0% 0%
Lender return 92% 925 "92% "a2% 923 "92% 925 925
Include one off replacement cost? No Mo No No Mo No No No
Additional cost 1 {e.g. marketing) £ £ - £ - £ £ £ - £ - £
Additional cost 2 {eg. admin) £ f - £ - £ £ £ - £ - £
Primary house type Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Det
Primary heating fuel Gas Gas Gas Gas Gas Gas Gas Gas




CASHFLOW (£)

Reduced capital costs from economies of scale

i
T
T
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T
[T

Buro Happold
Payback calculator CARBON CALCULATIONS
Number of homes treated 500
Average CO2 emissions per house 7.3425 t/CO2 fyr
Baseline emissions of stock over 20 years 73,425 t/CO2/yr
INVESTMENT OUTLOOK: Predicted saving of retrofit package pver 20 years 29,380 t/CO2/yr
Overall % CO2 saving 40.014%
£10,000,000 pap
.
I
£8,000,000 ol
ST
£6,000,000 el CAPITAL COST
Lot OVER LIFSPAN £ 7,744,000
£4.000,000 4 .a‘}""_:--h
£2,000,000 - et
. o NET PRESENT VALUE
= T T T T T T T T T T T T e T T T T T T T T T T T T T T T T T T T T T T T T
L 1 2 3 4 5 6 7 8 9 10 _1‘1'1_2’5.‘3 14 15 16 17 18 19 2D 21 22 23 24 25 26 27 28 29 3D 31 32 23 34 35 3b 37 38 30 4D Year s e o LUEEET
-£2,000,000 - {_\_..t’!"' - Year 10 -£ 1,999,080
L OoT e
-£4.000,000 - N, Year 15 £ 611,179
| o Year 20 £ 3,078,255
-£6,000,000 =07 Year 25 £ 5,421,821
£5.000.000 LA Year 30 £ 7,658,846
Year 35 £ 9,803,967
-£10,000,000 ~ Year 40 £ 11,869,511
-£12,000,000
YEAR
| Government incentives included? Yes - FIT & RHI
ASSUMPTIONS: |YEAR o YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR & YEAR 7
Discount interest rate 3% ) 3% 3% e "3% 39 "%
Fuel price increase rate 3% "0 "0 T35 "a9 39 T35 305
Comfort factor 30% 0% "30% "30% "30% "30% "30% "30%
Economies of scale factor]20% B3 0% 0% 0% 0% 0% 0%
Lender return| 0% "92% "a2% 923 "92% "9z 925
Include one off replacement u:u:rst? No No Mo No No No
o
Additional cost 1 (e.g. marketing)| 3gs¢ £ = i - £ = i = i - £
Additional cost 2 {e.g. admin)|40% f - £ - £ - £ - F - f
Primary house type 50% i-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Det
Primary heating fuel Gas Gas Gas Gas Gas Gas Gas Gas




CASHFLOW (£)

Marketing & Admin costs

Buro Happold
Payback calculator CARBON CALCULATIONS
Number of homes treated 500
Average CO2 emissions per house 7.3425 t/CO2 fyr
Baseline emissions of stock over 20 years 73,425 t/CO2/yr
INVESTMENT OUTLOOK: Predicted saving of retrofit package pver 20 years 29,380 t/CO2/yr
Overall % CO2 saving 40.014%
£10,000,000 1
LAY
£8,000,000 4 ; -_i_____i.;.-t,
L T
£6,000,000 | P CAPITAL COST
P OVER LIFSPAN £ 10,244,000
£4.000,000 4 T
£2,000,000 - L
o NET PRESENT VALUE
E- T T T T T T T T T T T T T T T T T -'i.L.:-- ' T T T T T T T T T T T T T T T T T T T T YE-arS -] ? HFS _:_,.!?
L 1 2 32 4 5 6 7 & 9 1D11 12 13 14 15 _;ltﬁ--i-?. 18 19 20 21 22 22 24 25 26 27 2B 29 3D 31 32 323 34 35 36 37 3B 39 4D - e
-£2,000,000 - L= - Year 10 -f 4,499 080
£4.000,000 - e Year 15 -£ 1,888,821
o Year 20 £ 578,255
-£6,000,000 A -i""c-”h Year 25 £ 2,921,821
_£8.000,000 Lo Year 30 £ 5,158,346
7T Year 35 £ 7,303,967
-£10,000,000 < Year 40 £ 9,360,811
-£12,000,000
YEAR
| Government incentives included? Yes - FIT & RHI
ASSUMPTIONS: |YEAR o YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR & YEAR 7
Discount interest rate 3% ) 3% 3% e "3% 39 "%
Fuel price increase rate 3% "0 "0 T35 "a9 39 T35 305
Comfort factor 30% "30% "30% "30% "30% "30% "30% "30%
Economies of scale factor 20% 0% 0% 0% 0% 0% 0% 0%
Lender return 92% 925 "92% "a2% 923 "92% 925 925
Include one off replacement cost? No Mo No No Mo No No No
Additional cost 1 (e.g. marketing)| £ 2,000,000 | £ £ - £ - £ - £ - £ - £
Additional cost 2 {e.g. admin)] £ 500,000 1 £ £ - £ - £ - £ - £ - f
Primary house type Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Det
Primary heating fuel Gas Gas Gas Gas Gas Gas Gas Gas




CASHFLOW (£)

Repeat investment over next 5 years

Buro Happold
Payback calculator CARBON CALCULATIONS
Mumber of homes treated 3,000
Average CO2 emissions per house 7.3425 t/CO2 fyr
Baseline emissions of stock over 20 years 440,550 t/CO2/yr
INVESTMENT OUTLOOK: Predicted saving of retrofit package pver 20 years 154,247 t/CO2/yr
Overall % CO2 saving 40.014%
£60,000,000
£50,000,000 4 ;
£40,000,000 - Loy CAPITAL COST
£30,000,000 4 __{----*-:"-‘; OWVER LIFSPAN £ 81,599,374
T T
£20,000,000 4 ._“__._\_’,_.-i':"'
£10,000,000 - NET PRESENT VALUE
9 1 2 2 4 5 6 7 £ 9 10 11 12 13 14 15 1p 17 13 :L‘?Z'G2‘ 22 3 24 325 26 27 ZB 20 30 31 32 33 34 3L 36 37 38 39 4D Year 10 £ 36,118,641
-£10,000,000 e > B
) [ s il 4 Year 15 -£ 20,457,086
-£20,000,000 11 AT Year 20 £ 5,654,627
-£30,000,000 - 8] ____.-t',""-i: Year 25 £ 8,406,768
o g Year 30 £ 21,828,916
-£40,000,000 - ', e - -
ks Pt Year 35 £ 34,699,643
-£50,000,000 1 Ao mn Year 40 £ 47,094,703
-£60,000,000
YEAR
| Government incentives included? Yes - FIT & RHI
ASSUMPTIONS: YEAR O YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7
Discount interest rate 3% B 3% 3% 3% 3% 3% 3%
Fuel price increase rate 3% "a05 "0 "30 T35 "30 T35 "0
Comfort factor 30% "=20% "=0% "30% B0% "30% B0% "=20%
Economies of scale factor 20% 20% 20% 20% 0% 0% 0% 0%
Lender return 92% 323 523 "32% 523 "32% 523 523
Include one off replacement cost? No MNo No Mo Mo Mo Mo No
Additional cost 1 (e.g. marketing) £ 2,000,000 £ 2,000,000 £ 2,000,000 £ 2,000,000 £ 2,000,000 £ 2,000,000 £ - F
Additional cost 2 (e.g. admin) £ 500,000 £ 500,000 £ 500,000 £ 500,000 £ 500,000 £ 500,000 £ - F
Primary house type Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Detached Semi-Det;
Primary heating fuel Gas Gas Gas Gas Gas Gas Gas Gas
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Net present value of all measures

T

Buro Happold

NPV BY MEASURE (snapshot at year 20):

EPC]
Smart meter_|

Loft insulation (none-300mm)

Loft insulation (some-300mm)

Cavitywallinsulation

Draught procfing

Solid wall insulation (external)

Solid wall insulation (internal)

ull double glazing [C-rated]

Boiler bpgrade (av to condensing)
Boiler upgrade (av to condensing )**

Boilerupgrade (G to condensing)

Boiler upgrade (G to condensing)**

Heating Controls upgrade
Low Energylight-bulbs  []
Hot Water Tank Jackets

Radiatorpanels []

Solar photovoltaics

Solar hot water

-£1,500,000 -£1,000,000 -E500,000 f- £500,000 £1,000,000 £1,500,000
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How accurate is the process? Buro Happold

= Involves a number of assumptions, particularly
* household sales conversion rates
* required internal rates of return (11+%)

= |nvolves chance events and randomised outcomes so illustrative than
predictive

= Scope for Machiavellian gaming verified by energy insiders

= \We have run 4 teams that have produced a range of outcomes that
are pretty similar
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Buro Happold

Who took part: 24 engineers / MBAs / students + industry people

Results reflect team modelling exercise — this is what they report back
to their boards

Not yet made the scheme work for the game parameters we have set:
* IRR targets,

« amount of capital
e conversion rates

This process is generating a series of useful policy suggestions




World may change at
this point: Saudi says it e
Results: Round 1 will stop exporting oil Buro Happold

T
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IRR: 6.52%, spent 84% of funds IRR: 8.54%, spent 81% of funds

Cumulative Cashflow Cumulative Cashflow

200,000,000
150,000,000

100,000,000
100,000,000

] 8
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é % 50000000

s 8

E] g

5 ° H o

H H o\ 1 2 3 &4 s 5 7 8 9 10 1 1z 15 115 15 1] 18 12 20 21 2 23 24 25

H N1 2 3 4 s 5 7 8 s 101 12 135 14 1516 {7 18 18 20 2 2 25 24 25 £

2 2
50,000,000

nnnnnnnnnnnn -150,000,000

Yea o

IRR: 6.52%, spent 84% of funds IRR: 3.61% overspent funds by 485%

Cumulative Cashflow

80,000,000

Cumulative Cashtiow
/ 300,000,000

/ 200000000
: 100000000
i

£ 20,000,000

8

K

]

£

3

0

ative Cashflow after finance

-100,000,000

g |
0o 1 3 4 5 6 7 8 9% 10 11 12 13 14 15 1 18 19 20 21 22 23 24 25
-200,000,000
-20,000,000

300,000,000

Net Cumy

40,000,000

-400,000,000




Energy companies are being
invited to sell substantially less
product

Doesn’t work with cost of money

How ECO funding gets spent looks
to be poorly policed

Effort being put into increasing
demand while leaving supply
unaddressed

Suppliers have created a monopoly
vehicle

Everyone went after the low-
hanging fruit.

There is an endgame: where you
are when the scheme might be
rescued

lllll
|||||
|||||

1

1T
|||||
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And not forgetting.. Buro Happold

= Non-domestic stock accounts for a further 20% of UK CO, emissions

= Qver half of the stock constructed before Building Regulations

45,000
" 40,000 - [ North East
$ 35,000 - 1 North West
% 30.000 - 1 Yorkshire & Humber
s 3 East Midlands
g 220007 mm West Midlands
E 20,0007 BN East
Z 15,000 - mm London

10,000 - Bm South East

5,000 - ,_ﬂ—t‘ Bl South West
0 I— . . el . rl_rt‘.,_&*




Thanks for listening.

= Journal paper with more information >>>>

(Search “Green Deal” on www.sciencedirect.com)

Buro Happold

mark.dowson@burohappold.com

adam.poole@burohappold.com

Office telephone: 020 7927 9700
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Energy Policy

Journal hamepage: www.elsevier.cam/locate/enpal

Domestic UK retrofit challenge: Barriers, incentives and current performance
leading into the Green Deal

Mark Dowson™"* Adam Poole ", David Harrison *, Gideon Susman "

*School of Engineering and Design, runel University, Landon, UBS 3PH, UK
™ Bura Happold L&), 17 Newman Street, Londan, W1T 1D, UK

HIGHLIGHTS

» CERT, CESP. Decent homes and Warm Front have not targeted the full extent of private and social homes.
» There is a risk that Green Deal will ail d ue 1o Jow consumer appeal and low incentives for investors.

» Up 0 half of the pred icted energy savings fiom whole bouse retrofits may not be achieved in practice.

» Passivhiaus is identified as best practice for reCrofit, yet there is  lack of skills and components.

» Embadied energy in materials and components must be better understood 1o achieve life cycle savings.

ARTICLE INFO ABSTRACT

pemp— This paper reviews the themal perbrmance of the existing UK housing stock. the main fabric efficiency
Received 22 March 2012 inEntive schemes and the bamiers 1o ot e €05 53 IO IAL e Stock The UK
Aeped 11 uly 2012 faces a major challenge (o improve the thermal performance of iis existing housing sivck. Millions of

dwellings possess “hard-to-trea U solid walls and huave gazing which & ok cost effective 1o IMprove. Arangs
Seywords: of fabric effidency incentive schemes exist, but many do nol target the full fange of private and social
Hard -to-treat homes housing, From now en, the Green Deal will be the UK's key energy effidency policy. However, the stheme is
Cirmen Deal forecasted (o have low consumer appeal and low incentives for imvestors. Moreover. alculated Green Deal

Pasivhaus laan repayments will be reliant u Vi, Y it 45 CLaimed that retrofit measures may
ply be half a5 effectve a5 anticipaied due 10 a lack of monitoring. peor quality installation and the
ingesed use of heating following Locking Lo Germany. there through the

Passivhaus standard, but the UK qurrently lacks appropriste skilli and cost eflective components to
replicate this approach. In addition, the embodied nergy in retrofit products and materials threatens 1o
counter operational savings.

© 2012 Hsevier L All rights reserved.

1. Inroduction insulated roofs/flaors respansible for a significant amount of wasted
heat. These features can be expensive and disruptive to improve,

The thermal performance of our existing building stock must
improve significantly for the UK to meet its rget to reduce (0
emissions by S0, against the 1990 baseline by 2050 {Cimate
Change Act., 2008). In 2008, the country’s 26 million dweliings were
estimated to be responsible for 27% of all UK C0, emissions (Litley
and Shormck, 2008). According to recent forecasts, 75-85% of the
current UK building stock will still be in use by 2050 {Povier, 2008;
Raverz, 2008]). This is a major issue, since millions of these properties
contain poorly performing solid walls, single glazing and un-

= Carresponding auther. Te : 4407706 260523, + 4402079 29970,
E-mail addveses: mark dowson@burchappoldcm.,
darimanan@hotmail com (M. Derwsan 3
‘adm ool e uraha ppaid.com (A Pole
dawid Farrisam@bruneLar uk (. Harrisan),
‘gideonsusman®burohappakd cam (€. Susman.

03014215/5 - sex fronk matier & 2012 E kevier Ltl. All ights reserves
et i 71 L1016 empal 201207019

furthermore, improvement can be limited by available space and
planning restrictions (Beaumont, 2007; EEPH, 2008 ). There is scope
to retrofit these buildings to make deep cuts in CO; emissions, but
effective implementation is no triviad task. Solutions must account
for the variety in age, size. quality, compasition, function and social
value of the existing building stock, as well as the different neads,
expectations and budgets of homes awners and occupiers.

2. Survey of English housing stodk

The English Housing Survey is a national survey commissioned
by the Department for Communities and Local Government o
monitor the age, type, tenure and condirion of the English housing
stock. Approximately 6200 houses undergo physical inspections
annually by qualified surveyors with findings extrapolated to

Please cite this article a5: Dowson, M., et al_ Domestic UK retrofit challenge: Barriers, incentives and current performance leading into
the Green Deal. Energy Policy (2012}, http: {/dxdoi.org/ 10.1016/j enpol 2012 07 019
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