
p a u l  t e s t a  a r c h i t e c t u r e

p a s s i v h a u s  &  r e t r o f i t  -  a n  i n t r o d u c t i o n

A n  i n t r o d u c t i o n  t o  P a s s i v h a u s  a n d  a p p r o a c h e s  t o  r e t r o f i t

P a u l  Te s t a



p a u l  t e s t a  a r c h i t e c t u r e

w h a t  m a k e s  a  s u s t a i n a b l e  h o m e ?



p a u l  t e s t a  a r c h i t e c t u r e

w h a t  m a k e s  a  s u s t a i n a b l e  h o m e ?

S o l a r  p a n e l s ?  H e a t  p u m p s ?  G r e e n  r o o f s ?  S m a r t  t h e r m o s t a t s ?

B e d Z e d  b y  B i l l  D u n s t e r



p a u l  t e s t a  a r c h i t e c t u r e

w h a t  m a k e s  a  s u s t a i n a b l e  h o m e ?

A  s u s t a i n a b l e  h o m e  i s  o n e  t h a t  h a s  h i g h  c o m f o r t  c o m b i n e d  w i t h 
l o w  e n e r g y  u s e .

T h i s  c a n n o t  b e  a c h i e v e d  b y  g r e e n  b l i n g  a l o n e .

W e  m u s t  d e s i g n  s u s t a i n a b l e  b u i l d i n g s  w i t h  a  F a b r i c  F i r s t 
a p p r o a c h

D e n b y  D a l e  P a s s i v h a u s  b y  t h e  G r e e n  B u i l d i n g  C o m p a n y



p a u l  t e s t a  a r c h i t e c t u r e

p a s s i v e  s t r a t e g i e s  f o r  c o m f o r t  &  l o w  e n e r g y  u s e
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o r i e n t a t i o n p a s s i v e  s o l a r  g a i n o r g a n i s a t i o n s u p e r  i n s u l a t i o n

a i r - t i g h t n e s s n a t u r a l  v e n t i l a t i o n t h e r m a l  m a s s d a y l i g h t



p a u l  t e s t a  a r c h i t e c t u r e

w h a t  a r e  t h e  d r a w b a c k s  o f  t h e  “ t r a d i t i o n a l ”  p a s s i v e  a p p r o a c h ?



p a u l  t e s t a  a r c h i t e c t u r e

w h a t  a r e  t h e  d r a w b a c k s  o f  t h e  “ t r a d i t i o n a l ”  p a s s i v e  a p p r o a c h ?

V a r i a b l e  A i r  Q u a l i t y

H e a t  a n d  e n e r g y  l o s s  t h r o u g h  w i n t e r  v e n t i l a t i o n

T h e  “ p e r f o r m a n c e  g a p ”

t h e  d i s c r e p a n c y  b e t w e e n  d e s i g n  a s p i r a t i o n  a n d  a s - b u i l t  p e r f o r m a n c e 
f o r  m a n y  n e w  b u i l d i n g s  i n  t h e  U K  c a n  b e  a s  m u c h  a s  5 0 - 1 0 0 %

a r c h i t e c t s  j o u r n a l  “ m i n d  t h e  g a p ”  b r e a k f a s t  e v e n t



p a u l  t e s t a  a r c h i t e c t u r e

w h a t  i s  P a s s i v h a u s ?



p a u l  t e s t a  a r c h i t e c t u r e

w h a t  i s  P a s s i v h a u s ?

P a s s i v h a u s  s h o u l d  b e  d e s i g n e d  c o n s i d e r i n g  a l l  o f  t h e  a b o v e .

. . .  B u t  i t ’ s  a l s o  m o r e . . .



p a u l  t e s t a  a r c h i t e c t u r e

P a s s i v h a u s  i s  a n  e n e r g y  s t a n d a r d

a  m a x i m u m  s p a c e  h e a t i n g  a n d  c o o l i n g  d e m a n d  o f  l e s s  t h a n  1 5 
k W h / m 2 . y e a r  o r  a  m a x i m u m  h e a t i n g  a n d  c o o l i n g  l o a d  o f  1 0 W /
m 2 .
    

a  m a x i m u m  t o t a l  p r i m a r y  e n e r g y  d e m a n d  o f  1 2 0  k W h / m 2 / y e a r .

    

a n  a i r  c h a n g e  r a t e  o f  n o  m o r e  t h a n  0 . 6  a i r  c h a n g e s  p e r  h o u r  @ 
5 0  P a .



p a u l  t e s t a  a r c h i t e c t u r e

P a s s i v h a u s  i s  a  c o m f o r t  s t a n d a r d

1 7  d e g C  m i n i m u m  i n t e r n a l  s u r f a c e  t e m p e r a t u r e  o f  b u i l d i n g 
e l e m e n t s

v e n t i l a t i o n  r a t e  o f  3 0 m 3  p e r  h o u r  p e r  p e r s o n



p a u l  t e s t a  a r c h i t e c t u r e

t o  a c h i e v e  P a s s i v h a u s  i n  t h e  U K  t y p i c a l l y  i n v o l v e s :

v e r y  h i g h  l e v e l s  o f  i n s u l a t i o n

e x t r e m e l y  h i g h  p e r f o r m a n c e  w i n d o w s  w i t h  i n s u l a t e d  f r a m e s
    

a i r t i g h t  b u i l d i n g  f a b r i c
    

‘ t h e r m a l  b r i d g e  f r e e ’  c o n s t r u c t i o n
    

a  m e c h a n i c a l  v e n t i l a t i o n  s y s t e m  w i t h  h i g h l y  e f f i c i e n t  h e a t 
r e c o v e r y



p a u l  t e s t a  a r c h i t e c t u r e

w h a t  d o e s  a  P a s s i v h a u s  l o o k  l i k e ?



p a u l  t e s t a  a r c h i t e c t u r e

i t  c o u l d  b e  t h i s :

l a r c h  h o u s e  b y  b e r e  a r c h i t e c t s  ( i m a g e s  w w w . p a s s i v h a u s t r u s t . o r g . u k )



p a u l  t e s t a  a r c h i t e c t u r e

t h i s :

c r o s s w a y s  b y  H a w k e s  a r c h i t e c t s  ( i m a g e s  w w w . a e c b . n e t  &  w w w . i n h a b i t . c o m )



p a u l  t e s t a  a r c h i t e c t u r e

o r  t h i s :

t h e  b u r r o w s  b y  p a u l  t e s t a  a r c h i t e c t u r e



p a u l  t e s t a  a r c h i t e c t u r e

w h a t  d o e s  a  P a s s i v h a u s  l o o k  l i k e ?

P a s s i v h a u s  i s  a  p e r f o r m a n c e  s t a n d a r d

P a s s i v h a u s  i s  a  m e t h o d o l o g y

P a s s i v h a u s  i s  a  q u a l i t y  a s s u r a n c e  s y s t e m

P a s s i v h a u s  i s  n o t  a  c o n s t r u c t i o n  s y s t e m

P a s s i v h a u s  i s  n o t  a n  a r c h i t e c t u r a l  s t y l e .



p a u l  t e s t a  a r c h i t e c t u r e

s e l f  b u i l d  o n  a  s h o e s t r i n g  -  a  d e s i g n  c o m p e t i t i o n

t h e  b r i e f :

D e s i g n  a  s i n g l e  f a m i l y  h o m e  t o  b e  s e l f - b u i l t  w i t h  y o u r  o w n 
l a b o u r  f o r  l e s s  t h a n  £ 5 0 K .

C o s t s  o n l y  i n c l u d e  s p e c i a l i s t  l a b o u r  ( a s s u m e d  t h e  t r a d i o n a l 
n o t i o n  o f  “ s e l f - b u i l d ” ) .



p a u l  t e s t a  a r c h i t e c t u r e

p a s s i v h a u s  o n  a  s h o e s t r i n g

k e y  a p p r o a c h e s :

o f f  |  o n s i t e  p r e f a b r i c a t i o n :

c a r r y  o u t  a s  m u c h  c o n s t r u c t i o n  o n  t h e  g r o u n d  a s  p o s s i b l e  p r i o r  t o 
a s s e m b l y

m o d u l a r  /  s t a n d a r d i s e d  c o n s t r u c t i o n :

t o  m a k e  t h e  a b o v e  p o s s i b l e  a n d  t o  m i n i m i s e  c o s t s  k e e p  w i t h i n 
p l y w o o d  s h e e t  s i z e s  a n d  m i n i m i s e  v a r i a t i o n  i n  w i n d o w s  e t c .

m a x i m i s e  m a t e r i a l  f u n c t i o n : 

O S B  =  s t r u c t u r e  |  a i r - t i g h t n e s s  |  i n t e r n a l  f i n i s h
( r e d u c e s  c o s t  b u t  i s s u e s  w i t h  p r o t e c t i o n  o n  s i t e )

p a s s i v h a u s  p e r f o r m a n c e :

a  f i n e  b a l a n c e  b e t w e e n  c o s t  a n d  p e r f o r m a n c e

p a s s i v h a u s  e n e r g y  b a l a n c e  p u s h e d  c o s t  d o w n  e g .  r e d u c e d  s i z e  o f 
w i n d o w s

. . . a n d  p u s h e d  c o s t  u p  e g .  s p e c i f i c a t i o n  o f  i n s u l a t i o n



p a u l  t e s t a  a r c h i t e c t u r e

f l o o r  p l a n s



c o n s t r u c t i o n



p a u l  t e s t a  a r c h i t e c t u r e

Construction Element Materials Labour Total

Set up, Clearance, Demolitions….  £                 -    £                 -    £                 -   
Foundations (up to DPC)  £         1,580.65  £                 -    £         1,580.65 
Ground Floor Slab or Suspended Floor  £         1,694.39  £                 -    £         1,694.39 
Drainage & Service Trenchwork  £           763.00  £                 -    £           763.00 
Specialist Building System (eg timber frame, SIPs, etc if applicable)  £         4,062.35  £                 -    £         4,062.35 
External & Internal Walls  £         3,973.45  £                 -    £         3,973.45 
Intermediate Floor Zone (if applicable)  £           999.84  £                 -    £           999.84 
Fireplace & Chimney (if applicable)  £                 -    £                 -    £                 -   
Roof Structure, Insulation & Covering  £         3,126.93  £                 -    £         3,126.93 
Joinery (Windows, doors, stairs, skirtings…)  £       12,260.54  £                 -    £       12,260.54 
Specialist Products (eg; Eco products…)  £         4,300.00  £           500.00  £         4,800.00 
Electrical Installation  £         1,287.84  £           150.00  £         1,437.84 
Plumbing Installation  £         1,665.00  £                 -    £         1,665.00 
Heating Installation  £         1,200.00  £           800.00  £         2,000.00 
Plastering (or dry-lining)  £           123.84  £                 -    £           123.84 
Kitchen and Utility Units (+ appliances)  £         3,000.00  £                 -    £         3,000.00 
Decorations & Wall Ceramics  £         1,174.00  £                 -    £         1,174.00 
Floor Finishes  £           665.00  £                 -    £           665.00 
TOTAL  £       41,876.83  £         1,450.00  £       43,326.83 
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Passive House Verification

Photo or Drawing

Building: Self build on a shoe string
Location and Climate: Birmingham UK Data1

Street:
Postcode/City:

Country:

Building Type: Detached house

Home Owner(s) / Client(s): Self build on a shoe string competition
Street:

Postcode/City:

Architect: Paul Testa Architecture
Street: 29 Footgate Close

Postcode/City: S35 0JA

Mechanical System:
Street:

Postcode/City:

Year of Construction:

Number of Dwelling Units: 1 Interior Temperature: 20.0  °C

Enclosed Volume Ve: 240.0 m3 Internal Heat Gains: 2.1 W/m2

Number of Occupants: 4.0

Specific Demands with Reference to the Treated Floor Area

Treated Floor Area: 66.4 m2

Applied: Annual method PH Certificate: Fulfilled?

Specific Space Heating Demand: 14 kWh/(m2a) 15 kWh/(m²a)

Heating Load: 10 W/m² 10 W/m²

Pressurization Test Result: 0.6 h-1 0.6 h-1 Yes

Specific Primary Energy Demand
(DHW, Heating, Cooling, Auxiliary and Household Electricity): kWh/(m2a) 120 kWh/(m²a)

Yes

Specific Primary Energy Reduction through Solar Electricity: kWh/(m2a)
Frequency of Overheating: 0 % over 25 °C

Specific Useful Cooling Energy Demand: kWh/(m2a) 15 kWh/(m2a)

Cooling Load: 2 W/m2

T o t a l  p r o j e c t  c o s t s :

To t a l  m a t e r i a l s  c o s t s :  	 £ 4 1 , 8 7 6 . 8 3

To t a l  L a b o u r  c o s t s : 		  £ 1 , 4 5 0

To t a l : 				    £ 4 3 , 3 2 6 . 8 3

To t a l  G I FA : 			   7 0 . 1 4 m 2

T o t a l  c o s t  p e r  m 2 : 		 £ 6 1 7 . 7 2

T o t a l  h e a t i n g  c o s t s :

A v e r a g e  U K  k W h  c o s t :  	 4 . 2 1 p / k W h
( e n e r g y  s a v i n g  t r u s t )

k W h  p e r  m 2  p e r  y e a r : 	 1 4 k W h / m 2 . a

To t a l  t r e a t e d  f l o o r  a r e a : 	6 6 . 4 m 2

T o t a l  h e a t i n g  c o s t s :  	 £ 3 9 . 1 4  p / a

t h e  n u m b e r s



p a u l  t e s t a  a r c h i t e c t u r e

e l e v a t i o n s



p a u l  t e s t a  a r c h i t e c t u r e

i n s i d e



p a u l  t e s t a  a r c h i t e c t u r e

o u t s i d e



p a u l  t e s t a  a r c h i t e c t u r e

p a s s i v h a u s  &  s e l f  b u i l d  r e s o u r c e s

w w w . p a s s i v h a u s t r u s t . o r g . u k

w w w . a e c b . n e t

w w w . g r e e n b u i l d i n g s t o r e . c o . u k

w w w . e l r o n d b u r r e l l . c o m

w w w . n a s b a . o r g . u k

w w w . s e l f b u i l d p o r t a l . c o . u k

w w w . t h e b u i l d h u b . c o . u k



p a u l  t e s t a  a r c h i t e c t u r e

d i f f e r e n t  a p p r o a c h e s  t o  d e e p  r e t r o f i t



p a u l  t e s t a  a r c h i t e c t u r e

e x t e r n a l  i n s u l a t i o n

M a i n t a i n s  a l l  o f  t h e  e x i s t i n g  s t r u c t u r e  w i t h i n  t h e  n e w  t h e r m a l 
e n v e l o p e

D i f f i c u l t  t o  a c h i e v e  a t  f o u n d a t i o n  /  g r o u n d  l e v e l

A i r - t i g h t n e s s  l i n e  c a n  b e  i n s i d e  o r  o u t s i d e  t h e  e x i s t i n g  s t r u c t u r e

P o t e n t i a l  f o r  f e w e r  c o l d  b r i d g e s

C h a n g e s  t h e  e x t e r n a l  a p p e a r a n c e  o f  t h e  b u i l d i n g



p a u l  t e s t a  a r c h i t e c t u r e

E x i s t i n g  S t r u c t u r e

e x t e r n a l  i n s u l a t i o n



p a u l  t e s t a  a r c h i t e c t u r e

E x i s t i n g  S t r u c t u r e

I n s u l a t i o n  w r a p

e x t e r n a l  i n s u l a t i o n



p a u l  t e s t a  a r c h i t e c t u r e

E x i s t i n g  S t r u c t u r e

I n s u l a t i o n  w r a p

A i r - t i g h t n e s s  l a y e r

e x t e r n a l  i n s u l a t i o n



p a u l  t e s t a  a r c h i t e c t u r e

E x i s t i n g  S t r u c t u r e

I n s u l a t i o n  w r a p

A i r - t i g h t n e s s  l a y e r

T r i c k y  J u n c t i o n

e x t e r n a l  i n s u l a t i o n



p a u l  t e s t a  a r c h i t e c t u r e

E x i s t i n g  S t r u c t u r e

I n s u l a t i o n  w r a p

A i r - t i g h t n e s s  l a y e r

T h e r m a l  B r i d g e

e x t e r n a l  i n s u l a t i o n

I n t e r n a l  F l o o r  I n s u l a t i o n



p a u l  t e s t a  a r c h i t e c t u r e

E x i s t i n g  S t r u c t u r e

I n s u l a t i o n  w r a p

A i r - t i g h t n e s s  l a y e r

T h e r m a l  B r i d g e

e x t e r n a l  i n s u l a t i o n

I n t e r n a l  F l o o r  I n s u l a t i o n

A i r - t i g h t n e s s  d e t a i l  i s s u e



p a u l  t e s t a  a r c h i t e c t u r e

i n t e r n a l  i n s u l a t i o n

P u t s  a l l  o f  t h e  e x i s t i n g  s t r u c t u r e  o u t s i d e  t h e  n e w  t h e r m a l 
e n v e l o p e

I t ’ s  p o s s i b l e  t o  k e e p  t h e  i n s u l a t i o n  c o n t i n u o u s  b u t  t h e r e  m a y  b e 
c o l d  b r i d g e s  w h e r e  e x i s t i n g  w a l l s  a n d  f l o o r s  m e e t  t h e  e x t e r n a l 
e n v e l o p e

A i r - t i g h t n e s s  l i n e  w i l l  b e  i n s i d e  t h e  n e w  i n s u l a t i o n

R e t a i n s  t h e  e x t e r n a l  a p p e a r a n c e  o f  t h e  b u i l d i n g



p a u l  t e s t a  a r c h i t e c t u r e

E x i s t i n g  S t r u c t u r e

I n t e r n a l  I n s u l a t i o n

A i r - t i g h t n e s s  l a y e r

i n t e r n a l  i n s u l a t i o n

A i r - t i g h t n e s s  d e t a i l  i s s u e
&
T h e r m a l  B r i d g e



p a u l  t e s t a  a r c h i t e c t u r e

E x t e n d i n g  a s  P a r t  o f  a  R e t r o f i t  S t r a t e g y

A n  e x t e n s i o n  c a n  d e c r e a s e  t h e  h e a t  l o s s  f o r m  f a c t o r  r a t i o

A n  e x t e n s i o n  m a y  m e a n  t h a t  a  l a r g e  p a r t  o f  t h e  t h e r m a l  e n v e l o p e 
i s  n o w  n e w ,  v e r y  e f f i c i e n t  c o n s t r u c t i o n

N e e d s  c a r e f u l  d e t a i l i n g  w i t h  t h e  e x i s t i n g  b u i l d i n g

I d e a l l y  t h e r m a l  a p p r o a c h  ( i n t e r n a l  o r  e x t e r n a l  i n s u l a t i o n )  i s 
t h e  s a m e  a s  t h e  r e t r o f i t



p a u l  t e s t a  a r c h i t e c t u r e

E x i s t i n g  S t r u c t u r e

I n t e r n a l  I n s u l a t i o n

A i r - t i g h t n e s s  l a y e r

e x t e n d i n g  a s  p a r t  o f  a 
r e t r o f i t  s t r a t e g y

c r u c i a l  d e t a i l

N e w  e x t e n s i o n



p a u l  t e s t a  a r c h i t e c t u r e

u n i n t e n d e d  c o n s e q u e n c e s

M o i s t u r e

M o i s t u r e

M o i s t u r e . . . ! !



p a u l  t e s t a  a r c h i t e c t u r e

B e s t  P r a c t i c e  R e t r o f i t  E x a m p l e s



p a u l  t e s t a  a r c h i t e c t u r e

L o w e r  R o y d  R a d i c a l  R e t r o f i t

B y  t h e  G r e e n  B u i l d i n g  S t o r e

h t t p s : / / w w w . g r e e n b u i l d i n g s t o r e . c o . u k / l o w e r - r o y d - r e t r o f i t -
w h o l e - h o u s e - r a d i c a l - r e f u r b i s h m e n t /

V e r y  C a r e f u l  c o n s i d e r a t i o n  o f  m o i s t u r e

E x p e r i m e n t a l  u s e  o f  n e w  m a t e r i a l s  a n d  v e r y  o p e n  a p p r o a c h  t o 
d i s s e m i n a t i n g  l e s s o n s  l e a r n e d .



p a u l  t e s t a  a r c h i t e c t u r e

E x p o s e d  L o c a t i o n  ( d a m p )

A t t r a c t i v e  B a r n

S o l i d  S t o n e  W a l l s

I n t e r n a l  W a l l  I n s u l a t i o n

L o w e r  R o y d  R a d i c a l  R e t r o f i t

( i m a g e s  c o u r t e s y  G r e e n  B u i l d i n g  S t o r e )



p a u l  t e s t a  a r c h i t e c t u r e

D i a t h o n i t e  I n s u l a t i o n

S p r a y e d  o n  u p  t o  1 0 0 m m

D e a l s  w e l l  w i t h  m o i s t u r e

D e a l s  w e l l  w i t h  u n e v e n  w a l l s

A i r - t i g h t

L o w e r  R o y d  R a d i c a l  R e t r o f i t

( i m a g e s  c o u r t e s y  G r e e n  B u i l d i n g  S t o r e )



p a u l  t e s t a  a r c h i t e c t u r e

C a r e f u l  C o n s i d e r a t i o n  o f  T h e r m a l 
B r i d g i n g

C o m p a c F o a m  s p a c e r s

L o w e r  R o y d  R a d i c a l  R e t r o f i t

( i m a g e s  c o u r t e s y  G r e e n  B u i l d i n g  S t o r e )



p a u l  t e s t a  a r c h i t e c t u r e

C a r e f u l  C o n s i d e r a t i o n  o f  T h e r m a l 
B r i d g i n g

F o a m g l a s  “ p o c k e t ”  i n  s t o n e  w a l l 
f o r  s t e e l  b e a m

L o w e r  R o y d  R a d i c a l  R e t r o f i t

( i m a g e s  c o u r t e s y  G r e e n  B u i l d i n g  S t o r e )



p a u l  t e s t a  a r c h i t e c t u r e

C a r e f u l  C o n s i d e r a t i o n  o f  T h e r m a l 
B r i d g i n g  &  a i r - T i g h t n e s s  f o r 
w i n d o w s  &  d o o r s

C o m p a c F o a m  t h e s h o l d

W i n d o w  f r a m e s  t a p e d  b e f o r e
D i a t h o n i t e  s p r a y e d  t o  r e v e a l s

L o w e r  R o y d  R a d i c a l  R e t r o f i t

( i m a g e s  c o u r t e s y  G r e e n  B u i l d i n g  S t o r e )



p a u l  t e s t a  a r c h i t e c t u r e

M e c h a n i c a l  V e n t i l a t i o n  w i t h  H e a t 
R e c o v e r y  ( M V H R )

C a r e f u l  d u c t  r o u t e  d e s i g n

D u c t s  a l l  i n s i d e  t h e r m a l  e n v e l o p e

L o w e r  R o y d  R a d i c a l  R e t r o f i t

( i m a g e s  c o u r t e s y  G r e e n  B u i l d i n g  S t o r e )



p a u l  t e s t a  a r c h i t e c t u r e

L o w e r  R o y d  R a d i c a l  R e t r o f i t

( i m a g e s  c o u r t e s y  G r e e n  B u i l d i n g  S t o r e )



p a u l  t e s t a  a r c h i t e c t u r e

S y c a m o r e  H a l l  R e t r o f i t  a n d  E x t e n s i o n

B y  P a u l  T e s t a  A r c h i t e c t u r e

h t t p : / / p a u l t e s t a a r c h i t e c t u r e . c o . u k / p o r t f o l i o / s y c a m o r e - h a l l /

H i g h  t h e r m a l  p e r f o r m a n c e

V e r y  p o o r  h e a t  l o s s  f o r m  f a c t o r  m a d e  v e r y  l o w  k W h / m 2 . a  v e r y 
d i f f i c u l t

H u g e l y  i m p r o v e d  d a y l i g h t



p a u l  t e s t a  a r c h i t e c t u r e

E x p o s e d  l o c a t i o n  ( d a m p )

U n a t t r a c t i v e  b u n g a l o w

N e a r  P e a k  D i s t r i c t

N a r r o w  c a v i t y  w a l l s

I n t e r n a l  w a l l  I n s u l a t i o n

S y c a m o r e  H a l l  R e t r o f i t  a n d  E x t e n s i o n



p a u l  t e s t a  a r c h i t e c t u r e

C o m p l e t e  R e m o d e l

T w o  s m a l l  e x t e n s i o n s

S y c a m o r e  H a l l  R e t r o f i t  a n d  E x t e n s i o n



p a u l  t e s t a  a r c h i t e c t u r e

C o n v e n t i o n a l  i n s u l a t i o n

I n t e r n a l  i n s u l a t e d  d r y - l i n i n g  w i t h 
i n s u l a t e d  s t u d s

H i g h l y  i n s u l a t e d  r o o f

I n s u l a t e d  s u s p e n d e d  t i m b e r  f l o o r

S y c a m o r e  H a l l  R e t r o f i t  a n d  E x t e n s i o n



p a u l  t e s t a  a r c h i t e c t u r e

C a r e f u l  a i r - t i g h t n e s s  s t r a t e g y

S o m e  i s s u e s  w i t h  e x i s t i n g  w a l l s 
i n s i d e  t h e  t h e r m a l  e n v e l o p e

S y c a m o r e  H a l l  R e t r o f i t  a n d  E x t e n s i o n



p a u l  t e s t a  a r c h i t e c t u r e

M V H R  C a r e f u l  d u c t  r o u t e  p l a n n i n g

S y c a m o r e  H a l l  R e t r o f i t  a n d  E x t e n s i o n



p a u l  t e s t a  a r c h i t e c t u r e

I m p r o v e d  D a y l i g h t  v e r y  i m p o r t a n t

S y c a m o r e  H a l l  R e t r o f i t  a n d  E x t e n s i o n



p a u l  t e s t a  a r c h i t e c t u r e

S y c a m o r e  H a l l  R e t r o f i t  a n d  E x t e n s i o n



p a u l  t e s t a  a r c h i t e c t u r e

S y c a m o r e  H a l l  R e t r o f i t  a n d  E x t e n s i o n



p a u l  t e s t a  a r c h i t e c t u r e

S y c a m o r e  H a l l  R e t r o f i t  a n d  E x t e n s i o n


