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ABSTRACT 
T h e d i p l o m a t h e s i s is d i v i d e d i n t o t h r e e pa r t s . F i rs t pa r t is a na l y s i s o f t h e t h e m e , 

o b j e c t i v e s , a n d m e t h o d s o f s o l u t i o n w h i c h c o n t a i n s a l s o t h e o r e t i c a l pa r t , s e c o n d pa r t is 

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

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

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

T h i r d p a r t is p r o j e c t a n d it c o n t a i n s t e c h n i c a l r e p o r t o f t h e s e l e c t e d v a r i a n t a n d p r o j e c t 

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

ABSTRAKT 
Diplomová práce j e rozdělena na tří částí. První částí j e analýza tématu, cílů a způsobů 

řešení, která o b s a h u j e i t e o r e t i c k o u část. Druhá část j e a p l i k a c e tématu na řešeném 

o b j e k t u včetně podrobného výpočtu a návrhu o topné s o u s t a v y , přípravy teplé v o d y , 

d v o u v a r i a n t alternativních zdrojů t e p l a a j e j i c h porovnání, které v e d e k výběru lepšího 

z d r o j e t e p l a . Třetí část j e p r o j e k t a o b s a h u j e t e c h n i c k o u zprávu vybrané v a r i a n t y a 

p r o j e k t o v o u d o k u m e n t a c i , která o b s a h u j e všechny potřebné výkresy. 

KEY WORDS 
H e a t i n g , a i r - t o - w a t e r h e a t p u m p , w o o d pe l l e t bo i l e r , h o t w a t e r p r e p a r a t i o n , r a d i a t o r s , 

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

s y s t e m , h e a t l o sses , h e a t t r a n s f e r c o e f f i c i e n t , c i r c u l a t i n g p u m p . 
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Introduction 
Th i s d i p l o m a t h e s i s d e a l s w i t h h e a t i n g a n d ho t w a t e r p r e p a r a t i o n o f a n e w a p a r t m e n t 

b u i l d i n g t h a t is d e t a c h e d a n d l o c a t e d in t h e c i t y o f O l o m o u c in t h e C z e c h R e p u b l i c u s i n g 

r e n e w a b l e e n e r g y s o u r c e s . T h e a p a r t m e n t b u i l d i n g has a b a s e m e n t a n d 3 a b o v e g r o u n d 

f l o o r s , w h i c h c o n s i s t in t o t a l o f 6 a p a r t m e n t s . In t h e b a s e m e n t t h e r e a r e s t o r e r o o m s , 

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

Pa r t A d e a l s w i t h a na l y s i s o f t h e t o p i c a n d t h e o r e t i c a l pa r t , in w h i c h I t a l k e d a b o u t h e a t 

p u m p s a n d b i o m a s s bo i l e r s . 

In pa r t B t h e r e a r e t h e c a l c u l a t i o n s , w h i c h i n c l u d e h e a t t r a n s f e r c o e f f i c i e n t o f e a c h 

s t r u c t u r e , h ea t l o s se s o f t h e b u i l d i n g , p r e p a r a t i o n o f h o t w a t e r , t h e d e s i g n o f r a d i a t o r s , 

a n d t h e d e s i g n o f h e a t s o u r c e s f o r t h e w h o l e b u i l d i n g in t w o v a r i a n t s , o n e v a r i a n t is w o o d 

pe l l e t bo i l e r , a n d t h e o t h e r v a r i a n t is a i r t o w a t e r h e a t p u m p , w h i c h a r e t h e n c o m p a r e d 

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

c o m f o r t , a n d s u b s e q u e n t l y o n e v a r i a n t is s e l e c t e d . It a l s o i n c l u d e s d e t a i l e d d i m e n s i o n i n g 

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

e q u i p m e n t s , d e v i c e s a n d f i t t i ng s . 

Pa r t C is t h e p r o j e c t w h i c h i n c l u d e s t e c h n i c a l r e p o r t a n d d r a w i n g s . 

A. Analysis of the theme, objectives and methods of solution 
A. l . Analysis of the given topic 
T h e t o p i c o f t h e d i p l o m a t h e s i s is t h e d e s i g n a n d e l a b o r a t i o n o f h e a t i n g s y s t e m a n d ho t 

w a t e r p r e p a r a t i o n u s i n g 2 v a r i a n t s o f r e n e w a b l e e n e r g y s o u r c e s . B o t h v a r i a n t s a r e 

a s s e s s e d a n d c o m p a r e d b a s e d o n t h e e n v i r o n m e n t a l i m p a c t , e c o n o m i c a l c o s t s , s pa t i a l 

r e q u i r e m e n t s a n d u s e r c o m f o r t , a n d t h e n t h e m o r e s u i t a b l e v a r i a n t is s e l e c t e d f o r t h e 

p r o j e c t . 

T h e p r o j e c t is d e s i g n e d f o r a n a p a r t m e n t b u i l d i n g in t h e c i t y o f O l o m o u c , it has a 

b a s e m e n t a n d 3 a b o v e g r o u n d f l o o r s w h i c h c on s i s t o f 6 a p a r t m e n t s . In t h e b a s e m e n t 

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

i n h a b i t a n t s a n d a t o i l e t . 

E n t r a n c e d o o r t o t h e a p a r t m e n t b u i l d i n g is l o c a t e d o n t h e n o r t h s i d e , it l e a d s t o e n t r a n c e 

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

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

m a c h i n e r o o m , l i v i ng r o o m c o m b i n e d w i t h k i t c h e n , a n d t w o b e d r o o m s . S t a i r c a s e is o f U-

s h a p e w i t h ha l f s p a c e l a n d i n g , w h i c h s e r v e s as e n t r a n c e v e s t i b u l e in f i r s t f l o o r a n d as 

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

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

b l o c k s P o r o t h e r m , w i t h t h i c k n e s s o f 4 4 0 m m f o r p e r i p h e r a l wa l l s , a n d 3 0 0 m m f o r 

i n t e r n a l l o a d b e a r i n g w a l l s . P a r t i t i o n s a r e m a d e o f P o r o t h e r m as w e l l , t h i c k n e s s 1 15 m m . 

T h e w a l l b e t w e e n f l a t s is m a d e o f t w o l a ye r s o f s o l i d c o n c r e t e b l o c k s w i t h a c o u s t i c 

i n s u l a t i o n in b e t w e e n . T h e h o r i z o n t a l l o a d b e a r i n g s t r u c t u r e is m a d e o f r e i n f o r c e d 

11 



c o n c r e t e s l a b s t h i c k n e s s 2 2 0 m m . T h e b u i l d i n g is c o n s t r u c t e d o n c o n c r e t e s t r i p 

f o u n d a t i o n s a n d t h e t o p o f t h e b u i l d i n g is a f l a t r o o f t h a t is i n s u l a t e d b y m i n e r a l w o o l . T h e 

a p a r t m e n t b u i l d i n g is i n s u l a t e d u s i n g ETICS s y s t e m o f t h i c k n e s s 1 5 0 m m . 

T h e o u t d o o r t e m p e r a t u r e o f O l o m o u c c i t y is - 15°C f o r t h e m o s t u n f a v o u r a b l e c o n d i t i o n . 

A.2. Normative and legislative requirements 

Fo r e l a b o r a t i n g t h e p r o j e c t t h e f o l l o w i n g t e c h n i c a l s t a n d a r d s , l ega l r e g u l a t i o n s w e r e u s e d : 

ČSN 7 3 0 5 4 0 T h e r m a l p r o t e c t i o n o f b u i l d i n g s 

ČSN EN 12 8 3 1 H e a t i n g s y s t e m s in b u i l d i n g s - c a l c u l a t i o n o f h e a t o u t p u t 

ČSN 0 6 0 3 2 0 H e a t i n g s y s t e m s in b u i l d i n g s - h o t w a t e r p r e p a r a t i o n 

ČSN 0 6 0 8 3 0 H e a t i n g s y s t e m s in b u i l d i n g s - s e c u r i t y e q u i p m e n t 

ČSN 0 6 0 3 1 0 C e n t r a l h e a t i n g - d e s i g n a n d i n s t a l l a t i o n 

ČSN 0 6 1 1 0 1 R a d i a t o r s f o r c e n t r a l h e a t i n g 

ČSN 0 1 3 4 5 2 T e c h n i c a l d r a w i n g s - I n s t a l l a t i o n - H e a t i n g a n d c o o l i n g 

ČSN EN 1 2 8 2 8 h e a t i n g s y s t e m s in b u i l d i n g s - h o t w a t e r h e a t i n g s y s t e m s d e s i g n 

D e c r e e N o 1 9 3 / 2 0 0 7 a b o u t t h e e f f e c t i v e n e s s o f u s i n g e n e r g y in t h e r m a l e n e r g y 

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

D e c r e e N o . 2 6 4 / 2 0 2 0 Sb . a b o u t e n e r g y p e r f o r m a n c e o f b u i l d i n g . 

o t h e r r e l a t e d ČSN as a m e n d e d . 

A.3. The aim,and the chosen methods of solution 
T h e a i m o f t h i s d i p l o m a t h e s i s is t o d e s i g n a s u i t a b l e h e a t i n g s y s t e m w i t h h o t w a t e r 

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

b u i l d i n g . O n e v a r i a n t is w o o d pe l l e t bo i l e r , a n d t h e o t h e r v a r i a n t is a i r t o w a t e r h ea t 

p u m p , w h i c h t h e n w i l l b e c o m p a r e d a n d s u b s e q u e n t l y t h e m o r e s u i t a b l e v a r i a n t w i l l b e 

s e l e c t e d . 

In o r d e r f o r t h e s y s t e m t o be s o l v e d a n d d e s i g n e d , h e a t t r a n s f e r c o e f f i c i e n t o f s t r u c t u r e s 

a n d h e a t l o s ses w i t h e n e r g y l a be l o f t h e o b j e c t n e e d t o be c a l c u l a t e d , w h i c h t h e n w i l l be 

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

s u c h as a c c u m u l a t i o n t a n k s , r a d i a t o r s , p i pe s , f i t t i ngs , s a f e t y e q u i p m e n t s , c i r c u l a t i n g 

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

s y s t e m . 

B o t h v a r i a n t s w i l l b e e v a l u a t e d in t e r m s o f e n v i r o n m e n t a l i m p a c t , c o s t s , u s e r c o m f o r t , 

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

t o be e s t i m a t e d . 

T h e w h o l e s o l u t i o n w i l l b e b a s e d o n v a l i d t e c h n i c a l s t a n d a r d s , n o r m s a n d lega l 

r e g u l a t i o n s t h a t a r e u s e d in t h e C z e c h R e p u b l i c , as w e l l as m a n u f a c t u r e r s ' i n s t r u c t i o n s . 
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It w i l l a l l b e s u m m a r i z e d in t h e t e c h n i c a l r e p o r t , a n d al l n e c e s s a r y d r a w i n g s f o r t h e 

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

I u s e d Exce l s o f t w a r e f o r t h e c a l c u l a t i o n s , a n d A u t o C A D s o f t w a r e f o r d r a w i n g s , as w e l l as 

w o r d s o f t w a r e f o r w r i t i n g a n d t e x t p r o c e s s i n g . 

A.4. Relevant technical solution in practice (Theoretical part) 
A.4.1. Introduction 

In t h e pas t s e v e r a l y e a r s u s i n g o f r e n e w a b l e e n e r g y s o u r c e s has b e e n i n c r e a s i n g f a s t as a 

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

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

g r e e n h o u s e g a s e s t o h e a l t h e n d a n g e r i n g p a r t i c l e s . A l s o , t h e d e c l i n e in foss i l f u e l s u p p l y , 

w h i c h is l e a d i n g t o i n c r e a s e in e n e r g y p r i c e s , has b e e n p u s h i n g t h e g l o b e t o f i n d 

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

v e r y h i gh a n d it is t h e s e c o n d l a rges t s e c t o r o f e n e r g y c o n s u m p t i o n a f t e r t r a n s p o r t [39] , it 

is v e r y i m p o r t a n t if w e c o u l d p r o d u c e t h e d e m a n d e d hea t f o r h o u s e h o l d s b y u s i n g 

r e n e w a b l e e n e r g y s o u r c e s . 

Agriculture other 

Industry 
25.3 

Households 
25.4 

Figure 1-energy consumption according to EU-28 2015[39] 
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A m o n g t h e m o s t c o m m o n l y u s e d r e n e w a b l e e n e r g y s o u r c e s f o r h e a t i n g in b u i l d i n g s a r e 

b o i l e r s t h a t t a k e e n e r g y f r o m b i o m a s s , w h i c h i n c l u d e s w o o d , pe l l e t s , s t r a w o r e v e n 

w a s t e . O t h e r c o m m o n h e a t s o u r c e s i n c l u d e h e a t p u m p s t h a t u s e a i r e n e r g y , g r o u n d 

e n e r g y , as w e l l as w a t e r e n e r g y . In t h e f o l l o w i n g c h a p t e r I w i l l b e t a l k i n g a b o u t h e a t 

p u m p s a n d b i o m a s s bo i l e r s . 

A.4.2. Heat pumps 

A.4.2.1. Principle of heat pumps 
T h e r e is a l a r ge a m o u n t o f l o w p o t e n t i a l e n e r g y in t h e s u r r o u n d i n g e n v i r o n m e n t (in a i r , 

w a t e r a n d e a r t h ) , t h i s e n e r g y ha s l o w t e m p e r a t u r e t h a t is n o t s u i t a b l e f o r d i r e c t u s e . T h e 

p r i n c i p l e o f h e a t p u m p is t o t r a n s f e r t h e s o - c a l l e d l o w p o t e n t i a l h e a t i n t o u s e f u l h ea t . 

T h e r e f o r e , h e a t p u m p is a d e v i c e t h a t d o e s n o t p r o d u c e t h e r m a l e n e r g y , bu t o n l y 

c o n v e r t s it i n t o a u s a b l e f o r m . 

T h e w o r k i n g s u b s t a n c e is a r e f r i g e r a n t t h a t is c o n s t a n t l y c i r c u l a t i n g in t h e d e v i c e a n d 

c h a n g i n g i ts s t a t e c y c l i c a l l y . W h e n a i r o r w a t e r is b r o u g h t t o t h e e v a p o r a t o r , t h e h e a t is 

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

e v a p o r a t e s at l o w t e m p e r a t u r e a n d t u r n s i n t o a g a s e o u s s t a t e . T h e n c o m p r e s s o r d r a w s in 

t h e c o o l i n g m e d i u m a n d c o m p r e s s e s it. A s t h e p r e s s u r e i n c r e a s e s , t e m p e r a t u r e a l s o 

i n c r e a s e s , it is t h u s " p u m p e d " t o a h i g h e r t e m p e r a t u r e l e v e l . E l e c t r i c a l e n e r g y is r e q u i r e d 

f o r t h i s s t e p . Th i s e n e r g y i n c r e a s e s t h e t h e r m a l p o t e n t i a l o f t h e c o o l i n g m e d i u m . T h e n , it 

g i v e s u p i ts t o t a l h e a t in t h e c o n d e n s e r t o t h e m e d i u m w i t h h i g h e r t e m p e r a t u r e o n t h e 

o t h e r s i d e w h i c h is u s ua l l y h e a t i n g w a t e r o r a i r . Th i s w i l l l e ad t o t h e c o n d e n s a t i o n o f t h e 

r e f r i g e r a n t , w h i c h is t h e n c h o k e d in t h e e x p a n s i o n v a l v e , so t h e p r e s s u r e c o m e s b a c k t o 

its o r i g i n a l v a l u e a n d t h i s c y c l e is c o n t i n u o u s l y r e p e a t e d . [1] 

gaseous 

Expansion valve 

Figure 2-Principle of heat pumps[2] 

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

pa r t s : 

1. P r i m a r y c i r c u i t - i t ' s t h e pa r t t h a t s u p p l i e s l o w - p o t e n t i a l h e a t e n e r g y f r o m t h e s o u r c e 

t o t h e e v a p o r a t o r . 
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2. R e f r i g e r a n t c i r c u i t - it is t h e m a i n p a r t t h a t h e l p s in t r a n s f e r r i n g t h e e n e r g y t o a h i g h e r 

t e m p e r a t u r e s l e v e l . R e f r i g e r a n t s a r e u s e d in t h i s c i r c u i t . [1] 

3. S e c o n d a r y c i r c u i t - t h e pa r t t h a t e n s u r e s h ea t d i s t r i b u t i o n f o r h e a t i n g p u r p o s e w h i c h 

c o n t a i n s u s u a l l y h e a t i n g w a t e r o r a i r . 

A.4.2.2. Basic components of heat pumps 
1. C o m p r e s s o r : 

C o m p r e s s o r is t h e m a i n w o r k i n g pa r t o f t h e h e a t p u m p , t h a t f u n d a m e n t a l l y a f f e c t s i ts 

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

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

t h e c o n d e n s i n g t e m p e r a t u r e in t h e c o n d e n s e r . It is u s u a l l y p o w e r e d b y e l e c t r i c i t y , w h i c h 

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

in t h i s w a y is t r a n s f e r r e d t o a h i g h e r t h e r m a l l e v e l , w h i c h t h e n c a n be u s e d f o r h e a t i n g 

a n d h o t w a t e r p r e p a r a t i o n . T w o t y p e s o f c o m p r e s s o r s a r e n o r m a l l y u s e d in h e a t p u m p s 

r o t a r y c o m p r e s s o r a n d s c r o l l c o m p r e s s o r . T h e r o t a r y c o m p r e s s o r s a r e u s u a l l y m o r e 

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

t h a t ' s w h y t h e y a r e st i l l c o m m o n l y u sed . [7 ] 

Figure 3 - rotary compressor for heat pump[5] 

2. C o n d e n s e r : 

Th i s p a r t t r a n s f e r s h e a t f r o m t h e c o o l i n g m e d i u m ( r e f r i g e r a n t ) t o t h e h e a t i n g m e d i u m o f 

t h e s y s t e m by a h e a t e x c h a n g e r . T h e e x c h a n g e r c a n be b r a z e d p l a t e o r T u b u l a r . D u r i n g 

t h i s p r o c e s s h e a t e n e r g y is t a k e n f r o m t h e r e f r i g e r a n t w h i c h c a u s e s it t o c o n d e n s a t e . [ 7 ] 
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Figure 4 - tube heat exchanger[l] 

u 

Figure 5 - brazed plate heat exchanger[l] 

3. E v a p o r a t o r : 

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

pa s se s , t h a t c o u l d b e w a t e r , o r a i r a n d o n t h e o t h e r s i d e t h e c o o l i n g m e d i u m f l o w s . P l a t e , 

r i b b e d a n d t u b u l a r h e a t e x c h a n g e r s a r e u s e d f o r l i q u i d m e d i u m , a n d t u b u l a r h e a t 

e x c h a n g e r s a r e u s e d f o r a i r . 

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

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

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

e v e n ga i n m o r e h e a t t h r o u g h t h e w a l l s o f e v a p o r a t o r , bu t s t i l l i ts t e m p e r a t u r e is l o w t o be 

u s e d in hea t i ng . [7 ] 

4. E x p a n s i o n v a l v e 

It's n e c e s s a r y t o m a i n t a i n t h e d i f f e r e n c e b e t w e e n h i gh p r e s s u r e s i d e a n d l o w p r e s s u r e 

s i d e o f t h e c i r c u i t a n d t h a t ' s f u l f i l l e d by t h e u s i n g o f e x p a n s i o n v a l v e . E x p a n s i o n v a l v e s a r e 

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

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

t h e c o o l i n g m e d i u m is f u l l y e v a p o r a t e d b e f o r e it e n t e r s t o t h e c o m p r e s s o r . [ 7 ] 
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Figure 6-thermostatically controlled expansion valve[l] 

Figure 7-electronic expansion valve[6] 

A.4.2.3. Refrigerants and their effect on the environment 
R e f r i g e r a n t s a r e s u b s t a n c e s u s e d in r e f r i g e r a t i o n d e v i c e s , as w e l l as in hea t p u m p s . O l d 

r e f r i g e r a n t s u s e d in t h e pas t w e r e h a r m f u l t o o z o n e l a y e r a n d c a u s e d a b ig d a m a g e t o it, 

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

g l o b a l w a r m i n g , t h e E u r o p e a n u n i o n r e g u l a t e s t h e i r u s e . [8] 

W e h a v e t w o i m p o r t a n t i n d i c a t o r s f o r t h e e f f e c t o f r e f r i g e r a n t s o n t h e e n v i r o n m e n t . F i rs t 

i n d i c a t o r is G W P (g l oba l w a r m i n g p o t e n t i a l ) , t h a t is u s e d t o m e a s u r e t h e i m p a c t o f a 

s u b s t a n c e s u c h as a r e f r i g e r a n t o n g l o b a l w a r m i n g , w h i c h m e a n s t h e i n c r e a s e in e a r t h 

a t m o s p h e r e t e m p e r a t u r e d u e t o t h e h e a t b e i n g b o u n c e d b a c k t o e a r t h ' s s u r f a c e a n d 

t r a p p e d in t h e a t m o s p h e r e . G W P e x p r e s s e s h o w m a n y t i m e s a g i v e n gas c o n t r i b u t e s t o 

t h e g r e e n h o u s e m o r e t h a n CO2 gas . W e c a n d e f i n e t h e v a l u e o f G W P by k n o w i n g t h e 

l i f e t i m e o f a ga s a n d i ts r a d i a t i o n p r o p e r t i e s . [ 9 ] 

S e c o n d i n d i c a t o r is O D P ( o z o n e d e p l e t i o n i n d i c a t o r ) w h i c h i n d i c a t e s t h e p o t e n t i a l o f a 

p a r t i c u l a r r e f r i g e r a n t t o d e p l e t e t h e o z o n e l aye r , r e l a t i v e t o t h e r e f e r e n c e r e f r i g e r a n t , 

w h i c h is R l l , a n d w h i c h has O D P = 1. If a r e f r i g e r a n t has O D P v a l u e h i g h e r t h a n z e r o , it 

s h o u l d b e r e g u l a t e d . [8] 

T y p e s o f r e f r i g e r a n t s i n c l u d e : 

1. Freon refrigerants 
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T h e m o s t f a m o u s f r e o n r e f r i g e r a n t s i n c l u d e t h o s e w i t h t h e g e n e r i c d e s i g n a t i o n C F C o r 

HCFC , w h i c h w e r e w i d e l y u s e d in t h e s e c o n d ha l f o f t h e 2 0 t h c e n t u r y . B e c a u s e t h e y 

c o n t a i n c h l o r i n e a n d c o n t r i b u t e s t o t h e g l o b a l w a r m i n g by d e s t r o y i n g o z o n e l aye r , b o t h 

CFCs a n d H C F C s a r e c u r r e n t l y b a n n e d . O t h e r E x a m p l e s o f t h e s e t y p e s o f r e f r i g e r a n t s 

i n c l u d e R l l , R12 , R13 , R 1 1 3 , R 1 1 4 , R 5 0 0 , R 1 2 4 , R22 , R 4 0 1 a n d o t he r s . [ 8 ] 

2. F-gases 

U n l i k e t h e p r e v i o u s t y p e o f r e f r i g e r an t s , t h e s e r e f r i g e r a n t s d o n ' t c o n t a i n c h l o r i n e a n d 

t h e r e f o r e d o n ' t e n d a n g e r o z o n e l aye r . H o w e v e r , b o t h f r e o n s a n d F-gases c o n t r i b u t e t o 

t h e g l o b a l w a r m i n g [8]. 

O n e t y p e o f F-gas is t h e p a r t i a l l y f l u o r i n a t e d h y d r o c a r b o n HFC , w h i c h is a g r o u p o f 

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

c o l o u r l e s s . In t h e f o l l o w i n g t a b l e t h e r e a r e e x a m p l e s o f H FC r e f r i g e r a n t s w i t h t h e v a l u e o f 

G W P . [ 8 ] 

T a b l e 1 - T y p e s o f H F C r e f r i g e r a n t s a n d t h e i r G W P v a l u e [ 8 ] 

T y p e o f r e f r i g e r a n t ODP GWP 

R-134a 0 1430 

R-23 0 14800 

R-32 0 675 

R 4 0 4 A 0 3 9 2 2 

R 4 0 7 A 0 2107 

R407B 0 2 8 0 4 

R407C 0 1774 

R 4 1 0 A 0 2088 

R 4 1 7 A 0 2346 

R422D 0 2729 

R 4 2 7 A 0 2138 

R 4 3 7 A 0 1805 

R507 0 3 9 8 5 

R 5 0 8 A 0 13214 

R508B 0 1 3 3 9 6 

3. HFO 

A n o t h e r t y p e o f F-gases a r e H F O o r H y d r o f l u o r o - O l e f i n s , w h i c h a r e n e w r e f r i g e r a n t s t h a t 

a r e p r o d u c e d o n t h e bas i s o f u n s a t u r a t e d h y d r o c a r b o n s o f a l k e n e s a n d o n e d o u b l e b o n d 
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b e t w e e n t h e c a r b o n a t o m s in t h e m o l e c u l e . R e f r i g e r a n t R 1 2 3 4 y f is o n e o f t h e m o s t 

c o m m o n e x a m p l e s o f t h i s g r o u p . T h e y a r e c h a r a c t e r i z e d b y a v e r y l o w G W P v a l u e a n d 

O D P e q u a l t o ze ro . [8 ] 

4. Natural refrigerants 

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

e n v i r o n m e n t a l l y f r i e n d l y f r o m al l p r e v i o u s t y p e s b e c a u s e t h e y d o no t h a r m o z o n e l a ye r 

a n d d o n o t e v e n c o n t r i b u t e t o g l o b a l w a r m i n g , b u t o n l y s l i gh t l y i n s o m e ca se s . N a t u r a l 

r e f r i g e r a n t s w e r e u s e d m a i n l y in t h e 1 9 5 0 s , b e f o r e o t h e r t y p e s o f r e f r i g e r a n t s s u c h as 

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

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

r e f r i g e r a n t s o t h e r t h a n c a r b o n d i o x i d e h a v e o n e d i s a d v a n t a g e , a n d t h a t is f l a m m a b i l i t y 

a n d t ox i c i t y . [ 8 ] 

A.4.2.4. Types of heat pumps 
A c c o r d i n g t o t h e p o t e n t i a l s o u r c e o f e n e r g y , w e d i v i d e h e a t p u m p s i n t o f o u r t y p e s : 

1. A i r t o w a t e r h e a t p u m p : h e a t e n e r g y is t a k e n f r o m t h e o u t s i d e a i r a n d s u b s e q u e n t l y 

u s e d f o r h e a t i n g s y s t e m a n d h o t w a t e r p r e p a r a t i o n . It is t h e m o s t c o m m o n t y p e o f 

h e a t p u m p s t o d a y , a n d t h e m o s t s u i t a b l e v a r i a n t f o r a f a m i l y h o u s e a n d s m a l l 

a p a r t m e n t bu i l d i n g s , s i n c e it d o e s n ' t r e q u i r e i n t e n s i v e e a r t h w o r k . In t h e l o w l a n d 

a r e a s in t h e C z e c h R e p u b l i c , t h e a v e r a g e t e m p e r a t u r e is a r o u n d 4 ° C in w i n t e r w h i c h 

m a k e s it i d ea l f o r t h e u s a g e o f a i r t o w a t e r h e a t p u m p . A i r t o w a t e r h e a t p u m p s c an 

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

o r by t h e u s e o f a n a d d i t i o n a l h e a t s o u r c e s u c h as a n i n t e g r a t e d e l e c t r i c h e a t i n g 

e l e m e n t , w h i c h is a c t i v a t e d in t h e m o s t u n f a v o u r a b l e c o n d i t i o n s t o he l p t h e h e a t 

p u m p c o v e r a l l r e q u i r e d a m o u n t o f hea t . [10 ] , [12 ] 

Figure 8-air to water heat pump[15] 

2. G r o u n d t o w a t e r h e a t p u m p : t h i s t y p e o f h e a t p u m p s u s e s e n e r g y f r o m t h e g r o u n d . It 

ha s t w o v a r i a n t s [10] , [13]: 

A . V a r i a n t w i t h d e e p b o r e h o l e s : In t h i s d e s i g n , d e e p d r i l l i n g o f b o r e h o l e s is 

p e r f o r m e d t o a d e p t h o f 8 0 - 2 0 0 m e t e r s . A p l a s t i c t u b e w i t h f l o w i n g m e d i u m 

w h i c h has n o n - f r e e z i n g p r o p e r t i e s is i n s t a l l e d t o t h e b o r e h o l e , w h i c h t r a n s f e r s 
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h e a t f r o m t h e g r o u n d t o t h e e v a p o r a t o r in t h e hea t p u m p . T h e n u m b e r a n d d e p t h 

o f b o r e h o l e s d e p e n d s o n t h e r e q u i r e d h e a t o u t p u t a n d t h e t y p e o f s o i l . T h e 

a d v a n t a g e o f u s i n g b o r e h o l e s is t h a t it n e e d s less a r e a t h a n t h e v a r i a n t w i t h f l a t 

e a r t h c o l l e c t o r , h o w e v e r i n t e n s i v e e a r t h w o r k is n e e d e d a n y w a y a n d t h a t m a k e s it 

m o r e e x p e n s i v e . 

B. V a r i a n t w i t h f l a t e a r t h c o l l e c t o r : w h i c h l ies in a d e p t h o f 1-2 m e t e r s . G r o u n d 

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

sun l i g h t , s o t h i s v a r i a n t n e e d s a b i g g e r a r e a t h a n t h e p r e v i o u s v a r i a n t . 

T h e m a i n a d v a n t a g e s o f g r o u n d t o w a t e r h e a t p u m p a r e t h a t it has s t e a d y 

p e r f o r m a n c e t h r o u g h o u t t h e y e a r a n d t h e h e a t i n g f a c t o r is h i g h e r t h a n t h e o n e o f 

a i r t o w a t e r h e a t p u m p . A s a r e su l t , e l e c t r i c i t y c o n s u m p t i o n is l o w e r . T h e m a i n 

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

e a r t h w o r k i n v o l v e d a n d a l s o t h e n e e d o f c o n s t r u c t i o n a u t h o r i z a t i o n f o r e a r t h w o r k . 

Figure 9-heat pump ground to water with boreholes[14] Figure 10-heat pump ground to water 

with flat earth collector[14] 

3. W a t e r t o w a t e r h e a t p u m p : W a t e r - t o - w a t e r h e a t p u m p s u s e g r o u n d w a t e r as a l o w -

p o t e n t i a l h e a t s o u r c e o r less c o m m o n l y s t r e a m s . T h i s t y p e o f h e a t p u m p s is a l s o 

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

g e n e r a t e d . T h e r e f o r e , w e d o no t e n c o u n t e r m u c h o f t h i s t y p e in f a m i l y h o u s e s . F o r 

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

f r o m w h i c h w e t a k e g r o u n d w a t e r t o t h e e v a p o r a t o r , a n d o t h e r w h i c h is s e e p a g e w e l l 

f o r d r a i n i n g o f c o o l e d w a t e r . W a t e r q u a l i t y m u s t b e c h e c k e d if it f u l f i l s s pe c i f i c 

r e q u i r e m e n t s , a n d t h e d i s t a n c e o f b o t h w e l l s s h o u l d be a t l eas t 10 m . In t h i s s y s t e m , 

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

e v a p o r a t o r . 

T h e r e a l i z a t i o n o f s u c h w e l l s is a ga i n e x p e n s i v e , l ike d r i l l i n g d e e p b o r e h o l e s , a n d w e 

n e e d c o n s t r u c t i o n a u t h o r i z a t i o n . Th i s in t u r n b r i n g s us s t a b l e p e r f o r m a n c e a n d a h igh 

h e a t i n g factor. [11] 

20 



Figure 11-water to water heat pump[ l l ] 

4. A i r t o a i r h e a t p u m p : t h i s t y p e o f h e a t p u m p s ha s t h e s a m e l o w - p o t e n t i a l h e a t s o u r c e 

as a i r - t o - w a t e r h e a t p u m p . T h e d i f f e r e n c e is in t h a t , it d o e s n ' t u s e w a t e r as h e a t 

t r a n s f e r r i n g m e d i u m , bu t it t r a n s f e r s h e a t t o t h e i n s i d e a i r d i r e c t l y w h i c h m a k e s its 

c o s t s l o w e r t h a n p r e v i o u s p u m p s . 

H o w e v e r , t h e d i s a d v a n t a g e s o f t h i s t y p e o f h e a t p u m p s a r e t h a t it c a n b e no i sy , w e 

c a n n o t u s e it f o r h o t w a t e r p r e p a r a t i o n , a n d it is n o t s u i t a b l e f o r a b u i l d i n g w i t h m a n y 

r o o m s . T h e r e f o r e , t h i s t y p e o f h e a t p u m p s is u s e d as a n a d d i t i o n a l s o u r c e o f h e a t i n g 

t o o t h e r b o i l e r s . A l s o , it i n v o l v e s t h e c o n s t r u c t i o n o f a i r d i s t r i b u t i o n s y s t e m u n d e r 

ce i l i ng . [16] 

A.4.2.5. Modes of operation 
W e c a n d i s t i n g u i s h t h e f o l l o w i n g m o d e s o f o p e r a t i o n o f a h e a t p u m p [17]: 

1) M o n o v a l e n t o p e r a t i o n : t h e o n l y s o u r c e o f h e a t f o r h e a t i n g , a n d ho t w a t e r p r e p a r a t i o n 

is t h e h e a t p u m p . T h e h e a t p u m p w o r k s t h r o u g h o u t t h e h e a t i n g s e a s o n , w i t h f r e q u e n t 

s t a r t s a n d s h u t d o w n s . T h e a c q u i s i t i o n c o s t s o f s u c h a hea t p u m p a r e t o o h i gh , d u e t o t h e 

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

m o s t u n f a v o u r a b l e c o n d i t i o n s in w i n t e r , s i n c e t h e h e a t p u m p is t h e o n l y s o u r c e o f h e a t 

u s e d , a n d it m u s t c o v e r a l l h e a t d e m a n d s e v e n d u r i n g t h e c o l d e s t d a y s in w i n t e r . 

2) A l t e r n a t i v e l y b i v a l e n t o p e r a t i o n : d u r i n g t h e m o s t u n f a v o u r a b l e c o n d i t i o n s ( t he c o l d e s t 

d a y s in w i n t e r ) t h e hea t p u m p s h u t s d o w n a n d a n o t h e r h e a t s o u r c e s u c h as a b o i l e r is 

t u r n e d o n . So , t h e hea t p u m p in t h i s m o d e w o r k s o n l y d u r i n g a pa r t o f t h e h e a t i n g 

s e a s o n . U sua l l y , b i v a l e n t p o i n t f o r an a i r t o w a t e r h e a t p u m p l ies w i t h i n t e m p e r a t u r e 

r a n g e -7 t o - 1 0 °C. 

3) P a r a l l e l - b i v a l e n t o p e r a t i o n - T h e hea t p u m p w o r k s a l l t h e t i m e t h r o u g h o u t t h e h e a t i n g 

s e a s o n , a n d d u r i n g t h e l o w e s t t e m p e r a t u r e s , w h e n h e a t p u m p ' s o u t p u t is n o t e n o u g h , 

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

h e a t s o u r c e s w o r k s i m u l t a n e o u s l y . 

21 



4) P a r t i a l l y p a r a l l e l - b i v a l e n t o p e r a t i o n - d u r i n g h e a t i n g s e a s o n s t h e h e a t p u m p a n d 

a n o t h e r h e a t s o u r c e s u c h as a b o i l e r a r e r u n n i n g t o g e t h e r , b u t d u r i n g t h e l o w e s t 

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

5) M o n o e n e r g e t i c o p e r a t i n g m o d e , w h i c h m e a n s t h a t h e a t loss o f t h e b u i l d i n g a n d hea t 

o u t p u t n e e d e d f o r h o t w a t e r p r e p a r a t i o n a r e l a r ge l y c o v e r e d by t h e h e a t p u m p , bu t 

d u r i n g t h e m o s t u n f a v o u r a b l e t e m p e r a t u r e s e l e c t r i c h e a t i n g is t u r n e d on . [ 40 ] 

It's c a l l e d m o n o e n e r g e t i c b e c a u s e o n e f o r m o f e n e r g y , is u s e d t o r un t h e m a i n a n d t h e 

a d d i t i o n a l h e a t s o u r c e s , s o e l e c t r i c i t y is u s e d t o r u n t h e c o m p r e s s o r o f t h e h e a t p u m p , 

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

t o g e t h e r w i t h t h e h e a t p u m p a d d i t i o n a l h e a t s o u r c e s u c h as a w o o d g a s i f i c a t i o n bo i l e r , it 

w o u l d n o l o n g e r be a m o n o e n e r g e t i c o p e r a t i o n . 

monovalent bivalent parallel bivalent alternative 

I heat supplied by the heat pump 

| heat supplied by the auxi l l iary heat source 

I I non-used heating potential of the heat pump 

Ii . bivalent temperature 

Figure 12-modes of operation of a heat pump[18] 

A.4.2.6. Heating factor 
H e a t i n g f a c t o r COP o r c o e f f i c i e n t o f p e r f o r m a n c e e x p r e s s e s t h e e f f i c i e n c y o f a hea t p u m p . 

W h i c h is t h e r a t i o b e t w e e n t h e t o t a l e n e r g y o u t p u t a n d t h e t o t a l e l e c t r i c a l e n e r g y 

s u p p l i e d f o r r u n n i n g t h e d e v i c e . D e p e n d i n g o n t h e t y p e o f h e a t p u m p , i ts v a l u e is 

n o r m a l l y w i t h i n t h e r a nge f r o m 2,5 t o 5. [1] 

COP = 
P + P [3] 

w h e r e 

CD - t o t a l h e a t o u t p u t o f t h e h e a t p u m p [ kW] 

P c - c o m p r e s s o r e l e c t r i c a l i n p u t [ kW] 

Paux - e l e c t r i c a l i n p u t r e q u i r e d f o r o v e r c o m i n g e v a p o r a t o r a n d c o n d e n s e r p r e s s u r e l o sses , 

e v a p o r a t o r d e f r o s t i n g , a n d f o r h e a t p u m p ' s o w n r e g u l a t i o n [kW] 
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W e c a n d e t e r m i n e h e a t i n g f a c t o r f r o m l a b o r a t o r y m e a s u r e m e n t s u n d e r d i f f e r e n t 

o p e r a t i n g c o n d i t i o n s w h i c h is d o n e by c h o o s i n g v a r i o u s e v a p o r a t o r i n p u t t e m p e r a t u r e , 

a n d o u t p u t c o n d e n s e r t e m p e r a t u r e t o c o v e r a s u f f i c i e n t o p e r a t i n g r a n g e . F o r a i r s o u r c e 

h e a t p u m p s , w e t e s t t h e l a rges t n u m b e r o f p o i n t s , o p e r a t i n g o v e r a w i d e t e m p e r a t u r e 

r a n g e a t t h e e v a p o r a t o r i n p u t ( f ive v a l u e s f r o m - 1 5 t o +12 ° C), w h i l e in t h e c a s e o f h e a t 

p u m p s t a k i n g h e a t f r o m w a t e r , t h e y a r e u s u a l l y t e s t e d o n l y f o r t w o e v a p o r a t o r i n p u t 

t e m p e r a t u r e s . (10 °C, 15 °C).[4] 

T a b l e 2 - P o s s i b l e t e s t c o m b i n a t i o n s o f e v a p o r a t o r i n p u t a n d c o n d e n s e r o u t p u t 

t e m p e r a t u r e s d e f i n e d in ČSN EN 1 4 5 1 1 . [3] 

water-water ground-water air-water 

10 *C 1S*C -S*C s *c -15 *C -7 *C 1*C 7*C 12 *C 

35 *C 

J5*C 

55 *C 

65 *C 

T h e n o m i n a l h e a t i n g f a c t o r C O P o f a h e a t p u m p is a l w a y s t e s t e d u n d e r s t a n d a r d 

c o n d i t i o n s t h a t a r e d e f i n e d d e p e n d i n g o n t h e t y p e o f h e a t p u m p as f o l l o w [4]: 

- A i r - w a t e r A 2 / W 3 5 ( e v a p o r a t o r i n p u t a i r t e m p e r a t u r e 2 °C, c o n d e n s e r h e a t i n g w a t e r 

t e m p e r a t u r e 3 5 °C) 

- G r o u n d - w a t e r BO / W 3 5 ( e v a p o r a t o r i n p u t t e m p e r a t u r e o f b r i n e 0 °C, c o n d e n s e r h e a t i n g 

w a t e r t e m p e r a t u r e 3 5 °C) 

- W a t e r - w a t e r W 1 0 / W 3 5 ( e v a p o r a t o r i n p u t t e m p e r a t u r e o f w a t e r 10 °C, c o n d e n s e r 

h e a t i n g w a t e r t e m p e r a t u r e 3 5 °C) 

T a b l e 3 - M i n i m u m h e a t i n g f a c t o r s o f h e a t p u m p s [4] 

Heat pump Standard conditions Requirement 

air-water A 2 / W 3 5 COP > 3.1 

ground-water B 0 / W 3 5 COP ^ A3 

water-water W 1 0 / W 3 5 COP > 5.1 

A.4.2.7. Heat pumps regulation 
E q u i t h e r m a l r e g u l a t i o n is v e r y i m p o r t a n t t o be u s e d w h e n h e a t i n g b y h e a t p u m p s . It 

i n c r e a s e s t h e e f f i c i e n c y o f h e a t p u m p s , w h i c h in r e t u r n , r e d u c e s h e a t c o s t s , a n d p r o t e c t 

t h e e n v i r o n m e n t . T h e e q u i t h e r m a l r e g u l a t i o n is bu i l t o n t h e r e l a t i o n s h i p b e t w e e n t h e 

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

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

h e a t i n g w a t e r f l o w i n g i n t o t h i s e l e m e n t , t h e t e m p e r a t u r e o f h e a t i n g w a t e r f l o w i n g o u t o f 

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

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

l o w e r o u t d o o r t e m p e r a t u r e s o r g r e a t e r r o o m hea t loss . It's i m p o r t a n t t o r ea l i z e t h a t t h i s 

r e l a t i o n s h i p is n o t d i r e c t p r o p o r t i o n o f s t r a i g h t l i ne . [37] 

T o c a l c u l a t e t h e e q u i t h e r m a l c u r v e o f r e g u l a t i o n , it is p o s s i b l e t o u s e o n l i n e c a l c u l a t i o n 

t o o l o n t h e p o r t a l TZB - i n f o . [ 38 ] 

E q u i t h e r m a l c u r v e s d e s c r i b e t h e i n t e r d e p e n d e n c e o f h e a t i n g w a t e r t e m p e r a t u r e , r o o m 

t e m p e r a t u r e a n d o u t d o o r t e m p e r a t u r e . B a s e d o n t h e r e q u i r e d r o o m t e m p e r a t u r e , a 

c e r t a i n c u r v e c a n be s e l e c t e d , a n d t h e h e a t i n g w a t e r t e m p e r a t u r e c a n be r e g u l a t e d 

a c c o r d i n g t o t h e o u t d o o r t e m p e r a t u r e . 

T o t h e s p e c i f i e d c a l c u l a t i o n t o o l , w e h a v e t o e n t e r t h e d a t a a b o u t i n d o o r c a l c u l a t i o n 

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

t e m p e r a t u r e , m a x i m u m r e t u r n w a t e r t e m p e r a t u r e , t h e s y s t e m t e m p e r a t u r e e x p o n e n t , 

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

t h e u s e r o u t d o o r c a l c u l a t i o n t e m p e r a t u r e , a n d w e c a n ge t e q u i t h e r m a l c u r v e s s u c h as in 

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

b l u e c u r v e r e p r e s e n t s t h e t e m p e r a t u r e o f r e t u r n w a t e r , g r e e n c u r v e r e p r e s e n t s t h e 

a v e r a g e t e m p e r a t u r e in h e a t i n g s y s t e m , l ight b l u e l i ne r e p r e s e n t s c o n d e n s a t i o n 

t e m p e r a t u r e , a n d b r o w n l i ne r e p r e s e n t s u s e r ' s o u t d o o r t e m p e r a t u r e . [37],[38] 

Pru běh teplot otopné soustavy podle venkovní teploty 
t m r e j 

- 1 5 - 1 2 - 9 - 6 - 3 0 3 6 9 1 2 1 5 1 S 2 1 

Legenda 

teplota přívodu otopné vody teplota kondenzačního režimu 

teplota zpátečky otopné vody - uživatelská venkovní výpočtová teplota 

- střední teplota otopné vody 
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A.4.3. Biomass boilers 

A.4.3.1. Biomass definition and commercial forms 
B i o m a s s is r e n e w a b l e o r g a n i c m a t e r i a l t h a t c o m e s f r o m p l a n t s m a i n l y , a n d a l s o f r o m 

a n i m a l s . T h e s e i n c l u d e m a i n l y w o o d , w o o d w a s t e a n d w o o d p r o d u c t s s u c h as b r i q u e t t e s , 

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

a d m i n i s t r a t i v e b u i l d i n g s . In i n d u s t r i a l a n d a g r i c u l t u r a l o p e r a t i o n s s t r a w a n d w o o d c h i p s 

a r e w i d e l y u s e d . B i o m a s s a l s o i n c l u d e a n i m a l e x c r e m e n t . 

It's i m p o r t a n t t o u n d e r s t a n d t h a t B i o m a s s c o n s u m p t i o n f o r h e a t i n g is n o t e m i s s i o n - f r e e , 

b u t it is CO2 n e u t r a l , b e c a u s e d u r i n g t h e l i f e t i m e o f t h e p l a n t f r o m w h i c h t h e b i o m a s s w a s 

o b t a i n e d , it c o n s u m e s t h e s a m e a m o u n t o f CO2 as it p r o d u c e s d u r i n g t h e c o m b u s t i o n 

p r o c e s s . A n d t h a t m a k e s it a g r e e n s o u r c e o f e n e r g y t h a t d o e s n ' t c o n t r i b u t e t o t h e g l o b a l 

w a r m i n g . [19] 

C o m m e r c i a l f o r m s o f b i o m a s s [20]: 

T h e y a r e c l a s s i f i e d a c c o r d i n g t o t h e i r s i ze a n d w a y o f p r e p a r a t i o n i n t o : 

1. P e l l e t s : w i t h a d i a m e t e r u p t o 25 m m . P r e p a r e d by m e c h a n i c a l p r e s s i n g . 

2. B r i q u e t t e s : w i t h a d i a m e t e r m o r e t h a n 25 m m . P r e p a r e d by m e c h a n i c a l p r e s s i n g . 

3. S a w d u s t : w i t h s i ze 1 t o 5 m m . P r e p a r e d by s h a r p c u t t i n g . 

4. S h a v i n g s : w i t h a s i ze o f 1 t o 3 0 m m . P r e p a r e d b y p l a n n i n g t h e w o o d w i t h s h a r p t o o l . 

5. W o o d ch i p s : w i t h a s i ze 5 t o 1 0 0 m m . P r e p a r e d by c u t t i n g w i t h s h a r p t o o l s . 

6. F i r e w o o d : w i t h a s i ze o f 1 0 0 t o 1 0 0 0 m m . P r e p a r e d b y c u t t i n g w i t h s h a r p t o o l s . 

Figure 13-wood Figure 14-wood pellets[21] 

briquettes[22] 

Figure 15-sawdust on the left - wood shavings on the right[23] 

25 



4 * ^ - - £ s s ± P ^ 

Figure 16-firewood[24] r . , .. r . r l ° Figure 17-wood chips[25] 

D u r i n g t h e p r e p a r a t i o n o f t h e p r o j e c t , it is n e c e s s a r y t o f i n d o u t m o r e d e t a i l e d 

i n f o r m a t i o n a b o u t t h e p a r a m e t e r s a n d p r o p e r t i e s o f t h e e x p e c t e d b i o m a s s u s e d , s u c h as 

[29]: 

c a l o r i f i c v a l u e 

b u l k d e n s i t y 

s i ze o f p i e c e s 

- w a t e r c o n t e n t 

a s h c o n t e n t 

- v o l a t i l e c o m b u s t i b l e s c o n t e n t 

c h e m i c a l c o m p o s i t i o n o f c o m b u s t i b l e s 

c h e m i c a l c o m p o s i t i o n o f a s h e s 

p r o p e r t i e s o f a s h e s 

b i o m a s s p r i c e a t t h e f a c t o r y ( w i t h o u t t r a n s p o r t ) 

- t h e p r i c e o f b i o m a s s w i t h t r a n s p o r t 

r ea l d e l i v e r y o p t i o n s a n d p r i c e s 

m e t h o d o f s t o r a g e , c a p a c i t y o f s t o r a g e a n d s p a c e 

A.4.3.2. Ways of biomass usage 
1. Direct combustion: 

it is n e c e s s a r y t o b r i n g s u f f i c i e n t a m o u n t o f o x y g e n i n t o t h e c o m b u s t i o n p r o c e s s s o 

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

T h e r e su l t o f b u r n i n g p r o c e s s is h e a t g e n e r a t i o n t h a t c a n b e u s e d f o r h e a t i n g a n d h o t 

w a t e r p r e p a r a t i o n . T h e a d v a n t a g e o f t h i s p r o c e s s is t h a t it is n o t n e c e s s a r y t o d o 

s p e c i a l t r e a t m e n t o f b i o m a s s a n d it is p o s s i b l e t o u se f u e l w i t h h i g h e r m o i s t u r e 

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

c o m b u s t i o n a n d w h e n c l e a n i n g t h e f l u e o u t l e t s , w h e r e it is n e c e s s a r y t o c o n t r o l t h e 

e m i s s i o n o f c a r b o n m o n o x i d e a n d so l i d s , in s o m e c a s e s a l s o t h e e m i s s i o n o f n i t r o g e n 

o x i d e s a n d o r g a n i c s u b s t a n c e s . D i r e c t c o m b u s t i o n d e v i c e s c a n r a n g e in p o w e r f r o m a 

f e w k W t o t e n s o f M W . Th i s t y p e o f c o m b u s t i o n is m o s t o f t e n u s e d in c l a s s i c b i o m a s s 

bo i l e r s , s u c h as a u t o m a t i c w o o d pe l l e t bo i l e r s , a n d f i r e p l a c e s . [ 27 ] 

2. Pyrolysis 
Py r o l y s i s is t h e r m a l d e c o m p o s i t i o n o f o r g a n i c s u b s t a n c e s t h a t t a k e s p l a c e w i t h l i m i t e d 

t o n o s u p p l y o f o x y g e n . D u r i n g py r o l y s i s , t h e o r g a n i c c o m p o u n d s a r e h e a t e d a b o v e 
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t h e t h e r m a l s t a b i l i t y l im i t w h i c h r e su l t s in t h e i r d e c o m p o s i t i o n i n t o l o w m o l e c u l a r 

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

P y r o l y s i s is d i v i d e d a c c o r d i n g t o t h e t e m p e r a t u r e s , d u r i n g w h i c h t h e b i o m a s s is b e i n g 

b u r n e d , i n t o : 

1. l o w t e m p e r a t u r e (<500 °C), 

2. m e d i u m t e m p e r a t u r e ( 500 - 8 0 0 °C), 

3. h i gh t e m p e r a t u r e (> 8 0 0 °C). 

R a p i d p y r o l y s i s is o n e t y p e o f py r o l y s i s , a n d it is a v e r y m o d e r n a n d e f f e c t i v e 

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

s u b s t a n c e s o f h i g h e r e n e r g y l eve l s s u c h as ga se s , so l i d s , a n d l i q u i d s . B i o -o i l is a 

p r o d u c t o f r a p i d p y r o l y s i s , a n d it c a n be u s e d , a f t e r f u r t h e r p u r i f i c a t i o n a n d 

t r e a t m e n t , in i n d u s t r y , o r f o r d i e s e l e n g i n e s a n d a l s o it c a n be u s e d as f u e l o i l f o r 

b o i l e r s o r as f u e l f o r e l e c t r i c i t y g e n e r a t i o n . [ 2 7 ] 

3. Gasification 

" G a s i f i c a t i o n is t h e c o u r s e o f s e v e r a l p r o c e s s e s in w h i c h h y d r o c a r b o n s w i t h w a t e r 

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

f l a m m a b l e ga ses , d i s t i l l a t i o n p r o d u c t s a n d m i n e r a l r e s i d u e " . [ 2 8 ] 

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

( 800 °C t o 9 0 0 °C) u n d e r a t m o s p h e r i c p r e s s u r e , d u r i n g w h i c h o r g a n i c c o m p o u n d s a r e 

c o n v e r t e d i n t o a gas . 

C u r r e n t l y , t w o bas i c m e t h o d s a r e u s e d f o r b i o m a s s g a s i f i c a t i o n , t h e y a r e g a s i f i c a t i o n 

in f i x e d b e d g e n e r a t o r s a n d g a s i f i c a t i o n in f l u i d g e n e r a t o r s . B o t h m e t h o d s h a p p e n 

u n d e r a t m o s p h e r i c p r e s s u r e . T h e c a l o r i f i c v a l u e o f e n e r g y gas p r o d u c e d by b i o m a s s 

g a s i f i c a t i o n r a n g e s f r o m 4 t o 6 M J / m 3 , w h i c h c a n be u s e d d i r e c t l y in c o m b u s t i o n 

p r o c e s s e s in c l a s s i c a l b o i l e r b u r n e r s , o r a f t e r p u r i f i c a t i o n , it c a n b e u s e d in t h e 

c o m b u s t i o n c h a m b e r s o f c o m b u s t i o n t u r b i n e s a n d c o m b u s t i o n e n g i n e s . [ 2 7 ] 

T h e p r o c e s s e s o f g a s i f i c a t i o n a r e d i v i d e d i n t o t h e f o l l o w i n g z o n e s [ 2 8 ] : 

f u e l d r y i n g - f u e l h e a t i n g w i t h w a t e r e v a p o r a t i o n , 

p y r o l y s i s - t h e r m a l d e c o m p o s i t i o n o f f u e l i n t o gas , c o n d e n s i n g v a p o u r s , s e m i - c o k e , 

a n d t h e n f u r t h e r t h e r m a l b r e a k d o w n o f v a p o r i n t o ga s a n d s o l i d c a r b o n , 

o x i d a t i o n - pa r t i a l o x i d a t i o n o f f l a m m a b l e ga se s , a n d s o l i d c a r b o n , 

r e d u c t i o n - g a s i f i c a t i o n o f s o l i d c a r b o n by s t e a m o r c a r b o n d i o x i d e . 
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fuel 

Figure 18-processes of gasification inside of a reactor [28] 

O n e o f t h e m o s t c o m m o n e x a m p l e s o f g a s i f i c a t i o n u s a g e is w o o d g a s i f i c a t i o n bo i l e r . 

4. Carbonization 

It is a p r o c e s s o f t h e r m a l c o n v e r s i o n o f b i o m a s s i n t o c h a r c o a l t h a t h a p p e n s w i t h n o a i r 

s u p p l y . C h a r c o a l is c o n s i d e r e d a r e n e w a b l e e n e r g y s o u r c e d u e t o t h e s h o r t c a r b o n 

c y c l e c o m p a r i n g t o f o s s i l f u e l s . C h a r c o a l c o n t a i n s s m a l l p e r c e n t a g e o f s u l p h u r , it h a s a 

s p e c i f i c w e i g h t a b o u t 0,2 kg / m 3 , t h e i g n i t i o n p o i n t is b e t w e e n 3 0 0 - 4 0 0 °C , a n d 

ca l o r i f i c v a l u e a r o u n d 2 7 M J / kg.[27] 

A.4.3.3. Common types of biomass boilers 
a) Automatic wood pellet boilers: 

t h e s e a r e w i d e l y c o m m o n bo i l e r s in o b j e c t s s u c h as f a m i l y h o u s e s , o f f i c e s , a p a r t m e n t 

bu i l d i n g s , a n d w o r k s h o p s . T h e y a r e h i gh l y e f f i c i e n t w i t h e f f i c i e n c y a r o u n d 9 0 % a n d 

m o r e . H e a t o u t p u t o f a pe l l e t b o i l e r o f a f a m i l y h o u s e is u s u a l l y in t h e r a nge o f 1 0 t o 

3 0 k W a n d it c a n be a u t o m a t i c a l l y r e g u l a t e d a c c o r d i n g t o t h e r e q u i r e d t e m p e r a t u r e in 

t h e r a n g e o f 3 0 t o 1 0 0 % . 

H e a t f r o m pe l l e t s c o m b u s t i o n is t r a n s f e r r e d t o t h e h e a t i n g m e d i u m , w h i c h is o f t e n 

w a t e r , a n d t h e n t o t h e h e a t i n g s y s t e m a n d ho t w a t e r p r e p a r a t i o n . B o i l e r o u t p u t a n d 

o t h e r b u r n e r f u n c t i o n s a r e c o n t r o l l e d b y a n e l e c t r o n i c c o n t r o l un i t . 

B u r n e r o p e r a t i o n is f u l l y a u t o m a t i c i n c l u d i n g a u t o m a t i c i g n i t i o n a n d f e e d i n g . T h e 

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

w h i c h is c o n n e c t e d t o t h e pe l l e t s t o r a g e o r c o n t a i n e r . In f i g u r e 2 1 w e c a n s e e a s i m p l e 

s c h e m e o f t h e f u n c t i o n o f a n a u t o m a t i c bo i l e r . 

Pellets storage 

Pe l l e t s a r e u s u a l l y s t o r e d i n s i d e o f t h e b u i l d i n g , in a s e p a r a t e s t o r e r o o m w i t h s l o p i n g 

f l o o r 35-40° i n t o t h e c o l l e c t i n g g u t t e r , o r in a pe l l e t s t o r a g e c o n t a i n e r , m a d e o f 

t e x t i l e , m e t a l o r o t h e r m a t e r i a l . T h e s e t w o o p t i o n s a r e u s u a l l y c o n n e c t e d t o t h e b o i l e r 

b y a c o n v e y e r o r a f e e d e r w h i c h h e l p s in a u t o m a t i c f e e d i n g o f p e l l e t s t o t h e bo i l e r . 
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H o w e v e r , s o m e t i m e s p e l l e t s c a n b e s t o r e d in bags n e a r t h e b o i l e r w h i c h a r e t h e n 

g r a d u a l l y f i l l e d i n t o a s m a l l e r b o i l e r f u e l s t o r age . [ 30 ] 

A B C 

Figure 19- basic ways of pellet storing[36] A. Pellet bags. B. Pellet storeroom. C. Pellet container. 

W o o d pe l l e t b o i l e r s s h o u l d be m a i n t a i n e d r egu l a r l y . H e a t e x c h a n g e r s h o u l d be 

c l e a n e d , a n d a sh s h o u l d be r e m o v e d r e g u l a r l y f r o m t h e bo i l e r . S o m e bo i l e r s h a v e a 

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

Figure 20-automatic pellet boiler[30] 
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c o m b u s t i o n 

c h a m b e r 

auge r f e e d e 

v e n t i l a t o r 

Figure 21-function scheme of automatic boiler[31] 

B) Gasification boilers[31]: 

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

p r o c e s s . A t f i r s t , t h e w o o d in bo i l e r ' s f u e l s t o r a g e t a n k is d r i e d a n d v o l a t i l e 

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

pas s t h r o u g h t h e n o z z l e i n t o t h e c o m b u s t i o n c h a m b e r . C o m b u s t i o n a i r is u s ua l l y 

s u p p l i e d t o t h e n o z z l e as w e l l a s t o t h e f u e l t a n k by m e a n s o f a v e n t i l a t o r . T h e f l u e 

g a s e s a r e d i s c h a r g e d t h r o u g h t h e e x c h a n g e r i n t o t h e c h i m n e y , s e e f i g u r e 18 a n d 

f i g u r e 2 3 . 

T i m e i n t e r v a l o f f u e l s t o r a g e r e f i l l i n g is d e t e r m i n e d by t h e v o l u m e o f t h e f u e l s t o r a g e , 

t h e d e g r e e o f i ts f i l l i n g a n d t h e p r o p e r t i e s o f t h e f u e l s u c h as c a l o r i f i c v a l u e , 

c o m b u s t i o n hea t , etc.. . 

Figure 22- gasification wood boiler, ATMOS[32] 
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v e n t i l a t o r 

Figure 23-function scheme of gasification boiler[31] 

Re f i l l i n g o f f u e l s t o r a g e is u s u a l l y d o n e m a n u a l l y a n d r e g u l a r l y w h i c h m a k e s it o n e 

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

c o n v e y e r , so t h e y a r e m a i n l y u s e d in s m a l l e r h o u s e s . 

T h e w o o d m u s t b e b u r n e d as d r y as p o s s i b l e , a t l eas t w i t h a m a x i m u m h u m i d i t y o f u p 

t o 1 5 % . D a m p w o o d r e l e a s e s v a p o r d u r i n g c o m b u s t i o n , w h i c h c a u s e s c o n d e n s a t i o n , 

w h i c h c a n b e d a m a g i n g t o t h e bo i l e r . 

C) Stoves and fireplaces 

T h e s e h e a t s o u r c e s a r e m a i n l y u s e d in h o u s e h o l d s a n d k i t c h e n s as a n a d d i t i o n a l 

s o u r c e o f h ea t . T h e y a r e d e s i g n e d p r i m a r i l y f o r w o o d f u e l s u c h as w o o d logs a n d 

b r i q u e t t e s . 

W e a l s o h a v e pe l l e t s t o v e s , w h i c h a r e u s e d f o r h e a t i n g i n d i v i d u a l r o o m s , s m a l l e r 

a p a r t m e n t s a n d l o w - e n e r g y h o u s e s . If t h e p e l l e t s t o v e is s u p p l e m e n t e d w i t h a h o t 

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

w a t e r . [ 3 3 ] 
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Figure 24-wood burning fireplace[34] Figure 25-wood burning stove[35] 

Conclusion: 

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

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

o n e g r e a t w a y o f h o w w e c a n e x t r a c t c l e a n e n e r g y f r o m a i r , w a t e r a n d g r o u n d . W h e n 

c h o o s i n g w a t e r o r g r o u n d s o u r c e h e a t p u m p , i t ' s v e r y i m p o r t a n t t o r e m e m b e r t h e 

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

h e a t p u m p f o r a b u i l d i n g , i t ' s i m p o r t a n t t o s t u d y a n d k n o w p o s s i b l e m o d e s o f o p e r a t i o n s , 

as w e l l as h e a t o u t p u t o f t h e h e a t p u m p , h e a t l o s ses o f t h e b u i l d i n g , a n d h e a t d e m a n d f o r 

h o t w a t e r p r e p a r a t i o n . It's a l s o i m p o r t a n t t o d e t e r m i n e h e a t i n g f a c t o r o f a h e a t p u m p , as 

i t 's a g r e a t i n d i c a t o r o f h e a t p u m p ' s e f f i c i e n c y . W h e n c h o o s i n g a r e f r i g e r a n t f o r a h e a t 

p u m p , it is n e c e s s a r y t o c h o o s e a r e f r i g e r a n t t h a t c o m p l i e s w i t h t h e c u r r e n t l aw a n d 

r e g u l a t i o n s o f e n v i r o n m e n t p r o t e c t i o n , a n d it is i m p o r t a n t t o c o n t r o l G W P a n d O D P 

i n d i c a t o r s . 

B i o m a s s is a c l e a n r e n e w a b l e e n e r g y s o u r c e w h i c h is CO2 n e u t r a l . I t a l k e d a b o u t t h e 

c o m m o n c o m m e r c i a l f o r m s o f b i o m a s s . It's i m p o r t a n t t o k n o w b i o m a s s s o u r c e 

p a r a m e t e r s a n d p r o p e r t i e s d u r i n g t h e p r e p a r a t i o n o f a p r o j e c t . 

B i o m a s s b o i l e r s a r e a n o t h e r w a y o f u s i n g r e n e w a b l e e n e r g y s o u r c e s , in a d d i t i o n t o h e a t 

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

as w e l l as a p a r t m e n t b u i l d i n g s . It's i m p o r t a n t t o s t u d y s p a c e p o s s i b i l i t i e s b e f o r e d e c i d i n g 

f o r a pe l l e t bo i l e r , as s t o r i n g s p a c e o f p e l l e t s is r e q u i r e d . W o o d g a s i f i c a t i o n b o i l e r s a r e 

c o m m o n l y u s e d in s m a l l e r h o u s e s a n d o b j e c t s . W o o d s t o v e s a n d f i r e p l a c e a r e m o r e u s e d 

as a d d i t i o n a l e n e r g y s o u r c e in h o u s e h o l d s . 
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B. Application of the topic at the solved building including theoretical 
solution of used physical equations 

B.l. Calculation of heat output 
B.l.l. Calculation of heat transfer coefficient U of building structures [W/m2.K] 

H e a t t r a n s f e r c o e f f i c i e n t U e x p r e s s e s t h e t o t a l h e a t e x c h a n g e b e t w e e n t h e r o o m s t h a t a r e 

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

U = — [ W / m 2 . K ] 

W h e r e U... h e a t t r a n s f e r c o e f f i c i e n t [ W / m 2 . K ] 

RT... t h e r m a l r e s i s t a n c e t o h ea t t r a n s f e r [ m 2 . K / W ] 

A s s e s s m e n t o f t h e c o n d i t i o n 

U < U N , 2 0 

W h e r e U h e a t t r a n s f e r c o e f f i c i e n t o f t h e b u i l d i n g s t r u c t u r e [ W / m 2 . K ] 

UN,2O r e q u i r e d v a l u e o f h e a t t r a n s f e r c o e f f i c i e n t [ m 2 . K / W ] g i v e n by t h e 

s t a n d a r d ČSN 7 3 0 5 4 0 - 2 : 2 0 1 1 , t h e r m a l p r o t e c t i o n o f bu i l d i n g s . 

T h e r m a l r e s i s t a n c e o f a l aye r 

R j = ^ [ m 2 . K / W ] 

W h e r e Rj... t h e r m a l r e s i s t a n c e o f j - t h l a ye r [ m 2 . K / W ] 

dj... t h i c k n e s s o f t h e j - t h l a y e r o f t h e s t r u c t u r e [m] 

d e s i g n t h e r m a l c o n d u c t i v i t y c o e f f i c i e n t o f m a t e r i a l [ W / m.K] 

T h e r m a l r e s i s t a n c e t o h e a t t r a n s f e r o f a s t r u c t u r e 

RT = Rsi+Rj+Rse [ m 2 . K / W ] 

W h e r e 

RT... t o t a l t h e r m a l r e s i s t a n c e t o h e a t t r a n s f e r o f t h e s t r u c t u r e [ m 2 . K / W ] 

Rsi... t h e r m a l r e s i s t a n c e t o h e a t t r a n s f e r o n t h e i n t e r n a l s u r f a c e o f t h e s t r u c t u r e 

[ m 2 . K / W ] . V a l u e s a r e t a k e n f r o m t h e s t a n d a r d s ČSN 7 3 0 5 4 0 - 3 . 

Rse... t h e r m a l r e s i s t a n c e t o h e a t t r a n s f e r o n t h e e x t e r n a l s u r f a c e o f t h e s t r u c t u r e 

[ m 2 . K / W ] . V a l u e s a r e t a k e n f r o m t h e s t a n d a r d s ČSN 7 3 0 5 4 0 - 3 . 

Rj... t h e r m a l r e s i s t a n c e o f j - t h l a ye r s [ m 2 . K / W ] 
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Calculations of thermal resistance and heat transfer coefficient of all structures of the 

apartment building: 

Cl.a - Ceiling seperating heated space from unheated part of basement 

Layer d(m) \(W/m.K) R(m 2.k/W) 
Ceram i c f loor ing 0,010 1,010 0,010 
Cemen t adhes i ve 0,002 - -

Cemen t s c reed cemix 20 M P a coarse 0,040 1,430 0,028 
Separa t ion l ayer of PE fo i l , l i thop las t penefo l 

0,001 
500 

0,001 

Sound insu la t i on 0,030 0,037 0,811 
Re in fo rced concre te s l ab 0,220 1,430 0,154 
Therma l i nsu la t i on 0,050 0,042 1,190 

L ime p las te r 0,010 0,880 0,011 
I 2,204 

Rsř 0,170 m 2 .k/W 
R s e = 0,040 m 2 .k/W 

IR= 2,204 m 2 .k/W 
Rt= R s i +IR+R s e = 2,414 m 2 .k/W 

Ut=l/Rt = 0,414 W/m2.K 
Upas,20- 0,300 W/m 2 .K 

U|\|,20= 0,600 W/m2.K 

Urec,20 = 0,400 W/m 2 .K 
U, < U N , 2 0 it complies 

Cl.b - Ceiling seperating heated space from heated part of basement 
Layer d(m) \(W/m.K) R(m 2.k/W) 
Ce ram i c f l oo r ing 0,010 1,010 0,010 
C e m e n t adhes i ve 0,002 - -

C e m e n t s c reed cem ix 20 M P a coarse 0,040 1,430 0,028 
Separa t i on l ayer of PE fo i l , l i thop las t pene fo l 0,001 - -

Sound insu la t i on 0,030 0,037 0,811 
Re in fo r ced conc re te s l ab 0,220 1,430 0,154 
The rma l i nsu la t i on 0,050 0,042 1,190 
L ime p l as te r 0,010 0,880 0,011 

I 2,204 
Rsř 0,170 m 2 .k /W 
R s e = 0,040 m 2 .k/W 
IR= 2,204 m

2 . k / W 

R t =R s i +IR+R s e = 2,414 m

2 . k / W 

Ut=l/Rt= 0,414 w/m2.K 

U N , 2 O= 2,200 W/m2.K 
urec,2o= 1,450 w / m 2 . K 

u t ^ U N , 2 O ^ complies 
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C2 - Inset balcony floor above basement 

Layer d(m) A(W/m.K) R (m 2 . k /W) 

C e r a m i c an t i - f reez ing f l oo r i ng 0,010 1,010 0,010 

C e m e n t a d h e s i v e 0,002 - -
W a t e r p roo f ing l aye r 0,004 - -
pene t r a t i on l aye r - - -
c e m e n t s c r e ed 0,050 1,430 0,035 

Sepa ra t i on l aye r - - -
S lop ing l aye r of t he rma l i n su l a t i on XPS 0,120 0,035 3,429 

Re i n f o r c ed conc re t e s l ab 0,220 1,430 0,154 

The rma l i n su l a t i on 0,050 0,042 1,190 

L ime p l a s t e r 0,010 0,880 0,011 

I 4 ,829 

R s i = 

R s e = 

IR= 

R t =R s i +IR+R s e = 

U t=l/R t = 

Upas,20= 

U|\|,20= 

Urec,20 = 

0,170 m 2 . k / W 

0,040 m 2 . k / W 

4,829 m 2 . k / W 

5,039 m 2 . k / W 

0,198 W/m2.K 

0,150 W / m 2 . K 

0,240 W/m2.K 

0,160 W / m 2 . K 

u t ^ U N , 2 O it complies 

C3 - internal ceiling seperating spaces with temperature difference to 5°C 

Layer d(m) A(W/m.K) R(m 2.k/W) 

Ceramic flooring 0,010 1,010 0,010 
Cement adhesive 0,002 - -
Cement screed cemix 20 MPa coarse 0,040 1,430 0,028 
Separation layer of PE foil, l ithoplast penefol 

500 
0,001 - -

Sound insulation 0,030 0,037 0,811 
Reinforced concrete slab 0,220 1,430 0,154 
Lime plaster 0,010 0,880 0,011 

I 1,014 

Rsi= 0,170 m 2.k/W 

R s e= 0,100 m 2.k/W 

ZR= 1,014 m 2.k/W 

S j+ZR+R s e

= 1,284 m 2.k/W 

U t =l/R t = 0,779 W/m2.K 

ĽN,20 = 2,200 W/m2.K 

Urec,20 = 1,450 W/m 2 .K 

u t ^ UN>2o it complies 

3 5 



F - Floor on the ground 

Layer d(m) A(W/m.K) R(m 2 . k /W) 

PVC f loor ing 0,003 - -
Adhes i ve 0,002 - -

Cemen t s c reed cemix 20 M P a coarse 0,020 1,430 0,014 
Sepera t ion l ayer of PE fo i l - - -

Therma l i nsu la t i on EPS grey 100 0,100 0,034 2,933 
W a t e r proof ing layer - - -
Penet ra t ion p r imer of aspha l t emu l s i on - - -
Overs i t e concre te 0,140 1,200 0,117 

I 3,063 

Rsi= 0,170 m 2 . k / W 

R s e = 0,000 m 2 . k /W 

IR= 3,063 m 2 . k /W 

Rt= =R s i +IR+R s e = 3,233 m 2 . k /W 

U t=l/R t = 0 , 3 0 9 W/m2.K 

Upas,20- 0,220 W / m 2 . K 

UN , 2 0 = 0 , 4 5 0 W/m2.K 

Urec,20 = 0,300 

u, < u N > 2 0 

W / m 2 . K 

it complies 

R- Flat roof 

Layer d(m) A(W/m.K) R(m 2.k/W) 

water proofing of pvc-p 

plastic foil, u=15000 
0,002 - -

Separation layer of geotextile, 

polypropylene 
0,002 - -

Thermal insulation of isover 

mineral wool 
0,300 0,043 6,993 

Vapour barrier of SBS 

modified bitumen felt with 

supporting Al foil and 

fibreglass 

0,050 - -

Reinforced concrete slab 0,220 1,430 0,154 

Lime plaster 0,015 0,880 0,017 

I 7,164 

Rsi= 

Rse= 

IR= 

R t=R s i+IR+R s e= 

U t=l/R t = 

U 
pas,20 " 

20" 

Jrec,20 " 

0,170 m .k/W 

0,040 m 2.k/W 

7,164 m 2.k/W 

7374 m 2.k/W 

0,136 W/m2.K 

0,150 W/m 2.K 

0,240 W/m2.K 

0,160 W/m 2.K 

u t ^ U N 2 o it complies 
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SI- Peripheral wall to the exterior 

Layer d(m) A(W/m.K) R(m 2.k/W) 

Lime plaster 0,010 0,880 0,011 

Porotherm ceramic blocks 0,440 0,129 3,419 

Thermal insulation of EPS Greywall 0,150 0,034 4,412 

Lime plaster 0,010 0,880 0,011 

I 7,853 

Rsi= 0,130 m 2.k/W 

R s e= 0,040 m 2.k/W 

ZR= 7,853 m 2.k/W 

Rr =Rs i+IR+Rse= 8,023 m 2.k/W 

U t=l/R t = 0,125 W/m2.K 

Upas,20= 0,180 W/m 2.K 

UN,20 = 0,300 W/m2.K 

Urec,20 = 0,250 W/m 2.K 

U, < U N , 2 0 it complies 

S2- Peripheral wall in touch with ground 

Layer d(m) A(W/m.K) R(m 2.k/W) 

Lime plaster 0,010 0,880 0,011 

Porotherm ceramic blocks 0,440 0,129 3,419 

Waterproofing layer - - -
Thermal insulation of XPS STYRODUR 0,150 0,035 4,286 

I 7,716 

Rsr 

R s e= 

ZR= 

R t=R s i+IR+R s e= 

U t=l/R t = 

Upas, 2 0 = 

UN,20= 

Urec,20 = 

0,130 m .k/W 

0,000 m 2.k/W 

7,716 m 2.k/W 

7,846 m 2.k/W 

0,127 W/m2.K 

0,220 W/m 2.K 

0,450 W/m2.K 

0,300 W/m 2.K 

U t ^ UN,2o it complies 
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S3 .a - Internal load bearing wall between rooms with temperature difference to 1 0 °C 

Layer d(m) A(W/m.K) R(m 2.k/W) 

Lime plaster 0,010 0,880 0,011 

Porotherm 30 Profi 0,300 0,175 1,714 

Lime plaster 0,010 0,880 0,011 

Z 1,737 

R s i= 0,130 m 2.k/W 

R s e= 0,130 m 2.k/W 

ZR= 1,737 m 2.k/W 

Rt= R s i+IR+R s e= 1,997 m 2.k/W 

U t=l/R t = 0 , 5 0 1 W/m2.K 

U|\|,20= 1 ,300 W/m 2.K 

U rec,20 = 0,900 W/m 2.K 

U t < U N , 2 0 
it complies 

S3 .b - internal load bearing wall seperating rooms with temperature difference to 5 ° C 

Layer d(m) A(W/m.K) R(m 2.k/W) 

Lime plaster 0,010 0,880 0,011 

Porotherm 30 Profi 0,300 0,175 1,714 

Lime plaster 0,010 0,880 0,011 

Z 1,737 

R s i= 0,130 m 2.k/W 

R s e= 0,130 m 2.k/W 

ZR= 1,737 m 2.k/W 

R r =Rsi+ZR+Rse= 1,997 m 2.k/W 

U t=l/R t = 0 , 5 0 1 W/m2.K 

UN,20 = 2 , 7 0 0 W/m2.K 

U rec,20 = 1,800 W/m 2.K 

U, < U N , 2 0 it complies 

S3 .c - Internal load bearing wall seperating heated room from unheated room 
Layer d(m) A(W/m.K) R(m 2.k/W) 
Lime plaster 0,010 0,880 0,011 

Porotherm 30 Profi 0,300 0,175 1,714 

Lime plaster 0,010 0,880 0,011 

Z 1,737 

Rsi= 

R se= 

ZR= 

R t=R s i+ZR+R s e= 

U t=l/R t = 

0,130 m -k/W 

0,130 m 2.k/W 

1,737 m 2.k/W 

1,997 

0 , 5 0 1 

m\k/W 

W/m2.K 

UN, : 

Jrec,20 " 

0 , 6 0 0 W/m2.K 

0,400 W/m 2.K 

u t ^ U N 20 it complies 
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S4- internal non-load bearing wall between rooms with temperature difference to 5°C 

Layer d(m) A(W/m.K) R(m2.k/W) 
Lime plaster 0,010 0,880 0,011 
Porotherm 11,5 profi 0,115 0,260 0,442 
Lime plaster 0,010 0,880 0,011 

Z 0,465 

R s i= 0,130 m 2.k/W 

R s e= 0,130 m 2.k/W 

ZR= 0,465 m 2.k/W 

Rt= R s i+ZR+R s e= 0,725 m 2.k/W 

U t =l/R t = 1,379 W/m2.K 

ĽN ,20 = 2,700 W/m 2 .K 

Urec,20 = 1,800 W/m 2 .K 

U, < U N , 2 0 it complies 

S5- Wall between flats 

Layer d(m) A(W/m.K) R(m2.k/W) 

Lime plaster 0,010 0,880 0,011 
Solid concrete blocks 0,080 1,430 0,056 
Sound proofing material 0,040 0,039 1,026 
Solid concrete blocks 0,080 1,430 0,056 
Lime plaster 0,010 0,880 0,011 

Z 1,160 

R s i= 0,130 m 2.k/W 

R s e= 0,130 m 2.k/W 

ZR= 1,160 m 2.k/W 

=Rs i+ZR+Rse= 1,420 m 2.k/W 

U t =l/R t = 0,704 W/m2.K 

ĽN ,20 = 2,700 W/m 2 .K 

Urec,20 = 1,800 W/m 2 .K 

u, < uN ; 2 0 
it complies 

Windows and doors: 

W - triple glazing plastic window and roof hatch 

Un,req = 1,7 W / ( m 2 . k ) > U w = 0,7 W / ( m 2 . k ) 

Un,rec = 1,2 W / ( m 2 . k ) > U w = 0,7 W / ( m 2 . k ) 

Del - plastic entrance door with triple glazing 

Un,req = 1,7 W / ( m 2 . k ) > U w = 0,7 W / ( m 2 . k ) 

Un,rec = 1,2 W / ( m 2 . k ) > U w = 0,7 W / ( m 2 . k ) 

De2 - plastic balcony door with triple glazing 

Un,req = 1,7 W / ( m 2 . k ) > U w = 0,7 W / ( m 2 . k ) 

Un,rec = 1,2 W / ( m 2 . k ) > U w = 0,7 W / ( m 2 . k ) 



Di - interior timber doors 

Un,req = 3,5 W / ( m 2 . k ) > U w = 1,8 W / ( m 2 . k ) 

Un,rec = 2,3 W / ( m 2 . k ) > Uw = 1,8 W / ( m 2 . k ) 

T h e v a l u e o f h e a t t r a n s f e r c o e f f i c i e n t o f w i n d o w s a n d d o o r s w e r e t a k e n f r o m t h e 

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

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

t h e r e q u i r e m e n t s o f t h e s t a n d a r d s b e c a u s e h ea t t r a n s f e r c o e f f i c i e n t o f e a c h s t r u c t u r e is 

s m a l l e r t h a n UN,2O v a l u e s , w h i c h a r e g i v e n by t h e s t a n d a r d ČSN 7 3 0 5 4 0 - 2 : 2 0 1 1 , t h e r m a l 

p r o t e c t i o n o f bu i l d i n g s . 

Bu t t h e b u i l d i n g c a n ' t b e c l a s s i f i e d as p a s s i v e b u i l d i n g b e c a u s e m a n y s t r u c t u r e s h a v e U 

v a l u e b i g g e r t h a n Upas,2o, w h i c h a r e g i v e n by t h e s t a n d a r d ČSN 7 3 0 5 4 0 - 2 : 2 0 1 1 , t h e r m a l 

p r o t e c t i o n o f bu i l d i n g s . 

T a b l e 4 - s u m m a r y o f a l l U v a l u e s o f b u i l d i n g s t r u c t u r e s a n d t h e i r a s s e s s m e n t . 

Structure 
u, 

[W/m2.K] 

UN,20 

[W/m2.k] 
u,*uN,20 

CI.a - Ceiling seperating heated space from unheated part of basement 0,414 0,600 it complies 

Cl.b - Ceiling seperating heated space from heated part of basement 0,414 2,200 it complies 

C2 - Inset balcony floor above basement 0,198 0,240 it complies 

C3 - internal ceiling seperating spaces with temperature difference to 5°C 0,779 2,200 it complies 

F - floor on the ground 0,306 0,450 it complies 

R- Flat roof 0,136 0,240 it complies 

SI- Peripheral wall to the exterior 0,125 0,300 it complies 

S2- Peripheral wall in touch with ground 0,127 0,450 it complies 

S3.a - Internal load bearing wall between rooms with temperature difference to 10 0,501 1,300 it complies 

S3.b - internal load bearing wall seperating rooms with temperature difference to 5 0,501 2,700 it complies 

S3.c - Internal load bearing wall seperating heated room from unheated room 0,501 0,600 it complies 

S4- internal non-load bearing wall between rooms with temperature difference to 5 1,379 2,700 it complies 

S5- Wall between flats 0,704 2,700 it complies 

Structure 
u, 

[W/m2.K] 

Upas,20 

[W/m2.K] 
ut*upas,20 

Cl.a - Ceiling seperating heated space from unheated part of basement 0,414 0,300 it does not comply 

Cl.b - Ceiling seperating heated space from heated part of basement 0,414 

C2 - Inset balcony floor above basement 0,198 0,150 it does not comply 

C3 - internal ceiling seperating spaces with temperature difference to 5°C 0,779 

F-floor on the ground 0,306 0,220 it does not comply 

R- Flat roof 0,136 0,150 it complies 

SI- Peripheral wall to the exterior 0,125 0,180 it complies 

S2- Peripheral wall in touch with ground 0,127 0,220 it complies 

S3.a - Internal load bearing wall between rooms with temperature difference to 10 0,501 

S3.b - internal load bearing wall seperating rooms with temperature difference to 5 0,501 

S3.c - Internal load bearing wall seperating heated room from unheated room 0,501 0,300 it does not comply 

S4- internal non-load bearing wall between rooms with temperature difference to 5 1,379 

S5- Wall between flats 0,704 
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B.1.2. Energy label of the building 
In o r d e r t o d o e n e r g y l abe l o f a b u i l d i n g , w e n e e d t o d e f i n e b u i l d i n g e n v e l o p e , b o u n d a r y 

c o n d i t i o n s a n d e v a l u a t e a v e r a g e h e a t t r a n s f e r c o e f f i c i e n t Uem [W- r r r^K" 1 ] , w h i c h is 

c a l c u l a t e d a n d e v a l u a t e d a c c o r d i n g t o ČSN 7 3 0 5 4 0 - 2 : 2 0 1 1 a n d D e c r e e N o . 2 6 4 / 2 0 2 0 Sb . 

C a l c u l a t i o n : ( a c c o r d i n g t o d e c r e e N o . 2 6 4 / 2 0 2 0 Sb.) 

U e m =I(UN,i.Ai.bi)/IAi + AUem,R [ W - m ^ K " 1 ] 

Uem - a v e r a g e h e a t t r a n s f e r c o e f f i c i e n t o f t h e a s s e s s e d b u i l d i n g [W-rn^-K" 1] 

UN,Í - c o r r e s p o n d i n g v a l u e o f t h e hea t t r a n s f e r c o e f f i c i e n t o f t h e h e a t 

e x c h a n g i n g s t r u c t u r e [W-m^-K" 1 ] 

Ai - a r e a o f t h e s t r u c t u r e d e t e r m i n e d f r o m e x t e r n a l d i m e n s i o n s [ m 2 ] 

bi - t e m p e r a t u r e r e d u c t i o n f a c t o r c o r r e s p o n d i n g t o t h e s t r u c t u r e [-] 

AUem, R- s u r c h a r g e o n t h e i n f l u e n c e o f t h e r m a l b o n d s [W-rn^-K" 1] 

Uem,N=I(UN,i.Ai.bi)/ZAi + AUem,R [ W - m ^ K " 1 ] 

Uem, N - v a l u e o f a v e r a g e h e a t t r a n s f e r c o e f f i c i e n t o f r e f e r e n c e b u i l d i n g [W-m^-K" 1 ] 

UN,Í - c o r r e s p o n d i n g s t a n d a r d v a l u e o f t h e h e a t t r a n s f e r c o e f f i c i e n t o f t h e h e a t 

e x c h a n g i n g s t r u c t u r e [W-rn^-K" 1] 

Ai - a r e a o f t h e s t r u c t u r e d e t e r m i n e d f r o m e x t e r n a l d i m e n s i o n s [ m 2 ] 

bi - t e m p e r a t u r e r e d u c t i o n f a c t o r c o r r e s p o n d i n g t o t h e s t r u c t u r e [-] 

AUem, R- s u r c h a r g e o n t h e i n f l u e n c e o f t h e r m a l b o n d s [W • n r 2 • K"1] 

A s s e s s m e n t 

Uem — Uem,N 

Uem - a v e r a g e h e a t t r a n s f e r c o e f f i c i e n t o f t h e a s s e s s e d b u i l d i n g [W-r r r^K" 1 ] 

Uem,N - a v e r a g e h e a t t r a n s f e r c o e f f i c i e n t o f r e f e r e n c e b u i l d i n g [W-r r r^K" 1 ] 

T h e a s s e s s m e n t is b a s e d o n t h e c o m p a r i s o n o f t h e r a t i o o f a v e r a g e h e a t t r a n s f e r 

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

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

t o A n n e x C o f t h e s t a n d a r d ČSN 7 3 0 5 4 0 - 2 : 2 0 1 1 . 
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Structure 

Reference building Assessed building 

Structure area 

A 

r 2, 
[m] 

Heat 
transfer 

coefficient 

U 

[W/m2 .K] 

Reduction 
factor 

b 

[-] 

Specific heat 
transmission 

loss 

Bp 

[W/K] 

area 

A 

[n í ] 

Heat 
transfer 

coefficient 

U 

[W/ní .K] 

Reduction 
factor 

b 

[-] 

Specific heat 
transmission 

loss 

Hp 

[W/K] 

C1 .a - Ceiling seperating heated space 
from unheated part of basement 

104,6 0,420 0,571 25,109 104,6 0,414 0,571 24,761 

R- Flat roof 238,8 0,170 1,000 40,596 238,8 0,136 1,000 32,384 

SI - Peripheral wall to the exterior 566,5 0,210 1,000 118,969 566,5 0,125 1,000 70,609 

S2- Peripheral wall in touch with ground 26,6 0,320 0,429 3,653 26,6 0,127 0,429 1,455 

S3.c - Internal load bearing wall seperating 
heated room from unheated room 49,7 0,420 0,571 11,928 49,7 0,501 0,571 14,221 

F - Floor on the ground 118,2 0,320 0,429 16,205 118,2 0,309 0,429 15,662 

C5- Inset balcony floor above heated part 
of basement 

6,9 0,170 1,000 1,165 6,9 0,198 1,000 1,359 

Facade opennings 156,5 1,050 1,000 164,349 156,5 0,700 1,000 109,566 

Roof hatch 2,5 1,050 1,000 2,625 2,5 0,700 1,000 1,750 

L 1270,3 384,598 1270,3 271,769 

Thermal bond A H T 0,020 25,406 0,050 63,516 

Total specific heat transmission loss 410,005 335,285 

Average heat transfer coefficient Uem 
required value 

Uem.N.req 
U e m = EH T + A H T ILA 0,264 

Uam,N,rec, = * (UN, .A,.b,)/ZAj 
+ 0,02 , max. 0,5 

0,323 

recommended value is 75% from 
required value 

recommended 

Value Uem>N,rec recommended value is 75% from 
required value 

0,242 

Classification indicator C l=U e m /U em-N,req 0,82 

Classification class of building envelope 
according to 
ČSN 73 0540-2 

C - economical 
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Energy label o f the bu i ld ing 

A p a r t m e n t bu i ld ing 

O l omouc 

Eva luat ion o f bu i ld ing 

enve lope 

Tota l f l oor area = 873,03 m 2 ca lcu la ted R e c o m m e n d e d 

CI very economica l 

0.5 

0.8 

1.0 

1.5 

2.0 

2.5 

E 

[ F 

Ext reme ly uneconom i ca l 

0,82 

Class i f icat ion 

Ave rage heat t rans fer coef f i c ient of bu i ld ing enve l ope 

Uemin [ W / m 2 . K ] 

0,264 

Requ i red va lue of average heat t rans fer coef f i c ient of 

bu i ld ing enve l ope accord ing to ČSN 730 0540-2 

Uem,N,req in [W/lTI 2 .K] 

0,323 

Class i f icat ion coef f i c ient CI and its co r respond ing va lue U e 

CL 0,5 0,8 1,0 1,00 1,50 2,00 2,50 

0,161 0,258 0,323 0,323 0,484 0,646 0,807 

Va l id i ty of energy label unti l 1.4.2031 
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Calcu la ted by Bc.Nour Kováčova 

B.1.3. Estimation of heat loss of the building 
H e a t l o s se s a r e c a l c u l a t e d a c c o r d i n g t o ČSN EN 12 8 3 1 - 1 H e a t i n g s y s t e m s in b u i l d i n g s -

h e a t o u t p u t c a l c u l a t i o n . 

Total design heat output 

T o t a l d e s i g n h e a t o u t p u t is t h e s u m o f h e a t t r a n s m i s s i o n loss a n d h e a t loss d u e t o 

v e n t i l a t i o n . 

w h e r e 

H-r,ie - s p e c i f i c h e a t t r a n s m i s s i o n l oss d i r e c t l y t o e x t e r i o r [ W / k ] 

H-r,ia(..)- s p e c i f i c h ea t t r a n s m i s s i o n loss f r o m h e a t e d s p a c e t o n e i g h b o u r i n g 

h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t [W /k ] 

H-r,ig - s p e c i f i c h ea t l oss t o g r o u n d [ W / k ] 

8int,i - i n d o o r t e m p e r a t u r e [°C] 

8 e - o u t d o o r temperature[°C] 

Specific heat transmission loss directly to exterior 

HT,ie = I (Ak.(Uk+AUB).fu,k.fie,k) [W/k ] 

W h e r e : 

Ak- s t r u c t u r e a r e a [ m 2 ] . 

Uk - h e a t t r a n s f e r c o e f f i c i e n t [W -m" 2 - K _ 1 ] . 

A U B - c o r r e c t i o n o f h e a t t r a n s f e r c o e f f i c i e n t [ W - m " 2 - K _ 1 ] . 

fu,k = 1 if s u r f a c e h e a t t r a n s f e r r e s i s t a n c e w a s i n c l u d e d . 

fie,k - t e m p e r a t u r e c o r r e c t i o n f a c t o r . It is e q u a l t o o n e if t h e a d j a c e n t s p a c e is 

e x t e r i o r a n d t h e h e i g h t o f t h e s p a c e is n o t m o r e t h a n 4 m, o t h e r w i s e it s h o u l d b e 

c a l c u l a t e d as s p e c i f i e d in t h e s t a n d a r d s . 

Specific heat transmission loss from heated space to neighbouring heated space or 

unheated space or through it 

4>HL,i = OT,Í + O V , I [ W ] 

CDT,I- d e s i g n h e a t t r a n s m i s s i o n loss [ W ] 

Ov,i- d e s i g n h e a t loss d u e t o v e n t i l a t i o n [ W ] 

Total design heat transmission loss 

<X>T,i - ( H"r,ie + HT,ia + H"r,iae + HijaBE + HT,ig).(6int,i _ 6e ) [W] 
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HT,ia(..) = I(Ak.Uk.fix,k) [W/k ] 

W h e r e : 

fix,k- t e m p e r a t u r e c o r r e c t i o n f a c t o r . fix,k = f i + f2. 

T h e t e m p e r a t u r e c o r r e c t i o n f a c t o r f i t a k e s i n t o c o n s i d e r a t i o n t h e d i f f e r e n c e 

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

o r e n v i r o n m e n t . 

If t h e r e is a n o u t d o o r e n v i r o n m e n t n e x t t o t h e s t r u c t u r e t h e n it is e q u a l t o 1, 

o t h e r w i s e it c a n be d e t e r m i n e d as f o l l o w : 

_ 8int,i-8u 
1 _ 8int,i-8e 

8int,i - i n d o o r t e m p e r a t u r e [°C] 

8u - t e m p e r a t u r e o f n e i g h b o u r i n g h e a t i n g s p a c e [°C] 

8 e - o u t d o o r temperature[°C] 

f2 - c o r r e c t i o n f a c t o r f2 t a k e s i n t o c o n s i d e r a t i o n t h e d i f f e r e n c e b e t w e e n t h e 

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

Fo r s p a c e s u p t o a h e i g h t o f 4 m f2 = 0. 

Fo r O l o m o u c r e g i o n in t h e C z e c h r e p u b l i c a n d a c c o r d i n g t h e s t a n d a r d s 0 e = -15°C. 

Specific heat transmission loss to ground HT,ig 

HT,ig = feann • £ (Ak.Uequiv,k.fig,k TGW,k) 

W h e r e : feann- c o e f f i c i e n t t h a t c o n s i d e r s t h e e f f e c t o f c h a n g e o f o u t d o o r 

t e m p e r a t u r e t h r o u g h t h e y e a r , it is e q u a l t o 1,45. 

Uequiv,k- e q u i v a l e n t h e a t t r a n s f e r c o e f f i c i e n t o f t h e s t r u c t u r a l p a r t s in 

c o n t a c t w i t h g r o u n d . 

Ak - s t r u c t u r e a r e a [ m 2 ] . 

B' = Ag/tOJS.F) 

b + (ct+ ECf + ( c 2 + zf2 + ( c 3 +Ut+ AUTB f + 

a b Ci c3 
n2 d 

F L O O R 0 ,9671 -7,455 10,76 9,773 0,026 5 0,553 2 0,602 7 -0,929 6 -0,020 3 

Basemen t 
0,933 28 

wal l 

-2,155 2 0 A 1,466 0,100 6 0 S 0,453 25 -1,006 S -0,069 2 

W h e r e : FJ' - g e o m e t r i c a l p a r a m e t e r . 

P - c i r c u m f e r e n c e o f t h e b o r d e r w i t h o u t e r e n v i r o n m e n t . 

A g - a r e a o f t h e f l o o r in c o n t a c t w i t h g r o u n d . 

N o t e : F o r r o o m s w i t h o u t e x t e r n a l w a l l s t o t h e e x t e r i o r , t h e FJ' sha l l b e c a l c u l a t e d 

f o r t h e e n t i r e h e a t e d a r e a o f t h e b u i l d i n g . 

Uk- h e a t t r a n s f e r c o e f f i c i e n t o f f l o o r s t r u c t u r e . 

f i g , k - t e m p e r a t u r e c o r r e c t i o n c o e f f i c i e n t . 

A U T B - s u r c h a r g e o n t h e e f f e c t o f t h e r m a l b o n d s . 
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f i g , k - t e m p e r a t u r e c o r r e c t i o n f a c t o r 

, _ 8int,i - 8e,m 
t i g k ~ ~ 9int,I-9e 

8int,i - i n d o o r t e m p e r a t u r e [°C] 

8e,m - a v e r a g e t e m p e r a t u r e d u r i n g h e a t i n g s e a s o n [°C]. 

Fo r O l o m o u c r e g i o n a n d a c c o r d i n g t o t h e s t a n d a r d s 6 e , m = 3 , 8 ° C 

8 e - o u t d o o r t e m p e r a t u r e [°C] 

fGw,k- c o r r e c t i o n c o e f f i c i e n t t h a t c o n s i d e r s t h e e f f e c t o f u n d e r g r o u n d 

w a t e r =1. 

Design heat loss due to ventilation QV, i [W] 

T h e b u i l d i n g w i l l b e v e n t i l a t e d n a t u r a l l y , o n l y in t h e b a t h r o o m s a n d t o i l e t s w i l l be 

i n s t a l l e d e x h a u s t f an s . 

Natural ventilation: 

It d e p e n d s m a i n l y o n t h e r o o m v o l u m e , o u t d o o r a n d i n d o o r t e m p e r a t u r e , a n d a i r 

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

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

e x c h a n g e i n t e n s i t y n m i n . 

Type of room n m in [1/h] 

residential area 0,5 

kitchen and bathroom without w indow 1,5 

office 1 

sitting area 2 

T a b l e 5 - a i r e x c h a n g e i n t e n s i t y [ 4 1 ] 

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

h y g i e n i c a i r e x c h a n g e Vmin, \. 

Vmin,i = rimin • V 

W h e r e : 

Vminj- m i n i m u m h y g i e n i c a i r e x c h a n g e [ m 3 / h] 

nm in - a i r e x c h a n g e i n t e n s i t y [1/h] 

V - r o o m v o l u m e [m 3 ] 

T h e n w e s h o u l d d e t e r m i n e t h e a m o u n t o f a i r i n f i l t r a t e d by b u i l d i n g e n v e l o p e t h r o u g h 

o p e n i n g s Vinfj 

Vinfj = 2 . V . n 5 o . e i . 8i 

Vinfj - a m o u n t o f a i r i n f i l t r a t e d by b u i l d i n g e n v e l o p e [ m 3 / h] 

V - r o o m v o l u m e [m 3 ] 

nso - v a l u e o f a i r e x c h a n g e i n t e n s i t y a t p r e s s u r e d i f f e r e n c e 5 0 Pa [1/h] 

in c a s e o f n a t u r a l v e n t i l a t i o n nso = 4 ,5 [1/h] 

ei - s h a d i n g f a c t o r , it d e p e n d s o n t h e p o s i t i o n o f t h e b u i l d i n g in t h e l a n d s c a p e [-] 

si - c o r r e c t i o n f a c t o r o f h e i g h t l eve l f r o m t e r r a i n [-] 
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W e c h o o s e t h e b i g g e r v a l u e o f V m i n J a n d V i n f J a n d w e u s e it t o c a l c u l a t e t h e t o t a l 

s p e c i f i c h e a t loss d u e t o v e n t i l a t i o n 

H v , i = 0 ,34 . V i [ W • K"1] 

Hv, i - t o t a l s p e c i f i c h e a t loss d u e t o v e n t i l a t i o n [W • K"1] 

V i - a m o u n t o f a i r , t h e m a x i m u m v a l u e o f V m i n , i a n d Vinf, i [ m 3 / h] 

F ina l l y , w e c a n e s t i m a t e d e s i g n h e a t l oss d u e t o n a t u r a l v e n t i l a t i o n : 

CDv,i = H v , i . ( e in t , i - e e ) [W] 

CDv, i - d e s i g n h e a t l oss d u e t o v e n t i l a t i o n [W] 

8int,i - i n d o o r t e m p e r a t u r e [°C]. 

8 e - o u t d o o r t e m p e r a t u r e [°C]. 

Hv, i - t o t a l s p e c i f i c h e a t loss d u e t o v e n t i l a t i o n [ W • K - l ] 
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Heat losses of the basement 

R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t , i 

S 1 0 1 C o r r i d o r 1 5 , 0 0 0 T 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 
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s t r u c t u r e s 
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A U 

[ W / m 2 . K ] 

Ukc 
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C l . b c e i l i n g a b o v e b a s e m e n t 2 0 , 0 0 0 3 , 9 7 0 0 , 4 1 4 0 , 4 1 4 - 0 , 1 6 7 - 0 , 2 7 4 

S 4 
i n t e r n a l n o n - l o a d b e a r i n g w a l l 

b e t w e e n r o o m s 
2 0 , 0 0 0 5 , 1 5 1 1 , 3 7 9 1 , 3 7 9 - 0 , 1 6 7 - 1 , 1 8 4 

Di i n t e r i o r t i m b e r d o o r 1 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 1 6 7 0 , 5 6 7 

S 3 . b i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 3 8 9 0 , 5 0 1 0 , 5 0 1 0 , 1 6 7 0 , 3 6 6 

Di i n t e r i o r t i m b e r d o o r 2 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 - 0 , 1 6 7 - 0 , 5 6 7 

HT,ia(..) = Z ( A k . U k . f i x , k ) ( W / K ) - 1 , 0 9 2 

F i x , k = f i = ( e l n y - e u ) / ( e l n t i l - e e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T I G 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 
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[m] 

u k 

[ W / m 2 . K ] 

fig,k 

[-] 

B' 

[m] 
Uecuiv.k [ W / m 2 . K ] Ak-Uequiv^ f]g,k.fGW, k 

F F l o o r o n t h e g r o u n d 3 , 9 7 0 1 1 8 , 1 6 0 4 7 , 4 0 0 0 , 3 0 9 0 , 3 7 3 4 , 9 8 6 0 , 2 5 5 0 , 3 7 8 

1( A k . U e a u i v k .f l R / k .fGw.k) 0 , 3 7 8 

feann 

H 
H T , ig= fea„„ ( A k . U e q l l , u , k . f , g , k . f G W , k ) ( W / K ) 

TGW.k 

[-] 

e e , m 

r c ] 

1 , 4 5 0 0 , 5 4 8 1 , 0 0 0 3 , 8 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s O T J = ( H T J E + H T J A + H T J A E + H T J a B E + HT>ig).(6int,i - 6e ) [ W ] 

e,„,,, r c ] e e r c ] Slnt. l - 9e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O r j [ W ] 

1 5 , 0 0 0 - 1 5 , 0 0 0 3 0 , 0 0 0 - 0 , 5 4 4 - 1 6 , 3 2 6 

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

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

r q 

i n d o o r 

t e m p e r a t u r e 8|„ t i 

f C ] 

H y g i n i c r e q u i r e m e n t s 

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

r q 

i n d o o r 

t e m p e r a t u r e 8|„ t i 

f C ] n m i n ( n " ) H y g i e n i c a i r e x c h a n g e V m i n j ( m / h ) 

1 1 , 8 7 0 - 1 5 , 0 0 0 1 5 , 0 0 0 0 , 5 0 0 5 , 9 3 5 

r>50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e i 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £| 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V| nf, i 

( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S]nt,]"Se m a x . o f V m i „ j , V | n f j H t [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 0 , 0 0 0 5 , 9 3 5 2 , 0 1 8 6 0 , 5 3 9 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 4 4 , 2 1 2 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 8 i n t , i r q 

S 1 0 2 S t o r e r o o m 1 5 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 
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Uk 
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A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 
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fie.k 
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A k . (Uk+AU B ) . fu ,k . f i e , k 

0 , 0 0 0 

H T , i e = Z ( A k . ( U k + A U B ) . f U i k . f i e , k ) ( W / k ) 0 , 0 0 0 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T j a ( j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
r c ] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
Ak.Ukc.f ix.k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 0 , 0 0 0 1 2 , 9 5 3 1 , 3 7 9 1 , 3 7 9 - 0 , 1 6 7 - 2 , 9 7 7 

C l . b c e i l i n g a b o v e b a s e m e n t 2 0 , 0 0 0 2 , 3 0 0 0 , 4 1 4 0 , 4 1 4 - 0 , 1 6 7 - 0 , 1 5 9 

H T, i a (..) = Z ( A k . U k . f i x , k ) ( W / K ) - 3 , 1 3 6 

Fi»,k=fi= ( 9 i n t , i - 9 u ) / ( 9 | n t , | - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] [ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig.k 

[-] 

B' 

[m] Uecnw.k [ W / m 2 . K ] A k - U e c | l l | U i k fig,k-fGW,k 

F F l o o r o n t h e g r o u n d 2 , 3 0 0 1 1 8 , 1 6 0 4 7 , 4 0 0 0 , 3 0 9 0 , 3 7 3 4 , 9 8 6 0 , 2 5 5 0 , 2 1 9 

í( Ak.U e c | l l | U i k- f ig ,k -fGW.k) 0 , 2 1 9 

feann H HT,ig = feann ( A k . U e t , u l u , k . f , g , k .fGW,k) ( W / K ) ÍGW [-] 9e,m f C ] 

1 , 4 5 0 0 , 3 1 7 1 , 0 0 0 3 , 8 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <D T, i = ( H T , i e + H T J A + H T J A E + H T J A B E + H T i i g ) . ( 6 i n t , i - 6 e ) [ W ] 

e,„,,, r c ] e e r c ] Slnt. l - 9e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

1 5 , 0 0 0 - 1 5 , 0 0 0 3 0 , 0 0 0 - 2 , 8 1 9 - 8 4 , 5 6 8 

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

r o o m O u t d o o r t e m p e r a t u r e 8 e i n d o o r H y g i n i c r e q u i r e m e n t s 

v o l u m e r c i t e m p e r a t u r e 9 i n t j i 

riminfh_1) 
V , ( m 3 ) r c i 

riminfh_1) 
H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

6 , 8 7 7 - 1 5 , 0 0 0 1 5 , 0 0 0 0 , 5 0 0 3 , 4 3 9 

ri50 N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t l e v e l A m o u n t o f a i r i n f i l t r a t e d b y 

[ 1 / h ] o p e n n i n g s e. f r o m t e r r a i n £, b u i l d i n g e n v e l o p e V l n f / | 

( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0int,i"©e m a x . o f V m i n , i , V i n f , i H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 0 , 0 0 0 3 , 4 3 9 1 , 1 6 9 3 5 , 0 7 3 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = - 4 9 , 4 9 5 W 
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R o o m N o . N a m e of t he r o o m Indoor t e m p e r a t u r e 6 i n t , i 

S 1 0 3 T e c h n i c a l r o o m 2 0 , 0 0 0 T 

Ca lcu la t ion of heat t r ansm i s s i on loss 

Spec i f i c heat t r ansm i s s i on loss d i rec t ly t o ex te r i o r H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
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u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

U k c 

[ W / m 2 . K ] 

fu.k 
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f]e,k 

[-] 
A k . (U k +AU B ) . fu ,k- f ie ,k 

D e l p l a s t i c e n t r a n c e d o o r 4 , 2 3 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 2 , 9 6 1 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 2 , 1 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 1 , 5 2 3 

S I P e r i p h e r a l w a l l t o t h e e x t e r i o r 2 6 , 3 6 5 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 6 0 4 

H T , , e = Z ( A k . ( U k + A U B ) . f u , k . f , e , k ) ( W / k ) 9 , 0 8 8 

Spec i f i c heat t r ansm i s s i on loss f r o m hea t ed space t o ne i ghbou r i ng h ea t ed space or u n h e a t e d space or t h r ough it H T j a ( j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
r q 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

H 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 1 5 , 0 0 0 7 , 4 2 7 1 , 3 7 9 1 , 3 7 9 0 , 1 4 3 1 , 4 6 3 

S 3 . c i n t e r n a l l o a d b e a r i n g w a l l 0 , 0 0 0 1 4 , 2 2 6 0 , 5 0 1 0 , 0 5 0 0 , 5 5 1 0 , 5 7 1 4 , 4 7 7 

D l i n t e r i o r t i m b e r d o o r 1 5 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 1 4 3 0 , 4 8 6 

HT,ia(..) = I ( A k . U k . f i x , k ) ( W / K ) 6 , 4 2 7 

F i>,k=f i= ( e i n t , i - e u ) / ( 9 i n t , i - e e ) 

Spec i f i c heat t r ansm i s s i on loss t o g r ound H T i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 
P [m] 

u k 

[ W / m 2 . K ] 

fig.k 

[-] 

B' 

[m] 
U e q u i v . k [ W / m 2 . K ] A k .U e q u i V > k . f i g > k . fGw , k 

F F l o o r o n t h e g r o u n d 2 9 , 5 0 0 2 9 , 5 0 0 1 0 , 9 5 8 0 , 3 0 9 0 , 4 6 3 5 , 3 8 4 0 , 2 5 0 3 , 4 1 3 

I( A k . U e q U i V > k -fig.k -fcw.k) 3 , 4 1 3 

feann 

H 

H T,ig= feann -1 ( A k . U e q u i v , k . f i g , k . f G W , k ) ( W / K ) 

ÍGW.k 

[-] 

e e , m r c ] 

1 , 4 5 0 4 , 9 4 9 1 , 0 0 0 3 , 8 0 0 

Tota l des ign heat t r an sm i s s i on loss O T J = ( H T J E + H T J A + H T J A E + H T J a B E + H T j g ) . ( 6 i n t , i - 6 e ) [ W ] 

e,„,,, r c ] e e r c ] S i n t i - 9e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O r j [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 2 0 , 4 6 3 7 1 6 , 2 0 6 

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

r o o m O u t d o o r t e m p e r a t u r e 8 e i n d o o r H y g i n i c r e q u i r e m e n t s 

v o l u m e r q t e m p e r a t u r e © i n t l 

nminlh"1) 
V , ( m 3 ) r q nminlh"1) 

H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

8 8 , 2 0 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 4 4 , 1 0 3 

ri50 N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t l e v e l A m o u n t o f a i r i n f i l t r a t e d b y 

[ 1 / h ] o p e n n i n g s e i f r o m t e r r a i n £| b u i l d i n g e n v e l o p e Vj n f , i 

4 , 5 0 0 3 , 0 0 0 0 , 0 2 0 1 , 0 0 0 4 7 , 6 3 1 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

©inti"Se m a x . Of Vmin.i , V|„fj H t [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 4 7 , 6 3 1 1 6 , 1 9 4 5 6 6 , 8 0 5 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 1 2 8 3 , 0 1 W 
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R o o m N o . N a m e o f t h e r o o m Indoor t e m p e r a t u r e 6 i n t i i [ X ] 
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Ca l cu la t i on of hea t t r an sm i s s i on loss 
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S I P e r i p h e r a l w a l l t o t h e e x t e r i o r 5 , 3 5 9 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 9 3 6 

H T , , e = 1 (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 1 , 3 1 4 

Spec i f i c hea t t r an sm i s s i on loss f r o m h e a t e d space t o ne i ghbou r i ng h e a t e d space o r u n h e a t e d space or t h r o u g h it H T i a ( ) 
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fix,k 

[-] 
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C l . b C e i l i n g s e p e r a t i n g h e a t e d s p a c e f 2 4 , 0 0 0 2 , 6 0 0 0 , 4 1 4 0 , 4 1 4 - 0 , 1 1 4 - 0 , 1 2 3 
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N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig,k 
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[m] 
U e q u l „ .k [ W / m 2 . K ] U e q u l v k f| g k -fGW.k 

S 2 ; r i p h e r a l w a l l in t o u c h w i t h g r o u r 0 , 3 8 0 5 , 8 3 0 2 , 1 0 0 0 , 1 2 7 0 , 4 6 3 5 , 5 5 2 0 , 1 8 6 0 , 0 3 3 
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feann 

H 
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Tota l d e s i gn hea t t r an sm i s s i on loss <DT,i = ( H T i e + H T i a + H T i a e + H T J a B E + HTjg).(eint,i - 8e ) [ W ] 

e,„,,, rc] e e r c ] 9]nt,l - 9e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 2 , 2 0 8 7 7 , 2 8 9 
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O u t d o o r t e m p e r a t u r e S e 
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r q 
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v o l u m e 
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t e m p e r a t u r e S| „ t i 

r q riminfh"1) 
H y g i e n i c a i r e x c h a n g e V m i „ i ( m 3 / h ) 
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b u i l d i n g e n v e l o p e V ] n f j 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 3 , 1 3 8 

Hea t loss d u e t o natura l v en t i l a t i on 

0int,i"©e m a x . o f V m i n , i , V i n f , i H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 8 , 7 1 6 2 , 9 6 3 1 0 3 , 7 1 9 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 1 8 1 , 0 0 8 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t , i 

S 1 0 5 P r i v a t g y m f o r i n h a b i t a n t s 2 0 , 0 0 0 T 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

U k c 

[ W / m 2 . K ] 

fu.k 

H 

f]e,k 

["] 
A k . (U k +AU B ) . f u , k - f i e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 2 , 1 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 1 , 5 2 3 

S I P e r i p h e r a l w a l l t o t h e e x t e r i o r 5 , 7 7 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 1 , 0 0 9 

H T , , e = Z ( A k . ( U k + A U B ) . f u , k . f , e , k ) ( W / k ) 2 , 5 3 2 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T j a ( j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
r q 

A k 

[m2] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[W/m 2 . K ] 

fix,k 

H 
A k . U k c . f i x , k 

Di i n t e r i o r t i m b e r d o o r 1 5 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 1 4 3 0 , 4 8 6 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 1 5 , 0 0 0 1 2 , 4 0 8 1 , 3 7 9 1 , 3 7 9 0 , 1 4 3 2 , 4 4 5 

C 3 I n t e r n a l c e i l i n g 2 4 , 0 0 0 1 , 4 7 0 0 , 4 1 4 0 , 4 1 4 - 0 , 1 1 4 - 0 , 0 7 0 

HT,ia(..) = I ( A k . U k . f i x , k ) ( W / K ) 2 , 8 6 1 

F i x j č f i f ( e m t , i - e u ) / ( 9 i n t , i - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T J g 

N o . S . d e s c r i p t i o n 
A k 

[m2] 
Ag 

[m2] 

P 

[m] 
u k 

[ W / m 2 . K ] ["] 

B' 

[m] 
Uecuiv.k [ W / m 2 . K ] A k . U e q u i V , k . f i g , k . f G w , k 

S 2 P e r i p h e r a l w a l l in t o u c h w i t h g r o 1 , 4 0 0 1 4 , 8 3 0 3 , 1 2 0 0 , 1 2 7 0 , 4 6 3 9 , 5 0 6 0 , 1 8 6 0 , 1 2 0 

F F l o o r o n t h e g r o u n d 1 4 , 8 3 0 1 4 , 8 3 0 3 , 1 2 0 0 , 3 0 9 0 , 4 6 3 9 , 5 0 6 0 , 2 1 0 1 , 4 4 0 

I( A k.Uequlv,k . f i & k .ÍGW.k ) 1 , 5 6 0 

feann 

H 
H T , ig= feann -1 ( A k . U e q u i v , k . f i g , k . f G W , k ) ( W / K ) 

ÍGW.k 

[-] 
ee,m rc] 

1 , 4 5 0 2 , 2 6 2 1 , 0 0 0 3 , 8 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s 0 T J = ( H T J e + H T J a + H T J a e + H T J a B E + H T J f , ) . ( 6 i n t j - 6 e ) [ W ] 

e,„,,, rc] e e rc] Slnt. l - 9e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O r j [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 7 , 6 5 5 2 6 7 , 9 3 4 

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

r o o m O u t d o o r t e m p e r a t u r e 8 e 
i n d o o r H y g i n i c r e q u i r e m e n t s 

v o l u m e r q t e m p e r a t u r e 8|„ t i 

n m i n ( n " ) V , ( m 3 ) f C ] n m i n ( n " ) 
H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

4 4 , 3 4 2 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 2 2 , 1 7 1 

ri50 N u m b e r o f u n p r o t e c t e d S h a d i n g c o r r e c t i o n f a c t o r o f h e i g h t l e v e l A m o u n t o f a i r i n f i l t r a t e d b y 

[ 1 /h ] o p e n n i n g s f a c t o r e. f r o m t e r r a i n £, b u i l d i n g e n v e l o p e V ] n f , 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 7 , 9 8 2 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S]nt,]"Se m a x . o f V m ] n i , V|„ f i H t [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 2 2 , 1 7 1 7 , 5 3 8 2 6 3 , 8 3 3 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 5 3 1 , 7 6 7 W 
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R o o m N o . N a m e o f t h e r o o m Indoor t e m p e r a t u r e 6 i nt, i [-q 

S 1 0 6 P r i v a t g y m f o r i n h a b i t a n t s 2 0 , 0 0 0 °C 

Ca l cu l a t i on o f hea t t r a n s m i s s i o n loss 

Spec i f i c hea t t r a n s m i s s i o n loss d i r e c t l y t o e x t e r i o r H T l e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu,k 

[-] 

fie.k 

["] 
A k . ( U k + A U B ) . f u , k . f i e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 2 , 9 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 2 , 0 3 0 

C 5 i n s e t b a l c o n y f l o o r a b o v e b a s e m 3 , 7 8 0 0 , 1 9 8 0 , 1 9 8 1 , 0 0 0 1 , 0 0 0 0 , 7 5 0 

S I P e r i p h e r a l w a l l t o t h e e x t e r i o r 1 6 , 0 9 1 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 2 , 8 1 0 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 5 , 5 9 0 

Spec i f i c hea t t r a n s m i s s i o n loss f r o m h e a t e d s pa ce t o n e i ghbou r i n g h e a t e d s pa ce o r u n h e a t e d space o r t h r o u g h it H T j a U 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
6 U 

f C ] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A l l 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f i x , k 

D i i n t e r i o r t i m b e r d o o r s 1 5 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 1 4 3 0 , 4 8 6 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 1 5 , 0 0 0 8 , 7 8 4 1 , 3 7 9 1 , 3 7 9 0 , 1 4 3 1 , 7 3 1 

H T , i a , . . , = Z ( A k . U k . f i x , k ) ( W / K ) 2 , 2 1 7 

Fj»,k=fi= ( e i n t , i - e u ) / ( 9 i n t , i - 9 e ) 

Spec i f i c hea t t r a n s m i s s i o n loss t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig,k 

[-] 

B' 

[m] Uequiv.k [ W / m 2 . K ] A k . U e q u i v k fig.k -fGW.k 

S 2 P e r i p h e r a l w a l l in t o u c h w i t h g r o 5 , 9 7 0 1 7 , 0 0 0 8 , 3 4 8 0 , 1 2 7 0 , 4 6 3 4 , 0 7 3 0 , 1 8 6 0 , 5 1 3 

F F l o o r o n t h e g r o u n d 1 7 , 0 0 0 1 7 , 0 0 0 8 , 3 4 8 0 , 3 0 9 0 , 4 6 3 4 , 0 7 3 0 , 2 6 7 2 , 1 0 1 

I( A k . U e q u i V / k . f i g / k . few,k) 2 , 6 1 4 

feann 

["] 
H T, ig = fea„„ * ( A k . U e q u i v , k . f i g , k . f G W , k ) ( W / K ) 

fGW.k 

[-] 

6e,m 

f C ] 

1 , 4 5 0 3 , 7 9 1 1 , 0 0 0 3 , 8 0 0 

Tota l d e s i gn hea t t r a n s m i s s i o n loss (DT,i = ( H T , i e + HT,ia + HT,iae + HT,iaBE + H T,ig)-(6i nt,i - 6 e ) [W] 

Oin,,, rc] e e rc] e i n U - e e r c ] 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O j , i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 1 1 , 5 9 8 4 0 5 , 9 2 9 

Des i gn hea t loss d u e t o v en t i l a t i o n - na tura l v en t i l a t i o n 

r o o m O u t d o o r t e m p e r a t u r e G e 
i n d o o r H y g i n i c r e q u i r e m e n t s 

v o l u m e r q t e m p e r a t u r e 9 i n t i 

nm in (h _ 1 ) 
V i ( m 3 ) f C ] 

nm in (h _ 1 ) 
H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

5 0 , 8 3 0 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 2 5 , 4 1 5 

"50 N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t l e v e l A m o u n t o f a i r i n f i l t r a t e d b y 

[ 1 / h ] o p e n n i n g s e. f r o m t e r r a i n £, b u i l d i n g e n v e l o p e V i n f j 

( m 3 / n ) 

4 , 5 0 0 2 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 8 , 2 9 9 

Hea t loss d u e t o na tura l v en t i l a t i o n 

S i n t , i - S e m a x . o f V m i n , i , V i n f , i H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 2 5 , 4 1 5 8 , 6 4 1 3 0 2 , 4 3 9 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 7 0 8 , 3 6 7 W 

5 3 



R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t i i [ X ] 

S 1 0 7 C o r r i d o r 1 5 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu,k 

H 
fie.k 

[-] 
A k . ( U k + A U B ) . f u , k . f , e , k 

W W i n d o w 0 , 4 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 2 8 0 

C 5 i n s e t b a l c o n y f l o o r a b o v e b a s e m 0 , 8 0 0 0 , 1 9 8 0 , 1 9 8 1 , 0 0 0 1 , 0 0 0 0 , 1 5 9 

s i P e r i p h e r a l w a l l t o t h e e x t e r i o r 3 , 4 8 7 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 6 0 9 

H T , l e = Z ( A k . ( U k + A U B ) . f u , k . f l e , k ) ( W / k ) 1 , 0 4 8 

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

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rci 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

w 

[-] 
A k . U k c . f i X / k 

D i i n t e r i o r t i m b e r d o o r s 2 0 , 0 0 0 3 , 7 8 0 1 , 8 0 0 1 , 8 0 0 - 0 , 1 6 7 - 1 , 1 3 4 

S 3 . b i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 2 0 , 3 9 2 0 , 5 0 1 0 , 5 0 1 0 , 1 6 7 1 , 7 0 2 

C l . a 
C e i l i n g s e p e r a t i n g h e a t e d s p a c e 

f r o m h e a t e d p a r t o f b a s e m e n t 
2 0 , 0 0 0 7 , 0 5 0 0 , 4 1 4 0 , 4 1 4 - 0 , 1 6 7 - 0 , 4 8 7 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 0 , 0 0 0 1 6 , 6 1 2 1 , 3 7 9 1 , 3 7 9 - 0 , 1 6 7 - 3 , 8 1 9 

HT,ia(..) = I ( A k . U k . f i x , k ) ( W / K ) - 3 , 7 3 7 

Fi»,k=fi= (e , n t , i-e u )/(9 l n t , i-e e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig.k 

[-] 

B' 

[m] 
U e q u l „ .k [ W / m 2 . K ] A k . U e q u i u k f l g k . fGw .k 

F F l o o r o n t h e g r o u n d 8 , 8 6 0 8 , 8 6 0 1 , 3 0 0 0 , 1 3 6 0 , 3 7 3 1 3 , 6 3 1 0 , 1 2 7 0 , 4 1 9 

1( A k . U e q U i V / k -fig.k .fGw.k) 0 , 4 1 9 

feann H H-r.lg- feann •£ ( A k . U e q u | U i k . f | g k . fsw,k) ( W / K ) 
fa«,k 

H 
Qe,m 

rci 
1 , 4 5 0 0 , 6 0 8 1 , 0 0 0 3 , 8 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <DT,i = ( H T i e + H T i a + H T i a e + H T J a B E + HTjg).(eint,i - 8e ) [W] 

e,„,,, fc] e erc] e,„,,,-eerc] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

1 5 , 0 0 0 - 1 5 , 0 0 0 3 0 , 0 0 0 - 2 , 0 8 2 - 6 2 , 4 5 2 

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

r o o m O u t d o o r t e m p e r a t u r e S e 
i n d o o r 

v o l u m e rci t e m p e r a t u r e 9 i n y H y g i n i c r e q u i r e m e n t s 

V , ( m 3 ) rci 
r iminfh" 1 ) H y g i e n i c a i r e x c h a n g e V m | „ | (m 3 / h ) 

2 6 , 4 9 1 - 1 5 , 0 0 0 1 5 , 0 0 0 0 , 5 0 0 1 3 , 2 4 6 

"50 N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t l e v e l A m o u n t o f a i r i n f i l t r a t e d b y 

[1 /h ] o p e n n i n g s e i f r o m t e r r a i n £| b u i l d i n g e n v e l o p e V ] n f j 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S]nt ,]-Se m a x . o f V m l n J , V l n f J H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 0 , 0 0 0 1 3 , 2 4 6 4 , 5 0 4 1 3 5 , 1 0 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 7 2 , 6 5 4 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t J ra 

S 1 0 8 S t a i r c a s e 1 0 , 0 0 0 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[m2] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu,k 

H 

fie.k 

["] 
A k . ( U k + A U B ) . f u k . f l f , k 

H T , i e = Z ( A k . ( U k + A U B ) . f j , k . f i e , k ) ( W / k ) 0 , 0 0 0 

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

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fix,k 

H 
A k . U k c . f 1 > ( , k 

D i i n t e r i o r t i m b e r d o o r s 0 , 0 0 0 3 , 7 8 0 1 , 8 0 0 1 , 8 0 0 0 , 4 0 0 2 , 7 2 2 

D i i n t e r i o r t i m b e r d o o r s 1 5 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 - 0 , 2 0 0 - 0 , 6 8 0 

S3 .C i n t e r n a l l o a d b e a r i n g w a l l 0 , 0 0 0 3 2 , 5 2 5 0 , 5 0 1 0 , 0 5 0 0 , 5 5 1 0 , 4 0 0 7 , 1 6 5 

S 4 i n t e r n a l l o a d b e a r i n g w a l l 1 5 , 0 0 0 2 5 , 1 4 6 1 , 3 7 9 1 , 3 7 9 - 0 , 2 0 0 - 6 , 9 3 6 

H T, i a (..) = Z ( A k . U k . f i x , k ) ( W / K ) 2 , 2 7 0 

F i», k =f i= ( e i n t , | - 9 u ) / ( 9 | n t , | - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[ m ] 

Uk 

[ W / m 2 . K ] 

fig,k 

["] 

B' 

[m] Uequiv.k [ W / m 2 . K ] Ak-U e q u i v , ,k fig,k -fGW.k 

S 2 
P e r i p h e r a l w a l l in t o u c h w i t h 

g r o u n d 
6 , 5 0 0 2 8 , 0 0 0 3 , 1 0 0 0 , 1 2 7 0 , 2 4 8 1 8 , 0 6 0 , 1 8 6 0 , 2 9 9 

F F l o o r o n t h e g r o u n d 2 8 , 0 0 0 2 8 , 0 0 0 3 , 1 0 0 0 , 1 3 6 0 , 2 4 8 1 8 , 0 6 0 , 1 1 5 0 , 7 9 9 

A k - U e ( , U | V , k .f|E,k .fGw.k) 0 , 7 9 9 

feann ["] HT.ig- feann •£ (Ak -U e c | u | V i k . f | g i k . f G w k ) ( W / K ) 
fGW.k 

[-] 
6e,m 

rc] 
1 , 4 5 0 1 , 1 5 9 1 , 0 0 0 3 , 8 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <DT,i = ( H T J e + H T J a + H T J a e + H T i a B E + HTjg).(eint,i - 6 e ) [W] 

e,„,,, rc] e e r q Sint. i - 6e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

1 0 , 0 0 0 - 1 5 , 0 0 0 2 5 , 0 0 0 3 , 4 2 9 8 5 , 7 2 1 

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

r o o m i n d o o r 

v o l u m e O u t d o o r t e m p e r a t u r e t e m p e r a t u r e 9 i n y H y g i n i c r e q u i r e m e n t s 

V , ( m 3 ) ejc] rci 

riminfh"1) H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

4 1 , 8 6 0 - 1 5 , 0 0 0 1 0 , 0 0 0 0 , 5 0 0 2 0 , 9 3 0 

ri50 N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t l e v e l A m o u n t o f a i r i n f i l t r a t e d b y 

[ 1 / h ] o p e n n i n g s e i f r o m t e r r a i n £| b u i l d i n g e n v e l o p e V i n t i 

(m3/h) 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

©int ime m a x . o f V m l n j , V i n f , i H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

2 5 , 0 0 0 2 0 , 9 3 0 7 , 1 1 6 1 7 7 , 9 0 5 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 2 6 3 , 6 2 6 W 
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R o o m N o . N a m e o f t h e r o o m Indoor t e m p e r a t u r e 6 i n t i i p q 

S 1 0 9 C o r r i d o r 0 , 0 0 0 °C 

Ca l cu la t i on o f heat t r an sm i s s i on loss 

Spec i f i c hea t t r a n sm i s s i o n loss d i r ec t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[m2] 

Uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

H 
fie.k 

[-] 

A k . ( U k + A U B ) . f u , k - f l e , k 

D e l p l a s t i c e n t r a n c e d o o r 4 , 1 1 3 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 2 , 8 7 9 

S I P e r i p h e r a l w a l l 1 1 , 5 2 5 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 2 , 0 1 3 

H T , i e = í ( Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 4 , 8 9 2 

Spec i f i c hea t t r a n sm i s s i o n loss f r o m h e a t e d space t o ne i ghbou r i ng h e a t e d space or u n h e a t e d s pa ce o r t h r o u g h it H T j a l j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
eu 

f C ] 

A k 

[ m 2 ] 

Uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
Ak-Ukc.f ix.k 

C l . a b a s e m e n t c e i l i n g 2 0 , 0 0 0 1 2 , 0 0 0 0 , 4 1 4 0 , 4 1 4 - 1 , 3 3 3 - 6 , 6 2 7 

D i i n t e r i o r t i m b e r d o o r s 1 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 - 0 , 6 6 7 - 2 , 2 6 8 

S 3 . c i n t e r n a l l o a d b e a r i n g w a l l 2 0 , 0 0 0 1 4 , 2 2 6 0 , 5 0 1 0 , 5 0 1 - 1 , 3 3 3 - 9 , 4 9 8 

S 3 . c i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 7 , 3 7 9 0 , 5 0 1 0 , 5 0 1 - 0 , 6 6 7 - 2 , 4 6 3 

H T, i a,..) = I ( A k . U k . f i x , k ) ( W / K ) - 2 0 , 8 5 7 

Fj»,k=fi= (9 in t , i -9 u ) / (e i n t , , -e e ) 

Spec i f i c hea t t r a n sm i s s i o n loss t o g r o u n d H T i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[ m ] 

Uk 

[ W / m 2 . K ] 

f ig,k 

[-] 

B' 

[ m ] 
Uequiv.k [ W / m 2 . K ] A k - U e q u i v k f|gk.fGw.k 

F F l o o r o n t h e g r o u n d 1 2 , 0 0 0 1 2 , 0 0 0 2 , 0 0 0 0 , 3 0 9 - 0 , 2 5 3 1 2 , 0 0 0 , 1 9 2 - 0 , 5 8 4 

£( A k . U e ( ] U | V i k . f l R k . f sw,k) - 0 , 5 8 4 

feann ["] H-r,ig-feann ( A k . U e c | u | v k . f ] g k .fGw,k) ( W / K ) 
ÍGW.k 

[-] 

9e,m 

rc] 
1 , 4 5 0 - 0 , 8 4 7 1 , 0 0 0 3 , 8 0 0 

Tota l des i gn heat t r an sm i s s i on loss <DT,i = ( H T i e + H T J a + H T J a e + H T J a B E + HT,ig).(ein,,i - 8e ) [W] 

e lnW rc] e erc] Qin t j - 9e ľ Q 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O J J [ W ] 

0 , 0 0 0 - 1 5 , 0 0 0 1 5 , 0 0 0 - 1 6 , 8 1 2 - 2 5 2 , 1 7 7 

Des i gn hea t loss d u e t o ven t i l a t i on - natura l v en t i l a t i on 

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 

e erc] 
i n d o o r 

t e m p e r a t u r e 9 i n t i 

r q 
H y g i n i c r e q u i r e m e n t s 

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 

e erc] 
i n d o o r 

t e m p e r a t u r e 9 i n t i 

r q 
Imirifh"1) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

3 5 , 8 8 0 - 1 5 , 0 0 0 0 , 0 0 0 0 , 5 0 0 1 7 , 9 4 0 

n50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f j 

( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

Hea t loss d u e t o natura l v en t i l a t i o n 

ôint,i"ôe m a x . o f V m i n , i , V i n f , i H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

1 5 , 0 0 0 1 7 , 9 4 0 6 , 1 0 0 9 1 , 4 9 4 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = - 1 6 0 , 6 8 3 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 8 i n t , i rq 

S 1 1 0 P r a m r o o m 1 0 , 0 0 0 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , I E 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[m2] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

U k c 

[ W / m 2 . K ] 

fu.k 

["] 

f]e,k 

H 
A k . (U k +AU B ) . f u , k - f i e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 5 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 4 0 3 

S I P e r i p h e r a l w a l l 5 , 1 5 1 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 9 0 0 

H T , i e = Z ( A k . ( U k + A U B ) . f U i k . f i e , k ) ( W / k ) 1 , 3 0 2 

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

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
A k 

[m2] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix.k 

[-] 
Ak.Ukc.f ix.k 

C l . a b a s e m e n t c e i l i n g 2 0 , 0 0 0 6 , 0 4 0 0 , 4 1 4 0 , 4 1 4 - 1 , 3 3 3 - 3 , 3 3 6 

H T, i a (..) = I ( A k . U k . f i x , k ) ( W / K ) - 3 , 3 3 6 

F,»,k=fl= ( 9 , n t . l - e u ) / ( 9 , n t . l - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , I G 

N o . S . d e s c r i p t i o n 
A k 

[m2] 
Ag 

[m2] 

P 

[m] 
u k 

[ W / m 2 . K ] 

fig.k 

[-] 

B' 

[m] 
U e q u , „ . k [ W / m 2 . K ] Ak-Uequiuk fig,k-fGW,k 

F F l o o r o n t h e g r o u n d 6 , 0 4 0 6 , 0 4 0 1 , 8 0 0 0 , 3 0 9 - 0 , 2 5 3 6 , 7 1 1 0 , 2 3 5 - 0 , 3 6 0 

I( A k . U e q u l u k - f i g , k -ÍG\ - 0 , 3 6 0 

feann H H-r.lg-feann Z (Ak .U e q u | u k . f i g , k -ÍGW.k) ( W / K ) 
TGW,k 

["] 

9 e,m 

r q 
1 , 4 5 0 - 0 , 5 2 2 1 , 0 0 0 3 , 8 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s O T , I = ( H T J e + H T J a + H T J a e + H T J a B E + HTJg).(eint,i - 6 e ) [W] 

e,„,,, rc] e e r c ] 9int, l - 9e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O r j [ W ] 

0 , 0 0 0 - 1 5 , 0 0 0 1 5 , 0 0 0 - 2 , 5 5 5 - 3 8 , 3 2 7 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 

e e r c ] 

i n d o o r 

t e m p e r a t u r e © i n t j i 

r q 
H y g i n i c r e q u i r e m e n t s 

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 

e e r c ] 

i n d o o r 

t e m p e r a t u r e © i n t j i 

r q 
nrninth" 1) H y g i e n i c a i r e x c h a n g e V m i n j ( m / h ) 

1 8 , 0 6 0 - 1 5 , 0 0 0 0 , 0 0 0 0 , 5 0 0 9 , 0 3 0 

r>50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

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

e i 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £| 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V| nf,i 

(m3/h) 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0int,i"öe m a x . o f V m i „ j , Vjnfj H t [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

1 5 , 0 0 0 9 , 0 3 0 3 , 0 7 0 4 6 , 0 5 2 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 7 , 7 2 5 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 8 i nt,i [-q 

S i l l B i k e r o o m 1 0,000 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

ukc 

[ W / m 2 . K ] 

f u , k 

[-] 

f]e, k 

[-] 
A k . (U k +AU B ) . f u , k . f l e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0,575 0,700 0,700 1,000 1,000 0,403 

S I P e r i p h e r a l w a l l 7,947 0,125 0,050 0,175 1,000 1,000 1,388 

H T , i e = I (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 1,790 

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

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f l x , k 

C l . a b a s e m e n t c e i l i n g 20,000 13,730 0,414 0,414 -1,333 -7,582 

HT,ia(..) = I ( A k . U k . f i x , k ) ( W / K ) -7,582 

F ixJ i=f l= ( 9 i n t , i - 9 u ) / ( 9 i n t , i - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

uk 

[ W / m 2 . K ] 

fig.k 

[-] 

B' 

[m] U e q U i „ .k [ W / m 2 . K ] A k . U e c | l ] | U i k f | g i k . f G w, k 

F F l o o r o n t h e g r o u n d 13,730 13,730 2,885 0,309 -0,253 9,518 0,210 -0,729 

T( A k . U e g u i v k .f l R / k .fGv -0,729 

feann H HT.ig-feann •£ (A k . U e q u j v , k . f j g , k .fGW,k) ( W / K ) 
fGW,k 

["] 

9 e,m 

r q 

1,450 -1,058 1,000 3,800 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <DT,i = ( HT,i<. + H T J a + H T i a e + H T J a B E + H T j g ) . (6 i n t , i - 6 e ) [ W ] 

e,„,,, rc] e e r c ] 9]nt,l - 9 e |°C] 
£Ht,i 

[ W - K 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s <Xh,\ [ W ] 

0,000 -15,000 15,000 -6,850 -102,746 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 

e e f c ] 

i n d o o r 

t e m p e r a t u r e 8 | n t j 

r q 

H y g i n i c r e q u i r e m e n t s 

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 

e e f c ] 

i n d o o r 

t e m p e r a t u r e 8 | n t j 

r q 

rimin(h" ) H y g i e n i c a i r e x c h a n g e V m i n j ( m / h ) 

41,053 -15,000 0,000 0,500 20,526 

"50 

[1/h] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e i 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £| 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V, n f , i 

4,500 1,000 0,020 1,000 7,389 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0int,i"©e m a x . o f V m i n j , V | „ f j H t [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

15,000 20,526 6,979 104,684 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 1,939 W 
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R o o m N o . N a m e of t h e r o o m Indoor t e m p e r a t u r e 6 i n i , i [-q 

S 1 1 2 B i k e r o o m 2 0 , 0 0 0 °c 

Ca l cu la t i on of hea t t r a n sm i s s i o n loss 

Spec i f i c heat t r a n sm i s s i o n loss d i r ec t l y t o ex t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[m2] 

uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

H 

fie.k 

[-] 
A k . ( U k + A U B ) . f u , k . f i e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 6 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 4 2 0 

S I P e r i p h e r a l w a l l 2 1 , 4 0 0 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 3 , 7 3 7 

H T , i e = Z ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 4 , 1 5 7 

Spec i f i c heat t r a n sm i s s i o n loss f r o m h e a t e d space t o ne i ghbou r i ng h e a t e d space or u n h e a t e d s pa ce o r 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
eu 

f C ] 

A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
A k .Ukc. f ix ,k 

C l . a b a s e m e n t c e i l i n g 2 0 , 0 0 0 1 2 , 5 0 0 0 , 4 1 4 0 , 4 1 4 - 1 , 3 3 3 - 6 , 9 0 3 

H T, i a (..) = I ( A k . U k . f i x , k ) ( W / K ) - 6 , 9 0 3 

Fj»,k=fi= ( 9 i n t , i - 9 u ) / ( 9 i n t , i - 9 e ) 

Spec i f i c heat t r a n sm i s s i o n loss t o g r o u n d H T,ig 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[ m ] 

uk 

[ W / m 2 . K ] 

fig,k 

[-] 

B' 

[ m ] 
Uequiv.k [ W / m 2 . K ] A k . U e q U | V k fig.k-fGW.k 

F F l o o r o n t h e g r o u n d 1 2 , 5 0 0 1 2 , 5 0 0 7 , 3 5 8 0 , 3 0 9 - 0 , 2 5 3 3 , 3 9 8 0 , 2 7 7 - 0 , 8 7 7 

1( Ak .U e q U | V i k - f i g , k -fGW.k) - 0 , 8 7 7 

feann ["] HT.IB — feann •£ ( A k - U E Q U , v k . f 1g_k .fGW.k) ( W / K ) 
fGW.k 

[-] rc] 
1 , 4 5 0 - 1 , 2 7 2 1 , 0 0 0 3 , 8 0 0 

Tota l des i gn hea t t r a n sm i s s i o n loss (DT,r = ( H T,r e + H T i a + H T i a e + H T i a B E + H T i i g ) . (8 i n , , i - 8 e ) [W] 

e l n W rc] e e r c ] Oint.i " 9 e f C ] 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O j . i [ W ] 

0 , 0 0 0 - 1 5 , 0 0 0 1 5 , 0 0 0 - 4 , 0 1 8 - 6 0 , 2 7 0 

Des i gn hea t loss d u e t o v en t i l a t i o n - natura l v en t i l a t i o n 

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 

e e r c ] 

i n d o o r 

t e m p e r a t u r e 8 i n y 

rc] 

H y g i n i c r e q u i r e m e n t s 

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 

e e r c ] 

i n d o o r 

t e m p e r a t u r e 8 i n y 

rc] 

nmin fh" 1 ) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

3 7 , 3 7 5 - 1 5 , 0 0 0 0 , 0 0 0 0 , 5 0 0 1 8 , 6 8 8 

nso 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f j 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 6 , 7 2 8 

Hea t loss d u e t o natura l v en t i l a t i o n 

Qint, i "Qe m a x . o f V m i n , i , V , n f , , H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

1 5 , 0 0 0 1 8 , 6 8 8 6 , 3 5 4 9 5 , 3 0 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 3 5 , 0 3 6 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t J ra 

S 1 1 3 C o r r i d o r 0 , 0 0 0 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[m2] 

Uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

H 

fie.k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 4 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 2 8 0 

S I P e r i p h e r a l w a l l 3 , 8 2 5 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 6 6 8 

HT,,e = Z (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 0 , 9 4 8 

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

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rq 

A k 

[m2] 

Uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

H 
Ak-Ukc-fiK.k 

S 3 . c i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 2 5 , 1 4 6 0 , 5 0 1 0 , 5 0 1 - 0 , 6 6 7 - 8 , 3 9 4 

D i i n t e r i o r t i m b e r d o o r s 1 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 0 0 0 0 , 0 0 0 

C l . a b a s e m e n t c e i l i n g 2 0 , 0 0 0 1 5 , 1 1 0 0 , 4 1 4 0 , 4 1 4 - 1 , 3 3 3 - 8 , 3 4 4 

H T, i a (..) = Z ( A k . U k . f i x , k ) ( W / K ) - 1 6 , 7 3 9 

Fi»,k=fi= ( e i n t , | - 9 u ) / ( 9 | n t , | - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[m2] 

Ag 

[m2] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig.k 

[-] 

B' 

[m] Uequiv.k [ W / m 2 . K ] A k - U e c | u | V i k fig,k-fGW,k 

F F l o o r o n t h e g r o u n d 1 5 , 1 1 0 1 5 , 1 1 0 1 , 4 1 3 0 , 3 0 9 - 0 , 2 5 3 2 1 , 3 8 7 0 , 1 4 8 - 0 , 5 6 7 

Z( A k .Uequ iuk .flg.k -ÍG\ - 0 , 5 6 7 

feann H HT, ig- feann Z ( A k . U e c . u | V i k . f | g i k -ÍGW.k) ( W / K ) 
fGW.k 

[-] rq 
1 , 4 5 0 - 0 , 8 2 3 1 , 0 0 0 3 , 8 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <DT,i = ( H T i e + H T J a + H T J a e + H T i a B E + HTjg).(eint,i - 6 e ) [W] 

e,„,,, ra e e r q Slnt. l - 6e f C ] 
Z H y 

[ W - K 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

0 , 0 0 0 - 1 5 , 0 0 0 1 5 , 0 0 0 - 1 6 , 6 1 4 - 2 4 9 , 2 0 3 

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

r o o m O u t d o o r t e m p e r a t u r e i n d o o r 

v o l u m e ejc] t e m p e r a t u r e 9 i n t i i H y g i n i c r e q u i r e m e n t s 

V , ( m 3 ) rq 
nmin fh" 1 ) H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

4 5 , 1 7 9 - 1 5 , 0 0 0 0 , 0 0 0 0 , 5 0 0 2 2 , 5 8 9 

ri50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

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

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £| 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V in f j 

e i 
( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 8 , 1 3 2 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0int,i"©e m a x . o f V m l n , i , V i n f , i H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

1 5 , 0 0 0 2 2 , 5 8 9 7 , 6 8 0 1 1 5 , 2 0 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = - 1 3 3 , 9 9 7 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 8 i n t , i re] 

S 1 1 4 S t o r e r o o m 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

Uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

["] 

fie.k 

H 
A k . (U k +AU B ) . f u , k . f l e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 4 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 2 8 0 

S I P e r i p h e r a l w a l l 4 , 5 1 9 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 7 8 9 

H T , L E = Z (Ak . (U k +AU B ) . f u , k . f l e , k ) ( W / k ) 1 , 0 6 9 

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

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

Uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
Ak.Ukc.f iK.k 

C l . a b a s e m e n t c e i l i n g 2 4 , 0 0 0 2 , 2 1 0 0 , 4 1 4 0 , 4 1 4 - 1 , 6 0 0 - 1 , 4 6 5 

C l . a b a s e m e n t c e i l i n g 2 0 , 0 0 0 4 , 8 4 0 0 , 4 1 4 0 , 4 1 4 - 1 , 3 3 3 - 2 , 6 7 3 

H T , I A ( . . ) = Z ( A k . U k . f i x , k ) ( W / K ) - 2 , 6 7 3 

F i x j č f i f ( 9 | n t , i - 9 u ) / ( 9 | n t , | - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fg,k 

["] 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] Ak-Uequiuk fig,k-fGW,k 

F F l o o r o n t h e g r o u n d 4 , 8 4 0 4 , 8 4 0 1 , 6 4 5 0 , 3 0 9 - 0 , 2 5 3 5 , 8 8 4 0 , 2 4 4 - 0 , 2 9 9 

Z( A k . U e ( ] U | V / k . f i R k -ÍGw.k) - 0 , 2 9 9 

feann H H-r,ig-feann Z (A k .U e q uiu,k-f ig,k -fGW.k) ( W / K ) 
fGW.k 

[-] r q 
1 , 4 5 0 - 0 , 4 3 4 1 , 0 0 0 3 , 8 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <DT,i = ( H T , i e + H T J a + H T J a e + H T J a B E + H T i i g ) . ( 6 i n t , i - 6 e ) [W] 

e,„,,, rc] e e r c ] e, n , , , -e e rc] 
Z H , , i 

[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T , I [ W ] 

0 , 0 0 0 - 1 5 , 0 0 0 1 5 , 0 0 0 - 2 , 0 3 8 - 3 0 , 5 6 6 

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

r o o m O u t d o o r t e m p e r a t u r e i n d o o r 

v o l u m e e e r c ] t e m p e r a t u r e 9 i n t j i H y g i n i c r e q u i r e m e n t s 

V , ( m 3 ) r q 

riminfh_1) H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

1 4 , 4 7 2 - 1 5 , 0 0 0 0 , 0 0 0 0 , 5 0 0 7 , 2 3 6 

"50 N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t l e v e l A m o u n t o f a i r i n f i l t r a t e d b y 

[ 1 / h ] o p e n n i n g s e i f r o m t e r r a i n £| b u i l d i n g e n v e l o p e V in f j 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 2 , 6 0 5 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0int,i"©e m a x . o f V m l n j , V l n f j H , [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

1 5 , 0 0 0 7 , 2 3 6 2 , 4 6 0 3 6 , 9 0 3 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 6 , 3 3 7 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t i i [ X ] 

S 1 1 5 S t o r e r o o m 0 , 0 0 0 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu,k 

H 

fie.k 

H 
A k . ( U k + A U B ) . f u , k . f , e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 4 0 0 0 , 7 0 0 0 , 0 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 2 8 0 

S I P e r i p h e r a l w a l l 4 , 5 1 9 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 7 8 9 

H T , , e = I (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 1 , 0 6 9 

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

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc i 

A k 

[m2] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fix,k 

H 
A k . U k c . f 1 1 ( , k 

C l . a b a s e m e n t c e i l i n g 2 0 , 0 0 0 4 , 8 4 0 0 , 4 1 4 0 , 4 1 4 - 1 , 3 3 3 - 2 , 6 7 3 

C l . a b a s e m e n t c e i l i n g 2 4 , 0 0 0 2 , 2 1 0 0 , 4 1 4 0 , 4 1 4 - 1 , 6 0 0 - 1 , 4 6 5 

H Tj,(..) = I ( A k . U k . f l x , k ) ( W / K ) - 1 , 4 6 5 

Fi»,k=fi= ( 9 | n t , | - 9 u ) / ( 9 | n t , | - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig,k 

["] 

B' 

[m] U e q u l „ .k [ W / m 2 . K ] A k . U e q u i „ i k f| g k . f G w k 

F F l o o r o n t h e g r o u n d 7 , 0 5 0 7 , 0 5 0 1 , 6 5 0 0 , 3 0 9 - 0 , 2 5 3 8 , 5 4 5 0 , 2 1 8 - 0 , 3 8 9 

£( Ak .U e ( , U | V , k . f | E , k .fG\ - 0 , 3 8 9 

feann ["] H T , i g= fea„„ ( A k . U e q u i v , k . f i & k . f G W , k ) ( W / K ) 
fGW.k 

[-] 
6 e,m 

rc i 
1 , 4 5 0 - 0 , 5 6 4 1 , 0 0 0 3 , 8 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <DT,i = ( H T i e + H T i a + H T i a e + H T J a B E + HTjg).(eint,i - 8e ) [W] 

e,„,,, rc] e e r c ] 9]nt,l " 9e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O r j [ W ] 

0 , 0 0 0 - 1 5 , 0 0 0 1 5 , 0 0 0 - 0 , 9 5 9 - 1 4 , 3 8 9 

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

r o o m O u t d o o r t e m p e r a t u r e i n d o o r 

v o l u m e e e r c ] t e m p e r a t u r e S | n t | H y g i n i c r e q u i r e m e n t s 

V , ( m 3 ) rc i 

riminfh"1) H y g i e n i c a i r e x c h a n g e V m i „ i ( m 3 / h ) 

2 1 , 0 8 0 - 1 5 , 0 0 0 0 , 0 0 0 0 , 5 0 0 1 0 , 5 4 0 

ri50 N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t l e v e l A m o u n t o f a i r i n f i l t r a t e d b y 

[1 /h ] o p e n n i n g s e i f r o m t e r r a i n £| b u i l d i n g e n v e l o p e V ] n f j 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 3 , 7 9 4 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

©int.röe m a x . o f V m i n , i , V in f j H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

1 5 , 0 0 0 1 0 , 5 4 0 3 , 5 8 4 5 3 , 7 5 3 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 3 9 , 3 6 3 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 8 i n t , i rc] 

S 1 1 6 S t o r e r o o m 0 , 0 0 0 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

ukc 

[ W / m 2 . K ] 

fu,k 

H 
fie.k 

[-] 

A k . ( U k + A U B ) . f u , k . f , e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 8 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 5 6 0 

S I P e r i p h e r a l w a l l 1 3 , 3 5 6 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 2 , 3 3 3 

H T , | e = * ( A k . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 2 , 8 9 3 

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

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f i x , k 

C l . a b a s e m e n t c e i l i n g 2 0 , 0 0 0 7 , 9 4 0 0 , 4 1 4 0 , 4 1 4 - 1 , 3 3 3 - 4 , 3 8 5 

H T, i a(..) = Z ( A k . U k . f i x , k ) ( W / K ) - 4 , 3 8 5 

F i x , k=f i= (e,„t,, -ej/(e1nt,, -ee) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

uk 

[ W / m 2 . K ] 

fig,k 

["] 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] A k - U e q u l v k f igk -fGW.k 

S 2 
P e r i p h e r a l w a l l in t o u c h w i t h 

g r o u n d 
3 , 7 0 0 7 , 9 4 0 5 , 9 7 5 0 , 1 2 7 - 0 , 2 5 3 2 , 6 6 0 , 1 8 6 - 0 , 1 7 4 

F F l o o r o n t h e g r o u n d 7 , 9 4 0 7 , 9 4 0 5 , 9 7 5 0 , 3 0 9 - 0 , 2 5 3 2 , 6 5 8 0 , 2 8 9 0 , 0 0 0 

1( A k . U e c | l l | U i k -fig.k -fGW.k) 0 , 0 0 0 

feann H H T, ig = fea„„ I (Ak-Uequiv.K-fig.K - f G W , k ) ( W / K ) 
fGW.k 

[-] rc] 
1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 8 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <DT,i = ( HT,i<. + H T i a + H T i a e + H T i a B E + H T. i g).(6int,i - 6 e ) [ W ] 

e l n W rc] e e r c ] 9]nt,l " 9e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s 0 T , i [ W ] 

0 , 0 0 0 - 1 5 , 0 0 0 1 5 , 0 0 0 - 1 , 4 9 2 - 2 2 , 3 8 5 

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

r o o m O u t d o o r t e m p e r a t u r e i n d o o r 

v o l u m e e e rq t e m p e r a t u r e 9 i n t i H y g i n i c r e q u i r e m e n t s 

V , ( m 3 ) re] 

riminfh_1) H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

2 3 , 7 4 1 - 1 5 , 0 0 0 0 , 0 0 0 0 , 5 0 0 1 1 , 8 7 0 

ri50 N u m b e r o f u n p r o t e c t e d 
S h a d i n g f a c t o r 

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

[ 1 / h ] o p e n n i n g s 
S h a d i n g f a c t o r 

f r o m t e r r a i n £, b u i l d i n g e n v e l o p e V l n f / | 

e. 
( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 4 , 2 7 3 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

9]nt,] _9e m a x . o f V m i n , i , V i n f , i H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

1 5 , 0 0 0 1 1 , 8 7 0 4 , 0 3 6 6 0 , 5 3 9 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 3 8 , 1 5 3 W 

63 



Room No. Name of the room Indoor temperature 8 i n t , i [-c] 
S 1 1 7 S t o r e r o o m 0 , 0 0 0 °C 

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

U k c 

[ W / m 2 . K ] 

fu.k 

["] 

f]e,k 

["] 
A k . (U k +AU B ) . f u , k - f i e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 4 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 2 8 0 

S I P e r i p h e r a l w a l l 5 , 4 2 5 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 9 4 7 

H T , i e = I (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 1 , 2 2 7 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
Ak.Ukc.f ix.k 

C l . a b a s e m e n t c e i l i n g 2 0 , 0 0 0 7 , 9 4 0 0 , 4 1 4 0 , 4 1 4 - 1 , 3 3 3 - 4 , 3 8 5 

H T i i a ( . . ) = Z ( A k . U k . f i X i k ) ( W / K ) - 4 , 3 8 5 

Fix,k= f i = ( 9 | n t , | - 9 u ) / ( 9 | n t , | - 9 e ) 

Specific heat transmission loss to ground HT,ig 

N o . S . d e s c r i p t i o n 
A k 

[m2] 
Ag 

[m2] 

P 

[m] 
u k 

[ W / m 2 . K ] 

fig,k 

H 

B' 

[m] 
Uecuw.k [ W / m 2 . K ] Ak.U eq u i uk.f ig,k-fGW,k 

F F l o o r o n t h e g r o u n d 7 , 9 4 0 7 , 9 4 0 1 , 9 4 8 0 , 3 0 9 - 0 , 2 5 3 8 , 1 5 2 0 , 2 2 1 - 0 , 4 4 5 

I( Ak .U e q u l u k - f i g , k -ÍGW.k) - 0 , 4 4 5 

feann H Hl.ig-feann (Ak- U e q u i u k . f | g k .ÍGW.k) ( W / K ) 
fGW.k 

[-] 
9e,m 

r q 
1 , 4 5 0 - 0 , 6 4 5 1 , 0 0 0 3 , 8 0 0 

Total design heat transmission loss <DT,i = ( HT,ie + H T i a + H T J a e + H T i a B E + HT>ig).(6int>i - 6e ) [W] 

e,„,,, rc] e e r c ] e,„,,,-9 erc] 
IH , , , 

[ W - K 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s 0 T , i [ W ] 

0 , 0 0 0 - 1 5 , 0 0 0 1 5 , 0 0 0 - 3 , 8 0 3 - 5 7 , 0 4 0 

Design heat loss due to ventilation - natural ventilation 
r o o m O u t d o o r t e m p e r a t u r e i n d o o r 

v o l u m e e e r c ] t e m p e r a t u r e 9 i n t i H y g i n i c r e q u i r e m e n t s 

V , ( m 3 ) r q 

n m , „ ( h 1 ) H y g i e n i c a i r e x c h a n g e V m | n ] ( m 3 / h ) 

2 3 , 7 4 1 - 1 5 , 0 0 0 0 , 0 0 0 0 , 5 0 0 1 1 , 8 7 0 

n 5 o N u m b e r o f u n p r o t e c t e d c o r r e c t i o n f a c t o r o f h e i g h t l e v e l A m o u n t o f a i r i n f i l t r a t e d b y 

[ 1 /h ] o p e n n i n g s S h a d i n g f a c t o r f r o m t e r r a i n £| b u i l d i n g e n v e l o p e V l n f j 

ei 
( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 4 , 2 7 3 

Heat loss due to natural ventilation 

öint . röe m a x . o f V m l n j , V l n f j H t [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

1 5 , 0 0 0 1 1 , 8 7 0 4 , 0 3 6 6 0 , 5 3 9 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 3 , 4 9 9 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e e int,i 
S 1 1 8 S t o r e r o o m 0 , 0 0 0 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

U K C 

[ W / m 2 . K ] 

f u , k 

[-] 

f]e,k 

[-] 
A K . ( U K + A U B ) . f u , k . f , e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 4 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 2 8 0 

S I P e r i p h e r a l w a l l 5 , 4 2 5 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 9 4 7 

H T , , e = Z ( A k . ( U K + A U B ) . f u , k . f l e , k ) ( W / k ) 1 , 2 2 7 

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

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
Ak.Ukc.f ix.k 

S3 .C 1 n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 1 1 , 9 0 0 0 , 5 0 1 0 , 5 0 1 - 0 , 6 6 7 - 3 , 9 7 3 

C l . a b a s e m e n t c e i l i n g 2 0 , 0 0 0 7 , 9 4 0 0 , 4 1 4 0 , 4 1 4 - 1 , 3 3 3 - 4 , 3 8 5 

HT,ia(..) = Z ( A k . U k . f i x , k ) ( W / K ) - 8 , 3 5 8 

Fi«,k=fi= (emt,i-e u)/(9i n t,i-9 e) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d HTJf, 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] H 

B' 

[m] 
Uequiv.k [ W / m ' . K ] Ak- Uequiv.k fig.k-ÍGW.k 

F F l o o r o n t h e g r o u n d 7 , 9 4 0 7 , 9 4 0 1 , 9 4 8 0 , 3 0 9 - 0 , 2 5 3 8 , 1 5 2 0 , 2 2 1 - 0 , 4 4 5 

I( A k . U e q u l U i k -fig.k -fGW.k ) - 0 , 4 4 5 

feann H H-T.lg-feann ( A k . U e q u j v > k . f j g > k .fGW.k) ( W / K ) 
fGW,k 

[-] 
ee,m 

1 , 4 5 0 - 0 , 6 4 5 1 , 0 0 0 3 , 8 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s O T , I = ( H T i i e + H T i a + H T i a e + H T i i a B E + H T i l g).(6int, i - 6 e ) [ W ] 

e,„,,, rc] e e r c ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s Q\i [ W ] 

0 , 0 0 0 - 1 5 , 0 0 0 1 5 , 0 0 0 - 7 , 7 7 5 - 1 1 6 , 6 3 0 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 

e e r c ] 

i n d o o r 

t e m p e r a t u r e 9 i n t i i 

r q 

H y g i n i c r e q u i r e m e n t s 

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 

e e r c ] 

i n d o o r 

t e m p e r a t u r e 9 i n t i i 

r q 

r i m i n g 1 ) H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

2 3 , 7 4 1 - 1 5 , 0 0 0 0 , 0 0 0 0 , 5 0 0 1 1 , 8 7 0 

ri5o 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

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

ei 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n 8( 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V ] n f , 

( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 4 , 2 7 3 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0int,i"©e m a x . o f V m i „ j , Vjnfj H, [W-K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

1 5 , 0 0 0 1 1 , 8 7 0 4 , 0 3 6 6 0 , 5 3 9 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = - 5 6 , 0 9 1 W 
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Heat losses of first floor 
Room No. Name of the room Indoor temperature 6 i „ t , i p q 

1 0 1 A V e s t i b u l e 2 0 , 0 0 0 °C 

Calculation of heat transmission loss 
Specific heat transmission loss directly to exterior HT, ie 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[m2] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu,k 

H 

fie, k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

W T r i p l e g l a z i n g p l a s t i c w i n d o w 1 , 0 8 8 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 7 6 2 

S I P e r i p h e r a l w a l l 1 , 8 5 7 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 3 2 4 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 1 , 0 8 6 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H-rjau 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
r q 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K 

fix.k 

H 
A k . U k c . f i x , k 

C l . b c e i l i n g a b o v e b a s e m e n t 1 5 , 0 0 0 6 , 7 0 0 0 , 4 1 4 0 , 4 1 4 0 , 1 4 3 0 , 3 9 6 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 6 , 0 9 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 9 6 1 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 9 , 7 7 1 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 1 , 3 9 8 

D i i n t e r i o r t i m b e r d o o r 1 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 2 8 6 0 , 9 7 2 

D i i n t e r i o r t i m b e r d o o r 2 4 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 - 0 , 1 1 4 - 0 , 3 4 6 

H T , i a ( . . , = I ( A k . U k . f i x , k ) ( W / K ) 1 , 4 6 0 

F i x , k = f i = ( e i n t , i - e u ) / ( 9 i n U - e e ) 

Specific heat transmission loss to ground HT,ig 

N o . S . d e s c r i p t i o n 
A k 

[m2] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] A k . U e q u i V i k f i g, k -fGw.k 

I{ A|(.Uequiv,k-fig,k - fGW .k) 0 , 0 0 0 

feann 

H 
H T , i B = feann * ( A k . U e q u i v , k . f i g , k . f G W , k ) ( W / K ) 

ÍGW.k 

[-] 6e,m 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss (DT,i = ( H T j e + H T j a + H T J a e + H T j a BE + H T j i g ) .(6 i n t , i - 6 e ) [W] 

e,„y rc] e e r c ] e i n , , i - e e r c ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s <t>Ti [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 2 , 5 4 6 8 9 , 1 1 4 

Design heat loss due to ventilation - natural ventilation 

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 

i n d o o r 

t e m p e r a t u r e 9 i n t , i 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 

i n d o o r 

t e m p e r a t u r e 9 i n t , i 

r q 
nm in fh " 1 ) 

H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

2 9 , 0 0 3 - 1 5 , 0 0 0 

2 0 , 0 0 0 

0 , 5 0 0 

1 4 , 5 0 2 

nso 

U/h] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f , i 

4 , 5 0 0 0 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

Heat loss due to natural ventilation 

S i n t . r S e 
m a x . o f V m i n , i , Vinf,i H , [ W - K 1 ] 

D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n <t>v,i(W) 

3 5 , 0 0 0 1 4 , 5 0 2 4 , 9 3 1 1 7 2 , 5 6 8 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 2 6 1 , 6 8 2 W 
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Room No. Name of the room Indoor temperature 6 i n t J p q 

1 0 2 A W a s h i n g m a c h i n e r o o m 2 0 , 0 0 0 °C 

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT, ie 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

f u , k 

H 

fie.k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

0 , 0 0 0 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 0 , 0 0 0 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T.iai..) 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
r q 

A k 

[m2] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K 

fix.k 

H 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 3 , 1 9 0 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 5 0 3 

C l . b c e i l i n g a b o v e b a s e m e n t 1 5 , 0 0 0 1 , 9 8 0 0 , 4 1 4 0 , 4 1 4 0 , 1 4 3 0 , 1 1 7 

H T, i a,..) = I ( A k . U k . f i x , k ) ( W / K ) - 0 , 3 8 6 

F i x . k=f i= ( e l n , j - e u ) / ( e l n t j - e e ) 

Specific heat transmission loss to ground HT,ig 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

A g 

[ m 2 ] 

P 
[m] 

u k 

[ W / m 2 . K ] 

fig.k 

H 

B' 
[ m ] 

Uequiv. k [ W / m 2 . K ] A k . U e q u i v k f i g k . f G w , k 

2( A k . U e q u i v k . f i g k . f G W / k ) 0 , 0 0 0 

H-r,ie- feann -2 ( A k . U e q u i V i k . f i g i k .fGW,k) ( W / K ) fGW,k 6e,m f C] 

1 , 4 5 0 0 , 0 0 0 
1 , 0 0 0 

3 , 9 0 0 

Total design heat transmission loss (DT,i = ( HT,ie + HT,ia + HT,iae + H T i a BE + H T,ig).(8i nt,i - 8 e ) [W] 

e i n,,i rc] e e r c ] e i n , , i - e e r c ] 
2H t , i 

[ W - K " 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s CDT,I [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 - 0 , 3 8 6 - 1 3 , 5 0 1 

Design heat loss due to ventilation - natural ventilation 

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 

i n d o o r 

t e m p e r a t u r e 9 i n t i 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 

i n d o o r 

t e m p e r a t u r e 9 i n t i 

r q nmin fh " 1 ) H y g i e n i c a i r e x c h a n g e V m i n , i ( m 3 / h ) 

5 , 9 2 0 - 1 5 , 0 0 0 2 0 , 0 0 0 1 , 5 0 0 

8 , 8 8 0 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f , i 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

Heat loss due to natural ventilation 

S i n t . r S e m a x . o f V m i n , i , V i n f , i H t [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n <t>v,i(W) 

3 5 , 0 0 0 8 , 8 8 0 3 , 0 1 9 1 0 5 , 6 7 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 9 2 , 1 7 5 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e ©int,i p q 

103A T o i l e t 20,000 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T,ie 
s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu,k 

[-] 

fie, k 

[-] 
A k . ( U k +AU B ) . f u , k - f i e , k 

0,000 

H T , i e = 1 (Ak.(U k+AU B).fu,k.f ie,k) (W/k) 0,000 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T j a ( j 

s t r u c t u r e s 

No.S. d e s c r i p t i o n 
e u 

f C ] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K 

fíx.k 

[-] 
A k . U k c . f i x , k 

S4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 24,000 1,704 1,379 1,379 -0,114 -0,269 
H T, i a (..) = I ( A k . U k . f i x , k ) ( W / K ) -0,269 

F i x , k = f l = O iny-eu l /O iny-ee) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

No.S. d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

f ig,k 

H 

B' 

[m] Uequiv.k [ W / m 2 . K ] A k . U e q u i v k f i g k . f G W , k 

1{ Ak.Uequi^fc.fig.fc .ÍGW.k) 0,000 

feann 

H 

H-r. ig-feann -2 (Ak-U e q u i v ,k- f ig ,k -ÍGW.k) ( W / K ) 

ÍGW.k 

[-] 

6e,m f C ] 

1,450 0,000 1,000 3,900 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s (DT,i = ( HT,ie + H T , i a + H T , i a e + H T J a B E + H Tjg).(6i n,,i - 6 e ) [ W ] 

e in,,i rq e e fq e i n y-e e rq 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O j , i [ W ] 

20,000 -15,000 35,000 -0,269 -9,403 

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

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e O e 

rq 
i n d o o r 

t e m p e r a t u r e 9 i r v t i i 

rq 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e O e 

rq 
i n d o o r 

t e m p e r a t u r e 9 i r v t i i 

rq riming"1) 
H y g i e n i c a i r e x c h a n g e V m i n i i ( m 3 / h ) 

10,405 -15,000 20,000 0,500 5,203 

n 5 o 

[1/h] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f j 

4,500 0,000 0,020 1,000 0,000 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S i n t , i - S e m a x . o f V m i n , i , V i n f , i H t l W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

35,000 5,203 1,769 61,911 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 52,508 W 
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Room No. Name of the room Indoor temperature 6 i n t , i p q 

1 0 4 A K i t c h e n a n d l i v i n g r o o m 2 0 , 0 0 0 °C 

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior H T l e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu,k 

H 
f e , k 

H 
A k . ( U k +AU B ) . f u , k - f i e , k 

W + D 
P l a s t i c b a l c o n y d o o r a n d 

w i n d o w s 
9 , 5 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 6 , 7 0 3 

S I p e r i p h e r a l w a l l 2 3 , 1 6 6 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 0 4 6 

H T , i e = 1 ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 1 0 , 7 4 8 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T.iaf..i 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
f C ] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K 

] 

fix,k 

[-] 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 7 , 7 7 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 1 , 2 2 5 

S3 .C i n t e r n a l l o a d b e a r i n g w a l l 0 , 0 0 0 1 , 2 8 6 0 , 5 0 1 0 , 0 5 0 0 , 5 5 1 0 , 5 7 1 0 , 4 0 5 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 8 , 2 8 2 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 1 , 1 8 5 

C 2 . b c e i l i n g a b o v e b a s e m e n t 1 5 , 0 0 0 4 , 7 2 0 0 , 4 1 4 0 , 4 1 4 0 , 1 4 3 0 , 2 7 9 

H T, i a (..) = I ( A k . U k . f i x , k ) ( W / K ) 0 , 6 4 3 

F i x , k = f i = ( O i n y - e j / i e ^ i - e e ) 

Specific heat transmission loss to ground H T i i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fg,k 

H 

B' 

[m] Uequiv.k [ W / m 2 . K ] A k . U e q u i V i k fig,k -ÍGW.k 

2( A k .Uequ i^k . f g k . fGW .k) 0 , 0 0 0 

feann 

H 
H-r. ig-feann -2 (Ak-U e quiv,k-f ig,k -fGW,k) ( W / K ) 

fGW.k 

[-] 

ee,m f q 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss O T , I = ( H T I E + H T I A + H T I A E + H T I A B E + H T i s ) . ( 6 i n t j i - 6 e ) [ W ] 

e i n , , i r c ] e e f c ] 9 int, i - 6 e f C ] 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O-r.i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 1 1 , 3 9 2 3 9 8 , 7 0 3 

Design heat loss due to ventilation - natural ventilation 

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e O e 

r q 

i n d o o r 

t e m p e r a t u r e 9 i n y 

f C ] 

H y g i n i c r e q u i r e m e n t s 
r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e O e 

r q 

i n d o o r 

t e m p e r a t u r e 9 i n y 

f C ] nm in fh " 1 ) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

7 6 , 0 3 6 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 3 8 , 0 1 8 

nso 

[1/h] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e] 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £] 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V j n f , i 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 3 , 6 8 6 

Heat loss due to natural ventilation 

S i n t , i - S e m a x . o f V m i n , i , V i n f , i H t l W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 3 8 , 0 1 8 1 2 , 9 2 6 4 5 2 , 4 1 2 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 8 5 1 , 1 1 6 W 
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Room No. Name of the room Indoor temperature 6 i n t , i [ - c ] 

1 0 5 A B a t h r o o m 2 4 , 0 0 0 °C 

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior H T - i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu,k 

H 

fie.k 

[-] 
A k . ( U k + A U B ) . f u , k - f i e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 9 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 6 3 0 

S I p e r i p h e r a l w a l l 4 , 1 8 3 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 7 3 1 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 1 , 3 6 1 

Specific 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
e u 

rq 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 0 , 0 0 0 1 8 , 9 2 1 1 , 3 7 9 1 , 3 7 9 0 , 1 0 3 2 , 6 7 7 

D i i n t e r i o r t i m b e r d o o r 2 0 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 0 , 1 0 3 0 , 3 1 0 

C l . b 

c e i l i n g s e p e r a t i n g h e a t e d 

s p a c e f r o m h e a t e d p a r t o f 

b a s e m e n t 

2 0 , 0 0 0 4 , 4 0 0 0 , 4 1 4 0 , 4 1 4 0 , 1 0 3 0 , 1 8 7 

H T J a U = Z ( A k . U k . f i x , k ) ( W / K ) 3 , 1 7 4 

Fjx.k- f l — (Qjnt.i ~9u ) / (9 j n t , i ~ 9e) 

Specific heat transmission loss to ground H T i g 

N o . S . d e s c r i p t i o n 
A k 

[m2] 

Ag 

[m2] 

P 

[m] 
u k 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] Ak-Uequ ivk f i g, k -fGW.k 

Z( A k . U e q u i V / k . f i g / k . f G w . k ) 0 , 0 0 0 

feann 

["] 
H-r,ig-f8ann Z ( A k . U e q u i V / k . f i g / k .fGW.k) ( W / K ) 

fGW.k 

[-] 

6 e,m TC ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s fJ3 T,i = ( HT,ie + H T J a + H T i a e + H T j i a B E + HTifg).(0fntif - 0 e) [W] 

eint,i re] eerc] Sint . i - 9 e rc] 

ZH t , i 

[ W - K 1 ] 

D e s i g n 

h e a t 

2 4 , 0 0 0 - 1 5 , 0 0 0 3 9 , 0 0 0 4 , 5 3 4 1 7 6 , 8 3 3 

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

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rq 

i n d o o r 

t e m p e r a t u r e 8 i n t i 

rq 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rq 

i n d o o r 

t e m p e r a t u r e 8 i n t i 

rq nm in fh " 1 ) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

1 3 , 1 2 6 - 1 5 , 0 0 0 2 4 , 0 0 0 0 , 5 0 0 
6 , 5 6 3 

n 5 o 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f j 

( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 2 , 3 6 3 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

ö int . i 'öe m a x . o f V m i n , i , V i n f | i H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n ( D v , i ( W ) 

3 9 , 0 0 0 6 , 5 6 3 2 , 2 3 1 8 7 , 0 2 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 2 3 6 , 8 0 0 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t i i j -q 

1 0 6 A B e d r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[m2] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu.k 

H 

fie.k 

["] 
A k . ( U k + A U B ) . f u , k . f i e , k 

W + D 
t r i p l e g l a z i n g p l a s t i c w i n d o w s 

a n d b a l c o n y d o o r 
6 , 6 5 2 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 4 , 6 5 6 

S I p e r i p h e r a l w a l l 2 6 , 1 1 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 5 6 1 

H T , i e = Z (Ak . (U k +AU B ) . f u , k . f i a , k ) ( W / k ) 9 , 2 1 8 

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

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
e u 

f C ] 

A k 

[m2] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

f i x ,k 

[-] 
A k . U k c . f i X / k 

HT,ia(..) = M A k . U k . f i x , k ) ( W / K ) 0 , 0 0 0 

F i x . k = f i = ( e i n t i - e u ) / ( e i n t , i - e e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T i g 

N o . S . d e s c r i p t i o n 
A k 

[m2] 

Ag 

[m2] 

P 

[m] 
Uk 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[m] Uequiv.k [ W / m 2 . K ] A k . U e q U | V k f i g k . f G w , k 

1( A k . U e q U iv ,k -fi g,k .fGW.k) 0 , 0 0 0 

feann 

["] 

HT. ig- feann •£ (A k . U e q u l v _k - f i g . k -fGW.k) ( W / K ) 

fGW.k 

[-] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <DTi = ( H T i e + H T i a + H T i a e + H T i a B E + HTiig).(ein,.i - 9e) [W] 

e i n y rc] e e f c ] e l n W - e e r c ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O j . i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 9 , 2 1 8 3 2 2 , 6 1 7 

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

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r c i 

i n d o o r 

t e m p e r a t u r e 8 i n y 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r c i 

i n d o o r 

t e m p e r a t u r e 8 i n y 

r q 
riminth"1) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

5 8 , 3 6 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 
2 9 , 1 8 2 

ri50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f j 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 0 , 5 0 6 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

©int.i-öe m a x . o f V m i n , i , V i n f , i H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 2 9 , 1 8 2 9 , 9 2 2 3 4 7 , 2 7 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 6 6 9 , 8 8 8 W 
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Room No. Name of the room Indoor temperature 6i„t,irq 
1 0 7 A B e d r o o m 2 0 , 0 0 0 °C 

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior H T j e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

ukc 

[ W / m 2 . K ] 

fu,k 

H 

fie.k 

["] 
A k . ( U k + A U B ) . f u , k . f i e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 2 , 1 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 1 , 5 2 3 

S I p e r i p h e r a l w a l l 8 , 9 7 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 1 , 5 6 8 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 3 , 0 9 0 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T.ia(..i 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
6u 

f C ] 

A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

ukc 

[ W / m 2 . K 

fix,k 

[-] 
A k . U k c . f i x , k 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 3 3 6 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 0 , 6 2 0 

C l . a c e i l i n g a b o v e b a s e m e n t 0 , 0 0 0 8 , 8 7 5 0 , 4 1 4 0 , 0 5 0 0 , 4 6 4 0 , 5 7 1 2 , 3 5 4 

H T , i a ( . ) = I ( A k . U k . f i i a ) ( W / K ) 2 , 9 7 4 

Specific heat transmission loss to ground H T | i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

uk 

[ W / m 2 . K ] 

fig,k 

[-] 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] Afc.Uequiv k f i g k . f Gw,k 

I{ A k . U e q u i v , k . f i g , k . f G w . k ) 0 , 0 0 0 

feann 

H 

H T , i g= fea„„ * ( A k . U e q u i v , k . f i g , k . f G W , k ) ( W / K ) 

fGW.k 

[-] 

6e,m f C] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss (DT,r = ( HT,ie + H T j i a + H T j i a e + H T i a BE + HTjig).(8|nt,i - 8 e ) [W] 

e i n U rc] e e r q e i n y - e e r q 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O j , i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 6 , 0 6 5 2 1 2 , 2 6 5 

Design heat loss due to ventilation - natural ventilation 

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

i n d o o r 

t e m p e r a t u r e 9 i r v t i i 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

i n d o o r 

t e m p e r a t u r e 9 i r v t i i 

r q nmin fh " 1 ) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

5 3 , 0 7 3 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 
2 6 , 5 3 6 

riso 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f , i 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 9 , 5 5 3 

Heat loss due to natural ventilation 

S i n t j - S e m a x . o f V m i n , i , V i n f , i H t [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 2 6 , 5 3 6 9 , 0 2 2 3 1 5 , 7 8 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 5 2 8 , 0 4 6 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t , i p q 

1 0 8 S t a i r c a s e 1 0 , 0 0 0 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu,k 

[-] 

fie.k 

["] 
A k . ( U k + A U B ) . f u , k . f i e , k 

H T , i e = Z (Ak . (U k +AU B ) . f u , k . f i a , k ) ( W / k ) 0 , 0 0 0 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T i i a U 

N o . S . d e s c r i p t i o n 
6 U 

f C ] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A l l 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 
fix,k 

[-] 

A k . U k c . f i x , k 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 2 0 , 0 0 0 4 4 , 3 5 9 0 , 5 0 1 0 , 5 0 1 - 0 , 4 0 0 - 8 , 8 8 5 

D i i n t e r i o r t i m b e r d o o r 2 0 , 0 0 0 3 , 7 8 0 1 , 8 0 0 1 , 8 0 0 - 0 , 4 0 0 - 2 , 7 2 2 

S I P e r i p h e r a l l o a d b e a r i n g w a l l 0 , 0 0 0 4 , 4 2 0 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 0 , 4 0 0 0 , 3 0 9 

D e l e n t r a n c e d o o r 0 , 0 0 0 4 , 7 0 0 0 , 7 0 0 0 , 7 0 0 0 , 4 0 0 1 , 3 1 6 

H T, i a(..) = I ( A k . U k . f i x , k ) ( W / K ) - 9 , 9 8 2 

F i x ,k= f i = ( 9 i n t , i - 9 u ) / ( 9 i n t , , - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d HT,ig 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig,k 

H 

B' 

[m] Uequiv.k [ W / m 2 . K ] A k . U e q u i v , k fig.k -fGW.k 

£( A k . U e q u i v k . f i B i k . f G w , k ) 0 , 0 0 0 

feann 

H 

H-r.ig- feann •£ ( A k . U e q u i v , k . f i g , k .fGW,k) ( W / K ) 

fGW,k 

H 

6e,m 

f C ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s (pT,i = ( HT,ie + HT,ia + H T i a e + H T i a B E + HTje).(e int,i - 6 e ) [W] 

e , „ y f C] e e r c ] Sint. i - 8 e r c ] [ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s Or, , [ W ] 

1 0 , 0 0 0 - 1 5 , 0 0 0 2 5 , 0 0 0 - 9 , 9 8 2 - 2 4 9 , 5 4 9 

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

r o o m O u t d o o r t e m p e r a t u r e O e 
i n d o o r H y g i n i c r e q u i r e m e n t s 

v o l u m e r c ] t e m p e r a t u r e 9 i n t i 

V i ( m 3 ) f C ] " m i n t " " 1 ) 
H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

6 0 , 1 2 9 - 1 5 , 0 0 0 1 0 , 0 0 0 0 , 5 0 0 3 0 , 0 6 4 

ri5o N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t l e v e l A m o u n t o f a i r i n f i l t r a t e d b y 

[ 1 / h ] o p e n n i n g s e. f r o m t e r r a i n £, b u i l d i n g e n v e l o p e V ^ i 

4 , 5 0 0 0 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

9 i n t , i - 9 e m a x . o f V m i n i i , V|„fj H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

2 5 , 0 0 0 3 0 , 0 6 4 1 0 , 2 2 2 2 5 5 , 5 4 8 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 5 , 9 9 9 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 j n t , i pq 
1 0 9 , 0 0 0 E n t r a n c e v e s t i b u l e 0 , 0 0 0 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T j e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[m2] 
uk 

[W/m 2.K] 

A U B 

[W/m 2.K] 

ukc 

[W/m 2.K] 

fu.k 

H 
fie.k 

["] 
A k . ( U k + A U B ) . f u , k . f i e , k 

S I P e r i p h e r a l l o a d b e a r i n g w a l l 9 , 3 0 2 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 0 2 2 

D e l e n t r a n c e d o o r 5 , 6 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 4 9 0 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 0 , 5 1 2 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T j a U 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[m2] 
uk 

[W/m 2.K] 

A U 

[W/m 2.K] 

ukc 

[W/m 2 .K] 

fix.k 

[-] 
A k . U k c . f i x , k 

C l . b C e i l i n g a b o v e b a s e m e n t 1 0 , 0 0 0 6 , 9 7 0 0 , 4 1 4 0 , 4 1 4 - 0 , 6 6 7 - 1 , 9 2 5 

S 3 . C P e r i p h e r a l l o a d b e a r i n g w a l l 2 0 , 0 0 0 5 , 0 9 5 0 , 5 0 1 0 , 5 0 1 - 1 , 3 3 3 - 3 , 4 0 2 

S 3 . C P e r i p h e r a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 5 6 9 0 , 5 0 1 0 , 5 0 1 - 0 , 6 6 7 - 1 , 5 2 5 

D e e n t r a n c e d o o r 1 0 , 0 0 0 4 , 7 0 0 0 , 7 0 0 0 , 7 0 0 - 0 , 6 6 7 - 2 , 1 9 3 

H T, i a,..) = I ( A k . U k . f i x , k ) ( W / K ) - 9 , 0 4 5 

F i x , k = f i = (e i n t i-e u)/(e i n t, i-e e) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] A k . U e q u j v k fig.k -ÍGW.k 

I{ Ak . Uequiv.k .fig.k -ÍGW.k ) 0 , 0 0 0 

feann 

H 
H T , i g= feann l ( A k . U^y.l^ . f G W , k ) ( W / K ) 

ÍGW.k 

[-] 

öe,m 

rc] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s ( D T j i = ( H T i e + H T i a + H T i a e + H T i a B E + H T i g ) . ( 8 i n t j i - 8 e ) [ W ] 

e in,,i rc] e e r c ] Qint.i - 6 e f C] [ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O j . i [ W ] 

0 , 0 0 0 - 1 5 , 0 0 0 1 5 , 0 0 0 - 8 , 5 3 3 - 1 2 7 , 9 9 7 

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

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

rc] 

i n d o o r 

t e m p e r a t u r e 9 i n t i 

rc] 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

rc] 

i n d o o r 

t e m p e r a t u r e 9 i n t i 

rc] nmin fh " 1 ) 
H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

2 0 , 8 4 0 - 1 5 , 0 0 0 0 , 0 0 0 0 , 5 0 0 1 0 , 4 2 0 

n 5 o 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f i | 

( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

9 i n t , i _ 9 e m a x . o f V m i n , i , V i n f , i H t l W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

1 5 , 0 0 0 1 0 , 4 2 0 3 , 5 4 3 5 3 , 1 4 3 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = - 1 7 4 , 6 0 0 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t j i r C ] 

1 0 1 B V e s t i b u l e 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T j e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu,k 

H 
fie, k 

[-] 
A k . ( U k + A U B ) . f u , k . f i e , k 

W T r i p l e g l a z i n g p l a s t i c w i n d o w 1 , 0 8 8 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 7 6 2 

S I P e r i p h e r a l w a l l 1 , 8 5 7 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 3 2 4 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 1 , 0 8 6 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T.iai..) 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
r q 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K 

fix,k 

[-] 
A k . U k c . f i x , k 

C l . a c e i l i n g a b o v e b a s e m e n t 0 , 0 0 0 9 , 7 0 0 0 , 4 1 4 0 , 0 5 0 0 , 4 6 4 0 , 5 7 1 2 , 5 7 3 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 6 , 0 9 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 9 6 1 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 9 , 7 7 1 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 1 , 3 9 8 

D i i n t e r i o r t i m b e r d o o r 1 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 2 8 6 0 , 9 7 2 

D i i n t e r i o r t i m b e r d o o r 2 4 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 - 0 , 1 1 4 - 0 , 3 4 6 

H T , i a ( . .) = I ( A k . U k . f i x , k ) ( W / K ) 3 , 6 3 7 

F i x , k = f i = (e l ny-e u)/(e l l r t , i -e e) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d HT,ig 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[ m ] 

u k 

[ W / m 2 . K ] 

fig.k 

[-] 

B' 

[ m ] 
Uecuiv.k [ W / m 2 . K ] A k . U e q u i v , k f i g i k . f G w,k 

I{ A k . U e q u i v , k . f i g , k . f ew,k) 0 , 0 0 0 

feann 

H 
H T , i g= feann * ( A k . U e q u i v , k . f i g , k . f G W , k ) ( W / K ) 

ÍGW.k 

[-] 6e,m 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s (DTJ = ( H T J e + H T J a + H T J a e + H T i a B E + H T i K ) . { 9 i n t i - 8 e ) [ W ] 

e in,,i rc] e e r c ] Oint.i - ö e f q 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 4 , 7 2 3 1 6 5 , 2 9 1 

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

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e O e 

r q 
i n d o o r 

t e m p e r a t u r e O i n t , i 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e O e 

r q 
i n d o o r 

t e m p e r a t u r e O i n t , i 

r q nm in l h " 1 ) 
H y g i e n i c a i r e x c h a n g e V m i n , i ( m 3 / h ) 

2 9 , 0 0 3 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 1 4 , 5 0 2 

n 5 o 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f i | 

4 , 5 0 0 0 , 0 0 0 

0 , 0 0 0 

1 , 0 0 0 

0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S i n t , i _ S e m a x . o f V m i n , i , V i n f , i H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n ( D v , i ( W ) 

3 5 , 0 0 0 1 4 , 5 0 2 4 , 9 3 1 1 7 2 , 5 6 8 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 3 3 7 , 8 5 9 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6int,i[°c] 

102B W a s h i n g m a c h i n e r o o m 20,000 °C 
C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

f u , k 

H 
fie.k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

0,000 
H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 0,000 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T i a U 

s t r u c t u r e s 

No.S. d e s c r i p t i o n 
r q 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K 

fix,k 

H 
A k . U k c . f i x , k 

S4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 24,000 3,187 1,379 1,379 -0,114 -0,502 
C l . a c e i l i n g a b o v e b a s e m e n t 0,000 1,980 0,414 0,050 0,464 0,571 0,525 

0,023 H T, i a,..) = I ( A k . U k . f i x , k ) ( W / K ) 

0,525 
0,023 

F i x . k = f i = (e l n U -e u )/(e i n t , -e e ) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d HT,ig 

No.S. d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[ m ] 

u k 

[ W / m 2 . K ] 

fig.k 

H 

B' 
[ m ] 

Uecuiv.fc [ W / m 2 . K ] A k . U e q u i v / k fig.k -fGW,k 

I{ A k . U e q u i v , k . f i g , k . f G w , k ) 0,000 

feann 

H 
H T , ig = fea„„ * ( A k . U e q u i v , k . f i g , k . f G W i k ) ( W / K ) 

fGW,k 

H 
6e,m 

[ 

"CI 

1,450 0,000 1,000 3,900 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s (DTji = ( H T i e + H T J a + H T J a e + H T i a B E + H T j i g ) . (6 j n t , i - 6 e ) [ W ] 

e i n t,i rc] e e r c ] e i n,, i-e erc] 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s <t>T,i [ W ] 

20,000 -15,000 35,000 0,023 0,797 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 
i n d o o r 

t e m p e r a t u r e 9 i n t,i 

r q 

H y g i n i c r e q u i r e m e n t s 
r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 
i n d o o r 

t e m p e r a t u r e 9 i n t,i 

r q nm in fh " 1 ) H y g i e n i c a i r e x c h a n g e V m i n i i ( m 3 / h ) 

5,920 -15,000 20,000 1,500 8,880 

n 5 o 

[1/h] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f i | 

4,500 0,000 

0,020 
1,000 

0,000 
H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S i n t . i ' S e m a x . o f V m i n i i , V i n f | i H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n <t>v,i(W) 

35,000 8,880 3,019 105,676 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 106,473 W 
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Room No. Name of the room Indoor temperature 6i„t,i pc] 

1 0 3 B T o i l e t 2 0 , 0 0 0 °C 

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior H T | i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu,k 

H 
fe,k 

H 
A k . l U k + A i y . f u . k . f i e . k 

0 , 0 0 0 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 0 , 0 0 0 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T.ia(..i 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
6u 

f C ] 

A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K 

fix,k 

[-] 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 1 , 7 0 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 2 6 9 

C l . a c e i l i n g a b o v e b a s e m e n t 0 , 0 0 0 3 , 4 8 0 0 , 4 1 4 0 , 0 5 0 0 , 4 6 4 0 , 5 7 1 0 , 9 2 3 

HT, i a(..) = Z ( A k . U k . f i x , k ) ( W / K ) 0 , 6 5 4 

Specific heat transmission loss to ground H T j g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

A B 

[ m 2 ] 

P 

[ m ] 

uk 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[ m ] 
Uequiv.k [ W / m 2 . K ] A k . U e q u i V j k fig.k -fGW.k 

I{ A k . U e q U i V i k . f | g , k -fGW.k) 0 , 0 0 0 

feann 

H 
H T , ig = feann -l ( A k . U ^ . k . f g . k . f G W , k ) ( W / K ) 

fGW.k 

[-] 
6e,m f C] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss (DT,i = ( HT,ie + HT,ia + H T J a e + H T i a B E + H T j g).(6| nt, i - 6 e ) [W] 

e in,,i fc] e e r q S i n t i - Öe fC ] 
2H t , i 

[ W - K " 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s <t)T,i [W] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 0 , 6 5 4 2 2 , 9 0 5 

Design heat loss due to ventilation - natural ventilation 

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 

i n d o o r 

t e m p e r a t u r e © i n t i i 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 

i n d o o r 

t e m p e r a t u r e © i n t i i 

r q n m i n l h " 1 ) 
H y g i e n i c a i r e x c h a n g e V m i n,i ( m 3 / h ) 

1 0 , 4 0 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 5 , 2 0 3 

n 5 o 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e| 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f i | 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

Heat loss due to natural ventilation 

S i n t . r S e m a x . o f V m i n , i , V i n f , i H t [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n <t)v, i(W) 

3 5 , 0 0 0 5 , 2 0 3 1 , 7 6 9 6 1 , 9 1 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 8 4 , 8 1 6 W 
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Room No. Name of the room Indoor temperature 6 i n t , i pc] 

1 0 4 B K i t c h e n a n d l i v i n g r o o m 2 0 , 0 0 0 °C 

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior H T j e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[m2] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu,k 

[-] 
fie.k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

W + D 
P l a s t i c b a l c o n y d o o r a n d 

w i n d o w s 
9 , 5 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 6 , 7 0 3 

S I p e r i p h e r a l w a l l 2 3 , 1 6 6 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 0 4 6 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 1 0 , 7 4 8 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it HT j ai..i 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
6u 

f C ] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K 

fix,k 

[-] 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 7 , 7 7 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 1 , 2 2 5 

S 3 . c i n t e r n a l l o a d b e a r i n g w a l l 0 , 0 0 0 1 , 2 8 6 0 , 5 0 1 0 , 0 5 0 0 , 5 5 1 0 , 5 7 1 0 , 4 0 5 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 8 , 2 8 2 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 1 , 1 8 5 

C 2 . b c e i l i n g a b o v e b a s e m e n t 0 , 0 0 0 2 5 , 4 3 0 0 , 4 1 4 0 , 4 1 4 0 , 5 7 1 6 , 0 1 9 

H T , i a ( . . , = I ( A k . U k . f i x , k ) ( W / K ) 6 , 3 8 3 

Specific heat transmission loss to ground HT,ig 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] A k . U e q u i v k fig.k -ÍGW.k 

I{ A k . U e q u i V / k . f i g , k -fGW.k) 0 , 0 0 0 

feann 

H 

H-T.ig- feann -2 (Ak- U e q u i v , k - f i g , k -ÍGW.k) ( W / K ) 

ÍGW.k 

[-] 

6e,m f C ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss (DT i = ( H T i e + H T i a + H T i a e + H T i a B E + H T j i ) , ) . (8 i n y - 8 e ) [W] 

e in , , , r c] e e rq e l n W -e e rq 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O j , i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 1 7 , 1 3 1 5 9 9 , 5 8 4 

Design heat loss due to ventilation - natural ventilation 
1 DDI 1 1 

v o l u m e 
O u t d o o r t e m p e r a t u r e 9 e 

rq 
i n d o o r 

t e m p e r a t u r e 9 i n t j i 

H y g i n i c r e q u i r e m e n t s 
1 DDI 1 1 

v o l u m e 
O u t d o o r t e m p e r a t u r e 9 e 

rq 
i n d o o r 

t e m p e r a t u r e 9 i n t j i nmin fh " 1 ) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

7 6 , 0 3 6 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 3 8 , 0 1 8 

n 5 o 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f j 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 3 , 6 8 6 

Heat loss due to natural ventilation 

S i n y - S e m a x . o f V m i n , i , V i n f , i H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 3 8 , 0 1 8 1 2 , 9 2 6 4 5 2 , 4 1 2 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 1 0 5 1 , 9 9 6 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t , i re] 

1 0 5 B B a t h r o o m 2 4 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r HT,ie 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

ukc 

[ W / m 2 . K ] 

fu.k 

["] 

f]e,k 

["] 
A k . ( U k + A U B ) . f u , k . f l e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 9 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 6 3 0 

S I p e r i p h e r a l w a l l 4 , 1 8 3 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 7 3 1 

H T , i e = I ( A k . ( U k + A U B ) . f U i k . f i e , k ) ( W / k ) 1 , 3 6 1 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t HT,ja(..| 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
eu 

r q 

A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix.k 

[-] 
Ak.Ukc.fix.k 

C l . a c e i l i n g a b o v e b a s e m e n t 0 , 0 0 0 4 , 4 0 0 0 , 4 1 4 0 , 4 1 4 0 , 6 1 5 1 , 1 2 1 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 0 , 0 0 0 1 8 , 9 2 1 1 , 3 7 9 1 , 3 7 9 0 , 1 0 3 2 , 6 7 7 

D i i n t e r i o r t i m b e r d o o r 2 0 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 0 , 1 0 3 0 , 3 1 0 

HT,ia(..) = M A k . U k . f i x , k ) ( W / K ) 4 , 1 0 8 

Fi«,k=fi= (9int,i-eu)/(ein t,i-ee) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

uk 

[ W / m 2 . K ] 

fig,k 

H 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] Ak- Uequjvk fjg,k -fGW,k 

I( A k . U e „ u i U / k .f iB,k -f 6W,k ) 0 , 0 0 0 

feann 

["] 

H T , l g = fea„„ -1 ( A k . U e q u i v , k . f i g , k i G „ , k ) ( W / K ) 

fGW,k 

[-] 

6e,m f C ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s O T , I = ( H T i i e + H T i a + H T i a e + H T i a B E + H T > ig).(8 i n t,i - 6 e ) [ W ] 

e,„,,, r q e e rc] Slnt. l " 6e f C ] 
^H t , , 

[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s 0 T , i [ W ] 

2 4 , 0 0 0 - 1 5 , 0 0 0 3 9 , 0 0 0 5 , 4 6 9 2 1 3 , 2 8 1 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

i n d o o r 

t e m p e r a t u r e 8 | n t j 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

i n d o o r 

t e m p e r a t u r e 8 | n t j 

r q rimin(h" ) H y g i e n i c a i r e x c h a n g e V m i „ i ( m 3 / h ) 

1 3 , 1 5 6 - 1 5 , 0 0 0 2 4 , 0 0 0 0 , 5 0 0 
6 , 5 7 8 

ri5o 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

ei 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £( 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e Vj n f , i 

( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 2 , 3 6 8 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0 i n t , i - 6 e m a x . Of V m | n / i , V in f j H t [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 9 , 0 0 0 6 , 5 7 8 2 , 2 3 7 8 7 , 2 2 4 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 4 3 6 , 9 0 0 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e © I n t , i p q 

1 0 6 B B e d r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T l e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu,k 

H 
fie, k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

W + D 
t r i p l e g l a z i n g p l a s t i c w i n d o w s 

a n d b a l c o n y d o o r 
6 , 6 5 2 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 4 , 6 5 6 

S I p e r i p h e r a l w a l l 2 6 , 1 1 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 5 6 1 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 9 , 2 1 8 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T i a ( | 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K 

] 

fix,k 

[-] 
A k . U k c . f i x , k 

C l . a C e i l i n g a b o v e b a s e m e n t 0 , 0 0 0 1 9 , 5 2 0 0 , 4 1 4 0 , 0 5 0 0 , 4 6 4 0 , 5 7 1 5 , 1 7 8 

H T, i a (..) = I ( A k . U k . f i x , k ) ( W / K ) 5 , 1 7 8 

Fix,k= f i = ( e i n t , i - e u ) / ( e i n t , i - e e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d HT,ig 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

f ig,k 

H 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] A k - U e q u i V i k fig,k -fGW.k 

I{ Ak.Uequi^k-fig.k -fGW.k) 0 , 0 0 0 

feann 

H 
H-r.ig-feann ž (Ak-U equiv,k-fig,k -fGW.k) ( W / K ) 

ÍGW.k 

[-] 

6e,m 

rc] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s (DT,i = ( HT,ie + HT,ia + HT,iae + HT, i aBE + HT,i6).(8in,,i - 6e ) [ W ] 

e in,,i rc] e e r q 9int, i - Q e f C ] 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O-r.i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 1 4 , 3 9 5 5 0 3 , 8 3 6 

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

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e O e 

rcj 

i n d o o r 

t e m p e r a t u r e 9 i n y 

re] 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e O e 

rcj 

i n d o o r 

t e m p e r a t u r e 9 i n y 

re] 
nmin fh " 1 ) H y g i e n i c a i r e x c h a n g e V m i n i i ( m 3 / h ) 

5 8 , 3 6 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 2 9 , 1 8 2 

n 5 o 

U / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f j 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 0 , 5 0 6 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

9 i n t , i _ 9 e m a x . o f V m i n , i , V i n y H t l W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 2 9 , 1 8 2 9 , 9 2 2 3 4 7 , 2 7 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 8 5 1 , 1 0 6 W 
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Room No. Name of the room Indoor temperature 6 i n t , i [ - c ] 

1 0 7 B B e d r o o m 2 0 , 0 0 0 °C 

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT, i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu,k 

H 
fie.k 

H 
A k . ( Uk+AU B ) . f u , k . f i e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 2 , 1 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 1 , 5 2 3 

S I p e r i p h e r a l w a l l 8 , 9 7 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 1 , 5 6 8 

H T , i e = I (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 3 , 0 9 0 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T.fa(..i 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
e u 

rc] 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K 

fix.k 

[-] 
A k . U k c . f i x , k 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 3 3 6 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 0 , 6 2 0 

C l . a c e i l i n g a b o v e b a s e m e n t 0 , 0 0 0 1 7 , 7 5 0 0 , 4 1 4 0 , 0 5 0 0 , 4 6 4 0 , 5 7 1 4 , 7 0 8 

H T , i a ( . j = I ( A k . U k . f i x , k ) ( W / K ) 5 , 3 2 8 

F i x , k= f i= (e i n t i i-e u)/(e i n t i i-e e) 
Specific heat transmission loss to ground H T j B 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[ m ] 

u k 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[ m ] 
Uequiv.k [ W / m 2 . K ] Ak-Uequiv.k fig.k -fGW.k 

I{ Ak . U e q u i v , k -fig.k -fGW.k ) 0 , 0 0 0 

feann 

H 
H-r.ig-fBann -2 (Ak-Uequiv,k-fig,k -fGW,k) ( W / K ) 

fGW.k 

[-] 
ee,m rc] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss <DT,t = ( H T j i e + H T i a + H T i a e + H T i a B E + H T I G).(0 I N T J I - 0 E ) [W] 

e i n t,i rc] e e rc] e i n t i i -e e rc ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s ( D T i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 8 , 4 1 9 2 9 4 , 6 5 8 

Design heat loss due to ventilation - natural ventilation 
r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rc] 

i n d o o r 

t e m p e r a t u r e 8 i n t i 

rc] 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rc] 

i n d o o r 

t e m p e r a t u r e 8 i n t i 

rc] 
nm in fh " 1 ) H y g i e n i c a i r e x c h a n g e V m i n , i ( m 3 / h ) 

5 3 , 0 7 3 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 2 6 , 5 3 6 

nso 

f l / h l 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f , 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 9 , 5 5 3 

Heat loss due to natural ventilation 

9 i n t , i - 9 e m a x . o f V m i n , i , V i n f , i H , [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n ( D v , i ( W ) 

3 5 , 0 0 0 2 6 , 5 3 6 9 , 0 2 2 3 1 5 , 7 8 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 6 1 0 , 4 3 9 W 
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Heat losses of second floor 
Room No. Name of the room Indoor temperature 6 i n t ; i ra 

2 0 1 A V e s t i b u l e 2 0 , 0 0 0 °C 

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K 

A U B 

[ W / m 2 . K 

Ukc 

[ W / m 2 . K ] 

fu,k 

H 

fie,k 

[-] 

A k . ( U k + A U B ) . f u , k . f i e , k 

W T r i p l e g l a z i n g p l a s t i c w i n d o w 1 , 0 8 8 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 7 6 2 

S I P e r i p h e r a l w a l l 1 , 8 5 7 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 3 2 4 

H T i i e = Z ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 1 , 0 8 6 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
9 U 

r q 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K 

A U 

[ W / m 2 . K ] 

U k c 

[ W / m 

2 „ n 

fix.k 

H 
A k . U k c . f i X i k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 6 , 0 9 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 9 6 1 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 9 , 7 7 1 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 1 , 3 9 8 

D i i n t e r i o r t i m b e r d o o r 1 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 2 8 6 0 , 9 7 2 

D i i n t e r i o r t i m b e r d o o r 2 4 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 - 0 , 1 1 4 - 0 , 3 4 6 

H T J a , . j = Z ( A k . U k . f l x , k ) ( W / K ) 1 , 0 6 4 

F i x . k - f l - (9int. i _ 9 u ) / ( 9 i n t , i _ 9 e ) 

Specific heat transmission loss to ground H T - i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

A g 

[ m 2 ] 

P 

[ m ] 

u k 

[ W / m 2 . K ] 

f i g , k 

r i 

B' 

[ m ] 
Uequiv.k [ W / m 2 . K ] A k - U e q u i V i k i f i g k . f G W , k 

I ( A k . U e q u i v k . f i & k .ÍGw.k) 0 , 0 0 0 

feann 

H 
H T J B - feann •£ ( A k . U e q u i v , k . f i g , k -fGW.k) ( W / K ) 

ÍGW.k 

H 9e,m 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss <DT,i = ( H T j i e + H T J a + H T j i a e + H T j i a BE + H T j i g) . (6 i n t , j - 9 e ) [W] 

S i n t i r C] e e r q Sint . i - 9 e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s 0 T i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 2 , 1 5 0 7 5 , 2 3 9 

Design heat loss due to ventilation - natural ventilation 

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e S e 

rq 
i n d o o r 

t e m p e r a t u r e 

S i n y F C ] 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e S e 

rq 
i n d o o r 

t e m p e r a t u r e 

S i n y F C ] 
r i m i n g " 1 ) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

2 9 , 0 0 3 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 1 4 , 5 0 2 

ri5o 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e i 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f j 

( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

Heat loss due to natural ventilation 

S i n t . r S e m a x . o f V m i n , i , V l n f ; l H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 1 4 , 5 0 2 4 , 9 3 1 1 7 2 , 5 6 8 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 2 4 7 , 8 0 7 W 
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Room No. Name of the room Indoor temperature 9r„t,r p q 

2 0 2 A W a s h i n g m a c h i n e r o o m 2 0 , 0 0 0 °c 
Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K 

] 

A U B 

[ W / m 2 . K 

] 

u k c 

[ W / m 2 . K ] 

fu,k 

[-] 

f ie, k 

[-] 
A k . ( U k + A U B ) . f u , k . f i e , k 

0 , 0 0 0 

H T , i e = Z ( A k . ( U k + A U B ) . f U , k . f i e , k ) ( W / k ) 0 , 0 0 0 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rq 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K 

fix.k 

[-] 
A k . U k c . f i X j k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 3 , 1 9 0 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 5 0 3 

H T M . , = I ( A k . U k . f i x , k ) ( W / K ) - 0 , 5 0 3 

F i x , k= f i= (e i n«-e u)/(e i ny-e e) 

Specific heat transmission loss to ground H T i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

A g 

[ m 2 ] 

P 
[ m ] 

u k 

[ W / m 2 . K ] [-] 

B' 
[ m ] 

Uequiv. k [ W / m 2 . K ] A k . U e q u i v k f i g k . f G w , k 

Z( A k . U e q u i v , k - f ig, k -fGW,k ) 0 , 0 0 0 

fsann 

["] 

H-T.ig- feann -2 ( A k . U e q U i v , k . f i g , k -fGW,k) ( W / K ) 

fGW,k 

[-] 

9e,m 

rq 

1 , 4 5 0 0 , 0 0 0 
1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss 0 T , r = ( H r j e + H r , i a + H T j i a e + H T i a B E + H T j g ) . ( 6 i n , , - e j [ w ] 

ein,,i rq e e rq ein,,i -e erq 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s 0jt [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 - 0 , 5 0 3 - 1 7 , 6 0 1 

Design heat loss due to ventilation - natural ventilation 
r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

rq 
i n d o o r 

t e m p e r a t u r e 

ein,,i rq 

H y g i n i c r e q u i r e m e n t s 

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

rq 
i n d o o r 

t e m p e r a t u r e 

ein,,i rq r im in fh " 1 ) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

5 , 9 2 0 - 1 5 , 0 0 0 2 0 , 0 0 0 1 , 5 0 0 
8 , 8 8 0 

nso 

U/h] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g 

f a c t o r ej 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n 8, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f j 

4 , 5 0 0 0 , 0 0 0 

0 , 0 2 0 

1 , 0 0 0 

0 , 0 0 0 

Heat loss due to natural ventilation 

9 i n t , i " 9 e m a x . o f V m i n , i , V i n f , i H , [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n CDv , i (W) 

3 5 , 0 0 0 8 , 8 8 0 3 , 0 1 9 1 0 5 , 6 7 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 8 8 , 0 7 5 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e e i n y[-q 

2 0 3 A T o i l e t 2 0 , 0 0 0 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[m2] 

uk 

[W/m 2.K 

] 

A U B 

[W/m 2.K 

] 

ukc 

[W/m 2.K] 

fu,k 

H 
fie.k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

0 , 0 0 0 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 0 , 0 0 0 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T j a u 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
6u 

f C ] 

A k 

[m2] 

uk 

[W/m 2.K 

] 

A U 

[W/m 2.K] 

Ukc 

[W/m 2.K 

] 

fix,k 

H 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 1 , 7 0 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 2 6 9 

H T, i a,..) = I ( A k . U k . f i x , k ) ( W / K ) - 0 , 2 6 9 

F i x , k = f i = (eint,i-eu)/(eintii-ee) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[m2] 
A g 

[m2] 
P 

[m] 
uk 

[W/m 2.K] 

f ig,k 

[-] 

B' 

[m] Uequiv.k [W/m 2.K] A k . U e q u i v k f ig k . f G w,k 

Z ( A k . U e q u i v k -fig.k -f GW ,k) 0 , 0 0 0 

feann 

["] 

H T , ig = fea„„ -l ( A k . U e q u i v , k . f i g , k . f G W i k ) ( W / K ) 

f GW,k 

H 
6e,m 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s (D T , i = ( H T , i e + H T j i a + H T J a e + H T i a B E + HTjg).(8jnt,i - 8e ) [W] 

e in,,i f q e e f c ] Sint. i - 6e f C] 
ZH t , i 

[ W - K " 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 - 0 , 2 6 9 - 9 , 4 0 3 

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

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

rc] 

i n d o o r 

t e m p e r a t u r e 

S i n t i f C ] 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

rc] 

i n d o o r 

t e m p e r a t u r e 

S i n t i f C ] 
nmin fh " 1 ) 

H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

1 0 , 4 0 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 5 , 2 0 3 

n 5 o 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f | ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S i n t i ' S e 
m a x . o f V m i n , i , V i n f , i H , [ W - K " 1 ] 

D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n <t>v,i(W) 

3 5 , 0 0 0 5 , 2 0 3 1 , 7 6 9 6 1 , 9 1 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 5 2 , 5 0 8 W 
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Room No. Name of the room Indoor temperature 8 i n t , i pc] 
2 0 4 A K i t c h e n a n d l i v i n g r o o m 2 0 , 0 0 0 °C 

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

["] 

fie.k 

["] 
A k . (U k +AU B ) . fu , k . f l e ,k 

W + D 
P l a s t i c b a l c o n y d o o r a n d 

w i n d o w s 
9 , 5 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 6 , 7 0 3 

S I p e r i p h e r a l w a l l 2 3 , 1 6 6 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 0 4 6 

H T , , e = Z (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 1 0 , 7 4 8 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T i i a ( j 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
re] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K 

] 

fix,k 

[-] 
Ak .U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 7 , 7 7 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 1 , 2 2 5 

S 3 . C i n t e r n a l l o a d b e a r i n g w a l l 1 5 , 0 0 0 5 , 9 8 0 0 , 5 0 1 0 , 5 0 1 0 , 1 4 3 0 , 4 2 8 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 3 3 6 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 0 , 6 2 0 

H T, i a(..) = Z ( A k . U k . f i x , k ) ( W / K ) - 0 , 1 7 7 

F i x , k=f i= (e,„,,,-eu)/(e,nt,,-ee) 
Specific heat transmission loss to ground H T i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[m] U e 0 U i „ .k [ W / m 2 . K ] Ak-Uequiuk f l g k .ÍGW.k 

Z( Ak.Uequi^k -fig.k -ÍGW.k ) 0 , 0 0 0 

feann 

["] 

HT.ig-feann Z ( A k . U e q u i v > k . f i g , k -fGW.k) ( W / K ) 

ÍGW.k 

[-] 

9e,m f C ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss <DT,i = ( HT,i<. + H T J a + H T i a e + H T J a B E + H Tj g).(6 i nt, i - 6 e ) [W] 

e,„,,, r c ] e e r c ] 9]nt,l - 9e f C ] 
Z H , , i 

[ W - K 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 1 0 , 5 7 1 3 6 9 , 9 7 5 

Design heat loss due to ventilation - natural ventilation 

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rq 

i n d o o r 

t e m p e r a t u r e 9 i n t > i 

rq 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rq 

i n d o o r 

t e m p e r a t u r e 9 i n t > i 

rq rimin(h" ) H y g i e n i c a i r e x c h a n g e V m l „ j ( m 3 / h ) 

7 6 , 0 3 6 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 3 8 , 0 1 8 

ri50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V j n f , i ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 3 , 6 8 6 

Heat loss due to natural ventilation 

9 i n t , i " 9e m a x . o f V m i n > i , V in f j H t [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 3 8 , 0 1 8 1 2 , 9 2 6 4 5 2 , 4 1 2 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 8 2 2 , 3 8 8 W 
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Room No. Name of the room Indoor temperature 8 i n , , i [x] 

2 0 5 A B a t h r o o m 2 4 , 0 0 0 °C 

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior H T l e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

Uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

["] 

fie.k 

["] 
Ak.(Uk+AU B ) . fu ,k . f ie ,k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 9 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 6 3 0 

S I p e r i p h e r a l w a l l 4 , 1 8 3 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 7 3 1 

H T , i e = Z (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 1 , 3 6 1 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T i i a ( j 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

Uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
A k .U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 0 , 0 0 0 1 8 , 9 2 1 1 , 3 7 9 1 , 3 7 9 0 , 1 0 3 2 , 6 7 7 

D i i n t e r i o r t i m b e r d o o r 2 0 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 0 , 1 0 3 0 , 3 1 0 

H T, i a (..) = I ( A k . U k . f i x , k ) ( W / K ) 2 , 9 8 7 

F i , , k = f i = ( 9 | n t , i - 9 u ) / ( 9 | n t , | - 9 e ) 

Specific heat transmission loss to ground H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig,k 

["] 
B' [m] Uequiv.k [ W / m 2 . K ] A k - U e q u l v , k fig,k -fGW.k 

H A k . U e c | u , u k -f]g,k -fGW.k) 0 , 0 0 0 

feann 

["] 

HT. ig- feann •£ (A k .U e q u i v , k - f i g ,k -fGW.k) ( W / K ) 

fGW.k 

[-] 

9 e , m r c ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss <t)TJ = ( H T J e + H T J a + H T i a e + H T i a B E + H T jg).(6 i n , , i - 6 e ) [W] 

e i n t J rc] e e r c ] 9]nt,l - 9 e |°C] 

ZH,,, 

[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

2 4 , 0 0 0 - 1 5 , 0 0 0 3 9 , 0 0 0 4 , 3 4 7 1 6 9 , 5 4 3 

Design heat loss due to ventilation - natural ventilation 
r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e Qe 

i n d o o r 

t e m p e r a t u r e 9 i n t j i 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e Qe 

i n d o o r 

t e m p e r a t u r e 9 i n t j i 

r q 
r im in fh _ 1 ) H y g i e n i c a i r e x c h a n g e V m i „ i ( m 3 / h ) 

1 3 , 1 2 6 - 1 5 , 0 0 0 2 4 , 0 0 0 0 , 5 0 0 

6 , 5 6 3 

ri50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V ] n f j ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 2 , 3 6 3 

Heat loss due to natural ventilation 

^ i n t r o e m a x . o f V m i n J , V i n f J H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 9 , 0 0 0 6 , 5 6 3 2 , 2 3 1 8 7 , 0 2 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 2 4 0 , 9 0 0 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t , i r q 

2 0 6 A B e d r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu,k 

[-] 

fe.k 

["] 
A k . ( U k + A U B ) . f u , k . f i e , k 

W + D 
t r i p l e g l a z i n g p l a s t i c w i n d o w s 

a n d b a l c o n y d o o r 
6 , 6 5 2 0 , 7 0 0 0 , 7 0 0 1 , 000 1 , 000 4 , 6 5 6 

S I p e r i p h e r a l w a l l 2 6 , 1 1 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 000 1 , 000 4 , 5 6 1 

H T , i e = I (Ak.(U k +AU B ) . fu,k- f ie ,k) ( W / k ) 9 , 2 1 8 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T j a [ . . i 

s t r u c t u r e s 

No .S . d e s c r i p t i o n 
r q 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

f i x,k 

[-] 
A k . U k c . f i x , k 

H T , i a ( . ) = Z ( A k . U k . f i x , k ) ( W / K ) 0 , 0 0 0 

Fjx.k- f 1 - (9jnt,i ~9u)/(9jnt, i ~ 9e) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T l g 

No .S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fg,k 

[-] 
B' [m] Uequi„.k [ W / m 2 . K ] A k . U e q u i v k f i g k . f G w, k 

H A k . U e q u i v k .f i g k .f(3w,k) 0 , 0 0 0 

feann 

["] 

H T,ig = feann -2 ( A k . U e q u i v , k . f i g , k , f G W , k ) ( W / K ) 

fGW,k 

["] 

6e,m 

r q 

1 ,450 0 , 0 0 0 1 , 000 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s (D T | i = ( H T i e + H T | i a + H T | i a e + H T | i a B E + H T - i g ) . (Q i r , t - i - 6 e ) [ W ] 

ein« r q S e T C ] S i n t i " 9e [ C ] 
IH,,i 

[ W - K " 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l oss O T J [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 9 , 2 1 8 3 2 2 , 6 1 7 

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

r o o m 

v o l u m e 

V i f m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

i n d o o r 

t e m p e r a t u r e 8 i n t i i 

r q 

H y g i n i c r ec u i r e m e n t s r o o m 

v o l u m e 

V i f m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

i n d o o r 

t e m p e r a t u r e 8 i n t i i 

r q Hminlh"1) H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

5 8 , 3 6 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 
2 9 , 1 8 2 

n 5 o N u m b e r o f u n p r o t e c t e d S h a d i n g c o r r e c t i o n f a c t o r o f h e i g h t l e ve l A m o u n t o f a i r i n f i l t r a t ed b y 

4 , 5 0 0 1 , 000 0 , 0 2 0 1 , 000 1 0 , 5 0 6 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S i n t , i "S e 
m a x . o f V m i r , j , V i n f j H, [ W - K " 1 ] D e s i g n h e a t l oss d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 2 9 , 1 8 2 9 , 9 2 2 3 4 7 , 2 7 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l oss o f t h e s pe c i f i c r o o m = 6 6 9 , 8 8 8 W 
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Room No. Name of the room Indoor temperature e i n t i r a 

2 0 7 A B e d r o o m 2 0 , 0 0 0 °C 

Calculation of heat transmission loss 
Specific heat transmission loss directly to exterior H T l e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu.k 

["] 

fie,k [" 

] 
Ak.(Uk+AU B ). fu,k-f ie,k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 2 , 1 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 1 , 5 2 3 

S I p e r i p h e r a l w a l l 8 , 9 7 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 1 , 568 

H T , i e = Z ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 3 , 0 9 0 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it HT.iai..i 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
e u 

r c ] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A l l 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

W 

[-] 
Ak-Ukc.fix.k 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 3 3 6 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 0 , 6 2 0 

H T , i a , . . ) = I ( A k . U k . f i x , k ) ( W / K ) 0 , 6 2 0 

Fj»,k=fl= ( B i n t i - e j / t e i n y - e e ) 

Specific heat transmission loss to ground HT i f, 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig.k 

[-] 

B 1 

[m] 
Uequi.k [ W / m 2 . K ] Ak-Uequivk fjg.k -f Gw,k 

H A k . U e q u i v k -fjg,k -fGW,k ) 0 , 0 0 0 

feann 

["] 

H T , ig= feann I ( A k . U e q u i v , k . f i g , k . f G w,k) ( W / K ) 

fGW,k 

["] 

e e , m r c ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss O T , I = ( H T i e + H T i a + H T i a e + H T i i a B E + H T i i g ) . ( 9 i n t i - 9 e ) [ W ] 

e , „y r c ] e e r c ] e i n , , i - 0 e r c ] 
IH t , i 

[ W - K 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s <J T i i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 3 , 7 1 1 1 2 9 , 8 7 2 

Design heat loss due to ventilation - natural ventilation 
r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 6 e 

r c ] 

i n d o o r 

t e m p e r a t u r e 6 i n t i 

r c i 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 6 e 

r c ] 

i n d o o r 

t e m p e r a t u r e 6 i n t i 

r c i 
n m i n l h 1 ) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

5 3 , 0 7 3 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 
2 6 , 5 3 6 

n 5 o 

[1 /h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g 

f a c t o r e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V , n f , ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 9 , 5 5 3 

Heat loss due to natural ventilation 

Öint.rÖe m a x . o f V m i n i , V i n f i H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n CDv, i (W) 

3 5 , 0 0 0 2 6 , 5 3 6 9 , 0 2 2 3 1 5 , 7 8 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 4 4 5 , 6 5 3 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 8 i n t , i r q 

2 0 8 S t a i r c a s e 1 0 , 0 0 0 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

f u , k  

H 

fie.k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

H T , , e = Z ( A k . ( U k + A U B ) . f u , k . f , e , k ) ( W / k ) 0 , 0 0 0 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T i a ( j 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
e u 

rc] 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fix,k 

H 
A k . U k c . f , x , k 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 2 0 , 0 0 0 4 4 , 3 5 9 0 , 5 0 1 0 , 5 0 1 - 0 , 4 0 0 - 8 , 8 8 5 

D i i n t e r i o r t i m b e r d o o r 2 0 , 0 0 0 3 , 7 8 0 1 , 8 0 0 1 , 8 0 0 - 0 , 4 0 0 - 2 , 7 2 2 

D i i n t e r i o r t i m b e r d o o r 1 5 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 - 0 , 2 0 0 - 0 , 6 8 0 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 1 5 , 0 0 0 7 , 3 7 9 1 , 3 7 9 1 , 3 7 9 - 0 , 2 0 0 - 2 , 0 3 5 

H T, i a,..) = I ( A k . U k . f i x , k ) ( W / K ) - 1 4 , 3 2 3 

Fix,k= f i = ( 9 i n t , i - 9 u ) / ( 9 | n t , | - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[ m ] 

u k 

[ W / m 2 . K ] 

fig,k 

[-] 
B' 

[m] 
Uequiv.k [ W / m 2 . K ] A k . U e q u l U i k f l g k . f G w , k 

1( A k . U e c | U | U i k . f | g i k . Í G w , k ) 0 , 0 0 0 

feann 

["] 
H T , ig= fea„„ * ( A k . U e q u i v , k . f i g , k . f G W , k ) ( W / K ) 

Í G W , k  

["] rc] 
1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <t>Tii = ( H T J e + H T J a + H T J a e + H T J a BE + HTiig).(eintii - 6 e ) [ W ] 

e,„,,, rc] e e rc] Slnt. l - 9 e |°C] 
[W-K1] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [W] 

1 0 , 0 0 0 - 1 5 , 0 0 0 2 5 , 0 0 0 - 1 4 , 3 2 3 - 3 5 8 , 0 6 4 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e S e 

r q 
i n d o o r 

t e m p e r a t u r e 9 i n t j i 

r q 

H y g i n i c r e c u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e S e 

r q 
i n d o o r 

t e m p e r a t u r e 9 i n t j i 

r q r iminfh" 1 ) H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

5 2 , 6 5 4 - 1 5 , 0 0 0 
1 0 , 0 0 0 

0 , 5 0 0 
2 6 , 3 2 7 

nso 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e i 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £| 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V ^ , ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S]nt,]"Se m a x . o f V m l n , i , V i n f , i H t [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

2 5 , 0 0 0 2 6 , 3 2 7 8 , 9 5 1 2 2 3 , 7 7 9 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = - 1 3 4 , 2 8 5 W 

8 9 



R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t , i [ - c ] 

2 0 1 B V e s t i b u l e 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K 

A U B 

[ W / m 2 . K 

U k c 

[ W / m 2 . K ] 

fu,k 

[-] 

fie.k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

W T r i p l e g l a z i n g p l a s t i c w i n d o w 1 , 0 8 8 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 7 6 2 

S I P e r i p h e r a l w a l l 1 , 8 5 7 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 3 2 4 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 1 , 0 8 6 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T. i a l..) 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
r q 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K 

fix,k 

H 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 6 , 0 9 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 9 6 1 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 9 , 7 7 1 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 1 , 3 9 8 

D i i n t e r i o r t i m b e r d o o r 1 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 2 8 6 0 , 9 7 2 

D i i n t e r i o r t i m b e r d o o r 2 4 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 - 0 , 1 1 4 - 0 , 3 4 6 

H T , i a ( . .) = I ( A k . U k . f i x , k ) ( W / K ) 1 , 0 6 4 

Fjx.k— f l - (Qjnt.i ~ 8u)/(8jnt , i ~ 8e) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

A g 

[ m 2 ] 

P 

[ m ] 

u k 

[ W / m 2 . K ] 

fig.k 

[-] 

B' 

[ m ] 
Uecuiv.k [ W / m 2 . K ] A k . U e q u i V / k f i g / k . f G w , k 

2( A k . U e q u i v k .fig.k -fGW,k) 0 , 0 0 0 

feann 

H 
H- r . i g - f Bann ^ ( A k . U e q u i v k . f i g k , f G W k ) ( W / K ) 

TGW,k  

H 
6e,m 

r q 
1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s ( D T i = ( H T j i e + H T J a + H T i i a e + H T j i a B E + H T j i g ) . ( 8 i n t , i - 8 e ) [ W ] 

e in,,i rc] e e r c ] Sint. i - S e f C ] 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s CDTJ [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 2 , 1 5 0 7 5 , 2 3 9 

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

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 

i n d o o r 

t e m p e r a t u r e 

O i n y r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 

i n d o o r 

t e m p e r a t u r e 

O i n y r q 
nm in fh " 1 ) 

H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

2 9 , 0 0 3 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 1 4 , 5 0 2 

"50 

U/h] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g 

f a c t o r e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f , i ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S i n t , i _ S e m a x . o f V m i n , i , Vinf,i H , [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 1 4 , 5 0 2 4 , 9 3 1 1 7 2 , 5 6 8 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 2 4 7 , 8 0 7 W 

9 0 



R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t , r pc] 
2 0 2 B W a s h i n g m a c h i n e r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T | i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu,k 

H 

fie.k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

0 , 0 0 0 

H T , i e = I ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 0 , 0 0 0 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T . M J 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rq 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix.k 

H 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 3 , 1 8 7 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 5 0 2 

H T , i a ( . . , = I ( A k . U k . f i x , k ) ( W / K ) - 0 , 5 0 2 

F i x , k = f l = Oiny-ej/Oiny-e,) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[m] Uequiv.k [ W / m 2 . K ] Ak-Uequi^k fig.k . f G w,k 

Z( A k . U e q u i v k . f i R k . f G W , k ) 0 , 0 0 0 

feann 

H 

H-r.ig- feann Z ( A k . Uequiv.k-fig.k . f G w,k) ( W / K ) 

f GW,k 

[-] 

0e,m 

rq 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s ( D T j i = ( H T i e + H T i a + H T J a e + H T i a B E + H T i g ) . ( 8 i n t j i - 8 e ) [ W ] 

e i n,,i rc] e e f c ] Qint.i - 6 e f C] 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O-r.i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 - 0 , 5 0 2 - 1 7 , 5 8 4 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

rq 
i n d o o r 

t e m p e r a t u r e O i n t i i 

rq 

H y g i n i c r e c u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

rq 
i n d o o r 

t e m p e r a t u r e O i n t i i 

rq nmin fh " 1 ) H y g i e n i c a i r e x c h a n g e V m i n , i ( m 3 / h ) 

5 , 9 2 0 - 1 5 , 0 0 0 2 0 , 0 0 0 1 , 5 0 0 8 , 8 8 0 

"50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g 

f a c t o r e] 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i nf,i ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S i n t , i - S e m a x . o f V m i n i i , V i n f j i H t [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 8 , 8 8 0 3 , 0 1 9 1 0 5 , 6 7 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 8 8 , 0 9 1 W 

91 



R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t i i pq 

2 0 3 B T o i l e t 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu .k 

H 

fie.k 

[-] 
A k . ( U k + A U B ) . f u , k . f , e , k 

0 , 0 0 0 

H T , , e = I ( A k . ( U k + A U B ) . f u , k . f l e , k ) ( W / k ) 0 , 0 0 0 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T . i a u 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
eu A k 

[ m 2 ] [ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 1 , 7 0 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 2 6 9 

H T, i a,..) = I ( A k . U k . f i x , k ) ( W / K ) - 0 , 2 6 9 

F i x , k = f i = (e,„,,,-eu)/(e,nt,,-ee) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[ m ] 

u k 

[ W / m 2 . K ] 

fig,k 

[-] 

B' 

[m] U equiv.k [ W / m 2 . K ] A k . U e q U i V / k f]g,k - fGw .k 

£( A k . U e c | U | V i k , f i a k - f G w , k ) 0 , 0 0 0 

feann 

[-] 

H-T,ig-feann •£ ( A k . U e q u j V / k . f jg, k .fGW.k) ( W / K ) 

fGW.k 

[-] 

9e,m f C ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <DTii = ( H T i e + H T i a + H T i a e + H T i a B E + H-, ,iB).(eint,i-ee)[w] 

e,„,,, rc] e e r q e,„,,,-eerq 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O j , i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 - 0 , 2 6 9 - 9 , 4 0 3 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r a 

i n d o o r 

t e m p e r a t u r e 8int-, 

H y g i n i c r e c u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r a 

i n d o o r 

t e m p e r a t u r e 8int-, 

riminth"1) 
H y g i e n i c a i r e x c h a n g e V m i „ j ( m 3 / h ) 

1 0 , 4 0 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 5 , 2 0 3 

ri50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g 

f a c t o r e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e Vinf.i ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

öint,i"öe m a x . o f V m ] n , , , V , n f J H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 5 , 2 0 3 1 , 7 6 9 6 1 , 9 1 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 5 2 , 5 0 8 W 

9 2 



R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t , i p q 

2 0 4 B K i t c h e n a n d l i v i n g r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T j e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu,k 

H 
fie.k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

W + D 
P l a s t i c b a l c o n y d o o r a n d 

w i n d o w s 
9 , 5 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 6 , 7 0 3 

S I p e r i p h e r a l w a l l 2 3 , 1 6 6 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 0 4 6 

H T , ie = Z ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 1 0 , 7 4 8 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T.ia(..i 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fix.k 

[-] 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 7 , 7 7 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 1 , 2 2 5 

S 3 . c i n t e r n a l l o a d b e a r i n g w a l l 1 5 , 0 0 0 5 , 9 8 0 0 , 5 0 1 0 , 5 0 1 0 , 1 4 3 0 , 4 2 8 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 3 3 6 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 0 , 6 2 0 

H T, i a (..) = I ( A k . U k . f i x , k ) ( W / K ) - 0 , 1 7 7 

Fj»,k=fi= ( e i n t , i - e u ) / ( e i n t , i - e e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[ m ] 

Uk 

[ W / m 2 . K ] 

f ig,k 

[-] 

B' 

[ m ] 
Uequiv.k [ W / m 2 . K ] A k . U e q u i V i k f i g k .ÍGW.k 

Z i A k - U ^ , , k -fig.k -ÍGW.k) 0 , 0 0 0 

feann 

["] 

H T, ig = feann * (Ak.Uequl.J.-f lgJ, - W ) < W / K ) 

TGW,k 

["] 

ee,m rc] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s (D T,r = ( H T , ie + H T , i a + H T J a e + H T J a B E + H T i i g ) . ( 6 i n , , i - 6 e ) [ W ] 

e i n U rc] e e r c ] 9int, i - Q e f C ] 
Z H y 

[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 1 0 , 5 7 1 3 6 9 , 9 7 5 

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

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

rc] 

i n d o o r 

t e m p e r a t u r e 9 i r v t i i 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

rc] 

i n d o o r 

t e m p e r a t u r e 9 i r v t i i 

r q 
r imin fh" 1 ) H y g i e n i c a i r e x c h a n g e V m i n i i ( m 3 / h ) 

7 6 , 0 3 6 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 3 8 , 0 1 8 

n 5 o 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g 

f a c t o r e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f | ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 3 , 6 8 6 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

9 i n t , i - 9 e m a x . o f V m i n , i , V i n f , i H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 3 8 , 0 1 8 1 2 , 9 2 6 4 5 2 , 4 1 2 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 8 2 2 , 3 8 8 W 

9 3 



R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t , i pC] 

2 0 5 B B a t h r o o m 2 4 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

U k c 

[ W / m 2 . K ] 

fu.k 

["] 

fe.k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 9 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 6 3 0 

S I p e r i p h e r a l w a l l 4 , 1 8 3 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 7 3 1 

H T , i e = I (Ak . (U k +AU B ) . fu ,k . f |e ,k ) ( W / k ) 1 , 3 6 1 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T j a ( j 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
e u 

rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
Ak-Ukc-W 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 0 , 0 0 0 1 8 , 9 2 1 1 , 3 7 9 1 , 3 7 9 0 , 1 0 3 2 , 6 7 7 

Di i n t e r i o r t i m b e r d o o r 2 0 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 0 , 1 0 3 0 , 3 1 0 

HT,ia(..) = M A k . U k . f i x , k ) ( W / K ) 2 , 9 8 7 

F j x j č f i ž ( 9 |n t , i -9 u ) / ( e | n t J -9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig,k 

["] 

B' 

[m] 
Ueauiv.k [ W / m 2 . K ] Ak-Uequiuk fig,k-fGW,k 

I( Ak .U e q u l U i k - f i g , k - fcw.k) 0 , 0 0 0 

feann 

["] 

H T , ig= feann * ( A k . U e q u i v , k . f i g , k . f G W , k ) ( W / K ) 

fGW.k 

[-] 
ee,m rc] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s O T J = ( H T J e + H T J a + H T J a e + H T J a B E + H T i i g ) . ( 6 i n t , i - 6 e ) [ W ] 

e i n t , i rc] e e r c ] S i n t j - 9e f C ] 

Z H y 

[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O r j [ W ] 

2 4 , 0 0 0 - 1 5 , 0 0 0 3 9 , 0 0 0 4 , 3 4 7 1 6 9 , 5 4 3 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

r q 

i n d o o r 

t e m p e r a t u r e 8 | n t | 

r q 

H y g i n i c r e c u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

r q 

i n d o o r 

t e m p e r a t u r e 8 | n t | 

r q - ^ „ ( h 1 ) H y g i e n i c a i r e x c h a n g e V m | „ | (m 3 / h ) 

1 3 , 1 5 6 - 1 5 , 0 0 0 2 4 , 0 0 0 0 , 5 0 0 6 , 5 7 8 

r ise N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g 

f a c t o r e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e Vj n f , i ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 2 , 3 6 8 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

6int,i"©e m a x . o f V m l n j , V in f j H t [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 9 , 0 0 0 6 , 5 7 8 2 , 2 3 7 8 7 , 2 2 4 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 2 3 0 , 4 0 0 W 
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R o o m N o . N a m e of t h e r o o m Indoor t e m p e r a t u r e 6 i n t i i [-C] 

2 0 6 B B e d r o o m 2 0 , 0 0 0 °C 

Ca l cu la t i on of hea t t r a n sm i s s i o n loss 

Spec i f i c heat t r a n sm i s s i o n loss d i r ec t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

H 
fie.k 

H 
A k . ( U k + A U B ) . f u , k . f i e , k 

W + D 
t r i p l e g l a z i n g p l a s t i c w i n d o w s 

a n d b a l c o n y d o o r 
6 , 6 5 2 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 4 , 6 5 6 

S I p e r i p h e r a l w a l l 2 6 , 1 1 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 5 6 1 

H T , i e = Z (Ak . (U k +AU B ) . f u , k . f i a , k ) ( W / k ) 9 , 2 1 8 

Spec i f i c heat t r a n sm i s s i o n loss f r o m h e a t e d s pa ce t o ne i ghbou r i ng h e a t e d space or u n h e a t e d space or t h r o u g h it H T i i a U 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
eu 

f C ] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f i x , k 

H T , i a ( . . ) = I ( A k . U k . f i x , k ) ( W / K ) 0 , 0 0 0 

F i x , k=f i= (B^-BMB^-B,) 
Spec i f i c heat t r a n sm i s s i o n loss t o g r o u n d H T , i g 

No.S. d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig,k 

[-] 

B' 

[ m ] 
U equiv.k [ W / m 2 . K ] A k . U e q U i V / k . f i g / k . f G w , k 

Afc.Uequivj, . f i a k .fGW.k) 0 , 0 0 0 

feann 

["] 

HT. ig- feann •£ (Afc.U e q u , v j<.f ig,k -fGW.k) ( W / K ) 

fGW.k 

["] rc] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Tota l des i gn hea t t r a n sm i s s i o n loss <DT,i = ( H T j e + H T J a + H T | a e + H T j a B E + HT i ig).(6 in t i i - 8e ) [ W ] 

e i n,,i fc] e e r c ] Sint. i " 9 e |°C] 
[ W - K " 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s 0 T i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 9 , 2 1 8 3 2 2 , 6 1 7 

Des i gn hea t loss d u e t o v en t i l a t i o n - natura l v en t i l a t i o n 

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

f C ] 

i n d o o r 

t e m p e r a t u r e 8 i n t i 

r q 

H y g i n i c r e c u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

f C ] 

i n d o o r 

t e m p e r a t u r e 8 i n t i 

r q riminth"1) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

5 8 , 3 6 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 2 9 , 1 8 2 

ri5o 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g 

f a c t o r e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f j ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 0 , 5 0 6 

Hea t loss d u e t o natura l v en t i l a t i o n 

öint,i"öe m a x . Of Vm in j , V in f j H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 2 9 , 1 8 2 9 , 9 2 2 3 4 7 , 2 7 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 6 6 9 , 8 8 8 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t i i ra 

2 0 7 B B e d r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T I E 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu.k 

H 

fia,k [-

] 
A k . ( U k + A U B ) . f u k . f i e k 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 2 , 1 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 1 , 5 2 3 

S I p e r i p h e r a l w a l l 8 , 9 7 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 1 , 5 6 8 

H T , i e = Z ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 3 , 0 9 0 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T I I A U 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
e u 

f C ] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fix,k 

H 
A k . U k c . f i X / k 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 3 3 6 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 0 , 6 2 0 

H T , i a ( . . ) = I ( A k . U k . f i x , k ) ( W / K ) 0 , 6 2 0 

F i x , k = f i = (B^-BMB^-B,) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

f ig,k 

[-] 

B' 

[ m ] 
U equiv.k [ W / m 2 . K ] A k . U e q u i v k f | g k . f G w . k 

£( A k . U e ( ] U | V i k , f i a k . f G w , k ) 0 , 0 0 0 

feann 

["] 

H-r,ig- feann •£ ( A k . U e q u i v k-f i g k .fGW.k) ( W / K ) 

fGW.k 

[-] 

9 e ,m f C ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s d ) T i i = ( H T j e + H T j a + H T | A E + H T j a B E + H T j g ) . (e in , , i - 6e ) [ W ] 

e,„ y rc] e e r c ] Oint.i " 9 e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 3 , 7 1 1 1 2 9 , 8 7 2 

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

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

i n d o o r 

t e m p e r a t u r e 8 i n y 

rc i 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

i n d o o r 

t e m p e r a t u r e 8 i n y 

rc i 
nm in (h _ 1 ) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

5 3 , 0 7 3 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 
2 6 , 5 3 6 

nso 
[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g 

f a c t o r e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f i ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 9 , 5 5 3 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0 i n t , i " 9 e m a x . o f V m i n , i , V i n f / i H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 2 6 , 5 3 6 9 , 0 2 2 3 1 5 , 7 8 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 4 4 5 , 6 5 3 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t , i pq 

2 1 1 L a u n d r y d r y i n g r o o m 1 5 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu.k 

H 
fie.k 

H 
A k . ( U k + A U B ) . f u , k - f i e , k 

S I P e r i p h e r a l w a l l 5 , 5 1 9 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 9 6 4 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 3 , 7 5 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 2 , 6 2 5 

H T , i e = Z (Ak . (U k +AU B ) . f u , k . f i a , k ) ( W / k ) 3 , 5 8 9 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T j a U 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
6u 

f C ] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fix.k 

[-] 
A k . U k c . f i x , k 

S 3 . b i n t e r n a l l o a d b e a r i n g w a l l 2 0 , 0 0 0 1 2 , 3 7 9 0 , 5 0 1 0 , 5 0 1 - 0 , 1 6 7 - 1 , 0 3 3 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 1 0 , 0 0 0 7 , 3 7 9 1 , 3 7 9 1 , 3 7 9 0 , 1 6 7 1 , 6 9 6 

C 3 i n t e r n a l c e i l i n g 0 , 0 0 0 6 , 9 7 0 0 , 7 7 9 0 , 7 7 9 0 , 5 0 0 2 , 7 1 4 

C 3 i n t e r n a l c e i l i n g 1 0 , 0 0 0 3 , 7 6 0 0 , 7 7 9 0 , 7 7 9 0 , 1 6 7 0 , 4 8 8 

D i i n t e r i o r t i m b e r d o o r 1 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 1 6 7 0 , 5 6 7 

H T, i a (..) = I ( A k . U k . f i x , k ) ( W / K ) 4 , 4 3 3 

F i x , k = f i = (B^-BMB^-B,) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig,k 

[-] 

B' 

[m] Uequi».k [ W / m 2 . K ] A k - U e q u i v , k fig,k - fGW.k 

1( A k . U e q U i V / k . f i g / k . f G w . k ) 0 , 0 0 0 

feann 

H 
H-r.ig-feann •£ ( A k . U e q u i v , k - f i g , k - fGW.k) ( W / K ) 

fGW.k 

[-] 

6e,m 

r q 
1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s < D T i = ( H T i e + H T i a + H T i a e + H T i a B E + H T j g ) . ( 6 i n t i i - 6 e ) [ W ] 

e l n y rc] e e r c ] Sint. i " 8 e [ C ] 
Z H y 

[ W - K " 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s 0 T | i [ W ] 

1 5 , 0 0 0 - 1 5 , 0 0 0 3 0 , 0 0 0 8 , 0 2 1 2 4 0 , 6 4 4 

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

r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 

i n d o o r 

t e m p e r a t u r e 9 i n t i 

r q 

H y g i n i c r e c u i r e m e n t s r o o m 

v o l u m e 

V i ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

r q 

i n d o o r 

t e m p e r a t u r e 9 i n t i 

r q nmin th" 1 ) H y g i e n i c a i r e x c h a n g e V m i n i i ( m 3 / h ) 

3 2 , 0 8 3 - 1 5 , 0 0 0 1 5 , 0 0 0 0 , 5 0 0 1 6 , 0 4 1 

"50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t l e v e l 

f r o m t e r r a i n £| 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f , i ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0 i n t , i " 0 e m a x . o f V m i n , i , V|„fj H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 0 , 0 0 0 1 6 , 0 4 1 5 , 4 5 4 1 6 3 , 6 2 2 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 4 0 4 , 2 6 6 W 
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Heat losses of third floor 
R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t , i p q 

3 0 1 A V e s t i b u l e 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n A k u k 
A U B Ukc fu,k fie.k A k . ( U k + A U B ) . f U i k . f , e i k 

W T r i p l e g l a z i n g p l a s t i c w i n d o w 1 , 0 8 8 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 7 6 2 

S I P e r i p h e r a l w a l l 1 , 8 5 7 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 3 2 4 

R R o o f 9 , 7 0 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 1 , 3 1 5 

H T J e = í ( Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 2 , 4 0 1 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T , I A ( . . ) 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n eu A k u k 
A U Ukc flxJc A k . U k c . f i x . k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 6 , 0 9 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 9 6 1 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 9 , 7 7 1 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 1 , 3 9 8 

D i i n t e r i o r t i m b e r d o o r 1 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 2 8 6 0 , 9 7 2 

D i i n t e r i o r t i m b e r d o o r 2 4 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 - 0 , 1 1 4 - 0 , 3 4 6 

H Tj,(..) = Z ( A k . U k . f l x J < ) ( W / K ) 1 , 0 6 4 

F i x , k = f i = (e,„,,,-eu)/(e,nt,,-ee) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig,k 

["] 

B' 

[m] Uaquiv.k [ W / m 2 . K ] A k . U e a u l u k fig.k -ÍGW.k 

1( Ak.U e a U|„k.f ig,k -ÍGW.k) 0 , 0 0 0 

feann 

H 
H T , ig= fea„„ ( A k . U e q u i v , k . f i g , k . f G W , k ) ( W / K ) 

ÍGW.k 

[-] rq 
1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <D T i i = ( H T I E + H T I A + H T I A E + H T I A B E + HT i i f,).(8 i n t i i - 9 e ) [ W ] 

e,„,,, rc] eerc] e i n y-eerc] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 3 , 4 6 5 1 2 1 , 2 8 0 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e S e 

rq 
i n d o o r 

t e m p e r a t u r e 9 i n t i i 

rq 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e S e 

rq 
i n d o o r 

t e m p e r a t u r e 9 i n t i i 

rq riminfh"1) H y g i e n i c a i r e x c h a n g e V m | „ | (m 3 / h ) 

2 9 , 0 0 3 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 1 4 , 5 0 2 

ri50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V | „ f | ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

9]nt,]"9e m a x . o f V m i n , i , V i n f , i H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 1 4 , 5 0 2 4 , 9 3 1 1 7 2 , 5 6 8 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 2 9 3 , 8 4 8 W 

9 8 



R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t i i [ X ] 

3 0 2 A W a s h i n g m a c h i n e r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu.k 

["] 

fie,k 

H 
A k . ( U k + A U B ) . f u , k - f l e , k 

R R o o f 1 , 9 8 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 0 , 2 6 9 

H T , i e = Z ( A k . ( U k + A U B ) . f u , k . f i e , k ) ( W / k ) 0 , 2 6 9 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T I A ( > 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
e u 

re] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f 1 1 ( , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 3 , 1 9 0 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 5 0 3 

H Tj,(..) = Z ( A k . U k . f l x J < ) ( W / K ) - 0 , 5 0 3 

F i», k =fi= ( 9 i n t , i - 9 u ) / ( 9 | n t , | - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T I B 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[ m ] 

u k 

[ W / m 2 . K ] 

fig,k 

["] 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] A k . U e q u i u k f l g k . ÍGw.k 

1( A k . U e q U j V i k . f j g i k .ÍGW.k) 0 , 0 0 0 

feann 
r i 

HT Jg - f eann -Z ( A k . U e c . u | U i k . f | g i k .fGW.k) ( W / K ) 
fGW.k 

[-] 
9e,m 

re] 
1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <D T i i = ( H T I E + H T I A + H T I A E + H T i a B E + HT,rg)-(6rnt,r - 6 e ) [ W ] 

e l n W rc] e e f c ] e, n t , , -9 e r c ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 - 0 , 2 3 4 - 8 , 2 0 3 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e S e 

r q 

i n d o o r 

t e m p e r a t u r e 9 i n t i i 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e S e 

r q 

i n d o o r 

t e m p e r a t u r e 9 i n t i i 

r q 
r iminfh" 1 ) H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

5 , 9 2 0 - 1 5 , 0 0 0 2 0 , 0 0 0 1 , 5 0 0 8 , 8 8 0 

ri50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V|„fj ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

9 ]n t , ] _ 9e m a x . o f V m i n , i , V i n f , i H t [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 8 , 8 8 0 3 , 0 1 9 1 0 5 , 6 7 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 9 7 , 4 7 3 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 8 i n t , i pc] 

3 0 3 A T o i l e t 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

["] 

fie.k 

["] 
A k . (Uk+AU B ) . f u , k . f i e , k 

R R o o f 3 , 4 8 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 0 , 4 7 2 

H T , i e = Z ( A k . ( U k + A U B ) . f U i k . f i e , k ) ( W / k ) 0 , 4 7 2 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T . i a L 1 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix.k 

[-] 
Ak.Ukc.f ix.k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 1 , 7 0 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 2 6 9 

H T, i a (..) = Z ( A k . U k . f i x , k ) ( W / K ) - 0 , 2 6 9 

F j x j č f i f ( 9 i n t , i - 9 u ) / ( 9 | n t , | - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[m] 
U e q u , v . k [ W / m 2 . K ] Ak-Uequiuk fig,k-fGW,k 

£( Ak-Uequi^k-fig.k -ÍGW.k) 0 , 0 0 0 

feann 

["] 
H T , l g = fe a „ „ I ( A k . U e q u i v , k . f i g , k . f G„,k) ( W / K ) 

ÍGW.k 

[-] 
1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <t)T,i = ( H T , i e + H T J a + H T J a e + H T J a B E + H T jg) .(6 i n , , i - 6 e ) [ W ] 

e,„,,, rc] e e r c ] Sint. i - 9e fC] 
[W-K1] 

D e s i g n h e a t t r a n s m i s s i o n l o s s <Xh,\ [W] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 0 , 2 0 3 7 , 1 1 5 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rq 
i n d o o r 

t e m p e r a t u r e 8 l n y 

rq 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rq 
i n d o o r 

t e m p e r a t u r e 8 l n y 

rq n m m f h 1 ) 
H y g i e n i c a i r e x c h a n g e V m i n J ( m 3 / h ) 

1 0 , 4 0 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 
5 , 2 0 3 

ri50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V l n f , ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

©inti"Se m a x . o f V m i n , i , V i n f , i H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 5 , 2 0 3 1 , 7 6 9 6 1 , 9 1 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 6 9 , 0 2 6 W 

100 



R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 8 i n t , i rc] 

3 0 4 A K i t c h e n a n d l i v i n g r o o m 2 0 , 0 0 0 T 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

["] 

fie.k 

[-] 
Ak.(Uk+AU B ) . fu ,k . f ie ,k 

W + D 
P l a s t i c b a l c o n y d o o r a n d 

w i n d o w s 
9 , 5 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 6 , 7 0 3 

S I p e r i p h e r a l w a l l 2 3 , 1 6 6 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 0 4 6 

R f l a t r o o f 2 5 , 4 3 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 1 7 , 8 0 1 

H T , l e = Z (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 2 8 , 5 4 9 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T j a ( j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix.k 

[-] 
Ak.Ukc.f iK.k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 7 , 7 7 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 1 , 2 2 5 

S3 .C i n t e r n a l l o a d b e a r i n g w a l l 1 5 , 0 0 0 5 , 9 8 0 0 , 5 0 1 0 , 5 0 1 0 , 1 4 3 0 , 4 2 8 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 3 3 6 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 0 , 6 2 0 

H T, i a (..) = Z ( A k . U k . f i x , k ) ( W / K ) - 0 , 1 7 7 

F|x,k=f l= (9|nt , | -9L,)/(9|nt , | -9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] Ak.Uequiv.lt fjg,k .fGW.k 

Z( A k . Uequivj, . f ] R / k -ÍGW.k) 0 , 0 0 0 

feann 

["] 

H T , l g = fea„„ -Z (A k . U e c | u , u , k . f , g , k . f G W , k ) ( W / K ) 

fGW.k 

[-] 

9 e , m f C ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s d> T,i = ( H T , i e + H T . i a + H T i a e + H T i a B E + H T. i g).(9int, i - 6 e ) [ W ] 

e i n,,i rc] e e r c ] 6]nt,l - 9 e f C ] 
ZH,,i 

[ W - K 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s <Xh,\ [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 2 8 , 3 7 2 9 9 3 , 0 1 0 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8e 

r q 

i n d o o r 

t e m p e r a t u r e 8| n t . i 

f C ] 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8e 

r q 

i n d o o r 

t e m p e r a t u r e 8| n t . i 

f C ] 
n m m f h 1 ) H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

7 6 , 0 3 6 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 3 8 , 0 1 8 

rise; 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e i 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £| 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V ] n f , ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 3 , 6 8 6 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

S l n t r S e m a x . Of V m | n . | , Vinf.i H t [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n <Dv, i(W) 

3 5 , 0 0 0 3 8 , 0 1 8 1 2 , 9 2 6 4 5 2 , 4 1 2 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 1 4 4 5 , 4 2 3 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e e i n t , i rc] 

3 0 5 A B a t h r o o m 2 4 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

f u, k 

H 

fie.k 

[-] 
A k . (U k +AU B ) . f u , k - f l e , k 

R F l a t r o o f 4 , 3 9 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 0 , 5 9 5 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 9 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 6 3 0 

S I p e r i p h e r a l w a l l 4 , 1 8 3 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 7 3 1 

H T , i e = I (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 1 , 9 5 6 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T j a ( j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
e u 

rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix.k 

[-] 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 0 , 0 0 0 1 8 , 9 2 1 1 , 3 7 9 1 , 3 7 9 0 , 1 0 3 2 , 6 7 7 

Di i n t e r i o r t i m b e r d o o r 2 0 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 0 , 1 0 3 0 , 3 1 0 

HT,i,(..) = Z ( A k . U k . f l x , k ) ( W / K ) 2 , 9 8 7 

F i x , k= f i= ( e i n , , i - e u ) / ( e , n t , , - e e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[m] 
Ueaniv.k [ W / m 2 . K ] Ak-Uequiuk f l g k .ÍGW.k 

í( Afc.Uequiu k . f l g k .ÍGW.k ) 0 , 0 0 0 

feann 

["] 
H T, ig = feann • I ( A k . U e q l l , u , k . f , g , k . f G W , k ) ( W / K ) 

ÍGW.k 

[-] 

9e,m ľ C] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <DT,i = ( H T , i e + H T J a + H T J a e + H T i a B E + H T i g ) . ( e i n t , i - 6 e ) [ W ] 

e,„,,, rc] e e r c ] [ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s <Xh,\ [ W ] 

2 4 , 0 0 0 - 1 5 , 0 0 0 3 9 , 0 0 0 4 , 9 4 3 1 9 2 , 7 6 1 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

m 

i n d o o r 

t e m p e r a t u r e 8 l n t / l 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

m 

i n d o o r 

t e m p e r a t u r e 8 l n t / l 

r q 
nminth- 1 ) H y g i e n i c a i r e x c h a n g e V m l „ j ( m 3 / h ) 

1 3 , 1 2 6 - 1 5 , 0 0 0 2 4 , 0 0 0 0 , 5 0 0 6 , 5 6 3 

n so N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t A m o u n t o f a i r i n f i l t r a t e d b y 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 2 , 3 6 3 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

©int.röe m a x . o f V m l „ j , Vjnf j H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 9 , 0 0 0 6 , 5 6 3 2 , 2 3 1 8 7 , 0 2 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 2 7 9 , 0 0 0 W 
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R o o m N o . N a m e of t h e r o o m Indoor t e m p e r a t u r e 8 i n t , i pc] 

3 0 6 A B e d r o o m 2 0 , 0 0 0 °C 

Ca lcu la t i on of heat t r an sm i s s i on loss 

Spec i f i c heat t r an sm i s s i on loss d i rec t ly t o ex t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

Uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

H 

fie.k 

["] 
A k . (Uk+AU B ) . f u , k . f i e , k 

R f l a t r o o f 1 9 , 5 2 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 2 , 6 4 7 

W + D 
t r i p l e g l a z i n g p l a s t i c w i n d o w s 

a n d b a l c o n y d o o r 
6 , 6 5 2 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 4 , 6 5 6 

S I p e r i p h e r a l w a l l 2 6 , 1 1 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 5 6 1 

H T , i e = Z ( A k . ( U k + A U B ) . f U i k . f i e , k ) ( W / k ) 1 1 , 8 6 5 

Spec i f i c heat t r an sm i s s i on loss f r o m h e a t e d space t o ne i ghbou r i ng h e a t e d space or u n h e a t e d space or t h r ough it H T j a ( j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

Uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix.k 

[-] 
Ak.Ukc.f ix.k 

H T , i a ( . . ) = Z ( A k . U k . f i x , k ) ( W / K ) 0 , 0 0 0 

Fi»,k=fi= ( 9 i n t , i - 9 u ) / ( 9 | n t , | - 9 e ) 

Spec i f i c heat t r an sm i s s i on loss t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fg.k 

H 

B' 

[m] 
Uequiv.k [ W / m 2 . K ] Ak-Uequiuk fig.k -ÍGW.k 

Z( Ak. U e q U | V j k . f i E i k .ÍGw.k) 0 , 0 0 0 

feann 

["] 

H T, ig = fea„„ Z (Ak.Uequiv.K.fig.K . f G „ , k ) ( W / K ) 

fGW.k 

[-] 
6e,m 

rc] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Tota l des i gn heat t r an sm i s s i on loss <DT,i = ( H T , i e + H T J a + H T J a e + H T J a B E + H T jg).(6 i nt, i - 6 e ) [W] 

e,„,,, r c ] e e r c ] Sint. i - 9 e f C ] 
ZH,, i 

[ W - K 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s <Xh,\ [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 1 1 , 8 6 5 4 1 5 , 2 6 9 

Des ign heat loss d u e t o ven t i l a t i on - natura l ven t i l a t i on 

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

r q 

i n d o o r 

t e m p e r a t u r e 8 l n t / l 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

r q 

i n d o o r 

t e m p e r a t u r e 8 l n t / l 

r q 
riminfh" ) H y g i e n i c a i r e x c h a n g e V m l n j ( m 3 / h ) 

5 8 , 3 6 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 2 9 , 1 8 2 

ri50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

ei 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £i 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V l n f , ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 0 , 5 0 6 

Heat loss d u e t o natura l ven t i l a t i on 

S j n t r S e m a x . o f V m l n j , V l n f j H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 2 9 , 1 8 2 9 , 9 2 2 3 4 7 , 2 7 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 7 6 2 , 5 3 9 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t i i [ X ] 

3 0 7 A B e d r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

Uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

["] 

fie.k 

[-] 
A k . ( U k + A U B ) . f u , k . f , e , k 

R f l a t r o o f 1 7 , 7 5 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 2 , 4 0 7 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 2 , 1 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 1 , 5 2 3 

S I p e r i p h e r a l w a l l 8 , 9 7 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 1 , 5 6 8 

H T J E = I (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 5 , 4 9 7 

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

N o . S . d e s c r i p t i o n 
rc] 

A k 

[m2] 
u k 

[W/m 2.K] 

A U 

[W/m 2.K] 

u k c 

[W/m 2.K] 

fix,k 

H Ak.Ukc . fx .k 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 3 3 6 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 0 , 6 2 0 

0 , 6 2 0 H T, i a,..) = I ( A k . U k . f i x , k ) ( W / K ) 

0 , 6 2 0 

0 , 6 2 0 

Fi«,k=fi= ( e l n t , i - 9 u ) / ( 9 | n t J - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T J g 

N o . S . d e s c r i p t i o n 
A k 

[m2] 
Ag 

[m2] 
P 

[m] 
Uk 

[W/m 2.K] 

fig,k 

[-] 

B' 

[m] Uaquiv.k [W/m 2.K] A k . U e q u l u k fig.k -fGW.k 

1( A k . U e q U | U i k . f i g , k -fGW.k) 0 , 0 0 0 

feann 

H 
HT . i g - f e ann -2 (A k . U e q u | v , f c . f i g k .fsw,k) ( W / K ) 

fGW.k 

H 
9 e ,m L C] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s fl>TJ = ( H T i e + H T J a + H T i a e + H T i a B E + H T i g ) . ( e r n t , r - 8e ) [ W ] 

e,„,,, rc] e e f c ] ©int.i - 9 e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 6 , 1 1 8 2 1 4 , 1 2 2 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

i n d o o r 

t e m p e r a t u r e 9 i n t i i 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

i n d o o r 

t e m p e r a t u r e 9 i n t i i 

r q nmin fh" 1 ) H y g i e n i c a i r e x c h a n g e V m i n j ( m / h ) 

5 3 , 0 7 3 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 
2 6 , 5 3 6 

nso 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e i 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V|nf,i ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 9 , 5 5 3 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0int,r©e m a x . o f V m i n , i , V i n f , i H , [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 2 6 , 5 3 6 9 , 0 2 2 3 1 5 , 7 8 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 5 2 9 , 9 0 3 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 | n , j p q 

3 0 8 S t a i r c a s e 1 0 , 0 0 0 °c 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu.k 

[-] 

fie.k 

["] 
A k . (U k +AU B ) . f u , k . f i e , k 

W R R o o f h a t c h 2 , 5 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 1 , 7 5 0 

R f l a t r o o f 1 7 , 6 1 0 0 , 1 3 6 0 , 0 5 0 0 , 1 8 6 1 , 0 0 0 1 , 0 0 0 3 , 2 6 9 

H T , i e = Z (Ak.(U k +AU B ) . fu ,k . f ia ,k) ( W / k ) 5 , 0 1 9 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T . i a u 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
r q 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f i x , k 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 2 0 , 0 0 0 4 4 , 3 5 9 0 , 5 0 1 0 , 5 0 1 - 0 , 4 0 0 - 8 , 8 8 5 

D i i n t e r i o r t i m b e r d o o r 2 0 , 0 0 0 3 , 7 8 0 1 , 8 0 0 1 , 8 0 0 - 0 , 4 0 0 - 2 , 7 2 2 

D i i n t e r i o r t i m b e r d o o r 1 5 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 - 0 , 2 0 0 - 0 , 6 8 0 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 1 5 , 0 0 0 7 , 3 7 9 1 , 3 7 9 1 , 3 7 9 - 0 , 2 0 0 - 2 , 0 3 5 

H T , i a ( . . ) = I ( A k . U k . f i x , k ) ( W / K ) - 1 4 , 3 2 3 

F i x , k = f i = ( e i n t i - e u ) / ( e i n t , i - e e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T.ig 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig,k 

[-] 

B' 

[m] U e quiv.k [ W / m 2 . K ] A k . U e q U | V k f i g k . f G w , k 

£( A k . U e q U | v k , f i B k . f G w k ) 0 , 0 0 0 

feann 

["] 
HT.ig-feann •£ ( A k . U e q u i V i k . f i g i k .fGW.k) ( W / K ) 

fGW.k 

[-] 

Qe,m 

f c ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s <DT,i = ( H T j e + H T | a + H T j a e + H T j a B E + H T j 6 .(e,n,,,-ee)[w] 
D e s i g n h e a t t r a n s m i s s i o n l o s s Oj . i [ W ] 

e i n y f C ] e e f c ] Qjnt.i e e r c ] [W-KT 1 ] 

1 0 , 0 0 0 - 1 5 , 0 0 0 2 5 , 0 0 0 - 9 , 3 0 4 - 2 3 2 , 5 9 8 

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

r o o m O u t d o o r t e m p e r a t u r e 9 e i n d o o r H y g i n i c r e q u i r e m e n t s 

v o l u m e 

V , ( m 3 ) 

f C ] t e m p e r a t u r e 9 i n t i 

f C ] 
nminth"1) H y g i e n i c a i r e x c h a n g e V m i „ , i ( m 3 / h ) 

5 2 , 6 5 4 - 1 5 , 0 0 0 

1 0 , 0 0 0 

0 , 5 0 0 

2 6 , 3 2 7 

"50 N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t A m o u n t o f a i r i n f i l t r a t e d b y 

[ 1 / h ] o p e n n i n g s e. l e v e l f r o m t e r r a i n £, b u i l d i n g e n v e l o p e V i n f i ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

9 in t i "®e m a x . o f V m i n , i , V i n f , i H t l W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

2 5 , 0 0 0 2 6 , 3 2 7 8 , 9 5 1 2 2 3 , 7 7 9 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = - 8 , 8 1 9 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e e i n t i ra 

3 0 1 B V e s t i b u l e 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

U k c 

[ W / m 2 . K ] 

f u , k 

[-] 

f]e,k 

["] 
A k . ( U k + A U B ) . f u , k . f i e , k 

W T r i p l e g l a z i n g p l a s t i c w i n d o w 1 , 0 8 8 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 7 6 2 

S I P e r i p h e r a l w a l l 1 , 8 5 7 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 3 2 4 

R F l a t r o o f 9 , 7 0 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 1 , 3 1 5 

H T , , e = í (Ak.(U k+AU„).fu, k.f,e, k) ( W / k ) 2 , 4 0 1 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T i a U 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
6u 

f C ] 

A k 

[ m 2 ] 

uk 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f l x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 6 , 0 9 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 9 6 1 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 9 , 7 7 1 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 1 , 398 

Di i n t e r i o r t i m b e r d o o r 1 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 2 8 6 0 , 9 7 2 

Di i n t e r i o r t i m b e r d o o r 2 4 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 - 0 , 1 1 4 - 0 , 3 4 6 

H T, i a (..) = Z ( A k . U k . f i x , k ) ( W / K ) 1 , 0 6 4 

Fi«,k=fi= (9 in t , i -9 u ) / (e i n t , i -9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T i i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

uk 

[ W / m 2 . K ] 

fig,k 

[-] 

B' 

[m] Uecuiv.k [ W / m 2 . K ] A k - U e q u i v k f j g , k . f G w , k 

I( A k . U e q u l u k . f l g k . f G w , k ) 0 , 0 0 0 

feann 

["] 
H T , ig= fea„„ * ( A k . U e q u i v , k . f i g , k i G W , k ) ( W / K ) 

f G w,k 

H 
ee,m 

rc] 
1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s O T , I = ( H T , i e + H T i a + H T i a e + H T i i a BE + HTjg).(e intJ - 9 e ) [ W ] 

e,„,,, rc] e e rc] e,„,,,-9erc] 
IH t , i 

[ W - K 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s 0T , I [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 3 , 4 6 5 1 2 1 , 2 8 0 

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

r o o m O u t d o o r t e m p e r a t u r e 6 e 
i n d o o r 

v o l u m e CC] t e m p e r a t u r e © l n t I 
H y g i n i c r e q u i r e m e n t s 

V , ( m 3 ) 

CC] 
rc] Imin lh 1 ) H y g i e n i c a i r e x c h a n g e V m i n i ( m 3 / h ) 

2 9 , 0 0 3 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 1 4 , 5 0 2 

n5o N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t A m o u n t o f a i r i n f i l t r a t e d b y 

[1 /h ] o p e n n i n g s e i l e v e l f r o m t e r r a i n Ej b u i l d i n g e n v e l o p e V|„ f , ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0 i n t , i - 6e m a x . o f V m i „ j , Vinf j H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 1 4 , 5 0 2 4 , 9 3 1 1 7 2 , 5 6 8 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 2 9 3 , 8 4 8 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 8 i n t i i [-C] 

3 0 2 B W a s h i n g m a c h i n e r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i c 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

f u , k 

[-] 

f]e, k 

["] 
A k . (U k +AU B ) . f u , k . f i e , k 

R F l a t r o o f 1 , 9 8 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 0 , 2 6 9 

H T , , e = Z ( A k . ( U k + A U B ) . f u , k . f , e , k ) ( W / k ) 0 , 2 6 9 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T i i a ( j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
r q 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A l l 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f l x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 3 , 1 8 7 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 5 0 2 

H T, i a (..) = I ( A k . U k . f i x , k ) ( W / K ) - 0 , 5 0 2 

F i x ,k=fi= (e,„,,,-eu)/(e,„,,,-ee) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T,ig 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig.k 

[-] 
B' 

[m] 
Uec,Uiv.k [ W / m 2 . K ] A k . U e q u i v k f j g k .fGW,k 

I ( A k . U e q u v,k-fig,k -fGW,k) 0 , 0 0 0 

feann 

["] 

H-r.lg-feann £ ( A k . U e q u l v k . f l g k .fGW,k) ( W / K ) 

TGW,k 

["] 

9 e,m 

r q 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s © T j = ( H T J e + H T J a + H T J a e + H T J a B E + H r ^ . t S i n t j - 8 e ) [ W ] 

e,„,,, r q e e r c ] 6]nt,l - 9 e f C ] 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 - 0 , 2 3 4 - 8 , 1 8 6 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 6 e 

r q 
i n d o o r 

t e m p e r a t u r e 8 l n t / l 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 6 e 

r q 
i n d o o r 

t e m p e r a t u r e 8 l n t / l 

r q riminfh" ) H y g i e n i c a i r e x c h a n g e V m l n j ( m 3 / h ) 

5 , 9 2 0 - 1 5 , 0 0 0 2 0 , 0 0 0 1 , 5 0 0 8 , 8 8 0 

U/h] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V l n f , ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0 in t , i "6e m a x . o f V m l n j , V l n f j H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 8 , 8 8 0 3 , 0 1 9 1 0 5 , 6 7 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 9 7 , 4 8 9 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 6 i n t i i [ X ] 

3 0 3 B T o i l e t 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fu.k 

["] 

fie.k 

["] 
A k . (U k +AU B ) . f u , k . f i e , k 

R F l a t r o o f 3 , 4 8 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 0 , 4 7 2 

H T J e = I (Ak . (U k +AU B ) . f u , k . f i e , k ) ( W / k ) 0 , 4 7 2 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T j a ( j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

H 
Ak.Ukc.f^.k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 1 , 7 0 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 0 , 2 6 9 

HT,ia(..) = I ( Ak .Uk . f i x , k ) ( W / K ) - 0 , 2 6 9 

F i x , k=f i= (e,„,,,-eu)/(e,nt,,-ee) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig,k 

H 

B' 

[m] 
U e o u l „ .k [ W / m 2 . K ] A k . U e a u l u k fig,k -fGW.k 

1( Ak.U e a u|„k.f ig,k -fGW.k) 0 , 0 0 0 

feann 

H 

HT. ig-feann •£ (Ak.U e a u|„k.fig,k -fGW.k) ( W / K ) 

fGW.k 

[-] rc] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s fl>TJ = ( H T i e + H T J a + H T J a e + H T J a B E + HTig).(eint,i - 8 e ) [ W ] 

e l n W rc] e e r q e,„,,,-eerq 
[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O r . i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 0 , 2 0 3 7 , 1 1 5 

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

r o o m O u t d o o r t e m p e r a t u r e S e 
i n d o o r H y g i n i c r e q u i r e m e n t s 

v o l u m e t e m p e r a t u r e 9 i n t i 

riminfh"1) 
V , ( m 3 ) r q 

riminfh"1) 
H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

1 0 , 4 0 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 
5 , 2 0 3 

ri50 N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t A m o u n t o f a i r i n f i l t r a t e d b y 

[ 1 / h ] o p e n n i n g s e. l e v e l f r o m t e r r a i n £, b u i l d i n g e n v e l o p e V ]nfj ( m 3 / h ) 

4 , 5 0 0 0 , 0 0 0 0 , 0 2 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0int,i"öe m a x . o f V m i n , i , V i n f , i H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 5 , 2 0 3 1 , 7 6 9 6 1 , 9 1 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 6 9 , 0 2 6 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 8 i n t , i [x] 

3 0 4 B K i t c h e n and l i v i n g r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu.k 

H 

fie.k 

H 
A k . (U k +AU B ) . fu , k . f i e ,k 

W + D 
P l a s t i c b a l c o n y d oo r and 

w i n d o w s 
9 , 5 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 6 , 7 0 3 

S I p e r i p h e r a l w a l l 2 3 , 1 6 6 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 0 4 6 

R f l a t roo f 2 5 , 4 3 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 1 7 , 8 0 1 

H T , , e = 2 : ( A k . ( U k + A U B ) . f u , k . f , e , k ) ( W / k ) 2 8 , 5 4 9 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T i a ( j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 4 , 0 0 0 7 , 7 7 4 1 , 3 7 9 1 , 3 7 9 - 0 , 1 1 4 - 1 , 2 2 5 

S3 .C i n t e r n a l l o a d b e a r i n g w a l l 1 5 , 0 0 0 5 , 9 8 0 0 , 5 0 1 0 , 5 0 1 0 , 1 4 3 0 , 4 2 8 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 3 3 6 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 0 , 6 2 0 

HT,,a(..) = M A k . U k . f , » , k ) ( W / K ) - 0 , 1 7 7 

F i x ,k=f i= (e,„,,,-eu)/(e,nt,,-ee) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig,k 

[-] 

B' 

[m] 
Ue,ui».k [ W / m 2 . K ] A k . U e q u i V j k . f i g j k . f G w , k 

1( A k . U e c | U i U i k .f| R k .fcw,k) 0 , 0 0 0 

Ĝann 

H 

H T , l g = fea„„ -I ( A k . U e q u i v , k . f i g , k . f G W , k ) ( W / K ) 

ÍGW.k 

[-] 

9e,m T C I 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s (D T,i = ( H T J e + H T i a + H T J a e + H T J a B E + H T jg) . (6 i n t , i - 6 e ) [ W ] 

e,„,,, rc] e e r c ] 9]nt,l - 9e fC] 
[W-K1] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [W] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 2 8 , 3 7 2 9 9 3 , 0 1 0 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

m 

i n d o o r 

t e m p e r a t u r e 9 l n t , i 

rc] 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 9 e 

m 

i n d o o r 

t e m p e r a t u r e 9 l n t , i 

rc] riminfh"1) H y g i e n i c a i r e x c h a n g e V m l n l ( m 3 / h ) 

7 6 , 0 3 6 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 3 8 , 0 1 8 

nso 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V | n f j ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 3 , 6 8 6 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

9]nt,]"9e m a x . o f V m l n j , V i n f , i H t [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 3 8 , 0 1 8 1 2 , 9 2 6 4 5 2 , 4 1 2 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 1 4 4 5 , 4 2 3 W 
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Room No. Name of the room Indoor temperature e i n t,i [-q 
3 0 5 B B a t h r o o m 2 4 , 0 0 0 °C 

Calculation of heat transmission loss 
Specific heat transmission loss directly to exterior H T , i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

u k c 

[ W / m 2 . K ] 

fu.k 

H 
f]e,k 

H 
A k . (U k +AU B ) . f u , k . f i e , k 

R F l a t r o o f 4 , 3 9 0 0 , 1 3 6 0 , 0 5 0 0 , 1 8 6 1 , 0 0 0 1 , 0 0 0 0 , 8 1 5 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 0 , 9 0 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 0 , 6 3 0 

S I p e r i p h e r a l w a l l 4 , 1 8 3 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 7 3 1 

H T , , e = Z ( A k . ( U k + A U B ) . f u , k . f , e , k ) ( W / k ) 2 , 1 7 5 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T j a ( j 
s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
e u 

r q 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
Ak .U k c . f i x , k 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 2 0 , 0 0 0 1 8 , 9 2 1 1 , 3 7 9 1 , 3 7 9 0 , 1 0 3 2 , 6 7 7 

D i i n t e r i o r t i m b e r d o o r 2 0 , 0 0 0 1 , 6 8 0 1 , 8 0 0 1 , 8 0 0 0 , 1 0 3 0 , 3 1 0 

H T , l a , . . , = Z ( A k . U k . f l x , k ) ( W / K ) 2 , 9 8 7 

F j x j č l l ž ( 9 i n t , i - 9 u ) / ( 9 | n t , | - 9 e ) 

Specific heat transmission loss to ground H T , i g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig.k 

H 

B' 

[m] Ueauiv.k [ W / m 2 . K ] A k - U e C ; l l i U i k figt.fGw,k 

I( Afc.Uequiu k . f l g k .ÍGW.k ) 0 , 0 0 0 

föann 

[-] 
H-r.lg-feann Z (A k .Uequlv.k-f lak -TGW.k) ( W / K ) 

fGW,k 

[-] 

6a,m r C ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

Total design heat transmission loss 0 T J = (H T i e + H T J a + H T J a e + H T J a B E + HTiif,).(6intii - 6 e) [W] 

ein,,i re] e e rc] Slnt,] - 9e f C ] [ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O r j [ W ] 

2 4 , 0 0 0 - 1 5 , 0 0 0 3 9 , 0 0 0 5 , 1 6 2 2 0 1 , 3 2 2 

Design heat loss due to ventilation - natural ventilation 
r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rq 

i n d o o r 

t e m p e r a t u r e 8intii 

rq 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rq 

i n d o o r 

t e m p e r a t u r e 8intii 

rq 
n ^ n t h 1 ) H y g i e n i c a i r e x c h a n g e V m i n j ( m 3 / h ) 

1 3 , 1 2 6 - 1 5 , 0 0 0 2 4 , 0 0 0 0 , 5 0 0 

6 , 5 6 3 

r>50 

[ 1 / h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n Ej 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V | n f , ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 2 , 3 6 3 

Heat loss due to natural ventilation 

S in t , i "Se m a x . o f Vmin j , V|„fj H, [ W - K " 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 9 , 0 0 0 6 , 5 6 3 2 , 2 3 1 8 7 , 0 2 6 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 2 7 9 , 0 0 0 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e e i n t i rC] 
3 0 6 B B e d r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T l e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

U k c 

[ W / m 2 . K ] 

fu.k 

["] 

f]e,k 

["] 
A k . ( U k + A U B ) . f u , k . f i e , k 

R f l a t r o o f 1 9 , 5 2 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 2 , 6 4 7 

W + D 
t r i p l e g l a z i n g p l a s t i c w i n d o w s 

a n d b a l c o n y d o o r 
6 , 6 5 2 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 4 , 6 5 6 

S I p e r i p h e r a l w a l l 2 6 , 1 1 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 4 , 5 6 1 

H T , i e = Z ( A k . ( U k + A U B ) . f U i k . f i e , k ) ( W / k ) 1 1 , 8 6 5 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t HT.ia(..> 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
A k . U k c . f l x , k 

H T, i a(..) = Z ( A k . U k . f i x , k ) ( W / K ) 0 , 0 0 0 

F i x j č f i f ( 9 i n t , | - 9 u ) / ( e i n t , | - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T i l g 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 
[m] 

u k 

[ W / m 2 . K ] 

fig.k 

[-] 
B' 
[m] 

Uequiv.k [ W / m 2 . K ] Ak-Uequivk fig,k-fGW,k 

Z( A K . U e q u i v , k .fig,k -ÍGW.k) 0 , 0 0 0 

feann 

["] 

H-r.ig-feann Z ( A k . U e t , u l u k . f l g k i G w , k ) ( W / K ) 

TGW,k 

["] r q 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s O T , I = ( H T i i e + H T i a + H T i a e + H T i a B E + H T,rg).(6r nt,i - 8 e ) [ W ] 

e,„,,, r q e e r c ] e,„,,,-eerc] 
Z H y 

[ W - K 1 ] 
D e s i g n h e a t t r a n s m i s s i o n l o s s 0 T , i [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 1 1 , 8 6 5 4 1 5 , 2 6 9 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 6 e 

r q 

i n d o o r 

t e m p e r a t u r e ©, n t - 1 

r q 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 6 e 

r q 

i n d o o r 

t e m p e r a t u r e ©, n t - 1 

r q rimin(h" ) H y g i e n i c a i r e x c h a n g e V m i „ j ( m 3 / h ) 

5 8 , 3 6 5 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 2 9 , 1 8 2 

ri5o 

[1 /h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

e. 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n £, 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V|„ f , ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 1 0 , 5 0 6 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

öint,i"öe m a x . o f V m ] n i , V | n f i H t [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 5 , 0 0 0 2 9 , 1 8 2 9 , 9 2 2 3 4 7 , 2 7 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 7 6 2 , 5 3 9 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e 0 i n t i ra 

3 0 7 B B e d r o o m 2 0 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T i e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

U k c 

[ W / m 2 . K ] 

fu.k 

["] 

fie,k 

["] 
A k . (Uk+AU B ) . fu ,k . f i e ,k 

R F l a t r o o f 1 7 , 7 5 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 2 , 4 0 7 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 2 , 1 7 5 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 1 , 5 2 3 

S I p e r i p h e r a l w a l l 8 , 9 7 8 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 1 , 5 6 8 

H T J e = I ( A k . ( U k + A U B ) . f U i k . f i e , k ) ( W / k ) 5 , 4 9 7 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T i i a ( j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix.k 

[-] 
Ak-Ukc-W 

S 3 . a i n t e r n a l l o a d b e a r i n g w a l l 1 0 , 0 0 0 4 , 3 3 6 0 , 5 0 1 0 , 5 0 1 0 , 2 8 6 0 , 6 2 0 

0 , 6 2 0 H T , i a ( . . ) = I ( A k . U k . f i x , k ) ( W / K ) 

0 , 6 2 0 

0 , 6 2 0 

Fjxj j=fi = ( 9 | n t . | - 9 u ) / ( e i n t i - 9 e ) 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T J f , 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

u k 

[ W / m 2 . K ] 

fig,k 

["] 

B' 

[m] Uecuiv.k [ W / m 2 . K ] Ak- U e q u j v , k fjg,k -fGW,k 

I( A k . U e q u l v k .f]g,k -fGW.k) 0 , 0 0 0 

feann 

H 
H T , i g = fea„„ I (A k .U e q u , v , k . f , g , k i G w , k ) ( W / K ) 

fGW.k 

[-] 
9 e ,m f C ] 

1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s O T , I = ( H T i e + H T i a + H T i a e + H T , i a B E + H T i g ) . ( e i n t , i - 6 e ) [ W ] 

e,„,,, rc] e e r c ] 6]nt,l - 9 e f C ] 
I H t , i 

[ W - K 1 ! 
D e s i g n h e a t t r a n s m i s s i o n l o s s O T J [ W ] 

2 0 , 0 0 0 - 1 5 , 0 0 0 3 5 , 0 0 0 6 , 1 1 8 2 1 4 , 1 2 2 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

m 

i n d o o r 

t e m p e r a t u r e e i n t / i 

r n 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

m 

i n d o o r 

t e m p e r a t u r e e i n t / i 

r n 
nminth" 1 ) H y g i e n i c a i r e x c h a n g e V m i „ i ( m 3 / h ) 

5 3 , 0 7 3 - 1 5 , 0 0 0 2 0 , 0 0 0 0 , 5 0 0 
2 6 , 5 3 6 

n 5 o 

[1 /h ] 

N u m b e r o f u n p r o t e c t e d 

o p e n n i n g s 

S h a d i n g f a c t o r 

ei 

c o r r e c t i o n f a c t o r o f h e i g h t 

l e v e l f r o m t e r r a i n Ej 

A m o u n t o f a i r i n f i l t r a t e d b y 

b u i l d i n g e n v e l o p e V i n f , ( m 3 / h ) 

4 , 5 0 0 1 , 0 0 0 0 , 0 2 0 1 , 0 0 0 9 , 5 5 3 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

0 i n t , i - 0 e m a x . o f V m i „ j , Vjnf.i H , [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n (Dv , i (W) 

3 5 , 0 0 0 2 6 , 5 3 6 9 , 0 2 2 3 1 5 , 7 8 1 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 5 2 9 , 9 0 3 W 
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R o o m N o . N a m e o f t h e r o o m I n d o o r t e m p e r a t u r e e i n t i i ra 

3 1 1 L a u n d r y d r y i n g r o o m 1 5 , 0 0 0 °C 

C a l c u l a t i o n o f h e a t t r a n s m i s s i o n l o s s 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s d i r e c t l y t o e x t e r i o r H T l e 

s t r u c t u r e s 

N o . D e s c r i p t i o n 
A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U B 

[ W / m 2 . K ] 

U k c 

[ W / m 2 . K ] 

fu.k 

H 

f]e,k 

[-] 
A k . (Uk+AU B ) . f u , k . f i e , k 

S I P e r i p h e r a l w a l l 5 , 5 1 9 0 , 1 2 5 0 , 0 5 0 0 , 1 7 5 1 , 0 0 0 1 , 0 0 0 0 , 9 6 4 

W t r i p l e g l a z i n g p l a s t i c w i n d o w 3 , 7 5 0 0 , 7 0 0 0 , 7 0 0 1 , 0 0 0 1 , 0 0 0 2 , 6 2 5 

R f l a t r o o f 1 0 , 7 3 0 0 , 1 3 6 0 , 1 3 6 1 , 0 0 0 1 , 0 0 0 1 , 4 5 5 

H T , „ = Z ( A k . ( U k + A U B ) . f u , k . f l e , k ) ( W / k ) 5 , 0 4 4 

S p e c i f i c h e a t t r a n s m i s s i o n l o s s f r o m h e a t e d s p a c e t o n e i g h b o u r i n g h e a t e d s p a c e o r u n h e a t e d s p a c e o r t h r o u g h i t H T . i a l j 

s t r u c t u r e s 

N o . S . d e s c r i p t i o n 
rc] 

A k 

[ m 2 ] 

u k 

[ W / m 2 . K ] 

A U 

[ W / m 2 . K ] 

Ukc 

[ W / m 2 . K ] 

fix,k 

[-] 
Ak.Ukc.f ix.k 

S 3 . b i n t e r n a l l o a d b e a r i n g w a l l 2 0 , 0 0 0 1 2 , 3 7 9 0 , 5 0 1 0 , 5 0 1 - 0 , 1 6 7 - 1 , 0 3 3 

S 4 i n t e r n a l n o n - l o a d b e a r i n g w a l l 1 0 , 0 0 0 7 , 3 7 9 1 , 3 7 9 1 , 3 7 9 0 , 1 6 7 1 , 6 9 6 

C 3 i n t e r n a l c e i l i n g 1 0 , 0 0 0 1 0 , 7 3 0 0 , 7 7 9 0 , 7 7 9 0 , 1 6 7 1 , 3 9 3 

D i i n t e r i o r t i m b e r d o o r 1 0 , 0 0 0 1 , 8 9 0 1 , 8 0 0 1 , 8 0 0 0 , 1 6 7 0 , 5 6 7 

HT,ia(..) = Z ( A k . U k . f i x , k ) ( W / K ) 2 , 6 2 3 

Fi«,k=fi= (e,nt,1-eu)/(e,nt,i-ee) 
S p e c i f i c h e a t t r a n s m i s s i o n l o s s t o g r o u n d H T i i f , 

N o . S . d e s c r i p t i o n 
A k 

[ m 2 ] 

Ag 

[ m 2 ] 

P 

[m] 

Uk 

[ W / m 2 . K ] 

fig,k 

["] 

B' 

[m] 
Ueqniv.k [ W / m ' . K ] Ak-Uequivk fig,k-fGW,k 

I( Ak.U eq u i„k.fig,k -ÍGW.k ) 0 , 0 0 0 

feann 

["] 
H T , ig= feann -I ( A k . U e q u i v , k . f i g , k . f G W , k ) ( W / K ) 

fGW.k 

[-] rc] 
1 , 4 5 0 0 , 0 0 0 1 , 0 0 0 3 , 9 0 0 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s 0 T j = ( H T J e + H T J a + H T J a e + H T J a B E + HTjK).(eint,i - 6e) [ W ] 

e,„,,, rc] e e f c ] e,„,,,-eerc] 
Z H , , i 

[ W - K 1 ] 

D e s i g n h e a t t r a n s m i s s i o n l o s s O T , I [ W ] 

1 5 , 0 0 0 - 1 5 , 0 0 0 3 0 , 0 0 0 7 , 6 6 7 2 3 0 , 0 1 0 

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

r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rc] 

i n d o o r 

t e m p e r a t u r e 8 l n t j 

rc] 

H y g i n i c r e q u i r e m e n t s r o o m 

v o l u m e 

V , ( m 3 ) 

O u t d o o r t e m p e r a t u r e 8 e 

rc] 

i n d o o r 

t e m p e r a t u r e 8 l n t j 

rc] n m i n ( h " ) H y g i e n i c a i r e x c h a n g e V m l n l ( m 3 / h ) 

3 2 , 0 8 3 - 1 5 , 0 0 0 1 5 , 0 0 0 0 , 5 0 0 1 6 , 0 4 1 

ri5o N u m b e r o f u n p r o t e c t e d S h a d i n g f a c t o r c o r r e c t i o n f a c t o r o f h e i g h t A m o u n t o f a i r i n f i l t r a t e d b y 

4 , 5 0 0 0 , 0 0 0 0 , 0 0 0 1 , 0 0 0 0 , 0 0 0 

H e a t l o s s d u e t o n a t u r a l v e n t i l a t i o n 

Qint , i "0e m a x . o f V m i n , i , V i n f , i H, [ W - K 1 ] D e s i g n h e a t l o s s d u e t o v e n t i l a t i o n O v , i ( W ) 

3 0 , 0 0 0 1 6 , 0 4 1 5 , 4 5 4 1 6 3 , 6 2 2 

T o t a l d e s i g n h e a t t r a n s m i s s i o n l o s s o f t h e s p e c i f i c r o o m = 4 7 8 , 0 0 0 W 
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Summary of heat losses from each floor 

Heat loss from the basement 

Room No. 
Heat transmission loss Heat loss due to ventilation Total heat loss 

Or,i [W] <Dv,i [W] [W] 

S101 -16,33 60,54 44,21 

S102 -84,57 35,07 -49,50 

S103 716,21 566,81 1283,01 

S104 77,29 103,72 181,01 

S105 267,93 263,83 531,77 

S106 405,93 302,44 708,37 

S107 -62,45 135,11 72,65 

S108 85,72 177,91 263,63 

S109 -252,18 91,49 -160,68 

S110 -38,33 46,05 7,72 

S i l l -102,75 104,68 1,94 

S112 -60,27 95,31 35,04 

S113 -249,20 115,21 -134,00 

S114 -30,57 36,90 6,34 

S115 -14,39 53,75 39,36 

S116 -22,39 60,54 38,15 

S117 -57,04 60,54 3,50 

S118 -116,63 60,54 -56,09 
I 2816 

Heat loss from the first floor 

Room No. 
Heat transmission loss Heat loss due to ventilation Total heat loss 

Or,, [W] Q\i [W] [W] 

101A 89,11 172,57 261,68 

102A -13,50 105,68 92,18 

103A -9,40 61,91 52,51 

104A 398,70 452,41 851,12 

105A 176,83 87,03 236,80 

106A 322,62 347,27 669,89 

107A 212,26 315,78 528,05 

108 -249,55 255,55 6,00 

101B 165,29 172,57 337,86 

102B 0,80 105,68 106,47 

103 B 22,90 61,91 84,82 

104B 599,58 452,41 1052,00 

105A 213,28 87,22 436,90 

106B 503,84 347,27 851,11 

107B 294,66 315,78 610,44 

109 -128,00 53,14 -174,60 

I 6003 
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Heat loss from the second floor 

Room No. 
Heat transmission loss 

(DT,i [W] 

Heat loss due to ventilation 

CDv,i [W] 

Total heat loss 

[W] 

201A 75,24 172,57 247,81 

202A -17,60 105,68 88,07 

203A -9,40 61,91 52,51 

204A 369,98 452,41 822,39 

205A 169,54 87,03 240,90 

206A 322,62 347,27 669,89 

207A 129,87 315,78 445,65 

211 240,64 163,62 404,27 

208 -358,06 223,78 -134,28 

201B 75,24 172,57 247,81 

202B -17,58 105,68 88,09 

203B -9,40 61,91 52,51 

204B 369,98 452,41 822,39 

205B 169,54 87,22 240,90 

206B 322,62 347,27 669,89 

207B 129,87 315,78 445,65 

Z 5404 

Heat loss from the third floor 

Room No. 
Heat transmission loss 

0 T J [W] 

Heat loss due to ventilation 

Ov,i [W] 

Total heat loss 

[W] 

301A 121,28 172,57 293,85 

302A -8,20 105,68 97,47 

303A 7,12 61,91 69,03 

304A 993,01 452,41 1445,42 

305A 192,76 87,03 279,00 

306A 415,27 347,27 762,54 

307A 214,12 315,78 529,90 

308 -232,60 223,78 -8,82 

301B 121,28 172,57 293,85 

302B -8,19 105,68 97,49 

303B 7,12 61,91 69,03 

304B 993,01 452,41 1445,42 

305B 201,32 87,03 279,00 

306B 415,27 347,27 762,54 

307B 214,12 315,78 529,90 

311 230,01 163,62 478,00 

Z 7424 

Total heat loss of the whole building = 21,70 kW 
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B.1.4. Annual energy demand 
I u s e d o n l i n e c a l c u l a t o r f r o m t z b - i n f o w e b s i t e [42] f o r t h e e s t i m a t i o n o f t o t a l a n n u a l 

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

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

c o n d i t i o n s . 

It u s e s t h e f o l l o w i n g e q u a t i o n t o c a l c u l a t e a n n u a l h e a t d e m a n d : 

QHa = 2 * ' < p H L ' E ' D [ k W h / y e a r ] 

W h e r e : 

QH,3 ... a n n u a l h e a t d e m a n d [ k W h / y e a r ] 

OHL... h e a t loss o f t h e o b j e c t [ kW] 

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

s i m u l t a n e o u s h e a t l oss o f v e n t i l a t i o n a n d t r a n s m i s s i o n [-] 

D ... n u m b e r o f d a y d e g r e e s [K.day] 

6 i s . . . a v e r a g e c a l c u l a t i o n i n d o o r t e m p e r a t u r e [°C] 

6 e . . . o u t d o o r c a l c u l a t i o n t e m p e r a t u r e [°C] 

116 



L o k a l i t a d. 

O l o m o u c é <a. tor-ného období' d = | 231 

Prúm. ter Jo ta b4h=T i o t o n é h o období "EE- = I 3 1 

1 5 - C Ti 
j p n y ] 

1 = C 

Q Vytápéni 

Tepelná zlráta o b j e k t u
 Q c = PJĚ 

P r Lm i r n á tfntrrivýpočrcwá :Eplo1a [ E = | l 9 

\^ápěc i ' :eno5lupně 

D - r j ( t k - t , J = 3 5 1 1 K.dny 

OpravnÉ s o j c i r r E l e a ja i r ros l i systemi, 

e j = IC . 35 ? l o = |0 .&5  

e t = |0 .9D I ? ? ? " V " | 0 .B5 

1 ??? 

Denní po:r=ba tep la : T O O T E V t e t ě v o d y 

P C V M I ) = 1 H . 6 I ^ 
r v. i = (1 + I ) . 

3E00 

Opravný souĎinile E 221 

T e p l o l a s t jdenÉ vo i j í v létě 1 s r f = M S ^ 

T e p l o l a s t jdenĚ rody V z r n e t ^ = | - j 

P O C E I p-acovních dní s o u s t a v y v r o ce N = Í366 

3 nnn 

1-c 

Q £ = | 0 . 7 6 5 

c 3.B ID 

166.4 GJ . ' rok 

46.2 MWitafc 

181 .4 GJ . ' rok 

ř3.4 M W h / m k 

Ce lková, nočni pot řeba e n e r g i e n a vytápěn í a ohřev tep lé v o d y 

347.8 GJ/rok 

96.6 M Wh/rok 

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

t h e a t . T = 9 6 , 6 M W h / y e a r = 3 4 7 , 8 G J / y e a r . 

B.2. Design of hot water preparation 
H o t w a t e r w i l l b e p r e p a r e d by i n d i r e c t s t o r a g e h e a t i n g . C o n n e c t i o n o f w a t e r s t o r a g e 

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

T h e m o s t i m p o r t a n t p a r a m e t e r s o f a s t o r a g e h e a t e r a r e i ts v o l u m e , o u t p u t a n d h e a t 

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

it, t h e a m o u n t o f h e a t n e e d e d t o h e a t t h i s a m o u n t o f w a t e r , i n c l u d i n g s y s t e m losses , w i l l 

b e c a l c u l a t e d . 

T h e n w e d i v i d e h o t w a t e r c o n s u m p t i o n b a s e d o n i ts c o n s u m p t i o n d u r i n g s e p a r a t e p e r i o d s 

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

d e t e r m i n e t h e s i ze o f t h e t a nk , i ts c a p a c i t y a n d t h e r e q u i r e d h e a t e x c h a n g i n g s u r f a c e . 
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C a l c u l a t i o n s : 

a) T h e o r e t i c a l h e a t t a k e n f r o m t h e h e a t e r d u r i n g o n e p e r i o d w h i c h is o n e d a y in c a s e o f 

a p a r t m e n t b u i l d i n g : 

Qit = n. Q2p k W h 

W h e r e 

Ckp ...is t h e h e a t c o n s u m e d f r o m t h e h e a t e r d u r i n g o n e p e r i o d p e r un i t o f m e a s u r e m e n t . 

Q 2 p = 4 ,3 k W h / p e r s o n . 

n... n u m b e r o f u n i t s o f m e a s u r e m e n t w h i c h is in o u r c a s e t h e n u m b e r o f i n h a b i t a n t s . 

T h e a p a r t m e n t b u i l d i n g is d e s i g n e d f o r 2 4 i n h a b i t a n t s so n = 2 4 p e r s o n s . 

Cht =24 . 4 ,3 = 1 0 3 , 2 k W h 

b) H e a t los t d u r i n g h e a t i n g a n d d i s t r i b u t i o n o f h o t w a t e r Chz ( k W h ) a c c o r d i n g t o t h e 

r e l a t i o n : 

Qiz = Q 2 t . z 

W h e r e z is a c o e f f i c i e n t e x p r e s s i n g t h e e s t i m a t i o n o f h e a t l o s se s d u r i n g h e a t i n g a n d 

d i s t r i b u t i o n o f h o t w a t e r ( w i t h g o o d i n s u l a t i o n o f h e a t e r s a n d p i p e s z = 0,5 t o 0,8) 

Q 2 z = 103 , 2 . 0,5 = 51 , 6 k W h 

c) T o t a l c o n s u m e d a n d los t h ea t : Ckp = Cbt + Chz= 1 5 4 , 8 k W h 

It is p o s s i b l e t o c o n s i d e r t h e s o - c a l l e d t i m e ana l y s i s o f h o t w a t e r c o n s u m p t i o n . F o r 

a p a r t m e n t bu i l d i n g s , t h e s t a n d a r d ČSN 0 6 0 3 2 0 s t a t e s t h e f o l l o w i n g t i m e d i s t r i b u t i o n : 

- f r o m 5 t o 17 h o u r = 3 5 % o f t h e t o t a l a m o u n t o f h o t w a t e r . 

- f r o m 17 t o 2 0 h o u r = 5 0 % o f t h e t o t a l a m o u n t o f h o t w a t e r . 

- f r o m 2 0 t o 2 4 h o u r = 1 5 % o f t h e t o t a l a m o u n t o f h o t w a t e r . 

So f o r o u r b u i l d i n g : 

F r o m 5 t o 17 , t h e c o n s u m p t i o n = 103 , 2 . 3 5 / 1 0 0 = 3 6 , 1 2 k W h 

F r o m 17 t o 20 , t h e c o n s u m p t i o n = 103 , 2 . 5 0 / 1 0 0 = 51 , 6 k W h 

F r o m 2 0 t o 24 , t h e c o n s u m p t i o n = 1 0 3 , 2 . 1 5 / 1 0 0 = 1 5 , 4 8 k W h 
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( k W h ) / \ 
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Q 1 P = 1 5 6 , 5 2 
Q 2 P = 1 5 4 , 8 

100 
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Q 2 z = 5 1 , 6 

heat losses curve 

O 6 12 18 24 hod) 

Figure 26- hot water supply, consumption, and losses curves 

d) F r o m t h e p r e v i o u s g r a p h I g o t Q i p , w h i c h is h e a t p r o v i d e d by t h e h e a t e r t o h e a t t h e 

w a t e r d u r i n g o n e p e r i o d . Q i p = 1 5 6 , 5 2 k W h . A n d t h e l a rges t p o s s i b l e d i f f e r e n c e b e t w e e n 

t h e s u p p l y c u r v e a n d t h e c o n s u m p t i o n c u r v e A C W = 38 , 7 k W h . 

e) T h e v o l u m e o f s t o r a g e h e a t e r V z ( m 3 ) , a c c o r d i n g t o ČSN 06 0 3 2 0 : 

W h e r e 

AQ m ax... t h e l a rges t p o s s i b l e d i f f e r e n c e b e t w e e n t h e s u p p l y c u r v e a n d t h e h e a t 

c o n s u m p t i o n c u r v e ( k W h ) 

c w - s p e c i f i c h e a t c a p a c i t y o f w a t e r ( k W h / m 3 . K ) , c w = 1,163 k W h / m 3 . K 

A t - d i f f e r e n c e b e t w e e n h o t a n d c o l d w a t e r t e m p e r a t u r e (K), A t = 5 5 - 1 0 = 4 5 K. 

Vz= 3 8 , 7 / ( 1 , 1 6 3 . 45 ) = 0,7395 m 3 = 739,5 I 

f) N o m i n a l h e a t o u t p u t f o r w a t e r h e a t i n g Q z ( kW) is d e t e r m i n e d a c c o r d i n g t o t h e r e l a t i o n : 

Qz = ( A Q i / t P ) 

W h e r e 

A Q 1 . . . a m o u n t o f h e a t s u p p l i e d b y t h e h e a t e r t o h e a t t h e w a t e r d u r i n g a p e r i o d t p , in 

w h i c h h e a t s u p p l y c u r v e has t h e g r e a t e s t s l o p e ( k W h ) 

T p . . . t i m e p e r i o d (h), in w h i c h h e a t s u p p l y c u r v e ha s t h e g r e a t e s t s l o p e 

V z = AQmax / ( C w . At) 

Qz = 1 5 6 , 5 2 / 2 4 = 6,522 kW 
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I c h o s e i n d i r e c t s t o r a g e h e a t e r E N B R A N O R 7 5 0 w i t h v o l u m e 7 4 4 I 

Figure 27-section of storage heater ENBRA NOR 750[43] 
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Figure 28-Parameters of storage heater ENBRA NOR 750[43] 

B.3. Design of heat sources in two variants 
T o t a l h e a t loss o f t h e w h o l e b u i l d i n g = 21 ,7 k W . 

H e a t o u t p u t n e e d e d f o r h o t w a t e r p r e p a r a t i o n = 6 , 522 k W . 

H e a t o u t p u t o f t h e h e a t s o u r c e is d e s i g n e d a c c o r d i n g t o ČSN EN 1 2 8 2 8 . T h e s o - c a l l e d 

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

v a l u e s . F o r t h e f i r s t v a l u e , w e c a l c u l a t e o n l y 7 0 % o f h e a t o u t p u t n e e d e d f o r h e a t i n g a n d 

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

p r e p a r a t i o n . In t h e s e c o n d v a l u e w e c a l c u l a t e t h e fu l l o u t p u t n e e d e d f o r h e a t i n g a n d a i r 

c o n d i t i o n i n g , b u t w e d o no t c o u n t t h e o u t p u t f o r h o t w a t e r p r e p a r a t i o n a t a l l . Q P R I P = 

max . ( QPRIPI, QPRIP2 ) 

QPRIPI = OJQVYT + OJQVZT + QTV 

QPRIPI = 0 ,7*21 ,7+ 0 ,7*0 + 6 , 522 = 2 1 , 7 1 2 k W 

QPRIP2 = QVYT + QVZT = 21 ,7 + 0 = 21 ,7 k W 

QPRIP= max . ( QPRIPI, QPRIP 2 ) = 2 1 , 7 1 2 kW 
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W h e r e 

QPRIP - c o n n e c t i o n v a l u e [kW] 

QPRIPI - c o n n e c t i o n v a l u e f o r h e a t i n g w i t h i n t e r m i t t e n t v e n t i l a t i o n a n d p r e p a r a t i o n o f 

h o t w a t e r [ kW] 

QPRIP2 - c o n n e c t i o n v a l u e f o r h e a t i n g w i t h p e r m a n e n t v e n t i l a t i o n [kW] 

QVYT - r e q u i r e d o u t p u t f o r h e a t i n g [kW] 

QVZT - r e q u i r e d o u t p u t f o r a i r c o n d i t i o n i n g [ kW] 

QTV - r e q u i r e d o u t p u t f o r h o t w a t e r p r e p a r a t i o n [kW] 

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

B.3.1. Variant A - Automatic wood pellet boiler 

T o t a l n e e d e d h e a t o u t p u t is e q u a l t o 21,7 kW. 

I s u g g e s t t h e f o l l o w i n g s o u r c e o f e n e r g y : a u t o m a t i c w o o d pe l l e t b o i l e r KP 2 1 f r o m 

c o m p a n y P o n a s t . T h e b o i l e r is e q u i p p e d w i t h a u t o m a t i c i g n i t i o n a n d s e m i - a u t o m a t i c 

c l e a n i n g o f e x c h a n g e r s , it is d e s i g n e d f o r i n s t a l l a t i o n f r o m f a m i l y h o u s e s t o r e s i d e n t i a l , 

a n d i n d u s t r i a l b u i l d i n g s . S e m i - a u t o m a t i c o p e r a t i o n is e n s u r e d by a u t o m a t i c d o s i n g o f f u e l 

a n d c o m b u s t i o n a i r , m a n u a l o p e r a t i o n is o n l y c l e a n i n g t h e e x c h a n g e r a n d a sh r e m o v a l . 

Th i s b o i l e r c a n be e q u i p p e d w i t h e q u i t h e r m a l r e g u l a t i o n , G S M s y s t e m f o r r e m o t e 

m o n i t o r i n g a n d c o n t r o l a n d a m o d u l e f o r c o n n e c t i o n t o t h e I n t e r ne t . 

Th i s b o i l e r has p o s s i b l e o p e r a t i o n o f c o n t i n u o u s o u t p u t f r o m 8,6 k W t o 2 9 k W w i t h 

r e c o m m e n d e d t e m p e r a t u r e o f h e a t i n g w a t e r 5 5 - 8 0 °C. T h e b o i l e r o u t p u t c a n be 

c o n t r o l l e d in t h e r a n g e o f 3 0 - 1 0 0 % o f t h e n o m i n a l o u t p u t . 

It c o n s i s t s o f a b o i l e r b o d y - a s t e e l w e l d m e n t w i t h a w a l l t h i c k n e s s o f 3 - 6,3 m m , a l i n ea r 

b u r n e r m a d e o f h e a t - r e s i s t a n t s t a i n l e s s s t e e l , c e r a m i c pa r t s , a t h e r m a l l y i n s u l a t e d b o i l e r 

c a s i ng , a n e l e c t r o n i c c o n t r o l u n i t a n d f u e l f e e d e r s . T h e b o i l e r is d e s i g n e d f o r b u r n i n g 

w o o d p e l l e t s w i t h a d i a m e t e r o f 6 t o 8 m m . 

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

o p e n s i n t o t h e c h i m n e y S c h i e d e l UNI A D V A N C E D w i t h a d i a m e t e r o f 1 8 0 m m a n d t h e 

c o m b u s t i o n a i r s u p p l y is p r o v i d e d by a n o p e n i n g in t h e f a c a d e , t h a t is e q u i p p e d w i t h a 

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

A c c o r d i n g t o t h e m a n u f a c t u r e r , t h e o p e n i n g m u s t be n e a r t h e f l o o r w i t h a n a r e a o f 10 

c m 2 / l k W o f b o i l e r o u t p u t a n d it s h o u l d be at l eas t 2 0 c m 2 . 

So , I s u g g e s t o p e n i n g w i t h a n a r e a o f 2 2 0 c m 2 a n d d i a m e t e r o f a b o u t 1 7 0 m m . 
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Figure 29 -Au tomat i c bo i ler for w o o d KP 21 [44] 

1 P a r a m e t r H o d n o t a 1 

J m e n o v i t ý v ý k o n 2 9 k W 

V ý k o n o v ý r o z s a h 3,6-29 kW 

5 p o t ř e b a p a l i v a 1,9 - 6 , 6 x h o d - 1 

Ú č i nno s t 9 0 , 9 % 

T e p l o t a s p a l i n 1 0 1 - 1 4 1 °C 

M i n i m á l n í p r o v o z n í t a h k o m i r i a 8 P a 

D o p o r u č e n á t e p l o t a t o p n é v o d y 5 S - S 0 ° C 

H m o t n o s t k g 

R o z m ě r y 6 9 3 x 1 1 0 0 x 1 4 4 0 m m 

E l . p ř í k on (Z m o t o r y , ven t i l á t o r ) 1 9 3 W 

P r p o i o v a c i I Ď D Č I Í 2 3 0 V A C ± 1 0 % , S 0 H z ± 2 H z 

Figure 30-Parameters o f au tomat i c bo i ler KP 21[44] 

Boiler maintenance 

It is an a u t o m a t i c b o i l e r w i t h s p a c e s e n s o r s , p e r m a n e n t m a i n t e n a n c e is n o t n e c e s s a r y , 

o c c a s i o n a l m a i n t e n a n c e c o n s i s t s o f c h e c k i n g t h e a m o u n t o f f u e l in t h e s t o r a g e a n d 

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

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

t h e b o i l e r a n d a s h is r e m o v e d . 

B.3.1.a. Wood pellet storage 
A f i x e d s i l o w i t h s l o p i n g f l o o r 45° m a d e o f o s b b o a r d s , w i t h m e t a l s u p p o r t i n g s t r u c t u r e 

w i l l b e i n s t a l l e d in r o o m n u m b e r S 1 0 3 B w h i c h w i l l b e a d d e d as w e l l in t h e t e c h n i c a l r o o m 

u s i n g m a s o n r y p a r t i t i o n w a l l s . Th i s f i x e d s i l o w i l l s e r v e as w o o d pe l l e t s t o r a g e . M o r e 

d e t a i l s a r e p r o v i d e d in t h e d r a w i n g o f f l o o r p l an o f t e c h n i c a l r o o m - v a r i a n t 1. 

T h e f i x e d s i l o h a s an a r e a o f 6,1 m 2 , a n d is f i l l e d w i t h p e l l e t s p r o v i d e d b y t a n k t r u c k w h i c h 

f i l l s p e l l e t s in t h e s i l o t h r o u g h t w o P V C f i l l i ng p i p e s w i t h d i a m e t e r s o f 1 2 0 m m t h r e e t i m e s 

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

bo i l e r . 
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t h e w a l l s o f t h e s i l o m u s t be d e s i g n e d in s u c h a w a y , t o a v o i d c o n t a m i n a t i o n o f t h e f u e l . 

T h e s i l o m u s t be e q u i p p e d w i t h a n i n s p e c t i o n o p e n i n g ( l o c a t e d u n d e r t h e c e i l i n g , w i t h a 

s i ze 8 0 x 8 0 c m ) it m u s t h a v e d u s t p r o o f w i n d o w t o p r e v e n t d u s t f r o m e s c a p i n g i n t o t h e 

s u r r o u n d i n g a r e a . N o s w i t c h e s , s o c k e t s , o r l a m p s m a y b e i n s t a l l e d i n s i d e t h e s i l o . 

Figure 3 1 - cross sect ion o f the f ixed si lo for w o o d pel let storage[45] 

1: f i l l ing open ings . 2: fue l-pe l lets. 3: s lop ing f loor 45 °, made o f OSB boards. 4: auger 

f eede r gutter . 5: de l iver ing channe l . 6: meta l suppor t i ng s t ructure 

Figure 32- f ixed silo for w o o d pel let s torage [45] 

1: au tomat i c pe l let boi ler . 2 : pe l le t auger feeder . 3: pe l let co l lector . 

It is n e c e s s a r y t o bu i l d a s l o p i n g f l o o r at an a n g l e o f 4 5 ° m a d e o f o s b b o a r d s , t o a c h i e v e 

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

u n d e r t h e c e i l i n g , w e c a n c o u n t f o r s t o r a g e o n l y 2/3 o f i ts t o t a l v o l u m e . Pe l l e t s t o r a g e 

a l s o w i l l b e p r o v i d e d w i t h a d a m p i n g c u r t a i n 1 4 0 0 x 1 4 0 0 m m , t o d a m p e n t h e i m p a c t o f 

t h e p e l l e t s h i t t i n g s i l o w a l l ( to p r e v e n t c r u s h i n g o f t h e p e l l e t s a n d p l a s t e r ) . 
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A l l s t r u c t u r a l e l e m e n t s o f t h e s i l o m u s t w i t h s t a n d t h e s t a t i c r e q u i r e m e n t s o f t h e w o o d 

pe l l e t l o a d (bu l k w e i g h t = 6 5 0 kg / m 3 ) a n d d y n a m i c l o a d c a u s e d b y p n e u m a t i c f i l l i n g f r o m 

t h e t ank . 

T h e f i x e d s i l o has a n a r e a o f 6,1 m 2 f r o m w h i c h I c a l c u l a t e d t h e p o s s i b l e used volume for 
pellet in the fixed silo. 

V = 6,1 * 2 , 840 * (2/3) = 11,55 m 3 

B.3.1.b. Annual fuel consumption and fuel storage design - basic determination 
Annual pellets consumption and storage volume calculations 

Annual energy demand for heating and hot water 

preparation = 

Calorif ic value of wood pellets = 

Efficiency of wood pellet boiler = 

Fuel consumption per year = 

Density of wood pellets = 

Volume needed for storage of wood pellets = 

Volume needed for storage of wood pellets = 

347 800 MJ (see B.1.4. Annual energy dema 

18 MJ/kg 

90 % 

22 083 kg/year = 

0,62 kg/dm 3 

35 617 d m 3 / y e a r 

35,6 m 3 /year 

22,08 ton 

Checking of fixed silo volume 

Volume used for pellets in f ixed si lo = 

Number of refi l l ing of the pellet warehouse in the 

fixed si lo = 

Pellets weight per one refi l l ing = 

11,55 rri 

3 t imes/year 

7,36 ton/refi l l ing 

B.3.1.C Design of storage tank for variant A 
W h e n d e s i g n i n g t h e s t o r a g e t ank , I c o n s i d e r e d a v a l u e o f 5 0 l i t e rs p e r 1 k W o f h e a t 

o u t p u t a c c o r d i n g t o t h e m a n u f a c t u r e r [ 4 6 ] . 

T h e t o t a l v o l u m e o f t h e t a n k is t h e r e f o r e 2 2 k W x 5 0 I = 1 1 0 0 I. 

I c h o s e s t o r a g e t a n k L M G 1 2 0 0 0V , t h a t w i l l b e i n s u l a t e d u s i n g P U f o a m . 
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Figure 33-storage tank L M G 1200 0V [47] 

LMG 1200 OV without coil 

V o l u m e T o t a l H e i g h t D i a m e t e r 

1 2 0 0 l i t r e s 1 S S 2 m m 9 0 0 m m 

C o i l s 

Figure 34-pa ramete r s o f s torage tank L M G 1200 0V[47] 

B.3.2. Variant B - Air source heat pump 

In m y d e s i g n I've c h o s e n m o n o - e n e r g y o p e r a t i o n m o d e o f t h e h e a t p u m p , w h i c h m e a n s 

t h a t H e a t l oss o f t h e b u i l d i n g a n d h e a t o u t p u t n e e d e d f o r ho t w a t e r p r e p a r a t i o n a r e 

l a r ge l y c o v e r e d by t h e h e a t p u m p , bu t d u r i n g t h e m o s t u n f a v o u r a b l e t e m p e r a t u r e s 

e l e c t r i c h e a t i n g is t u r n e d on . [40 ] 

I c h o s e t w o h e a t p u m p s Logatherm WPL 14 AR Comfort. E a ch o n e has o u t p u t o f 14 k W 

a n d is s u p p l i e d by e l e c t r i c a l h ea t i n s e r t w h i c h has m a x i m a l o u t p u t o f 9 k W . 

T o t a l r e q u i r e d h e a t o u t p u t o f o u r a p a r t m e n t building(-15° C) is e q u a l t o 21 ,7 k W . 

R e q u i r e d h e a t o u t p u t o f o n e h e a t p u m p is e q u a l t o 10 , 86 k W . W h e n c h o o s i n g a h e a t 

p u m p it is v e r y i m p o r t a n t t o s p e c i f y t h e b i v a l e n t p o i n t , w h i c h is o u t d o o r t e m p e r a t u r e 

u n d e r w h i c h e l e c t r i c h e a t i n g ( o r a s e c o n d a r y h e a t s o u r c e ) is t u r n e d o n . It s h o u l d l ie w i t h i n 

t h e r a n g e -7 t o -10°C [48] . B o t h h e a t p u m p s w i l l b e r u n n i n g d u r i n g w i n t e r f o r h e a t i n g a n d 
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h o t w a t e r p r e p a r a t i o n , a n d d u r i n g s u m m e r o n l y o n e h e a t p u m p w i l l b e r u n n i n g f o r h o t 

w a t e r p r e p a r a t i o n . 
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Obr. S Btvälerltŕiifeud. vykůrwvókŕrvky tfyůtflýchčerpadel WPL ...ARpň vySIiprii teplotě89*0» modulaci 
Í00% 

A : characteristic of the apartment building which represents 

half of the heat loss (as two heat pumps will he used) 
0 Potreba lepeinttho výkonu 
T Venkovní leptala 
1 Kftvky tepelného výkůň J WPL 6 AR 
2 Křivky tepelného výkonu WPL S Afi 
3 KHvkv tBOrtnéhovvkofij WPL 11 AR  

[A Křivky tepelného vy-konu WPL 14 AR ] 

Figure 35-specifying bivalent point for Logatherm WPL AR heat pump and the apartment building 

F r o m p r e v i o u s g r a p h w e c a n s e e t h a t b i v a l e n t p o i n t l ies at -10,7°C. Un t i l t h i s t e m p e r a t u r e 

t w o h e a t p u m p s c o v e r a l l r e q u i r e d h e a t o u t p u t . A t l o w e r t e m p e r a t u r e t h a n -10,7°C t h e 

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

2,9 k W f o r e a c h h e a t p u m p at t h e m o s t u n f a v o u r a b l e t e m p e r a t u r e w h i c h is -15°C in 

O l o m o u c c i ty . 

Th i s h e a t p u m p c o n s i s t s o f t w o u n i t s t h a t a r e c o n n e c t e d t o e a c h o t h e r : 

1. I nne r un i t t h a t is m o u n t e d o n t h e w a l l , t h e w a l l m u s t be l o a d b e a r i n g . 
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2. O u t d o o r un i t , w h i c h m u s t b e a c c e s s i b l e f r o m al l s i d e s . De t a i l s a b o u t i ts p o s i t i o n a r e 

p r o v i d e d in t h e d r a w i n g o f t h e t e c h n i c a l r o o m . It m u s t b e p l a c e d o n a s t a b l e b a se , 

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

H ^ 1200 Y//////////////\ 

s 

£ 2000 (50Q*) 

N 
\ 

& 2 0 0 0 ( 5 0 0 ' ) ^ 

s 
\ 
\ 
\ 

\ f S / S f / / f / f f / / / / f S / S f / S / / S A 
t Tlvull C2D.Sl.lD 

Figure 36- minimal distance around heat pump[40] 

H e a t p u m p p a r a m e t e r s : 

B i v a l e n c e p o i n t : -10 ,7 ° C 

T o t a l r e q u i r e d h e a t output(-15° C) is e q u a l t o 21 ,7 k W . 

R e q u i r e d h e a t o u t p u t o f o n e h e a t p u m p (-15° C): 1 0 , 8 6 k W 

O u t p u t o f o n e h e a t p u m p a t t h e b i v a l e n c e p o i n t : 9,5 k W 

O u t p u t o f o n e h e a t p u m p at t e m p e r a t u r e (-15° C): 8 k W 

R e q u i r e d o u t p u t o f e l e c t r i c a l i n s e r t s a t t e m p e r a t u r e (-15° C): 2,9 k W 

The output of both heat pumps at -15 ° C is 2 x 8 kW = 16 kW. 

Each h e a t p u m p a l s o c o n t a i n s an electric heating insert w i t h a n o u t p u t u p t o 9 k W bu t 

o n l y 2,9 k W is r e q u i r e d , so in t o t a l 5,8 kW will be required from both electric heating 
inserts o f t h e t w o h e a t p u m p s d u r i n g t h e m o s t u n f a v o u r a b l e conditions(-15° C). 

B.3.2.a. Annual energy consumption of heat pumps - basic determination 
I u s e d o n l i n e c a l c u l a t o r f r o m T Z B - i n f o w e b s i t e t o c a l c u l a t e a n n u a l e n e r g y c o n s u m p t i o n o f 

h e a t p u m p s a i r / w a t e r . [49] 

Th i s c a l c u l a t o r h e l p s in c o m p a r i n g t h e c o s t s f o r h e a t i n g , h o t w a t e r a n d e l e c t r i c i t y . It 

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

p e r i o d , t o t a l h e a t loss , n u m b e r o f i n h a b i t a n t s , a m o u n t o f h o t w a t e r n e e d e d p e r o n e 

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

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

i n f o r m a t i o n a b o u t t h e ob j e c t , I g o t t h e v a l u e o f 19 436 kWh/year. 
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B.3.I.D. Design of storage tank for variant B 
T h e s t o r a g e t a n k is d e s i g n e d t o o p t i m i z e t h e o p e r a t i o n o f h e a t p u m p s , a n d t o s t o r e 

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

c o m p r e s s o r s t a r t - u p a n d t h u s p r o l o n g s i ts l i fe. 

T h e d e s i g n o f s t o r a g e t a n k is d o n e a c c o r d i n g t o m a n u f a c t u r e r ' s r e c o m m e n d a t i o n : 

V o l u m e o f s t o r a g e t a n k : V m in =15 x 21 , 7 = 3 2 5 , 6 8 I. 

Vmax = 2 0 x 21 , 7 = 4 4 0 I. 

I c h o s e s t o r a g e t a n k PS 4 0 0 K+ o f v o l u m e 4 0 3 I, f r o m c o m p a n y Regu l u s . 

Celkový objem nádrží 403 1 

Max. teplota v nádrži 95 °C 
Max. tlak v nádrži 4 bar 

Nádrž S235JR 
Izolace pláště nádrže f lis 

Vnější povrch izolace pláště koženka 

Izolace dna a vrchní části nádrže f Ks 

Rozměry, klopná výška a hmotnost 

Průměr nádrže 600 mm 

Průměr nádrže s izolací 800 mm 

Celková výška nádrže 1665 mm 

Klopná výška bez izolace 1700 mm 

Tloušťka izolace pláště nádrže 100 mm 

Tloušťka izolace dna nádrže 50 mm 
Tloušťka izolace vrchní části nádrže 120 mm 

Hmotnost nádrže bez izolace 65 kg 

Figure 37-parameters of storage tank PS 400 K+ 

B.3.3. Heat sources comparison 

B.3.3.a. Economical comparison 
1) Automatic wood pellet boiler economical evaluation: 

Calculation of costs of wood pellet automatic boiler KP 21 and its installation 
Cost of wood pe l le t au tomat i c bo i le r KP 21 

Othe r costs: 

pe l le t feeder(o f length l ,8m)= 

Damp ing cur ta in = 

Connec t ing pipe in the f i l l ing openn ings = 

Insta l lat ion = 

OSB boards, suppor t ing ang les = 

94 380 Kč 

10 000 Kč 

1 653 Kč 

2 676 Kč 

30 000 Kč 

20 000 Kč 

Total costs (of pellet boiler and its installation) 158 709 Kč 
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Annual price of pellets and its delivery 
I chose c ompany b i omac f o r o rde r i ng p e l l e t s ( W O O D PELLETS S T A N D A R D - T A N K ) 

Pr ice of pe l l e t s pe r 1 ton = 5 890 Kc/ton 

Fee fo r de l i v e r y o f pe l l e t s by a tank truck = f ree 

Pe l l e t s we i gh t pe r one re f i l l i ng = 7,36 t on / r e f i l l i n g 

N u m b e r o f re f i l l i ng per yea r = 3 t i m e s / y e a r 

Cost of pe l l e t s pe r one re f i l l i ng = 43 355 Kc/ re f i l l i ng 

Total cost of pe l l e t s i n c l ud ing de l i v e r y per yea r = 130066 Kc/year 

2) Heat pumps economical evaluation: 

Calculation of costs of heat pumps Logatherm WPL MAR Comfort and their installaion 
Cos t o f o n e hea t p u m p L o g a t h e r m W P L 14 AR C o m f o r t = 240 000 Kc 

Cos t o f t w o hea t p u m p s L o g a t h e r m W P L 14 A R C o m f o r t = 480 000 Kc 

Ins ta l l a t i on a n d e a r t h w o r k = 15 000 Kc 

C o n c r e t e base a n d g rave l = 3000 Kc 

Total costs(of heat pumps and their installation) = 498 000 Kc 

Annual consumption price calculation 
Annua l ene rgy c o n s u m p t i o n o f t w o p u m p s = 

Price o f e l ek t r i c i t y pe r k W h = 

Annual cost of electricity = 

3) Summary of costs: 

19436 k W h / y e a r 

2,95 Kč/kWh 

57336 Kč 

Wood pellet 

boiler 

Air source heat 

pump 
Annual fuel 

consumption 
22,08 ton/year 19,4 KWh/year 

Annual fuel 

consumption price 
130051 Kč 57 336 Kc 

Cost of boiler/pumps 94 380 Kč 480 000 Kc 
Other costs including 

installation 
64 329 Kč 18 000 Kc 

Total annual cost in 

first year 
288 760 Kč 555 336 Kc 
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overview of total costs 

0 1 2 3 4 5 6 7 8 9 10 11 

N u m b e r o f years 

Figure 38- overview of total costs of both variants of heat source 

Wood pellet Air source heat pump 
Annual operating costs 130 051 Kč 57 336 Kč 

Acquisition costs 158 709 Kč 498 000 Kč 

Payback = investment cost/ difference of annual costs = 7 years 

Conclusion: s i n c e p a y b a c k p e r i o d is 7 y e a r s a n d l i fe s p a n o f h e a t p u m p s a n d w o o d pe l l e t 

b o i l e r s a c c o r d i n g t o ČSN EN 1 5 4 5 9 - 1 is 1 5 - 2 0 y e a r s , w e c a n c o n c l u d e t h a t in l o n g t e r m s 

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

b u i l d i n g . 

B.3.3.D. Environmental effect comparison 
T h e e n v i r o n m e n t a l e f f e c t o f b o t h s o u r c e s is c a r r i e d o u t b a s e d o n t h e a m o u n t o f CO2 

e m i s s i o n o f b o t h e n e r g y s o u r c e s . 

Variant-A(Wood pellet boiler): W o o d is a r e n e w a b l e e n e r g y s o u c e , t h a t d u r i n g its 

l i f e t i m e it b i n d s j u s t as m u c h CO2 as it p r o d u c e s w h e n it is b u r n t , r e s u l t i n g in z e r o CO2 

b a l a n c e . B i o m a s s w o o d p e l l e t s a r e t h e r e f o r e a C C h - n e u t r a l f u e l . U t i l i z a t i o n o f b i o m a s s 

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

e f f e c t . [ 19 ] 

Variant-B(Air source heat pump): 

T h e h e a t p u m p r u n s o n e l e c t r i c i t y a n d t a k e s m o s t o f t h e h e a t f r o m t h e e n v i r o n m e n t 

w h i c h is a i r in o u r c a s e a n d a c c o r d i n g t o t h e m a n u f a c t u r e r h e a t p u m p L o g a t h e r m W P L 14 

AR , ha s h i gh h e a t i n g f a c t o r C O P o f 4 ,2 ( t hus a n e f f i c i e n c y o f 4 2 0 % ) . 

E l e c t r i c i t y p r o d u c t i o n r e su l t s in CO2 e m i s s i o n w i t h a v a l u e o f 0 ,86 t o n p e r 1 M W h o f 

e l e c t r i c i t y a c c o r d i n g t o d e c r e e N o . 1 4 0 / 2 0 2 1 C o l l ( E n e r g y A u d i t D e c r e e ) . A n d w e k n o w 

t h a t a n n u a l e n e r g y c o n s u m p t i o n o f b o t h h e a t p u m p s is 1 9 , 4 4 M W h / y e a r . 
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T h e r e f o r e t h e a n n u a l a m o u n t o f CO2 e m i t t e d f o r e l e c t r i c i t y g e n e r a t i o n , w h i c h is r e q u i r e d 

t o r u n b o t h a i r s o u r c e h e a t p u m p s is : 

1 9 , 4 4 M W h / y e a r C 0 2 / M W h = 3,98 t C 0 2 / y e a r 
4 2 0 % ' ' ' 1 1 

Conclusion: 

B o t h h e a t s o u r c e s a r e h i gh l y e c o - f r i e n d l y a n d has z e r o t o m i n i m u m i m p a c t o n t h e 

e n v i r o n m e n t . W o o d p e l l e t s a r e C 0 2 - n e u t r a l f u e l , m e a n w h i l e s e l e c t r i c i t y t h a t is n e e d e d t o 

r u n b o t h a i r s o u r c e h e a t p u m p s p r o d u c e s 3 ,98 t o f C C h / y e a r , w h i c h ha s m i n i m a l i m p a c t 

o n t h e e n v i r o n m e n t . So w e c a n c o n c l u d e t h a t a w o o d pe l l e t b o i l e r m a k e s a b e t t e r c h o i c e 

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

B.3.3.C. Spatial requirements and user comfort comparison 
Variant-A(Wood pellet boiler): i t 's i m p o r t a n t t o c o n s i d e r t h e s pa t i a l r e q u i r e m e n t s o f a 

w o o d pe l l e t bo i l e r . In o u r d e s i g n , w e ' v e s e e n t h a t a w o o d pe l l e t s t o r a g e o f f i x e d s i l o o f an 

a r e a o f 6,1 m 2 is n e c e s s a r y t o h a v e . 

O c c a s i o n a l m a i n t e n a n c e o f w o o d pe l l e t b o i l e r is r e q u i r e d , it c o n s i s t s o f c h e c k i n g t h e 

a m o u n t o f f u e l in t h e s t o r a g e a n d c h e c k i n g t h e a m o u n t o f a sh in t h e a s h t r a y . A t 

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

m o v e m e n t o f t h e l e v e r l o c a t e d o n t h e o u t e r c a s i n g o f t h e b o i l e r a n d a sh s h o u l d be 

r e m o v e d . 

Variant-B(Air source heat pump): in t h e c a s e o f a n a i r s o u r c e h e a t p u m p , s m a l l e r i n d o o r 

s p a c e is r e q u i r e d f o r t h e i n n e r un i t a n d an o u t d o o r s p a c e is r e q u i r e d f o r t h e o u t d o o r un i t . 

A i r s o u r c e h ea t p u m p r e q u i r e s r e l a t i v e l y l i t t l e m a i n t e n a n c e . In w i n t e r , it is n e c e s s a r y t o 

c o n t r o l t h e o u t f l o w o f w a t e r d u r i n g d e f r o s t i n g . If i ce a c c u m u l a t e s s o m e w h e r e , t h e ice 

s h o u l d b e r e m o v e d . H o w e v e r , B u d e r u s h e a t p u m p s a r e e q u i p p e d w i t h c o n t r o l l e d 

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

A t t h e b e g i n n i n g o f h e a t i n g s e a s o n , e v a p o r a t o r s l a t s s h o u l d b e c l e a n e d . B e c a u s e a f t e r 

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

t o c l e a n t h e s la t s . 

B.3.4. Variant selection 

B o t h v a r i a n t s a r e h i gh l y e n e r g y - e f f i c i e n t . W o o d pe l l e t b o i l e r has z e r o i m p a c t o n t h e 

e n v i r o n m e n t s i n c e i t ' s C02 n e u t r a l a n d a i r t o w a t e r h ea t p u m p has m i n i m a l i m p a c t o n t h e 

e n v i r o n m e n t , h o w e v e r it is m o r e e c o n o m i c a l o n t h e l o n g t e r m t h a n a w o o d pe l l e t b o i l e r . 

O n t h e o t h e r h a n d , w o o d pe l l e t b o i l e r r e q u i r e s m o r e s p a c e a n d m o r e m a i n t e n a n c e d u r i n g 

h e a t i n g s e a s o n t h a n a i r s o u r c e h e a t p u m p . 

I s e l e c t a i r s o u r c e h e a t p u m p b e c a u s e it m a k e s a b e t t e r e c o n o m i c a l s o l u t i o n o n t h e l o n g 

t e r m t h a n w o o d pe l l e t bo i l e r , a n d it r e q u i r e s less m a i n t e n a n c e a n d less s p a c e . 
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B.4. Design of heating surfaces 
B.4.1. Calculation of temperature drop and mean radiator temperature 

T o d e t e r m i n e t e m p e r a t u r e d r o p b e t w e e n h e a t i n g w a t e r a n d r e t u r n w a t e r in t h e h e a t i n g 

c i r cu i t s , I u s e d t h e c a l c u l a t i o n o f t h e m e a n r a d i a t o r t e m p e r a t u r e a n d s u r f a c e t e m p e r a t u r e 

o f t h e w i n d o w , f r o m w h i c h I s u b s e q u e n t l y d e t e r m i n e d t e m p e r a t u r e d r o p . 

T h e l a rges t w i n d o w in t h e a p a r t m e n t b u i l d i n g w i t h t h e f o l l o w i n g p a r a m e t e r s w a s s e l e c t e d 

f o r t h e c a l c u l a t i o n . 

c t i , w = 8 W / m 2 K 

U w = 0,7 W / m 2 K 

ti = 2 0 °C 

te = -15°C 

H w = 1 , 45m L w = 2,3 m (of w i n d o w ) 

HOT = 0,9 m LOT = 2,2 m (of r a d i a t o r ) 

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

Uw • (ti - t e ) = Cti,w • (ti - tw) 

0 , 7 . ( 2 0 + 1 5 ) = 8 . ( 2 0 - t w ) > t w = 1 6 , 9 4 °C 

C a l c u l a t i o n o f m e a n r a d i a t o r t e m p e r a t u r e t0t,m 

Lot-H0t-( tot,m "ti) ̂  Lw.Hw-(ti-tw) 

2,2 . 0,9 .(tm-20) > 2,3 . 1,45 . ( 20 -16 , 94 ) ;> t0t,m > 2 5 , 1 5 °C 

So a v e r a g e h ea t t e m p e r a t u r e in t h e h e a t i n g s y s t e m s h o u l d b e m o r e t h a n 2 5 , 1 5 a n d s i n c e 

a i r t o w a t e r h e a t p u m p s w o r k in l o w t e m p e r a t u r e h e a t i n g s y s t e m s , I c h o o s e t e m p e r a t u r e 

d r o p o f 55/45 with t0t,m= 50 °C. 

w h e r e t w i = 5 5 °C, it is t h e t e m p e r a t u r e o f h e a t i n g w a t e r , 

a n d t W 2 = 4 5 °C, it is t h e t e m p e r a t u r e o f r e t u r n w a t e r . 

B.4.2. Design of radiators 

Fo r t h e d e s i g n , I c h o s e r a d i a t o r s f r o m t h e c o m p a n y K o r a d o . R a d i a t o r t y p e RADIK V K w i l l 

b e d e s i g n e d in a l l r o o m s o f t h e a p a r t m e n t b u i l d i n g e x c e p t t h e b a t h r o o m s . Rad i k V K 

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

c i r c u l a t i n g s y s t e m . P a n e l r a d i a t o r s a r e u s u a l l y d e s i g n e d in r e s i d e n t i a l u n i t s a n d in 

c o m m u n a l a r e a s . 

T h e b a t h r o o m o f e a c h a p a r t m e n t w i l l h a v e a t o w e l ra i l 

r a d i a t o r K O R A L U X L INEAR C L A S S I C - M , w h i c h is m a d e o f c l o s e d s t e e l p r o f i l e s w i t h a "D" -

s h a p e d c r o s s - s e c t i o n a n d s t r a i g h t p r o f i l e s w i t h a c i r c u l a r c r o s s - s e c t i o n . 
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Real radiator output Q r e a i 

Qreal = Q T • Cp • Z i • Z 2 • Z 3 [W] 

W h e r e : 

Q T h e a t o u t p u t o f r a d i a t o r in d e s i g n c o n d i t i o n s 

cp c o e f f i c i e n t c o n s i d e r i n g t h e w a y o f c o n n e c t i o n o f t h e r a d i a t o r 

z i c o e f f i c i e n t f o r t h e a d j u s t m e n t o f t h e s u r r o u n d i n g s ( c ove r , p l a c e m e n t u n d e r t h e 

w i n d o w s i l l , e tc . ) 

Z2 c o e f f i c i e n t p e r n u m b e r o f e l e m e n t s 

Z3 c o e f f i c i e n t f o r t h e l o c a t i o n o f t h e r a d i a t o r in t h e r o o m 

T h e f o l l o w i n g m u s t b e f u l f i l l e d : IQ-eai ^ Q T 

W h e n c h o o s i n g t h e r a d i a t o r s , I u s e d o n l i n e s o f t w a r e f r o m K O R A D O c o m p a n y f o r t h e 

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

B r a n c h e s B l , B2 , a n d B3 o n c o l l e c t o r a n d d i s t r i b u t e r w i l l s u p p l y h e a t i n g w a t e r t o al l 

r a d i a t o r s . 

B a s m e n t 

B r a n c h R o o m N o . D e s c r i p t i o n o f t h e r o o m 
t i 

CO 

H e a t l o s s e s 

o f t h e 

r o o m Q H U 

( W ) 

T y p e o f r a d i a t o r 
N o . O f 

p i e c e s 

R a d i a t o r 

o u t p u t 

55 /45 

( W ) 

z l z 2 z3 CP 

Rea l 

r a d i a t o r 

o u t p u t 

C U i ( W ) 

B3 S101 C o r r i d o r 15 44 ,21 no t n e e d e d - - - - - - -

B3 S102 S t o r e r o o m 15 -49 ,50 no t n e e d e d - - - - - - -

B3 S103 
T e c h n i c a l r o o m 

20 1283 ,01 Rad i k 22 V K L - 600 /1500 1 1 3 5 8 1 1 1 1 1358 

B3 S104 T o i l e t 20 181,01 Rad ik 10 V K - 600 /700 1 2 1 8 1 1 1 1 218 

B3 S105 P r i v a t g y m f o r i n h a b i t a n t s 20 531,77 Rad i k 11 V K L - 6 0 0 / 1 2 0 0 1 6 1 5 1 1 1 1 615 

B3 S106 P r i v a t g y m f o r i n h a b i t a n t s 20 708,37 Rad i k 11 V K L - 7 0 0 / 2 0 0 0 1 7 1 5 1 1 1 1 715 

B3 S107 C o r r i d o r 15 72 ,65 no t n e e d e d - - - - - - -

B3 S108 s t a i r c a se 10 263,63 Rad i k 1 0 V K L - 7 0 0 / 1 1 0 0 1 3 9 3 1 1 1 1 393 

I 3299 
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F i r s t f l o o r 

B r a n c h R o o m N o . D e s c r i p t i o n o f t h e r o o m 
t i 

CO 

H e a t l o s s e s 

o f t h e 

r o o m Q H U , 

( W ) 

T y p e o f r a d i a t o r 
N o . O f 

p i e c e s 

R a d i a t o r 

o u t p u t 

55 /45 

( W ) 

z l z2 z3 0 
Rea l 

r a d i a t o r 

o u t p u t 

C U i ( W ) 

B2 101A V e s t i b u l e 20 261,68 Rad i k 10 V K - 6 0 0 / 7 0 0 1 3 5 9 1 1 1 1 359 

B2 102A W a s h i n g m a c h i n e r o o m 20 92,18 n o t n e e d e d - - - - - - -

B2 103A T o i l e t 20 52,51 n o t n e e d e d - - - - - - -

B2 104A K i t c h e n a n d l i v i n g r o o m 20 851,12 
Rad i k 10 V K L - 6 0 0 / 1 6 0 0 

Rad i k 10 V K L - 6 0 0 / 1 4 0 0 
1 

4 9 9 

4 3 7 
1 1 1 1 936 

B2 105A B a t h r o o m 24 236,80 K o r a l u x l i n e a r c l a s s i c M - 1220/450 1 2 4 3 1 1 1 1 243 

B2 106A B e d r o o m 20 669,89 
Rad i k 10 V K - 6 0 0 / 1 2 0 0 

Rad i k 10 V K - 6 0 0 / 1 2 0 0 
1 

3 7 4 

3 7 4 
1 1 1 1 748 

B2 107A B e d r o o m 20 528,05 Rad i k 10 V K L - 7 0 0 / 1 6 0 0 1 5 7 2 1 1 1 1 572 

B3 108 S ta i r c a se 10 6,00 n o t n e e d e d - - - - - - -

B l 101B V e s t i b u l e 20 337,86 Rad i k 10 V K L - 6 0 0 / 7 0 0 1 3 5 9 1 1 1 1 359 

B l 102B W a s h i n g m a c h i n e r o o m 20 106,47 n o t n e e d e d 

B l 103B T o i l e t 20 84,82 n o t n e e d e d - - - - - - -

B l 104B K i t c h e n a n d l i v i n g r o o m 20 1052,00 
Rad i k 1 0 V K - 600 /1600 

Rad i k 11 V k - 6 0 0 / 1 0 0 0 
1 

4 9 9 

5 1 3 
1 1 1 1 1012 

B l 105B B a t h r o o m 24 436,90 K o r a l u x l i n e a r c l a s s i c M - 1500/750 1 4 8 7 1 1 1 1 487 

B l 106B B e d r o o m 20 851,11 
Rad i k 10 V K L - 6 0 0 / 1 6 0 0 

Rad i k 10 V K L - 6 0 0 / 1 2 0 0 
1 

4 9 9 

3 7 4 
1 1 1 1 873 

B l 107B B e d r o o m 20 610,44 Rad i k 11 V K - 6 0 0 / 1 2 0 0 1 6 1 5 1 1 1 1 615 

B l 109 En t r an ce v e s t i b u l e 0 -174,60 n o t n e e d e d - - - - - - -

I 6204 

S e c o n d f l o o r 

B r a n c h R o o m N o . D e s c r i p t i o n o f t h e r o o m 
t i 

CO 

H e a t l o s s e s 

o f t h e 

r o o m Q H L | 

( W ) 

T y p e o f r a d i a t o r 
N o . O f 

p i e c e s 

R a d i a t o r 

o u t p u t 

55 /45 

( W ) 

z l z2 z3 0 
Rea l 

r a d i a t o r 

o u t p u t 

C U i ( W ) 

B2 201A V e s t i b u l e 20 247,81 Rad i k 10 V K - 7 0 0 / 7 0 0 1 2 5 0 1 1 1 1 250 

B2 202A W a s h i n g m a c h i n e r o o m 20 88,07 n o t n e e d e d - - - - - - -

B2 203A T o i l e t 20 52,51 n o t n e e d e d - - - - - - -

B2 204A K i t c h e n a n d l i v i n g r o o m 20 822,39 
Rad i k 10 V K L - 6 0 0 / 1 6 0 0 

Rad i k 10 V K L - 6 0 0 / 1 1 0 0 
1 

4 9 9 

3 4 3 
1 1 1 1 842 

B2 205A B a t h r o o m 24 240,90 K o r a l u x l i n e a r c l a s s i c M - 1220/450 1 2 4 3 1 1 1 1 243 

B2 206A B e d r o o m 20 669,89 
Rad ik 1 0 V K - 600 /1200 

Rad i k 10 V K - 6 0 0 / 1 2 0 0 
1 

3 7 4 

3 7 4 
1 1 1 1 748 

B2 207A B e d r o o m 20 445,65 Rad i k 10 V K L - 6 0 0 / 1 6 0 0 1 4 9 9 1 1 1 1 499 

B3 208 S ta i r c a se 10 -134,28 n o t n e e d e d - - - - - - -

B l 201B V e s t i b u l e 20 247,81 Rad i k 10 V K L - 7 0 0 / 7 0 0 1 2 5 0 1 1 1 1 250 

B l 202B W a s h i n g m a c h i n e r o o m 20 88,09 n o t n e e d e d 

B l 203B T o i l e t 20 52,51 n o t n e e d e d - - - - - - -

B l 204B K i t c h e n a n d l i v i n g r o o m 20 822,39 
Rad i k 10 V K - 6 0 0 / 1 6 0 0 

Rad i k 1 0 V k - 600 /1100 
1 

4 9 9 

3 4 3 
1 1 1 1 842 

B l 205B B a t h r o o m 24 240,90 K o r a l u x l i n e a r c l a s s i c M - 1220/450 1 2 4 3 1 1 1 1 243 

B l 206B B e d r o o m 20 669,89 
Rad ik 10 V K L - 6 0 0 / 1 2 0 0 

Rad i k 10 V K L - 6 0 0 / 1 2 0 0 
1 

3 7 4 

3 7 4 
1 1 1 1 748 

B l 207B B e d r o o m 20 445,65 Rad i k 10 V K - 6 0 0 / 1 6 0 0 1 4 9 9 1 1 1 1 499 

B3 211 L aund r y r o o m 15 404,27 Rad i k 10 V K - 6 0 0 / 1 6 0 0 1 4 9 9 1 1 1 1 499 

I 5663 
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T h i r d f l o o r 

B r a n c h R o o m N o . D e s c r i p t i o n o f t h e r o o m 
t i 

CO 

H e a t l o s s e s 

o f t h e 

r o o m Q H U 

( W ) 

T y p e o f r a d i a t o r 
N o . O f 

p i e c e s 

R a d i a t o r 

o u t p u t 

55 /45 

( W ) 

z l z2 z 3 CD 

Rea l 

r a d i a t o r 

o u t p u t 

C W , i ( W ) 

B2 301A V e s t i b u l e 20 293,85 R a d i k l O V K - 6 0 0 / 7 0 0 1 3 5 9 1 1 1 l 359 

B2 302A W a s h i n g m a c h i n e r o o m 20 97,47 n o t n e e d e d - - - - - - -

B2 303A T o i l e t 20 69 ,03 n o t n e e d e d - - - - - - -

B2 304A 
K i t c h e n a n d l i v i n g r o o m 

20 1445,42 
Rad ik 10 V K L - 7 0 0 / 1 8 0 0 

Rad ik 1 1 V K L - 7 0 0 / 1 4 0 0 
1 

6 4 3 

8 1 5 
1 1 1 1 1458 

B2 305A B a t h r o o m 24 279,00 Ko r a l u x l i n e a r c l a s s i c M - 9 0 0 / 7 5 0 1 2 7 9 1 1 1 1 279 

B2 306A B e d r o o m 20 762 ,54 
R a d i k l O V K - 6 0 0 / 1 4 0 0 

R a d i k l O V K - 6 0 0 / 1 2 0 0 
1 

4 3 7 

3 7 4 
1 1 1 1 8 1 1 

B2 307A B e d r o o m 20 529 ,90 Rad ik 10 V K L - 7 0 0 / 1 6 0 0 1 5 7 2 1 1 1 l 572 

B3 308 S ta i r c a se 10 -8,82 n o t n e e d e d - - - - - - -

B l 301B V e s t i b u l e 20 293,85 Rad ik 10 V K L - 6 0 0 / 7 0 0 1 3 5 9 1 1 1 l 359 

B l 302B W a s h i n g m a c h i n e r o o m 20 97,49 n o t n e e d e d 

B l 303B T o i l e t 20 69 ,03 n o t n e e d e d - - - - - - -

B l 304B K i t c h e n a n d l i v i n g r o o m 20 1445,42 
R a d i k l O V K - 7 0 0 / 1 8 0 0 

Rad ik 11 V k - 7 0 0 / 1 4 0 0 
1 

6 4 3 

8 1 5 
1 1 1 1 1458 

B l 305B B a t h r o o m 24 279,00 K o r a l u x l i n e a r c l a s s i c M - 900 /750 1 2 7 9 1 1 1 1 279 

B l 306B 
B e d r o o m 

20 762 ,54 
Rad ik 10 V K L - 6 0 0 / 1 4 0 0 

Rad ik 10 V K L - 6 0 0 / 1 2 0 0 
1 

4 3 7 

3 7 4 
1 1 1 1 8 1 1 

B l 307B B e d r o o m 20 529 ,90 R a d i k l O V K - 7 0 0 / 1 6 0 0 1 5 7 2 1 1 1 1 572 

B3 311 L aund r y r o o m 15 478 ,00 R a d i k l O V K - 6 0 0 / 1 6 0 0 1 4 9 9 1 1 1 l 499 

I 7457 

Branches Description 
Total output 

[kW] 

B l Eastern f la ts 9,407 

B2 W e s t e r n f la ts 8,919 

B3 C o m u n a l areas 4,297 

Total 22,623 

B.4.3. Used heating surfaces 

• Steel panel radiator KORADO RADIK VK 

Figure 39- Steel panel radiator Korado Radik VK[50] Figure 40- connection of radiator Radik VK to the 

heating system[50] 
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Overview of types 

Eihüiiiiiii 

• a 

Technical data 

Type 11 VK 

Type 2 0 VK 
" f e l l 

Type 2 1 VK 
i l l l j f l l l l l l j T i = 

Type 2 2 VK 

1 1 

Height H 
3 0 0 . 4 0 0 , 5 0 0 . 6 0 0 , 7 0 0 . 

9 0 0 m m 

4 0 0 . 5 0 0 , 6 0 0 . 7 0 0 , B O O . 

Length L 
9 0 0 . 1 0 0 0 . 1 1 0 0 . 1 2 0 0 . 

1 4 0 0 , 1 6 0 0 , 1 8 0 0 , 2 0 0 0 , 

2 3 0 0 , 2 6 0 0 , 3 0 0 0 m m 

Depth B 
T y p e 1 0 V K 4 7 m m 

T y p s 11 V K 6 3 m m 

T y p s 2 0 V K 6 6 m m 

T y p a 2 1 V K 6 6 m m 

T y p e 2 2 V K 1 0 0 m m 

T y p a 3 3 V K 1 5 5 m m 

Connecting pitch S C m 

Connecting thread B K G 1 / 2 " inside 

Highest allowed working 
1 0 b a r 

pressure 
1 0 b a r 

Highest allowed 
n o " C 

working temperature 
n o " C 

Radiator connection r i g h t b o t t o m 

Figure 41-technical data of Korado Radik VK radiator[50] 

• Steel panel radiator RADIK VKL 

c 

+1 

•-•a 

left b o t t o m 

0 = 1 

Figure 42-Steel panel radiator Radik VKL[50] F i 8 u r e 43-Radiator Radik VLK connection to the heating 
system [50] 
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Overview of types 

Technical data 

T , p * 1 0 V K L , 

T|fp* 11 VKL 

Tjf pe 21 VKL 

« M i m , « - ! — m 

Typ* 22 VKL 

Typ* 33 VKL 

Height H 
300, JOO, 50Ü, 600. 7QÜ, 
aoomm 

Length L 

400, 500. SOU, 7QO. BQÜ, 

900, 1000. 11GQ, 1200r  

140Ü, 1600, iaüü, 200D, 

23D0, 26CG, aüOÜmrri 

Depth B 
Type 10 VKL 
Type 11 VKL 
Type 21 VKL 
Type 22 VKL 
Type 33 VKL 

47 mm 

63 mm 

eemm 

100-nri 
155 mm 

Connecting pitch 50 mm 

Connecting thread e * G1/2" inside 

Highest alia wed working 
pressure 

10 bar 

Highest alia wed 

working temperature 
110 °C 

Radiator connection left bottom 

Figure 44-technical data of Korado Radik VKL radiator[50] 

Figure 45 - t he rmos ta t i c head He ime ie r - Type DX[50] 

• Towel rail radiator KORALUX LINEAR CLASSIC - M 
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Type of Connection 
KORALUX LINEAR CLASSIC - M 

• 9 P 
H I t , r 

b o t t o m m i d d l e * 

' F o r r a d i a t o r s w i t h t h e b o t t o m m i d d l e c o n n e c t i o n y o u c a n u s e t h e i n t e g r a t e d 
c o n n e c t i o n f i t t i ngs - M d e l i v e r e d t o g e t h e r w i t h a t h e r m o s t a t i c h e a d ( s ee p a g e 3 9 ) . 

Figure 47 - connec t i on of rad ia tor Kora lux Linear classic - M[51] 

T e c h n i c a l D a t a 

Height H 
700. 900. 1220, 1500. 
1S20 mm 

Length L 450. 500. 600. 750 mm 

Depth B 30 mm 

Connecting pitch (KLC) h = L - 30 mm 

Connecting pitch (KLCM} 50 mm 

Connecting thread (KLC) 4 x G 1/2 inside 

Connecting thread (KLCM) : i G ' 2 i-sioü 

Highest allowed 
working pressure 

10 bar 

Test pre sure 13 bar 

Maximum water 
110 °C 

temperature 
110 °C 

Flow coefficient (KLC) A, = 2.1 x 10"1 m2 

Flow coefficient (KLCM) A, = 7.1 x 10* m 1 

Coefficient of resistance (KLC) 5 , - 1,8 

Coefficient of resistance (KLCM) S, = 16.0 

Figure 48-technical data of radiator Koralux linear classic-M[51] 
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B.5. Dimensioning and hydraulic balancing of heating system 
H e a t i n g s y s t e m is d e s i g n e d as a t w o - p i p e , l o w t e m p e r a t u r e h e a t i n g s y s t e m . T h e 

a p a r t m e n t b u i l d i n g is d i v i d e d i n t o t w o pa r t s o f a p a r t m e n t s ; e a s t a n d w e s t ; a n d a pa r t 

w i t h c o m m u n a l a r e a s . E a ch pa r t has i ts o w n b r a n c h f r o m t h e d i s t r i b u t e r a n d c o l l e c t o r in 

t h e b a s e m e n t , a n d t h e n o w n r i s i ng p i p e l e a d i n g f r o m t h e b a s e m e n t u p t o t h e last f l o o r . 

O n e a c h f l o o r a n d b e f o r e t h e e n t r a n c e t o e a c h a p a r t m e n t , t h e r e w i l l b e a n i c h e in t h e 

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

c o n s i s t s o f a h e a t m e t e r S h a r k y 7 7 4 , D N 20 , i n s t a l l e d o n t h e h e a t i n g w a t e r p i p e , w h i c h is 

c o n n e c t e d w i t h a t e m p e r a t u r e m e a s u r i n g ba l l v a l v e o n t h e r e t u r n p i p e s . C l o s i n g ba l l 

v a l v e s a r e i n s t a l l e d b e f o r e a n d a f t e r t h e h e a t m e t e r , as w e l l as o n t h e r e t u r n p i p e . A l s o , a 

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

c l o g g e d . 

T o t a l d i s p o s i t i o n p r e s s u r e loss t o t h e f u r t h e s t r a d i a t o r m u s t b e e q u a l t o t o t a l d i s p o s i t i o n 

p r e s s u r e loss t o a n y o t h e r r a d i a t o r , in o r d e r f o r t h e w a t e r t o f l o w t o a l l r a d i a t o r s , so 

h y d r a u l i c b a l a n c i n g is r e q u i r e d . 

T h e w h o l e h e a t i n g s y s t e m is b a l a n c e d b y t h e p r e s e t t i n g o f t h e r m o s t a t i c v a l v e s T R V o f 

p a n e l r a d i a t o r s Rad i k V K a n d Rad i k VKL , a n d a l s o t h e p r e s e t t i n g o f H M f i t t i n g s o f K o r a l u x 

l i n e a r c l a s s i c - M t o w e l ra i l r a d i a t o r . 

T h e m o s t d i s t a n t a n d a t t h e s a m e t i m e t h e m o s t p o w e r f u l r a d i a t o r in e a c h a p a r t m e n t is 

s e l e c t e d a n d f r o m t h e r e e a c h s e c t i o n is d i m e n s i o n e d . S e c t i o n m e a n s t h e pa r t w h e r e t h e 

m a s s f l o w is t h e s a m e . T h e d e s i g n is d o n e a c c o r d i n g t o e c o n o m i c ( o p t i m a l ) s p e e d s . 

S p e e d s in t h e c o n n e c t i n g p i p e s s h o u l d be in t h e r a n g e 0 ,15 - 0,6 m/s a n d f o r m a i n 

h o r i z o n t a l d i s t r i b u t i o n p i p e s t h e s p e e d s h o u l d be in t h e r a n g e 0,6 - 1 , 0 m/s . Spe c i f i c 

p r e s s u r e loss s h o u l d b e in t h e r a n g e 6 0 - 1 0 0 P a / m f o r c o n n e c t i n g p i p e s a n d 1 1 0 - 2 0 0 

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

p i p e d i a m e t e r D N , a n d c a l c u l a t e s p e c i f i c p r e s s u r e loss R [Pa / m ] a n d f l o w s p e e d w [m/s ] . 

[41] 

T h e f o l l o w i n g v a l u e s s h o u l d be d e t e r m i n e d : 

Determination of mass flow 

M = ( Q * 3 6 0 0 ) / (c * A t ) [kg/h] 

W h e r e Q hea t o u t p u t [ W ] 

c s p e c i f i c t h e r m a l c a p a c i t y o f wa t e r [ J / k g . K ] 

A t t e m p e r a t u r e d i f f e r e n c e ^ ] 

Determination of Disposition pressure 

D i s p o s i t i o n p r e s s u r e c o n s i s t s o f t h e s u m o f f r i c t i o n p r e s s u r e loss , l o ca l r e s i s t a n c e p r e s s u r e 

l oss in t h e p i p e l i n e s a n d p r e s s u r e l oss d u e t o p r e s e t t i n g o f v a l v e s . It is n e c e s s a r y t o 
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o v e r c o m e t h e s e p r e s s u r e l o s se s by u s i n g a p u m p , in o r d e r f o r t h e h e a t i n g w a t e r t o f l o w in 

p i p e s . 

F r i c t i o n p r e s s u r e loss 

APx = A . - . - p = R . I 

W h e r e Apx ... f r i c t i o n p r e s s u r e l o s ses [Pa] 

R ... s p e c i f i c p r e s s u r e loss [ Pa /m] 

L ... s e c t i o n l e n g t h [m] 

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

m a t e r i a l [-] 

d ... i n t e r n a l p i p e p r o f i l e [ m m ] 

w ... w a t e r v e l o c i t y in t h e p i p e [m/s] 

p ... w a t e r d e n s i t y [kg / m 3 ] 

T o c a l c u l a t e t h e p r e s s u r e loss d u e t o f r i c t i o n , I u s e d o n l i n e s o f t w a r e o n T Z B - i n f o w e b s i t e . 

P r e s s u r e loss w a s c a l c u l a t e d f o r a v e r a g e t e m p e r a t u r e 50°. [52] 

Loca l r e s i s t a n c e p r e s s u r e loss 

W h e r e Z , Ap^... p r e s s u r e loss b y l oca l r e s i s t a n c e s [Pa] 

cf ... l o ca l r e s i s t a n c e f a c t o r [-] 

w ... w a t e r v e l o c i t y in t h e p i p e [m /s] 

p ... w a t e r d e n s i t y [kg / m 3 ] 

P r e s e t t i n g o f v a l v e s 

T h e s y s t e m m u s t be h y d r a u l i c a l l y b a l a n c e d . P a n e l r a d i a t o r s a r e p r o v i d e d w i t h 

t h e r m o s t a t i c v a l v e ( T R V ) . T h e t o w e l ra i l r a d i a t o r s a r e p r o v i d e d w i t h H M f i t t i n g . 

W e d e t e r m i n e t h e c o r r e c t p r e s e t t i n g o f T R V v a l v e s a n d H M f i t t i n g a c c o r d i n g t o t h e 

r e q u i r e d p r e s s u r e loss a n d m a s s f l o w by u s i n g d i a g r a m s t h a t a r e p r o v i d e d by t h e 

m a n u f a c t u r e r . 
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Two-pipe heating system 

Mass flow m [kg/h] 

Figure 45-Graph for determining the presetting of thermostatic valve(TRV) for RADIK VK and VKL 

radiators[50] 
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5 1 0 2 0 3 0 5 0 1 0 0 2 0 0 3 0 0 5 0 0 

M a s s H a w rate m [ k g / h ] (w i th a p r o p o r t i o n a l b a n d of X t = 2 K ) 

Figure 46 - diagram for presetting of HM fitting[51] 

Figure 47- thermostatic valve of RADIK VK and VKL radiators[50] 
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Calculations of dimensioning and hydraulic balancing of the whole heating 
system 

THIRD FLOOR 
T e m p e r a t u r e d i f f e r e n c e 10K (55/45) 

D i m e n s i o n i n g o f ba s i c l o n g e s t c i r c u i t t o r a d i a t o r 1 1 - V K L 700 /1400 i n r o o m 304 A ( t o a p a r t m e n t 5 ) i n c l u d i n g r i s i ng p i p e 51 

Sec . N o . 1 (m) Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M A P R V 

(Pa) 

R * l + Z + 

A P R V 

A P D I S 

(Pa) 

1 7,94 643 55,378 12x1 76 ,3 0,20 605,82 22,49 449 ,80 TRV(8) 5 5 0 1605,62 1605,62 

2 17,4 1458 125,569 15x1 102 0,27 1774,8 4,69 170,95 1945,75 3551,37 

3 13,89 3479 299,627 22x1 58,6 0,27 813,95 16,09 586,48 2000 3400,43 6951 ,81 

H e a t m e t e r S h a r k y 7 7 4 ( D N 20) 2000 Pa 

4 6,42 6061 522 28x1 ,5 53,2 0,3 341 ,54 0,9 40 ,50 382 ,04 7333,85 

5 29,7 8919 768 ,14 28x1 ,5 105 0,44 3118,5 25,4 2458,72 7430 13007,22 20341,07 

B a l a n c i n g v a l v e (DN=25 ) A p R v = 2500 Pa 

F i l t e r ) DN 25) A p R v = 4930 Pa 20341 ,07 

T h r e e w a y v a l v e ( D N 2 0 ) A p R v = 9441 Pa 29781 ,78 

Loca l r e s i s t a n c e 5 (-) 

1 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK Z 

1 

3 8 10,4 0,6 0,3 0,15 0,04 22,49 

2 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g Z 

2 
2,6 0,6 1,3 0,15 0,04 4,69 

3 
e l b o w x 10 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g K K x 4 Z 

3 
13 0,6 0,3 0,15 0,04 2 16,09 

4 
c o n n e c t i o n d i v i s i o n Z 

4 
0,6 0,3 0,90 

5 
V K x 4 Z K x l e l b o w x 12 c o l l e c t o r a n d d i s t r i b u t e r e n t r a n c e c o l l e c t o r a n d d i s t r i b u t e r e x i t K K x 4 Z 

5 
2 4,3 15,6 1 0,5 2 25,40 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 10 -VKL 700 /1800 i n r o o m 304 A 

Sec . N o . 
1 ( m ) 

Q 

( W ) 

M 

(kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

5 

(-) 

Z 

(Pa) 

V a l v e s e t t i n g T R V / H M 
A P R V 

(Pa) 

R*l+Z + 

A P R V 

A P D I S 

(Pa) 

6 1,8 815 70 ,1914 15x1 32,1 0,15 57,78 18,29 205,76 TRV(7) | 263,54 263,54 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

1605,62 - 263,54 = 1342,08 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (7) 

Loca l r e s i s t a n c e i, (-) 

6 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK Z 

3 8 5,2 0,6 1,3 0,15 0,04 18,29 

D i m e n s i o n i n g o f c i r c u i t t o r a d i a t o r 1 0 - V K 600 /1400 i n r o o m 306 A 

Sec . N o . 1 (m) Q M D N R w R*l 5 Z V a l v e s e t t i n g T R V / H M 
A P R V 

R*l+Z + 
A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) (Pa) A P R V (Pa) 

7 5,13 437 37 ,6364 10x1 92 ,3 0,21 473,13 22,49 495 ,90 TRV(4) 969 ,03 969,03 

8 6,2 811 69,8469 12x1 125 0,25 775 1,09 34,06 809,06 1778 ,10 

9 5,96 1383,85 119,183 15x1 89 0,25 530 ,44 3,69 115,31 645,75 2423,85 

10 1,55 1955,85 168,446 18x1 63 ,4 0,24 98,27 1,09 31,39 129,66 2553 ,51 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3551 ,37 - 2553,51 = 997,86 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (4) 

Loca l r e s i s t a n c e (, (-) 

7 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK Z 

7 

3 8 10,4 0,6 0,3 0,15 0,04 22,49 

8 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g Z 

8 
0,6 0,3 0,15 0,04 1,09 

9 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g Z 

9 

2,6 0,6 0,3 0,15 0,04 3,69 

10 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g Z 

10 
0,6 0,3 0,15 0,04 1,09 
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D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 10-VK 600/1200 i n r o o m 3 0 6 A 

Sec . N o . 1 (m) Q M D N R w R*l 5 Z V a l v e s e t t i n g T R V / H M APnv R*l+Z + 
A P D I S 

( W ) (kg/h) ( D x t ) ( P a / m ) (m/ s ) (Pa) (-) (Pa) (Pa) APnv (Pa) 

11 5,156 374 32,2105 10x1 60,2 0,18 310,39 18,29 296,30 TRV(3) | 606,69 606,69 

De s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

1966,90 - 606,69 = 1360,21 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (3) 

Loca l r e s i s t a n c e Í, (-) 
c o n n e c t i o n 

11 
r ad i a t o r v a l v e x 2 e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 1,3 0,15 0,04 18,29 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r K L C - M 900 /750 i n r o o m 3 0 5 A 

Sec . N o . 1 (m) Q M D N R w R*l Z V a l v e s e t t i n g T R V / H M A P R V R*l+Z + A P D I S 

( W ) (kg/h) ( D x t ) ( P a / m ) (m/ s ) (Pa) (-) (Pa) (Pa) A P R V (Pa) 

12 7,1 279 24,0287 10x1 35,5 0,13 252,05 25,59 216,24 HM(0 ,5 ) 468,29 468,29 

13 1,4 638 54,9474 12x1 76,3 0,20 106,82 2,09 41,80 148,62 616,91 

De s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

2775,96 - 616,91 = 2159,05 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (0,5 

Loca l r e s i s t a n c e í (-) 

12 
r ad i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 10 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

12 

2,5 8 13 0,6 1,3 0,15 0,04 25,59 

13 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

13 
0,6 1,3 0,15 0,04 2,09 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 10-VK 600 /700 i n r o o m 3 0 1 A 

Sec . N o . 1 (m) 
Q 

( W ) 

M 

(kg/h) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

(m/ s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M A P R V 

(Pa) 

R*l+Z + 

A P R V 

(Pa) 

A P D I S 

(Pa) 

14 3,55 359 30,9187 10x1 51,4 0,17 182,47 17,29 249,84 TRV(2) | 432,31 432,31 

De s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

2627,34 - 432,31 = 2195,03 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e Í, (-) 

14 
r ad i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 0,3 0,15 0,04 17,29 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 10-VKL 700 /1600 i n r o o m 3 0 7 A 

Sec . N o . 1 (m) 
Q 

( W ) 

M 

(kg/h) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

(m/ s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M 

A P R V 

(Pa) 

R*l+Z + 

A P R V 

(Pa) 

A P D I S 

(Pa) 

15 12,8 572 49,2632 12x1 56,9 0,18 728,32 23,49 380,54 TRV(3) 1 1108,86 1108,86 

De s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3421 ,71 - 1108,86 = 2312,85 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (3) 

Loca l r e s i s t a n c e Í, (-) 

15 
r ad i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 10,4 0,6 1,3 0,15 0,04 23,49 
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Third floor(continuation) 
T e m p e r a t u r e d i f f e r e n c e 10K (55/45) 

D i m e n s i o n i n g o f ba s i c l o n g e s t c i r cu i t t o r a d i a t o r 11 - VK 700 /1400 i n r o o m 3 0 4 B ( a p a r t m e n t 6 ) i n c l u d i n g r i s i n g p i p e S2 

Sec . N o . 1 (m) Q 

( W ) 

M 

(kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

5 

(-) 

Z 

(Pa) 

V a l v e s e t t i n g T R V / H M A P R V 

(Pa) 

R*l+Z + 

A P R V 

A P D I S 

(Pa) 

1 7,94 643 55,378 12x1 76,3 0,20 605,82 22,49 449 ,80 TRV(8) 5 5 0 1605,62 1605,62 

2 17,4 1458 125,569 15x1 102 0,27 1774,8 4,69 170,95 1945,75 3551,37 

3 13,89 3479 299,627 22x1 58,6 0,27 813,95 16,09 586,48 2000 3400,43 6951 ,81 

H e a t m e t e r S h a r k y 7 7 4 ( D N 20) 2000 Pa 

4 6,42 6061 522 28x1 ,5 53,2 0,3 341 ,54 0,9 40 ,50 382 ,04 7333,85 

5 29,7 9407 810,17 28x1 ,5 105 0,44 3118,5 26,4 2555,52 4820 10494,02 17827,87 

B a l a n c i n g v a l v e (DN=25 ) A p R V = 2900 Pa 

F i l t e r ) DN 25) A P R V = 
1920 

Pa 
17827,87 

T h r e e w a y v a l v e ( D N 2 0 ) A P R V = 4102 Pa 21930,24 

Loca l r e s i s t a n c e S; (-

1 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 10,4 0,6 0,3 0,15 0,04 22,49 

2 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

2 
2,6 0,6 1,3 0,15 0,04 4,69 

3 
e l b o w x 10 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g K K x 4 I 

3 
13 0,6 0,3 0,15 0,04 2 16,09 

4 
c o n n e c t i o n d i v i s i o n I 

4 
0,6 0,3 0,90 

5 
V K x 4 Z K x l e l b o w x 12 c o l l e c t o r a n d d i s t r i b u t e r e n t r a n c e c o l l e c t o r a n d d i s t r i b u t e r e x i t K K x 6 I 

5 
2 4,3 15,6 1 0,5 3 26,40 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 10 -VK 700 /1800 i n r o o m 304 B 

Sec . N o . M D N R w R*l Z V a l v e s e t t i n g T R V / H R S R*l+Z + A P D I S 

1 (m) 
Q 

( W ) 
( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) 

A p R V A p R V 
(Pa) 

Q 

( W ) 
(Pa) (Pa) 

6 1,8 815 70 ,1914 15x1 32,1 0,15 57,78 18,29 205,76 TRV(7) 1 263,54 263,54 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

1605,62 - 263,54 = 1342,08 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (7) 

Loca l r e s i s t a n c e j (-) 

6 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 1,3 0,15 0,04 18,29 

D i m e n s i o n i n g o f c i r c u i t t o r a d i a t o r 10 -VKL 600 /1400 i n r o o m 306 B 

Sec . N o . 1 (m) Q M D N R w R*l Z V a l v e s e t t i n g T R V / H M A P R V R * l + Z + A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) (Pa) A P R V (Pa) 

7 5,13 437 37 ,6364 10x1 92,3 0,21 473,13 22,49 495 ,90 TRV(4) 969 ,03 969,03 

8 6,2 8 1 1 69,8469 12x1 125 0,25 775 1,09 34,06 809,06 1778,10 

9 5,96 1383,85 119,183 15x1 89 0,25 530 ,44 3,69 115,31 645,75 2423,85 

10 1,55 1955,85 168,446 18x1 63,4 0,24 98,27 1,09 31,39 129,66 2553,51 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3551,37 - 2553,51 = 997,86 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (4) 

Loca l r e s i s t a n c e i, (-) 

7 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

7 

3 8 10,4 0,6 0,3 0,15 0,04 22,49 

8 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

8 
0,6 0,3 0,15 0,04 1,09 

9 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

9 
2,6 0,6 0,3 0,15 0,04 3,69 

10 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

10 
0,6 0,3 0,15 0,04 1,09 
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D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K L 6 0 0 / 1 2 0 0 i n r o o m 3 0 6 B 

S e c . N o . 1 ( m ) Q M D N R w R*l 5 Z V a l v e s e t t i n g T R V / H M A p R V 

R*l+Z + 
A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) ( Pa ) A p R V (Pa) 

11 5,156 374 32 ,2105 10x1 60,2 0,18 310 ,39 18,29 296 ,30 TRV(3 ) 606 ,69 606 ,69 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

1966 ,90 - 606 ,69 = 1360 ,21 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (3) 

Loca l r e s i s t a n c e i; (-) 

11 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK Z 

3 8 5,2 0,6 1,3 0,15 0,04 18,29 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r K L C - M 9 0 0 / 7 5 0 i n r o o m 3 0 5 B 

S e c . N o . 1 ( m ) Q M D N R w R*l Z V a l v e s e t t i n g T R V / H M 
A P R V 

R*l+Z + 
A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) ( Pa ) A p R V (Pa) 

12 7,1 279 24,0287 10x1 35 ,5 0,13 252,05 25,59 216 ,24 H M ( 0 , 5 ) 468 ,29 468 ,29 

13 1,4 638 54 ,9474 12x1 76 ,3 0,20 106,82 2,09 41 ,80 148,62 616 ,91 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

2775 ,96 - 616 ,91 = 2159,05 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (0,5 

Loca l r e s i s t a n c e i; (-) 

12 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 10 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

12 

2,5 8 13 0,6 1,3 0,15 0,04 25,59 

13 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

13 
0,6 1,3 0,15 0,04 2,09 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K L 6 0 0 / 7 0 0 i n r o o m 3 0 1 B 

S e c . N o . 1 ( m ) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

5 

(-) 

Z 

( Pa ) 
V a l v e s e t t i n g T R V / H M A p R V 

(Pa) 

R * l + Z + 

A p R V 

A P D I S 

(Pa) 

14 3,55 359 30 ,9187 10x1 51 ,4 0,17 182,47 17,29 249 ,84 TRV(2 ) 432 ,31 432 ,31 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

2627 ,34 - 432 ,31 = 2195,03 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e i; (-) 

14 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 0,3 0,15 0,04 17,29 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K 7 0 0 / 1 6 0 0 i n r o o m 3 0 7 B 

S e c . N o . 1 ( m ) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

( Pa ) 
V a l v e s e t t i n g T R V / H M A p R V 

(Pa) 

R * l + Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

15 12,8 572 49 ,2632 12x1 56,9 0,18 728 ,32 23,49 380 ,54 TRV(3 ) 1108 ,86 1108,86 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3421 ,71 - 1108,86 = 2312,85 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (3) 

Loca l r e s i s t a n c e i; (-) 

15 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK Z 

15 

3 8 10,4 0,6 1,3 0,15 0,04 23,49 

SECOND FLOOR 
T e m p e r a t u r e d i f f e r e n c e 10K (55/45) 

D i m e n s i o n i n g o f ba s i c c i r c u i t t o r a d i a t o r 1 0 - V K L 600 /1100 i n r o o m 204 A ( a p a r t m e n t 3) 

Se c . N o . 1 ( m ) Q M D N R w R*l 5 Z V a l v e H e a t m e t e r fiPRV R * l + Z + 
A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) s e t t i n g S h a r k y 774 (Pa) A p R V 
(Pa) 

T R V / H M ( D N 2 0 ) ( P a ) 

(Pa) 

(Pa) 

(Pa) 

1 8,224 343 29,5407 10x1 51,4 0,17 422 ,71 22,49 324 ,98 TRV(3) 747 ,69 747,69 

2 17,4 842 72 ,5167 12x1 134 0,26 2331,6 4,69 158,52 2490,12 3237 ,82 

3 7,5 2582 222,373 18x1 99,6 0,31 747 14,49 696 ,24 1200 2643 ,24 5881 ,06 

6951 ,81 - 5881 ,06 = 1070,75 Pa S e t t i n g a c c o r d i n g t o d i a g r a m f r o m t h e c a t a l o g u e TRV(3 ) 

Loca l r e s i s t a n c e 5 (-) 

1 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

1 

3 8 10,4 0,6 0,3 0,15 0,04 22,49 

2 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

2 
2,6 0,6 1,3 0,15 0,04 4,69 

3 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g K K x 4 I 

3 
10,4 0,6 1,3 0,15 0,04 2 14,49 
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D i m e n s i o n i n g o f s e c t i o n t o r ad i a t o r 10 -VKL 600 /1600 i n r o o m 204 A 

Sec . N o . 1 (m) Q M D N R w R*l f; Z V a l v e s e t t i n g T R V / H R S Ap„v R*l+Z + A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) (m/ s ) (Pa) (-) (Pa) (Pa) A p R V 

(Pa) 

(Pa) 

4 1,8 499 42 ,9761 12x1 34,4 0,15 61,92 18,29 205,76 TRV(4) 1 267,68 267,68 

De s i gn o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

1818,44 - 267,68 = 1550,76 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (4) 

Loca l r e s i s t a n c e f, (-) 

4 
r ad i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 1,3 0,15 0,04 18,29 

D i m e n s i o n i n g o f c i r cu i t t o r ad i a t o r 1 0 - V K 600 /1200 i n r o o m 206 A 

Sec . N o . 1 ( m ) Q M D N R w R*l f, z V a l v e s e t t i n g T R V / H M Ap„v R*l+Z + A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) (Pa) Ap„v 

(Pa) 

(Pa) 

5 5,314 374 32 ,2105 10x1 60,2 0,18 319,9 22,49 364,34 TRV(2) 684 ,24 684 ,24 

6 6,2 748 64 ,4211 12x1 108 0,23 669,6 1,09 28,83 698,43 1382,67 

7 5,962 1241,00 106,88 15x1 77 0,23 459,07 3,69 97,60 556,67 1939,35 

8 1,552 1740,00 149,856 18x1 50,2 0,21 77,91 1,09 24,03 101,94 2041,29 

De s i gn o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

4308,56 2041,29 = 2267,27 Pa | P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e f, (-) 

5 
r ad i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

5 

3 8 10,4 0,6 0,3 0,15 0,04 22,49 

6 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

6 
0,6 0,3 0,15 0,04 1,09 

7 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

7 
2,6 0,6 0,3 0,15 0,04 3,69 

8 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

8 
0,6 0,3 0,15 0,04 1,09 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 10-VK 600 /1200 i n r o o m 2 0 6 A 

Se c . N o . 1 ( m ) Q M D N R w R*l 5 z V a l v e s e t t i n g T R V / H M flPRV R*l+Z + flPDIS 

( W ) ( kg /h ) ( D x t ) ( P a / m ) (m/ s ) (Pa) (-) (Pa) (Pa) flPRV 

(Pa) 

(Pa) 

9 5,156 374 32 ,2105 10x1 60,2 0,18 310,39 18,29 296,30 TRV(2) | 606 ,69 606,69 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

2951,51 - 606,69 = 2344,82 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e i, (-) 

9 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 1,3 0,15 0,04 18,29 

D i m e n s i o n i n g o f s e c t i o n s t o r a d i a t o r KLC- M 1220 /450 i n r o o m 205A 

Se c . N o . 1 ( m ) Q M D N R w R*l Z V a l v e s e t t i n g T R V / H M 
A P R V 

R * l + Z + flPois 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) ( - ) (Pa) (Pa) A P R V 

(Pa) 

(Pa) 

10 7,1 243 20 ,9282 10x1 32,8 0,12 232,88 25,59 184,25 HM(0 , 5 ) 417 ,13 417,13 

11 1,4 493 42 ,4593 10x1 134 0,24 187,6 2,09 60,19 247,79 664,92 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3649 ,94 - 664,92 = 2985,02 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (0,5 

Loca l r e s i s t a n c e i, (-) 

10 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 10 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

10 

2,5 8 13 0,6 1,3 0,15 0,04 25,59 

11 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

11 
0,6 1,3 0,15 0,04 2,09 
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D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K 7 0 0 / 7 0 0 i n r o o m 2 0 1 A 

S e c . N o . 1 ( m ) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M A P R V 

( Pa ) 

R*l+Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

12 3,55 250 21 ,5311 10x1 32 ,8 0,12 116 ,44 17,29 124,49 T R V ( l ) | 240 ,93 240,93 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3402 ,15 - 240,93 = 3161 ,22 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (1) 

Loca l r e s i s t a n c e i; (-) 

12 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 0,3 0,15 0,04 17,29 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K L 600 /1600 i n r o o m 2 0 7 A 

S e c . N o . 1 ( m ) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

( Pa ) 
V a l v e s e t t i n g T R V / H M A p R V 

(Pa) 

R*l+Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

13 12,8 499 42 ,9761 12x1 34 ,4 0,15 440 ,32 23,49 264 ,26 TRV(2 ) 704 ,58 704 ,58 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

4206 ,62 - 704 ,58 = 3502 ,04 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e i; (-) 

13 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

13 

3 8 10,4 0,6 1,3 0,15 0,04 23,49 

Second floor (continuation) 
T e m p e r a t u r e d i f f e r e n c e 10K (55/45) 

D i m e n s i o n i n g o f ba s i c c i r c u i t t o r a d i a t o r 1 0 - V K 6 0 0 / 1 1 0 0 i n r o o m 204 B ( a p a r t m e n t 4) 

S e c . N o . 1 ( m ) Q 

( W ) 

M 

(kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 
Z 

( Pa ) 

V a l v e 

s e t t i n g 

T R V / H M 

H e a t m e t e r 

S h a r k y 774 

( D N 2 0 ) ( P a ) 

A p R V 

(Pa) 

R * l + Z + 

A p R V 

( Pa ) 

A P D I S 

(Pa) 

1 8 ,224 343 29 ,5407 10x1 51 ,4 0,17 422 ,71 22,49 324 ,98 TRV(3 ) 747 ,69 747 ,69 

2 17,4 842 72 ,5167 12x1 134 0,26 2331,6 4,69 158,52 2490,12 3237 ,82 

3 7,5 2582 222 ,373 18x1 99 ,6 0,31 747 14,49 696 ,24 1200 2643 ,24 5881 ,06 

6951 ,81 - 5881 ,06 = 1070 ,75 Pa S e t t i n g a c c o r d i n g t o d i a g r a m f r o m t h e c a t a l o g u e TRV(3 ) 

Loca l r e s i s t a n c e £ (-) 

1 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

1 

3 8 10 ,4 0,6 0,3 0,15 0,04 22,49 

2 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

2 
2,6 0,6 1,3 0,15 0,04 4,69 

3 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g K K x 4 I 

3 
10 ,4 0,6 1,3 0,15 0,04 2 14,49 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K 600 /1600 i n r o o m 204 B 

S e c . N o . 1 ( m ) Q M D N R w R*l 5 Z V a l v e s e t t i n g T R V / H R S 
A p R V 

R*l+Z + 
A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) ( Pa ) A p R V 

(Pa) 

(Pa) 

4 1,8 499 42 ,9761 12x1 34 ,4 0,15 61 ,92 18,29 205 ,76 TRV(4 ) 267 ,68 267 ,68 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

1818 ,44 - 267 ,68 = 1550,76 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (4) 

Loca l r e s i s t a n c e i; (-) 

4 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

4 

3 8 5,2 0,6 1,3 0,15 0,04 18,29 
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D i m e n s i o n i n g o f c i r c u i t t o r a d i a t o r 1 0 - V K L 600 /1200 i n r o o m 206 B 

Se c . N o . 1 (m) Q M D N Ft w R*l 5 Z V a l v e s e t t i n g T R V / H M A P R V R*l+Z + A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) (Pa) A P R V 

(Pa) 

(Pa) 

5 5,314 374 32 ,2105 10x1 60,2 0,18 319,9 22,49 364 ,34 TRV(2) 684 ,24 684 ,24 

6 6,2 748 64 ,4211 12x1 108 0,23 669 ,6 1,09 28,83 698,43 1382,67 

7 5,962 1241,00 106,88 15x1 77 0,23 459 ,07 3,69 97,60 556,67 1939,35 

8 1,552 1740,00 149,856 18x1 50,2 0,21 77 ,91 1,09 24,03 101,94 2041,29 

De s i gn o f p r e s e t t i n g o f v a l v e o f r a d i a t o r  

4308 ,56 - 2041,29 = 2267,27 P a [ P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2)  

Loca l r e s i s t a n c e i, (-)  

5 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

5 

3 8 10,4 0,6 0,3 0,15 0,04 22,49 

6 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

6 
0,6 0,3 0,15 0,04 1,09 

7 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

7 
2,6 0,6 0,3 0,15 0,04 3,69 

8 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

8 
0,6 0,3 0,15 0,04 1,09 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 10 -VKL 6 0 0 / 1 2 0 0 i n r o o m 2 0 6 B 

Se c . N o . 1 (m) Q M D N R w R*l 5 Z V a l v e s e t t i n g T R V / H M A p R V 

R*l+Z + 
A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) (Pa) A p R V 

(Pa) 

(Pa) 

9 5,156 374 32 ,2105 10x1 60,2 0,18 310 ,39 18,29 296 ,30 TRV(2 ) 606,69 606 ,69 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

2951 ,51 - 606 ,69 = 2344,82 P a P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e fj (-) 

9 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

9 

3 8 5,2 0,6 1,3 0,15 0,04 18,29 

D i m e n s i o n i n g o f s e c t i o n s t o r a d i a t o r K L C - M 1220 /450 i n r o o m 205B 

Se c . N o . 1 ( m ) Q M D N R w R*l 5 Z V a l v e s e t t i n g T R V / H M A P R V R * l + Z + 
A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) (Pa) A P R V 

(Pa) 

(Pa) 

10 7,1 243 20,9282 10x1 32,8 0,12 232,88 25,59 184,25 H M ( 0 , 5 ) 417 ,13 417,13 

11 1,4 493 42 ,4593 10x1 134 0,24 187,6 2,09 60,19 247,79 664,92 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3649 ,94 - 664,92 = 2985,02 P a P r e s e t t i n g a c c o r d i n g t o d i a g r a m (0,5 

Loca l r e s i s t a n c e fj (-) 

10 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 10 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

10 

2,5 8 13 0,6 1,3 0,15 0,04 25,59 

11 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

11 
0,6 1,3 0,15 0,04 2,09 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 10 -VKL 7 0 0 / 7 0 0 i n r o o m 201B 

Se c . N o . 1 (m) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M A p R V 

(Pa) 

R*l+Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

12 3,55 250 21 ,5311 10x1 32,8 0,12 116 ,44 17,29 124,49 T R V ( l ) | 240,93 240,93 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3402 ,15 - 240,93 = 3161 ,22 P a P r e s e t t i n g a c c o r d i n g t o d i a g r a m (1) 

Loca l r e s i s t a n c e i; (-) 

12 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

12 

3 8 5,2 0,6 0,3 0,15 0,04 17,29 
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D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K 6 0 0 / 1 6 0 0 i n r o o m 207B 

S e c . N o . 1 ( m ) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M A P R V 

(Pa) 

R * l + Z + 

A p R V 

( Pa ) 

A P D I S 

(Pa) 

13 12,8 499 42 ,9761 1 2 x 1 34 ,4 0,15 440,32 23,49 264,26 TRV(2 ) | 704 ,58 704 ,58 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

4206 ,62 - 704 ,58 = 3502 ,04 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e i; (-) 

13 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 10,4 0,6 1,3 0,15 0,04 23,49 

FIRST FLOOR 
T e m p e r a t u r e d i f f e r e n c e 10K (55/45) 

D i m e n s i o n i n g o f b a s i c c i r c u i t t o r a d i a t o r 1 0 - V K L 6 0 0 / 1 4 0 0 i n r o o m 104 A ( a p a r t m e n t 1) 

Se c . N o . 1 (m) Q M D N R w R*l 5 Z V a l v e H e a t m e t e r flPRV R * l + Z + A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) s e t t i n g S h a r k y 774 (Pa) A P R V (Pa) 

T R V / H M (DN20 ) ( Pa ) (Pa) 

1 7,942 437 37 ,6364 12x1 23,3 0,13 185,05 22,49 190 ,04 TRV(2 ) 375,09 375,09 

2 17,4 9 3 6 80 ,6124 15x1 45 ,5 0,17 791,7 4,69 67,77 859,47 1234 ,56 

3 7,5 2858 246 ,144 18x1 117 0,34 877,5 14,49 837 ,52 1500 3215,02 4449 ,58 

D e s i g n o f p r e s e t t i n g o f r a d i a t o r v a l v e 

7333,85 - 4449 ,58 = 2884,27 P a p r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e f, (-) 

1 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

1 

3 8 10,4 0,6 0,3 0,15 0,04 22,49 

2 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

2 
2,6 0,6 1,3 0,15 0,04 4,69 

3 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g K K x 4 I 

3 
10,4 0,6 1,3 0,15 0,04 2 14,49 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 10 -VKL 600 /1600 i n r o o m 104 A 

Se c . N o . 
1 ( m ) 

Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

5 

(-) 

Z 

(Pa) 

V a l v e s e t t i n g T R V / H R S A P R V 

(Pa) 

R * l + Z + 

A P R V 

A P D I S 

(Pa) 

4 1,8 499 42 ,9761 12x1 34 ,4 0,15 61,92 18,29 205,76 TRV(3) | 267,68 267,68 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3259 ,36 - 267,68 = 2991,68 P a P r e s e t t i n g a c c o r d i n g t o d i a g r a m (3) 

Loca l r e s i s t a n c e § (-) 

4 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 1,3 0,15 0,04 18,29 

D i m e n s i o n i n g o f c i r c u i t t o r a d i a t o r 10 - V K 6 0 0 / 1 2 0 0 i n r o o m 106 A 

S e c . N o . 1 ( m ) Q M D N R w R*l Z V a l v e s e t t i n g T R V / H M 
A P R V 

R*l+Z + 
A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) (Pa) A p R V 

(Pa) 

(Pa) 

5 5,314 374 32 ,2105 10x1 60,2 0,18 319,9 22,49 364 ,34 TRV(3 ) 684 ,24 684 ,24 

6 6,2 748 64 ,4211 12x1 108 0,23 669 ,6 1,09 28 ,83 698 ,43 1382,67 

7 5,962 1350 ,00 116,268 1 5 x 1 89 ,1 0,25 531 ,21 3,69 115 ,31 646 ,53 2029 ,20 

8 1,552 1922,00 165 ,531 1 5 x 1 161 0,35 249,87 1,09 66 ,76 316 ,63 2345 ,83 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

4118 ,83 - 2345,83 = 1773,00 Pa p r e s e t t i n g a c c o r d i n g t o d i a g r a m (3) 

Loca l r e s i s t a n c e i; (-) 

5 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

5 

3 8 10,4 0,6 0,3 0,15 0,04 22,49 

6 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

6 
0,6 0,3 0,15 0,04 1,09 

7 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

7 
2,6 0,6 0,3 0,15 0,04 3,69 

8 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

8 
0,6 0,3 0,15 0,04 1,09 
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D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K 6 0 0 / 1 2 0 0 i n r o o m 1 0 6 A 

S e c . N o . 1 ( m ) Q M D N R w R*l Z V a l v e s e t t i n g T R V / H M ApRV 

R * l + Z + 
A P D I S 

( W ) (kg/h) ( D x t ) ( P a / m ) ( m / s ) (Pa) (Pa) (Pa) ApRV 

(Pa) 

(Pa) 

9 5 ,156 374 32 ,2105 10x1 60,2 0,18 310 ,39 18,29 296,30 T R V ( 2 ) | 606 ,69 606 ,69 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

2457 ,24 - 606 ,69 = 1850,55 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e £, (-) 

9 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 1,3 0,15 0,04 18,29 

D i m e n s i o n i n g o f s e c t i o n s t o r a d i a t o r K L C - M 1 2 2 0 / 4 5 0 i n r o o m 1 0 5 A 

S e c . N o . 1 ( m ) Q M D N R w R*l Z V a l v e s e t t i n g T R V / H M A P R V R*l+Z + 
A P D I S 

( W ) (kg/h) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) (Pa) ApRV 

(Pa) 

(Pa) 

10 7,1 243 20 ,9282 10x1 32 ,8 0,12 232 ,88 25,59 184,25 H M ( 0 , 5 ) 417 ,13 417 ,13 

11 1,4 602 51 ,8469 12x1 66 ,1 0,19 92 ,54 2,09 37 ,72 130 ,26 562 ,58 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3155 ,67 - 562 ,58 = 2593,09 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (0,5) 

Loca l r e s i s t a n c e £ (-) 

10 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 10 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

10 

2,5 8 13 0,6 1,3 0,15 0 ,04 25,59 

11 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

11 
0,6 1,3 0,15 0 ,04 2,09 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K 6 0 0 / 7 0 0 i n r o o m 1 0 1 A 

S e c . N o . 1 ( m ) 
Q 

( W ) 

M 

(kg/h) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M 

A P R V 

(Pa) 

R * l + Z + 

ApRV 

(Pa) 

A P D I S 

(Pa) 

12 3,55 359 30 ,9187 10x1 51 ,4 0,17 182,47 17,29 249,84 T R V ( 2 ) | 432 ,31 432 ,31 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3010 ,22 - 432 ,31 = 2577 ,91 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e £, (-) 

12 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 0,3 0,15 0,04 17,29 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K L 7 0 0 / 1 6 0 0 i n r o o m 1 0 7 A 

S e c . N o . 1 M 
Q 

( W ) 

M 

(kg/h) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M ApRV 

(Pa) 

R * l + Z + 

ApR V 

(Pa) 

A P D I S 

(Pa) 

13 12,8 572 49 ,2632 12x1 56,9 0,18 728 ,32 23,49 380 ,54 TRV(3 ) 1 1108 ,86 1108 ,86 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3802 ,19 - 1108,86 = 2693,34 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (3) 

Loca l r e s i s t a n c e £, (-) 

13 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 10,4 0,6 1,3 0,15 0,04 23,49 
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T e m p e r a t u r e d i f f e r e n c e 10K (55/45) 

D i m e n s i o n i n g o f b a s i c c i r c u i t t o r a d i a t o r 11 - V K 600 /1000 i n r o o m 104 B ( a p a r t m e n t 2) 

Se c . N o . 1 (m) Q M D N R w R*l 5 Z V a l v e H e a t m e t e r A P R V R * l + Z + A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) s e t t i n g S h a r k y 7 7 4 (Pa) A P R V (Pa) 

T R V / H M ( D N 2 0 ) ( P a ) (Pa) 

1 8 513 44,1818 12x1 41 ,1 0,16 328,8 22,49 287,87 TRV(4) 616 ,67 616,67 

2 17,4 1012 87,1579 15x1 50,2 0,18 873 ,48 4,69 75,98 949 ,46 1566,13 

3 7,5 3346 288,172 18X1 157 0,40 1177,5 14,49 1159,20 1800 4136 ,70 5702,83 

D e s i g n o f p r e s e t t i n g o f r a d i a t o r v a l v e 

7333,85 5702,83 = 1631,02 P a p r e s e t t i n g a c c o r d i n g t o d i a g r a m (4) 

Loca l r e s i s t a n c e i; (-) 

1 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

1 

3 8 10,4 0,6 0,3 0,15 0,04 22,49 

2 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

2 
2,6 0,6 1,3 0,15 0,04 4,69 

3 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g K K x 4 I 

3 
10,4 0,6 1,3 0,15 0,04 2 14,49 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K 600 /1600 i n r o o m 104 B 

Se c . N o . 

1 ( m ) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

5 

(-) 

Z 

(Pa) 

V a l v e s e t t i n g T R V / H R S 

A P R V 

(Pa) 

R * l + Z + 

A P R V 

(Pa) 

A P D I S 

(Pa) 

4 1,8 499 42 ,9761 12x1 34 ,4 0,15 61,92 18,29 205,76 TRV(3) 267,68 267,68 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

2247,69 - 267,68 = 1980 ,01 P a P r e s e t t i n g a c c o r d i n g t o d i a g r a m (3) 

Loca l r e s i s t a n c e § (-) 

4 
r a d i a t o r c o n n e c t i o n e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

4 
3 8 5,2 0,6 1,3 0,15 0,04 18,29 

D i m e n s i o n i n g o f c i r c u i t t o r a d i a t o r 10 - V K L 6 0 0 / 1 2 0 0 i n r o o m 106 B 

Se c . N o . 1 ( m ) Q M D N R w R*l i. Z V a l v e s e t t i n g T R V / H M 
A p R V 

R * l + Z + 
A P D I S 

5 4,8 374 32 ,2105 10x1 60,2 0,18 288 ,96 17,29 280 ,10 TRV (3 ) 569 ,06 569 ,06 

6 6,2 873 75 ,1866 12x1 143 0,27 886 ,6 1,09 39 ,73 926 ,33 1495,39 

7 5,962 1719,00 148 ,048 18x1 50,2 0,21 299 ,29 3,5 77 ,18 376 ,47 1871 ,86 

8 1,552 2334 ,00 201 ,014 18x1 83,2 0,28 129,13 1,09 42 ,73 171,85 2043 ,71 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3197 ,15 - 2043 ,71 = 1153,44 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (3) 

Loca l r e s i s t a n c e i; (-) 

5 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 0,3 0,15 0,04 17,29 

c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

0,6 0,3 0,15 0,04 1,09 

7 
e l b o w x 2 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

7 
2,6 0,6 0,3 3,50 

Q c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 
O 

0,6 0,3 0,15 0,04 1,09 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K L 6 0 0 / 1 6 0 0 i n r o o m 106 B 

S e c . N o . 1 M Q M D N R w R*l Z V a l v e s e t t i n g T R V / H M 
A p R V 

R*l+Z + 
A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) ( Pa ) (-) (Pa) ( Pa ) A P R V 

(Pa) 

( Pa ) 

9 5 ,156 499 42 ,9761 12x1 34 ,4 0,15 177,37 18,29 205 ,76 TRV(5 ) | 383 ,13 383 ,13 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

1722 ,50 - 383 ,13 = 1339 ,37 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (5) 

Loca l r e s i s t a n c e 5 (-) 

9 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

9 

3 8 5,2 0,6 1,3 0,15 0 ,04 18,29 
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D i m e n s i o n i n g o f s e c t i o n s t o r a d i a t o r K L C - M 1 5 0 0 / 7 5 0 i n r o o m 105B 

Sec . N o . 1 ( m ) Q M D N R w R*l 5 Z V a l v e s e t t i n g T R V / H M A P R V R * l + Z + A P D I S 

( W ) ( kg /h ) ( D x t ) ( P a / m ) ( m / s ) (Pa) (-) (Pa) (Pa) A P R V 

(Pa) 

(Pa) 

10 7,1 487 41 ,9426 12x1 34,4 0,15 244,24 25,59 287,89 HM(1 ) 532 ,13 532,13 

11 1,4 846 72 ,8612 15x1 32,1 0,15 44 ,94 2,09 23,51 68,45 500 ,76 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

2648,83 - 500 ,76 = 2148,07 P a P r e s e t t i n g a c c o r d i n g t o d i a g r a m (1) 

Loca l r e s i s t a n c e 5 (-) 

10 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 10 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

10 

2,5 8 13 0,6 1,3 0,15 0,04 25,59 

11 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

11 
0,6 1,3 0,15 0,04 2,09 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 10 -VKL 6 0 0 / 7 0 0 i n r o o m 101B 

Sec . N o . 1 ( m ) 
Q 

( W ) 

M 

(kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M A P R V 

(Pa) 

R * l + Z + 

A P R V 

(Pa) 

A P D I S 

(Pa) 

12 3,55 359 30,9187 10x1 51,4 0,17 182,47 17,29 249,84 TRV(2) | 432 ,31 432 ,31 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

2680,19 - 432 ,31 = 2247,88 P a P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e i, (-) 

12 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 4 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 5,2 0,6 0,3 0,15 0,04 17,29 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 11 -VK 600 /1200 i n r o o m 107B 

Sec . N o . 1 ( m ) 
Q 

( W ) 

M 

(kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M 

A P R V 

(Pa) 

R*l+Z + 

A P R V 

(Pa) 

A P D I S 

(Pa) 

13 12,8 615 52 ,9665 12x1 66,1 0,19 846,08 23,49 423,99 TRV(5) | 1270,07 1270,07 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3025 ,30 - 1270,07 = 1755,22 P a P r e s e t t i n g a c c o r d i n g t o d i a g r a m (5) 

Loca l r e s i s t a n c e i, (-) 

13 
r a d i a t o r 

c o n n e c t i o n 

v a l v e x 2 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g KK I 

3 8 10,4 0,6 1,3 0,15 0,04 23,49 
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Dimensioning of communal rooms 

Riser S3 
D i m e n s i o n i n g o f r i s e r S 3 u n t i l r a d i a t o r 10 -VK 6 0 0 / 1 6 0 0 r o o m 3 1 1 

T e m e p e r a t u r e d i f f e r e n c e 10K(55/45)  

S e c . N o . 1 ( m ) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

Ft 

( P a / m ) 

w 

( m / s ) 

Ft*l 

(Pa) 

5 

(-) 

Z 

(Pa) 

F i l t e r 

(Pa) 

H e a t m e t e r 

(Pa) 

A P R V 

(Pa) 

R*l+Z + 

A P R V 

A P D I S 

( Pa ) 

1 15 ,568 499 42 ,9761 10x1 134 0,24 2086 ,1 16,99 489 ,31 3 2 0 2895,42 2895,42 

2 3 ,564 9 9 8 85 ,9522 15x1 50,2 0,18 178 ,91 4,5 72 ,90 251 ,81 3147 ,24 

3 1,98 1391 119 ,799 15x1 89 ,1 0,25 176,42 1,39 43 ,44 219 ,86 3367 ,09 

4 1,45 2106 181 ,378 18x1 68 ,1 0,25 98 ,745 1,2 37 ,50 136,25 3503 ,34 

5 19 ,83 2721 234 ,344 18x1 111 0,33 2201 ,1 1,2 65 ,34 2266,47 5769 ,81 

6 4 ,636 2939 253,12 18x1 123 0,35 570 ,23 1,2 73 ,50 643 ,73 6413 ,54 

7 7,8 4297 370 ,077 22x1 83,7 0,33 652 ,86 11,4 620 ,73 1140 3000 5413 ,59 11827,13 

V a l v e s e t t i ng o f r a d i a t o r 10 - V K 600 /1600 i n r o o m 3 1 1 : T R V (8) 

Hea t m e t e r S h a r k y 7 7 4 ( D N 20) A p R V = 3000 Pa 

F i l t e r ( D N 2 0 ) A p R V = 1140 Pa 

B a l a n c i n g v a l v e ( D N 2 0 ) A p R V = 6000 Pa 

T h r e e w a y v a l v e ( D N 2 0 ) A p R V = 2,2 Pa 

Loca l r e s i s t a n c e i, (-)  

1 
e l b o w x 12 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

1 
15,6 0,9 0,3 0,15 0,04 16,99 

2 
c o n n e c t i o n d i v i s i o n I 

2 
3 1,5 4 ,50 

3 
c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

3 
0,9 0,3 0,15 0,04 1,39 

4 
c o n n e c t i o n d i v i s i o n I 

4 
0,9 0,3 1,20 

5 
c o n n e c t i o n d i v i s i o n I 

5 
0,9 0,3 1,20 

6 
c o n n e c t i o n d i v i s i o n I 

6 
0,9 0,3 1,20 

7 
V K x 2 Z K x l e l b o w x 2 c o l l e c t o r a n d d i s t r i b u t e r e n t r a n c e c o l l e c t o r a n d d i s t r i b u t e r e x i t K K x 4 I 

7 
1 4,3 2,6 1 0,5 2 11 ,40 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 10 -VK 6 0 0 / 1 6 0 0 i n r o o m 2 1 1 

S e c . N o . 1 ( m ) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M A p R V 

(Pa) 

R*l+Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

8 8,64 499 42 ,9761 10x1 134 0,24 1157,8 14,39 414,43 TRV(4 ) | 1572,19 1572,19 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

2895 ,42 - 1572,19 = 1323,23 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (4) 

Loca l r e s i s t a n c e i; (-) 

8 
e l b o w x 10 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

8 
13 0,9 0,3 0,15 0,04 14,39 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K L 7 0 0 / 1 1 0 0 i n r o o m 108 

S e c . N o . 1 ( m ) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M 

A p R V 

(Pa) 

R * l + Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

9 4 393 33 ,8469 10x1 67 0,19 268 9,19 165,88 TRV(2 ) | 433 ,88 433 ,88 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3147 ,24 - 433 ,88 = 2713,36 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (2) 

Loca l r e s i s t a n c e i; (-) 

9 
e l b o w x 6 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

9 
7,8 0,9 0,3 0,15 0,04 9,19 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 1 - V K L 7 0 0 / 2 0 0 0 i n r o o m S 1 0 6 

S e c . N o . 1 ( m ) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M A P R V 

(Pa) 

R * l + Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

10 18,334 715 61 ,5789 12x1 99,7 0,22 1827,9 11,79 285,32 TRV(6 ) | 2113 ,22 2113,22 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3367 ,09 - 2113,22 = 1253,87 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (6) 

Loca l r e s i s t a n c e i; (-) 

10 
e l b o w x 8 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

10 
10,4 0,9 0,3 0,15 0,04 11,79 

6000 17827 ,13 

2200 20027 ,13 

154 



D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 11 -VKL 600 /1200 i n r o o m S105 

Sec . N o . 1 (m) 
Q 

( W ) 

M 

(kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M flPRV 

(Pa) 

R * l + Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

11 17,7 615 52 ,9665 12x1 66 ,1 0,19 1170 9,19 165,88 TRV(4) | 1335,85 1335,85 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

3503 ,34 - 1335,85 = 2167,49 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (4) 

Loca l r e s i s t a n c e 5 (-) 

11 
e l b o w x 6 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

11 
7,8 0,9 0,3 0,15 0,04 9,19 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 1 0 - V K 6 0 0 / 7 0 0 i n r o o m S104 

S e c . N o . 1 (m) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M A p R V 

(Pa) 

R*l+Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

12 11 ,164 218 18 ,7751 10x1 30 0,11 334 ,92 9,19 55 ,60 T R V ( l ) | 390,52 390,52 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

5769 ,81 - 390 ,52 = 5379 ,29 Pa | P r e s e t t i n g a c c o r d i n g t o d i a g r a m (1) 

Loca l r e s i s t a n c e £ (-

12 
e l b o w x 6 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

12 
7,8 0,9 0,3 0,15 0,04 9,19 

D i m e n s i o n i n g o f s e c t i o n t o r a d i a t o r 2 2 - V K L 600 /1500 i n r o o m S 1 0 3 A 

S e c . N o . 1 (m) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

Z 

(Pa) 
V a l v e s e t t i n g T R V / H M A p R V 

(Pa) 

R*l+Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

13 8,7 1358 116,957 15x1 89 ,1 0,25 775 ,17 9,19 287,19 TRV(6 ) | 1062 ,36 1062 ,36 

D e s i g n o f p r e s e t t i n g o f v a l v e o f r a d i a t o r 

6413 ,54 - 1062,36 = 5351 ,18 Pa P r e s e t t i n g a c c o r d i n g t o d i a g r a m (6) 

Loca l r e s i s t a n c e £ (-) 

13 
e l b o w x 6 c o n n e c t i o n d i v i s i o n e n l a r g e m e n t n a r r o w i n g I 

13 
7,8 0,9 0,3 0,15 0,04 9,19 

Dimensioning of hot water preparation circuit 
T e m p e r a t u r e d i f f e r e n c e 10K (55/45)  

Se c . N o . 1 (m) 
Q 

( W ) 

M 

(kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

£. 

(-) 

Z 

(Pa) 

F i l t e r 

(Pa) 

S t o r age 

h e a t e r ( P a ) 

A p R V 

(Pa) 

R * l + Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

1 8,8 6522 561,703 22x1 176 0,5 1548,8 18,1 2262,50 2620 350 6781 ,30 6781 ,30 

B a l a n c i n g v a l v e (DN20) A p R V = 1 0 5 0 0 P a 10500 17281,30 

Loca l r e s i s t a n c e £, (-) 

1 
e l b o w x 6 

En t r an c e t o 

s t o r age h e a t e r 

Ex i t o f s t o r a g e 

h e a t e r 

En t r an ce t o 

d i s t r i b u t e r 

a n d c o l l e c t o r 

Ex i t o f d i s t r i b u t e r 

a n d c o l l e c t o r 
K K x 6 

ZK I 
1 

7,8 1 0,5 1 0,5 3 4,3 18,10 

Dimensioning of the circuit between storage tank and collector and distributer 
T e m p e r a t u r e d i f f e r e n c e 10K (55/45) 

Se c . N o . 1 (m) 
Q 

( W ) 

M 

(kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

£. 

(-) 

Z 

(Pa) 

R * l + Z + 

Ap„v 

(Pa) 

A P D I S 

(Pa) 

1 13,5 22000 1894,74 35x1 ,5 161 0,66 2173,5 11,8 2570,04 4743 ,54 4743 ,54 

Loca l r e s i s t a n c e £, (-) 

1 
e l b o w x 6 

En t r an ce t o a c c u m u l a t i o n 

t a n k 
Ex i t o f a c c u m u l a t i o n t a n k 

Ex i t o f d i s t r i b u t e r 

a n d c o l l e c t o r 

En t r an ce t o d i s t r i b u t e r 

a n d c o l l e c t o r 
K K x 2 I 

1 

7,8 1 0,5 0,5 1 1 11,80 

Dimensioning of the circuit between each internal unit of heat pump and storage tank 
T e m p e r a t u r e d i f f e r e n c e 10K (55/45) 

Se c . N o . 1 ( m ) 
Q 

( W ) 

M 

(kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) 

£. 

(-) 

Z 

(Pa) 

F i l t e r 

(Pa) 

R * l + Z + 

A p R V 

A P D I S 

(Pa) 

1 17,5 10850 934,45 28x1 ,5 153 0,54 2677,5 17 2478,60 2560 7716 ,10 7716 ,10 

Loca l r e s i s t a n c e £, (-) 

1 
e l b o w x 10 

En t r an c e t o 

a c c u m u l a t i o n 

t a n k 

Ex i t o f a c c u m u l a t i o n t a nk 

K K x 5 

I 
1 

13 1 0,5 2,5 17,00 
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Dimensioning of the circuit between each internal unit and external unit of heat pump 
T e m p e r a t u r e d i f f e r e n c e 10K (55/45) 

Se c . N o . 1 ( m ) 
Q 

( W ) 

M 

( kg /h ) 

D N 

( D x t ) 

R 

( P a / m ) 

w 

( m / s ) 

R*l 

(Pa) (-) 

Z 

(Pa) 

A p R V 

(Pa) 

R*l+Z + 

A p R V 

(Pa) 

A P D I S 

(Pa) 

1 3,9 10850 934 ,45 28x1 ,5 153 0,54 596 ,7 13 1895,40 22900 25392 ,10 33108 ,20 

B.6. Design of Balancing valves 
A b a l a n c i n g v a l v e is d e s i g n e d f o r e a c h o f t h e m a i n b r a n c h e s B l , B2 a n d B3 o n t h e 

d i s t r i b u t e r a n d c o l l e c t o r . 

T h e p u r p o s e o f t h e s e v a l v e s a t b r a n c h e s B l , B2 , a n d B 3 ( h e a t i n g c i r cu i t s ) is o n l y m e a s u r i n g 

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

A l s o , a b a l a n c i n g v a l v e is d e s i g n e d f o r t h e b r a n c h o f ho t w a t e r p r e p a r a t i o n c i r c u i t o n t h e 

d i s t r i b u t e r a n d c o l l e c t o r . T h e p u r p o s e o f it is m e a s u r i n g o f t h e f l o w o f h e a t i n g w a t e r a n d 

r a i s i n g t h e p r e s s u r e loss v a l u e b e c a u s e o n t h i s b r a n c h w e h a v e s m a l l p r e s s u r e loss . 

Branch Bl: M a s s f l o w : M = 7 6 8 , 1 4 k g / h 

Balancing valve D 9505 from company hydronix, DN25, Presetting level: 2,5 Kv=4,8. 

AP = 2,5 kPa 

Branch B2: M a s s f l o w : M = 8 1 0 , 1 7 k g / h 

Balancing valve D 9505 from company hydronix, DN25, Presetting level: 2,5. Kv=4,8. 

AP = 2,9 kPa 

Branch B3: M a s s f l o w : M = 3 7 0 , 0 7 7 k g / h 

Balancing valve D 9505 from company hydronix, DN20, Presetting level: 2,5. Kv=l,5. 

AP = 6 kPa 

Hot water preparation branch: M a s s f l o w : M = 5 6 1 , 7 k g / h 

Balancing valve D 9505 from company hydronix, DN20, Presetting level: 2,5. Kv=l,5. 

AP = 10,5 kPa 

P r e s s u r e l o s se s w e r e t a k e n f r o m t h e g r a p h s , w h i c h a r e p r o v i d e d b y t h e m a n u f a c t u r e r . 
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Hodnota přednastavení 
i n o i n o . m o o 
o •-" c\í o j c r i t t 

10000 

[l/h] 

Figure 48-Presetting graph of balancing valve Hydronix D 9505[53] 

Hodnota přednastavení 
m o i n o m o i n o 
o T - T - CM" CM" ci co •>!•* 

10 50 100 500 1000 5000 10000 

Prútok [l/h] 

Figure 49-Presetting graph of balancing valve Hydronix D 9505[53] 
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B.7. Design of Heat meters 
H e a t m e t e r s in t h e n i c h e s b e f o r e e a c h a p a r t m e n t w i l l b e u s e d t o m e a s u r e t h e a m o u n t o f 

h e a t t a k e n f r o m e a c h i n d i v i d u a l a p a r t m e n t . A l s o , o n e h e a t m e t e r w i l l b e p o s i t i o n e d o n 

b r a n c h B3 in t h e t e c h n i c a l r o o m f o r m e a s u r i n g t h e a m o u n t o f h e a t u s e d f o r c o m m u n a l 

a r e a s . 

I c h o s e h e a t m e t e r s t y p e S H A R K Y 7 7 5 D N 2 0 . H e a t m e t e r s w i l l b e p l a c e d o n h e a t i n g w a t e r 

p i p e a n d w i l l b e c o n n e c t e d w i t h a t e m p e r a t u r e m e a s u r i n g ba l l v a l v e o n t h e r e t u r n p i pe s . 

P r e s s u r e l o s se s w e r e t a k e n f r o m t h e f o l l o w i n g g r a p h , w h i c h is p r o v i d e d by t h e 

m a n u f a c t u r e r . 

1. q„0.6| DN 15 4. q„ 1.0/1.5 I DN 20 7. q, 10 | ON 40 10. q„ 40 | DN 80 
2 q . 0 6 | D N 2 0 6. q p 2.S | DN 20 8 q 15|D\50 11 q. 60/100 | DN 100 
3. q. 1.0/1.5 | DN 15 6 q.. 3 5/6 | DN 25/32 9 q. 25 | DN 65 

1.12. 3 .14. 5. 6. 7. 8. 9. 

F l o w rate [l/h] 

Figure 50- pressure loss graph of heat meter sharky 775 [54] 

B.8. Design of three-way mixing valves 
T h e r e q u i r e d p r e s s u r e loss o f t h e v a l v e is r e c o m m e n d e d b y t h e m a n u f a c t u r e r a n d is 5 0 % 

o f A P d i s t o e n s u r e s u f f i c i e n t a u t h o r i t y . A p d i s is t h e t o t a l c i r c u i t p r e s s u r e loss i n c l u d i n g 

b a l a n c i n g p r e s s u r e loss . I u s e d o n l i n e c a l c u l a t o r at t z b - i n f o . c z t o e s t i m a t e Kv va l u e . [ 55 ] 

Th i s c a l c u l a t o r u s e s t h e f o l l o w i n g e q u a t i o n s : 

F l o w f a c t o r : 

10 * V 
K = . [myh] 

W a t e r d e n s i t y : 
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p = 1000 - (t - 4) * [0,097 + 0,0036 * (t - 4)] [kg/m3] 

V o l u m e f l o w : 

r h 

V = — [m3/h] 
P 

Branch Bl: 

T o t a l c i r c u i t p r e s s u r e loss: A P d i s = 2 0 , 3 4 kPa 

M a s s f l o w : M = 7 6 8 , 1 4 kg / h 

R e q u i r e d v a l v e p r e s s u r e loss: A p v = 0,5 • 2 0 , 3 4 = 1 0 , 1 7 kPa 

V o l u m e f l o w = 0 , 778 m 3 / h 

F l o w f a c t o r Kv = 2 ,44 m 3 / h 

I s u g g e s t t h r e e w a y v a l v e ESBE V R G 1 3 1 : Kv= 2,5 m3/h, DN20, w i t h s e r v o d r i v e A R A 6 0 0 . 

Rea l p r e s s u r e loss , APrv = . 0 , 0 1 ) 2 = 9,44 Kpa 
Kv 

Branch B2: 

T o t a l c i r c u i t p r e s s u r e loss: A P d i s = 17 , 83 kPa 

M a s s f l o w : M = 8 1 0 , 1 7 k g / h 

R e q u i r e d v a l v e p r e s s u r e loss: A p v = 0,5 • 17 , 83 = 8 , 913 kPa 

V o l u m e f l o w = 0 ,82 m 3 / h 

F l o w f a c t o r Kv = 2,75 m 3 / h 

I s u g g e s t t h r e e w a y v a l v e ESBE V R G 1 3 1 : Kv= 4 m3/h, DN20, w i t h s e r v o d r i v e A R A 6 0 0 . 

Rea l p r e s s u r e loss, APrv = . 0 , 0 1 ) 2 = 4,1 Kpa 
Kv 

Branch B3: 

T o t a l c i r c u i t p r e s s u r e loss: A P d i s = 17 , 83 kPa 

M a s s f l o w : M = 3 7 0 , 0 8 k g / h 

R e q u i r e d v a l v e p r e s s u r e loss: A p v = 0,5 • 1 7 , 8 3 = 8 , 913 kPa 

V o l u m e f l o w = 0 , 3 7 5 m 3 / h 

F l o w f a c t o r Kv = 1,256 m 3 / h 

I s u g g e s t t h r e e w a y v a l v e ESBE V R G 1 3 1 : Kv= 2,5 m3/h, DN20, w i t h s e r v o d r i v e A R A 6 0 0 . 

Rea l p r e s s u r e loss, APrv = . 0 , 0 1 ) 2 = 2,2 Kpa 
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OTOČNÉ SMĚŠOVACÍ VENTILY 

S M Ě Š O V A C Í VENTILY 
Ř A D A V R G 1 3 0 

Smilováni Roziiitováni 

O T O Č N Ě S M Ě Š O V A C Í VENT I LY Ř A D Y V R Č 131 , VN ITŘN Í ZAVIT 

Z p l o š t ě l y k o n c e h ř í d e l e s r d c e v e n t i l u , s t e j nů 

j o k o u k a z a t e l knof l íku i n d i k u j e o t e v ř e n o u p e z i c i 

•hj.c. Označení Pripojení A B C • Hmot. [kg] Nahrazuje Pozri. 

J 1 6 0 D l • • vra ' 31 15 •.4 ns i 2 3 5 72 32 5 0 • .40 -
1 1 i EO as no v r a ' 3 i 1 5 0.B3 Hp 1/3" 3 E 73 3 3 5 0 • .40 3 M G 15-O.G 

' i ž 3 na •• vra 131 15 Hp 1/3- 3 6 72 3 3 5 0 • .40 3 M G 15-1J0 I 

1 1 6 D Q 4 • • VHG131 15 1 £ 3 Hp 1/3" 3 6 73 3 3 5 0 • .40 3 M G 15-1J6 

116Ü Ü5 • • VHG131 15 2.5 Hp 1/3" 3 6 72 3 3 5 0 • .40 3 M G 15-3.5 

11 = 0 DE no VRG131 15 Hp 1/3- 3 6 73 3 3 5 0 • .40 

116Ü Ü7 • • V r a 131 30 2.5 Hp 3/4" 3 6 73 1 3 3 5 0 • .43 — I 

1 ' 1Ž0 o a • • VRG131 2 0 H p 3 / 4 " 3 6 73 3 3 5 0 • .43 3 M G 3 D - 4 

116Ü og •• VRG131 3 0 B.3 H p 3 / 4 " 3 6 72 3 3 5 0 • .43 3 MG3D-E . 3 

1 11BD 1Ü • • VRG131 3 5 B.3 Hp ľ 41 93 3 4 53 1 7 0 3 M G 3 5 - B 

11SG 11 Ü 0 VBG131 3 5 IG Hp ľ 41 B2 24 52 C 7 C 3 M G 35-13 

1 11BD 12 • • VRG131 3 3 IB Hp 1 1/4' 47 an 3 7 55 • .95 3 M G 33-18 

11BO 13 • • V B G 131 4D 35 Hp 1 1/3 ' 5 5 116 4 4 B2 1.75 3 G 40 -36 

11BD 14 • • VRG131 50 3 G 5 C M 4 

Figure 51- Technical data sheet of the three-way mixing valve ESBE VRG131[56] 

B.9. Design of circulating pumps 

T h e ba s i c p a r a m e t e r s f o r t h e d e s i g n o f a c i r c u l a t i n g p u m p a r e v o l u m e f l o w , a n d p r e s s u r e 

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

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

T h e p u m p is d e s i g n e d f o r c a l c u l a t i o n o p e r a t i n g p o i n t so t h a t it o p e r a t e s in t h e r a n g e o f 

m a x i m a l E f f i c i en cy . 

Branch Bl: M a s s f l o w = 7 6 8 , 1 4 kg /h = 0 ,768 m 3 / h 

H e a t i n g c i r c u i t p r e s s u r e loss = 2 9 , 7 8 kPa 

I s u g g e s t c i r c u l a t i n g p u m p G r u n d f o s A L P H A A 2 2 5 - 5 0 1 3 0 
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Figure 52-circulating pump Grundfos ALPHA A2 25-50 130 [57] 

Branch B2: M a s s f l o w = 8 1 0 , 1 7 kg /h 

H e a t i n g c i r cu i t p r e s s u r e loss = 2 1 , 9 3 kPa 

I s u g g e s t c i r c u l a t i n g p u m p G r u n d f o s A L P H A A 2 2 5 - 4 0 1 3 0 
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Branch B3: M a s s f l o w = 3 7 0 , 1 kg /h 

H e a t i n g c i r c u i t p r e s s u r e loss = 2 0 , 0 3 kPa 

I s u g g e s t c i r c u l a t i n g p u m p G r u n d f o s A L P H A A 2 2 5 - 4 0 1 3 0 
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Branch of hot water preparation circuit: 

M a s s f l o w = 5 6 1 , 7 kg /h 

H e a t i n g c i r cu i t p r e s s u r e loss = 17 , 28 kPa 

I s u g g e s t c i r c u l a t i n g p u m p A L P H A A 2 2 5 - 4 0 1 3 0 
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A L P H A 2 2 5 - 1 0 1 3 0 

Q = 5 6 1 . 0 l/h 

H = 1 7 . 2 B h;Pa 

Če rpaná t a p a l ina = V o d a 

T e p l o t a k a p a l i n y bé h e r n p r o v a z u = 5 5 : C 

- . j : t a = 9 B 5 . 7 k g / m 3 

s: 

7 0 

I 5 0 

Č: 

-s 

s : 

h 2 0 

2 0 0 -100 0 0 0 S C O 1 0 0 0 1 2 0 0 1 -100 1 0 0 0 1 B 0 0 2 0 0 0 2 2 0 0 2 400 Q [l/h] 

= • 

".v 

io H 

P 1 = 3 . " 3 2 ,V 

Figure 55-circulating pump Grundfos ALPHA A2 25-40 130[57] 

Figure 56-Grundfos ALPHA2 circulation pump with thermal insulation[57] 

Circulating pump in the internal unit of each heat pump: 

M a s s f l o w = 9 3 4 , 5 kg /h 
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P r e s s u r e loss = 3 3 , 1 1 kPa 

Ea ch i n t e r n a l u n i t o f e a c h h e a t p u m p is p r o v i d e d w i t h a c i r c u l a t i n g p u m p G r u n d f o s U P M 

G E O 2 5 - 8 5 P W M by t h e m a n u f a c t u r e r , w h i c h a r e c o n t r o l l e d by e l e c t r i c c h a n g e o f t u r n s . In 

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

it is s u f f i c i e n t . 

Figure 57-UPM GEO 25-85 circulating pump curve with marked working point[57] 

B.10. Design of distributer and collector 
A s a pa r t o f t h e d e s i g n o f t h e t e c h n i c a l r o o m , I a m d e s i g n i n g a c o m b i n e d d i s t r i b u t e r a n d 

c o l l e c t o r , f r o m c o m p a n y ETL. I u s e d t h e ETL o n l i n e s o f t w a r e f o r t h e de s i gn . [ 58 ] 

Inpu t d a t a o f d i s t r i b u t e r a n d c o l l e c t o r d e s i g n - V o l u m e f l o w : 

B r a n c h B l / S l 7 6 8 , 1 4 kg /h 

B r a n c h B 2 / S 2 8 1 0 , 1 7 kg/h 

B r a n c h B 3 / S 3 3 7 0 , 0 7 7 kg /h 

H e a t i n g o f h o t w a t e r 5 6 1 , 7 0 kg /h 

Total volume flow = 2510 kg/h = 2,51 m 3 /h 
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150 150 150 150 150 150 150 150 100 150 100 

G l " G l " G l " G l " G 3 / 4 * G 3 / 4 " G l " G l * G 3 / 4 * G 3 / 4 " 
v = 150 v=150 v = 150 v=150 v=150 v = 150 v=150 v=150 v=150 v=150 

750 

G2" G2-
v=150 v=150 

150 

G l / 2 " G l / 2 ' 
100 100 

650 

D is t r ibuter and co l l ec tor type 

Type and numbe r o f stands 

The rma l iso lat ion 

Figure 58-distributer and collector design 

RS KOMBI w i th insu lat ion, M O D U L E 100, PN 6, Tm ax=105°C, l=1550mm, 

M = 32,9 kg 

KFS 65-200/400, m=2,00kg - 2x 

PUR 100, m=0,20kg 

Des igner Nour Kováčova 

M o d u l e size 100 

Nom ina l pressure PN 6 Bar 

Max ima l ope ra t i ng 

t empe r a t u r e 105° C 

Length 1550 m m 

We igh t 32,9 kg 

TABULKA UVÁDÍ POUZE ORIENTAČNÍ VÝKONOVÉ PARAMETRY! VŽDY ZÁLEŽÍ NA ROZMÍSTĚNÍ HRDEL! 

Qma* • [mVhod] 6 1 0 1 5 2 3 4 2 6 5 9 5 1 3 0 

do vykanu [ k W | př i . \ t = 2 0 1 2 0 2 5 0 i L O b i o 1 0 0 0 1 5 0 0 2 1 0 0 3 0 0 0 

MODUL SO 1 0 0 1 2 0 1 5 0 2 0 0 2 5 0 3 0 0 3 5 0 

Průtok, průřez k o m o r S t (m !J 0 . 0 0 1 9 0 . 0 0 2 3 0 . 0 0 4 0 0 . 0 0 7 0 0 , 0 1 1 4 0 . 0 1 7 6 0 . 0 2 7 1 0 . 0 3 8 0 

Max. délka ( m | 1.5 2 . 0 3 . 0 

Těla všech RS KOMBI standardně PN 0 , 6 M P a , t e p l o t a 1 1 0 * C 

Figure 59-parameters of distributor and collector ETL[59] 

T h e d e s i g n e d c o m b i n e d c o l l e c t o r a n d d i s t r i b u t e r ETL m o d u l e 1 0 0 has a m a x i m a l f l o w o f 

Qmax= 1 0 m 3 / h a n d c o n t a i n s in t o t a l 5 p a i r e d b r a n c h e s : 3 h e a t i n g b r a n c h e s , o n e b r a n c h 

f o r h o t w a t e r p r e p a r a t i o n a n d o n e b a c k u p b r a n c h . It is f i x e d o n t w o s t a n d s a n d p r o v i d e d 

by d r a i n i n g p i pe s . 

T h e c o n n e c t i o n o f c o l l e c t o r a n d d i s t r i b u t e r is s e l e c t e d a p p r o x i m a t e l y in t h e m i d d l e o f t h e 

p r o d u c t . 
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B. l l . Design of security equipments 
B. l l . l . Design of expansion tank 

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

t h e r m a l v o l u m e c h a n g e s , a n d it p r e v e n t s u n w a n t e d p r e s s u r e i n c r e a s e a n d u n n e c e s s a r y 

h e a t i n g w a t e r l o s ses . T h e c a l c u l a t i o n is m a d e a c c o r d i n g t o ČSN 0 6 0 8 3 0 . 

Water volume in pipes Vp: 

DN 
Water volume in lm of 

pipe(l/m) 
length of 
pipes(m) 

total water 
volume(l) 

12x1 0,079 222,0 17,43 

10x1 0,050 172,2 8,66 

15x2 0,133 120,2 15,95 

18x2 0,201 69,6 14,00 

22x1 0,314 44,4 13,94 

28x1,5 0,491 89,7 44,05 

35x1,5 0,804 13,5 10,86 

I 124,18 

167 



Water volume in radiators V R : 
Room No. Type of radiator Water 

volume in 

radiator(l/m) 

Water 

volume in 

radiator(l) 

S 1 0 3 R a d i k 2 2 V K L - 6 0 0 / 1 5 0 0 5 , 8 8 , 7 0 

S 1 0 4 R a d i k l O V K - 6 0 0 / 7 0 0 3 , 1 2 , 1 7 

S 1 0 5 R a d i k 1 1 V K L - 6 0 0 / 1 2 0 0 3 , 1 3 , 7 2 

S 1 0 6 R a d i k 1 1 V K L - 7 0 0 / 2 0 0 0 3 , 5 7 , 0 0 

S 1 0 8 R a d i k 1 0 V K L - 7 0 0 / 1 1 0 0 3 , 1 3 , 4 1 

1 0 1 A R a d i k l O V K - 6 0 0 / 7 0 0 3 , 1 2 , 1 7 

1 0 4 A 
R a d i k 1 0 V K L - 6 0 0 / 1 6 0 0 

R a d i k 1 0 V K L - 6 0 0 / 1 4 0 0 
3 , 1 9 , 3 0 

1 0 5 A 
K o r a l u x l i n e a r c l a s s i c M -

1 2 2 0 / 4 5 0 
4 , 5 0 

1 0 6 A 
R a d i k l O V K - 6 0 0 / 1 2 0 0 

R a d i k l O V K - 6 0 0 / 1 2 0 0 
3 , 1 7 , 4 4 

1 0 7 A R a d i k 1 0 V K L - 7 0 0 / 1 6 0 0 3 , 5 5 , 6 0 

1 0 1 B R a d i k 1 0 V K L - 6 0 0 / 7 0 0 3 , 1 2 , 1 7 

1 0 4 B 
R a d i k l O V K - 6 0 0 / 1 6 0 0 

3 , 1 8 , 0 6 1 0 4 B 
R a d i k 1 1 V k - 6 0 0 / 1 0 0 0 

3 , 1 8 , 0 6 

1 0 5 A 
K o r a l u x l i n e a r c l a s s i c M -

1 5 0 0 / 7 5 0 
8 , 0 0 

1 0 6 B 
R a d i k 1 0 V K L - 6 0 0 / 1 6 0 0 

3 , 1 8 , 6 8 1 0 6 B 
R a d i k 1 0 V K L - 6 0 0 / 1 2 0 0 

3 , 1 8 , 6 8 

1 0 7 B R a d i k 1 1 V K - 6 0 0 / 1 2 0 0 3 , 1 3 , 7 2 

2 0 1 A R a d i k l O V K - 7 0 0 / 7 0 0 3 , 5 2 , 4 5 

2 0 4 A 
R a d i k 1 0 V K L - 6 0 0 / 1 6 0 0 

3 , 1 8 , 3 7 2 0 4 A 
R a d i k 1 0 V K L - 6 0 0 / 1 1 0 0 

3 , 1 8 , 3 7 

2 0 5 A 
K o r a l u x l i n e a r c l a s s i c M -

1 2 2 0 / 4 5 0 
4 , 5 0 

2 0 6 A 
R a d i k l O V K - 6 0 0 / 1 2 0 0 

3 , 1 6 , 8 2 2 0 6 A 
R a d i k l O V K - 6 0 0 / 1 2 0 0 

3 , 1 6 , 8 2 

2 0 7 A R a d i k 1 0 V K L - 6 0 0 / 1 6 0 0 3 , 1 4 , 9 6 

2 0 1 B R a d i k 1 0 V K L - 7 0 0 / 7 0 0 3 , 5 2 , 4 5 

2 0 4 B 
R a d i k l O V K - 6 0 0 / 1 6 0 0 

3 , 1 8 , 3 7 2 0 4 B 
R a d i k 1 0 V k - 6 0 0 / 1 1 0 0 

3 , 1 8 , 3 7 

2 0 5 B 
K o r a l u x l i n e a r c l a s s i c M -

1 2 2 0 / 4 5 0 
4 , 5 0 

2 0 6 B 
R a d i k 1 0 V K L - 6 0 0 / 1 2 0 0 

3 , 1 7 , 4 4 2 0 6 B 
R a d i k 1 0 V K L - 6 0 0 / 1 2 0 0 

3 , 1 7 , 4 4 

2 0 7 B R a d i k l O V K - 6 0 0 / 1 6 0 0 3 , 1 4 , 9 6 

2 1 1 R a d i k l O V K - 6 0 0 / 1 6 0 0 3 , 1 4 , 9 6 

3 0 1 A R a d i k l O V K - 6 0 0 / 7 0 0 3 , 1 2 , 1 7 

3 0 4 A 
R a d i k 1 0 V K L - 7 0 0 / 1 8 0 0 

3 , 5 1 1 , 2 0 3 0 4 A 
R a d i k 1 1 V K L - 7 0 0 / 1 4 0 0 

3 , 5 1 1 , 2 0 

3 0 5 A 
K o r a l u x l i n e a r c l a s s i c M -

9 0 0 / 7 5 0 
4 , 7 0 

3 0 6 A 
R a d i k l O V K - 6 0 0 / 1 4 0 0 

3 , 1 8 , 0 6 3 0 6 A 
R a d i k l O V K - 6 0 0 / 1 2 0 0 

3 , 1 8 , 0 6 

3 0 7 A R a d i k 1 0 V K L - 7 0 0 / 1 6 0 0 3 , 5 5 , 6 0 

3 0 1 B R a d i k 1 0 V K L - 6 0 0 / 7 0 0 3 , 1 2 , 1 7 

3 0 4 B 
R a d i k l O V K - 7 0 0 / 1 8 0 0 

3 , 5 1 1 , 2 0 3 0 4 B 
R a d i k 1 1 V k - 7 0 0 / 1 4 0 0 

3 , 5 1 1 , 2 0 

3 0 5 A 
K o r a l u x l i n e a r c l a s s i c M -

9 0 0 / 7 5 0 
4 , 7 0 

3 0 6 B 
R a d i k 1 0 V K L - 6 0 0 / 1 4 0 0 

3 , 1 8 , 0 6 3 0 6 B 
R a d i k 1 0 V K L - 6 0 0 / 1 2 0 0 

3 , 1 8 , 0 6 

3 0 7 B R a d i k l O V K - 7 0 0 / 1 6 0 0 3 , 5 5 , 6 0 

3 1 1 R a d i k l O V K - 6 0 0 / 1 6 0 0 3 , 1 4 , 9 6 

I 212,84 
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Water volume in other devices V D : 

Water volume in other 

devices (1) 

Heat pumps 8 
Accumulation 

tank 
403 

Distributer and 

collector 
20 

I 431,00 

Total water volume in the system V T : 

V T = V P + V R + V D = 7 6 8 1 = 0 , 7 6 8 m 3 

Expansion volume 

V e = 1 , 3 • Vo • n = 1 , 3 . 0 , 7 6 8 . 0 , 0 1 4 7 5 = 0 , 0 1 4 7 3 m 3 

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

h e a t i n g w a t e r w h i c h is h e a t e d f r o m 1 0 ° C t o t h e m a x i m a l r e q u i r e d t e m p e r a t u r e in t h e 

s y s t e m w h i c h is 5 5 . 

A t m = t m a x - 1 0 = 5 5 - 1 0 = 4 5 ° C 

t a b l e 6 - c o e f f i c i e n t o f t h e r m a l e x p a n s i o n [ 6 0 ] 

A t m 40 60 70 80 90 

n 0,012 0,023 0,0295 0,035 0,044 

Lowest permissible operating overpressure 

Pd,dov> 1,1 • h • p • g • 1 0 " 3 

Pd,dov > 1,1 • 10 , 83 • 1 0 0 0 • 9 , 81 • 1 0 " 3 = 1 1 6 , 8 7 

I s u g g e s t e x p a n s i o n t a n k w i t h l o w e s t o p e r a t i n g o v e r p r e s s u r e o f Pd = 1 5 0 kPa 

W h e r e . . . pd,dov l o w e s t p e r m i s s i b l e o p e r a t i n g o v e r p r e s s u r e [kPa] 

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

o f t h e h e a t i n g s y s t e m [m] 

Highest permissible operating overpressure 

Ph,dov< Pk- ( h M R • p • g • 1 0 " 3 ) 

Ph,d0V< 3 0 0 - ( ( - 0 , 6 ) . 1 0 0 0 . 9 , 8 1 . 1 0 " 3 ) = 3 0 5 , 8 9 k Pa 

I s u g g e s t e x p a n s i o n t a n k w i t h h i g he s t o p e r a t i n g o v e r p r e s s u r e o f Ph = 2 5 0 kPa 

w h e r e ... ph,dov h i g h e s t p e r m i s s i b l e s y s t e m o v e r p r e s s u r e [kPa] 

h M R a l t i t u d e d i s t a n c e o f t h e d e v i c e w i t h t h e s m a l l e s t pk f r o m t h e m a n o m e t r i c 

p l a n e s , (+) u p w a r d s , (-) d o w n w a r d s [m] .The m a n o m e t r i c p l a n e is 1,5 m f r o m t h e 
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f l o o r , a n d t h e d e v i c e w i t h t h e s m a l l e s t pi< is t h e h e a t p u m p W P L M A R c o m f o r t 

f r o m c o m p a n y B u d e r u s , w h i c h has a d e s i g n o v e r p r e s s u r e o f 3 0 0 kPa . 

Pk m i n i m u m o f d e s i g n o v e r p r e s s u r e s o f a l l s y s t e m d e v i c e s [kPa] 

Preliminary expansion tank volume with a membrane 

V e p = V e • ( p h + 100 ) / ( p h - pd) = 0 , 0 1 4 7 3 . ( 2 5 0 + 1 0 0 ) / ( 2 5 0 - 150) = 0 , 052 m 3 = 5 2 I 

T h e i n t e r n a l u n i t o f b o t h h e a t p u m p s c o n t a i n s e x p a n s i o n t a n k t h a t is p r o v i d e d b y t h e 

m a n u f a c t u r e r . E a ch e x p a n s i o n t a n k ha s a v o l u m e o f 10 I, w h i c h is n o t e n o u g h f o r t h e 

w h o l e h e a t i n g s y s t e m . 

So I suggest a membrane expansion tank Reflex NG 35/6, with a volume of 35 I. 

Diameter of expansion pipes 

dp = 10 + 0,6 • C? 0 ' 5 = 10 + 0,6 . 2 1 , 7 0 ' 5 = 12 ,8 m m .... I s u g g e s t p i p e s m a d e o f c o p p e r w i t h 

d i a m e t e r o f 1 5 x 1 m m 

W h e r e . . . Q p u m p s o u t p u t [kW] 

dp i n n e r d i a m e t e r o f p i p e [ m m ] 

2 I 
• pro uzavřené soustavy topení a chlazení 
• závitové připojení 
od 35 litrů stojatě provedení 

• membrána podle DIN EN 13831 
• přípustná teplota 70 T_ 
• k o n c e n t r a c e g l y k o l u m a x 3 0 % 

• schválení podle směrnice 
pro tlaková zařízení 97/23/EG 

a-25 litrfl 35-140 litrů 200-250 litrů 300-1000 litrů 
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Typ • O t j , č í s l a P o č e t H m n t n n i t 0 D H h A Přetlak plynu 
6 bar /120-C ši dá b i l a na paletě m (mm) ( m m ) ( m m ) (h=r) 

NGB/6 8230100 7230102 9 6 1.6 20E 2 6 5 - R V* 1.5 

NC 12/6 8240100 7240107 72 2.4 2&D 2 7 5 - P V, 1,5 
NC 18/6 8250100 7250107 5 6 3.4 2 BO 3 4 5 - R * 1.5 

MG 25/6 8260100 7260107 4 2 4 , 2 2BO 4 6 5 - R % 1,5 
NG 35/6 8270100 7270107 2 4 4 , 3 3 5 4 4 6 0 1 3 0 R % 1,5 

NG 50/6 8001011 7001100 24 67 4D9 4 9 3 1 7 5 R^» 1,5 
NGBO/6 8001211 7QO130O 1 2 S,7 4BD 5 6 5 1 7 5 R l 1.5 

NG 100/6 8001411 7001500 1 0 1 1 . 4 4BD 670 1 7 5 R l 1,5 
NG 140/6 8001611 7001700 6 13.1 4BD 9 1 2 1 7 5 R l 1.5 

N 200/6 8213300 - 4 22.0 634 7 5 8 2 3 5 R l 1,5 
N 250/6 8214300 4 2 4 . 7 6 3 4 B B 8 2 0 5 P 1 1,5 

N 300/6 3215300 - 27 .0 6 3 4 1 0 9 2 2 3 5 R 1 

N 400/6 B21B00O - 4 7 . 0 7 4 0 1 1 0 2 2 4 5 R 1 1,5 

N 500/6 S21S30O - 52.0 7 4 0 1321 2 4 5 R l 1,5 
N60Q/6 821B4QO - 66 .0 7 4 0 1 5 3 1 2 4 5 R l 1,5 

N 800/6 S21S5QO - 96.0 7 4 0 1996 2 4 5 R l 1,5 
N 1000/6 S21B6QO - 118.D 7 4 0 2 4 D 6 2 4 5 R l 1.5 

^ V. jmenuJty objem u litrech } tlak 

" p r o s o u s t a u y 5 m a x l m s l n f t e p l o t o u v ^ t u p n f y g t w e 1 2 0 "C 

Figure 60-technical data of expansion tank Reflex NG [61] 

B.11.2. Design of safety valve 

S a f e t y v a l v e s o f 1" w i t h a n o p e n i n g o v e r p r e s s u r e o f 3 0 0 kPa a r e a pa r t o f e a c h i n t e r n a l 

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

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

B.12 Design of filters 
T h e f i l t e r is u s e d t o c a t c h d i r t a n d t i n y p a r t i c l e s in t h e h e a t i n g s y s t e m a n d t h u s t o p r o t e c t 

t h e c i r c u l a t i n g p u m p s f r o m d a m a g e . F i l t e r s f r o m G i a c o m i n i t y p e R 7 4 B a r e d e s i g n e d . F i l t e r 

d i m e n s i o n s a r e c h o s e n a c c o r d i n g t o p i p e d i m e n s i o n s . I c h o s e f l o w c o e f f i c i e n t Kv 

a c c o r d i n g t o m a n u f a c t u r e r ' s c a t a l o g u e t h e n I c a l c u l a t e d I nd i v i dua l p r e s s u r e loss u s i n g 

o n l i n e c a l c u l a t o r o n w e b p a g e o f T Z B - i n f o [55] . 

VERZE B 

Figure 61-Giacomini filter R74B [62] 

171 



Kódy Kv 
Max. průtok 

[mVh] 

VERZE B 

R74AY103 3,5 0,83 

R74AY104 5,9 1,5 

R74AY105 10,0 2,3 

R74AY106 18,2 3,8 

R74AY107 20,9 5,9 

R74AY108 32,0 9,2 

Figure 62-Filter Giacomini R74B with information about flow coefficient Kv and maximal flow[62] 

D e t a i l e d c a l c u l a t i o n s o f f i l t e r s d e s i g n in t h e t e c h n i c a l r o o m : 

Position 
Pipe DN 

(Dxt) 
Filter DN M(Kg/h) 

M 

(m3/h) 
filter Kv 

max.flow 

of filter 

(m3/h) 

Filter 

code 

Pressure 

loss(Pa) 

B l 28x1,5 25 768,14 0,768 3,5 0,83 R74AY103 4930 

B2 28x1,5 25 810,17 0,81 5,9 1,5 R74AY104 1920 

B3 22x1 20 370,08 0,37 3,5 0,83 R74AY103 1140 

Hot water 

circuit 
22x1 20 561,70 0,562 3,5 0,83 R74AY103 2620 

Boiler circuit 28x1,5 25 934,45 0,934 5,9 1,5 R74AY105 2560 

B.13. Design of pipes thermal insulation 
T h e t h e r m a l i n s u l a t i o n is d e s i g n e d u s i n g o n l i n e c a l c u l a t o r a t t z b - i n f o w e b s i t e [63] . 

T h i c k n e s s o f t h e r m a l i n s u l a t i o n is d e s i g n e d s o t h a t t h e h e a t t r a n s f e r c o e f f i c i e n t o f 

i n s u l a t e d p i p e c o m p l i e s w i t h D e c r e e N o . 1 9 3 / 2 0 0 7 . 

F o r t h e p i p e s t h a t a r e l ed in t h e f l o o r , i n s u l a t i o n M I R E L O N (PRO) is u s e d , w h i c h is r e d u c e d 

t o ha l f t h e t h i c k n e s s , b e c a u s e t h e i n s u l a t i o n is a l r e a d y p r o v i d e d by t h e i n s u l a t i o n l a ye r in 

t h e f l o o r . F o r t h e p i p e s t h a t a r e l ed a l o n g t h e w a l l , in w a l l g r o o v e s a n d u n d e r c e i l i n g , 

i n s u l a t i o n R O C K W O O L P I PO A L S is u s e d . 

D e c r e e N o 1 9 3 / 2 0 0 7 d e f i n e s t h e s o - c a l l e d " d e t e r m i n i n g h e a t t r a n s f e r c o e f f i c i e n t s " . T h e 

c a l c u l a t e d h e a t t r a n s f e r c o e f f i c i e n t m u s t be s m a l l e r o r e q u a l t o t h e d e t e r m i n i n g h ea t 

t r a n s f e r c o e f f i c i e n t . 

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

+ In + In —+ 
d j ( d - 2 s t ) 2-A t d - 2 s t 2 - ^ d a e D 

W h e r e ... At c o e f f i c i e n t o f t h e r m a l c o n d u c t i v i t y o f p i p e m a t e r i a l [W/m-K ] 
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d p i p e o u t e r d i a m e t e r [ m m ] 

St p i p e w a l l t h i c k n e s s [ m m ] 

A.iz c o e f f i c i e n t o f t h e r m a l c o n d u c t i v i t y o f i n s u l a t i o n m a t e r i a l [W/m-K ] 

D p i p e d i a m e t e r w i t h i n s u l a t i o n t h i c k n e s s [ m m ] 

Ssz i n s u l a t i o n t h i c k n e s s [ m m ] 

cte h e a t t r a n s f e r c o e f f i c i e n t b e t w e e n t h e p i p e s u r f a c e a n d t h e s u r r o u n d i n g 

[ W / m - K] 

Figure 63-Cross section of a copper pipe with thermal insulation [63] 

T a b l e 7 - D e s i g n o f t h e r m a l i n s u l a t i o n o f i n d o o r p i p e s 

Pipe 

dimensions 
Type of insulation 

Insulation thickness 

d(mm) 

Calculated heat 

transfer coefficient 

U0(W/m2.K) 

Determining heat 

transfer coefficient 

Uo (W/m2.K) 

Assessment 

Copper pipes in floor with possibility of thickness reduction of thermal insulation to half 

1 0 x 1 M I R E L O N ( P R O ) 6 0 , 2 3 0 0 , 3 It c o m p l i e s 

1 2 x 1 M I R E L O N ( P R O ) 6 0 , 2 5 8 0 , 3 It c o m p l i e s 

1 5 x 1 M I R E L O N ( P R O ) 9 0 , 2 5 8 0 , 3 It c o m p l i e s 

1 8 x 1 M I R E L O N ( P R O ) 9 0 , 2 9 0 , 3 It c o m p l i e s 

2 2 x 1 M I R E L O N ( P R O ) 9 0 , 3 3 3 0 , 3 6 It c o m p l i e s 

Copper pipes along the wall, in wall grooves, under ceiling, and in measuring niches 

1 0 x 1 R O C K W O O L P I P O A L S 2 5 0 , 1 2 1 0 , 1 5 It c o m p l i e s 

1 2 x 1 R O C K W O O L P I P O A L S 2 5 0 , 1 3 2 0 , 1 5 It c o m p l i e s 

1 5 x 1 R O C K W O O L P I P O A L S 2 5 0 , 1 4 7 0 , 1 5 It c o m p l i e s 

1 8 x 1 R O C K W O O L P I P O A L S 3 0 0 , 1 4 9 0 , 1 5 It c o m p l i e s 

2 2 x 1 R O C K W O O L P I P O A L S 3 0 0 , 1 6 5 0 , 1 8 It c o m p l i e s 

2 8 x 1 , 5 R O C K W O O L P I P O A L S 4 0 0 , 1 6 4 0 , 1 8 It c o m p l i e s 

3 5 x 1 , 5 R O C K W O O L P I P O A L S 5 0 0 , 1 6 5 0 , 1 8 It c o m p l i e s 

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

p u m p I c h o s e i n s u l a t i o n o f m i n e r a l w o o l , R O C K W O O L P IPO ALS , w h i c h w i l l b e p r o t e c t e d 

f r o m o u t e r e n v i r o n m e n t b y g a l v a n i z e d s h e e t m e t a l d u c t . 
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T a b l e 8 - D e s i g n o f t h e r m a l i n s u l a t i o n o f o u t d o o r p i p e s 

Pipe 

dimensions 
Type of insulation 

Insulation thickness 

d(mm) 

Calculated heat 

transfer coefficient U 0 

(W/m2.K) 

Determining heat 

transfer coefficient 

Uo (W/m2.K) 

Assessment 

Copper pipes outside the building 

2 8 x 1 , 5 
R O C K W O O L P I P O A L S + 

g a l v a n i z e d s h e e t m e t a l d u c t 
4 0 0 , 1 5 9 0 , 1 8 It c o m p l i e s 

B.14. Design of closing ball valves, drain ball valves, and automatic air 
release valves 
T h e ba l l v a l v e is u s e d t o c l o s e t h e f l o w in t h e h e a t i n g s y s t e m . D r a i n ba l l v a l v e s e r v e s f o r 

d r a i n i n g o f h e a t i n g w a t e r o f t h e h e a t i n g s y s t e m . I c h o s e G i a c o m i n i ba l l v a l v e s R 2 5 0 D a n d 

G i a c o m i n i R 6 0 8 D d r a i n ba l l v a l v e s . D i m e n s i o n s o f ba l l v a l v e s w e r e c h o s e n a c c o r d i n g t o 

d i m e n s i o n o f p i p e s , a n d d i m e n s i o n s o f d i s c h a r g e ba l l v a l v e s is D N 1 5 . 

T h e a u t o m a t i c a i r r e l e a s e v a l v e e n s u r e s t h a t t h e r e is n o a i r in t h e h e a t i n g s y s t e m , w h i c h 

w o u l d h a v e a n e g a t i v e e f f e c t o n t h e f u n c t i o n a l i t y o f t h e h e a t i n g s y s t e m . I c h o s e 

a u t o m a t i c a i r r e l e a s e v a l v e s G i a c o m i n i t y p e R88 . 

> R 2 5 0 D 

Figure 64-Bal l va lve G i a com in i R250D 

> R608D 

Figure 65-Dra in ball va lve G i a com in i R608D 
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Figure 66- air re lease va lve G i a com in i R88 

B.15. Design of heating water replenishment 
A r e f i l l i n g d e v i c e is n e c e s s a r y t o re f i l l t h e h e a t i n g s y s t e m w i t h w a t e r w h e n p r e s s u r e 

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

I c h o s e a r e f i l l i n g d e v i c e t y p e N K 3 0 0 T C A w i t h a s e p a r a t i o n p i p e , f r o m c o m p a n y 

A q u a p r o d u c t . [ 6 4 ] 

Figure 67-refilling device NK300TCA-Aquaproduct[64] 

B.16. Design of thermometers and manometers 
T h e r m o m e t e r s a n d m a n o m e t e r s a r e u s e d d u r i n g t h e o p e r a t i o n o f t h e h e a t i n g s y s t e m t o 

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

p r o b l e m s in t h e h e a t i n g s y s t e m l i ke f o r e x a m p l e i n s u f f i c i e n t t e m p e r a t u r e o f h e a t i n g 

w a t e r , p r o b l e m s w i t h c i r c u l a t i n g p u m p s , c l o g g e d f i l t e r , a n d o t h e r s . I c h o s e t h e r m o m e t e r 

G i a c o m i n i t y p e R540I a n d m a n o m e t e r G i a c o m i n i t y p e R225I . 
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C. Project 
C.I. Technical report 
C.1.1 Introduction 
T h e p r o j e c t s o l v e s t h e d e s i g n o f h e a t i n g s y s t e m a n d h o t w a t e r p r e p a r a t i o n in a n e w 

a p a r t m e n t b u i l d i n g , t h a t is d e t a c h e d a n d l o c a t e d in O l o m o u c c i t y u s i n g r e n e w a b l e e n e r g y 

s o u r c e s . T h e a p a r t m e n t b u i l d i n g has a b a s e m e n t a n d 3 a b o v e g r o u n d f l o o r s , w h i c h 

c o n s i s t o f 6 a p a r t m e n t s . In t h e b a s e m e n t t h e r e a r e s t o r e r o o m s , t e c h n i c a l r o o m , t w o 

r o o m s t h a t s e r v e as p r i v a t e g y m f o r i n h a b i t a n t s , a n d a t o i l e t . 

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

b l o c k s P o r o t h e r m . T h e h o r i z o n t a l l o a d b e a r i n g s t r u c t u r e is m a d e o f r e i n f o r c e d c o n c r e t e 

s l ab s . T h e b u i l d i n g is c o n s t r u c t e d o n c o n c r e t e s t r i p f o u n d a t i o n s a n d t h e t o p o f t h e 

b u i l d i n g is a f l a t r o o f t h a t is i n s u l a t e d by m i n e r a l w o o l . S t a i r c a s e is o f U- s h a p e w i t h ha l f 

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

s e c o n d a n d t h i r d f l o o r . T h e a p a r t m e n t b u i l d i n g is i n s u l a t e d u s i n g ETICS s y s t e m . 

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

b e u s e d f o r f u r t h e r d e s i g n o f h e a t i n g s y s t e m a n d h o t w a t e r p r e p a r a t i o n , a n d t h i s v a r i a n t 

is a i r s o u r c e h e a t p u m p . 

C.l.1.1 Starting materials 
C o n s t r u c t i o n d r a w i n g s w e r e u s e d as a s t a r t i n g p o i n t f o r p r o j e c t p r o c e s s i n g . 

C.l.1.2 Used regulations and technical standards 

ČSN 7 3 0 5 4 0 T h e r m a l p r o t e c t i o n o f b u i l d i n g s 

ČSN EN 12 8 3 1 H e a t i n g s y s t e m s in b u i l d i n g s - c a l c u l a t i o n o f h e a t o u t p u t 

ČSN 0 6 0 3 2 0 H e a t i n g s y s t e m s in b u i l d i n g s - h o t w a t e r p r e p a r a t i o n 

ČSN 0 6 0 8 3 0 H e a t i n g s y s t e m s in b u i l d i n g s - s e c u r i t y e q u i p m e n t 

ČSN 0 6 0 3 1 0 C e n t r a l h e a t i n g - d e s i g n a n d i n s t a l l a t i o n 

ČSN 0 6 1 1 0 1 R a d i a t o r s f o r c e n t r a l h e a t i n g 

ČSN 0 1 3 4 5 2 T e c h n i c a l d r a w i n g s - I n s t a l l a t i o n - H e a t i n g a n d c o o l i n g 

ČSN EN 1 2 8 2 8 h e a t i n g s y s t e m s in b u i l d i n g s - h o t w a t e r h e a t i n g s y s t e m s d e s i g n 

D e c r e e N o 1 9 3 / 2 0 0 7 a b o u t t h e e f f e c t i v e n e s s o f u s i n g e n e r g y in t h e r m a l e n e r g y 

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

D e c r e e N o . 2 6 4 / 2 0 2 0 Sb . a b o u t e n e r g y p e r f o r m a n c e o f b u i l d i n g . 

o t h e r r e l a t e d ČSN as a m e n d e d . 
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C.1.2 Basic data 

O l o m o u c 

2 1 9 m a b o v e s e a leve l 

-15 ° C 

2 3 1 d a y s 

3,8 ° C 

C.1.2.1 Calculated climatic conditions 

L o c a t i o n : 

A l t i t u d e : 

C a l c u l a t e d o u t d o o r t e m p e r a t u r e : 

N u m b e r o f d a y s in t h e h e a t i n g s e a s o n : 

A v e r a g e t e m p e r a t u r e in h e a t i n g s e a s o n : 

C.l.2.2 Indoor temperatures: 

T e c h n i c a l r o o m 2 0 °C 

S t o r e r o o m s in b a s e m e n t 0 °C 

P r i v a t e g y m 2 0 °C 

T o i l e t a n d w a s h i n g m a c h i n e r o o m 2 0 °C 

L i v ing r o o m , B e d r o o m , a p a r t m e n t v e s t i b u l e 2 0 °C 

B a t h r o o m 2 4 °C 

S t a i r c a s e 10 °C 

E n t r a n c e v e s t i b u l e in f i r s t f l o o r 0 °C 

D r y i n g l a u n d r y r o o m 15°C 

C o r r i d o r in b a s e m e n t n e a r t h e g y m 15°C 

C.1.3 Thermal technical parameters of structures and heat loss 

A l l s t r u c t u r e s c o m p l y w i t h t h e r e q u i r e d v a l u e s t h a t a r e s p e c i f i e d in t h e n o r m s . 

T a b l e 9- O v e r v i e w o f t h e r m a l t e c h n i c a l p a r a m e t e r s 

Structure 
u, 

[W/m2.K] 

UN,20 

[W/m2.k] 
u, s U N , 2 0 

Cl.a - Ceiling seperating heated space from unheated part of basement 0,414 0,600 it complies 
Cl.b - Ceiling seperating heated space from heated part of basement 0,414 2,200 it complies 
C2 - Inset balcony floor above basement 0,198 0,240 it complies 
C3 - Internal ceiling seperating spaces with temperature difference to 5°C 0,779 2,200 it complies 
F - Floor on the ground 0,309 0,450 it complies 
R- Flat roof 0,136 0,240 it complies 
SI- Peripheral wall to the exterior 0,125 0,300 it complies 
S2- Peripheral wall in touch with ground 0,127 0,450 it complies 
S3.a - Internal load bearing wall between rooms with temperature difference to 10 °C 0,501 1,300 it complies 
S3.b - Internal load bearing wall seperating rooms with temperature difference to 5°C 0,501 2,700 it complies 
S3.c - Internal load bearing wall seperating heated room from unheated room 0,501 0,600 it complies 
S4- Internal non-load bearing wall between rooms with temperature difference to 5°C 1,379 2,700 it complies 
S5- Wall between flats 0,704 2,700 it complies 
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H e a t l o s se s a r e c a l c u l a t e d a c c o r d i n g t o ČSN EN 12 8 3 1 - 1 H e a t i n g s y s t e m s in b u i l d i n g s -

h e a t o u t p u t c a l c u l a t i o n . 

T o t a l e n e r g y o u t p u t o f t h e a p a r t m e n t b u i l d i n g is e q u a l t o 21 ,7 k W . Th i s n u m b e r 

r e p r e s e n t s t h e t o t a l s u m o f h e a t t r a n s m i s s i o n loss a n d h e a t loss d u e t o v e n t i l a t i o n . 

E n e r g y l a be l o f t h e b u i l d i n g w a s d o n e , a n d it s h o w s C c l a s s i f i c a t i o n . 

C.1.4 Heat and fuel demands 

H e a t d e m a n d s : 

F o r h e a t i n g 21 ,7 k W 

Fo r h o t w a t e r p r e p a r a t i o n 6 , 522 k W 

T o t a l h e a t d e m a n d : 2 1 , 7 1 2 

A n n u a l h e a t d e m a n d f o r h e a t i n g 4 6 , 2 M W h / y e a r ( 166 ,4 G J / y e a r ) 

A n n u a l h e a t d e m a n d f o r h o t w a t e r p r e p a r a t i o n 5 0 , 4 M W h / y e a r ( 181 ,4 G J / y e a r ) 

T o t a l a n n u a l e n e r g y d e m a n d 96 , 6 M W h / y e a r ( 347 , 8 G J / y e a r ) 

A n n u a l e l e c t r i c i t y d e m a n d f o r h e a t p u m p s 19 4 3 6 k W h / y e a r 

C.1.5 Heat source 

T w o a i r / w a t e r h ea t p u m p s L o g a t h e r m W P L 14 A R C o m f o r t f r o m c o m p a n y B u d e r u s a r e 

u s e d . E a ch o n e has o u t p u t o f 1 4 k W a n d is s u p p l i e d by an e l e c t r i c a l h e a t i n s e r t w h i c h has 

m a x i m a l o u t p u t o f 9 k W . B o t h h ea t p u m p s w i l l b e r u n n i n g d u r i n g h e a t i n g s e a s o n in 

w i n t e r f o r h e a t i n g s y s t e m a n d ho t w a t e r p r e p a r a t i o n s y s t e m . H o w e v e r , in s u m m e r o n l y 

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

T h e t w o h e a t p u m p s f u n c t i o n w i t h m o n o - e n e r g y o p e r a t i o n . B i v a l e n t p o i n t l ies at -10,7°C. 

A t t h i s t e m p e r a t u r e b o t h h e a t p u m p s c o v e r a l l n e e d e d hea t o u t p u t . A t l o w e r 

t e m p e r a t u r e t h a n -10,7°C t h e e l e c t r i c a l i n s e r t s a r e s w i t c h e d o n a n d t h e y s u p p l y t h e e x t r a 

h e a t o u t p u t n e e d e d . 

Ea ch h e a t p u m p c o n s i s t s o f t w o u n i t s t h a t a r e c o n n e c t e d t o e a c h o t h e r : 

1. I nne r un i t t h a t is m o u n t e d o n t h e l o a d b e a r i n g w a l l in t h e t e c h n i c a l r o o m . 

2. O u t d o o r un i t t h a t is a c c e s s i b l e f r o m al l s i d e s . De t a i l s a b o u t i ts p o s i t i o n s a r e 

p r o v i d e d in t h e d r a w i n g o f t h e t e c h n i c a l r o o m . It m u s t b e p l a c e d o n a s t a b l e b a se , 

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

b e d o n e t o m a k e g r a v e l b e d d i n g u n d e r c o n c r e t e b a s e 

Ea ch o u t e r un i t is c o n n e c t e d t o i ts i n n e r un i t b y p i p e s a n d c o n n e c t i n g c a b l e s t h a t pa s s 

t h r o u g h a n o p e n i n g in t h e w a l l in a p r o t e c t i n g t u b e w i t h i n s u l a t i o n . T h e c o p p e r p i p e s 

o u t s i d e t h e b u i l d i n g a r e i n s u l a t e d by m i n e r a l w o o l a n d p l a c e d in g a l v a n i z e d s h e e t m e t a l 

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

178 



T h e c o n d e n s a t e m u s t b e d r a i n e d t h r o u g h a s u i t a b l e n o n - f r e e z i n g w a s t e p i p e w h i c h is l ed 

1 m u n d e r g r o u n d l e v e l . E l e c t r i c a l h e a t i n g c a b l e is i n s t a l l e d a r o u n d c o n d e n s a t e p i p e t o 

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

d r o p s b e l o w f r e e z i n g po i n t , a n d it w i l l k e e p h e a t i n g 3 0 m i n u t e s a f t e r t h e e n d o f its 

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

I n t e r na l u n i t s o f h e a t p u m p s a r e c o n n e c t e d t o s t o r a g e t a n k in t h e t e c h n i c a l r o o m by 

c o p p e r p i pe s . 

Re f i l l i n g o f h e a t i n g w a t e r w i l l b e s o l v e d w i t h t h e h e l p o f a u t o m a t i c r e f i l l i n g e q u i p m e n t 

N K 3 0 0 T C A , w h i c h w i l l re f i l l t h e s y s t e m w h e n t h e p r e s s u r e d r o p s b e l o w t h e m i n i m u m 

v a l u e . T h e m a n u f a c t u r e r o f h e a t p u m p s s t a t e s t h a t , if w a t e r h a r d n e s s <16,8 ° d H , t h e n no 

f u r t h e r t r e a t m e n t o f w a t e r is n e c e s s a r y a n d s i n c e t h e w a t e r in O l o m o u c c i t y h a s h a r d n e s s 

o f 1 4 , 1 4 ° d H [65], t h e n n o f u r t h e r w a t e r t r e a t m e n t is n e c e s s a r y . 

C.1.6 Expansion tank and safety valve 

Each h e a t p u m p c o n t a i n s e x p a n s i o n t a n k in t h e i n t e r n a l un i t , t o g e t h e r t h e y w i l l p r o v i d e a 

v o l u m e o f 2 0 I a n d t h a t is n o t e n o u g h f o r t h e w h o l e h e a t i n g s y s t e m , t h e r e f o r e a n o t h e r 

e x p a n s i o n m e m b r a n e t a n k is d e s i g n e d Re f l e x N G 3 5 / 6 ( v o l u m e 3 5 I). 

S a f e t y v a l v e , w i t h a n o p e n i n g o v e r p r e s s u r e o f 3 0 0 kPa , is a pa r t o f e a c h h e a t p u m p 

i n t e r n a l un i t . 

C.1.7 Heating system 

Cl.7.1 Description of the heating system 
T h e h e a t i n g s y s t e m is d e s i g n e d t o b e h o t w a t e r , c l o s e d , t w o - p i p e s y s t e m , w i t h f o r c e d 

w a t e r c i r c u l a t i o n . It is a l o w t e m p e r a t u r e h e a t i n g s y s t e m w i t h t e m p e r a t u r e d r o p o f 5 5 / 4 5 

°C. 

C o l l e c t o r a n d d i s t r i b u t e r a r e c o m b i n e d a n d o f t y p e ETL m o d u l e 1 0 0 . T h e y a r e i n s u l a t e d by 

P U R o f 1 0 0 m m t h i c k n e s s , a n d h a v e 3 b r a n c h e s f o r h e a t i n g s y s t e m , o n e b r a n c h f o r h o t 

w a t e r p r e p a r a t i o n a n d o n e b a c k u p b r a n c h . 

B r a n c h B l p r o v i d e s h e a t i n g f o r t h e e a s t e r n a p a r t m e n t s . B r a n c h B2 p r o v i d e s h e a t i n g f o r 

t h e w e s t e r n a p a r t m e n t . B r a n c h B3 p r o v i d e s h e a t i n g f o r c o m m u n a l a r e a s . A t h r e e - w a y 

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

r e g u l a t i o n o f h e a t i n g w a t e r . 

T h e b r a n c h f o r h o t w a t e r p r e p a r a t i o n is c o n n e c t e d t o i n d i r e c t s t o r a g e h e a t e r E N B R A N O R 

7 5 0 . 

C.l.7.2 Radiators 
S t e e l p a n e l r a d i a t o r s K O R A D O RAD IK V K a n d V K L a r e d e s i g n e d f o r t h e a p a r t m e n t b u i l d i n g 

w i t h a l o w e r r igh t c o n n e c t i o n a n d w i t h a l o w e r le f t c o n n e c t i o n . F o r b a t h r o o m s t o w e l ra i l 

r a d i a t o r s K O R A L U X L INEAR C L A S S I C - M a r e d e s i g n e d w i t h l o w e r m i d d l e c o n n e c t i o n . A l l 

r a d i a t o r s a r e f r o m K o r a d o c o m p a n y . 
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C.l.7.3 Piping 
P i p e s d i s t r i b u t i o n s y s t e m is d e s i g n e d t o be c l o s e d , t w o - p i p e , m a d e o f c o p p e r . D i s t r i b u t i o n 

p i p e s in t h e a p a r t m e n t s a r e l ed in t h e t h e r m a l i n s u l a t i o n o f t h e f l o o r , a n d in g r o o v e s in 

m a s o n r y w a l l . In t h e b a s e m e n t , d i s t r i b u t i o n p i p e s a r e l ed u n d e r c e i l i n g , a l o n g t h e w a l l , 

a n d a b o v e t h e f l o o r . 

R i s i ng p i p e s S1 ,S2 , a n d S3 a r e l ed v e r t i c a l l y a l o n g s i d e t h e w a l l . 

Cl.7.4 Thermal insulation of pipes 
M I R E L O N (PRO) i n s u l a t i o n f r o m p o l y e t h y l e n e f o a m is u s e d f o r t h e p i p e s l ed in f l o o r 

i n s u l a t i o n , w h i c h is r e d u c e d t o ha l f t h e t h i c k n e s s , s i n e t h e i n s u l a t i o n is a l r e a d y p r o v i d e d 

in t h e f l o o r . R O C K W O O L P IPO A L S i n s u l a t i o n f r o m m i n e r a l w o o l is u s e d f o r p i p e s t h a t a r e 

l ed a l o n g t h e w a l l , in w a l l g r o o v e s , u n d e r c e i l i n g a n d in m e a s u r i n g n i c h e s . 

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

o u t e r un i t a r e i n s u l a t e d by m i n e r a l w o o l , R O C K W O O L P I PO ALS , a n d a r e p r o t e c t e d by a 

g a l v a n i z e d s h e e t m e t a l d u c t . 

T a b l e 7 - D e s i g n o f t h e r m a l i n s u l a t i o n o f i n d o o r p i p e s 

Pipe 

dimensions 
Type of insulation 

Insulation thickness 

d(mm) 

Calculated heat 

transfer coefficient 

U0(W/m2.K) 

Determining heat 

transfer coefficient 

Uo (W/m2.K) 

Assessment 

Copper pipes in floor with possibility of thickness reduction of thermal insulation to half 

10x1 MIRELON (PRO) 6 0,230 0,3 It complies 
12x1 MIRELON (PRO) 6 0,258 0,3 It complies 
15x1 MIRELON (PRO) 9 0,258 0,3 It complies 
18x1 MIRELON (PRO) 9 0,29 0,3 It complies 
22x1 MIRELON (PRO) 9 0,333 0,36 It complies 

Copper pipes along the wall, in wall grooves, under ceiling, and in measuring niches 

10x1 ROCKWOOL PIPO ALS 25 0,121 0,15 It complies 

12x1 ROCKWOOL PIPO ALS 25 0,132 0,15 It complies 
15x1 ROCKWOOL PIPO ALS 25 0,147 0,15 It complies 
18x1 ROCKWOOL PIPO ALS 30 0,149 0,15 It complies 
22x1 ROCKWOOL PIPO ALS 30 0,165 0,18 It complies 

28x1,5 ROCKWOOL PIPO ALS 40 0,164 0,18 It complies 
35x1,5 ROCKWOOL PIPO ALS 50 0,165 0,18 It complies 

T a b l e 8 - D e s i g n o f t h e r m a l i n s u l a t i o n o f o u t d o o r p i p e s 

Pipe 

dimensions 
Type of insulation 

Insulation thickness 

d(mm) 

Calculated heat 

transfer coefficient U„ 

(W/m2.K) 

Determining heat 

transfer coefficient 

Uo (W/m2.K) 
Assessment 

Copper pipes outside the building 

28x1,5 
ROCKWOOL PIPO ALS+ 
galvanized sheet metal duct 

40 0,159 0,18 It complies 

C.l.7.5 Circulating pumps and three-way mixing valves 
T h e h e a t i n g s y s t e m is d e s i g n e d w i t h f o r c e d w a t e r c i r c u l a t i o n so a c i r c u l a t i n g p u m p w i l l b e 

i n s t a l l e d o n e a c h o n e o f t h e b r a n c h e s B l , B2 , B3 a n d ho t w a t e r p r e p a r a t i o n b r a n c h . H e a t 

p u m p s a r e f r o m c o m p a n y G R U N D F O S , a n d t h e y a r e o f t y p e s A L P H A 2 2 5 - 5 0 1 3 0 f o r 
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b r a n c h B l , A L P H A 2 2 5 - 4 0 1 3 0 f o r b r a n c h e s B2 a n d B 3 . F o r ho t w a t e r p r e p a r a t i o n b r a n c h 

it is o f t y p e A L P H A A 2 2 5 - 4 0 1 3 0 . 

I n t e r na l u n i t o f h e a t p u m p is p r o v i d e d w i t h c i r c u l a t i n g p u m p G R U N D F O S U P M G E O 2 5 - 8 5 

P W M . 

Fo r t h e r e g u l a t i o n o f t e m p e r a t u r e o f h e a t i n g c i r cu i t s , b r a n c h e s B l , B2 , a n d B3 w i l l be 

p r o v i d e d w i t h t h r e e - w a y m i x i n g v a l v e s t y p e ESBE V R G 1 3 1 , D N 2 0 , w i t h s e r v o d r i v e 

A R A 6 0 0 . 

C.l.7.6 Fittings 
T h e h e a t i n g s y s t e m is p r o v i d e d w i t h c l o s i n g ba l l v a l v e s , f i l t e r s , r e t u r n v a l v e s , a n d t h r e e 

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

f i t t i ng s . 

T o w e l ra i l r a d i a t o r s K O R A L U X L INEAR C L A S S I C - M a r e p r o v i d e d w i t h H M f i t t i n g w i t h 

i n t e g r a t e d v a l v e , w h i c h c o n n e c t s t h e r a d i a t o r a n d a l l o w s t h e p r e s e t t i n g o f f l o w a n d 

c l o s i n g o f r a d i a t o r . V K R a d i a t o r s a r e p r o v i d e d w i t h i n t e g r a t e d t h e r m o s t a t i c v a l v e T R V f o r 

p r e s e t t i n g o f f l o w , a n d t h e y a r e a l s o p r o v i d e d w i t h H- type a n g l e c o n n e c t i o n f i t t i n g w h i c h 

c o n n e c t s t h e r a d i a t o r a n d e n a b l e c l o s i n g it. A l l r a d i a t o r s w i l l h a v e t h e r m o s t a t i c h e a d a n d 

a i r v a l v e . 

A i r r e l e a s i n g v a l v e w i l l b e i n s t a l l e d a t t h e h i g h e s t p o i n t s o f e a c h r i s e r a n d ba l l v a l v e w i t h 

d r a i n w i l l b e i n s t a l l e d a t t h e l o w e s t p o i n t . 

T h e f i t t i n g s in t h e t e c h n i c a l r o o m w i l l b e i n s t a l l e d a c c o r d i n g t o t h e s c h e m e d r a w i n g o f t h e 

t e c h n i c a l r o o m . In e a c h n i c h e b e f o r e e a c h a p a r t m e n t t h e r e w i l l b e c l o s i n g ba l l v a l v e s 

b e f o r e a n d a f t e r h e a t m e t e r , f i l t e r b e f o r e h e a t m e t e r , i n d i v i d u a l h e a t m e t e r o n t h e s u p p l y 

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

p i p e s a n d a c l o s i n g ba l l v a l v e o n r e t u r n p i p e . M o r e d e t a i l s a b o u t p o s i t i o n i n g , d i a m e t e r s , 

a n d t y p e s a r e p r o v i d e d in t h e d r a w i n g s . 

C.l.7.7 Accumulation tank 
S t o r a g e t a n k PS 4 0 0 K+ o f v o l u m e 4 0 3 I is d e s i g n e d t o r e d u c e t h e n u m b e r o f c o m p r e s s o r 

s t a r t - u p s , a n d t o e n s u r e s u f f i c i e n t s u p p l y o f t h e r e q u i r e d a m o u n t o f w a t e r in t h e h e a t i n g 

a n d h o t w a t e r p r e p a r a t i o n b y s t o r i n g h e a t i n g w a t e r . 

C.l.7.8 Heat measuring 
T h e a m o u n t o f h e a t t a k e n w i l l b e m e a s u r e d in i n d i v i d u a l a p a r t m e n t s u s i n g h e a t m e t e r s in 

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

b r a n c h B3 f o r m e a s u r i n g t h e h e a t u s e d f o r c o m m u n a l a r e a s . H e a t m e t e r s w i l l b e o f t h e 

t y p e E N B R A S H A R K Y 7 7 5 . 

C.l.7.9 Hot water preparation 
H o t w a t e r p r e p a r a t i o n w i l l b e e n s u r e d by u s i n g i n d i r e c t s t o r a g e h e a t e r E N B R A N O R 7 5 0 

w i t h v o l u m e o f 7 5 0 I v o l u m e . T h e h e a t e r c o n t a i n s a l s o ho t w a t e r , c o l d w a t e r a n d 

c i r c u l a t i n g w a t e r o u t l e t s . T h e s t o r a g e h e a t e r is i n s u l a t e d w i t h 5 0 m m o f p o l y u r e t h a n e 
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f o a m i n s u l a t i o n a n d is e q u i p p e d w i t h a h e a t s i n k s e n s o r f o r s e n s i n g t h e t e m p e r a t u r e o f 

h o t w a t e r . 

C.l.7.10 Heating system regulation 
H e a t i n g s y s t e m r e g u l a t i o n a n d m e a s u r i n g s y s t e m w i l l e n s u r e t h e a u t o m a t i c o p e r a t i o n o f 

t h e e n t i r e h e a t i n g s y s t e m . 

H e a t i n g w a t e r t e m p e r a t u r e w i l l b e c o n t r o l l e d d e p e n d i n g o n o u t d o o r t e m p e r a t u r e . T h e 

un i t H M C 3 0 0 w h i c h is a pa r t o f t h e i n t e r n a l u n i t o f e a c h h e a t p u m p w i l l r e g u l a t e h e a t 

p u m p o p e r a t i o n , c i r c u l a t i n g p u m p s , a n d t h r e e - w a y m i x i n g v a l v e s by e q u i t h e r m a l 

r e g u l a t i o n . 

R e g u l a t i o n i n v o l v e s : 

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

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

t e m p e r a t u r e d r o p s u n d e r 10,7°C. 

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

d i s t r i b u t e r a n d c o l l e c t o r , a c c o r d i n g t o t h e e q u i t h e r m a l c u r v e s , w h i c h d e p e n d s o n o u t d o o r 

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

v a l v e s . 

- R e g u l a t i o n o f h o t w a t e r i n d i r e c t s t o r a g e h e a t e r , a c c o r d i n g t o t h e r e q u i r e d h o t w a t e r 

t e m p e r a t u r e (if h o t w a t e r t e m p e r a t u r e d r o p s b e l o w 4 5 ° C, t h e c i r c u l a t i n g p u m p s w i t c h e s 

on ) 

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

S i gna l l i n g , s e n s i n g : 

- f a u l t s t a t e s s i g n a l l i n g 

- m i n i m u m a n d m a x i m u m p r e s s u r e in t h e s y s t e m 

- m a x i m u m t e m p e r a t u r e in t h e r a d i a t o r s y s t e m 

- m a x i m u m t e m p e r a t u r e in t h e ho t w a t e r s y s t e m 

- m a x i m u m t e m p e r a t u r e in t h e t e c h n i c a l r o o m 

- p o w e r s u p p l y o u t a g e 

C.1.8 Requirements for other professions 

C.l.8.1 Construction part 
Fo r p i p e s i n s t a l l a t i o n t h e r e s h o u l d be s e c u r i n g a n d s e a l i n g o f p e n e t r a t i o n s t h r o u g h 

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

F o r i n s t a l l i n g t h e o u t e r un i t o f e a c h h e a t p u m p e a r t h w o r k is r e q u i r e d . G r a v e l b e d d i n g w i l l 

b e a p p l i e d t o d e p t h 1 3 0 0 , a n d o n t h e t o p t w o c o n c r e t e s t r i p b a s e s w i l l b e u s e d u n d e r t h e 

o u t e r un i t , e a c h has a l e n g t h o f 7 0 0 m m , w i d t h o f 2 0 0 m m , p l a c e d w i t h a d i s t a n c e o f 6 8 0 
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m m ( m o r e d e t a i l s a r e p r o v i d e d in t h e c o n n e c t i o n s c h e m e o f t h e t e c h n i c a l r o o m ) . 

C o n d e n s a t i o n n o n - f r e e z i n g p i p e s w i l l b e l ed f r o m t h e o u t e r un i t o f h e a t p u m p d o w n 

t h r o u g h g r a v e l l a ye r t o n o n - f r e e z i n g l e v e l . T h e s e c o n d e n s a t i o n p i p e s w i l l a l s o be p r o v i d e d 

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

m a n u f a c t u r e r ' s d o c u m e n t s . A l l p e n e t r a t i o n s t h r o u g h t h e s t r u c t u r e s w i l l b e c o v e r e d w i t h 

i n s u l a t i o n . 

C.l.8.2 Sanitary and water installation 
It is n e c e s s a r y t o e n s u r e t h e s u p p l y o f c o l d w a t e r f o r t h e r e p l e n i s h m e n t d e v i c e o f h e a t i n g 

s y s t e m . T o t h e ho t w a t e r s t o r a g e h e a t e r t a n k , it is n e c e s s a r y t o c o n n e c t c o l d d r i n k i n g 

w a t e r , h o t w a t e r a n d c i r c u l a t i n g w a t e r . In t h e t e c h n i c a l r o o m t h e r e w i l l b e f l o o r i n l e t . 

C o n d e n s a t i o n n o n - f r e e z i n g p i p e s w i l l b e l ed f r o m t h e o u t e r un i t o f h e a t p u m p d o w n 

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

w i t h e l e c t r i c a l h e a t i n g c a b l e . 

C.l.8.3 Electrical installation 
O u t e r un i t o f h e a t p u m p m u s t b e c o n n e c t e d by c a b l e s t o e l e c t r i c a l o u t l e t o f e l e c t r i c a l 

c u r r e n t 4 0 0 / 2 3 0 V A C . I n t e r na l u n i t m u s t b e as w e l l c o n n e c t e d t o e l e c t r i c a l c u r r e n t o f 4 0 0 

V A C . 

C.l.8.4 Ventilation system 
T h e b u i l d i n g w i l l b e v e n t i l a t e d n a t u r a l l y , o n l y in t h e b a t h r o o m s a n d t o i l e t s w i l l b e 

i n s t a l l e d e x h a u s t f an s . 

C.1.9 Assembly and commissioning 

C.l.9.1 Heat source 
T h e i n s t a l l a t i o n a n d l a u n c h i n g o f h e a t s o u r c e m u s t b e c a r r i e d o u t b y a s u i t a b l y q u a l i f i e d 

p e r s o n h o l d i n g a c e r t i f i c a t e o r q u a l i f i c a t i o n o f c o m p e t e n c y . P r i o r t o l a u n c h i n g , t h e 

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

l a u n c h i n g a r e p r o v i d e d in t h e m a n u f a c t u r e r ' s d o c u m e n t a t i o n . 

C.l.9.2 Heating system 
I n s t a l l a t i o n a n d l a u n c h i n g o f h e a t i n g s y s t e m m u s t b e p e r f o r m e d b y a p e r s o n w i t h a 

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

p r o j e c t . 

CI.10 Testing of devices 

C.l.10.1 Flushing of heating system 
T h e h e a t i n g s y s t e m m u s t b e f l u s h e d b e f o r e s t a r t i n g . S e t t i n g o f f i t t i n g s a n d v a l v e s o n 

b r a n c h e s , r i s e r s a n d f i t t i n g s o n r a d i a t o r s a r e r e c o m m e n d e d t o b e se t t o m i n i m u m 

h y d r a u l i c r e s i s t a n c e d u r i n g f l u s h i n g . F l u s h i n g is p e r f o r m e d d u r i n g 2 4 - h o u r o p e r a t i o n o f 

t h e c i r c u l a t i n g p u m p . C l e a n i n g a n d r i n s i ng a r e pa r t s o f t h e i n s t a l l a t i o n a n d t h e r e s h o u l d 

b e d o n e a r e c o r d a b o u t i ts imp l emen t a t i o n . 
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C.l.10.2 Leak test 
Leak t e s t s a r e p e r f o r m e d b e f o r e t h e g r o o v e s a r e f i l l e d u p , c a n a l s a r e c o v e r e d , a n d b e f o r e 

c o a t i n g s a n d i n s u l a t i o n . H e a t i n g s y s t e m is t e s t e d w i t h w a t e r t o t h e m a x i m u m p e r m i s s i b l e 

o v e r p r e s s u r e s p e c i f i e d in t h e p r o j e c t f o r t h a t pa r t o f t h e i n s t a l l a t i o n . T h e s y s t e m is f i l l e d 

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

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

l e aks . T h e s y s t e m w i l l r e m a i n f i l l e d f o r a t l eas t 6 h o u r s , a f t e r w h i c h a n e w i n s p e c t i o n is 

c a r r i e d o u t . T h e t e s t r e su l t is c o n s i d e r e d s u c c e s s f u l , if n o l eaks o c c u r d u r i n g t h i s 

i n s p e c t i o n o r if t h e r e is n o n o t i c e a b l e d r o p in t h e l eve l in t h e e x p a n s i o n t a n k . 

C.l.10.3 Expansion test 
T h e e x p a n s i o n t e s t is p e r f o r m e d b e f o r e t h e g r o o v e s a r e f i l l e d u p , c a n a l s a r e c o v e r e d , a n d 

b e f o r e c o a t i n g s a n d i n s u l a t i o n . In t h i s t e s t , t h e h e a t i n g w a t e r is h e a t e d t o t h e h i g h e s t 

w o r k i n g t e m p e r a t u r e , a n d t h e n a l l o w e d t o c o o l d o w n un t i l it r e a c h e s t h e s u r r o u n d i n g 

t e m p e r a t u r e , a n d it is r e p e a t e d o n c e m o r e . If a l e a k a g e is f o u n d a f t e r a d e t a i l e d 

i n s p e c t i o n , a n o t h e r t e s t is r e q u i r e d t o be r e p e a t e d a f t e r r e p a i r m e n t s . 

C. 1.10.4 Heating test 
Th i s H e a t i n g t e s t l as ts 2 4 h o u r s a n d is c a r r i e d o u t in p r e s e n c e o f r e p r e s e n t a t i v e s o f t h e 

i n v e s t o r , use r , s u p p l i e r , a n d d e s i g n e r . T h e n t h e r e su l t s o f t h e h e a t i n g t e s t a r e e v a l u a t e d 

a n d r e c o r d e d in t h e r e p o r t . H e a t i n g t e s t is c o n s i d e r e d s u c c e s s f u l , if t h e o u t p u t o f t h e 

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

is a d j u s t e d a c c o r d i n g t o t h e p r o j e c t d o c u m e n t a t i o n . 

C. l . l l Method of service and control 

H e a t i n g s y s t e m a n d i ts d e v i c e s s h o u l d be o c c a s i o n a l l y c h e c k e d by o n e p e r s o n . Th i s p e r s o n 

s h o u l d be a c q u a i n t e d w i t h t h e s a f e t y a n d o p e r a t i n g c o n d i t i o n s o f t h e d e v i c e s a n d s h o u l d 

h a v e d o c u m e n t s w i t h t h e i n s t r u c t i o n s f r o m t h e m a n u f a c t u r e r s o f t h e d e v i c e s . 

C.1.12 Health and environment protection 

C.l.12.1 Environmental protection 
T h e p r o p o s e d h e a t i n g s y s t e m w i l l n o t h a v e e n v i r o n m e n t a l i m p a c t a n d it m e e t s al l 

r e q u i r e m e n t s in a c c o r d a n c e w i t h D e c r e e N o . 1 9 3 / 2 0 0 7 Co l l . , a n d 1 9 4 / 2 0 0 7 Co l l . 

C.l.12.2 Waste management 
W a s t e g e n e r a t e d d u r i n g c o n s t r u c t i o n w i l l b e d i s p o s e d in a c c o r d a n c e w i t h A c t N o . 

5 4 1 / 2 0 2 0 C o l l . A c t o n e w a s t e . 

C.1.13 Safety during work 

I m p l e m e n t a t i o n o f t h e h e a t i n g s y s t e m m u s t c o m p l y w i t h : 

- G o v e r n m e n t R e g u l a t i o n 5 9 1 / 2 0 0 6 C o l l . o n m i n i m u m r e q u i r e m e n t s o f s e c u r i t y a n d 

h e a l t h p r o t e c t i o n d u r i n g w o r k o n c o n s t r u c t i o n s i t e s 

- G o v e r n m e n t R e g u l a t i o n 3 6 2 / 2 0 0 5 C o l l . o n s p e c i f i e d h e a l t h a n d s a f e t y r e q u i r e m e n t s f o r 

184 



w o r k in w o r k p l a c e s w i t h a r i sk o f f a l l i n g f r o m a he i gh t o r t o d e p t h . 

- A c t 3 0 9 / 2 0 0 6 C o l l . A c t o n E n s u r i n g A d d i t i o n a l C o n d i t i o n s o f S a f e t y a n d H e a l t h 

p r o t e c t i o n at W o r k . 

C. 2. Drawings 

T h e f o l l o w i n g d r a w i n g s a r e p a r t s o f t h e a t t a c h m e n t : 

D. I . B A S E M E N T F L O O R P L A N Sca l e : 1:50 

D.2.FIRST F L O O R P L A N S ca l e : 1:50 

D . 3 . S E C O N D F L O O R P L A N Sca l e : 1:50 

D . 4 .THIRD F L O O R P L A N S ca l e : 1:50 

D . 5 . RAD IATORS C O N N E C T I O N S C H E M E Sca l e : 1:50 

D . 6 . C O N N E C T I O N S C H E M E O F T E C H N I C A L R O O M - V A R I A N T 1 S ca l e : 1:25 

D . 7 . C O N N E C T I O N S C H E M E O F T E C H N I C A L R O O M - V A R I A N T 2 S ca l e : 1:25 

D .8 . FLOOR P L A N O F T E C H N I C A L R O O M - V A R I A N T 1 S ca l e : 1:25 

D .9 . FLOOR P L A N O F T E C H N I C A L R O O M - V A R I A N T 2 S ca l e : 1:25 
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CONCLUSION 
T h e a i m o f t h i s d i p l o m a t h e s i s is t o d e s i g n s u i t a b l e h e a t i n g s y s t e m a n d ho t w a t e r 

p r e p a r a t i o n s y s t e m in a n e w a p a r t m e n t b u i l d i n g in O l o m o u c c i t y . T h e t h e r m a l t e c h n i c a l 

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

w i t h t h e r e q u i r e d n o r m v a l u e s . H e a t loss o f t h e w h o l e a p a r t m e n t b u i l d i n g is e s t i m a t e d t o 

b e 21 ,7 k W a n d e n e r g y l abe l i n d i c a t e s t h e b u i l d i n g t o be in c a t e g o r y C - e c o n o m i c a l . T w o 

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

i m p a c t , e c o n o m i c a l c o s t s , s p a t i a l r e q u i r e m e n t s , a n d u s e r c o m f o r t a n d s u b s e q u e n t l y o n e 

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

T h e o r e t i c a l pa r t f o c u s e d o n h e a t p u m p s a n d b i o m a s s b o i l e r s as r e n e w a b l e e n e r g y 

s o u r c e s . 

In t h e c a l c u l a t i o n pa r t , a l l n e c e s s a r y c a l c u l a t i o n s f o r t h e c o r r e c t d e s i g n a n d o p e r a t i o n o f 

t h e h e a t i n g s y s t e m w e r e c a r r i e d o u t . It c o n t a i n s t h e c a l c u l a t i o n o f h e a t l osses , r a d i a t o r s 

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

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

d e s i g n o f o t h e r e q u i p m e n t s , d e v i c e s , a n d f i t t i n g s n e c e s s a r y f o r t h e p r o p e r f u n c t i o n i n g o f 

t h e h e a t i n g s y s t e m . 

In t h e p r o j e c t pa r t , t h e p r o j e c t d o c u m e n t a t i o n is p r o c e s s e d f o r t h e r e a l i z a t i o n o f p r o j e c t . 

It c o n t a i n s a t e c h n i c a l r e p o r t , f l o o r p l a n s o f i n d i v i d u a l f l o o r s , r a d i a t o r s c o n n e c t i o n 

s c h e m e , s c h e m e o f c o n n e c t i o n o f t e c h n i c a l r o o m in t w o v a r i a n t s , f l o o r p l an o f t h e 

t e c h n i c a l r o o m in t w o v a r i a n t s . 
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