
COST Action

BISTS
 

Examp
Using	R
Template
Simon Pa
(Universi
simon.p.b

For insta
 
BISTS Lo
Tianjin, C
 
Climate T
Köppen D
 
Building U
Residenti
 
Level of B
Reijenga 
 
Type of a
*Refurbis
 
Type of B
 
Active Sy
 
 
Function(s
*Air heati
*Linked to
(heat pum
 
Building
 
*Roof 
 

n TU1205 “Buildi

S Examp

le	name:	
Roof‐Integ
e completed 
aul Borg  
ty of Malta) 
borg@um.ed

allations 

ocation:  
China 

Type:  
Dwa  

Use:  
ial 

BISTS integ
classificatio

activity: 
shment in 82

BISTS: 

ystem  

s):  
ing 
o another sy

mp) 

 element: 

ing Integration of

les 

Building
grated	Sol
by: 

du.mt 

ration: 
on: 1 

0m2 villa 

ystem 

f Solar Thermal S

g	Space	He
lar	Collec
Photographs

 
 

 
 
 
 
 
Source: Yan
with a Sola
Collectors”. E

Drawings/Ske

The struc
(

Source: Yan
with a Sola
Collectors”. E

Systems (BISTS

eating	wi
ctors	

ng, Z., Wang
ar-Assisted H
Energies (201

etches/Cross-se

The arrang

cture of the a
(a) Aluminum

ng, Z., Wang
ar-Assisted H
Energies (201

S)”  

ith	a	Sola

 
 

Refurbished

g, Y. and L. 
Heat Pump 
11).4(504-516

ections 

 
gement of the

 

 
aluminum me
m mesh plate

 
 
 

g, Y. and L. 
Heat Pump 
11).4(504-516

ar‐Assisted

d Villa 

Zhu. “Buildin
Using Roof

6) 

e solar colle

esh plate and
e; (b) Profiled

Zhu. “Buildin
Using Roof

6) 

d	Heat	Pu

ng Space He
f-Integrated 

 

ctor 

d profiled str
d strip 

ng Space He
f-Integrated 

ump	

 

eating 
Solar 

 

rip.  

eating 
Solar 



COST Action

BISTS
 

BISTS ch
 
Solar-Ass
 
“System c
complete 
and more
source an
the heat p
desired in
 
“The test b
 
“The east
devices w
integrated
the roof s
with profile
tiles.” 
 

 
Source: Y
Roof-Integ
 

Stage of 
 
*Demons
 

BISTS de
 
Project m
and willing
 
 
 
 
 
 
 

n TU1205 “Buildi

S Examp

haracteristi

sisted Heat P

consists of t
roof integratio

e comfortable
nd end part”. 
pump whilst 
door space o

building is a t

t-west aligned
were installed 
d into the buil
structure, an a
ed aluminum 

Yang, Z., Wan
grated Solar C

f Developme

tration (Alrea

escription a

motivation: H
gness to expe

ing Integration of

les 

cs: 

Pump Using 

the solar roo
on, a radiant 

e indoor envir
The solar roo
the radiant 

of the building

three-story vil

d roof is slope
underneath t

lding envelop
aluminium me
strips, afterw

ng, Y. and L. 
Collectors”. E

ent:             

ady Built)     

and context

House refurbis
eriment with n

f Solar Thermal S

Roof-Integra

ofing collecto
heating floor 
ronment, and
ofing collector
heating floor 

g.  

lla located in 

ed at an ang
the roof tiles, 

pe as part of 
esh layer wa

wards, a concr

Zhu. “Building
Energies (201

        Respo

        Tianjin 

t 

shment towar
new ideas rela

Systems (BISTS

ated Solar Co

or, which fea
end system, 

d a compress
r within the ro
r serves as t

Tianjin city, w

gle of 25° and
so from outs

the roofing st
as laid, then t
rete layer was

g Space Hea
1).4(504-516)

onsible:  

University 

rds style retro
ated to buildin

S)”  

ollectors 

atures high s
which guaran
sor and relat
oof structure 
the condense

with an overall

d finished with
side the solar 
tructure. Afte
the copper tu
s paved and 

ting with a So
) 

ofitting, a des
ng integrated 

solar utilizati
ntees the low
ted devices, 
serve as the 
er part, rejec

l floor area of

h ceramic tile
r collector is in
r the EPS bo

ube was arran
finally finishe

olar-Assisted 

ire for low en
solar therma

ion efficiency
wer energy dem

which coupl
evaporator e

cting heat int

f 820m2” 

es. Heat colle
nvisible and t
oard was add
nged and cov
d with the cer

 

Heat Pump U

nergy consum
al 

y and 
mand 
e the 

end of 
o the 

ecting 
totally 
ded to 
vered 
ramic 

Using 

mption 



COST Action

BISTS
 

System v
 
 
 
 
 
 

 
Modellin
 
“eQUEST 
program i
DOE-2’s 
consumpt
considera
 
“The geom
calculated
conditions
 

 

Source: Y
Roof-Integ

n TU1205 “Buildi

S Examp

viability 

ng and simu

T software too
is the latest o
capabilities 

tion over an 
tion” 

metric model
d hourly hea
s, indoor therm

Yang, Z., Wan
grated Solar C

ing Integration of

les 

ulation tools

ol was used 
official version
in several im

entire year 

l of the build
ating load ob
mostat tempe

ng, Y. and L. 
Collectors”. E

f Solar Thermal S

s developed

to calculate 
n of DOE-2 d
mportant way
r (8760 hour

ding created 
btained by in
erature, system

eQu

Zhu. “Building
Energies (201

Systems (BISTS

d/used 

the hourly b
derived user-
ys: eQUEST
rs) using ho

by eQUEST
nputting the 
m operation m

uest model
 

g Space Hea
1).4(504-516)

S)”  

building energ
-interface, wh
T calculates 
urly weather

is shown in 
building con

mode and rela

ting with a So
) 

gy consumpti
hich also exte

hour-by-hour
r data for th

Figure 2. R
nstruction inf
ated informat

 

olar-Assisted 

ion. The eQU
ends and exp
r building en
he location u

Results includ
formation, cli
tion” 

Heat Pump U

UEST 
pands 
nergy 
under 

de the 
limate 

Using 



COST Action

BISTS
 

BISTS Pe
 
Based on
*Detailed 
eQuest 
*Long-ter
 
Performa
 
For integ
key perfo
 
Solar sav
Light tran
Solar tran
Total sola
transmitta
Solar hea
Building f
W/m2K 
Noise, fir
Other: 
 
For sepa
performa
- 
(EN1297
ASHRAE
 
Other: 
 

Addition

Sources 
 
Source: Y
Roof-Integ
 
 
 
 

n TU1205 “Buildi

S Examp

erformance

n: 
simulation 

rm monitorin

ance param

rated system
ormance indi

vings fraction
nsmittance:  
nsmittance: 
ar energy 
ance: %: 
at gain facto
fabric U-valu

re, etc rating

rate collecto
ance rating c

5, a0,a1,a2)
E, etc 

nal informat

and referen

Yang, Z., Wan
grated Solar C

ing Integration of

les 

e data 

ng 

meters 

ms: 
icators - 

n: % 
% 
% 

or:  % 
ues:  

gs 

ors: 
coefficients 

), 

tion: 

nces: 

ng, Y. and L. 
Collectors”. E

f Solar Thermal S

Graphs for c
solar fraction
 

 
 

The si
 

Room tem

The electri
value for a
depending 
winter; the 
4.16, a rela
 
 

 

Source: Ya
with a Sola
Collectors”.

Zhu. “Building
Energies (201

Systems (BISTS

collector efficien
n, etc. 

imulation me

mperature an

city usage is
a villa of 82
on the enviro
average CO

atively high va

Heating Sup

ang, Z., Wang
ar-Assisted He
”. Energies (20

g Space Hea
1).4(504-516)

S)”  

ncy, seasonal e

esh and resu

nd environm
 

s always less 
20 m2. COP 
onmental con
P is 2.97, an

alue for winter

pplied and av
 

g, Y. and L. Z
eat Pump Usi
011).4(504-5

ting with a So
) 

energy gains, d

ults - Temper

ment tempera

than 10 kW
of the heat

ditions during
nd the maxim
r weather. 

verage system

Zhu. “Building 
ing Roof-Integ
16) 

olar-Assisted 

diurnal/season

 

rature profile

 
ature during t

W, which is a 
t pump fluct
g the test peri

mum value rea

m COP 

Space Heatin
grated Solar 

Heat Pump U

al 

e 

test 

small 
uates 

riod in 
aches 

 

ng 

Using 


