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|‘ ' load i i | /  district heating/cooling
\ . | / I ] natural gas }
l generation / | exported energy | \ biomass /
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_ S ; i
building system boundary \
Weighting system

[kWh, CO,, etc ]

weighted demand l J weighted supply

Net ZEB balance
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Description
Typology

Floor Area

Number of
inhabitants/users
Construction period
Location

Write down the energy carriers in the first row. Select for each of the energy using functions which energy carrier is
used. If a certain function is not present in your building don't select the energy carrier.

Carrler 3;

Heating

Cooling

Hot water bathroom

Hot water kitchen

Cooking

Oven

Refrigerator

Washing machine

Tumble dryer

Dish washer

TV/computer

Lighting

Other:

Other:

Other:

o|ojo|olo|o|o|o|o|o|ojo|o|o| o)
ogiogjogo|jojo|jo| oot

SlEE EEEEEEEEEEEE

Yearly consumption

To be able to compare your outcomes with other students you have to convert the energy consumption per year to

primary energy, per m2 and per person.

m2

person

kwh

My

ent of Architecture

Eastern Mediterranean University (EM

Description
Typology

Floor Area

Number of
inhabitants/users
Construction period
Location

Write down the energy carriers in the first row. Select for each of the energy using functions which energy carrier is

Apartment
Residential
420 m2

4

2001
Tehran, Iran

used. If a certain function is not present in your building don’t select the energy carrier.

Carrer 1

L

Heating

Cooling

Hot water bathroom

Hot water kitchen

Cooking

Oven

Refrigerator

Washing machine

Tumble dryer

Dish washer

TV/computer

Lighting

Other: hairdryer

Other: iron

Other: Click or tap here to enter text.

] e e ] e e ] o e e | s o

O
[
X
X
O
0
O
0
O
0
O
0
O
0

] L o o o | e e | ] g
w

Yearly consumption

&
8
:
=

o
3
B
3

w

Click or tap here to

enter text

To be able to compare your outcomes with other students you have to convert the energy consumption per year to

primary energy, per m2 and per person.

| m2 person
kWh 72989 174 18247
M 262760 625 65690
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non renewable

EXD A

J9i&e Y/=celw lgglS V1 (S5

Electricity to primary energy

Ry £ | i

Renewable

solar, wind, ..

Efficiency 45%
For 1 kWh of electricity you need

1/0.45 = 2.2 kWh = 8 MJ of primary energy

Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU)
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(Jo5%e YO/Y=Y/5%/A)

Joi%e Y/F=celw clggS Y 1Sk

Natural gas 1m? 35.2MJ 9.8 kWh
Petrol 1 liter 349 M) 9.7 kWh

Diesel 1 liter 38.2MJ 10.6 kWh
Kerosine 1kg 43.5MJ) 12.1 kWh
Biomass 1kg 15.1MJ 4.2 kWh
LPG /propane 1kg 49.6 MJ 13.8 kWh
Butane 1kg 49.1 MJ 13.6 kWh
Coal 1ke 28,6 MJ 9.7 kWh
Brown coal 1kg 20.5MJ 5.7 kWh

Dry Wood 1ke 19.0 MJ 5.3 kWh
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The recorded temperature range is between -10°Cand  The angele of the sun for shading device is 84° for Jun.
+42°C. Cold months are from Oct to Apr and warm The angle of entry of the sun is 36° for Dec and 59° for
months are from Jun to Aug.The coldest recorded Sep.

temperature is between -10°C for Jan and the warmest

recoeded temperature is +42°C for Jul.

In warm months of the year, the prevailing wind In cold months of the year, the prevailing wind
direction is through the north-east and south-east. direction is through the north-west and south-east.
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RELATRE HUMIDITY  100%  80% 6l
i

DESIGN STRATEGIES: JANUARY through DECEMBER

il
—7

DRY-BULE TEMPERATURE, DEG. €

!
21.53% 1 Comford| 1867 hrs) 30 /ll—lllq;(,g l/ ,.-‘rr .0z8
A% 2 Sun Shading of Windmes(1622 hrs) "‘w{h / J‘.
3 High Tharmal Bassl hrsd s /
i High Tharmal Mass Nioh Rushedil hes ,-" ; JoAsd =
7 £
2200 5 Direct Evaporative Cooling{1923 hrs) AR / £ / > S
6 Twi-Stage Evaporative Cooliweg(l hra) TEMPERATURE I A, x’( -,
7 Matural Ventilation Coolmgil hrs) DEG. © Hﬁg ,n" Jr-'r o . ; e
8 Fanr Forcedd Yemilation Coolimgid hrsy x& o L J.-’ K —;’-E-i"ﬁ‘.ﬂiﬂ
MER 8 Inteendl Hiedt Gaind2 348 hrs) 3 I A I,H' ra E
10 Passhae Solar Direct Gain Low Magsq lrsj A 5 B A =
223 11 Passe Solar Drect Gam Hegh Mass{ 1957 hrs) ; '3 ol i \{{ B E
12 Wind Protection of Outdoor Spaces(0 hrs) sgi o b ,/ ,r il ,; Gk
13 Hirmidimiad i Cinlyal hirss f : o X\h‘“‘ i = 201 E
14 Dehurridimeca ey Onda 0 hirsy 4 / ';H‘E‘ 2
14 Cooling, add Deburiocateons @ neaded{i hrs) !_,a’f B M_ 042 z
16 Heating, std Humidification if neededi0 his) 1 3 - 5:1'5.
BA6% Comtortable Hours using Selected Strategi S
{7150 out of BFGD brs) 30 -008
Comforl Zones shove .,
Swmnmer clotling on right, - ]
=04
_E E
-0
o 15
15 -10 5 (] 5 i [1] 15 20 25 30 35 40 45

Percentage of comfortable hours:

Design Principles

- Without using of mechanical systems we can reach 81.6% of comfortable zone, we can reach 100% of comfortable zone if we use mechanical

systems.| The remaining 18.4% can be supplied by mechanical systems).

-shade to prevent overheating, open to breezes in summer, and use passive solar gain in winter.

- For passive solar heating face most of the glass area south to maximize winter sun exposure, but design overhangs to fully shade in summer.

- Flat roofs waork well in hot dry climates (especially if light colored).

- Good natural ventilation can reduce or eliminate air conditioning in warm weather, if windows are well shaded and oriented to prevailing breezes.

- The best high mass walls use exterior insulation (like EIFS foam) and expose the mass on the interior or add plaster or direct contact drywall.

- Provide double pane high performance glazing (Low-E) on west, north, and east, but clear on south for maximum passive solar gain,

- Heat gain from lights, pecple, and equipment greatly reduces heating needs so keep home tight, well insulated(to lower Balance Point temperature).
- Use light colored building materials and cool roofs (with high emissivity) to minimize conducted heat gain.

- Organize floorplan so winter sun penetrates into daytime use spaces with specific functions that coincide with solar orientation.
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SOL-AIR  INSIOE Optimizing Thermal Mass and Insulation

I Sl g (Tl 09 (65l gy

315

oI

thin sieel piate

) b S &ED 5

1 in. insulation

2.5 in. wood
{in. insulation

8in. concrete
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Optimizing Thermal Mass and Insulation
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Thermal Mass Heat Distribution

ol e | Syl Sy
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Q,=Q;+Q,—[n X (Qs+ Q)]

Example: Q, = (40.9 + 6.3) — [0.89 * (22.9 + 13.8)] =47.2 - 32.63 = 14.57 kWh/year

Q; Heat Losses due to Transmission

Q, Heat Losses due to Ventilation

Q. Heat Gains due to Solar Radiation
Q, Heat Gains due to Internal Gains

n = utilization factor for gains

” Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU)

P Incomplete
Heat
Recovery

HEAT LOSSES

Transmission

Air
Leakage

o
WINDOWS 10°C

72}
14
(@]
o]
i
o
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Energy Balance

QH=QT+QV_[TI X (Q5+Q|)]

----------------------------------

Lt

©

= e : a
:"c"' Transmission Qr Heating System om
2

Heat Losses Heat Gains
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Q. =AxUXxf, xG,

Q; (Transmission Loss) =  Area of the thermal envelope (m?)
X

U-Value (W/m?K)

x

Temp. Correction Factor (if needed)
x

Yearly Heating Degree Hours (kKh/yr)

=kWh/a

Example: Q, =900m? *0.15 W/m2K * 1.0 (ambient element) * 75 kKh/year (Vancouver)
= 10,125 kWh/year
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QV = Vu Xn v-demand X cair X Gt

Note: h-lis another
Q,, (Ventilation Losses) = Ventilated Volume (m?) to write ‘ACH’ w\
“ 7
Energetically Effective Air Changes (h?)
X
Specific Heat Capacity of Air (Wh/m?3eK)

4

Yearly Heating Degree Hours (kKh/yr)

=kWh/a

Example: Q,=878m? 0.104 h-! * 0.33 Wh/m3K * 75 kKh/year (Vancouver) = 2,260 kWh/year

Note: c= 0.33 Wh/m3K
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Q. =rxgxA,xG

Q. (Solar Heat Gains) = Reduction Factor (unitless)
X

Solar Heat Gain Coefficient (unitless)
(‘SHGC’ or ‘g’)

X

Gross area of the window (m?)

X

Global Irradiation (kWh/m?-yr)

=kWh/a

Example: Q; = 0.42 * 0.62 * 52m? * 480 kWh/mZ.year (Vancouver Southern Exposure)
= 6,500 kWh/year
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U= 1.40 W/mPK

Building stock ol cob GT 9 ft s ygSe )50 g cppe
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SCnld

U=030 WmeK [/ EnEV QT =AxUX ft X Gt el

@ \\ W/m?2 @ QT=1%1.4%(20-(-5))= 35 kWh/a

U=0.12 W/m2K S \ Passive House

@ QT=1:0.3%(20-(-5))= 7.5 kWh/a

@ QT=1%0.12:% (20-(-5))= 3 kWh/a
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low-energy house

Passive House
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\L MECHANICAL VENTILATION
WITH 2 75 % HEAT RECOVERY

[ELECTRICITY DEMAND < 0.45 W/{m°/h)]
I

NOTE: For cooling, there is an
additional energy allowance Tor latent
Ipads which varies by climate

LOW U-VALUES
U =0.15 W/m®.K

Yearly Heating Demand < 15 kWh/[m*-yr}
mg: i:;“:s or Peak Heat Load < 10 W/m?
Moo = 0 ¥ Yearly Cooling Demand < 15 kWh/(miyr) €
THERMAL EHEIEy LAY Demand <120 kWh/{m®yr]
BRIDGE FREE Building Airtightness < 0.6 ACH@50

TRIPLE GLAZING
U, € 0.8 W/m?K
g-value/SHGC: 0.50-0.62

Excess Temp Frequency £ 10%
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(QH) o329 J,1 > 5W0 Sl 5 ol gdate sllersl
Specific Demand ;| aS— (Passive House Standard) _ywglsguu
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kWh/m?a

TFA
» (QH) J Sy b s Jobs (QH)
5L oo (TFAY odlatul bl osds J S (clalias

Allows comparison across
building types

PHI has strict definitions for TFA

Q,, = 300,000 kWh/a
TFA = 20,000m? Q, = 37,500 kWh/a

qH =15 kwh/mza TFA = 2,500m2

Q,, = 4,500 kWh/a
qy = 15 kWh/m?a TFA = 250m?2

q,= 15 kWh/m?a
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oo b, lw ,» U-value cluwslxe

insulation. [ TR0

RTotaI =

Rsl
+

(dy /Ay)

(d,/ A,)

+
(d,/ A,)
R..

and then:

U=1 / Rtotal

R,; = interior surface film resistance
R.. = exterior surface film resistance
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Bsimin =189 C .

b Ak oo ol et b (5 5L o] @
“puaa o 53.5%
O reon= 93.5%

0,,.=74.8% A?‘
= *

10 -'

ploster finsh down to slab

floor finish not shown
woterproof fonking fo
/ insulotion below ground

1 30mm

—— 200mm reinforced concrate
shob

- A~ damp proof membrons

240mm expanded
polystyrens insulation

s blinding fayer for level basze,
mambranes § required

[ w—fr—F—ri— hardcaore

profective slob fo insulafon
below ground

P~ Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU) B Al 5% o 8IS (g ylore 89,5 g e Sliwl ¢ oalas] dlas] S's




PHPP 1381 05 ;3 (wglbgauy 400l sl lao 2 (55950

Specific building charactenstics with reference to the treated flioor area

e ST T E Alternative
Treatad fioor ama " 1660 Criterla criteria Fullfilled?”

Space heating Heating demand kWhi(m®a) 13 < to15 - :

: : : es

Healting load W/m® 10 < g - 5 10 ; y

Space cooling Cooling & dehum. damand kKWh/[m®a) - < g & g - g
Cooling foad Wim? - = '

Frequency of overheating (> 25 "C) % 1 < 10 yes

Frequancy of excessivaly high humidity (= 12 g'kg) % 0 = 20 yes

Airtightness Pressurizafion test result ngg 1/h 0.2 = 06 " yes

Nonrenewable Primary Energy (PE)  PE demand KWh/im®a) 40 = ' || &

PER demand kWhi{m®a) 32 = i-13|5]-h3?-h

Primary Energy Generation of renawable yes
Renewable (FER) enargy (im relation to pro- kKWhi'{m®a) 125 z 1240 124 E
jected building footprint area)

r Emgly tiald: Data mesing, - No reguirement

| confirm that the valuss given hersin have been determined foliowing the PHPF methodology and based on the charactenstic st p —_
valuas of the bulding. The PHPP calculations are attached o this venfication. HAssivE Holse Fremidm yes .
............................. T 'F‘.:".’.":., ... sl name. Eo il b S .--_5..'.1”"3"".?:., Signature.
“.Designer ’ | | :
..................................................... Is_ﬁlt_:_ednn" ,I

1

] r _r 1
mstructions | Verification w il Clmate  U-Values  Areas  Ground | Components | Windows  Shading | Ventilaion  Adeitional \
|
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<«
=2
=]
o
i
|

“
=
(=]
o
i

f i i s
Cost of Construction with ICFs . Benefits Homeowners Cite
$5.00 g 80 + f.m’ ohners
e MFame owngts
3 $4.00 = 70 +
g mWall construction 2
% $3.00 — &
St : =3
B Heatingfeooling
2. Beoie | equipment E
§ CINet cost §
o %
:

comfor: Quist Sirengtnd  Energy
solidity  effcienty

(51.00)
Low Average High
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ng : Ys0* Solar Geometry 1515 17 15 19 20 (3
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a0° 907 535 dag N /A”
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Glazing Type U-value U-value

Typical window assemblies W/m?*°C B;I‘UI SHGC Tuis
ft*°F

Single-glazed Clear (Alum. 1.7 1:30 0.79 0.69

frame)

Double-glazed Clear(Alum. 3.63 0.64 0.65 0.62

frame)

Double-glazed Clear (wood or 2.78 0.49 0.58 0.57

vinyl frame)

Double-glazed Bronze (Alum. FB3 0.64 0.55 0.47

frame)

Double-glazed Bronze (wood or 2.78 0.49 0.48 0.43

vinyl frame)

Double-glazed Low-E (low- 1.87 0.33 0.656 0.52

emissivity 0.20, wood or viny!

frame)

Triple-glazed Low-E 0.08 w/ 10 0.30 0.44 0.56

argon (wood or vinyl frame)

Double-glazed spectrally 1.65 0.29 0.31 - 0.51

selective Low-E 0.04 w/ argon

(wood or vinyl frame)

Double-glazed spectrally .48 0.31 0.26 0.31

selective Low-E 0.01 w/ argon

(wood or vinyl frame)

Triple-glazed Low-E 0.08 w/ 0.85 0.15 0.37 0.48

krypton (insulated vinyl frame)

Triple-glazed Clear w/ air (wood 1.93 0.34 0.52 0.53

or vinyl frame)

Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU)
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Control (Shading Devices)

Maximum 5 x H
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W

2. Pergola

1. Awning 5. Other shading device to
deal with high angle sun
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Spring Autumn

Spring Autumn
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A DROP SHADE

£
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!

C AWNING SHADE
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Control of Radiation

b ylolw

L ST Pl e s S A2

Shading Factor

ot (o dlw ,giS18
ol J s e
. These devices take
1. Horizontal advantage of the
or sloping difference between the ™ 0.25
overhangs altitudes of summer ?nd -
. winter sun. High spaces
facing the may require two
equator overhangs, one of which
can also serve as a light
shelf, see page 67. |
When sun angles are very
2. Wing walls low in the morning and 0.30
evening, an equator facing
wall or east and west walls
can utilize wing walls as
they provide better control
than horizontal overhangs.
Small wing  Combining 1 & 3 to create an
q walls at the  optimized dormer for a
3. Winglets scale of fins temperate zone. 0.15

between
windows
can help
block early
& late sun.

Steel Fascia Extension
With Deciduous Vine

spring

fall

Fascia Extension Flap

fall  spring

\

Sliding Fascia Extender
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DIRECT SYSTEMS INDIRECT SYSTEMS ISOLATED SYSTEMS
#1 #2 #3 #4 #5 #6
DIRECT GAIN/ DIRECT GAIN/ THERMAL ROOF PONDS THERMOSIPHON SUN ROOM
DISTRIBUTED CONCENTRATED WALLS
MASS MASS
1
E
Good for Good for a Good for a Good for balanced Good for a Good for very
balanced heating heating load heating heating and cooling heating cold conditions
and cooling. dominated dominated condition, superior dominated and areas with
condition. condition. cooling application. condition. short growing
Quick morning seasons.
response. Quick morning Can enhance Large radiative Frees up walls for
+ response. morning response transfer area gives other purposes. Can use attached
Views not + by venting as superior comfort. - space for plants,
blocked. Views not shown, unvented # Requires a views and usable
+ blocked. wall is cheaper Potentially free from sloping site space.
Best response to + and just as good equator orientation. || toward equator or -
night vent cooling. More storage in some climates. % lower floor to Interior is mostly
- capacity than #1. - Frees up wall areas mount air convectively
Movable window - Loss of views to and views. collector. coupled, so less
insulation will More expensive equator. - - controllable than
enhance the thermal mass. = Requires large Limited amount of radiant systems
system. Limited radiation movable insulation mass. 1-5.
= response to 8 m system over the
Must take care to [25 ft.]. ponds.
avoid glare and . - A~ pirflow
fading of Difficult to construct x Selarinpit
furnishings‘ without industrial
production of _— orsar il
components. .
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. Ground duct system school
Kalmoes Friesland College
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Ground temperature (Climate Consultant)

a ground duct
can warm the
incoming air to
5 to 10 degrees
in winter

Ground temperature (Climate Consultant)

o ot B | .
{
L0 O Crate ey

LOCATION: AMSTERDAM, -, MLD
GROUND TEMPESA TURE (MONTHLY AVERAGE) Latiudatsmghude: €3 Mot 477 Eant, Vot
e O e -

n

a ground duct
can cool down
the incoming
air to 15

degrees in
summer

-
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Ground temperature (Climate Consultant)

a ground duct
can warm the
incoming air to
5 to 10 degrees
in winter

Air: Toean= 11°C
fluctuating
between

-10 and +32°C

S0l Tyeun= 11°C, stable

P" Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU)
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Thermal solar
energy

£ 4G

I:O—*| Potential heat d =

sources
e () J Other (waste)
heat sources
Ground
source

Heat Pump

Heat pump types
according to the
source used:

 Air to water heat
pump

* Water to water
heat pump

P" Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU)
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A water to air heat exchanger

Fins to
the contagt surface

et e .y

Plate heat |
exchanger |
Transfers energy!
to the water |

Panel- Evaporator

Extrats energy from the ait Compressor e}

Ervironmental factors

Liquid

Expanssion valve

Heat exchanger/ |

Heat collector Heat pump
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Mechanical ventilation with heat recovery

ﬁ ‘ outdoor

itho HRU 3
Ecofan

e

=
". i -’.;\,
.
z - &

Fresh cold air in

Exhaust warm air coming from the house
Preheated fresh air supplied to the rooms
Cooled down exhaust air blown out

Air to air heat exchanger

13

Itho HRU 3
Ecofan

Fresh cold air in
Exhaust warm air coming from the house
Preheated fresh air supplied to the rooms
Cooled down exhaust air blown out

i s -
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Air to air heat exchanger

T 3

4 ; &) 4905 lali caby 5L

o | 00l b gl aars Syl bl

IS &S 5,8 o Syeo (HRV) o
: _— 1. Fresh cold air in A : 0 R .
2. Exhaust warm air coming from the house ° e Lﬁ")"‘ LSLQ&""wLw L?‘)"o)b/f‘)"o
ﬁ 3. Preheated fresh air supplied to the rooms Ml)
4. Cooled down exhaust air blown out . d

Air to air heat exchanger

1k o HRV (la inunas (59 0500 Jila> m
MW VAT

AR OLoJJ\) L cla HRV )’1 o3l 1.>u.>).: |
Do o3laiuw]

Stacked parallel layers
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Energy Programming (Urban Scale)

T S s

Geothermal cascade
Pijnacker - Oostland
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Panel

Array
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Constructional integration

]

Addition Substitution Integration

O o Sl
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Shading systems

Rainscreen systems ———

Stick-system curtain walls

Unitised curtain walls

Double-skin facades ———

Atria and canopies ——
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vertical rope

harizpntal glass suppon

/ structural coitimn

Shumdnium mudbon

spacer bar

cabling

Stumanium ransom

AlumEnium pressure cap

azed panel
glazec p gasket

nner glass pane of
double-glared unit

glared W module laminated
onto carrier glass
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aluminiem mullion

gasket

aluminium transom

Ty

existing reinforced
concrete structura

spacer bar

inrer glass pane

proprietary support
track system

glazed PY module

P," Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU) Bt 41 3 e BIES1S (g yloro 09,5 gE 0 L] ¢ colac] dlua] 8>

|



. BIER TR W W puem wa Dok WA NG

(b)

Transpired
solar collector
cladding

Customized
photovoltaic
modules

Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU)
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Preheated fresh
air for ventilation

Electricity for
appliances
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Living Parking Streets Infrastructure Offices Green spaces
[m] [m] [m?] [m?] [m?] [m?]

Conventional row 1938 1568 2454 5105
house design
Parking space reduc- 968
tion via ecologically
sound traffic concept
Concept with car-free 540
secondary access
Addition of office 770 1216
and workspaces
Roof terraces 2378 968 540 770 1216 4621
and green roofs and 1182
Completed net area, 7446 1096 1404 5803
BedZED community
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Case Study 1: BedZed, London, UK

1 Kindergarten
2 Fitness centre
3 Cafe

4 Office

&5 un. “ n ! e
! ! ;

BNk

’ 4 Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU)
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1 Internal heat sources

2 Natural ventilation/passive cooling
3 Outside/intake air

4 Heat recovery

5 Exit air

6 Exhaust air

7 Supply air

8 Electric cars

9 Combined heat and power plant
10 Photovoltaics

11 Fermentation/biomass utilisation
12 Solar yield
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Case Study 1: BedZed, London, UK

SITE

Annual global radiation at site
Annual mean temperature at site
Context

BUILDING ENVELOPE PARAMETERS
L-value, exterior walis

U-value, windows (incl. frames)
U-valua, roof

LI-value, skylights (incl. framas)
L-valua, floor slab

Mean U-value, building envelope

BUILDING EQUIPMENT PARAMETERS
Protovoltaic systam area

Sysiem area per mr

Photovoltalc capacity

Capacity per m”

—Combined heat and power plamt capacity

Capacity per mv¥

Suttan near
London, (GB)
BOO KWh/m*a
8.7 °C
suburban

Wim K
017
1.20
010
1.20
0.0
0.2

77T me

008 m*m*

108 KW,

12.20 W/mé

250 KW,/ 120 KW
2820 W_/méf
13.60 W, /nv

NETWORK INFRASTRUCTURE AND ENERGY SOURCES

Supply infrastructure

Energy source supply

Feed-in infrastructure
Feed-in enaergy source

electricity grid, gas
grid, wood chip
delivery

natural gas, elec-
tricity, wood chips
electricity grid
electricity

DESIGN STRATEGIES, CONCEFTUAL FOCUS

Passive house components and concept, wind-pressure
driven ventilation with heat recovery, combined heat and
power, photovoltaics, smali-scale district heating grid, com-
munity, user education, ecologically sound frafiic concept

BUILDING PARAMETERS

Mat floor area. NFA

Gross floor area, GEA

Gross volume, W

Building envelope, A

Surface to volume ratio, A

Building cosis (net, construction/
technical services)

Mumber of units

Commercial and administration areas

Total number of users

CONSUMPTION PARAMETERS (2007)

space heating consumption

Water heating consumption

Site energy consumption for heat
{incl. hot water)

Eleciricity consumption

Total primary energy demand

Total primary energy generation

Dy Al o BIKES1S (g sloro 09,5 ge e dliw] ¢ colas] dllas] 5

B850 m=
10,388 m*
24 465 m°
12,3468 m*
048 m*/m*

1580 €/m? {2002)
B2 residential units
2500 m*

220

kKWh/m?a
18
29

48
34
172
184




Case Study 1: BedZed, London, UK

Maisonette First and
Second Floor

Maisonettes skygarden
at second floor

Flat at Ground Floor —
{with conventional
garden at ground
floor)

Live / Work units
skygarden at first floor

Live work unit at
ground / mezzanine to
north of block

Mai . L "l

Maisonette First and at second ﬂoor"

Second Fioor

Live / Work units
skygarden at first floor

Flat at Ground Floor
{with conventional
garden at ground
floor)

Live work unit at
ground / mezzanine 1o
north of block
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Case Study 1: BedZed, London, UK

S8 el 9 (54 Spas

‘Wood chips

Rermawable energy

Photovoltaic system

Exhaist air

Electricity grid

Off-gite enargy generation

- Buffer storage tank

+

District heating grid

Ventiation with
heat recovary

Energy consumption

Supply &ir

Distributed

Orn-site enengy gengration

transfer stations

+

Domestic hot water

Storage tank

Space heating

Blectricity loads

Electric vehicles
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Case Study 2: Solar House designed By: Technical University of Darmstadt (2007)
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Case Study 2: Solar House designed By: Technical University of Darmstadt (2007)

Technische Universitat
Darmstadt

Location: Darmstadt, Germany
Latitude: 49.87° N Longitude: 8.66° E

Overall Ranking: B

R [ I
Architeclure;

LR R I [
Engineering: )

Gl I [
Marl?el Viahility: -

5 I
Con}munica‘lions': ——
Comfort Zone:

[ I 100
Appliances:
| 3‘

Hot Water:

[ 6 \ !

I ’ | ==

Energy Balancezl
11

Lighting:
M

[
Gelling Around:
[ I [ 12

Total Project Cost: $1,378,297

T

(A

CAOEITIIE

At s sy re e e

e

e e

ceR 41\ S ) =
wall section

1. photovoltaic panel

2. built-in acrylic shelf

3. LED backlight

4. phase change material

5. exterior louvers with photovoltaics
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Case Study 2: Solar House designed By: Technical University of Darmstadt (2007)

= - — e
‘ \
e | ' | e _.._———'_‘4! — e — — ~—j !
[ =R 5 ‘
S ] |
| | | |
S el
N —— b q
_____ e ]
sile circq[ation - | outdoor spaces construction module

he SNSRI S S8
Al lE e | | P e
SO TSR

r— |1 | T | —

site plan location . additive/subtractive

| 1

1

l interior spatial form

e

\ L {
|
parti . interior zones
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Case Study 2: Solar House designed By: Technical University of Darmstadt (2007)

I:I‘ e ‘J H i 3= g g P H 2

e — t § | J £ A

N | | | i

3 ; i i | =
Voot . : e = H (=
“ 3 | =t

§ i il = S

; I 1L e

e e
o [ ]
natural ventilation — section solar angle daylighting shading
N\ A
< ‘r W “ ’I \
=)' ) -
.'Y {j I [
\ |
v‘] (ll ‘ | |
L; / [ | " s \
q { H collection - distribution
[
. L\ - e ;i = ‘ = I storage - core
natural ventilation — plan mechanical ventilation
= 71 1
f! ]‘  |
[ ‘ i ;
| 1 ‘
i .%!
f‘f Il | L i
core |location hot water
‘ '\\;\“
‘ . \\
- § I
1 \ ‘ ::,
ﬂ | \
thermal storage mechanical parti
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Case Study 2: Solar House designed By: Technical University of Darmstadt (2007)

photovoltaie panel " transluzent pv glazing T flashing

T T
T 0,018 acaling sheetlag

sealing sheeting sloping insulation

: ; i L . nexjon fittings
_:_.-""'-j_. 4 o _.'.__,.- P e 1\__{ . i « iy ‘\-c'h"‘w-__ e -"..-."':-"I - ..-".j__ ; ! 0,073 shoping irsulation i\
i F"l"-"-":"-"-"‘-":. 2 :-.-r:-'nr-r-r-.r.r-rﬂ'r z - - e S = x ﬂ‘ﬂ‘? fllsererment-bonrd "
AL [H g A O o K S i 'e% T N, kN 4 | = TR ol Fariie !
e et ey R SNl 17t (L b epr byl uat frambea .22 et

- i : 3 £ 0,018 oerlented virand board T | sUnscreen

facing panel

vacuum insulation [%/ e

— o
T
4=

:T_l

=

Fev—|
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_ alternatively:
small dining spa
or work space

Living area [ca

o

expandable kitche

Bed - sleeping
cavity

alternatively:
big dining space
or work space

L - m _'_'__'_' ) 'JJ

M M

@)

‘ Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU)
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= [
fooprint of building: [ [ | | ;

1003 m x 721 m = 7231 sgm
3299 ft x 236 ft= 7784 sgft il i Wi —— . I

TX

| 30413

.

Floor Plan with Opened Louvers
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fooprint of building:

1003 m x 721 m = 7231 sgm
3299 ft x 2366 ft= 7784 sqft

In closed condition the louvers do not
exceed the footprint of the building.

footprint alltogether:

1003m x 721 m = 7231 sgm

3299 ft x2366ft= 7784q

03

e

Floor Plan with Closed Louvers

Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU)
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Case Study 3: Solar House designed By:
Technical University of Darmstadt (2009) - Surplus Home
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Case Study 4: House Retrofit based on Zero Energy Design in Esfahan, Iran

Climate: Khomini shahr-Esfahan-lran

ENERGY REDUCTION

Step 2: Calculation for Energy Reduction

Primary Energy Demand

dollah Azami, Department of Architecture, Eastern Mediterranean University (EMU)

Electricity Matural Gas
Energy Consumption 18521 kWh Energy Consumption 42396 kwh
{ Production Efficiency=38% )
Total: 60917 kKWh
Electricity Induction Cooking 10%
Energy Breakdown of Heat
18521 kWh 1852 kWh =
iption Consum aini
Total: 20373 kKWh duslaii e femaining Enerey
Cooking 20% B745 kwWh
Energy Breakdown of Electricity Heating 20% 8749 kwh
Description Consumption Remaining Energy Domestic Hot Water B0% 24898 kWh
Lighting 30% 6112 kWh Estimating of Heat Savings
Cooling 40% 8149 kwh Strategy Saving Amount of Energy Saving
Equipment 30% 6112 kWh Thermal Insulation 40% 3500 kwh
Estimating of Electricity Savings Thermal Mass
Strategy Saving Amount of Energy Saving High performance glass for south window 10% 275 kwh
Green Roof 30% 2445 kWh High performance glass for east and north window 20% 1750 kWh
Shading devices 30% 2445 kWh Water saving Hot-shower 20% 2980 kwh
Energy Saving Equipment {A+) 30% ditai Cooking 100% 8749 kWh
LED Lighting 90% 5501 kWh Heat Saving Meat Parceptual Saving
Electricity Saving Electricity Perceptual Saving SO TS e
12224 kwh B0% Remaining Energy Demand
Remalning Energy Demand Cooking 3
Cooling 3259 kwh Domestic Hot Water 19918 kWh
Equipment 4278 kwh
Student: Zahra Babaei
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Case Study 4: House Retrofit based on Zero Energy Design in Esfahan, Iran

I Energy Breakdown of Electricity l
Energy Breakdown of Heat I
| Electricity induction Cooking 10%
De=scription Consumption Rermaining Energy I
I 18321 kwh 1232 kwh
Cooking 0% 8743 kwh |
| Tatal: 20373 kwh
I HeEmbing 0% 2749 kwh I
Description Conmsurmpiion Femaining Enerpy I
I Darmestic Hot Water oo 24858 kw'h
Lighting 3004 B112 kwh
I Frimary Energy Demand Estimating of Heat Savings I
Cooiling A0 E143 kWwhi
I Electricity Siratemy Saving Amaunt of Energy Saving I
Equipment 30% 6112 kwh |
| Enerey 18331 Thermal insulstion A 3300 kwh
Comsumption kb Estimating of Ebectricity Savings |
I [ Producthon Therma! Mass
I Efficiency=38%) Stratemy Saving A of Enermy T3 I
High performance glass for south sindow 10 a3 kwh
I Motursl Gas Green Roof 3I0% 2333 kwh I
High perdformance glass for east and north window 20 1750 kwh I
| Enermy 47390 Shading devices 309 2843 kwh
Corsurmolion ik Water saving Hot-shower 200 4580 kwh I
I Energy Saving Equipment [8+) 30%% 1834 kwh
Cooking 100 8749 kwh |
Total: 80317 kwh
I LED Lighfing SO 3501 kwh
I El=ctricity Sawving: 12225 kb Electricity Perceptusl Sawing: a0
I Energy Demand after Reduction I
oo |
I Diomiestic Hot Waler: 19918 bwh Heating- 20232 kiwh 199184 2034=72347 W'wh
Lighting: 011 kwWh Equipment- 4278 kwh I 011+2278=4889 k'wh I
I Cooking: -
I_ Cobling: 3232 kih |

I
1

O

Remaining Energy Demand of Heating: 28%
Energy Efficiency or Energy Reuse: 72%

Heat Exchanger
.' EFf: 90% . ?i'“

¥

o . o e

FI-I-I-l-I-I-Ii--i

M o - e e e

Remaining Energy Demand of Domestic Hot Water: 60%
Energy Efficiency or Energy Reuse; 40%

Era““H'D"‘.t'W' - 3255 Remaining Energy Demand of Cooling: 99%

3259 :
Eff: 99.92% Energy Efficiency or Energy Reuse: 1%

- . .

Student: Zahra Babaei |

e o o o e e e e e e e o o o o o e o o e S M S M wm M m m —
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21 June

Pump

Saving Percentage Heat
Exchanger: 90%
Saving Percentage Heat
Exchanger: 70%
" 0. 0D WY NP SN h S \-- . e BN AT R P P AR AL L T T T G W R G T G G G T S, . R G D S D e ey -
2.4 ™ -
- - . T
l i Remaining Energy Demand for Heating (January)
A 'I' IHH nl'lilf‘%h H'l |
lb!‘ E LRI I Heating 2624 kWh
l By Ground Duct System Utilization
l d | . i Energy Reuse By Ground Duct 1207.08 kWh 46%
-12
= Remaining Energy Demand For Heating 1417 kWh S54%

Remaining Energy Demand for Cooling (July)

Cooling 3259 kWh
103 o
By Ground Duct System Utilization
Energy Reuse By Ground Duct 3256 kWh 99.92% =100
s —etut e — vt - Remaining Energy Demand For Heating 26072 kWh 0.08% -0

Student: Zahra Babaei
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Case Study 4: House Retrofit based on Zero Energy Design in Esfahan, Iran

PRODUCE

e

Lo Wt e e o G g I ATO
Cetpivads  Ax [ e (=] “

e -V
Py oms  UE7 - var -4 - "e e

(7] woees s cocnw

Case Study : Khomini shahr-Esfahan-iran

PYGISS estrmales of S0t elecicly generanon:
LY. '? Provided inputs: Simulation ouputs Outine of horizon o chosen lecation:
Lagnce Lorghute: 52800, 51540 Sxge gk Npnt .
sepsnssssnsnaci Location: Khomini shahr-Esfahan-iran Fokzon Caksnne Adrun ange s’
Horizontal Iradiation of Khomini Shahr: 1972 kWh/m2 Cotstese st PNGSSARAN Yeasy S erexy producton DERT
1 PV Thermal Module: 1.63 m2 :m: ;ﬂ::'m '*?*"m gﬁ'@'x“
= ocases Year o yoor vasadiy H
1 So!ar Collector Module:. Srols e w4 PP
Efficiency of PV Module: 20% Aot nckdence 284
Efficiency of Solar Collector Modute: 50% Spechy efeds RETLY
Direction: SW Tergeatm g v msae 371%
Angle: 45 Tottliose. iRy
Electricity Demand of Lighting: 4889 kWh
Heating Demand: 12711 kWh
1PV Module Produce: 1.63*1972%0.2=642.872kWh Norhly enecgy outpus from fix-aegle PY syston: Wicathly in-plane Fradistion for Sxed-angle:
1 Solar Coltector Module Produce: .
-~ PV Module needed: 4883/642.872= 8 Module - -
Solar Collector Module needed: ‘
B 1 : | | I ‘
s 10
—— .
.. ‘ | A

Student: Zahra Babaei

P" Dr. Ahadollah Azami, Department of Architecture, Eastern Mediterranean University (EMU)

2 & o BIKUESID ¢ g yloro 89,5 g0 dliw] ¢ calas] dllus] 2S5



olod b (g5l Il 55 00 (65,51 (2 1,b

Case Study 4: House Retrofit based on Zero Energy Design in Esfahan, Iran

Thermal Insulation . June2i
Green Roof & Thermal Mass 82°
- | = : : : '._Shadmg devices
High performance  « _ G5 = High performance
glass for West and -+« {5 | . glass for South
North window ’.‘..;.":’:f" window
Heat Pump & . &\ IBGe . Wi ©

-—

Heat Exchanger

Water saving Hot-shower... i . | = _ o= Dec21

Shower Heat Recovery "

Induction Cooking " |

Energy Saving ECIuipment""'
(A+)

" LED Lighti
Ground Duct System’ L EAUng

Student: Zahra Babaei
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Case Study 4: House Retrofit based on Zero Energy Design in Esfahan, Iran

Natural Gas (Heat) Electricity (Induction Cooking 10%)

42396 kWh 20373 kWh

Description Saving Amount Remaining Amount
Heat 19854 kWh 22542 kWh
Electricity 12224 kWh 8149 kWh
Reuse Reuse
o Description Saving Amount Remaining Amount
Heating (Ground Duct System, Heat Pump, Heat Heat Saving: 64% Heat 14533 kWh 8009 kWh
g;::;::tg;r')m Water (Shower Heat Recovery) Electricity Saving: Electricity 2992 kWh 5150 kWh
Cooling (Ground Duct System)
Description Saving Amount Remaining Amount
Heat 34387 kWh 8009 kWh
Electricity 15222 kWh 5150 kWh

Description
Heat (STC) 8432 kWh > 8009 kWh
Electricity (PV) 5157 kWh > 5150 kWh

k@# Student: Zahra Babaei
T BNpoIy
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0 E-mail:Ahadollah.Azami@emu.édu,tr

W (L) +90-533-877-6452
O] @ahad.azami

@ 2 +98-914-309-1559
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