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Wind + Geothermal + Solar
Hydroelectric

Nuclear
Gas All Fuel Types (13.5 Gtoe) Renewable Energy (1.4 Gtoe)

Oil
Coal

Hydroelectric
Renewable

10.4%
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(&
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Global Energy Consumption in Fraction, 2017
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Japan (#5)
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CO2 Emissions per capita Comparison
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*OECD: Organization for Economic Co-operation and Development
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Photovoltaics, A Major Renewable Energy Source
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2018 2020 2022

Generation Europe @ china
APAC North America @ Latin America
Africa @ Middle East Eurasia

@ Accelerated case

Solar PV generation and cumulative capacity by region, 2017-2023

Info from “www.iea.org”
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Photovoltaics, A Major Renewable Energy Source

Top PV markets, 2017

15t ciina 53 GW

n d EE= i, 10,6 GW

3rd noia 9,1 GW

1 '~ GERMANY

S ® 00
2" @ T
JAPAN

o B

Top PV markets, 2017

BELGIUM



Commercial PV

panel Techs
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Photovoltaics, A Major Renewable Energy Source

Monocrystalline

Polycrystalline

Thin film
technology

=55

Silicone crystals
15-209% efficiency

Amorphous

silicone

Lower efficiency, 4%
Much less expensive

Not Requiring direct
sunlight, producing
electricity over longer
periods.

New
Technologies

Thin film
Cadmium
Telluride cell

Gallium
Arsenide Cell

Multi-
junction cell
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Photovoltaics, A Major Renewable Energy Source

11

Sunlight ST Lol LS'J"

« Modules

isolation « Mounting racks

Transformer

Manual * Inverter(s)

Disconnect

Load/Home
appliances « Electric panel

‘—(‘9"

>

Conventional Interconnection
energy meter Point

« Battery bank

www.greencleanguide.com

PP ledslu jo 4l HIG Jolate guad o Ly S pgead
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Photovoltaics, A Major Renewable Energy Source
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Utility-scale PV system USD/kwW Rooftop PV system
Large-scale PV power plants > 000 Residential-scale PV systems
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2050 2015 2020
B Range Weigthed average
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Info from “www.iea.org”
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Calculation of the Energy Index

Total heat: 33'000kWh

Energy index heat:
Ew = 33,000 kWh/ 164 m2

Heating: 30'000 kWh Ew = 200 kWh / m2

&30 50 3B 3O C yid Yo O pao Jolro

Two floors
of 82 m?(gross floor area)

164 m?
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Construction year

$38l bl 6,3

=3 Energy index

Demand for renovation
Demand for new building
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Energy balance:
losses and gains

Qh=QT+Qv-T]gX(Qi+Qs)

ccoraing to SIA 580/1

(Swiss Engineer and Architecture Norm)

Heating demand MJ/m?
Transmission heat loss MJ/m?
Air heat loss MJ/m?
Utilization degree for heat gains -
Internal heat gains - MJ/m?
Solar heat gains MJ/m?




The thermal building shell
A

The thermal building envelope is complete
Thermally insulated and airtight!



Heat losses of a typical house from 1950

Energy consumption:

0
20% 30,000 (kWh/year)

Foundation \/
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U~1.1 W/m2K : U<0.20!

The old ones (up to 1970) NEW: (from 2008)

External Wall Isolation Techniques, U Values:
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Saving by
Thermal Insulation Measures 9000

4556 4237

2369 2414
-3052

Thermal bridges

G
(@)

Ventilation

Heating energy consumption

22
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OLD STATE HOUSE MODERN BUILDING

Ventilation 14%

Roof 18%

Window 12%

Wall 37%
Ventilation 18%
Roof 14%
Window 13%
Floor 18% Wall 21%

Floor 10%



https://www.researchgate.net/figure/Comparison-of-Heat-Loss-Terms_tbl3_245299345
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https://www.researchgate.net/figure/Comparison-of-Heat-Loss-Terms_tbl3_245299345
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Case study building: Located in Zurich, Switzerland
47.37, 8.55

‘ Jgl alo> 5o Heating load analysis oolgidun 9,509, du oy
g bo )5 ol il @l

Electricity load analysis Pl 93 Gt guddh o) 33
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Wall and roof _ -
heat loss Main part of the building heat loss

Air infiltration « Stack effect

heat loss e  Wind flow

Water heating

energy Domestic hot water required energy
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Envelope heat loss rate from the building

QEnvelope heatloss ~ 3.9 KW



il Lw (6551 Judowi 9 4 320 (6990 axdlla

Air infiltration heat loss Qair infittration = V X 1.2X 0 1009.02X (T out — Tin)
Volume of air leakage
Outside temperature

Ideal inside temperature

Qnfiltration heatloss ~ 0.7 KW

QTotal Heat loss — (anfiltration heat loss + QEnvelope heat loss) X 1.1~ 4.5kW

Reliability factor

28
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—

Kitchen sink

_ QHouse Total
Washing

machine = QTotal heat loss

+ QWater heating
=4850 W

ol Gube,S olyp oY &5y B Shower bath
P ploxslw 5o e

Dish washer

2500 liter of
heating oll
annually

| {

QWater heating for the house ~ 0.37 KW
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LAMBDA
Vento

Wall insulation

Insulation TETTOAIu
material Roof insulation

ol ods iy 2 0,809, dw

0.022 W/mK 0.031 W/mK

24 CHF/m? 31.7 CHF/m?
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e
5700 kWh of the house annual &l 51380 255 51 ouwl
- : 4.8 kW
electricity consumption

o lallls 8,90 ol » aildln 8 a0 §p ylode

PV system b by PV

PV/Syst 38¢ tilt angle for the
panels

i JBST o Ll

et (0Laid! ola Ll

HOMER EXPERT




Case Study Building Energy Analysis: Electricity Load 32
PVSyst Technical Design

« Larger Tilt angles increase the summer insolation yield and vice versa

« The design is performed for annual optimum yield

Selected Panels Aleo P_19/300 300 watt panels 8x2 PV panels

Selected Inverter SUNString 5000 4.6 kWac inverter 1 unit

Roof area occupied = 30 m?
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Lc : Collection Loss (PV-array losses) 0.31 kWh/kWp/day
Ls : System Loss (inverter, ...) 0.26 kWh/kWp/day
Yf : Produced useful energy (inverter output) 3.66 kWh/kWp/day

(kWh/kWp/day]

Energy
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33
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slade (Roof-mounted PV system) laisbe ol p oo coad (g yo5 s oy 05,00 U EA 5 luibw! Gub
Wl oo el 5 YV lade 4 oliws Jlw Ve sudo o Job 50 ouil udgi CO2
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20,000 kWh

ome = 133 () ‘

ol Jlo Jsb 55 295 S5 B pan (gl 5L 950 Gy e il 98 jlake ! V1
IRPYS L oo 5, o5, bawgs pol> Jlo 10 g e09d oo 450 01y oo 30 v
Dgs (o0 (6,105 Cued el Dlg oLS

Got & Sl oy b Jlogh b (oedd jom cbi lo 5yl s ik 5l Y
A Sl %o VP

<
4 -~ " B
f_;, e =0

09 oo o3liiul 5 0 8 Ol g als Gtale S (g 0ud 0 g diey Sl g, l 51 Y

.O; OP&S

Own Usage 7000 kWh @ 21.5 Rp. Fr. 1505
Sellback to NETs 17150 kWh @ 4.4 Rp. Fr. 754
Ecological Value 17150 kWh @ 4.5 Rp. Fr. 772

Electricity Usage Fr. 3031
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roofs and external walls thermal bridges, infiltration, LPD and COP of the DX package units.
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Building Type 3-story building

Construction Concrete blocks

Sand Stone Brick, cement mortar, autoclaved aerated concrete
block, concrete

Wall Type

Cement roofing tiles, loose fill gravel, sand screed,

Roof waterproofing, foam concrete, extruded polystyrene thermal
insulation, heavy mixed concrete

Ceramic tiles, cement mortar, sand creed, heavy mixed

Ground floor
concrete, sand

Total Floor area 12627.8 m2 (Air conditioned area = 12128.9 m2)

Zones 42 zones

Ref.: (Oral Buyukozturk, Hassan Kamal, N.Nafi Toksoz, MIT REPORT: “Sustainability of Kuwait’s Built Environment”, July 2017)
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Exterior
lighting Room
DHW 1.7% electricity
(Electricity) 7.4%
3.8% i

Cooling
(Electricity)
68.2% \ Heating
(Electricity)
0.0%

Energy
Consumption
(MWh)

Energy Measures

Base Case Scenario

Insulated External Wall

Insulated Roof

6-mm double tinted

Double LowE Spectrally Selective Tinted
6mm/13mm Air

Double LowE Spectrally Selective Tinted
6mm/13mm Argon

25% infiltration Reduction

50% infiltration Reduction

75% infiltration Reduction

Ventilation Control

LPD =5 W/m2

Combined Measures based on MEW Code (LPD =
10 W/m2, COP = 2.2, 75% less Infiltration)
Combined Measures Better than the MEW Code
(LPD =5 W/m2, COP = 2.34, 75% less Infiltration)

38

Energy EUI
Savings
(%) (KWh/m?2)

Ref.: (Oral Buyukozturk, Hassan Kamal, N.Nafi Toksoz, MIT REPORT: “Sustainability of Kuwait’s Built Environment”, July 2017)
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<+ Energy-Design Software: 39

EpaCAD 13.0.0 Pro

TiSoft Energy-Design

page

Building mode

& Buidno m . - ) Building Reference building _ Creating 3D MOdeIS

Building model

MName




% Energy-Design Software: 40

EpaCAL 13.0.0 Pro

@ TEE

- | TiSoft Energy-Design

- Creating 3D Models
- Energy Consumption & Energy Class

Zero ener

0.33R.R. <EP. <

1.41 R.R. < E.P. < 1.82 R.R.

1.82 R.R. < E.P. < 2.27 R.R.
2.27 R.R. < EP. < .72 R.R.

on efficient energy needs

Final usage
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% Energy-Design Software:

FpaCAD 13.0.0 Pray

with nei

boring

with the ground

b

XX

Qe dch &

41

TiSoft Energy-Design

- Creating 3D Models
- Energy Consumption & Energy Class
- Energy Saving Scenarios
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“ Energy-Design Software: 42

EpaCAD 13.0.0 Pra

e

Auto

TiSoft Energy-Design

w—— | - Creating 3D Models

254 °C 28,1 °C 28,0 °C 24,3

e " : ) , - Energy Consumption & Energy Class
| - - Energy Saving Scenarios
- Visualized Results

UFuel
Ufuel

Electricity xq CO... ECO2
Diesel oil
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% Energy-Design Software:

EpaCAD 13.0.0 Pro

= |2

Calculate | Auto
Print

't pa

MNavigator the ¥ Genera ge hours | &2 its and Appliances

Minimur (Table [ 01-1)

Required ventilation 15,00
Ventilation per m2
Air exchange per hour

Air flow

. @ir o
n ble ene| @l AHUs, V=0 m eral. ratio
r handing und |} Kotaornpo, popu

Ext. air temp. corr.

Time at. ratio

Infiltrati

Wind
Infiltration air
Mo of chimney:

f air

From AHU
ernal air correction
Manually

From AHU

Time operat. ratio

43

TiSoft Energy-Design

- Creating 3D Models
- Energy Consumption & Energy Class
- Energy Saving Scenarios

- Visualized Results

- Parametrization



s Ti-Soft Example: Building Energy Saving Measures in a Residential House Located in Switzerland ViVil

lat  Surfaces Recalculats S 3| Rotate ol | Auto Settings

Creating 3D Models

- Calculation of Wall & Roof Heat Losses (Q,)

- Calculation of Air Infiltration Heat Loss (Q,) Qv =1.1(Q1 + Q2) + Q3
- Calculation of Water Heating Energy (Q3)

—



¢ Ti-Soft Example: Building Energy Saving Measures in a Residential House Located in Switzerland 45

Y Total heat losses
Ground floor
Room data Heat losses
Room name Internal Floor Volume Room DIN4701_QT DIN4701_QINF DIN4701_QV
Temperarure Ar H.Losses (Qt Qinf)
Binti (A V QN w]
o ¢ X ) (Qt Qinf)
wi Wi
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Summaries

_ . The overall energy requirement
Internal temp.= 20.8 °C Building Conditions

(W)
External Air temp.= 13 °C : : O
D —————— Without Insolation 4855

With (15cm) Glasswool 2072 57% Energy Saving
Insolation in Exterior-Walls In Switzerland




s Ti-Soft Example: Building Energy Saving Measures in a Residential House Located in Kuwait

¥ Total heat losses Y Total heat losses
Flat 1, QN= -7912 W Flat 1, QN= -5,096 W
Room data Heat losses Room data Heat losses
Room name Internal Floor Volume Room DIN4701_QT DIN4701_QINF DIN4TO1_QV Room name Internal  Floor Volume Room DIN4701_QT DIN4701_QINF DIN4701_QV
Temperarure Area H.losses ) Qinf) Qv Temperarure Area H.Losses (Qt Qinf) Qv
Bint,i) (A v (QN) W] W] Bint.i) (Af) \') (QN)
[*C] (m  [m7] Wi Qinf) | [°C] 7 Im¥ Wi
rh.\'"
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The overall energy requirement
Qn W)

Internal temp.= 20.8 °C Building Conditions

External Air temp.= 40 °C - -

With (4cm) Glasswool Insolation in 35% Energy Saving
Exterior-Walls + Roof Insolation + -5096 In Kuwait
WoodenFrame with single glazing




