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Overview of Renewable Energies and their Technical Implementation
Optimisation of a Model House
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The global energy consumption is rising
Fossil fuels are limited

Burning of fossil fuels
leads to
global warming
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Increase in Energy Prices ZEWU
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Consequences of Greenhouse Gases Emissions

Emissions of greenhouse gases lead to global climate change
with dramatic consequences, particularly for developing countries
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Consequences of Global Proprsis
Warming ZEWU

Increasing weather extremes and water shortages
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Increased spreading of
diseases
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Energy is usually not available in the form in which it can
be used in households or industry. The following action
hierarchy is applicable for climate protection:

1. Energy saving

2. Efficient energy use

3. Efficient energy conversion
4. Use of renewable energies



Private Energy Distribution
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Energy saving can be achieved in the most successful
way when energy-consuming processes are resigned
from.

Insulation instead of warming

Thermos flask instead of hot plate
Turning off standby functions

No lighting or heating of unused rooms
Insulation of pipelines



Efficient energy use is based on the application of
possibly smallest amount of energy in order to achieve
the greatest possible benefit. Here the decisive role is
played by the utilisation ratio of applied energy.



Efficient Energy Use

Old: 700 kWh/a New: 120 kWh/a
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Energy efficiency In conversion is a measure for the
utilisation of applied primary energy. Here the decisive
role is played by the efficiency of conversion.

In addition to the used technology (modern generators,
efficient solar collectors), particularly successful
IS the simultaneous generation and
use of electricity and heat
(the combination of heat and
power).



The use of renewable energies is basically associated with
lower environmental impacts. Energy which cannot be
saved should possibly be derived from renewable
sources.

BUT: Even with the use of renewable energies, the
environmental impact is not zero.




Total cost about 120 €/m?
Example

Energy saving for a single-family house built in
1968 is about 44% with investment costs of
EUR 20,000

Accepted:

Energy price increase 8%, interest rate 4%

Odynamic amortisation in 16.9 years

Olifetime of 40 years



Example:

Investment cost 1000,- EUR
Energy saving 2500 kWh/a
Energy price 0,10 EUR/KWh

This results in

Heating cost saving = energy saving/energy price

Heating cost saving = 2500 kWh/a EUR 0.10 /kWh = EUR
250/a

Static amortisation = Investment costs/Heating cost saving

Static amortisation = EUR 1000/ EUR 250 /a = 4 years



Cost to benefit balance EFH BJ 1958-1968

Cost/benefit of renovation* result
Total costs 44 627 €
of which energy-related costs 22,217 €

Ann. interest and amortisation 1,875 €
Annual 1,912 €

Break-even In year 1 of the
measure

*Reporting period: 20 years, annual calculated interest rate: 5.5 %, energy price of 6.5 cent/kWh,
annual energy price inflation rate: 5 %, calculation basis: EnEV 20009.
Source: BSI study (see link tips)



Energy Distribution in the
Industry
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Energy Distribution in the
Industry
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Energy saving

Efficiency measures
- Pumps

- Ventilation / air conditioning /
refrigeration

- Compressed air
- Energy considerations concerning processes
- Heating / hot water

Use of renewable energies



EU guidelines and support programmes

Directives/decisions:

Energy Efficiency Directive 2006/32/EC

Obijective: to increase energy efficiency by 9% by 2016.

Renewable Energy Directives 2009/28/EC

Obijective: to increase the overall share of renewable energies to 20%
till 2020. Incl. National Action Plans (Poland: from 7.2 in 2005 to 15%
iIn 2020 of share in final energy consumption).

EU Buildings Directive 2010/31/EU
Objective: to improve general efficiency in the case of new buildings
and modernisation of the existing ones



Rising energy consumption in the world requires fossil
fuels in the foreseeable future

The consequences of global warming change worldwide
In the case of all living conditions

Only consistent energy savings, energy use and the
application of renewable energies can have far-reaching

conseqguences
The legal framework conditions are provided by the EU



Energy losses in the house
Digression: physics
Overview of insulation materials

Examples of application
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Distribution in a household
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Energy losses in a house
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Crude Oil Price Development
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Thermographic recording
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A measure to determine the insulating effect
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Insulating Effect of Various
Materials
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Insulation through still air - Protected thermal insulation:

unprotected insulating protected insulating material: no
material: air movement inthe porous

Air movement in the pores structures is possible, full effect of
reduces the insulating effect insulation

wikilead

Introduction to Low-Energy Construction and Renewab le Energy Systems



Measured in [

Water vapour diffusion resistance of some materials
Air=1

Mineral wool = 1

Brick = about 5

Wood = about 50

Concrete =50 - 100

Glass = 10,000

Cellular glass = 40,000
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Classification of Insulating
Materials
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EU Buildings Directive 31/2010/EU

In Germany in the case of modernisation
External walls u-value =0.24 W/m2K

Roof/top floor ceiling u-value= 0.24 W/m2K

Ceiling, wall to ground u-value =0.30 W/m2K

Windows u-value = 1.3 W/m2K
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Top insulating
materials

Conventional
insulating
materials

Natural
insulating
materials
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Expanded Polystyrene (EPS, foam particles, porous, white),

Use: thermal insulation composite systems (TICS), roof insulation on flat
roofs

Extruded polystyrene (XPS, closed cells, yellow, green, blue),

Extremely low water absorption, practically steam-tight.
Application: for example external basement walls

Thermal conductivity of 0.030 (Neopor) 0.035 to 0.045 W / mK
Diffusion resistance value 20/100 (EPS) to 80/250 (XPS)

Fire retardant,

in case of fire - problematic
combustion gases,

very good heat protection

www.baulinks. fle
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Polyurethane PUR / PIR) rigid / soft foam local foam.

Application: Hot water tanks, etc.; under screeds in buildings,
roofing, filling of sandwich elements,

Thermal conductivity of 0.020 to 0.040 W / mK practically vapour-
tight (diffusion resistance value 40 / 200)

Fire retardant (B1),

in case of fire - extremely
problematic combustion gases (e.g.
hydrogen cyanide),

very good heat insulation,

expensive,
moisture-resistant
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Previously natural mineral fibres (asbestos). Synthetic mineral fibres
(SMF) on glass or rock base.

Application: roof insulation, TICS, core insulation as flakes
Thermal conductivity of 0.035 to 0.040 (0.050) W/ mK
Vapour diffusion resistance value 1

Non-combustible (Al or A2) or low flammability (B1)

good fire behaviour,

fibre problems,

very good heat protection,
very permeable
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Production from minerals and glass. Foaming with CO..

Very high quality but more expensive insulation for specialist
applications (under load-bearing components, etc. in areas exposed

to moisture). Is usually bonded with hot bitumen.

Very pressure-resistant, moisture-resistant
Thermal conductivity of 0.040 to 0.050 W / mK
'Practically vapour-tight'
Non-combustible (Al)

very good fire behaviour,
very stable dimensionally, pressure

resistant,

moisture-resistant
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Mineral products, usually glass fibre reinforced
Strong basic product, therefore, no mould problems

Very expensive material but easy to process. Especially suitable for
the interior permeable insulation.

Thermal conductivity 0.060 W / mK
Diffusion resistance value 6
Non-combustible (Al)

very good fire behaviour,
very good moisture transport,
optimum internal insulation

Source: www.final-materials.com
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Core of silica foam as an evacuable, pressure-resistant material

VIP1: Gas-tight protective sleeve made of stainless steel (durable,
repairable on site, heat-conductive edge seal)

VIP 2: Gas-tight protective layer of composite film (no thermal
bridge at the edge, susceptible to mechanical damage)

Thermal conductivity of 0.0040 to 0.0055 W / mK
or about 10 times less than conventional insulating materials

ready for the market but expensive,
very little space required,
limited lifespan
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Flax, a suitable undemanding plant fibre from domestic production.
Stronger plates often with polyester support fibres.

Hemp provides fibres that are suitable for thinner insulation.
Stronger plates often with polyester support fibres.

Cotton in mat form or for blowing in.
Peat frequently occurring in the existing buildings.
Thermal conductivity of 0.040 to 0.055 W / mK

Diffusion resistance factor 1-15

Combustible

partly problematic fire behaviour,
renewable raw material
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Made of soft wood waste, wood glued together with resin

Application: Particularly suitable for roof insulation and external wall
Insulation, economical

In use with paraffin or bitumen, also water resistant. Thicker panels
glued in layers.

Thermal conductivity of 0.040 to 0.055 W / mK
Diffusion resistance factor 5
Normally flammable (B2)

Good heat storage capacity;
renewable, domestic resource
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Perlite is expanded by strong heating of the volcanic rock by means of water vapour.
The resulting expanded perlite is an excellent insulator. Dust during processing.

Partly equipped with silicone or bitumen.

SLS 20 with (old) glass as a raw material

Easy to use as an aggregate mortar and lightweight concrete

Expanded clay (Leca) through fast evaporation of fresh water clay balls. Very good
heat storage

Thermal conductivity of 0.035 (SLS 20) 0.045 (perlite) to 0.13 W / mK (expanded
clay)

Diffusion resistance factor 2-5

moisture resistant, permeable
incombustible
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Polystyrene / EPS pearls good thermal insulation properties, dust-
free processing.

Mineral wool flakes, shredded mineral wool,

Nano-gel, glass structures with no more measurable spaces,
therefore, excellent insulation properties, expensive

Thermal conductivity of mineral wool 0.040 / EPS 0.035 / Nano-gel
0.018

moisture resistant,
permeable,
incombustible
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Perimeter insulations
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With polystyrene
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Thermal insulation composite systems
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1. Adhesive mortar
2. Insulation plate

3. Reinforcement
location

4. Surface
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Mineral wool panels

Polystyrene panels
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Insulation between rafters

Flat roof insulation
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The largest energy losses occur through the heating of
buildings, and therefore, buildings need to be insulated

Insulating materials

- have different insulating effects and are divided into thermal
conductivity groups

- consist of different raw materials with different properties
- can be used in different areas depending on their applications

Introduction to Low-Energy Construction and Renewab le Energy Systems



Project with given average u-values
Determining heat losses of the building envelope
Assumption of the conventional heating system

Existing: refurbished like the Reference Building
EnEV 2009

Heat demand 58,783 kWh/a Heating demand 11,990 kWh/a

Saving 46,793 kWh/a => 4,679 litres of oil x 25 years = 116,975 L of
heating oil




external wall, not insulated

Window 1-
double-glazed

Roof with 4.0 cm insulation

Basement ceiling, concrete and cement
screed



Two-family house in Brest

Usable area of the building: 252,0 m?
Building envelope areaA: 440,0 m?
Building volume V: 787,5 m?

Air volume; 598,5 m?

Heat sources: remote/ local heating, fossil fuels

Water heating: wood firing



Installation val

Partial areas conditions ue |Aream2 |Construction
Wall Ambient air 1,434 227,00| External wall
Door, north Ambient air 4,000 2,00 Entrance door
Window, east Ambient air 5,200 8,00| Single glazing
Window, west Ambient air 5,200 8,00 Single glazing
Window, north Ambient air 5,200 8,00| Single glazing
Window, south Ambient air 5,200 12,00 Single glazing
Roof Ambient air 0,853 65,00/ Old roof
Window, South

45° Ambient air 5,200 5,00 |Single glazing
Window, north

45° Ambient air 5,200 5,00 [Single glazing




Heat Transfer:
Calculation of the U -Values




Model House: External Wall
U-Value Calculation




Model House: Basement
Ceiling U -Value Calculation




Year of U-value

Window type

construct. WIGRES)
Glass bricks till 1994 3.5
Single-glazed wood windows  (laminated) till 1979 5.0
Aluminium and steel windows with insul. glazing till 1983 4.3
Aluminium and steel windows with insul. glazing till 1994 3.2
Plastic windows with insulation glazing till 1994 3.0
Wooden windows with insulation glazing till 1994 2.7
Plastic and aluminium windows with insul. glazing from 1995 1.9
Wooden windows with insulation glazing from 1995 1.6
2 panes of heat insulation glazing today 1.3

3 panes of heat insulation glazing, passive

house windows today 0.9



To determine the U-value of the roof, the layer sequences
should be calculated with their percentage proportion _in
the total area!

Example of our roof construction:

Component layer s (m) lambda R Area %

Heat transfer inside 0.10 100
Plasterboard 0.01 0.25| 0.04 100
Spruce/Pine (rafters) 0.20 0.13 1.54 18
Mineral fibres 040 0.04 0.04 1.00 72
Heat transfer outside 0.04 100
U-value: 0.85 W/m2K




Model House:
Total Losses




Heat transmission losses through the building envelope



Model House:
Energy Demand Coverage




Model House: Heating
Demand




Model House:
Energy Losses and Yield




Model House:
Spec. Final Energy Demand = 265.65
kWh/(m?2a)




Model House:
Heat Transmission Losses




Heating Load of the Heat
Generator




Model House: Carbon Dioxide
- CO2 Emission in kg/m?




Model House: Carbon

Monoxide (CO) Emission in
kg/m?




Model House: Nitrogen
Oxide (NOx) Emission in kg




Model House: Sulphur
Dioxide (SO2) Emissions




|dentification of weaknesses
Thermography

Blower Door Test

Optimisation of the structural design
Avoiding thermal bridges
Wind density level

Improvement of insulation



Recognising Weak Points by
Means of Thermography




Thermography:
Application and Requirements




Roller shutter housings

Slab construction: significant heat dissipation at
the joints.

Poorly insulated bay windows or balconies



Application of
Thermography in Renovation

Determining the location and function of underfloor heating systems




Thermography: Detection of
Water Damage

Interior view of a bay window Water damage caused by defective
roofing




Most common cause:
incorrect air behaviour and
insufficient insulation



Differential Pressure

Measurement: Blower Door
Test




Blower Door Test: Differential
Pressure Measurement Method




Typical thermal bridges in residential buildings:

- Roof

- Walls

- Roller shutter casings
- Window lintels

- Window sills

- Ring beams

- Radiator niches



Thermal bridge

— projecting balcony slab Possible solution

- thermal separation from the building



Balcony connection
with thermal
separation

Example:

Schock Isokorb® XT
with insulation body
thickness 120 mm. It
was certified by the
Passive House
Institute in Darmstadt
as 'low thermal bridge
structure' and is
suitable for passive
houses.



Wind Density Level




Optimised Construction:
Exterior Wall Insulation

CTIS

Composite thermal insulation
system




Perimeter Insulation in the
Base Area




The U-value of our wall improves from
1.434 W/m2K to 0.156 W/m2K
at 20 cm insulation WLG 035.



Energy Savings Owing to the
CTIS




e.g. polystyrene particle
foam granulate

perlite

or mineral wool granulate



Cavity Insulation in the Roof




Insulation between rafters Insulation under rafters

Insulation on rafters



Windows

Double or triple glazing




Windows:
Passive House Components




Windows:
Passive House Components

A warm window with Uv below 0.8 W/(m?2K)
guarantees excellent comfort.




1. Gypsum internal plastering

2. Brickwork

3. Airtight connection; to be installed
according to the manufacturer specification
4. Adhesive compound

5. Sto insulation plate Top32 (20 cm)

6. Reinforcing mortar

7. Sto glass fibre mesh

8. Final coating

9. Sealing film (open to diffusion); adhere
the film to the surface according to the
manufacturer specification, then instal the
CTIS.

10. Sto plaster panel

11. Sto window sill



Basement Celling Insulation

glued insulating
material

or attached with plastic anchors




e Condensing boiler technology
e Low temperature boliler

« Water heating

« Control technology

« Radiators

* Panel heaters

 Ventilation systems



Low temperature device Condensing boiler
- small chimney cross-sections

- or directly through the roof



Heating Technology

Condensing boiler
technology




Heating Technology:
Connecting Condensing Unit

Connection of a double pipe @ 60/100 to the gas-burning boiler




Heating with storage:
In this variant an indirectly heated

storage is used for water heating.
It can be installed next to or under

the isotherm.




Heating Technology:
Water Heating

Combined storage and hot water
storage




Decentralised Water Heating

Instantaneous water heater

Application:

During renovation, when
no hot water pipelines
are available.

When only small

amounts of hot water are
needed.



Instantaneous water heaters in different installation variants



Heating Technology:
Control Technology




Heating Technology:
Efficiency Pump




Activation of the night mode in the
heating system

Room temperature controller

The temperature is shown on a
display and it is possible to see
whether the heating system is
working and whether the night mode

IS active.



Heating Technology:
Hydraulic Balancing




Heating Technology:
Heating Surface Design

In the bathroom as a towel

warmer
or in the living room as

a wall heater




Heating Technology:
Heating Surfaces

Steel radiators Surface radiators

Convectors




Heating Technology:
Underfloor Heating

Individual room air temperature control




Ventilation Systems:
The Principle




Ventilation Systems:
Cross Heat Exchanger

Central ventilation unit with heat recovery

Installation option in the attic




Ventilation Systems:
Decentralised with Heat Recovery

Decentralised ventilation unit




Renewable Energies,

regenerative energies, are energies from
sources which are renewed quickly by
themselves or their use does not contribute to

the depletion of the source.



Solar radiation
Geothermal heat
Renewable raw materials (wood, biogas, etc.)

Wind power
Hydropower




Proportion of Renewable
Energies
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Availability of Fossil Fuels
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Proportion of Renewable
Energies

Source:BMU brochure 2010
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Radiated power 174 PW
122 PW reach the Earth surface = 1,070 EWh

It corresponds to approximately 10,000 times the annual world
energy demand



Solar energy supply

iIn Europe:
geographic distribution of
annual totals

(kWh/m?2 per annum)



Solar energy supply

In Belarus:
geographical distribution
of annual totals

(kWh/m2 per annum)

1,000 kWh/m?

? 2glivalent to about

100 | of heating oil /100 m?3
natural gas



Solar Radiation

Thermal usage

Source: wdi.de
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Water heating for domestic use and heating support



Solar Thermal Energy

Solar thermal systems Collector designs

Introduction to Low-Energy Construction and Renewab e Energy Sysiems  page: 136



Collector surface:
about 1-1.5 m?

per person

Storage capacity:
about 80 |
per person

www.alternative-e nergiequellen.com/
solare_dec...



Use

Energy saving with the total heat demand
according to system size and concept

about 10 - 40 %
In solar houses up to 100%

Specific solar circle yield
350 - 450 kWh/m? per annum

Costs

Specific investment costs depending on the system size
about 500 - 1.500 €/ m 2 of collector surface



Areas of application
- Systems with year-round (or at least in the summer months)
high hot water consumption
- Residential buildings (one-family houses, two-family houses)
- Nursing Homes
- Hospitals
- Accommodation establishments (hotels, guest houses)
- Campsites
- Laundries
- Car washes
- Breweries
- Sports facilities




Photovoltaics are understood as direct conversion of
Into
by means of solar cells.

Source: Wikipedia



Photovoltaics
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Results

Total earnings per year
1210/ KWh/m?
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Photovoltaics

vatafu.de/solar-energie/photowoltai k-netzgeko. .
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Photovoltaics

on the roof
flat roof

open space

http:/mww.ac t-center.at

Introduction to Low-Energy Construction and Renewab le Energy Systems



Photovoltaics

Island facilities

http:/mww.ac t-center.at
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Production of heat or electricity

el

wood of manure crops
and silage



m/

Fireplace
Pellet furnace
Wood chips

Log wood

house

Pellet system

boiler

P

N

Industry/SMEs

Pellet system

(



Pellet system with
storage




Pellet boiler with storage




Log wood boiler




Advantages

- good availability

- price

- Individually adjustable

Disadvantages
- relatively low efficiency
- high space requirements
- must be provided



Biogas system




A rough estimation of usage for power generation with
average efficiency:

1 ha of maize corresponds to about 2 kW of electric
power

1 ha of other crops corresponds to about 1.5 kW of
electric power

1 ha grass corresponds to about 1 kW of electric power

Manure from 1 cow corresponds to about 0.15 kW of
electric power



Advantages

- renewable energy sources (renewable, locally
available raw materials)

- fed as biomethane into the natural gas network
- decentralised power generation

Disadvantages
- Intensive farming with negative consequences
- regional competition for land

- methane is one of the high-relevance greenhouse
gases



Biofuels are used to power engines
As supplement or replacement products for fuels

Palm oil, canola oil, sugar cane, etc.

Source: Fachagentur fiir
Nachwachsende Rohstoffe



Functioning principle of heat pumps

Environmental heat can be extracted from water, soll
or air.

Source: kroeckel.de



For efficient operation of heat pumps for heating
purposes, the following requirements must be met:

High performance or work value of the heat pump in
operation

Low heat demand of the house

Sufficient availability and regeneration capacity of the
heat source

Avallability of surface heating



Earth heat pumps
Earth collectors Earth probes

Source: bauen.de Source: elektropraktiker.de



Heat Pumps

Ground water heat pumps

Source: Saam GmbH.de
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Air heat pumps

Boecker-handwer kerbe darf. de




Advantages
- constant amount of heat in the soil and water

- with surface heating and good insulation a good energy
balance

- Individually adjustable, no chimney
Disadvantages
- electric power consumption needs to be controlled
- economic efficiency after controversial practice tests
- partly high investment costs



Cogeneration Plants (CHP)

The idea
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Cogeneration Plants (CHP)

Functioning principle
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Cogeneration Plants (CHP)

Areas of application
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Advantages

better energy efficiency of thermal and mechanical energy
more use options for regenerative energies

for large power plants the efficiency is 35%, with CHP up to 90%
Disadvantages

- higher investment costs than in the case of conventional heating
- high maintenance costs

- useful when used with a peak load boiler



Land

»

»

Water
(offshore systems)




River barrage

http:/Amw.milde-marketing

Source: Roth Power Plant



Market Opportunities of
Renewable Energies

Jobs

Introduction to Low-Energy Construction and Renewab le Energy Systems



Development of gross employment in Germany
2004 - 2009



Added Value Chain

Introduction to Low-Energy Construction and Renewab le Energy Systems



Overall concept and variants of energy
Cubature and orientation, heated space
Insulation standard and thermal bridges
Wind density level
Renewable energies

Heating system/ hot water



Near-Zero Energy House/
Plus Energy House




Energy Savings Owing to the
CTIS




Energy Savings through Window
Renewal (triple-glazed windows)




Energy Savings through
Roof Insulation with the U -
Value of 0.216




Energy Savings through
Basement Celling Insulation
9.0cm WLG 025




Energy Savings through the
Combination of Variants




After reducing the transmission heat losses, the heating demand decreases
from 265.65 kWh/m? to 43.14 kWh/nm?!



Energy Savings through the
Combination of Variants




Changed Heat Load of the
Heat Generator




Energy Savings through the
Combination of Variants




Model House
spec. final energy demand = 51.22 kWh/(m?a)




Model House: Carbon Dioxide
(CO2) Emission in kg/m?




Model House: Carbon Monoxide
(CO) Emission in kg/m?




Model House: Sulphur Dioxide
(SO2) Emission in kg/m?2




Model House: Nitrogen Oxide
(NOx) Emission in kg




Presentation of group work
Discussing renovation options

- Comparison: costs and benefits



Tasks in group work

How the respective variant changes

* the final energy demand?
* the primary energy demand?
» the pollution emission levels?

Group 1: Variant 'Roof insulation + condensing + solar'
Group 2: Variant 'No insulation + geothermal heat'
Group 3: Variant 'Combined variants + geothermal heat'

Group 4: Variant 'Exterior wall insulation + roof insulation'



Summary of contents
Transfer into your own business
Extended range of services

Distribution opportunities



