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2
2.1

Introduction
Physical context and geography

The Federal Republic of Germany is located in Western and Central Europe and lies between
latitudes 47° and 55° N and longitudes 5° and 16° E.
The country covers 357,022 km2, consisting of 348,672 km2 of land and 8,350 km2 of water. By area it
is the 4th largest country of the EU. Since 1990 Berlin is the capital of the reunified Germany.
Germany is surrounded by Denmark in the north, Poland and the Czech Republic in the east, Austria
in the southeast, Switzerland in the south-southwest, France, Luxembourg and Belgium in the west,
and the Netherlands in the northwest. It is also bordered by the North Sea and the Baltic Sea in the
north with a total coastline of 2,389 km.

Figure 1 Map of Germany
CIA, 2017
Elevation ranges from the mountains of the Alps in the south to the Sea in the north. Highest point is
the Zugspitze at 2,963 meters, the lowest point is Wilstermarsch in the northern lowlands of
Germany at 3.54 meters below sea level.
The climate in Germany is moderate and influenced by the Western European maritime and the
continental climate of Eastern Europe. Due to the influence of the Gulf Stream the average
temperature is comparatively high. Depending on the region, this varies between 12.7 degrees in the
south and 14.3 degrees in the west. The average peak is 23.6 degrees in the east in July and
maximum at 22.3 degrees in the cooler north in August. January is the coldest month; the average
temperature is about 1.5°C in the north and about -2°C in the south.
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The annual average global solar irradiation (the sum of the direct irradiance and the diffuse
irradiance striking the horizontal surface ) amounts 1075 kWh/m² whereby the maximum is about
1,225 kWh/m² and the minimum 936 kWh/m2.
A study carried out by the German Federal Environment Agency (UBA, 2015) has concluded that in
general almost 14% of the territory of Germany could be used for wind energy harnessing. The
average wind speed in Germany at the sea is 70 – 100% higher than onshore. (IRENA, DTU Global
Wind Atlas)

Figure 2 Global horizontal irradiation in Germany Figure 3 Average wind speed at 200m height
2001
IRENA, DTU Global Wind Atlas, 2015
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3

Current environmental status

One of the greatest challenges regarding environmental issues is climate change, whereby burning
fossil fuels is one of the main factors for the raising concentration of greenhouse gases (GHG) in the
world’s atmosphere. Since industrialisation the enormous use of fossil fuels caused the climate to
change. Today’s effects are droughts, flooding, storms and heat waves throughout the world. (BMUB,
Climate action report, 2015)
As an industrialised country, Germany has consumed a significant amount of fossil fuels during the
past century. GHG emissions in Germany declined by 27% since 1990 – 2015.
In total China and the USA have the main absolute amount of GHG emissions; Germany is with 950
mln t CO2 equivalents in eighth place, see Figure 4.

Figure 4 International comparison: GHG emissions by country
BMUB based on UNFCCC and EDGAR, excluding LULUCF
Another figure shows, that in relation to the number of population Germany is the world’s number
fourth producer of CO2 emissions, see Figure 5.
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Figure 5 International per capita CO2 emissions by percentage of global population 2014
BMUB based on EDGAR and World Bank

3.1

Impacts of climate change in Germany

Germany is one of the 20 countries most frequently affected by extreme weather events worldwide
between 1994 and 2014. Additionally, the risk of loss of biodiversity is increasing. The changing
seasonal weather influences have impacts on the flora and fauna. More and more species from
warmer regions are found, others are disappearing.
Another important expected consequence of global warming is a decline of the ground water level in
Germany, which would have significant influences on the water supply. Heat waves are in increasing
in summer. Beside health effects on the people, economic losses, like destruction of forests, reduced
agricultural yields and melting glaciers are some of the worst consequences. (BMUB, Climate action
in figures 2016)
“Negative impacts of climate change in Germany are on nature, society and economy:






The Vulnerability Study Germany 2015 forecasts 5,000 to 8,000 additional fatalities annually
due to heat stress in future. This figure is based on the assumption that mortality can be
expected to in-crease from one to six per cent per degree Celsius at higher temperatures.
Heat waves and extended dry periods can adversely affect water management and forestry:
In certain regions, agricultural irrigation can be restricted temporarily, and the risk of forest
fires can increase. Both call for heightened adjustments.
The increasing temperatures cause non-indigenous species of flora and fauna typically found
in warmer climatic zones to proliferate. These species can not only disturb the domestic
ecosystem, they can also spread pathogens dangerous to humans, animals and plants. One
example is the proliferation of the tiger mosquito which can pass on tropical diseases like
Chikungunya and dengue.
Extreme weather events such as torrential rain and flooding will occur more frequently due
to climate change, and can damage infrastructure and agriculture. After the torrential rain at
the end of May 2013, several main railway lines were closed for months. The damage due to
the storm and the subsequent flooding caused insured damage of almost two billion euros –
with a far higher estimated total damage.” (BMUB Climate action in figures 2016. Citation,
P.14)
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National Energy Policy

4.1

Energy supply and consumption in Germany

Notwithstanding the Energiewende Germany’s economy still seriously depends on the use and
imports of conventional energy sources of: about 70% of the gross primary energy consumption in
2015 based on imported energy sources. (AGEB, 2017)
Germany’s primary energy consumption has been declining from about 14,900 PJ to 13,290 PJ since
the beginning of the 1990s. Apart from natural gas, the use of all other conventional primary energy
carriers is declining. On the other side, the use of renewable energy sources has been increased,
especially since 2000, see Figure 6.
6.000
5.000
Hard coal

Petajoule

4.000

Lignite
Petroleum

3.000

Natural gas
2.000

Nuclear energy
Renewable energy

1.000
0
1990

1995

2000

2005

2010

2015 (est.)

Figure 6 Development of primary energy consumption by energy carrier, Germany 1990 – 2015
AGEB, 2017
The energy sources’ share in primary energy consumption shows 12.6 % of Renewables. The main RE
sources are biomass and wind. The most important conventional energy sources are mineral oil, coal
and natural gas. (BMWi, Conventional energy sources)
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Figure 7 Primary energy consumption by energy carrier in %, Germany 2015
AGEB, 2017
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The share of oil in the primary energy consumption is decreasing, but still at 34%. Almost 98% of
consumption of mineral oil is imported (2014). Mostly it is used for transport, followed by heating.
Germany needs to import about 90% of the natural gas it consumes (2014). In the gross energy mix it
has an amount of 22.7 %. Most of the natural gas is used in the households for heating and cooking.
The third largest imported fossil fuel resource is hard coal with 12.2 % of the energy share in
Germany of which almost 90% is imported (2014). Most of the hard coal is used for power and heat
generation in CHP plants.
The use of nuclear power is declining, 100% of nuclear fuels is imported.

Figure 8 Germany’s import dependency and domestic supply levels for specific primary energy
resources 2003 and 2013
AGEB, 2017
About 40% of all GHG emissions in Germany are caused by the energy sector itself. The emission
sources are primarily fossil fuels, which are used for electricity, heating and transport. The expansion
of renewable energies is a significant part of the German energy transition and a main driver to avoid
climate change.
In total the use of renewable energy sources reduced the GHG emissions over 167 mln t of CO2
equivalents in 2015, mostly due to renewable power generation. In the areas of heating and
transport the development is more slowly. (BMUB, Climate action in figures 2016)
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Figure 9 Avoided GHG emissions, Germany 2015
BMUB based on AGEB, 2017
Nowadays the share of RE use in gross electricity consumption has reached more than 32%. The
highest share of that has wind, followed by biomass and photovoltaic.
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Figure 10 Renewable power consumption by sources, Germany 2016
AGEB, 2017
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Considering GHG emissions and environment pollution, the deployment of energy efficiency in all
sectors is a crucial issue in Germany. According the ‘2010 Energy Concept’ Germany’s overall energy
efficiency target demands a reduction of primary energy consumption by 20% until 2020 (and by 50%
until 2050 compared to 2008) which means a raise of the final energy productivity by 2.1 per year.
Until 2015 the final primary energy consumption reduced by 7.6% and the increase of final energy
productivity amounts to 1.3% annually between 2008 and 2015, thus not reaching the target of 2.1%
per year.

Figure 11 Decoupling economic growth, greenhouse gas emissions and energy productivity
BMUB based on BMWi

4.2

The German Energiewende

The German energy policy follows the so-called triangle of energy policy, which is a very brief
summary of the guiding policy principles:




Reliability: Secure and reliable of energy supply
Affordability: Affordable and cost effective energy supply
Environmental protection: Environmentally sound energy supply

All goals are interlinked and have been the objectives of German energy policy for many decades.
Latest since 2010 the German Energy Policy approach is known as “The German Energiewende”. The
German Energiewende (energy transition) can be described as the shift from fossil and nuclear
energy use towards renewable sources of energy backed up by gas powered plants, with an upgrade
of power grids, a power sector reform and, an increase of energy efficiency and reduction of overall
energy consumption.
In September 2010, the Federal Government adopted the energy policy until 2050 with related
measures for the development of renewable energy sources, power grids and energy efficiency.
In 2011, another package of measures was adopted: due to the nuclear disaster in Fukushima the
phase out of nuclear energy use until 2022 was determined.
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The focus of the German Energy Transition is on two core objectives:
•

the energy supply should be increasingly based on renewable energy use

•

energy should be used more and more efficiently.

Table 1 provides a summary of the national energy and climate policy targets.Table 1

Table 1 Overview of national targets by 2050
BMUB based on BMWI, AGEE-Stat and UBA

4.3

Political measures

In order to achieve the ambitious national targets of the German energy and climate policy various
instruments and measures are used and implemented.




Regulatory policy – legal instruments: national climate and energy target setting; legal acts
and regulations; obligatory audits and standards;
Support policy – Financial incentives: fiscal incentive mechanisms (tax reductions), subsidies,
certificates, market incentive programmes and grants;
Capacity Building – Information: Information campaigns and mandatory labels for climatefriendly products.

In the following chapter, some of the main regulatory documents and financial incentive
programmes are described, see also Annex 1: The energy reforms: the key projects.
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4.3.1

Regulatory policy (selection)

Renewable Energy Sources Act (EEG)
The Renewable Energy Sources Act (EEG) came into force in 2000, which regulated the guaranteed
grid access, priority of feed-in and feed-in tariffs for renewable power generation. The EEG was
amended regularly. By the latest amendment, the feed-in tariff regime was replaced by renewable
energy auctions (except for small-scale projects).
http://www.bmwi.de/Redaktion/EN/Artikel/Energy/eeg-2017.html
Renewables Energies Heat Act (EEWärmeG)
The Renewables Energies Heat Act came into force in 2009. It promotes the renewable energy use
for heating and cooling systems for new buildings. The public sector is obliged to use renewable
energy for heating; this will also apply to existing buildings in the case of basic refurbishments.
http://www.erneuerbareenergien.de/EE/Redaktion/DE/Standardartikel/waermegesetz_eewaermeg.html
Combined Heat and Power Act (KWKG)
The Combined Heat and Power Act, which supports the maintenance, modernisation and expansion
of Combined Heat and Power (CHP), came into force in 2002.
http://www.kwkg2016.de/anwendungsbereich-kwkg-2016-paragraph-1.html
Energy Savings Ordinance (EnEV)
The Energy Savings Ordinance (EnEV) was effective by 1 February 2002. It primarily regulates the
primary energy demand of new residential as well as non-residential buildings. Heat insulation of the
building envelope and the energy efficiency of the systems engineering used (heating system,
ventilation, cooling, light) are taken into account.
http://www.enev-online.de/
4.3.2

Financial incentives (selection)

Market Incentive Programme (MAP) in the heating sector
Accompanying the Renewables Energies Heat Act, MAP provides incentives to use renewable
energies in existing buildings’ heating and cooling systems.
Subsidy programmes of the state-owned bank KfW
A wide range of funding measures for building stock renovation, energy-efficient construction and RE
use are established. Among them are KfW (Kreditanstalt für Wiederaufbau, a state-owned bank)
programmes for energy-efficient construction and rehabilitation.
Completive Tenders for electricity efficiency (National Energy Efficiency Plan – NAPE)
The National Energy Efficiency Plan (NAPE) is part of the Climate Action Programme 2020. The aim of
the plan is to increase the energy productivity by 2.1% per annum. Therefore, the following areas are
covered: energy efficiency in buildings, energy conservation for companies, consumer energy
efficiency and transport energy efficiency.
http://www.bmwi.de/Redaktion/EN/Artikel/Energy/national-action-plan-on-energy-efficiency.html
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5

National Environmental Policies

Environmental protection is the sum of all organized actions for the identification and solution of
environmental problems. The main principle of environmental policy in Germany is to reach a
sustainable development in terms of generational equality, quality of life, social cohesion and
international responsibility. Therefore, the central task is to remove injustices caused by
environmental damage on the local, regional and global level. (BMUB, The German Government’s
Environmental Report 2015)
A main actor in national environmental politics is the Federal Ministry for the Environment, Nature
conservation, Building and Nuclear Safety (BMUB). The ministry fulfills its tasks in various ways: Its
core task is to prepare legal regulations in its policy areas. Above all, it draws up legislative drafts for
the German Federal Government. In addition, the Federal Ministry for the Environment promotes
certain projects in its area of responsibility. For example, companies can receive financial support for
research and development in the environmental sector. Among other things, e.g. the so-called
Environmental Innovation Programme is promoting the efficient use of resources in the industry or
environmentally compatible information and communication technology. Or associations and
municipalities can receive grants for environmental and nature conservation projects.
The Federal Ministry of the Environment has five federal agencies, including the Umweltbundesamt
(UBA) and the Federal Agency for Nature Conservation (BfN). The agencies support the Federal
Ministry of the Environment in the development of legal and administrative regulations and in
research on environmental and nature conservation topics.
At the level of the federal government, there are other ministries whose areas of responsibility are
touching those of the BMUB. This is illustrated by example themes: Climate protection is closely
linked to energy supply - the Federal Ministry of Economics and Technology is responsible for this.
Many nature conservation issues affect land use through agriculture, which is the responsibility of
the Federal Ministry of Agriculture. The quality of air depends, among other things, on road traffic,
which is one of the central tasks of the Federal Ministry of Transport. (bpb, Staatliche Umweltpolitik
am Beispiel Deutschlands)
Environmental policymaking is a cross-cutting area, with thematic overlaps with many other policy
areas. The thematic focus in the following is set on Germany’s climate policy.

5.1

Climate Action Programme 2020

The overall climate target in Germany is to reduce greenhouse gas emissions by at least 40% on 1990
levels by 2020. The Climate Action Programme 2020 defines the measures of the German
government to achieve this target. The areas of action are named in the following:

Table 2 Sectors as defined using the source principle
BMUB, Climate Action Programme 2020
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The key areas for action according the Climate Action Programme 2020 are:












Emissions trading system at EU level
Continuous expansion of renewable energy, which is compatible with nature conversation.
(EEG)
Expansion of combined heat and power (KWKG)
Measures to reduce the demand of electricity (NAPE)
Modernisation of the fossil fuel based power generation system
Climate-friendly building and housing strategy
Climate action measures in the transport sector
Action to reduce non-energy related emissions in industry, waste management and
agriculture
Government’s role in demonstrating best practice (green procurement)
Research and development
Consultation, awareness raising and initiatives at all levels on climate action

These key policy measures produce the following contributions to reduce GHG emissions:

Table 3 Contributions to key policy measures designed to meet the 40 percent target
BMUB, Climate Action Programme 2020
Continual reporting guaranties the assessment of the progress towards reducing GHG gas emissions
and the mitigation of climate change. Beside the European level the BMUB produces an annual
climate action report, which is containing information about the emission development of the
different areas, the implementation progress of the measures and a forecast of the reduction effects.
(BMUB, Climate Action Programme 2020)

5.2

Climate Action Plan 2050

For the post 2020 period the German government hat set up the Climate Action Plan 2050. The mainlong-term goal is to reach a greenhouse gas neutrality by 2050. The measures for this plan will be
published in the first programme in 2018. (BMUB, Climate Action Plan 2050)
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5.3

Other important political measures (selection)

Federal Nature Conservation Act (BNatSchG)
The most important law of nature conservation in Germany is the Federal Nature Conservation Act,
which came into force in 1977. The Act contains provisions on species protection and protected areas
regarding the EU’s Habitats – and Birds Directive. It also includes e.g. regulations on landscape
planning, interventions in nature and landscape, biotope networks, marine nature conservation (BfN,
Legal Basis of nature conservation in Germany)
https://www.bfn.de/0320_recht+M52087573ab0.html
Act on the Assessment of Environmental Impacts (UVPG)
In the version published in 1990; probably it will be the subject of an amendment in 2017.
Environmental assessments are crucial environmental protection tools. By involving authorities and
the society and incorporating environmental reports, the potential environmental impacts of a
planned project, among them energy projects, can be identified early and taken into consideration
during the decision-making process.
http://www.bmub.bund.de/en/topics/strategy-legislation/environmental-assessments/generalinformation/
Federal Immission Control Act (BImSchG)
The Act defines emissions as air pollution, noise and odour regarding their effects on the
environment, especially on plants, animals, human beings and the atmosphere. It is regulation the
pollutions control in these sectors. It came into force in 1974. (BMUB, General information Air
Pollution Control)
http://www.bmub.bund.de/en/topics/air-mobility-noise/air-pollution-control/general-information/
Drinking Water Ordinance (TrinkwV)
The German Drinking Water Ordinance was adopted the first time in 1976 and contains definitions
and protective provisions for drinking water. (UBA, drinking water)
http://www.umweltbundesamt.de/en/topics/water/drinking-water
Federal Soil Protection Act (BBodSchG)
The purpose of the Regulation on Soil Protection is to secure or restore the functions of the soil on a
sustained basis. It came into force in 1999. (UBA, Soil protection law)
http://www.umweltbundesamt.de/en/topics/soil-agriculture/soil-protection/soil-protectionlaw#textpart-1
Waste Management Act (KrwG)
The purpose of the Act was adopted in 1972 and promotes the recycling of natural resources and
ensures the protection of human beings and the environment in the production and management of
waste. (UBA, Waste regulations)
http://www.umweltbundesamt.de/en/topics/waste-resources/waste-management/wasteregulations
Federal Water Act (WHG)
The Federal Water Act contains provisions on the protection and use of surface waters and
groundwater, as well as rules on the development of water bodies, water management planning and
flood protection. It came into force in 1957. (BMUB, Water protection in Germany)
http://www.bmub.bund.de/en/topics/water-waste-soil/water-management/policy-goals-andinstruments/water-protection-policy-in-germany/
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6

Environmental impacts of the energy production

The production of energy by using any energy (re)source has impacts on the environment in many
different ways. However, fossil fuels, like crude oil, coal or natural gas have much more negative
effects on the environment than the use renewable energy sources.
The most relevant topics are wildlife and habitat loss, land use, water use, GHG, public health, air and
water pollution.
The intensity and type of environmental impact is mainly depending on the specific technology and
the location. To mitigate these impacts, it is important to understand them first.
Table 4 Environmental Impacts on provision of energy (re)sources and generation of energy in
Germany shows the possible impacts on provision of the relevant energy (re)sources and generation
of energy in Germany.
Energy
source

Environmental Impacts on provision of energy (re)sources and generation of energy in Germany
Wildlife and
habitat

Land use

Public health

Water use

Global warming
emissions

Most risks
related to air
pollution

Acid water from the
mines underground

Burning causes the
emission of harmful
materials including
carbon dioxide,
sulfur dioxide and
mercury

Most risks
related to air
pollution

Acid water from the
mines underground

Burning causes the
emission of harmful
materials including
carbon dioxide,
sulfur dioxide and
mercury

Conventional energy source

Hard coal

Massive habitat
disruption

Land degradation

Massive habitat
disruption

Land degradation

Natural
gas

No significant
impacts in
Germany, no
significant natural
gas extraction

Moderate land use
for the power plant

Most risks
related to air
pollution

No significant use
for energy
production, only for
cooling the
machineries

Burning causes the
emission of harmful
materials including
carbon dioxide,
carbon monoxide
and other air toxins

Mineral
Oil

Risk of oil spills

Moderate land use
for the power plant

Most risks
related to air
pollution

No significant use
for energy
production, only for
cooling the
machineries

Burning causes the
emission of harmful
materials including
carbon dioxide,
carbon monoxide
and other air toxins

Risk of nuclear
accidents

Large quantities of
water for steam
production and for
cooling used

No air pollution or
carbon dioxide
produced

Lignite

Natural seepage
and urban runoff
(e.g. drips from
cars or
machinery)

Moderate land use
for the power plant

Moderate land use
for the power plant

Toxic pollution of
land possible

Risks for all
habitats

Nuclear
power

Discharged water
from the power
plant can affect
the aquatic life

Land degradation
Moderate land use
for the power plant

Harmful nuclear
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Energy
source

Environmental Impacts on provision of energy (re)sources and generation of energy in Germany
Wildlife and
habitat

Land use

Public health

(e.g. heavy
metals and salts)

Remained wastes is
partly contaminating
land for many
thousands of years

Water use

Global warming
emissions

Discharged water
from the power
plant can affect the
water quality (e.g.
heavy metals and
salts)

waste

No water use for
energy production

No emissions during
energy production

No water use for
energy production

No emissions during
energy production

Visual impacts

Changes of the
river’s ecosystem

Depending on
location, carbon
dioxide and
methane can be
decomposed and
released in flooded
areas

No significant
impacts

No water use for
energy production,
but for the
production of the
energy source (e.g.
crops or timber)

Carbon dioxide and
sulphur, carbon
monoxide and other
harmful emissions

Renewable energy sources

Wind
energy

Possible fatal
collisions with
bird and bats

Habitat
disruption
possible

Solar
energy

Habitat
disruption
possible

Small amount of
area occupied (5-10
rotor diameters
around each wind
turbine)

Various impacts
on aquatic
ecosystems
Possible flooded
land can destroy
wildlife habitat

Sound impacts

Limited land use of
the total area of a
wind facility possible
Significant amount
of area occupied (in
general 3-17 acres)
Limited land use of
the total area of a
Solar power facility
possible

Hydro
energy

Visual impacts

Used land size can
vary Widley,
depending on the
size of the generator
and the topography
of the land

Visual impacts
Risks during
maintenance for
the staff (e.g.
inhalation of
silicon dust)

Possible flooded
land can destroy e.g.
agricultural land or
forest

Bioenergy

No significant
impacts

Partly intensive land
use to grow crops or
timber
Moderate land use
for the power plant

Table 4 Environmental Impacts on provision of energy (re)sources and generation of energy in
Germany (selection)
Own representation based on BMUB, BfN and UBA

19

7

Identification of target groups

There is a wide ranged need of professions in the energy industry. Besides jobs that requires
(professional) training like electronic and mechanic technicians for power plants, grid technicians and
installers there are a lot of job perspectives for engineers, staff with higher education) in this sector
in Germany, where energy markets are liberalised and the share of RE use is steadily increasing.

Job

Short Job Description

Requirement

Engineering
Electrical Engineering
(Automation)

Responsible for planning, processing and
maintenance of automatically control systems
of manufacturing facilities or power plants

Degree in electrical
engineering

Energy and
Environmental
Engineering

Planning and operational management of
systems; monitoring and maintenance of
systems of energy or environmental
technologies

Degree in electrical
engineering

Mechanical Engineering

Research, development, planning, construction
and operation of equipment and systems for
energy generation, transformation, storage and
distribution

Degree in engineering
(energy and reactor
technology)

Responsible planning, construction and
implementing of grids for power, gas or water
supply

Degree in engineering

Process Engineering

Design, operation, control, optimisation of
chemical, physical, and biological processes;
design of production centers and processes for
refineries, pipelines, offshore rigs, and drilling
sites

University degree in
process Engineering

Renewable Energy
Systems Engineering

Development, planning, operation, monitoring
of renewable energy applications and systems

University degree

Supply engineering

Planning, construction and operation of
systems for power, gas, heath and water
supply of entities

University degree

Water Management
Engineering

Planning and construction management in the
areas of drainage systems, in the field of water
supply and sewage technology.

University degree

Commercial Dispatcher

For example, control, optimisation and
monitoring of electrotechnical systems and
energy storage (e.g., natural gas storage
portfolio)

University degree in
power engineering

(Energy and Reactor
Technology)
Network Engineering

f.e. in operation and
supply technology

f.e. RE systems
engineering or other
engineering degree

f.e. in supply
engineering

f.e. engineering with
focus on environmental
technology
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Job

Short Job Description

Requirement

Others
Energy Trader

Power and gas trade at spot, future and
intraday markets

University degree

Geoscientist

Analyse of impacts of energy supply on ecology
and climate

University degree in
geosciences

Manager for Energy Sales

Responsible for energy sales on the energy
market; development of energy sales concepts;
account management etc.

University degree

f.e. economics

f.e. in business
administration

Table 5 Professions in the German energy industry: overview (selection)
Own representation based on www.energycareer.net/bewerber/energie_markt/energie_berufe

8

Assessment of Educational Needs

In Germany, environmental degree programs have been offering since the late 1980ies. With the
increasing share of renewable energy use some German universities started with the implementation
of specialised degrees on renewable energy systems about the year 2010.
Meanwhile there is a broad selection of degree programs at German universities and technical
colleges that focus on environmental protection, renewable energies and resource management.
See also: Annex 2: Universities and modules with RE or environmental content (selection). For the
review curricula of for Universities and for Universities of Applied Sciences were analysed.


All of the major universities and a lot of universities of applied sciences offer Bachelor as well
as Master degree programs that qualify and specialise students in the fields of renewable
energy use or environmental technologies and protection as well as impact assessment.



Furthermore, also students who pursue the classic engineering study programs such as
Mechanical Engineering or Industrial and Production Engineering have the option to
specialise in renewable energy and/or environmental technologies.

The German Energiewende will create new requirements for engineers in the energy industry:
specialised generalists who are able to answer issues of decentralised energy systems, grid
integration, energy storage, smart grids and environmental etc.

21

List of abbreviations
BfN

Federal Agency for Nature Conservation

BMUB

Federal Ministry for Environment, Nature Conservation, Building and Nuclear
Safety

BMWi

Federal Ministry for Economic Affairs and Energy

EEG

Renewable Energy Sources Act

EEWärmeG

Renewables Energies Heat Act

EnEV

Energy Savings Ordinance

FIT

Feed-in tariff

GHG

Greenhouse gas

KfW

Kreditanstalt für Wiederaufbau - Bank for Reconstruction

KWKG

Combined Heat and Power Act

LULUCF

Land use, land use change and forestry

MAP

Market Incentive Programme

mln t

million tonnes

NAPE

National Energy Efficiency Plan

PJ

Petajoule

RE

Renewable energy

RE

Renewable energy technology

UBA

Federal Environment Agency

UVPG

Act on the Assessment of Environmental Impacts
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Annex 2: Universities and modules with RE or environmental content (selection)
C – Compulsory; E – Elective; ENV – Environmental; M – Modules; ECTS – European Credit Transfer System
Degree
programme/
University

Level

Modules with RE or ENV content

Content

ECTS

Total
no. of M

120

264

thereof
with RE or
ENV content

thereof C
thereof E

Rheinisch-Westfälischen Technischen Hochschule - RWTH Aachen (University)
Industrial and
Production
Engineering

Mechanical
Engineering

Environmental
Engineering

MSc

MSc

BSc

Building and grid integration of
wind turbines

Physical fundamentals, efficiency, on- and offshore wind energy systems

Electrical energy from renewable
energy sources

Global issues of the energy supply, physical fundamentals of different RET, energy
storage technologies

Sustainable value chains

Methods to evaluate the sustainability of companies, products and value chain (e.g.
environmental accounting)

Environment economy

Instruments and measuring methods of environmental damages, fundamentals of
the economy of finite resources

Renewables energies in
buildings I +II

Integration of RE to air conditioning, solar energy driven air conditioning and
cooling systems

Industrial environmental
engineering and air pollution
control

Technical measures for reducing environmental impacts

Solar technology

Fundamentals and applications

Introduction to ecology

Autecology of organisms, population dynamics, ecological systems, environmental
toxicology, fundamentals of the morphology of plants and animals

Climatology

Astronomic fundamentals, climatic elements and factors, climate fluctuations and
classifications, human impact on the climate, basic concepts of the human and
bioclimatology

Fundamentals and methods of
environmental management

Environmental and sustainability management, requirements, content and targets
of the most important environmental management systems

Fundamentals of water quality
management

Correlations between water contamination and water quality, legal and
administrative structures of water-quality management, fundamentals of water
ecosystems

80

180

37

4

0C
4E

3

0C
3E

9

9C
0E

25

Degree
programme/
University

Level

Modules with RE or ENV content

Content

Resources and recycling I + II

Resources of industrial societies, organisation and importance of recycling methods
and structures

Recycling technologies

Recycling technologies, targets, process success and economic process assessment,
raw materials analysis

Energy resources and
technologies

Development, incidents, compositions and characteristics of different energy
sources, thermal, physical- chemical and biological processes

ECTS

Total
no. of M

120

189

thereof
with RE or
ENV content

thereof C
thereof E

Technische Universität Berlin (Technical University)
Industrial and
Production
Engineering

MSc

Conversion technologies for
renewable energies

Energy and energy conversion, potential of RE, sustainable energy supply, climate
protection, water, wind and geothermal energy, energy storage technologies

Energy and Resources Management, Regulatory
Management

Theories and methods for the
technology- oriented management; case studies; regulation of power and gas
market

Product-, company- or process
related methods of environmental
management

Eco- efficiency analysis of products, processes and companies, operational
environmental accounting, economic analysis

Environmental management

Causes of the environmental problems, historical and political background, chances
and risks of environmental management, components of environmental
management and its application in economy

Environmental accounting

Stages and components of environmental accounting, aspects of the system
analysis

Advanced environmental
economics

Ecological and economic resource models in consideration of the aspects of
sustainability

Economics of Climate Change

Fundamentals of climate change, deepening analysis of different economic aspects
and their political relevance

Economics of Climate Policy

Introduction to the economics of climate change mitigation and adaptation policies,
climate change as a market failure, game theory, international politics of climate
change, climate policies today

Climate- and Energy Policy

Influence of climate and energy policy measures on the finance sector and its
consideration in decision making, influence of interactions between public and

29

3C
26 E

26

Degree
programme/
University

Level

Modules with RE or ENV content

Content

private stake holders on policy making
Energy and Resources Fundamentals

Basics of system engineering connections in the energy and resources sector,
description of the technical and economic interrelationships of the individual stages
of the value chain in the energy and resources sector

Energy and Resources Technologies and Systems

Fundamentals of technical processes and principles of the systems, technologies of
the supply and the use of energy and natural resources

Fundamentals of technical
environmental protection I+II

Environmental technology, water and air pollution control, waste management,
biological fundamentals, soil and noise protection, environmental chemistry

Soil ecology I+II

Analysis and evaluation of usage related soil changes

Industrial environmental
protection in developing and
emerging countries

Fundamentals and transfer of knowledge and technologies in emerging and
developing countries, industrial environmental protection as a field of tension
between politics, law and companies, reduction of environmental damages and
sustainable use of resources

Technologies of air pollution
control

Legal situation of immission protection and technical consequences, relation of
emissions and climate protection, different emission sources

Environmental process
engineering

Fundamentals of process engineering with an environmental focus, fundamentals of
the valuation and impact assessment

Advanced Recycling Technologies

Societal resource flows and the demand for mineral and metal raw materials,
recycling potential of end-of-life goods, application of resource management tools
and statistical process modelling
tools for planning recycling strategies

Advanced wastewater treatment
and reuse

Methods of water purification, new technical developments and current problems
in the field of water purification and wastewater treatment

Energy systems in maritime
systems

Detailed information n.a.

Energy storage systems

Electrical characteristics of energy storage technologies, functionality and
suitability, modelling of batteries

Renewable Energy Technology in
Electric Networks

Presentation of renewable resources, including wind, sun, tides and biomass as well
as their significance for energy supply

ECTS

Total
no. of M

thereof
with RE or
ENV content

thereof C
thereof E

27

Degree
programme/
University

Technical
environmental
protection

Renewable
energy
systems

Level

BSc

MSc

Modules with RE or ENV content

Content

Fundamentals of wind energy

Meteorology, historic overview, efficiency and construction of wind energy systems,
grid integration and specialities of offshore wind energy plants

Project and specification of wind
energy

Scientific deepening of the control-technological concepts, statics, dynamics and
efficiency

Photovoltaic

Physical fundamentals of solar energy systems and concepts

Technical environmental
protection I+II+III+IV,

Environmental technology, water and air pollution control, waste management,
biological fundamentals, soil and noise protection, environmental chemistry,
biology and ecology, disinfection and sterilisation, test systems to registrate toxicity

Environmental laws

Legal sources of the environmental law on the national and international level

Air quality monitoring

Presentation of current air pollutions, analysis of their reasons and strategies of
their reduction

Environmental process
engineering

Fundamentals of process engineering with an environmental focus, fundamentals of
the valuation and impact assessment

Water treatment

Methods of water purification and their advantages and disadvantages

Environmental accounting

Stages and components of environmental accounting, aspects of the system
analysis

Ecotoxicology

Reactions of organisms to environmental changes, environmental monitoring,
valuation of ecotoxicological impacts

Preparation of sustainable
resources

Fundamentals of sustainable resources, energetic use of biomass

Photovoltaic

Explanation of the physical fundamentals of solar energy systems and presentation
of the currently most important concepts

Fundamentals of wind energy

Meteorology of the wind and historic overview, efficiency and construction of wind
energy systems, grid integration and specialities of offshore wind energy plants

Project and specification of wind
energy

Scientific deepening of the control-technological concepts, statics, dynamics and
efficiency

Sustainable Electric Energy
Systems

Power flow calculation, power system contingency, conversion of RE, network
integration of renewable energy resources and storage

ECTS

Total
no. of M

180

40

180

thereof
with RE or
ENV content

thereof C
thereof E

10

6C
4E

10

4C
6E

28

Degree
programme/
University

Level

Modules with RE or ENV content

Content

Methods of the Impact Prognosis
and Environmental Impact
Assessment

Methods of the determination of environmental impacts of different processes,
application of prognosis models, strategies to avoid or reduce the environmental
impact

Environmental management

Roots of the environmental problems, historic and political background,
components of environmental management systems, application in economics

Environmental accounting

Aspects of the system analysis, fundamentals of the impact assessment,
fundamentals of the evaluation

Energy economics

Energy balances, analysis of different energy markets, evaluation of the impact of
new technologies and state interventions, evaluation of energy systems, innovation
processes in the energy sector

Management of Sustainable
Development

Stakeholder and stakeholder processes, guidelines of sustainable development and
its communication, introduction to different methods of evaluation of sustainability

thereof

ECTS

Total
no. of M

120

n.a.

5

0C
5E

120

n.a.

6

0C
6E

with RE or
ENV content

thereof C
thereof E

Technische Universität München (Technical University)
Mechanical
Engineering
and
Management

Chemical
Engineering

MSc

MSc

Water- and wind turbines

Components and areas of application of water and wind turbines, technological
fundamentals and energy conversion

Preparation of bio products

Stages of preparation of bio products with a focus on the engineering aspects

Energetic use of biomass and
residual materials

Possibilities and framework of the energetic use of biomass and residual materials

Renewable energy systems I + II

Fundamentals of RE sources and technologies, political framework and analysis of
societal and ecological aspects

Renewable energies I + II

Fundamentals of RE sources and technologies, political framework and analysis of
societal and ecological aspects

Energetic use of biomass and
residual materials

Possibilities and framework of the energetic use of biomass and residual materials

Water- and wind turbines

Components and areas of application of water and wind turbines, technological
fundamentals and energy conversion

Preparation of bio products

Stages of preparation of bio products with a focus on the engineering aspects

Solar Engineering

Physical fundamentals of solar energy systems

29

Degree

thereof

programme/
University

Level

Modules with RE or ENV content

Content

ECTS

Total
no. of M

Environmental
Engineering

BSc

Environmental monitoring and
risk management

Environmental monitoring, ground scanning, geo statistics, risk management

180

29

3

3C
0E

Building materials - basics of
sustainable construction

Detailed information n.a.

Sustainable construction and
building construction

Detailed information n.a.

Renewable energies in the
transport sector

Detailed information n.a.

180

48

3

0C
3E

Sustainable Management

Detailed information n.a.

Fundamentals of environmental
accounting and material flow
analysis

Detailed information n.a.

120

423

5

0C
5E

120

27

7

4C
3E

Renewable
Ressources

BSc

with RE or
ENV content

thereof C
thereof E

Technische Universität Dresden (Technical University Dresden)
Industrial and
Production
Engineering

Ecosystem
Services

MSc

MSc

Energetic use of biomass

Fundamentals of the energetic use of biomass and other bio energies

Renewable energy sources

Fundamentals of the heat and power supply from RE

Resource management

Identification and analysis of operational environmental resources that are relevant
to the decision making

Current subjects of the
operational environment
economy

Scientific methods to discuss, analyse and present current subjects of the
operational environment economy

Resource economics and
environmental politics

Theory of the exhaustible resources, structures and prices of the resource markets,
optimization methods of the energy economy

Ecosystem Services - Concepts
and Development

Concepts of ecosystem services, scientific developments and socio-political
strategies of the sustainable supply of ecosystem services

Specific and applied ecology

Ecological correlation, effects of the human impact and protection strategies,
inventory of plants and animals in different ecosystems

Ecological economics

Fundamentals of economic principles and its application to environmental and
resource problems

30

Degree
programme/
University

Level

Modules with RE or ENV content

Content

Biodiversity and Ecosystem
Governance

Fundamentals of the societal management of the protection and the sustainable
use of biodiversity and ecosystem services

Environmental Development

Current subjects and concepts of the environmental development considering the
correlation between society and natural environment

Biodiversity Management and
Sustainability

Scientific fundamentals of ecosystems, economic cycles, value chains and material
flow analysis, indicators and management of biodiversity

Environmental Engineering

Fundamentals of bioreactors, applications in environmental protection and the
biotechnological production

ECTS

Total
no. of M

210

48

thereof
with RE or
ENV content

thereof C
thereof E

Hochschule für Technik und Wirtschaft Berlin - HTW Berlin (University of Applied Sciences)
Renewable
Energy
Systems

BSc

Introduction to renewable
energies

Challenges of a sustainable energy supply, climate protection, RE technologies,
components of a completely RE supply

Thermal/ chemical energy
conversion

Technologies of the thermal use of RE (focus on biomass), fundamentals and
importance of bioenergy, potentials and classification of biomass fuels

Wind and water power systems

Construction and efficiency of wind energy systems, planning and design of water
power systems

Solar energy conversion

Energy conversion, components of the solar thermal energy conversion, building
and calculation of solar thermal collectors

Solar energy systems

Importance of solar technologies, building of photovoltaic and solar thermal
systems and its environmental aspects

Biomass and thermal energy
systems

Thermal energy conversion processes, fundamentals of the gasification of biomass

Economic fundamentals of
renewable energies

Basic concepts of economy, application of efficiency and cost calculations to
renewable energy systems, economic systems to support RE

Specific fields of the solar energy,
wind use and hydro power
energy, biomass use

Components, materials and specific applications

Specific fields heating and cooling,
climate- friendly construction

Components, materials and specific applications

16

8C
8E

31

Degree
programme/
University

Level

Modules with RE or ENV content

Content

Rational energy conversion and
energy efficiency

Energy consultancy, application of the energy saving regulations to residential and
non-residential buildings, case studies

Judicial aspects of renewable
energies

Legal fundamentals of the environment protection, operational problems with the
realisation of the environmental law, instruments of the European environment
protection law

ECTS

Total
no. of M

210

40

thereof
with RE or
ENV content

thereof C
thereof E

Hochschule - HS Esslingen (University of Applied Sciences)
Industrial and
Production
Engineering

Energy
Technology

Environmental
Protection

BSc

BSc

MSc

Sustainable energy industry

Methods, applications, potentials and limits of the renewable energy production

Energy management and storage

Energy demand, energy management and efficiency, energy storage technologies
and their application fields

Stustainability and resource
efficiency in production processes

Sustainability, energetic analysis of production processes, sustainability of
production technologies, resource efficiency, life cycle assessment

Renewable energies

Potentials, availabilities and possibilities of applications of RE, energy storage
technologies of RE

Fundamentals of environmental
technologies

Waste management, thermal waste treatment, gas purification, energy production
with fossil fuels, RE, nuclear energy, energies of the future

Air pollution control and Ecology

Fundamentals, functions and correlations in different ecosystems, development of
air pollutants and their impacts, chemical reactions

Environmental management

Sustainability, environmental politics and instruments, environmental law,
economy, and operational strategies, environmental management

Ecological interrelations

Ecological aspects of the sustainable development, analysis of different
environmental compartments and of the improvement of the habitat conditions in
water ecosystems

Environmental chemistry

Chemical- environmental fundamentals and correlations, analysis of chemical
processes with an environmental impact

Immission protection I+II

Fundamentals of the immission and noise protection and of process engineering,
reduction of economic, ecological and social burdens through the decrease of air
pollutant emissions

Sustainability in environmental

Development, concepts and strategies of sustainability, conflicts and harmonies
between environmental and economic targets, sustainability in companies, case

3

0C
3E

210

55

4

4C
0E

120

16

8

6C
2E

32

Degree
programme/
University

Level

Modules with RE or ENV content

Content

protection

studies

Biological and ecological
environmental protection

Instruments of environmental studies and planning, environmental impact analysis,
fundamentals of monitoring and control systems

Energy supply

Resource-friendly energy production, possible impacts, alternative and resourcefriendly technologies of the operation of power plants

Environmental management

Ecological, technical and economic aspects of environmental management, analysis
and assessment of different environmental compartments

Wastewater treatment

Cycles of materials, methods to decrease the water usage

thereof

ECTS

Total
no. of M

210

34

4

4C
0E

210

24

1

1C
0E

120

9

3

3C
0E

210

51

10

8C
2C

with RE or
ENV content

thereof C
thereof E

Hochschule - HS Karlsruhe (University of Applied Sciences)
Electrical
Engineering

Mechanical
Engineering

BSc

BSc

Fundamentals of renewable
energies

Basic concepts of the electrical economy, heat and power production from
renewable energy sources, energy storage, fundamentals of the hydrogen economy

Renewables energies I + II

Photovoltaics, Solarthermal Energy, Wind energy, Hydropower, Bioenergy

Thermodynamics and energy
efficiency

Physical fundamentals of energy conversion and energy transmission processes,
evaluation of the energy efficiency of technical processes

Environmental technologies

Fundamentals of environmental technologies in the field of waste water and
exhaust air purification
HTWG Konstanz (University of Applied Sciences)

Environmental
and Process
Engineering

Environmental
Technologies
and Resource
Management

MSc

BSc

Environmental analytics

Environmental analysis and its applications, environmental- analytical processes,
radioactivity, natural transport processes

Eco-friendly process technology

Environmental- technical processes, product- and process- intergrated measures,
solutions in wastewater technologies and recycling

Energy technologies

Analysis of energy - economical correlations and processes of energy supply, future
scenarios, basic technologies of a renewable raw material industry

Fundamentals of environmental
science

Fundamentals of geo sciences and sustainable development

Environmental analytics

Environmental analysis and its applications, environmental- analytical processes,
radioactivity, natural transport processes

33

Degree
programme/
University

Level

Modules with RE or ENV content

Content

Economic fundamentals of
Sustainability

Fundamentals of sustainable development and economy, sustainability oriented
business administration

Technological fundamentals

Fundamentals of environmental
process engineering, fundamentals of electrical engineering and thermodynamics

Resource management I + II

Fundamentals and requirements of resource management, energetic and
agricultural resources

Environmental law

Relevant aspects of the environmental law, fundamentals of the environmental
legal system in Germany

Environmental accounting

Application, methods and targets of environmental accounting

Renewables energies

Fundamentals of renewable energy systems, components of decentralised energy
supply concepts, efficiency of supply concepts

ECTS

Total
no. of M

thereof
with RE or
ENV content

thereof C
thereof E

