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CH4 or CH4 Methane (Chemical symbol)/Natural gas 
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Foreword 

The world faces two central challenges that need to be resolved by middle of this century: meeting the 

growing energy demand to power socio-economic development while at the same time phasing-out CO2 

emissions. Technically and economically, solutions to tackle these challenges are already available today. Yet 

more coordination and a systematic approach are needed to leverage their full mitigation potential and deliver 

on a global energy transition at the required speed. 

This report aims to outline a systematic approach to developing a sustainable power sector. As electricity-

generation represents the largest source of energy-related greenhouse gas emissions, the power sector is of 

vital significance to realising international climate goals. The transport, heat, and industrial sectors will need to 

be decarbonised, and require the transition of relevant industrial processes from fossil fuels to electricity, as 

well as green hydrogen. As the production of green hydrogen is based on electricity, decarbonised energy 

sectors will rely almost exclusively on green electricity, thus leading to a substantially increased demand for 

electric energy. 

The variable nature of renewable energy sources, such as 

solar photovoltaics (PV) or wind, calls for 

transformational changes in the technical planning and 

operation of power-systems. The need for change often 

goes hand-in-hand with a number of energy security-

related concerns, particularly early on in renewable 

energy deployment. GIZ, by mean of its energy sector 

support programmes, such as the global GET.transform 

programme, the South African-German Energy Programme (SAGEN) or the Kenya Energy Programme, support 

power-system planners and operators to cost-efficiently and reliably integrate variable renewable energy into 

their networks.1  

 

Energy System Transformation ς A Guide for Power-System Planners, Operators and Technical Assistance 

Providers 

In this report, GIZ presents an analytical framework to guide energy-system planners, operators, and technical 

assistance providers throughout their collaborative journey of energy-system transformation. The framework 

describes a path from a fossil-fuelled to a decarbonised energy-system in five phases, and suggests technical 

assistance approaches to discuss and prioritise different measures to support this transition.  

Depending on the country context, short, medium, and long-term measures to update planning and operating 

procedures of the power-system are provided which can be discussed with project partners to derive 

recommendations for further technical assistance. Based on the recommendations, adequate support 

measures can be deployed which may range from developing grid codes and compliance procedures in Phase 1 

to reviewing operational procedures and vRE short-term forecasts in Phase 2, to analysing and managing 

flexibility and stability requirements in Phases 3 and 4, to developing storage technologies and exploring sector 

coupling strategies in Phase 5. 

The model presented in this report mainly applies to thermal power systems and the transition from a pre-

dominantly thermal system to a hydrogen/wind/PV-system. For hydro-thermal systems, the model would 

require substantial adaptations, which are not part of this report. 

 
1 Global (GET.transform): https://www.get-transform.eu/; South Africa: https://sagen.org.za/; Kenya: 
https://www.giz.de/en/worldwide/77899.html   

© GET.transform 

https://www.get-transform.eu/
https://sagen.org.za/
https://www.giz.de/en/worldwide/77899.html
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The report is intended to assist and guide the scoping, planning and implementation of core priority, impact-

orientated and partner-driven technical assistance, as promoted by GIZ projects organised under the Sector 

Network Energy in Sub-Sahara Africa (SN Energy SSA). 

The report has been prepared for the SN Energy SSA under the guidance of the Working Group on Grid-

Connected Renewable Energy, GET.transform, and with input from SAGEN. We would like to thank the lead 

author, Dr Markus Pöller (M.P.E. GmbH), for his tireless efforts and considerable achievements in advancing 

global sustainable energy transitions with GIZ. Appreciation should also be shown to the members and 

contributors of the network, namely Christopher Gross (GET.transform), Ayoub Chajadine (Nigeria Energy 

Support Programme), and Philipp Vanicek (SAGEN) for the conceptualisation of the report and technical proof-

reading, as well as to Stefanie Bradtner (GET.transform) for the design and communication.  

GIZ Energy Projects in Africa 

A great number of technical assistance projects, under the roof of GIZ, advance analytical work to establish a 

sound base for updating energy-system planning and operational procedures, as well as to provide capacity-

building for boosting confidence in the operation of renewable energy dominated power-systems across the 

African continent. 

 

Overview of GIZ Energy Projects in Africa (as of Nov. 2021)         Source: GIZ 
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1 Introduction 

The urgent need to decarbonise our worldwide industries requires the electricity sector to move away from 

fossil-fuelled power plants and to replace them with renewable energies.  

At the same time, the decarbonisation of transport, heat, and industrial sectors requires the transition of 

relevant industrial processes from fossil fuels (coal, gas, oil) to electricity (for example, electric vehicles, 

electric heating) resulting in an overall increase in electricity demand. 

Additionally, green hydrogen will be required for many other carbon-reduction objectives, for example, steel 

production using direct-reduction of iron (H2-DRI), E-fuels for aeroplanes, or green ammonia for fertiliser 

production. As the production of green hydrogen is also based on electricity, this will result in a further 

increase in the demand for green electricity.  

Therefore, the main challenges of the energy transition of the electric power system are: 

- Replacing fossil-fuelled power plants by renewable energies. 

- Increased electricity demand from: 

o Normal increase due to economic growth  

o Transition of other sectors directly to electricity  

o Demand for green hydrogen 

This report describes the path from a fossil-fuelled to a decarbonised power system in five phases and 

proposes capacity-building activities to support this worldwide energy transition. The main partners with 

whom these subjects are to be discussed, and who will implement the proposed activities, are typically system 

operators (or power utilities in the case of a vertically-integrated power sector). Other organisations in the 

electric power sector, such as regulators, ministries, private organisations, (e.g. planners and operators of 

renewable energy power plants) can also be involved, but because the operation of the power system is the 

key responsibility of system operators/power utilities, engineers who are tasked with power system operation 

and planning should be the key partners for the proposed activities. 
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2 The five phases of the Energy Transition 

The energy transition is a continuous process and not a sequence of individual phases which can be completely 

separated. However, to better understand the priority of the measures and actions required, the definition of 

different phases, as well as the required activities per phase, can be very useful. 

Such a model, like any model, represents a simplification, and it is always possible that the transition of a real 

system from fossil fuels to renewables does not precisely follow the sequence of phases outlined in this report. 

It is, therefore, always necessary to study and understand each system individually, and to make the right 

decisions based on that information. 

For example, the models shown in Figure 1, Figure 3 and Figure 4 are without the import and export of 

electricity or hydrogen. In the case of electricity, import and export is usually only feasible with limited 

capacity and across limited distances. However, it makes a big impact if a power system has strong 

interconnectors allowing the exchange of electricity with neighbouring countries, compared to an isolated 

system. 

Electricity export and import can greatly contribute to power balancing and significantly reduces storage 

requirements. When comparing grid integration challenges of vRE in European countries with developing or 

emerging countries, the large interconnector capacities in Europe represents a key difference. 

Hydrogen can be transferred across substantially greater distances than electric energy (via ships or pipelines, 

in the form of liquid hydrogen/LH2, ammonia or any other synthetic fuel). Hydrogen can therefore be 

imported and exported in much larger volumes than electrical energy. It is therefore a likely scenario that 

countries with substantial vRE potential will produce excess green hydrogen and export it, whereas central 

European countries will tend to import hydrogen. However, these are very long-term visions and in the earlier 

phases of establishing hydrogen infrastructures. Generally, locally produced green hydrogen should play the 

dominant role. 

There are numerous publications describing the different phases of an energy transition, but there is no 

generally accepted definition of those phases. The model presented in this report is based on the IEA 

ǇǳōƭƛŎŀǘƛƻƴ ŜƴǘƛǘƭŜŘ ΨDŜǘǘƛƴƎ ²ƛƴŘ and Sun onto the Grid ς A Manual for Policy-aŀƪŜǊǎΩ [1] from 2017, which 

ǿŀǎ ǇǊŜǇŀǊŜŘ ŀǎ ǇŀǊǘ ƻŦ ¢ŀǎƪ нр Ψ5ŜǎƛƎƴ ŀƴŘ ƻǇŜǊŀǘƛƻƴ ƻŦ ǇƻǿŜǊ ǎȅǎǘŜƳǎ ǿƛǘƘ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ ǿƛƴŘ ǇƻǿŜǊΩ ƻŦ 

the IEA Wind Technology Collaboration Programme (with contributions from Jonathan Horne and Markus 

Pöller of M.P.E.). The model presented in this IEA manual comprises four phases, whereby only the first three 

phases are described in detail. In the meantime, other IEA publications have been released describing the 

energy transition with more than four phases (for example, six phases in the IEA technology report [2] from 

2020). As the real energy transition is a continuous process, more phases generally achieve a better 

approximation to it. On the other hand, an increasing number of phases also leads to a more complex mode. 

Therefore, this report uses a model with four phases, as per the IEA report [1] ŦǊƻƳ нлмт ŀƴŘ ŀŘŘǎ ǘƘŜ Ψмлл҈ 

ǊŜƴŜǿŀōƭŜǎΩ ǎǘŀǘŜ ŀǎ a fifth phase to the model. 
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2.1 Phase 1: Fossil-fuelled energy system  

with initial vRE installations 

The starting point of this model is a predominantly fossil-fuelled energy system as shown in Figure 1 below. 

FIGURE 1: FOSSIL-FUELLED ENERGY SYSTEM (PHASE 1) 

Except for some large hydro-power plants, primary energy is essentially fossil energy, namely coal, gas and oil. 

This includes: 

¶ Power sector: Fuelled by coal-fired power plants, gas turbines (OCGT and CCGT), large hydro-power 

plants and possibly nuclear power. 

¶ Transport sector: Mainly oil-fueled automobiles, ships and partly also trains (diesel trains). 

¶ Heating sector: Oil and gas heating (in some countries even coal)  

¶ Other industries, like steel manufacturing, cement production, production of fertilisers, etc. 

Such a system possibly also integrates some small quantities of variable renewable energies (wind and PV), but 

at a very low level, so that it does not have any notable impact at the system level. 

In a first step, and in most countries, only the electricity sector undergoes a transition towards renewables, 

whereas other sectors like transport, heating, or chemical industries remain unchanged. This is a development 

that we have been observing in many European countries and the USA since the late nineties, and in many 

other countries for the last 10-15 years. During these phases, installed capacities of wind and solar farms grow 

considerably and the characteristics of the power system undergoes substantial changes. This transition of the 

electric power sector from a predominantly baseload-driven power system to a flexible power system that 

relies predominantly on renewable energies, is described by phases 2, 3 and 4 of the IEA publication [1], which 

are summarised below.  
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2.2 Phase 2 and Phase 3: Growing use of vRE 

Phase 2 and phase 3 are characterised by the increasing penetration of vRE and a subsequent reduction in 

electricity generation by fossil-fuelled power plants.  

FIGURE 2: POWER SYSTEM WITH MEDIUM PENETRATION OF WIND AND SOLAR (PHASE 2 AND PHASE 3) AND 

FOSSIL-FUELLED HEAT AND TRANSPORT SECTORS 

In most countries, installed capacities of fossil-fuelled power plants (coal and gas) remain unchanged during 

phases 2 and 3, but they generate less energy due to rising electricity generation from wind and solar (fuel-

saving). In the longer term, increasing vRE capacities will also have an impact on the installed capacities of 

fossil-fuelled power plants, for example, less baseload power plants, (e.g. coal) will be required, but more 

flexible power plants, (e.g. gas) will be installed to reflect the requirements imposed by variable renewable 

energies. 

In central European countries, in which there has not been any substantial growth in demand during the last 

20-30 years, electricity generation from vRE has a faster impact on the replacement of energy from fossil-

fuelled power plants during phase 2 and phase 3. 

However, in developing and emerging countries, there is usually considerable growth in electricity demand, 

and it is therefore possible that additional vRE capacities will not necessarily just lead to reduced CO2-

emissions in the electricity sector but will also avoid even more fossil fuels being required to supply the 

increasing electricity demand. For this reason, an effective CO2-reduction strategy requires the massive 

installation of vRE capacities in these countries. 




























































