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1. Introduction  

 

1.1 Learning objectives of the course 

After completion of this course, you should be able to 

• recognise the relationship between energy efficiency (EE) and renewable energy (RE),   

• name technologies that promote synergy between EE and RE, 

• describe the methodology to identify valuable measures for creating synergy,  

• name indicators to trace the linkage between EE and RE, 

• explain the meaning of different graphs showing concepts related to EE and RE. 

1.2 Introduction to the course 

Applying EE and RE can contribute to economic growth, energy security, diversification of energy 

resources and climate change mitigation. Different communities around the world are already pioneers 

in the fields of EE and RE, implementing policies, plans, programmes and projects to promote them. 

While these initiatives have often been highly successful, they have typically focused only on specific 

areas and have pursued them separately. While EE and RE activities are individually valuable in their own 

right, closer linkages between EE and RE can provide even greater benefit, requiring communities to 

integrate these policy agendas. There are many possibilities to integrate EE and RE and benefit from their 

synergies. 

This course describes the relationship between EE and RE and introduces major technologies to promote 

such co-operative interaction. These technologies both offer savings in primary energy demand (EE) and 

increase the share of RE in the energy supply mixture. The course also provides a methodology to 

identify high-impact measures that can create synergy between EE and RE. Further, the course presents 

indicators to track the linkage between EE and RE and lists the advantages and disadvantages of each. 

Finally, the course enables the learner to interpret various graphs showing concepts related to EE and RE 

at the macro scale and at the policy level.  
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2. Framing the link between EE and RE 

 

2.1 How to frame the synergy between EE and RE 

Learning objective: Upon completion of this page, you should be able to 

• define different ways to frame the relationship between EE and RE. 

EE and RE are both needed as they are main pillars of achieving sustainable development. They need to 

be strongly developed to stabilise and reduce greenhouse gas (GHG) emissions. EE is essential for 

reducing the growth in energy demand so that growing clean energy sources can achieve a profound 

reduction in fossil fuel consumption. RE development will not be able to achieve climate goals if energy 

consumption rises too fast. Only slowing demand growth will lead to a reduction in total emissions. The 

accompanying need to decarbonise energy sources can be done by implementing RE. [1]  

The synergy between EE and RE can be framed in the following ways: 

1. Policy design should focus on end goals, including reducing GHG emissions, increasing 

accessibility to energy and increasing energy security in the most feasible ways. Also, it should 

enable the realisation of EE and RE measures through proof of achievement, such as carbon 

reduction certificates. This can be done in a variety of ways, including via open markets for EE, 

demand management, energy storage, carbon storage, RE generation, use of energy-efficient 

equipment and other solutions. 

2. New policy thinking is required as policy implementation progresses. This could include 

processes to reduce complexity, and tools or analysis to evaluate the effect of policies on the 

energy system and achievement of end goals. The “Clean energy for all Europeans” package [2] 

is an example that combines governance, EE, RE and electricity market design. 

3. Technology innovation needs adaption to policy formulation so that it can influence energy-

related behaviour and consumption. An example is energy service models that integrate energy-

efficient equipment with smart meters or renewable electricity and storage systems to create an 

efficient building. [3]  

4. Sufficiency strategies begin with the evaluation of everyday routines and lifestyles in order to 

reconcile them with demands for sustainability. The results influence fundamental approaches 

to reduction, substitution and adaptation. The framework conditions are structurally and 

politically designed in such a way that EE becomes more acceptable in everyday life.  
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A way of framing the synergy between EE and RE  

(Source: adapted from IRENA, IEA and REN21, 2018, and RENAC) 

 

2.2 Chapter endnotes 

[1] B. Prindle et al. (2007) 

[2] European Commission, Clean energy for all Europeans package (2019) 

[3] IRENA, IEA and REN21 (2018) 
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3. Synergies from implementing EE and RE measures at the same time 

 

3.1 Synergies between RE and EE technologies 

Learning objective: Upon completion of this page, you should be able to 

• name technologies that provide synergy between EE and RE. 

There are potential losses at each stage of the energy supply chain, from extraction to end use. So, each 

stage has the potential to increase the EE of the overall system. Renewables are capable of providing 

more primary energy when overall energy demand is lowered using EE measures. Renewables like wind, 

solar and hydropower do not need thermal energy conversion, so they are inherently more efficient. 

Using distributed renewables could also reduce losses in the transmission and distribution grid because 

the production is on-site and is closer to the consumption. 

Some technologies such as heat pumps demonstrate the technical and economic synergy between EE 

and RE. Heat pumps can meet the same heating demand for industrial and building applications 4–5 

times more efficiently than a conventional boiler. [1] If they are coupled with a renewable power supply, 

such as rooftop photovoltaic (PV), the overall system efficiency is even higher due to more efficient 

power generation and transmission. Power production using variable RE technologies like wind and PV is 

assumed to have 100% conversion efficiency [2, pp. 7–8] and lower losses during transmission (the 

average transmission loss in conventional electricity grids globally is around 8.2% of input, while it could 

be much higher in some countries). [3] 

In the following images, we compare the overall efficiency of various systems to show the improvement 

from using RE sources. In the case of vehicles, this is named “well-to-wheel” efficiency. In general, the 

formula for calculating efficiency is the following: 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝑈𝑠𝑒𝑓𝑢𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡

𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡
 

Example of an efficiency calculation: 

In the case of the first example in the following figure (Boiler with on-site natural gas), the final useful 

energy is 100 units for an input of 130 units. Therefore, the calculation is: 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
100

130
 ≈ 77% 
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Comparing the overall efficiency of heat pumps and boilers with different energy system infrastructure  

(Source: developed by RENAC) 

Note: the numbers are average and could vary from location to location or technology to technology. 

Another example is using electric vehicles (EVs) instead of internal combustion engine (ICE) vehicles in 

the transport sector. Electric mobility is driving the transport sector towards a low-carbon or zero-carbon 

state while increasing EE by two to four times. [1, p. 14] The required electricity could be supplied from 

RE sources such as wind and solar.  
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Comparing the well-to-wheel EE of EV and ICE  

(Source: developed by RENAC) 

Note: the numbers are average and could vary from location to location or technology to technology. 

Light-emitting diode (LED) lamps are the next example of creating synergy between EE and RE. With an 

efficiency of 30–40%, LEDs are 6 to 8 times more efficient than incandescent bulbs. [4] With the resulting 

reduction in electricity demand, assuming all other variables are equal, renewable technologies could 

easily meet this need for electricity and improve the efficiency of the overall energy system.  
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Comparing the overall efficiency of LED lamps and incandescent bulbs  

(Source: developed by RENAC) 

Note: the numbers are average and could change from location to location or technology to technology. 

The other examples are efficient cookstoves using biomass or solar resources, and local district heating 

networks, which are more efficient than individual heating systems and could be combined with RE 

technologies such as solar thermal. [2] 
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3.2 Leverage from joint implementation of EE and RE  

Learning objective: Upon completion of this page, you should be able to 

• explain the leverage available from joint implementation of EE and RE.  

Combining the potential from accelerated deployment of RE measures and higher EE results in further 

increases in the share of RE in the power system and more rapid improvements in energy intensity.  

A study by the International Renewable Energy Agency (IRENA) in 2015 compares the energy savings 

from implementing RE roadmap (REmap) and EE measures, both individually and in combination. IRENA 

is an intergovernmental organisation mandated by governments worldwide to promote the widespread 

and increased adoption and sustainable use of all forms of RE. According to their estimates for 2030, 

implementing REmap options alone is not sufficient to achieve a significant reduction in energy intensity 

compared to the reference case in which no measures are taken. Energy savings from REmap options are 

projected to be in the range of 5–10% depending on the country, whereas EE measures can reduce 

energy intensity by 10–19%. At the same time, the combined energy-saving potential from renewables 

and EE together is in the range of 19–25% in the analysed countries. [2] 

According to IRENA, EE and RE measures could achieve around 90% of the carbon reductions needed to 

limit global temperature rise to well below 2°C above pre-industrial levels. While each individual policy is 

worthwhile, a combined approach of implementing EE and RE in synergy provides the most probable and 

feasible route to decarbonising the global energy system. [1] 

The synergy provided by EE and RE measures vary from country to country. Based on the place of 

implementation, the factors shown in the image affect the potential synergy that the same measures 

could achieve. 

 

Factors affecting the synergy between EE and RE in a country  

(Source: adapted by RENAC  from IRENA, 2017) 



 

Page 12 of 43    
06/12/2019 

EE and RE can create synergies in different ways, as follows:  

- Timing synergies. The energy-saving potential of EE is significant in the short to medium term, but EE 

solutions are not infinite. Therefore, renewables are needed to supply energy in the short term and also 

to expand opportunities in the long term.  

- Economic synergies. In most studies, EE has the lowest levelised cost of energy compared to power 

generation technologies. Also, RE technologies are able compete on a cost basis with conventional 

power generation technologies. Using both solutions at the same time could reduce the overall cost of 

the energy system. Moreover, by creating investment and employment in different sectors, pursuing EE 

and RE could increase economic growth.  

- Geographic synergies. The potential for implementing RE is dependent on the location, while most EE 

solutions are not location-specific. In locations with a lack of suitable RE resources, the system could 

utilise more EE to compensate for this shortage.   

- Power system synergies. The effect of EE and RE on grid load varies over time. For example, on a hot 

summer day, EE could reduce the load and RE technologies (e.g. PV power) could fulfil the remaining 

load. Also, they could increase grid reliability by diversifying the supply sources. [5] 

 

3.3 Chapter endnotes 

[1] IRENA (2017) 

[2] IRENA and C2E2 (2015) 

[3] World Bank (2018) 

[4] LampHQ (2019) 

[5] Prindle et al. (2007) 
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4. A methodology to measure synergies between EE and RE 

 

4.1 Indicators to identify high-impact measures for achieving synergies between EE and RE 

Learning objective: Upon completion of this page, you should be able to 

• define important indicators to identify high-impact measures for achieving synergies between EE 

and RE. 

To identify high-impact measures for achieving synergies between EE and RE, you need to use an energy 

model as a tool. The energy model serves the purpose of evaluating and comparing the projected values 

of indicators such as total primary energy supply (TPES); CO2 emissions; RE share of total final energy 

consumption (TFEC) and of power generation; and energy intensity. [1] In addition, there are also 

indicators of cost such as total additional system costs (in USD/yr), extra costs of additional RE/EE 

options compared to their conventional counterparts (in USD/yr per option), and avoided external costs 

of climate change and air pollution (in USD/yr). 

 

Indicators to identify synergy between EE and RE  

(Source: adapted by RENAC from IRENA and C2E2, 2015) 

TPES represents the total amount of energy that is used to meet the demand of a country or region in a 

given period of time. An energy commodity captured directly from natural resources is termed primary 

energy. Examples include crude oil, hard coal and natural gas. Secondary energy comes from the 

transformation of primary energy. [2]  

CO2 emissions include energy-related emissions and process emissions from industry. By increasing the 

share of RE and adopting EE measures, significant reductions in emissions could be achieved; these can 

be analysed and compared to identify which measures have the higher impacts. 
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The next indicator of synergy is the share of RE in TFEC and power generation. TFEC for a country is the 

sum of all the energy that is used to provide various energy services.  

Energy intensity is the measure of the energy efficiency of an economy. It is presented as the number of 

units of energy required per unit of gross domestic product (GDP). The level of energy intensity shows 

how good an economy is at converting energy into GDP. 

An external cost occurs when the production or consumption of a good or service imposes a cost 

(negative effect) upon a third party. Reducing air pollution and mitigating the effects of climate change 

also reduces the cost of fighting these effects, and this can be tracked to measure the effectiveness of RE 

and EE measures. 

Energy system models are tools that use a mathematical framework and the principles and laws 

governing physical and social phenomena to reflect interconnections between its components and 

generate the aforementioned indicators for a country or a region. [8] You need to consider several points 

when developing a proper energy model, considered in detail in the following pages. 

 

4.2 Structure of energy system models to identify high-impact measures for achieving synergies 

between EE and RE 

Learning objective: Upon completion of this page, you should be able to 

• explain the structure of an energy system model used to identify high-impact measures for 

achieving synergies between EE and RE. 

Energy system models are mathematical models developed to represent various energy- and policy-

related problems and to evaluate the criteria used to explain an energy system. With the development of 

robust algorithms and advanced computing systems, energy system models have gained in popularity in 

recent times. With the help of energy system modelling, complex systems can be represented in a 

simpler way, leading to better understanding and decision-making.  

Energy models can be developed for the efficient forecasting, planning, design, operation and 

optimisation of all energy systems, as shown in the figure below. [4] In an energy system model, 

performance indicators are used to measure variations in a target variable under varying circumstances. 

These include different cases under prevailing policy frameworks. 
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Types and uses of energy models  

(Source: adapted by RENAC from Kondili, 2010) 

As energy system models use historical data to generate mathematical models, the accuracy of the 

collected data is an extremely important factor influencing the reliability of the model output. This data 

is used to create a business-as-usual reference case – this is the projected scenario where existing 

conditions continue the same trends over the period of study. Subsequently, the conditions are varied to 

assess the difference in the chosen performance indicators, which can then be compared to aid decision-

making.  

 

Structure of a modelling process  

(Source: adapted by RENAC from Elforsk, 2010) 

 

4.3 Example of energy system models in the field of RE and EE 

Learning objective: Upon completion of this page, you should be able to 

• name existing energy system models developed by different entities. 

Energy system models can broadly be categorised into bottom-up models and top-down models in order 

to simplify and better understand the variety of approaches available.  

Bottom-up models are technology-oriented and treat energy demand as either given or as a function of 

multiple factors, for example energy prices and national income.  
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These types of model are also known as engineering-economic models or partial-equilibrium models, in 

the sense that economic equilibrium is achieved between the supply of and demand for energy. These 

models help you understand the impact of technology changes, by showing the cost performance of a 

new technology in comparison to an existing technology under the same circumstances. As such, these 

types of model can be used to choose one particular technology over another, for example among 

different RE technologies.  

Top-down models, on the other hand, consider a system from a broader perspective. They look at the 

entire macroeconomics and describe the interrelationship between labour, capital and natural resources 

such as energy. [5] Generally, top-down models lack detail from a technological perspective and fail to 

some extent to capture technological development as well as the bottom-up approach.  

 

Examples of energy system models 

For the purpose of analysing synergy between RE and EE measures, a combination of the above two 

approaches is optimal due to their dependence on both technology and policy changes. One such model 

has been developed by IRENA called the Energy Transition Model (ETM). In their approach, they model 

the EE case for the period 2010–30 for four sectors of the energy system, namely power (and district 

heat), buildings, industry and transport. The efficiency categories and measures analysed are listed in the 

figure below. Further, they also use their Renewable Energy Roadmap (REmap) tool, which is an 

analytical approach for assessing the gap between current national RE plans and additional renewable 

technology options that can be realistically deployed by 2030. The results of both these studies are 

compared separately and together with the reference case, which is the business-as-usual case for the 

same period. Important results from this study are summarised in the next screen page. 
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Energy efficiency categories by sector considered in IRENA’s model to assess synergy between EE and RE 

(Source: adapted  by RENAC from IRENA, 2017) 

In addition to the above models, there are some models designed to evaluate the sustainability of 

projects including EE and RE implementation. These are called Sustainability Assessment Models (SAM). 

The importance of these models lies in the fact that they provide tools to assess sustainability of 

activities within a project, which is key to measure the compliance with increasingly stringent legislative 

requirements placed on projects to incorporate sustainability, [6] 

4.4  Results from the IRENA energy system model for evaluating the indicators of synergy between 

EE and RE  

Learning objective: Upon completion of this page, you should be able to 

• compare the results from an energy system model for the indicators of synergy between EE and 

RE in different locations. 

The IRENA study [7] for identifying synergies between EE and RE assesses these synergies for four major 

energy-using sectors (industry, buildings, power and transport) in five countries, three developed 

(Germany, Japan and the US) and two rapidly developing (India and China). The combined potential of 

these five countries represents half of the effort required to realise the global objective of doubling the 

RE share.  

The indicators used for this model are classified into primary and secondary: primary indicators measure 

the actual progress in RE and EE areas, whereas the secondary indicators measure changes in energy, 

emissions and costs, which are very important to the policymakers and researchers alike.  

The primary indicators for EE are energy intensity (megajoules per unit of GDP (MJ/USD)) and the annual 

change in energy intensity (%/yr) between 2010 and 2030. For RE, the percentage share of RE in TPES is 

the primary indicator.  
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Secondary indicators are TPES for energy (exajoules (EJ)/yr), CO2 emissions (gigatonnes of CO2 

(GtCO2)/yr) for climate change and three types of costs: substitution costs (USD/yr per RE percentage 

point), annual system costs (USD/yr) and avoided external costs (USD/yr). 

Efficiency options play a key role in improving the energy intensity of various sectors. In the US, energy 

intensity reduction is partly due to the autonomous change in the country’s economic structure 

compared to the current scenario, which results from fewer energy-intensive activities over the coming 

decades, particularly in the industrial sector. By comparison, energy-intensive activities are expected to 

dominate India’s manufacturing sector, causing very little change in its economic structure and energy 

intensity. The power and buildings sectors account for the largest share of the improvements achieved in 

India’s energy intensity. RE deployment has a synergistic effect on energy intensity. Of the total 

improvement in energy intensity, around 20–30% is due to renewables. This is similar in all countries 

studied as shown in the graph below, and the contribution is not affected by the growth of energy 

demand in a country. [7] 

 

Synergy between EE and RE shown through variation in energy intensity across geographical areas  

(Source: adapted by RENAC from IRENA, 2017) 

Note: REmap2030 represents the realistic deployment of RE up to 2030; REmap+EE adds the effects of 

energy efficiency measures. 

Increasing EE not only lowers energy intensity, but it also boosts the RE share by 10–15% across the 

countries studied as shown in the below figure. In the US, a country with low expected future growth in 

energy demand, one-third of the increase in the RE share can be attributed to EE options. In India, a 

country with high growth in energy demand, EE options can be responsible for half the increase in the RE 

share. 
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Synergy between EE and RE shown through variation in RE share in TFEC across geographical areas  

(Source: adapted by RENAC from IRENA, 2017) 

RE technologies often result in lower TPES, as shown in the graph below. The reason is that according to 

the primary energy accounting method employed by the International Energy Agency (IEA), they have an 

efficiency that is higher than that of the non-renewable technologies they replace. For many RE sources, 

such as PV, wind and hydro, this accounting method assigns efficiency of 100%, resulting in significant 

efficiency gains compared to conventional power plants.  

 

Synergy between EE and RE shown through variation in TPES across geographical areas  

(Source: adapted from IRENA, 2017) 
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4.5 Strengths and weaknesses of energy system models 

Learning objective: Upon completion of this page, you should be able to 

• List the strengths and weaknesses of different classes of energy system models used to assess 

the synergy between EE and RE. 

Energy system models address different questions based on the analytical objectives. While it is possible 

that a question could be answered by some parts of a model, it is not necessarily the case that a model 

provides the complete answer to a question. It is therefore important to consider which models are 

suitable for reaching an optimal answer. You need to know the strengths and weaknesses of various 

types of model before choosing one.  

Bottom-up models are innately detailed and technology-focused in nature, allowing various resource 

constraints, cost implications and emission details of different technological developments to be 

incorporated. By widening the scope of the study to the national level, these models can be used to 

compare different energy systems and assess their feasibility and interconnectedness. The main 

drawback is the limited extent to which socio-economic aspects are addressed, often through simplified 

assumptions. 

The broader scope of top-down models helps you analyse feedback between the energy sector and 

other sectors of the economy. It can also facilitate bringing policy implications into the picture, such as 

climate change targets and RE adoption strategies. As such, socio-economic dynamics are captured fairly 

well with top-down models. Their weakness lies in the oversimplification of technological aspects of the 

energy system, thereby making it difficult to understand the implications of technological development 

and the suitability of one system over another. 

Hybrid models adopt a more flexible approach, combining the strengths and weaknesses of bottom-up 

and top-down models (see figure). These types of models can answer multiple questions without 

needing to change the model for each individual question. Combining techno-economic bottom-up 

models with macroeconomic models allows you to examine policy impacts over the short and long term. 

The main drawback is the complexity of such models, which makes their interpretation quite difficult. It 

is also a highly technical, skills-hungry and time-consuming process. [8] 
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Strengths and weaknesses of energy system models  

(Source: adapted by RENAC from Spittler et al., 2019) 

4.6  Chapter endnotes  

[1] IRENA and C2E2 (2015) 

[2] IEA (2019) 

[3] Herbst et al. (2012) 

[4] Kondili (2010) 

[5] Elforsk (2010) 

[6] Cavanagh et al. (2006) 

[7] IRENA (2017) 

[8] Spittler et al. (2019)  
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5. Examples of synergy between EE and RE  

 

5.1 Countrywide 

Learning objectives: Upon completion of this page, you should be able to 

• describe the opportunities for synergy between EE and RE on a countrywide level, 

• contrast the growth in energy consumption against the growth of GDP and population. 

The energy system of a country is typically complex and interconnected. The three main energy-

consuming sectors are industry, transport and buildings, with each accounting for around one-third of 

energy consumption. The synergy between EE and RE can be exploited in all three sectors, which 

requires integrated national planning. EE solutions are important for short- to medium-term reductions 

in energy demand and RE is needed to meet the residual energy demand or part of it. The potential to 

use RE differs from country to country, but most EE solutions are applicable irrespective of location. As a 

result, EE solutions are essential for the better utilisation of RE sources.  

Implementing EE and RE solutions at the same time creates synergies such as: 

• reducing total electricity demand 

• increasing the share of energy production from renewables 

• reducing the cost of power generation  

• increasing power generation fuel diversity, which creates a barrier to increasing electricity costs 

• reducing power generation risk by increasing the diversity of resources and using the modular 

nature of EE and RE solutions  

• enhancing energy system security by reducing dependence on the energy network when attacks 

or natural disasters occur 

• increasing economic growth by lowering energy prices, creating jobs from investment in EE and 

RE, and lifting disposable income 

• reducing emissions [1] 

 

Various technologies are available to create synergy at the country level. The combination of EE 

programmes with distributed RE systems and mini-grids is a major example. Distributed RE systems and 

EE solutions can be integrated through different demand-response schemes, smart grids and energy 

storage solutions. EVs and heat pumps can also be used as energy storage systems – combining them 

with programmable energy-efficient appliances that work only when renewable electricity is available 

provides even more synergy. [2] 

In the past, and especially in the second half of the twentieth century, economic growth was directly 

related to increased energy consumption. But studies show that this trend is changing. This does not 

mean that the world does not need energy, but that new technologies and other trends are pushing 

down the energy demand curve. This separation of economic growth (continued upward) and growth in 

energy consumption (upward but lower than expected) is due to four main factors: 
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• The shift from industrial activity to service-sector activity in fast-growing economies such as India 

and China. 

• Increased EE. 

• Using electricity to meet final energy requirements for greater efficiency, for example fulfilling 

the need for transport (passenger and freight) with EVs, which have a higher efficiency than 

vehicles with ICEs. 

• Developing the use of renewable sources that do not require fuel to generate electricity and 

reduce the primary energy required. [3] 

The effect of this can be seen in Germany in the period 1971–1989 before implementing EE and RE 

programmes as compared with the period 1990–2016 after their implementation. The graphs in the 

figure show a clear decoupling of GDP and population growth from energy consumption post-1989. 

 

Germany: GDP, population and energy use a) 1971–1989 before implementing EE and RE programmes;  

b) 1990–2016 after implementing EE and RE programmes 

(Source: adapted by RENAC from World Bank, 2019) 

Note: Mtoe = million tonnes of oil equivalent.   



 

Page 24 of 43    
06/12/2019 

5.2  Commercial buildings 

Learning objective: Upon completion of this page, you should be able to 

• describe the main advantages of reducing the energy consumption of a commercial building and 

providing most of the remaining energy through RE. 

Although non-residential buildings are the smallest group in the buildings sector by number, they 

consume a tremendous amount of energy due to large floor areas and high energy demand per square 

metre. Commercial buildings consume 7–18% of final energy demand in different countries around the 

world.   

The next generation of commercial buildings, including net-zero energy buildings (NZEBs), can generate 

their own energy on site. EE and RE technologies make this possible. NZEBs are buildings with zero yearly 

net energy consumption, which means the total amount of energy that such a building uses in a year is 

equal to the yearly RE generated on or off site. This does not mean they are completely off grid. If the 

building uses grid electricity, it must be compensated with an equal amount of RE feed-in at a different 

point of time in the same year.  

New office buildings use high-efficiency appliances, insulation, building materials, and heating, 

ventilation and air-conditioning (HVAC) systems. They fulfil their reduced energy demand with on-site 

energy generation technologies like PV systems and solar thermal combined with a heat pump. With this 

integration, energy consumption can be reduced by 30–80% compared to a standard office building.  

The integration of EE and RE resources in office buildings creates significant potential, as follows and in 

the figure:  

• Energy cost reduction. EE measures reduce energy demand and RE technologies like PV reduce 

the dependence of the building on the electric grid. This integration significantly lowers energy 

costs. 

• Leverage the RE source. Utilisation of RE sources is still not as cost-effective as EE measures in 

many cases. EE leverages the use of RE generated on site by reducing the energy demand of the 

building.  

• Grid benefits. EE reduces the energy demand curve for the whole day, while RE technologies 

such as PV generate the maximum amount of electricity at peak hours. The combination not only 

provides flexibility to the grid, it also reduces losses through energy transport and the need for 

investment in new power plants. 

• Economic growth. Applying EE and ER solutions in office buildings increases investment in EE 

and RE technologies. This money motivates other sectors of the economy, e.g. manufacturing, 

consulting, construction, sale, installation, and operation and maintenance, to do the same. 

• GHG emissions reduction. A combination of energy savings from EE measures and on-site 

energy production from RE sources leads to demand reduction and diminished GHG emissions at 

energy conversion units such as gas processing plants and fossil fuel power plants. [4] 

• Energy security. Significant energy demand reductions, alongside self-sufficient energy supply 

from renewables, create better energy security and less dependence on energy imports.  
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• Fulfilment of international GHG obligations. The simultaneous use of EE and RE in the buildings 

sector is a great help to countries in achieving their international GHG commitments.  

 

 

Synergy between EE and ER in office buildings 

(Source: RENAC) 

5.3 Industrial processes 

Learning objective: Upon completion of this page, you should be able to 

• describe the main benefits of increasing EE in industrial processes and providing most of the 

remaining energy demand through RE sources. 

The implementation of energy optimisation solutions is very common in industry. But these solutions are 

more beneficial when combined with RE sources. An example is the use of heat pumps in industrial 

processes to provide heat and cooling. In this case, it is possible to use lower-temperature waste heat 

flows to provide heat for the heat consumers, which cannot be achieved using heat exchangers. [5] 

The following case study explains the potential for synergy in a typical industrial building. 

A company in the food industry is making significant savings since it added a heat pump to its 

refrigeration system. This uses the waste heat output from the chiller to supply hot water. Consider a 

factory with a demand of 250 cubic metres per hour of hot water at 65°C for 18 hours a day during the 

year. In this case, there is demand for 920 kilowatts (kW) of heat. There is also demand for 750 kW of 

refrigeration in this factory. [6] 
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Scenario I: Boiler and chiller (reference case) 

Using an 80% efficient gas-fired boiler and a compressor chiller to provide the cooling required for the 

process. The chiller condenser  is 255 kW and the heat energy demand would be 920 kW. 

System capacity = 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦⁄  

System energy consumption = 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 𝑖𝑛 𝑎 𝑦𝑒𝑎𝑟 × 𝑠𝑦𝑠𝑡𝑒𝑚 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 

Total consumption = 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 1 + 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 2 + ⋯  

Net system energy consumption from grid = Total consumption - Energy supplied by RE 

Boiler capacity = 920 𝑘𝑊 0.8⁄ = 1,150 𝑘𝑊 

Boiler energy consumption = 18 
ℎ𝑜𝑢𝑟𝑠

𝑑𝑎𝑦
× 7

𝑑𝑎𝑦𝑠

𝑤𝑒𝑒𝑘
× 52

𝑤𝑒𝑒𝑘𝑠

𝑦𝑒𝑎𝑟
× 1,150 𝑘𝑊 = 7,534,800 

𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

Chiller energy consumption = 18 
ℎ𝑜𝑢𝑟𝑠

𝑑𝑎𝑦
× 7

𝑑𝑎𝑦𝑠

𝑤𝑒𝑒𝑘
× 52

𝑤𝑒𝑒𝑘𝑠

𝑦𝑒𝑎𝑟
× 255 𝑘𝑊 = 1,670,760 

𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

Total consumption = 7,534,800 
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
+ 1,670,760 

𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
= 9,205,560 

𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

Energy supplied by RE = 0 
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

Net system energy consumption from grid = 9,205,560 
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

For output of 𝑥 kWh/year, the overall efficiency of the system in Scenario I 𝜂𝐼 =
𝒐𝒖𝒕𝒑𝒖𝒕

𝒊𝒏𝒑𝒖𝒕
=

𝑥

9,205,560
 % 

Scenario II: Chiller with heat pump (EE case) 

In this case, the chiller provides the cooling needed for the process and the heat pump supplies the 

required heat. The total power consumption will be 244 kW. 

Chiller and heat pump energy consumption = 18 
ℎ𝑜𝑢𝑟𝑠

𝑑𝑎𝑦
× 7

𝑑𝑎𝑦𝑠

𝑤𝑒𝑒𝑘
× 52

𝑤𝑒𝑒𝑘𝑠

𝑦𝑒𝑎𝑟
× 244 𝑘𝑊 =

1,598,688 
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

Total consumption = 1,598,688 
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

Energy supplied by RE = 0 
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

Net system energy consumption from grid = 1,598,688 
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

The reduction in net energy consumption of the system is 
(9,205,560−1,598,688)

9,205,560
× 100 = 82.6%  compared 

to Scenario I. 

For the same output 𝑥 kWh/year, the overall efficiency of the system in Scenario II 𝜂𝐼𝐼 =
𝑥

15,98,688
 % 
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Therefore, improvement in the efficiency of Scenario II over Scenario I 
𝜂𝐼𝐼

𝜂𝐼
=

𝑥

1,598,688
𝑥

9,205,560

⁄  = 5.76  

 

Scenario III: Chiller with heat pump and PV system (RE + EE case) 

In this case, part of the electricity required by the chiller and heat pump is supplied by a PV system. In 

this case, it is considered that the PV system with 1 megawatt (MW) capacity produces 1 000 megawatt 

hours (MWh)/year. 

Chiller and heat pump energy consumption = 18 
ℎ𝑜𝑢𝑟𝑠

𝑑𝑎𝑦
× 7

𝑑𝑎𝑦𝑠

𝑤𝑒𝑒𝑘
× 52

𝑤𝑒𝑒𝑘𝑠

𝑦𝑒𝑎𝑟
× 244 𝑘𝑊 =

1,598,688 
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

Total consumption = 1,598,688 
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

Energy supplied by RE = 1,000,000 
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

Net system energy consumption from grid= Total consumption - Total energy supply by RE = 

1,598,688 
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
−  1,000,000 

𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
= 598,688 

𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
 

The reduction in net energy consumption of the system is 
(9,205,560−598,688)

9,205,560
× 100 = 93.5% compared 

to the scenario I.  

For the same output x kWh/year, the overall efficiency of the system in Scenario III 𝜂𝐼𝐼𝐼 =
𝑥

598,688
 % 

Therefore, improvement in the efficiency of Scenario III over Scenario I 
𝜂𝐼𝐼𝐼

𝜂𝐼
=

𝑥

5,98,688
𝑥

92,05,560

⁄  = 15.38  

The three scenario configurations are depicted in the corresponding flow diagrams.  
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Example of integration between EE and RE in industry (Source: Adapted by RENAC) 

The integration of EE and RE resources in industry creates significant potential for energy cost reduction, 

leverage of RE sources, grid benefits, economic growth, GHG emissions reduction, energy security and 

the fulfilment of international GHG obligations.   

5.4  Chapter endnotes 

[1] EPA (2018) 

[2] IRENA and C2E2 (2015) 

[3] Sharma, Smeets and Tryggestad (2019) 

[4] World Bank (2019) 

[5] De Kleijn Energy Consultants and Engineers (2019) 

[6] GEA (2015) 
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6. Indicators to track synergy between EE and RE  

6.1  Methods of energy accounting 

Learning objectives: Upon completion of this page, you should be able to 

• name indicators to track synergy between EE and RE, 

• describe indicators to track synergy between EE and RE. 

Although indicators and accounting methods for RE and EE differ, from a technology point of view there 

are important overlaps between the two areas.  A number of technologies both offer savings in primary 

energy demand and also increase the share of renewable energy in TFEC. Use of these types of 

technologies also results in improvements of technical efficiency. As such, using indicators to measure EE 

and RE separately can also help in explaining the synergy between the two. 

There are two methods of energy accounting at the macro level: the primary energy method and the 

final energy method. The primary energy method is used to calculate TPES and is performed in several 

different ways to process primary energy data, such as the physical energy content method used by the 

IEA and Eurostat. The IEA also uses the partial substitution method, and the direct equivalent method is 

used by the Intergovernmental Panel on Climate Change (IPCC). TPES is appropriate when identifying the 

source of energy or the geographical origin of energy used in a country. Therefore, TPES is a more 

appropriate indicator at the national level. [1] 

The final energy method is used to calculate TFEC. In this approach, electricity and heat data are 

expressed in a state that is ready for consumption by the end user. To this end, technological 

information is collected on energy conversion, transmission and storage technologies such as oil 

refineries, power plants and transmission networks, and their impact is seen with respect to their 

internal energy consumption and losses in the energy system. Therefore, TFEC is a more appropriate 

indicator for use at the sectoral or sub-sectoral level. [1] 

These differences are illustrated in the figure.  

 

TPES and TFEC in a country’s energy flows (source G2Plus), adapted by RENAC  
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Energy intensity is an indicator used for EE monitoring nationally and is the amount of energy supplied 

per unit of economic output, so TPES is used for this purpose. Energy intensity has traditionally been 

used for making international comparisons. However, this indicator is imperfect for tracking EE because 

it may be influenced by other factors such as changes in economic output or structural changes in the 

economy over time, e.g. the transition from low-energy industries to energy-intensive industries and vice 

versa. 

For the monitoring of RE, the share of RE in TFEC is used. Because of this, the thermodynamic 

inefficiency of fossil power plants is considered in the calculations and a more level playing field is 

created for comparing them with directly generated renewables. [1] 

The following table presents energy supply information with a variety of computational methods to gain 

a better understanding of their differences. 

 RE contribution to world TPES 
RE contribution to 

world TFEC 

% RE in the global 
energy mix 

Physical 
content method 

Direct equivalent 
method 

Partial substitution 
method 

 

 EJ % EJ % EJ % EJ % 

2010 69 13 68 13 91 17 60 18 

TPES accounting methods versus TFEC and share of RE in global energy mix 2010  

(Source: IEA and World Bank, 2013) 

 

6.2 Advantages/disadvantages of indicators using TPES or TFEC 

 

Learning objective: Upon completion of this page, you should be able to 

• name benefits and drawbacks of indicators utilising TPES or TFEC. 

It is commonplace to use TPES and TFEC to track EE and RE policy implementation. Depending on the 

purpose of each indicator, either approach can be used. But generally, TPES is used nationally to 

calculate energy intensity and TFEC is used to examine sectors and sub-sectors. 

Using TPES has the advantage that the figures are based directly on the physical measurement of energy 

content for fossil fuels, which is accurately measurable and easy to track. As such, this indicator is widely 

used. The disadvantage is that the calculation of primary energy content for renewable electricity 

sources is dependent on the primary energy accounting method and therefore the contribution of RE in 

the energy mix depends on the calculation method. The other drawback with TPES is that it provides 

inadequate representation of directly produced RE such as solar heat and electricity from PV and wind. 

Because of the consideration of losses during conversion, transport, transmission and distribution of 

energy in the TFEC calculation, the figures for electricity and commercial heat consumed are lower than 

the figures for supply. Within TFEC figures, energy carriers are ready for use by end users. Allowing direct 

comparison of RE electricity generation and commercial heat is one of the advantages of using TFEC. 
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Also, it creates a better account of directly produced RE in the overall energy mix, as the they are most 

often closer to the useful energy by the end user.  

But one must bear in mind that while analysing the use of energy for providing heat and cooling as useful 

energy, the efficiency of the appliances and equipment should be considered.  

The drawback of TFEC is that different sources of energy (including renewable and non-renewable 

energy) needs to be allocated to the same technologies for analysis, but the efficiency and losses are 

disproportionately allocated to the renewable technologies. 

 

 

 

 

 

 

 

 

 

 

 

Advantages and disadvantages of TPES and TFEC  

(Source: adapted by RENAC from IEA and World Bank, 2013) 

6.3 Chapter endnotes 

[1] IEA and World Bank (2013)  
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7. Interpretation of various graphs 
7.1 Energy intensity against energy consumption per capita 

Learning objective: Upon completion of this page, you should be able to 

• explain graphs showing energy intensity against energy consumption per capita. 

Energy consumption per capita, expressed as the ratio of TPES to the population of a country, shows that 

countries’ energy consumption is roughly aligned to their income, with the 20 most energy-consuming 

countries using about 80% of the world’s primary energy. High-income countries generally have the 

lowest energy intensity. But per capita, energy consumption in these countries varies widely, from 110 

gigajoules (GJ) per capita in Western Europe to 300 GJ per capita in North America. Energy consumption 

per capita in Africa is between just 20 GJ and 30 GJ per capita. Thus, the energy gap between the 

countries with the lowest income and those with the highest is tenfold.  

Low- and middle-income countries have lower per-capita energy consumption, but their energy intensity 

varies widely. For example, energy intensity in South American countries with middle-income levels is 

low and comparable to that of Western European countries. However, energy intensity in the former 

Soviet Union and sub-Saharan African countries with the same level of income is high at between 20 MJ 

and 30 MJ per 2005 US dollar at purchasing power parity (PPP), while the energy intensity of small island 

states is 2–4 MJ per 2005 dollar PPP. The rest of the world falls between these numbers. Western 

European countries, for example, have an energy intensity of less than 5 MJ per 2005 dollar PPP. The gap 

between the countries with the lowest energy intensity and those with the highest is 10 times. 

As per the below figure,  there is generally a direct positive relationship between per capita income and 

energy intensity, and a negative relationship between per capita income and energy consumption per 

capita. 

 

Energy intensity PPP versus energy consumption per capita, 2010  

(Source: adapted by RENAC from IEA and World Bank, 2013) 
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7.2 Pseudo-Gini coefficients based on the cumulative percentage of energy demand 

Learning objective: Upon completion of this page, you should be able to 

• explain graphs showing pseudo-Gini coefficients based on the cumulative percentage of energy 

demand. 

The Gini coefficient is a concept most commonly used in economics to measure the inequality of income 

distribution within a population. A value of zero represents perfect equality while a value of one 

represents maximum inequality. This concept can be used to capture the global inequalities in the 

distribution of energy demand by calculating a pseudo-Gini coefficient.  

Global TPES is heavily weighted towards a relatively small number of high- and middle-income countries. 

China and the US alone account for about 40% of this value. One way to express global inequality in 

energy demand is to calculate the pseudo-Gini coefficient. This coefficient, when calculated based on the 

cumulative percentage of global energy demand accounted for by a given cumulative percentage of 

global population, demonstrates a high degree of inequality. The Gini coefficient for energy demand is 

0.48, just slightly lower than the Gini coefficient of 0.53 for the global distribution of GDP. [1] 

 

Distribution of energy demand and GDP by population based on World Bank World Development 

Indicators (IEA 2012A) 

(Source: IEA and World Bank, 2013. Redrawn by RENAC) 

The significance of this analysis is that it shows clearly the importance of targeting efforts in high-energy 

demand countries, even though EE is valuable for all countries. A country’s energy demand greatly 

influences the impact of the effects brought about by EE measures. Higher consumption represents 

greater potential for the country to contribute towards global GHG objectives.  
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Many such high-consuming countries have already achieved low levels of energy intensity. Thus, 

countries with both high levels of consumption and high levels of energy intensity should hold more 

potential. Also, the underlying causes of their energy intensity should also be considered using analysis 

methods such as decomposition analysis. For example, a country with a cold climate may have high 

energy intensity, but it could already be very energy efficient. 

7.3 High energy demand with high energy intensity 

Learning objective: Upon completion of this page, you should be able to 

• explain graphs showing high energy demand with high energy intensity. 

EE improvement is valuable for every country. But on a global scale, countries with high energy demand 

and high energy intensity are simultaneously more attractive because they facilitate achieving 

sustainable development goals globally. Higher energy demand means more energy savings potential in 

these countries. 

China and the US alone account for 40% of the world's total energy supply, and 80% of the world's 

primary energy is consumed in only 20 countries. These countries, except India and Ukraine, are all high- 

and middle-income countries. Generally, high-income countries have lower energy intensity than the 

global average. So the more appropriate option for EE measures are the middle-income countries that 

have higher energy intensity than the global average and high energy demand.  

 

Countries with highest levels of primary energy demand, 2010 (EJ) and countries with highest levels of 

energy intensity PPP, 2010 (MJ/USD 2005)  

(Source: adapted by RENAC from IEA and World Bank, 2013) 
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As evident from the figure, countries with the highest energy demand generally have lower levels of 

energy intensity. Ukraine is the only country with both high energy demand and high energy intensity, 

which is a combination showing potential for both RE and EE measures. African countries form the 

majority of the countries with high energy intensity and they are high-impact countries for EE measures 

in particular. Countries with higher energy demand, but lower energy intensity, should initially be 

targeted for increased RE implementation. 

Energy intensity can be calculated on the basis of the PPP index for each country and sector to identify 

those countries and sectors with the highest energy-saving potential. The table below shows the most 

appropriate countries and sectors for implementing energy-saving programmes. 

 All sectors Industry Agriculture Transport, residential 
and service sectors 

1 Ukraine Ukraine Canada Iran  

2 Russia Russia South Africa Ukraine  

3 Saudi Arabia Canada Russia Saudi Arabia 

4 South Africa Brazil US Indonesia 

5 China South Africa Brazil Russia 

Energy-intensive and high-energy demand countries  

with the most appropriate sectors for implementing EE solutions  

(Source: IEA and World Bank, 2013) 

7.4 Chapter endnotes 

[1] IEA and World Bank (2013) 
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8. Decomposition analysis for EE 

 

8.1 What is EE decomposition analysis? 

Learning objective: Upon completion of this page, you should be able to 

• describe EE decomposition analysis. 

EE is a crucial aspect of EU energy policy, as it is in other countries and organisations. The EU, in 

particular, has set targets for EE to work towards a climate-neutral Europe. While ensuring that the 

targets – a 20% reduction in energy consumption by 2020 and a 32.5% reduction by 2030 – are met, it 

also aims to achieve the decoupling of economic growth from future energy demand. This makes it 

necessary to monitor progress towards these energy targets, requiring knowledge of the main 

influencing factors behind the latest energy consumption trends. Decomposition analysis enables the 

isolation of these factors beyond EE, including economic activity, demography, lifestyle changes and 

weather.  

By separating EE impacts from structural and activity changes in the economy, decomposition analysis 

techniques allow thorough examination of the energy context. They have been used by several bodies 

such as the IEA to quantify the impact of various factors on historical energy or emission trends. [1] 

Among the available techniques for decomposition analysis [2], index decomposition analysis (IDA) is 

used to study the aggregated and sectoral energy consumption changes at EU and member state levels. 

The sectors considered may include productive sectors of the economy, such as industry, services and 

agriculture, as well as the residential and transport sectors. For example, the primary energy 

consumption trend can be analysed by decomposition into final energy demand, transformation and 

distribution sector effects. The changes in final energy consumption of end-use sectors (industry, 

transport, residential, services and agriculture) can be decomposed separately to understand specific 

driving forces in each sector. 

The logarithmic mean Divisia index (LMDI) is the most widely used IDA method. Taking the example of 

total energy consumption,E, the following decomposition equation is used to decompose the energy 

consumption changes into three effects: activity, structure and intensity effects. [1] 

𝐸 =  ∑ 𝐸𝑖

𝑖

=  ∑ 𝑌 
𝑌𝑖

𝑌
 
𝐸𝑖

𝑌𝑖
𝑖

=  ∑ 𝑌 𝑆𝑖 𝐼𝑖

𝑖

 

where i  denotes the sector, Y represents the economic activity such as GDP, Si is the proportion of the 

economic activity of sector i in relation to the whole economy (Yi/Y), and Ii is the energy intensity of 

sector i (Ei/Yi). 

Thus the indicator variable, the total energy consumption for example, is converted into multiple effects 

which could each indicate a driver for the trend. An equation of the above kind is called multiplicative 

decomposition, where if the effects are above 100%, they act as drivers of energy consumption changes 

and if they are lower than 100%, they act as inhibitors. [1] 
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An LMDI decomposition can also be of additive form. For example, the decomposition of additive change 

in energy consumption (ΔE) between time 0 and t can be expressed as: 

∆𝐸 = 𝐸𝑡 − 𝐸0 =  𝐷𝑎𝑐𝑡 + 𝐷𝑠𝑡𝑟 +  𝐷𝑖𝑛𝑡 

Where: 

ΔE = change in energy consumption [kWh] 

Et =  energy consumption at time t [kWh] 

E0 = energy consumption at time 0 [kWh] 

Dact = overall activity effects 

Dstr = structure effects 

Dint  = intensity effects 

Where the effects are positive, they act as drivers of energy consumption changes and where they are 

negative, they act as inhibitors. Various adaptations of the above equations are used to reflect the 

peculiarities of each sector and the underlying driving forces. 

8.2 Why is EE decomposition analysis useful? 

Learning objective: Upon completion of this page, you should be able to 

• name the benefits of using EE decomposition analysis. 

The decomposition analysis approach using LMDI methodology was applied by the Joint Research Centre 

(JRC) of the European Commission [1] to decompose: 

1. primary energy consumption into activity, transformation and distribution effects, 

2. final energy consumption of productive end-use sectors, namely industry, services and 

agriculture, into activity, productivity, intensity and wherever possible, structural effects, 

3. final energy consumption of passenger and freight transport into activity, modal shift and 

efficiency effects, 

4. final energy consumption of the residential sector into population, wealth, weather and intensity 

effects. 

This approach enabled the researchers to identify the influences on energy consumption exerted by the 

different effects considered in the study. For example, EU-28 primary energy consumption decreased by 

10% between 2005 and 2016, with the largest contribution from the UK, Italy, France, Germany and 

Spain. Since 2014, EU-28 primary energy consumption has been on a rising trend with Belgium, Italy, 

Spain, Germany and Poland contributing two-thirds of the increase. [1] This kind of inference is a result 

of a detailed decomposition analysis using the country-wide aggregated energy data. Decomposition 

analysis also helps to identify the main drivers of a particular trend.  

For the decline in primary energy consumption mentioned above, a drop in final energy demand was 

found to be the major driver, followed by transformation efficiency effect and efficiency improvements 

in distribution losses.  Final energy demand declined over the period of study (2005–2016), with the 
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most important drops noticed in the industrial, residential and agricultural sectors. This type of insight 

helps frame policies to influence the trends and achieve the required efficiency and consumption target 

levels. 

 

Decomposition of changes in EU-28 primary energy consumption (Mtoe) in 2005-2016 using the additive 

LMDI (Source: Economidou and Roman Collado, 2019) 

Note: PEC = primary energy consumption.  

Thus, the main advantages of decomposition analysis can be summarised as follows: 

• Decomposition analysis facilitates the monitoring of the EE targets, which can further aid in 

accelerating the pace of target achievement.  

• It offers valuable insights into the factors behind recent consumption trends, such as policy 

implications, which otherwise cannot be explained by the mere quantitative variation of the 

indicator variable. 

• It also highlights the need for further investigation into a particular sector or factor, which can be 

valuable information for decision-making and policy-framing processes. 

• It helps in identifying the driving factors of a particular trend. For example, in the industrial 

sector, the sharp reduction in energy demand could mainly be explained by the reduced activity 

observed in 2008–2009, linked to the EU economic recession. In the subsequent years, energy 

consumption was driven up by increased activity, indicating a recovery from the recession. 
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9. Summary 

 

With increased global focus on carbon emissions and climate change, EE and RE measures have 

significant potential in the race towards meeting sustainability and climate goals. RE measures alone 

cannot meet existing demand in its entirety. EE measures need to be adopted simultaneously to reduce 

energy demand, with part or whole of the remaining demand then met by RE. Synergy between EE and 

RE can be achieved by designing policies that promote their joint implementation, with new policies 

aimed at simplifying this process. This also has to go hand in hand with technology innovation and 

sufficiency strategies, both essential to accelerate the growth in acceptance of EE and RE measures. 

From the technology perspective, several solutions exist in the market utilising EE and RE measures in 

tandem. Using heat pumps coupled with RE sources can achieve 15 times the efficiency of traditional 

systems. EVs have been found to be about three times more efficient than vehicles with ICEs – moving 

towards RE-powered EVs for transport can therefore bring about a lasting impact. Further examples such 

as LED lamps and district heating with RE sources show similar synergy. This synergy can be observed in 

timing, economic and geographic dimensions. Moreover, it significantly increases grid stability and 

reliability.  

Energy system models are very helpful for assessing different technologies for potential synergy. 

Understanding the types of models available, with their strengths and weaknesses, equips a policymaker 

with a powerful decision-making tool. With the right models and indicators of measurement, one can not 

only forecast future trends, but also track whether the intended synergy is being achieved or not. This 

information can be used for further policy framing and technological research to accelerate both EE and 

RE implementation.  

Studies like the one conducted by IRENA use energy system models to show the synergy between EE and 

RE from country to country. Although the actual extent of this synergy varies with several factors, such 

as levels of economy activity, demography, lifestyles and weather, it is important for all countries to 

adopt integrated national planning for the implementation of EE and RE measures. For example, 

significant benefits can be achieved in office buildings and industrial processes with the adoption of EE 

and RE measures, particularly increased energy security, lower operating costs and reduced GHG 

emissions. 

A region’s level of economic development is an important factor when considering where to prioritise EE 

and RE. The inequality in distribution of energy demand is comparable to that of GDP distribution, as 

demonstrated by pseudo-Gini coefficient analysis. A small number of major economies, such as the US 

and China, are by far the largest users of energy and therefore offer the greatest opportunity to reduce 

GHG emissions.  

Energy intensity, which is the amount of energy required per dollar of GDP, is a good measure of how 

efficient a country is technologically. High-income countries generally have the lowest energy intensity, 

meaning they can create a unit of GDP with the least energy. This makes them countries with highest 

potential to promote RE systems to meet their energy needs. On the other hand, countries in Africa and 

the former Soviet Union have higher energy intensity, making them a priority for EE measures.  
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Countries with significant energy demand and high energy intensity offer the best all-round opportunity 

for implementing EE and RE and benefiting from the synergy between them.  

As such, identifying countries with the greatest potential for high-impact EE and RE synergy should be 

the preliminary objective of any future policy initiatives. Decomposition analysis can help in identifying 

the driving forces behind energy consumption trends across the world, contributing to a greater 

understanding of where the best opportunities for EE and RE lie.  
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