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Abstract:  20 

In order to avoid environmental catastrophe we need to move to a post-growth economy that can 21 

deliver rapid reductions in environmental impacts and improve well-being, independent of GDP 22 

growth.  Such a move will entail considerable structural change in the economy, implying different 23 

goals and strategies for different economic sectors. So far there are no systematic approaches for 24 

identifying the desired shape of structural change and sectoral goals in terms of output, demand 25 

and employment. We present a novel analysis that addresses this gap by classifying economic 26 

sectors into groups with similar structural change goals. Our framework for the classification 27 

considers sectoral characteristics along three dimensions, which are (a) the final energy intensity, 28 

(b) the potential and desirability for labour productivity growth and (c) the relationship between 29 

labour productivity and the energy-labour ratio.  We present empirical evidence on the three 30 

framework dimensions for economic sectors in the UK and Germany and derive structural change 31 

goals for the four sector groups representing particular combinations of the sector characteristics. 32 

Our analysis allows us to discuss the specific role of different economic sectors in the structural 33 

change envisioned in the post-growth transition and the most important challenges they might be 34 

facing.  35 

 36 

Keywords: Post-growth Economics; Degrowth; Structural Change; Energy Footprint; Labour 37 

Footprint;  38 

 39 

 40 
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1 Introduction  42 

To avoid serious environmental crises, global society needs to drastically reduce resource use and eliminate 43 

global greenhouse gas (GHG) emissions in a few decades (IPCC, 2018; UNEP, 2016). Up to now, growing 44 

GHG emissions and resource use have been closely coupled to growing economic activity, as measured by 45 

GDP (Csereklyei et al., 2016; Wiedmann et al., 2015). As long as global GDP continues to grow, achieving 46 

the necessary reductions in GHG emissions and resource would require rates of decoupling that are much 47 

higher than any rates achieved in the past (Haberl et al., 2020; Hickel and Kallis, 2019; Parrique et al., 2019; 48 

Wiedenhofer et al., 2020). Achieving the necessary reductions in GHG emissions and resource use will 49 

therefore likely (but not certainly) lead to reductions in GDP growth rates and even in GDP levels in high-50 

income countries (Kallis, 2018, p. 112). Without a radical economic transformation, such reductions in GDP 51 

growth rates or levels will have detrimental social impacts (Jackson, 2017, pp. 82–83).  52 

High-income countries therefore face the challenge of transforming their economies to simultaneously 53 

increase human well-being and deliver the necessary reductions in GHG emissions and resource use, 54 

independent of whether GDP grows or contracts. Fortunately, GDP is not a good measure of human well-55 

being, so the challenge is difficult but not impossible (Costanza et al., 2014; Stiglitz et al., 2010). We refer to 56 

an economy that meets this challenge as a ‘post-growth economy’ following Jackson and Victor (2011) and 57 

Jackson (2017, p. 160). The literature features other, similar approaches under the terms of degrowth  58 

(D’Alisa et al., 2015; Kallis, 2018) or steady-state economics (Daly, 2008; Dietz and O’Neill, 2013). For the 59 

purpose of our article the commonalities of these approaches are more important than their differences and 60 

we will refer to them collectively as the ‘post-growth literature’.  61 

The transformation to a post-growth economy will not affect all sectors of the economy equally. Production 62 

and consumption will have to be reduced in some sectors but expanded in others, leading to changes in the 63 

sectoral composition of  output, demand and employment (Kallis, 2011). For the purpose of our study we 64 

refer to such changes in the sectoral composition as ‘structural change’, although structural change in a 65 

wider sense can also refer to other aspects, such as institutions, industrial organisation or technology (Ciarli 66 

and Savona, 2019).  67 

Even though structural change is recognised as an important feature of the post-growth transition, the post-68 

growth literature does not yet provide a systematic discussion of the structural change that is desired and of 69 

how it can be achieved. Scattered references identify sectors considered harmful to the post-growth 70 

transition, such as marketing (Dietz and O’Neill, 2013, p. 96), speculative finance (Daly, 2008) or resource 71 

extraction (Sekulova et al., 2013). A somewhat more comprehensive discussion is provided of the sectors 72 

that are desired. This discussion focuses especially on the provision of labour-intensive services to create 73 

meaningful employment (Jackson, 2017, pp. 147–149; Jackson and Victor, 2011).  74 

Such discussions of specific sectors are a useful starting point for a post-growth structural change analysis, 75 

but they have not been integrated into a comprehensive framework that systematically identifies sector goals 76 

and strategies. Without such a framework the post-growth literature leaves many open questions on 77 

structural change, for example: Which sectors specifically need to expand or shrink in terms of their output or 78 
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employment share? And what does that mean for sector-specific goals, for example with regard to labour 79 

productivity or energy intensity?  80 

Developing a framework that can answer such questions would advance the post-growth agenda in three 81 

ways. Firstly, given that structural change will inevitably be part of the post-growth transition, the 82 

development of effective strategies to achieve the transition will require a clear picture of the structural 83 

change needed, including sector-specific goals and strategies. Secondly, such a framework helps to make 84 

the often abstract vision of the post-growth economy more concrete, because it describes a vision for 85 

specific sectors, while still maintaining a comprehensive view of the whole economy. Thirdly, having such a 86 

concrete vision can help with the communication of post-growth ideas to policy-makers and businesses. 87 

Policy makers and businesses are familiar with using sectoral approaches, even if the goals they pursue are 88 

different from the objectives of a post-growth economy. For example the UK government has developed 89 

sector roadmaps for energy efficiency (e.g. DECC, 2015) and includes “sector deals” in its industrial strategy 90 

(HM Government, 2017).  Similarly, the German Council of Economic Experts (2019) suggests that “there 91 

could be justification for a vertical policy intervention that is tailored to individual sectors or technologies”.  92 

To address this gap in the post-growth literature we present a novel framework to systematically define the 93 

structural change required for a post-growth economy. We use the framework to classify economic sectors in 94 

the UK and Germany into groups and define the sectoral goals for each group with regard to the sectoral 95 

share in output, final demand and employment as well as with regard to sectoral labour productivity growth. 96 

Sectors are allocated into groups based on their characteristics along three dimensions, derived from the 97 

overarching structural change objectives for a post-growth economy.  The three dimensions are (a) the 98 

sectoral final energy intensity, (b) the potential and desirability of labour productivity growth and (c) the 99 

relationship between the growth in labour productivity and the growth in the energy-labour ratio. For each 100 

sector in the UK and Germany we present empirical evidence on each of the three dimensions from both a 101 

direct and an embodied perspective.   102 

We build on the analysis presented in Hardt et al. (2020) but go beyond its results to present a new and 103 

complementary analysis as well as new results. Firstly, Hardt et al. (2020) focus specifically on labour-104 

intensive services. The analysis we present here covers the whole economy outlining sector goals and 105 

discussing challenges for all parts of the economy. Secondly, Hardt et al. (2020) only investigate the 106 

embodied energy intensity and embodied labour productivity growth rates. The analysis we present here 107 

adds new results regarding an important third dimension, namely the relationship between labour 108 

productivity and the energy-labour ratio. Thirdly, Hardt et al. (2020) consider only sectoral characteristics 109 

from an embodied perspective. The analysis we present here compare the sectoral characteristics from a 110 

direct and embodied perspective.   111 

Based on the analysis and discussion we highlight important gaps in current research on the post-growth 112 

transition and identify where more research and democratic discussion is needed to determine sector goals 113 

and policies to achieve them.  Our analysis is intended as a first demonstration of our framework as applied 114 

to the economy as a whole. It therefore faces limitations in terms of the level of sectoral detail and depth of 115 

discussion in each sector. We envision our framework to be further developed and applied across different 116 
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scales in the future, for example to guide the development of more fine-grained strategies for different 117 

sectors in different countries.  118 

2 Analytical approach   119 

2.1 Definition of economic sectors  120 

We are concerned with structural change in terms of the sectoral composition of the economy, which 121 

requires a classification of economic sectors. We use the sectoral classification from the system of national 122 

accounts, because it allows us to use the available data on sectoral gross value added (GVA), final demand 123 

and employment.   124 

Within the framework of national accounts, economic sectors can be represented from two perspectives. We 125 

refer to the first as the direct perspective, because it defines economic sectors by similar activities. From a 126 

direct perspective the Transport Equipment sector includes all businesses producing transport equipment. 127 

Sectoral data are conventionally presented from a direct perspective in the national accounts. We refer to the 128 

second perspective as the embodied perspective, because it defines economic sectors based on the supply 129 

chain inputs of a product or unit of final demand. From an embodied perspective the Transport Equipment 130 

sector includes not only the assembly of the equipment itself but also all the intermediate inputs used in the 131 

production process, such as steel, computer software or electricity. Embodied sectors can be derived from 132 

the input-output tables published as part the national accounts. An embodied perspective has been 133 

employed for structural change analysis  (Pasinetti, 1993, 1981) as well as for the analysis of emissions or 134 

energy use embodied in trade (e.g. Barrett et al., 2013; Lan et al., 2016).  135 

The direct and embodied perspectives are complementary and we present empirical results and discuss 136 

sectoral strategies from both perspectives. The direct perspective is important because it can be related to 137 

real businesses and therefore allows the development of targeted policies for different processes. However, 138 

the direct perspective does not take into account the interconnections between different sectors. The 139 

embodied perspective captures the interconnectedness of economic supply chains and therefore helps to 140 

assess whether changes in direct sectors are consistent with overarching objectives. However, embodied 141 

sectors are more difficult to relate to real businesses as businesses are often part of the supply chains of 142 

many final demand sectors.  143 

2.2 A framework for structural change 144 

The post-growth literature does not feature a systematic discussion of structural change. But we can identify 145 

the goals post-growth economists want to achieve from structural change by analysing the references to 146 

sectors that are desired or not. Three overarching objectives stand out (Figure 1). Firstly, increasing the 147 

share of sectors with lower environmental impact will reduce the overall environmental impact of economic 148 

production (Cosme et al., 2017). Here we focus on final energy use as one important element of 149 

environmental impact. Secondly, increasing the share of labour-intensive sectors can provide meaningful 150 

employment and offset job losses from reduced production or increased labour productivity in other sectors 151 
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(Jackson, 2015). Thirdly, increasing the share of sectors with low labour productivity growth can reduce 152 

harmful economic growth in two ways. It reduces aggregate labour productivity growth (Jackson, 2017, p. 153 

149; Jackson and Victor, 2011), and it redirects the expenditure of economic surplus towards activities that 154 

do not increase productive capacity (Kallis, 2018, p. 123).  155 

 156 

 157 

Figure 1: Framework for determining individual sector goals 158 

 159 

The purpose of our framework is to translate the three overarching objectives into goals for specific sectors. 160 

We specifically identify sector goals in four categories (Figure 1). The first category is the change in the 161 

sector share in output and final demand, where the goal could be an increase or a decrease in the sector 162 

share. The second category is the change in the sectoral employment share. The two categories effectively 163 

break down the structural change in the economy into its sector-specific components. But it is difficult to 164 

determine the goals in the in the first two categories without knowing the desired changes to sectoral labour 165 

productivity and energy intensity. We therefore add a third category, which is the change in labour 166 

productivity, and a fourth category, which is the change in energy intensity. Applying the framework produces 167 

for each economic sector a set of goals, describing whether the sector share in output, final demand, and 168 

employment is expected to increase or decrease and whether labour productivity and energy intensity are 169 

expected to increase or decrease.  170 

How the three overarching objectives are translated into sector-specific goals is determined by the inherent 171 

characteristics of different sectors. For example the output share of energy-intensive steel production needs 172 

to be reduced to achieve the overarching objective of reducing aggregate energy use. While the sectoral 173 

goals might seem obvious for some sectors, difficulties arise where there are trade-offs between the different 174 

goals. For example, taken on their own, energy intensity reductions are desirable in all sectors. But in some 175 

sectors reductions in energy intensity might clash with the goal of labour productivity growth. To strike a 176 

balance between comprehensiveness and ease of application we determine sector goals based on sector 177 
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characteristics in three dimensions. The three dimensions are the energy intensity, the potential and 178 

desirability for future labour productivity growth and the relationship between labour productivity and the 179 

energy-labour ratio (Figure 1).  180 

The three dimensions omit any assessment of the ability of a sector to contribute to the provision of basic 181 

human needs and well-being. Arguably, such an ability is a key determinant for the sector goals in the 182 

transition to a post-growth economy. We omit such a dimension in our framework because it cannot be 183 

assessed based on economic statistics alone and requires democratic discussion. Our framework can 184 

therefore give indications about the directions of the sector goals but not necessarily the desired magnitude 185 

of change. For example we identify sectors in which final demand should be reduced. But in order to 186 

determine by how much it should be reduced, further assessment of the contribution of such sectors to 187 

human well-being is necessary.  188 

2.2.1 Dimension 1: Final energy intensity 189 

The first dimension describes the final energy intensity of a sector. We include final energy intensity in the 190 

framework because it determines how much a change in the sector share in output or final demand can 191 

contribute to the overarching objective of reducing aggregate energy use. It also determines the importance 192 

of further energy intensity reductions in the sector in comparison with other goals. 193 

 For the purpose of our analysis we focus on final energy intensity at the expense of other measures of 194 

environmental impact, such as GHG emissions or resource use. We do so for two reasons. Firstly, final 195 

energy use is closely related to other environmental impacts, such as carbon emissions and nitrogen 196 

pollution (Owen et al., 2017). Secondly, final energy use features a prominent role in the post-growth 197 

literature because it is related to labour productivity growth (see section 2.1.3). Further research that extends 198 

our framework to include other measures of environmental impact would be a useful addition to the post-199 

growth literature.  200 

We define the direct energy intensity of a sector as the direct final energy consumption per Euro of gross 201 

value added in constant prices, as is commonly done in the literature (Hammond and Norman, 2012). We 202 

define the embodied energy intensity for each sector as the embodied final energy consumption per Euro of 203 

final demand in constant prices. We restrict the analysis to the domestic components of final demand, as 204 

price deflators for non-domestic components are not readily available. 205 

For the purpose of allocating economic sectors into groups we distinguish two types of sectors, namely 206 

sectors of high energy intensity and those of low energy intensity. We will refer to sectors of high energy 207 

intensity as energy-intensive sectors and to sectors with low energy intensity as energy-light sectors.  208 

2.2.2 Dimension 2: Potential and desirability of labour productivity growth 209 

The second dimension describes the potential and desirability of labour productivity growth in a sector. We 210 

include the dimension in the framework because it determines how changes in the employment and output 211 

share of a sector can contribute to the overarching objectives of creating meaningful employment and 212 

reducing aggregate labour productivity growth. By definition the dimension also determines how desirable 213 

changes in the labour productivity are for a sector. The desirability of and potential for labour productivity 214 
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growth are two separate but related aspects and could therefore be treated as two separate dimensions. We 215 

combine the two aspects into one dimension to keep the application of the framework simpler.  216 

Because the dimension combines two aspects, it can refer to different kinds of sectors. Some sectors have a 217 

very low potential for increasing labour productivity. In such sectors the value of the output is mostly 218 

determined by the labour time invested. Any reductions in labour inputs would reduce the quality of the 219 

output (e.g. care services). While such sectors are often seen as desirable for creating employment in a 220 

post-growth economy, they do not necessarily provide high-quality work (Druckman and Mair, 2019). In other 221 

sectors it is possible to increase labour productivity but it might be undesirable. The post-growth literature 222 

offers several potential reasons for the undesirability of labour productivity growth in a sector. Labour 223 

productivity growth can eliminate meaningful jobs, for example if highly skilled craft work is replaced by 224 

repetitive factory work (Mair et al., 2020; Nørgård, 2013). Labour productivity growth can harm the well-being 225 

of workers if it increases job demands or job insecurity (Isham et al., 2020). Labour productivity growth can 226 

also come at the cost of worsening environmental impacts. Factory workers might be replaced by energy-227 

intensive machines or farm workers by bee-harming pesticides. Indirectly, labour productivity growth may 228 

increase environmental impacts if it makes environmentally-damaging products cheaper than 229 

environmentally-friendly ones (Baumol, 2012, pp. 71–73).  230 

To classify economic sectors in our framework we distinguish only two potential values for the dimension. 231 

We refer to labour-light sectors as those sectors that have a high potential for labour productivity growth and 232 

a high desirability to realise such potential. We refer to labour-intensive sectors as those sectors that have 233 

either a low potential for labour productivity growth or a low desirability of labour productivity growth.  234 

Assessing the dimension empirically presents a challenge. In our empirical analysis we assess only the 235 

potential for labour productivity growth but not its desirability. To assess the desirability of labour productivity 236 

growth we would need to analyse of the potential of a sector to provide meaningful work. While such an 237 

analysis is possible, it lies beyond the time and resource constraints of our research project. The lack of such 238 

an analysis is an important limitation of our study and of the wider post-growth literature. More empirical 239 

research into the desirability of labour productivity growth in different sectors is vital for the development of a 240 

post-growth strategy.  241 

In order to assess the potential of future sectoral labour productivity growth we use the historic rates of 242 

labour productivity growth as an indicator. Using historic rates has the advantage that they can be calculated 243 

easily and consistently across economic sectors from existing data. But there are also large uncertainties in 244 

how far historic rates of labour productivity growth will be similar to future rates. For example past labour 245 

productivity growth might have exhausted the potential for further growth in some sectors, or the 246 

development of new technologies might redistribute the potential for labour productivity growth between 247 

sectors (Frey and Osborne, 2017).  248 

We define the direct sectoral labour productivity as the sectoral GVA in constant prices divided by the hours 249 

of direct labour inputs. We define the embodied labour productivity as the amount of final demand in 250 

constant prices per embodied hour worked. We obtain the annual compound rate of growth in direct and 251 

embodied labour productivity in each sector by fitting a log-linear regression model over the whole time 252 

period (Gujarati, 1995, pp. 169–171). High and low values for potential labour productivity growth are 253 
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assigned based on absolute rates, with growth rates above 1% per year being considered high and growth 254 

rates below 1% per year being considered low.  255 

2.2.3 Dimension 3: Relationship between labour productivity and the energy-labour ratio 256 

The third dimension in our framework describes the relationship between the growth in labour productivity 257 

and the growth in the energy-labour ratio in different sectors. We include the dimension in the framework 258 

because it is important for assessing the potential trade-offs between sector goals. The previous two 259 

dimensions treat energy intensity and labour productivity separately and do not consider potential trade-offs 260 

between different goals. To explore such trade-offs, it is useful to decompose the growth in energy intensity 261 

into the growth of the energy-labour ratio and the growth of labour productivity (Semieniuk, 2015). The 262 

relative size of the growth rates of these two variables then determines the change in energy intensity. The 263 

energy-labour ratio describes the energy used per unit of work and can give an indication whether increases 264 

in labour productivity have been achieved by increasing the energy utilised by workers.  265 

Empirical evidence indicates that historical growth in aggregate labour productivity has been associated with 266 

a growing energy-labour ratio (Kander et al., 2013; Semieniuk, 2015). On a sectoral level the evidence on 267 

the relationship between labour productivity and the energy-labour ratio is limited. Two studies by Mulder 268 

and de Groot (2004) and Witt and Gross (2019)  suggest that there might be a correlation between growth in 269 

labour productivity and in the energy-labour ratio in the manufacturing and transport sectors, but not in the 270 

service sectors.  271 

To classify economic sectors in our framework we divide sectors into two groups, depending on whether the 272 

changes in the energy-labour ratio and labour productivity are positively or negatively correlated. It is also 273 

possible that they are uncorrelated. The implications of ‘no correlation’ for the sector goals are either the 274 

same as for ‘positive correlation’ or the same as for ‘negative correlation’, depending on the results for the 275 

other framework dimensions. Sectors without a correlation will therefore be attributed to one of the two 276 

groups accordingly.  277 

For our empirical analysis, we calculate the rates of change in the direct and embodied energy-labour ratio. 278 

The direct energy-labour ratio is the direct final energy consumption divided by the hours of direct labour 279 

inputs. The embodied energy-labour ratio is the embodied final energy consumption divided by the embodied 280 

amount of hours worked. We assess the relationship between the change in the energy-labour ratio and 281 

labour productivity growth by examining the sign and relative magnitude of the average growth rates in both 282 

variables. We do not perform a statistical assessment of the formal correlation between the variables in each 283 

sector. Doing so would require the implementation of several statistical tests for each sector, the description 284 

and discussion of which is beyond the scope of this article. In the future, however, it would be useful to 285 

explore the relationship between the energy-labour ratio and labour productivity at a sectoral level using 286 

more sophisticated econometric methods. 287 

2.3  Sector goals  288 

Based on the sector characteristics in the three framework dimensions, we identify the sector goals in each 289 

sector. For the purpose of our study, sectors can only be assigned one of two possible values in each of the 290 
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three dimensions, for example they are either energy-intensive or energy-light. Two values in three 291 

dimensions gives eight possible combinations of sector characteristics. Each of the eight combinations 292 

represents a group of sectors with its own set of goals, derived from their specific characteristics.  Table 1 293 

provides an overview of those sectors goals for the different groups. To increase the clarity of presentation 294 

and discussion, we group the eight possible combinations into four overarching groups based on the first two 295 

dimensions. Each of these four groups has then 2 subgroups according to the characteristic in the third 296 

dimension.  297 

The goals outlined in Table 1 are derived purely from theoretical considerations. In summary, the need to 298 

reduce the overall energy use in the economy suggests that output and energy use associated with sectors 299 

of high energy intensity should be reduced relative to other sectors. In addition labour productivity growth in 300 

the labour-light sectors should be supported. However, the share of the labour-light sectors in economic 301 

output, demand and employment should be reduced relative to the labour-intensive sectors, in order to 302 

reduce aggregate labour productivity growth and create meaningful employment. Energy intensity should 303 

also be reduced throughout the economy, but there might be trade-offs with labour productivity goals, 304 

depending on the relationship between labour productivity and the energy-labour ratio. The resolution of 305 

these trade-offs depends on the other characteristics in each sector.  306 

In practice, some combination of sector characteristics are likely to be more prevalent than others and some 307 

might not exist at all. We therefore discuss the sector goals in more detail in section 4 in the context of our 308 

empirical results. 309 
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Table 1: Overview of proposed framework dimensions and sector-specific policy goals for a post-growth economy 310 

Sector 
Group 

Framework dimension (sector characteristics) Sector goals  

 Dimension 1: 
Energy intensity  

Dimension 2: 
Potential and 
desirability of labour 
productivity growth 

Dimension 3: 
Relationship 
between labour 
productivity and 
energy-labour ratio 

Sector share in 
output and final 
demand 

Sector share in 
employment 

Labour productivity Energy intensity  

Group 1 High  
 

High potential and 
desirability  

Positive correlation Reduce  Reduce  Increase, but 
balance with 
increasing energy 
intensity 

Reduce, but balance 
with increasing 
labour productivity   

Negative correlation 
or uncorrelated 

Reduce  Reduce Increase  Reduce  

Group 2 
 

High  Low desirability or 
potential  

Positive correlation 
or uncorrelated 

Reduce  Unclear, depends 
on balance between 
changes in output 
and labour 
productivity  

Maintain or reduce, 
especially if it 
reduces the energy-
labour ratio and 
energy intensity  

Reduce, but balance 
with reductions in 
labour productivity if 
desirable  

Negative correlation Reduce   Will probably be 
reduced  

Maintain or increase 
in order to avoid 
increasing energy 
intensity 

Reduce 

Group 3 
 

Low  
 

Low desirability or 
potential  

Positive correlation 
or uncorrelated 

Increase   Increase  Maintain or reduce Will be reduced 
unless labour 
productivity falls 
faster than energy-
labour ratio 

Negative correlation Increase Increase Maintain in order to 
avoid increasing 
energy intensity  

Reduce   

Group 4 Low  
 

High potential and 
desirability  

Positive correlation Unclear, depends 
on necessity  

Will likely fall Increase, but 
balance with 
increasing energy 
intensity 

Reduce, but balance 
with increasing 
labour productivity   

Negative correlation 
or uncorrelated 

Unclear, depends 
on necessity  

Will likely fall  Increase Reduce  
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2.4 Empirical data 311 

We demonstrate the application of our framework by providing empirical estimates for the three framework 312 

dimensions and for different economic sectors. We calculate sectoral values for final energy intensity, the 313 

rate of change in labour productivity and the rate of change in the energy-labour ratio, both from a direct and 314 

embodied perspective. Our empirical evidence covers sectors in the UK and Germany between 1995 to 315 

2011.  316 

Our empirical results build on the work of Hardt et al. (2020) and we utilise their estimates of embodied final 317 

energy intensity and the rate of change in embodied labour productivity. We extend the analysis by 318 

calculating the rate of change in the embodied energy-labour ratio as well as presenting direct measures for 319 

all three dimensions.  320 

Our analysis draws on the EXIOBASE V3.4 database, which provides data on the global economy from 1995 321 

to 2011 (Stadler et al., 2018). EXIOBASE disaggregates the economy into 163 sectors based on the NACE 322 

rev. 1.1 classification. For our analysis we aggregate all the data to a level of 70 sectors. For presentation, 323 

the results are further aggregated into 21 sectors (Table A1, Appendix). By definition, energy-producing 324 

sectors, such as coal mining, oil refining or electricity production, do not feature a final energy consumption. 325 

Energy-producing sectors are therefore not included in the 21 sectors for which results are presented. In 326 

addition we exclude the Real Estate sector from the empirical analysis, because the large fraction of real and 327 

imputed rents in the sector makes it difficult to calculate meaningful values of labour productivity. 328 

From EXIOBASE we obtain (a) symmetrical input-output tables indicating the flows of intermediate demands 329 

between all sectors in all countries, (b) the final demand for products from different sectors in the UK and 330 

Germany, (c) the sectoral gross value added (GVA) for sectors in the UK and Germany and (d) the labour 331 

inputs for each sector in the global economy in terms of total hours worked. EXIOBASE provides all 332 

monetary data in current prices only. We convert the data on GVA and final demand to constant 2010 prices 333 

using GVA deflators obtained from the Eurostat database (Eurostat, 2018). 334 

To calculate the direct and embodied final energy use for each economic sector we use the energy 335 

extension vector calculated by Hardt et al. (2020). The extension vector is based on data from the IEA World 336 

Energy Balances (IEA, 2018), with additional detail for the UK and Germany obtained from country-specific 337 

sources. For brevity we will use the term ‘energy’ to describe final energy inputs in the reminder of this 338 

article. More details on the method for calculating the direct and embodied energy measures can be found in 339 

Hardt et al. (2020).  340 

3 Empirical sector classification  341 

3.1 Group 1: Energy-intensive and labour-light sectors 342 

Group 1 includes sectors that are energy intensive and have a high potential and desirability for labour 343 

productivity growth. In the empirical classification we present here, we only consider the potential of labour 344 

productivity growth, as indicated by past rates, but not the desirability of labour productivity growth. We 345 
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allocate the manufacturing sectors (with the exception of Mineral Products) as well as the Agriculture, 346 

Forestry, Fishing sector and the Transport sector to Group 1.  347 

All of the Group 1 sectors have a direct and embodied energy intensity of more than 3 MJ/EUR, which 348 

compares to direct and embodied energy intensities between  0.2 and 2.3 MJ/EUR for the sectors in Group 3 349 

and Group 4 (Table 2 and 3). The only exceptions are the Machinery, Electrical, Equipment, Computers 350 

sector and the Transport Equipment sector which values of direct energy intensity that are lower than 3 351 

MJ/EUR and in the same range as the service sectors. While these sectors could therefore be considered 352 

energy-light, they feature considerably higher values for embodied energy intensity, indicating that they rely 353 

on energy-intensive inputs in the supply chain.  354 

Group 1 sectors also exceed 2% annual growth in direct labour productivity in both countries. The exception 355 

is the Food, Beverages and Tobacco sector which only achieves such rates in the UK (Table 2 and 3). Our 356 

estimates are in line with results in the literature that have estimated high rates of direct labour productivity 357 

growth for the manufacturing, agriculture and transport sectors across different high-income countries and 358 

time periods (Baumol et al., 1985; Maroto and Rubalcaba, 2008; Mulder and de Groot, 2004). Growth in 359 

embodied labour productivity, however, is generally lower than growth in direct labour productivity in Group 1 360 

sectors (Table 2 and 3). In the UK, embodied labour productivity growth in all Group 1 sectors still exceeds 361 

1.5% per year. In contrast, embodied labour productivity growth in most of Germany’s Group 1 sectors is well 362 

below 1% or even negative. It seems that the growth in direct labour productivity in Germany’s Group 1 363 

sectors has been offset by lower labour productivity growth in other parts of the supply chain. Given the short 364 

time frame of our analysis we cannot say whether the pattern of low embodied labour-productivity growth in 365 

Germany’s Group 1 sectors presents a long-term trend.  366 

The third dimension of the framework asks whether labour productivity growth in Group 1 sectors has been 367 

associated with growth in the energy-labour ratio. Most, but not all, Group 1 sectors show a positive growth 368 

rate in the direct energy-labour ratio in combination with growth in direct labour productivity (Figure 2). 369 

Generally, the growth rate of the direct energy-labour ratio is below the growth rate of direct labour 370 

productivity, leading to a decline in direct energy intensity. In contrast, the embodied energy-labour ratio 371 

declines in most Group 1 sectors in both countries, sometimes in combination with increasing embodied 372 

labour productivity and sometimes in combination with decreasing embodied labour productivity.   373 
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Table 2: Energy intensity and annual rates of change in labour productivity and energy-labour ratio for sectors in the UK. 374 

UK Direct measures Embodied measures 

Sector 

Energy 
intensity 
(MJ/EUR) 

Labour 
productivity 
change (%) 

Energy- 
labour ratio 
change (%) 

Energy 
intensity 
(MJ/EUR) 

Labour 
productivity 
change (%) 

Energy- 
labour ratio 
change (%)  

Group 1       

Agriculture, Forestry, Fishing 3.5 4.1 -0.5 3.7 3.3 -1.5 

Food, Beverages and Tobacco 7.1 3.7 0.9 5.5 1.7 -0.8 

Textiles, Clothes, Leather 4.8 4.8 6.6 4.5 3.0 3.0 

Paper, Printing, Publishing  5.1 3.0 2.0 5.2 2.3 0.4 

Chemicals  8.5 6.4 0.2 6.5 3.3 -1.7 

Metals and Fabricated Metal 
Products  

8.9 3.1 -3.5 6.1 1.9 -1.7 

Machinery, Electrical Equipment, 
Computers  

1.8 5.6 2.2 4.5 3.3 -1.1 

Transport Equipment  3.3 5.4 0.8 6.6 3.4 -1.4 

Other manufacturing  11.6 3.2 4.8 9.5 1.6 2.3 

Transport 13.6 3.0 0.8 13.6 1.6 -0.8 

Group 2       

Mineral Products  3.8 -1.2 3.1 4.1 -2.7 -1.2 

Construction 0.6 -0.2 -3.1 1.9 -1.0 -1.2 

Group 3       

Hotels and Restaurants 1.1 1.0 -1.1 1.3 0.0 -1.4 

Public Administration 1.2 -0.6 -4.4 1.7 -0.5 -2.0 

Health  1.4 -2.8 -5.0 1.7 -2.5 -3.3 

Education  0.8 1.1 -2.9 1.7 0.6 -0.1 

Other Services  2.0 0.8 -0.1 2.2 0.0 -0.7 

Group 4       

Wholesale and Retail Trade  1.8 2.6 0.6 2.0 2.6 0.5 

Finance and Insurance 0.2 6.6 2.4 1.4 3.5 -1.2 

IT and Communication 0.7 7.9 1.4 1.7 6.9 0.0 

Business Services  0.7 3.7 0.8 1.4 2.6 -1.3 

Real Estate - - - - - - 

 375 

  376 
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Table 3: Sectoral energy intensity and rates of change in labour productivity and energy-labour ratio for sectors in 377 

Germany 378 

Germany (DE) Direct measures Embodied measures 

Sector 

Energy 
intensity 
(MJ/EUR) 

Labour 
productivity 
change (%) 

Energy- 
labour ratio 
change (%) 

Energy 
intensity 
(MJ/EUR) 

Labour 
productivity 
change (%) 

Energy- 
labour ratio 
change (%)  

Group 1       

Agriculture, Forestry, Fishing 9.6 4.3 1.7 7.1 2.4 -1.0 

Food, Beverages and Tobacco 5.8 -1.3 -0.4 4.6 -2.0 -2.1 

Textiles, Clothes, Leather 6.5 3.7 1.9 5.3 -0.2 -2.1 

Paper, Printing, Publishing  7.6 6.4 5.1 4.1 3.0 1.0 

Chemicals  7.7 2.1 2.5 6.9 0.1 -0.3 

Metals and Fabricated Metal 
Products  

11.0 2.0 0.1 5.9 0.5 -1.9 

Machinery, Electrical Equipment, 
Computers  

0.6 4.2 0.5 3.1 0.6 -2.0 

Transport Equipment  1.5 3.3 0.9 4.0 -0.6 -2.1 

Other manufacturing  3.4 2.5 2.6 3.7 0.1 0.7 

Transport 12.6 4.6 2.6 10.3 0.4 0.5 

Group 2       

Mineral Products  10.6 3.3 2.0 7.9 0.3 -0.4 

Construction 1.0 0.1 0.8 2.8 -0.7 -0.4 

Group 3       

Hotels and Restaurants 2.1 1.9 0.7 2.2 0.9 0.0 

Public Administration 1.1 1.7 -1.8 1.9 0.8 -1.3 

Health  1.1 -1.7 -2.7 1.5 -1.3 -2.2 

Education  0.9 1.0 -2.1 1.6 0.1 -0.9 

Other Services  1.6 0.2 -1.6 2.1 -0.3 -1.3 

Group 4       

Wholesale and Retail Trade  2.1 2.0 -0.9 2.3 2.8 -1.1 

Finance and Insurance 0.4 -0.6 -0.5 1.0 -5.2 0.5 

IT and Communication 0.9 4.1 -0.5 1.6 3.8 1.1 

Business Services  1.1 -2.2 -1.7 1.8 -1.3 -1.5 

Real Estate - - - - - - 

 379 

  380 
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 381 

 382 

Figure 2: Relationship between the average growth rates in embodied labour productivity and the embodied energy-383 

labour ratio between 1995 and 2011 for different economic sectors.  384 

3.2 Group 2: Energy-intensive and labour-intensive sectors 385 

In our empirical classification Group 2 includes sectors with high energy intensity but low rates of labour 386 

productivity growth. We allocate the Mineral Products and Construction sectors to Group 2.  387 

The Mineral Products sector is the only sector that mostly fits these characteristics. Its direct and embodied 388 

energy intensity exceeds 3.8 MJ/EUR in both countries (Table 2 and 3). It also features a declining direct 389 

and embodied labour productivity in the UK and only a growth of 0.3% in embodied labour productivity in 390 

Germany. Only the direct labour productivity growth in Germany defies the pattern with a 3.3% annual rate of 391 

growth.  392 

We also allocate the Construction sector to Group 2, because it shows low rates of direct and embodied 393 

labour productivity growth. The Construction sector does not strictly fit the characteristics of Group 2 394 

because its energy intensity is low, with values of 1 MJ/EUR or below for direct energy intensity and values 395 

below 3 MJ/EUR for embodied energy intensity. We still consider it useful to allocate the sector to Group 2 396 

because it shows large environmental impacts in other aspects, particularly a high material intensity 397 

(Giesekam et al., 2014).  398 
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The relationship between labour productivity and the energy-labour ratio varies between the two sectors. In 399 

the Construction sector, the two variables consistently change in the same direction, in both countries and 400 

both from a direct and embodied perspective. For the Mineral Products sector the relationship between the 401 

two variables shows a diverse pattern. The two variables both grow in Germany from a direct perspective 402 

and both decline in the UK from an embodied perspective. The growth in the two variables show opposite 403 

signs in Germany from an embodied perspective and in the UK from a direct perspective.  404 

3.3 Group 3: Energy-light and labour-intensive sectors 405 

In our empirical classification Group 3 includes sectors that show low energy intensity and low rates of labour 406 

productivity growth. We allocate five sectors to this group, namely the sectors Hotels & Restaurants, Public 407 

Administration, Health, Education and Other Services (Tables 2 and 3). Note that in our conceptual 408 

framework Group 3 also includes sectors with a low desirability for labour productivity growth. The five 409 

sectors we allocate to Group 3 are the same sectors identified as labour-intensive services in Hardt et al. 410 

(2020), who only draw on embodied measures. Here we add results from a direct perspective which confirms 411 

the allocation of the five sectors to Group 3.  412 

The direct energy intensities of all five Group 3 sectors range from 0.8 MJ/EUR to 2.1 MJ/EUR, while the 413 

embodied energy intensities range from 1.3 MJ/EUR to 2.2 MJ/EUR. Such values are considerably lower 414 

than the ones recorded for Group 1 sectors.  415 

The five sectors also show growth rates in direct or embodied labour productivity at or below 1% per year. 416 

Exceptions are the growth rates in direct labour productivity in the Hotels & Restaurants and Public 417 

Administration sectors in Germany, which measure 1.9% and 1.7% respectively. Such rates are still below 418 

the growth rates of direct labour productivity growth in Group 1 sectors.  419 

Almost all of the sectors in Group 3 show reductions in the direct and embodied energy-labour ratio, 420 

independent of whether they have positive or negative embodied or direct labour-productivity growth.  The 421 

only exception is the direct energy-labour ratio in the Hotels & Restaurants sector in Germany, which grew at 422 

1.7% per year on average. All Group 3 sectors lie above the 45° line in Figure 2, indicating reductions in 423 

energy intensity, for both countries and both direct and embodied measures.  424 

3.4 Group 4: Energy-light and labour-light sectors  425 

In our empirical classification, Group 4 contains sectors of low energy intensity but high rates of labour 426 

productivity growth. We allocate the sectors of Wholesale and Retail Trade, Finance and Insurance, IT and 427 

Communications and Business Services to this group.  428 

The direct energy intensities of Group 4 sectors range from 0.2 MJ/EUR to 2.1 MJ/EUR, while the embodied 429 

energy intensities range from 1 MJ/EUR to 2.3 MJ/EUR. Such values are very similar to the ones in Group 3.  430 

Only the IT and Communications sector and the Wholesale and Retail Trade sector show consistently high 431 

rates of labour productivity growth, exceeding 2% per year from both a direct and an embodied perspective 432 

and in both countries.  For the Finance and Insurance sector and the Business Services sector, the growth 433 
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rates of labour productivity show very different values in the two countries. In the UK direct and embodied 434 

labour productivity grew by more than 2.6% per year in both sectors. In Germany direct and embodied labour 435 

productivity fell in both sectors. Such divergent results can also be found in the literature where different 436 

studies come to different conclusions on labour productivity growth in the two sectors for different countries 437 

and time periods (Baumol et al., 1985; Maroto and Rubalcaba, 2008). We decided to allocate the two sectors 438 

to Group 4 because the high rates of labour productivity growth in the UK seem to indicate that the two 439 

sectors have a potential for labour productivity growth, even if it was not realised in Germany.  440 

The relationship between the energy-labour ratio and labour productivity for Group 4 sectors varies between 441 

countries and between the direct and embodied perspective. In the UK the direct energy-labour ratio is 442 

growing in combination with growing direct labour productivity in all Group 4 sectors (Figure 2a). But the 443 

embodied energy-labour ratio is falling in three out of four sectors, despite growth in embodied labour-444 

productivity (Figure 2c). In Germany the direct energy-labour ratio is falling in all Group 4 sectors 445 

independent of whether direct labour productivity is increasing or declining (Figure 2b). From an embodied 446 

perspective the four German sectors in this group show all four possible combinations of growing or 447 

declining embodied energy-labour ratio and embodied labour productivity (Figure 2d).  448 

3.5 Group comparison 449 

After allocating economic sectors into the four groups, we can compare the structure of GVA, final demand, 450 

energy use and employment with regard to the four groups (Figure 3). A key feature that is consistent across 451 

countries is the high share of Group 1 in energy use and energy footprint. The share of Group 1 in energy 452 

use and energy footprint is much higher than the group’s share in GVA and final demand,  which follows 453 

from the higher direct and embodied energy intensity of Group 1 sectors. The main difference between the 454 

two countries is a larger share for Group 1 in Germany across all direct and embodied measures.  455 

Two differences stand out between the direct and embodied perspectives. Firstly, the share of employment 456 

of Group 1 sectors is much smaller for direct employment than for the labour footprint. The difference 457 

highlights that the demand for industrial and agricultural products in high-income countries is now strongly 458 

dependent on labour abroad (Sakai et al., 2017; Simas et al., 2015). Secondly, the share of Group 4 is of 459 

similar size as the share of Group 3 for the direct measures, but the share of Group 4 is much smaller for the 460 

embodied measures.  The difference highlights that the output of Group 4 sectors is mostly used as 461 

intermediate input into other sectors rather than directly bought as final demand.  462 
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 463 

Figure 3: Sector shares in 2011 in (a) GVA, direct energy use and direct employment and (b) final demand, energy 464 

footprint and labour footprint. GVA and final demand are in current prices. Energy use for private transport and 465 

residential purposes is excluded.  466 

4 Sector goals and challenges  467 

In Section 2 we identify theoretical structural change goals for different sector groups based on different 468 

combinations of characteristics in our three framework dimensions (Table 1). In Section 3 we allocate real 469 

sectors from the UK and Germany to the sector groups based on empirical data (Table 2 and Table 3). The 470 

empirical analysis is not comprehensive because we do not assess the desirability of labour productivity 471 

growth in different sectors. Still, combining the insights presented in Section 2 and Section 3, we can now 472 

provide a first discussion of what structural change for a post-growth economy might look like.  473 

4.1 Group 1: Energy-intensive and labour-light sectors   474 

We allocate to Group 1 the sectors producing agricultural goods, transport services, and manufactured 475 

goods (with the exception of mineral products). Our allocation is based only on historic rates of labour 476 

productivity growth. For some sectors allocated to the group labour productivity growth might not be 477 

desirable from a post-growth perspective. Such sectors would then fall under the discussion of Group 2.  478 

An important structural change goal for the post-growth transition is to reduce the share of Group 1 sectors 479 

in output and final demand. Such a reduction is important to reduce aggregate energy intensity and energy 480 

use, given that Group 1 sectors are responsible for the majority of domestic commercial energy use and the 481 

majority of the energy footprint in both Germany and the UK (Figure 3). But there are limits to the magnitude 482 

of reductions in energy intensity and energy use that can be achieved from relative shifts in output and final 483 

demand alone (Hardt et al., 2020). A second important goal for the post-growth transition is therefore the 484 

reduction of energy intensity within Group 1 sectors. But the magnitude of energy savings that can be 485 

achieved from intensity reductions also faces limits from thermodynamic laws and rebound effects (Brockway 486 
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et al., 2017; van den Bergh, 2011). In light of such limitations, the transition to a post-growth economy might 487 

not only need relative, but also absolute, reductions in the output and final demand of Group 1 sectors.  488 

Increasing labour productivity in Group 1 sectors constitutes another goal for the post-growth transition, 489 

because, by definition, it is desirable in Group 1 sectors. Given the high energy intensity of Group 1 sectors 490 

we suggest that the goal to reduce energy intensity should receive priority over the goal to increase labour 491 

productivity. But our empirical results suggest that trade-offs are limited. Group 1 sectors have often 492 

achieved both reductions in energy intensity and growth in labour productivity at the same time, both from a 493 

direct and an embodied perspective. Still, labour productivity growth in Group 1 sectors might come at the 494 

cost of a higher energy-labour ratio. We do not consider such a cost to be a problematic because the share 495 

of the labour force employed in Group 1 sectors will likely become quite small, given the combination of 496 

growing labour productivity and shrinking output and final demand.  497 

The post-growth and climate change mitigation literature offers a range of policy proposals to achieve the 498 

goal of reducing the share of energy-intensive sectors in output and final demand. Some policies aim to 499 

reduce demand for energy-intensive goods and services by increasing their relative prices, for example 500 

through taxes or cap-and-trade schemes (Cosme et al., 2017; Hardt and O’Neill, 2017). Other proposals 501 

promote a shift to business models that sell the services derived from energy-intensive products rather than 502 

the products themselves, for example selling washing services rather washing machines (Jackson, 2017, p. 503 

142; Moran et al., 2018).  504 

Equity considerations pose a key challenge to the implementation of any policies that aim to achieve 505 

reductions in the final demand and output of Group 1 sectors. Many Group 1 sectors provide essential goods 506 

which often makes blanket policies, such as energy or carbon taxes, regressive (Owen and Barrett, 2020). 507 

To ensure that reductions in the final demand for Group 1 sectors are perceived as fair, a  democratic 508 

discussion is needed to determine who should reduce demand, for what kind of products, and by how much. 509 

Baumol’s cost disease might provide another challenge to the effectiveness of price-based policies aimed at 510 

reducing demand for Group 1 sectors. If labour productivity in Group 1 sectors continues to grow relative to 511 

other groups, the relative prices Group 1 goods and services might fall, counteracting the effect of price-512 

based policies (Baumol, 2012, pp. 71–73).  513 

Strategies to achieve the goals of reducing energy intensity and increasing labour productivity are not unique 514 

to the post-growth transition and are discussed extensively in the wider economics literature. We do not 515 

discuss the literature here but we want to point out an important challenge that is unique to the post-growth 516 

transition. In the post-growth transition labour productivity growth in Group 1 sectors is aimed to be achieved 517 

while simultaneously reducing output and final demand in the sectors. In the mainstream economics 518 

literature, labour productivity growth in a sector is considered to be pre-condition or even a driver of output 519 

growth (Nordhaus, 2005). Kaldor’s growth laws suggest that labour productivity growth in the manufacturing 520 

sectors is not only an important driver of output growth in the manufacturing sectors themselves but also in 521 

the wider economy (Marconi et al., 2016; Thirlwall, 1983). Achieving labour productivity growth in Group 1 522 

sectors under the conditions of contracting output might therefore pose difficulties. Or, in reverse, the 523 

achievement of labour productivity growth in Group 1 sectors might jeopardise the goal of reducing demand 524 

and output in such sectors.  525 
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4.2 Group 2: Energy-intensive and labour-intensive sectors  526 

In our empirical analysis we only allocate the Construction sector and the Mineral Products sector to Group 2 527 

based on potential labour productivity growth. Group 2 also includes energy-intensive sectors where it might 528 

be desirable to adopt more labour-intensive production methods to create meaningful jobs, for example by 529 

moving to  small-scale, artisanal methods (Mair et al., 2020; Nørgård, 2013). In Australia, the rise of artisan 530 

bakeries has already been recognised to lower labour productivity growth (Ferguson, 2015). We do not 531 

identify such sectors in our empirical analysis, but developing strategies for increasing labour-intensive 532 

production methods in sectors where it is desired will be important for the post-growth transition.  533 

As Group 2 sectors are, or could be, labour-intensive, expansion of production and consumption in Group 2 534 

sectors would contribute to the overarching objectives to create meaningful employment and reduce 535 

aggregate labour productivity growth. Given the environmental emergencies that society is facing, however, 536 

we would suggest that the overarching objective to reduce energy intensity and energy demand should take 537 

priority. In that case, the most important goal for Group 2 sectors is to reduce their share in output and final 538 

demand, similar to Group 1 sectors.  539 

The sector goals for the remaining production in Group 2 sectors are not clear cut, because there are 540 

potential trade-offs between different goals. On the one hand, it might be desirable to reduce labour 541 

productivity in order to create meaningful jobs and reduce aggregate labour productivity growth. On the other 542 

hand, such reductions in labour productivity could increase the energy intensity of production. If labour 543 

productivity and the energy labour-ratio are negatively correlated, reductions in labour productivity increase 544 

the energy-labour ratio and  energy intensity. Even in the case of increasing energy intensity, Kallis (2018, p. 545 

134) suggests that the adoption of more labour-intensive production methods could be worthwhile because 546 

lower aggregate labour productivity restricts the overall scale of production and environmental impact. Still, 547 

there might be better ways to provide meaningful employment and lower aggregate labour productivity 548 

without increasing the energy intensity in already energy-intensive sectors. If the labour productivity and the 549 

energy-labour ratio are positively correlated or unrelated, the trade-offs are much smaller, especially if the 550 

balance between reductions in the energy-labour ratio and labour productivity still allows for reductions in 551 

energy intensity.  552 

While the transformation towards labour-intensive production methods is a common theme in the post-553 

growth literature, the literature does not offer a detailed discussion of its implications. No systematic analysis 554 

is provided that identifies in which sectors the adoption of more labour-intensive methods would be feasible 555 

and desirable. There might be many sectors, such as steel production, in which small-scale, labour-intensive 556 

production is not possible or desirable. In the few sectors for which the literature identifies labour-intensive 557 

production methods as desirable, there is little analysis of the consequences of a large-scale uptake of such 558 

methods. For example, post-growth economists propose small-scale, labour-intensive farming techniques, 559 

such as organic and permaculture approaches, on the ground that they are efficient in terms of energy and 560 

land use. But the literature offers hardly any scientific assessments of how a large-scale shift towards labour-561 

intensive farming would impact yields, food availability and labour requirements (Infante Amate and 562 

González De Molina, 2013). Kostakis et al. (2018) suggest that an approach of “design global, manufacture 563 

local” could be useful for many aspects of a degrowth economy. Their approach features local, decentralised 564 
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production using simple technologies or 3D printing, based on designs developed in a global digital 565 

commons. It is not clear whether such an approach would be more or less labour-intensive or energy-566 

intensive than current industrial production.  567 

Once it is clearer in which sectors more labour-intensive production methods are desired for a post-growth 568 

economy, achieving the adoption of such methods will require the removal of important barriers. In our 569 

current market system, businesses are continuously under pressure to reduce production costs, a key driver 570 

of labour productivity growth (Jackson and Victor, 2011; Shaikh, 2016). Except in niche areas, labour-571 

intensive, small-scale manufacturing businesses cannot compete against the low prices of goods mass-572 

produced in energy-intensive factories and by cheap labour abroad. Ecological tax reform that shifts tax 573 

burdens from labour to environmental impacts have been proposed to reduce the energy intensity relative to 574 

labour intensity (Daly, 2008). But in a system where competition is based on costs and prices, labour-575 

intensive production methods will always struggle, even if price incentives are somewhat shifted in their 576 

favour. The adoption of labour-intensive methods in Group 2 sectors requires a system that puts greater 577 

value on quality, durability and fair working conditions. Johanisova et al. (2013) propose that an increase in 578 

the use of social enterprises, not-for-profit organisations and other “non-market capitals” can play an 579 

important part in creating such a system. In order for such organisations to flourish, however, consumers 580 

would also need to be willing to shift away from mass consumption to buy fewer, more expensive and high-581 

quality products.  582 

Finally, a special challenge for the post-growth economy is the different treatment of labour productivity 583 

growth in different sectors. While labour productivity growth is desired in some sectors (Group 1) it is not 584 

desired in others (Group 2). Policies will therefore have to be tailored to achieve opposite outcomes in 585 

different parts of the economy. 586 

4.3 Group 3: Energy-light and labour-intensive sectors  587 

In our empirical analysis we allocate five sectors to Group 3, namely Hotels & Restaurants, Public 588 

Administration, Health Care and Other Services. The five sectors are the same as the labour-intensive 589 

services already identified in Hardt et al. (2020). We identified the five sectors based on historic rates of 590 

labour productivity growth, but Group 3 would also include energy-light sectors where labour productivity 591 

growth is possible but not desirable.  592 

The sectors in Group 3 have a low energy intensity, so that employment-related goals can take priority over 593 

energy-related goals. The most important goal for Group 3 sectors is therefore to increase their share in 594 

employment, in order to offset employment losses in other sectors and to reduce the growth in aggregate 595 

labour productivity. A second important goal in Group 3 sectors is the maintenance or reduction of labour 596 

productivity, as labour productivity growth is not possible or desired. It is not completely clear how the pursuit 597 

of increased employment in Group 3 sectors will impact the sector shares in output and final demand. Many 598 

of the Group 3 sectors constitute non-market services, for which economic output is difficult to define and 599 

measure (Eurostat, 2016, pp. 34–38). Increases in employment can manifest either as increases in output or 600 

as reductions in labour productivity, depending on how output is measured. For example, adding an 601 

additional teacher into each school class could lead to increased output if output is measured as teacher-602 
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hours, or to reduced labour productivity if output is measured as number of students taught. Overall it is likely 603 

that the share of Group 3 in output and final demand will increase if the employment share increases, at 604 

least in current prices.  605 

While Group 3 sectors have a low energy intensity relative to Group 1 and Group 2 sectors, Group 3 sectors 606 

still account for a non-negligible fraction of the direct energy use and energy footprint for the UK and 607 

Germany (Figure 3). Any expansion in the employment, output and final demand share of Group 3 sectors 608 

therefore needs to be combined with reductions in energy intensity. Reducing energy intensity could clash 609 

with the goal to reduce labour productivity, if labour productivity  and the energy-labour ratio are negatively 610 

correlated (Table 1). Fortunately, our evidence suggests that Group 3 sectors have shown reductions in 611 

energy intensity and the energy-labour ratio despite reductions in labour productivity (Figure 2). There is 612 

therefore no evidence for trade-offs between the goals for Group 3.  613 

We already discuss the challenges for achieving an expansion of Group 3 sectors in Hardt et al. (2020) and 614 

will only provide a brief summary here. Firstly, Group 3 sectors feature low labour productivity growth and 615 

therefore face increasing relative costs compared to sectors with high labour productivity growth (Baumol, 616 

2012, 1967; Baumol et al., 1985). Such a cost disadvantage has already pushed several market services 617 

that are important for a post-growth economy, such as repair services, into the margins of our economy. 618 

Non-market services, such as health care and education, face continuous political discussions about the 619 

justification of increasing public expenditure. Secondly, new and existing jobs in Group 3 sectors need to be 620 

made high quality. At the moment, many jobs in these sectors are low-paid and associated with difficult 621 

working conditions, for example for nurses (Currie and Carr Hill, 2012; Druckman and Mair, 2019) or 622 

hospitality workers (Kotera et al., 2018). Lastly, any expansion of Group 3 sectors needs to consider the 623 

boundary between paid and unpaid work. Even though our framework focuses only on the formal economy, 624 

the development of strategies for the post-growth transition needs to take into account all work performed in 625 

society, whether it is paid or not (Sekulova et al., 2013).  In the context of a post-growth economy it might be 626 

useful to assess where it makes sense that products and services are delivered by the formal economy, 627 

especially if other policies reduce the need for monetary income from work (D’Alisa and Cattaneo, 2013; 628 

Nørgård, 2013). Such a question is particularly relevant for Group 3 sectors, because many of them already 629 

straddle the boundary between paid and unpaid work, for example in the areas of health care, education or 630 

art.  631 

4.4 Group 4: Energy-light and labour-light sectors   632 

In our empirical analysis we allocate four sectors to Group 4. The four sectors are Wholesale and Retail 633 

Trade, Finance and Insurance, IT and Communications and Business Services. Here, we also discuss the 634 

Real Estate sector as part of Group 4, even though we do not present empirical results for it.   635 

It is difficult to determine structural change goals for Group 4 sectors, because they cannot contribute 636 

strongly to any of the overarching objectives. Labour productivity growth is possible and desired, indicating 637 

that these sectors are not a potential source of meaningful employment. Energy intensity is low, so there is 638 

no strong rational for reducing output and final demand from an environmental perspective either. While 639 

energy intensity is low, Group 4 sectors still account for a non-negligible fraction of the direct energy use and 640 
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energy footprint in the UK and Germany (Figure 3). A post-growth perspective would therefore suggest that 641 

output and final demand in Group 4 sectors should be reduced, unless such output and final demand is 642 

necessary for meeting basic needs or increasing wellbeing. In effect the structural change goals for Group 4 643 

sectors are therefore similar to those for Group 1: reduce final demand and output where possible, reduce 644 

the energy intensity of the remaining production and increase labour productivity (Table 1).  645 

Another reason why it is difficult to define structural change goals for Group 4 sectors, is the fact that Group 646 

4 sectors largely provide intermediate inputs into other sectors rather than final demand. As Figure 3 shows, 647 

the share of Group 4 sectors in value added is much larger than their share in final demand. The group’s 648 

share in final demand is also dominated by the Real Estate sector, which largely consists of real and imputed 649 

rent payments (Table 4). Defining and achieving structural change goals for Group 4 sectors therefore 650 

requires an analysis of how production is interconnected with other sector groups.  651 

Table 4: Sector shares of labour-light services in final demand 652 

 Demand share in 2011 (%) 

Sector UK DE 

Share of Group 4 sectors  in total final demand 25.7 20.4 

Sector shares within group 4   

Wholesale and Retail Trade 18.3 10.0 

Finance and Insurance 14.4 16.4 

Real Estate 47.4 43.7 

IT and Communications 11.2 13.8 

Business Services 8.8 16.2 

 653 

More than other groups in our framework, Group 4 sectors highlight the limitations of the national accounts 654 

and of our framework that relies on national accounts data. For many sectors in Group 4 it is difficult to 655 

measure final demand and value added in constant prices. As the services delivered are intangible and 656 

heterogeneous, it is difficult to separate any price increases into quality improvements or inflation (Eurostat, 657 

2016, p. 112). Such difficulties are more serious for financial services and business services than for 658 

communication services and wholesale and retail trade (Inklaar et al., 2008; Schettkat and Yocarini, 2006). 659 

Similar difficulties apply for the non-market services in Group 3. But because the structural change goals for 660 

Group 3 sectors are clearly focused on employment, it is less of an issue.  661 

Group 4 sectors do not only highlight measurement difficulties, but also problems with the underlying 662 

conventions in the national accounts, defining what counts as a productive activity and what does not. It is a 663 

social and political decision which forms of income count as a productive activities and contribute to GDP 664 

and which ones are classified as transfer payments distributing the production from other parts of the 665 

economy. For some Group 4 sectors it is not clear cut in how far they contribute to the creation of new value. 666 

For example, the income of the finance sectors has only recently been included as a productive activity 667 

contributing to GDP (Christophers, 2011). It is likely that a considerable part of the income obtained in the 668 

sectors of this group, especially in the Finance & Insurance, Real Estate and Communication & IT sectors 669 
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can be considered as economic rent payments. Such rent payments have important implications for 670 

inequality in the post-growth transition (Stratford, 2020). A fully review of this issue is beyond the scope of 671 

this paper, but it serves to highlight the difficulties of defining output, demand and value added in many 672 

sectors in this group.  673 

The difficulties of defining structural change goals for Group 4 sectors do not mean that the sectors are not 674 

important for the post-growth transition. On the contrary, the sectors in this group are very much at the heart 675 

of many important challenges that our society is facing. Such challenges include unaffordable land and 676 

housing (Kenny, 2019), the impacts of financial speculation (Jackson, 2018), the gig economy facilitated by 677 

technological platforms (De Stefano, 2016) or the power of communication companies to exploit personal 678 

data and influence democratic processes (Hind, 2019). Group 4 sectors present a very diverse set of 679 

challenges that will require specific strategies for reform. Such strategies will undoubtedly affect the output, 680 

demand and employment of Group 4 sectors, but it might be less useful to define sector goals in such terms.  681 

5 Conclusion 682 

In order to avoid environmental catastrophe, the environmental impacts from economic production and 683 

consumption in high-income countries have to be reduced rapidly. Given the close coupling of GDP and 684 

environmental impacts, achieving the necessary reductions in high-income countries will likely lead to lower 685 

GDP growth, or even reductions in GDP. In high-income countries, we therefore need to create a post-686 

growth economy that can simultaneously increase human well-being and deliver rapid reductions in 687 

environmental impacts, independent of whether GDP is growing or declining.  688 

The transformation to a post-growth economy will require structural change in the sectoral composition of 689 

output, final demand and employment as well as strategies tailored to specific sectors. There will be winners 690 

and losers, sectors that will expand, and sectors that will contract. Politicians are often not explicit about the 691 

necessity of such structural change. They are especially not willing to identify sectors that will lose out in the 692 

transition to a sustainable economy. Sometimes not even in obvious cases, such as the oil and gas industry. 693 

As post-growth economists, we need to start defining the necessary structural change in order to stimulate a 694 

discussion about which sectors need to expand and which sectors need to contract. Providing such a 695 

definition is crucial for moving discussions beyond the abstract question of whether reductions in aggregate 696 

GDP are desirable and feasible.   697 

Our analysis starts to systematically define the structural change necessary for the transition to a post-698 

growth economy. The framework and evidence presented allows for a consistent vision of structural change 699 

to take shape. The production and consumption of energy-intensive goods will be reduced as much as 700 

possible. Small-scale, labour-intensive production should be encouraged where feasible, while industrial, 701 

efficiency-focused production will only be pursued where it makes sense from a social and environmental 702 

perspective. Potential losses of employment will be offset by increasing employment in labour-intensive 703 

services with high social value, while making sure that the new and existing jobs in these sectors are of high 704 

quality. Finally, the remaining service sectors will have to be scrutinised in how far they can contribute real 705 

value to a post-growth economy.  706 
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More research is needed to fully utilise the framework and develop sectoral strategies at a more detailed 707 

level. Especially information on the potential and desirability of labour productivity growth in different sectors, 708 

and its implications for energy use, is currently lacking in the post-growth literature. More information on such 709 

sector characteristics is needed to inform discussions on important normative questions: What production is 710 

necessary and desirable? Where could production and consumption be reduced? Where exactly would 711 

reductions in labour productivity be desirable and where is further pursuit of labour productivity sensible? 712 

These questions tie into current debates about the future of automation. Research from a post-growth 713 

perspective can offer something to such debates by investigating the desirability of automation and by 714 

putting automation into the context of environmental challenges.  715 

Even if we cannot determine all sector characteristics and structural change goals with certainty yet, the 716 

preliminary outline we present already highlights some important challenges for achieving the necessary 717 

structural change. The production, employment and consumption of different sectors is not distributed 718 

equally across countries and across income groups. Strategies for achieving structural change need to be 719 

just and equitable. Some of the sector goals we identify also go against the grain of our current economic 720 

system. Business is currently dominated by pressures to reduce costs and grow markets and output. Many 721 

of our sector goals would require resistance to such pressures. Achieving the goals might entail increasing 722 

costs, reductions in output and the shrinking of markets and supply chains. Can markets be reformed so that 723 

they support achieving such objectives? If yes, how? Do we need to find alternative ways of providing some 724 

goods and services? The answer to the last question is almost certainly yes. The post-growth literature has 725 

already started to develop alternative approaches but more needs to be done. For example Raworth (2017) 726 

distinguishes between four domains of provisioning, the market, government, commons and the household. 727 

Such a perspective could be linked with our framework to determine which sectors might be best suited to 728 

which of the four domains.  729 
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8 Appendix  906 

Table A1: Sector classification used for presenting the results 907 

Sector NACE codes (rev. 1.1) 

Agriculture, Forestry, Fishing 01, 02, 05 

Mineral Products  13, 14, 26 

Food, Beverages and Tobacco 15, 16 

Textiles, Clothes, Leather 17, 18, 19 

Paper, Printing, Publishing  21, 22 

Chemicals  24 

Metals and Fabricated Metal Products  27, 28 

Machinery, Electrical Equipment, Computers  29, 30, 31, 32, 33 
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Transport Equipment  34, 35 

Other Manufacturing  20, 25, 36, 37 

Construction 45 

Wholesale and Retail Trade  50, 51, 52 

Hotels and Restaurants 55 

Transport 60, 61, 62, 63 

Finance and Insurance 65, 66, 67 

IT and Communication 64, 72 

Professional Services 71, 73, 74 

Public Administration 75 

Health  85 

Education  80 

Other Services  41, 90, 91, 92, 93 

Sectors not presented in empirical results  

Energy Producers 10, 11, 23, 40 

Real Estate Activities 70 

Private households with employed persons 95 
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