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Abstract 
In accounting for carbon emissions, the conventional wisdom is that the service industry is ‘emissions light’, 
but this is not supported when goods and other inputs to services production are included. We examine 
greenhouse gas emissions in detail for Australia, Germany, Italy, the UK and USA and find similarities for the 
service industry. Taking the UK as a case study, we apply the 7see system dynamics modelling approach that 
accounts for both physical capacity limits and empirical data from economic activity. Service emissions are 
more than doubled when imported inputs are included in a consumption basis, and that UK emissions would 
reduce only to 42 million tonnes annually by 2050. Tackling service emissions requires additional efficiency 
measures for energy-use and goods-use and considering the emission intensities of exporting countries for 
imports. The four key goods underpinning the UK service industry that are continuing to grow are electronic, 
pharmaceutical, materials and machinery. Energy policy can only deliver net-zero emissions by treating the 
service industry as a single unified entity, especially important because it provides the majority of employment. 
 
Keywords:; Employment; Greenhouse gas emissions; Input-output analysis. Low-carbon transition; 
Onshoring emissions; Sustainable consumption. 
 
Abbreviations 
agri   agriculture 
cnstr   construction 
con  final consumption by households 
dwlg   dwellings  
frgt   freight transport 
gas  natural gas 
manu   manufacturing 
pass   passenger transport 
pet_prod petroleum products 
serv   service industry 
trans  transport 
util   utilities 
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Acronyms 
CCC  Committee on Climate Change 
CCS  carbon capture and storage/sequestration 
CF  capital formation 
GDP  gross domestic product 
GFCF  gross fixed capital formation 
GHG  greenhouse gases 
GVA   gross value added 
IEA  International Energy Agency 
LPG  liquefied petroleum gas 
MRIO  multi-region input-output 
NDC  Nationally Declared Contributions 
NIS  National Inventory Submissions 
NZE  net-zero emissions 
WAM  with additional measures 
WEM  with existing measures 
 
Nomenclature 
b  proportion of output for intermediate consumption 
c   capital formation requirement of the service industry 
CF  sum of final expenditure to all capital formation  
CF_use  capital formation used by an industry or dwellings 
DP(t)  domestic proportion of goods 
EI, EI(t) emission intensity 
ER(t)  electricity requirement intensity 
f  industry output going to final expenditure destinations 
FP(t)  fuel proportion of heat 
G  emissions 
GD  time-series data sourced from national governments 
Ga to Ge emissions at steps along reassignment 
GR(t)  goods-in ratio to service output 
h  proportion of final supply for final expenditure destination 
HR(t)  heat requirement intensity  
IEA  time-series energy balance data sourced from the IEA 
IG  imported goods 
IP(t)  imports proportion of goods 
j  product index as supplied for intermediate consumption 
k  industry index 
L  multiplier for rate of measures implementation  
M  volume of imports 
NIS  time-series emissions data sourced from the NIS 
p  output or production of an industry 
p’  output or production of an industry net of its contribution to capital formation 
r()  function which is the product of time-dependent exogenous relationships 
t  time in years 
X  final expenditure of exported goods 
Y  final expenditure of household consumption 
Z  final expenditure of capital formation 
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1. Introduction 
The Paris Climate Accord [1], leading to the 1.5 ºC target for limiting global temperature rise, is challenging 
many nations to achieve net-zero-carbon by 2050 [2]–[6] or sooner [7], [8]. Equally important politically is 
creating employment for growing populations [9], [10]. Low levels of unemployment mitigate psychological 
and fiscal costs [11]–[14] thus policies boosting economic output are prioritised by Governments [15]–[17]. 

Actions for decoupling economic growth from emissions have yielded some successes. Total 
greenhouse gas (GHG) emissions of the EU are level or have fallen while the economy grew [18], with the 
UK doing well [19] (leading the G20 since 2000) if the analysis is tightly bounded to onshore (direct) emissions 
only. The UK net-zero emissions target requires a broader set of mitigation measures than those to date [20]. 
There are no analyses specific to the relationship between employment and its emissions footprint, yet 
measures are needed to reduce this footprint.  

The so-called service industry is often considered as being emissions-light [21], but is that true? This 
question is important because many, particularly but not exclusively, developed nations are reliant on a growing 
service industry to provide employment. Desirable environmental trends have been associated with increasing 
economic activity in the service industry [22]–[25]. Our analysis is not about final consumption, but we note 
that by considering the household consumption of service industry employees, Greenford et al. [26] contend 
that the service industry is not light nor that decoupling economic activity and environmental impact is likely 
to be achieved through shifting to service-oriented activity alone. However, as it is desirable that employment 
is maintained, household consumption is likely to be independent of the type of industry in which they work. 
The size and importance of consumption by the service industry is recognised [27] and of its embodied CO2 
emissions [28]. However, this topic is under-researched [28]. 

For five countries, we contrast (Fig. 1) the two largest employment types of the service industry and 
manufacturing, where the former comprises retail, hospitality, IT, financial, professional, administrative, public 
administration, education and health (see Appendix B for their definition). Our country selection (Australia, 
Germany, Italy, the UK, and USA) includes four in the top 10 by GDP and covers three world regions. The 
European nations are from both the North and South of the continent. Service industry jobs have been rising 
continually since 1990, while manufacturing jobs have been level or declining [29], [30]. When we 
disaggregate employment of the service industry into its parts in Fig. 2, we find that the proportions of job 
types are similar between countries and stay constant over time with only health for Australia and 
administration for the UK showing faster rates of increase. 

 

 
 
Figure 1. Historical jobs comparison between the service industry and manufacturing for five countries. Service industry 
jobs are indexed to 1990 with manufacturing jobs to the same index. Time series have been derived by calculation from 
source data (Appendix A). 
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Figure 2. Historical job types within the service industry for various countries. Sub-division of the service industry is 
according to authors’ labelling of SIC2007 categories G-S, as detailed in Table B.1. Time series have been derived by 
calculation from source data (Appendix A): (a) AUS. (b) DEU. (c) GBR. (d) ITA with amalgamated groups over 1995-
1999 and 2012-2017, and including service industry of households (SIC2007 group T). (e) USA. 
 

Despite its importance, the service industry is often omitted from how emissions are analysed and 
presented which is usually by emissions source [31]–[35] in accordance with the UNFCCC’s format of 
National Inventory Submissions (NIS) [36]. The service industry is regarded as emissions-light because its 
need for fuel to heat buildings is only about 5% of total emissions across the EU [37]. Explicit emission 
reduction measures for the service industry are notably absent in contrast to developed measures that target 
electricity generation, transport, manufacturing and buildings (mostly housing [38]). This lack of attention to 
the way the service industry is integrated within the whole economy can hamper emissions reduction policy 
development, and societies will likely reject changes if rising unemployment results. We examine the full 
emissions footprint of the service industry beyond the direct use of fuel alone to its use of electricity, its need 
for goods, and the inputs for construction of its buildings.  

To understand the extent of international applicability we compare the historical data for five 
representative developed nations (Fig. 1) for common features related to emissions and the service industry. 
For our multi-country comparison, we reassign GHG emissions from categorised according to point of source 
to categorised by end user of which the service industry is taken as one of these. We also compare historical 
time-series for service industry requirements for energy and goods, and the proportion of goods imported.   

We continue with a detailed analysis of one country, the UK, as a case study for scenarios to 2050. 
The UK was chosen from our country set for its good availability of data. Using the 7see system dynamics 
model [39]–[42] we exploit historical data for each link of the emissions footprint chain for all inputs to the 
service industry, including imported goods. We identify the footprint supply chains responsible for most 
emissions in 2050 and examine these in detail for potential reductions based on state-of-the-art measures at 
moderate and rapid implementation rates. 
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2. Comparing service industry emissions across nations 
To learn from a case study, we need to ascertain whether the UK service industry is comparable to those of 
similarly developed nations. The first section describes the procedure required for each nation of obtaining the 
emissions footprint of its service industry and other end users when starting with point-of-source emissions 
data across the economy. The second section describes our findings from this analysis. 
 
2.1 Reassigning emissions from sources to end users 
To obtain the full CO2 emissions footprint for the service industry, we take emissions from its own use of fossil 
fuels and add emissions of those activities upstream in the supply chain upon which it depends. Our starting 
point for emissions data across all industries is the NIS [36] in which emissions are all stated according to 
point of source. From this we identify emissions of upstream activities and reassign these to the service 
industry. For example, NIS has source emissions at the point of generation which we reassign to the service 
industry as an end user in proportion to its consumption of electricity. In addition to our interest in the service 
industry, we reassign the CO2 parts according to use in a range of categories which relate to policy approaches. 
Our method uses data for energy balance, transport, national accounts and use of capital formation (gross fixed 
capital formation, GFCF) by industry and for dwellings. All these data are from government and other public 
sources, and openly available. We follow the 7see framework for using data from national accounts [39]. We 
apply reassignment to CO2 emissions from the following NIS categories1: 

• 1A Fuel Combustion Activities 
o 1A1 Energy industries 
o 1A2 Manufacturing industries and construction 
o 1A3 Transport 
o 1A4 Other sectors: commercial/institutional; residential; agriculture/forestry/fishing/fish 

farms 
o 1A5 Other (not specified elsewhere) 

• 1B Fugitive emissions from fuels 
• 2 Industrial processes and product use 

 
In Fig. 3 we show schematically the steps required to reassign CO2 emissions from NIS in order to 

arrive at emissions by end-use. We reassign in the following sequence of steps and denote scope of emissions 
at each stage of the reassignment by Ga, Gb, Gc, Gd, Ge: 

a. Disaggregate three NIS categories, ‘1A2’ to ‘1A4’, to seven finer categories. This is for Ga emissions 
from own fuel combustion and including industrial processes of NIS ‘2’. 

b. Reassign electricity from energy industries to where used. This is for Gb emissions from own fuel 
combustion and use of electricity. 

c. Start a separate category, capital formation (investment activity of constructing buildings and other 
long-term assets), by reassigning where supplied from various industries. This is for Gc industry 
emissions less their contributions to capital formation. 

d. Assign capital formation to users. This is for Gd emissions including their use of capital formation. 
e. Reassign goods from agriculture and manufacturing to users. This is for Ge emissions including use 

of goods. 

                                                

1 We exclude NIS ‘1C CO2 transport and storage’ (CCS) and ‘4. Land use, land-use change and forestry’ (LULUCF) since 
we are considering only releases of CO2 emissions. We leave off NIS ‘3 Agriculture’ and ‘5 Waste’ since their CO2 
emissions are zero for our country set. 
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Figure 3. Schematic of steps, from left to right, in reassignment of CO2 emissions from NIS categories to categories by 
use. The total of emissions in each column are all equal. Key: ˈ, output net of contribution to capital formation; G<letter>, 
emissions scope at each step of the reassignment. 
 
For emissions of scope Ga, we relabel NIS category ‘1A1’ and disaggregate NIS categories ‘1A2’ to ‘1A4’ 
into the following sectors with our abbreviations and industry numbering in brackets: 

• Utility electricity (util, 3) 
• Manufacturing (manu, 4) 
• Construction (cnstr, 5) 
• Freight transport (frgt) 
• Passenger transport (pass) 
• Service industry (serv, 6) 
• Dwellings (dwlg) 
• Agriculture (agri, 1) 

 
We start with IEA energy balance data [43] for each of these and convert to emissions using emission 

intensities for coal products and petroleum products calibrated from NIS values. We use IEA<sector>,<fuel>(t) to 
denote time-series energy balance data sourced from the IEA and NIS<category>(t) for time-series emissions data 
sourced from the NIS. 
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We take the emission intensity for natural gas, EIgas, as a fixed value of MtCO2/PJ in 2017 according 
to the submissions of implied emission factors from each country for overall gaseous fuels.2 For petroleum 
products, we derive a country-specific time-dependent emission intensity from ‘1A3 Transport’ after 
separating LPG, 

 

EI#$%&'()(𝑡) =
NIS012(𝑡) − IEA%5678,:;<(𝑡) ∙ 𝐸𝐼@68

IEA%5678,#$%_#5BC(𝑡)
																																																																																																	(1) 

 
We derive the emission intensity for coal (and its products) from ‘1A1 Energy industries’ after separating 
natural gas and petroleum products, 
 

EIFB6G(𝑡) =
NIS010(𝑡) − IEAH%IG,@68(𝑡) ∙ 𝐸𝐼@68 − IEAH%IG,#$%_#5BC(𝑡) ∙ EI#$%_#5BC(𝑡)

IEAH%IG,FB6G(𝑡)
																																							(2) 

 
An example of using these emission intensities to derive emissions for one of our groups where for clarity we 
now omit the time argument is, 
 
𝐺𝑎8$5M = N𝐼𝐸𝐴8$5M,@68 + 𝐼𝐸𝐴8$5M,:;<Q ∙ 𝐸𝐼@68 + 𝐼𝐸𝐴8$5M,#$%_#5BC ∙ 𝐸𝐼#$%_#5BC + 𝐼𝐸𝐴8$5M,FB6G

∙ 𝐸𝐼FB6G 																																																																																																																																																					(3) 
 
For manufacturing, we include NIS category ‘2’, 
 
𝐺𝑎S67H = N𝐼𝐸𝐴S67H,@68 + 𝐼𝐸𝐴S67H,:;<Q ∙ 𝐸𝐼@68 + 𝐼𝐸𝐴S67H,#$%&'() ∙ 𝐸𝐼#$%&'() + 𝐼𝐸𝐴S67H,FB6G ∙ 𝐸𝐼FB6G

+ 𝑁𝐼𝑆V																																																																																																																																																					(4) 
 

For disaggregating transport emissions between passenger and freight, we use separate fuels in the 
IEA’s extended energy balances and specific transport data on transport modes. IEA fuel types for road are 
motor gasoline (petrol), diesel and LPG, and for aviation are gasoline and kerosene. We assign all domestic 
aviation as for passenger. For passenger cars, we include their proportion of petroleum products used and all 
LPG. Government data in AUS and GBR is available for total energy use for passenger road vehicles, 
GDpass_road,pet_prod, which we can use directly, 

 
𝐺𝑎#688 = 𝐺𝐷#688_5B6C,#$%_#5BC ∙ 𝐸𝐼#$%_#5BC + 𝐼𝐸𝐴5B6C,:;< ∙ 𝐸𝐼@68 + 𝐼𝐸𝐴6MI6%IB7 ∙ 𝐸𝐼#$%_#5BC																						(5) 
 
For other countries we need proxy data to derive a passenger factor of petrol use, pass_factor_petrol, either to 
reduce if also used by commercial vehicles or increase where the car fleet includes diesel engines,  
 
𝐺𝑎#688 = 𝐼𝐸𝐴5B6C,#$%5BG ∙ pass_factor_petrol ∙ 𝐸𝐼#$%_#5BC + 𝐼𝐸𝐴5B6C,:;< ∙ 𝐸𝐼@68 + 𝐼𝐸𝐴6MI6%IB7

∙ 𝐸𝐼#$%_#5BC																																																																																																																																													(6) 
 

In USA we take petrol as used by all short wheelbase light duty vehicles and use the proportion of 
these registered as passenger cars for pass_factor_petrol. In DEU and ITA, the car fleet is both petrol and 
diesel so we use Eurostat data on numbers of vehicles by engine type to derive their pass_factor_petrol.  
We derive emissions for freight transport as the balance of total transport emissions, 
 
𝐺𝑎[5@% = 𝑁𝐼𝑆012 − 𝐺𝑎#688																																																																																																																																												(7)  

                                                

2 We find that each countries’ average values of emission factors for gaseous fuels are 0.051 MtCO2/PJ for AUS, 0.056 
MtCO2/PJ for DEU, 0.058 MtCO2/PJ for GBR, 0.058 MtCO2/PJ for ITA, and 0.050 MtCO2/PJ for USA. 
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Of the remaining NIS categories for CO2 emissions, these are ‘1A5 Other’ and ‘1B Fugitive emissions from 
fuels’, which we put under our category ‘Other CO2’ in Fig. 4. 

To go from Ga emissions of direct fuel alone to Gb emissions with electricity use included, we reassign 
NIS ‘1A1’ emissions between categories of users in proportion to their annual electricity use. For the emission 
intensity of electricity we use, 

 
𝐸𝐼$G$F = 𝑁𝐼𝑆010 N𝐼𝐸𝐴H%IG,FB6G + 𝐼𝐸𝐴H%IG,#$%_#5BC + 𝐼𝐸𝐴H%IG,@68Q																																																																										(8)⁄  
 
An example of using the electricity emission intensity for one industry is 
 
𝐺𝑏8$5M = 𝐺𝑎8$5M + 𝐼𝐸𝐴8$5M,$G$F ∙ 𝐸𝐼$G$F                                                                                                          (9) 
 

Emissions of scope Gc are net of capital formation supplied. We use national accounts for proportions 
to capital formation from construction and other industries at the point of final expenditure, following 
intermediate consumption. We use the 7see method of apportioning industry inputs and impacts [42] to convert 
these contributions back up stream to the point of output or gross value added (GVA). Here we denote 
proportions by b for intermediate consumption, h for final expenditure destination and f for industry output 
going to final expenditure destination. We use suffices to signify each part of these journeys starting with 
products at the point of output or value added, via finished products to final expenditure or end use. In 7see 
we number industries 1 to 6 and use * to denote all industries and X to Z for final expenditure destination. For 
example, by f4*Z we mean that the proportion of all products 4 (goods) that end up as ‘Z’ (capital formation), 
irrespective of which industries, 1-6, they have passed through. For the level of accuracy we require, we find 
it sufficient to work with just the three larger industries of manufacturing, construction and service industry, 
numbered 4 to 6. For these three, we derive the proportion of output, f, of products j whose final expenditure 
after intermediate consumption is type Z of capital formation, fj*Z. 
 

`
𝑓b∗d
𝑓e∗d
𝑓f∗d

g = h
𝑏bb∗ 𝑏be∗ 𝑏bf∗
𝑏eb∗ 𝑏ee∗ 𝑏ef∗
𝑏fb∗ 𝑏fe∗ 𝑏ff∗

i h
ℎ∗bd
ℎ∗ed
ℎ∗fd

i                                                                                                        (10) 

 
where bjk* is the proportion of output at basic prices plus imports M of products j that are supplied for 
intermediate consumption to industry k for the final products k, and h*kZ is the proportion of final expenditure 
for each product k in its final form going to final expenditure type Z of capital formation. As an example, for 
the service industry, we use proportion f6*Z to derive emissions Gc, net of contribution to capital formation, 
 
𝐺𝑐8$5M = 𝐺𝑏8$5M(1 − 𝑓f∗d)                                                                                                                            (11) 

 
The emissions total for capital formation is the sum of contributions supplied by manufacturing and the service 
industry and all of construction, 
 
𝐺𝑐lm = (𝐺𝑏S67H − 𝐺𝑐S67H) + 𝐺𝑏F78%5 + (𝐺𝑏8$5M − 𝐺𝑐8$5M)																																																																													(12) 
 
The emission intensity of capital formation is, 
 
𝐸𝐼lm =

𝐺𝑐lm
𝐶𝐹p     																																																																																																																																									               (13) 

 
where CF is the sum of final expenditure to all capital formation.  

For emissions of scope Gd, we assign emissions of capital formation to industries and dwellings in 
proportion to their investment requirements along with capital formation of power generation in proportion to 
their use of electricity, for example, 
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𝐺𝑑8$5M = 𝐺𝑐8$5M + CF_use8$5M ∙ 𝐸𝐼lm + CF_useH%IG ∙ 𝐸𝐼lm ∙
𝐼𝐸𝐴8$5M,$G$F
𝐼𝐸𝐴%B%6G,$G$F

																																																								(14) 

 
For emissions of scope Ge, we assign of goods to three destinations: service industry, exports and consumption 
by households. To the service industry, we assign the proportion of manufacturing emissions according to the 
portion of manufacturing output that goes to intermediate consumption by the service industry, 
 
𝐺𝑒8$5M = 𝐺𝑑8$5M + 𝐺𝑑S67H ∙ 𝑏bf∗																																																																																																																															(15) 
 
where b46* is the proportion of goods (4) as intermediate consumption to the service industry (6). 

With the remaining emissions for goods, these are split between emissions of exported goods (X) and 
household consumption (Y) according to their proportions of final expenditure of goods for exports, h*4X, and 
household consumption, h*4Y. For emissions of exported goods, 

 

𝐺𝑒@BBC8,$s#B5% = 𝐺𝑑S67H(1 − 𝑏bf∗) ∙
ℎ∗bt

(ℎ∗bt + ℎ∗bu)
																																																																																												(16) 

 
Of the remaining emissions of goods, we assign these to final consumption by households (labelled cons), 
 
𝐺𝑒FB78 = v 𝐺𝑎w8$F%B5x

6GG	8$F%B58

− N𝐺𝑒@BBC8,$s#B5%8 + 𝐺𝑒[5@% + 𝐺𝑒#688 + 𝐺𝑒CyG@ + 𝐺𝑒8$5MQ																						(17) 

 
We handle the remainder of NIS categories of non-CO2 emissions as total GHG emissions less the CO2 
emissions as detailed above, 
 
Non-CO2 = NISz{z − v Gaw~�����x

���	~�����~

																																																																																																											(18) 

 
 
 
2.2 Multi-country comparison 
Applying our reassignment of emissions, we show in Fig. 4(a)-(e) the relative proportions of historical GHG 
emissions (since 1990) for our country set. These reveal that the service industry for each member of our 
country set are far from being ‘light’. Comprising 17-24% of total domestic emissions, service industry 
emissions are comparable in size to emissions of transport and dwellings. Furthermore, the service industry 
has been a constant proportion over this period independent of absolute emissions (Fig. 4(f)). We draw from 
these observations that the service industry for all countries needs specific attention for emissions reduction to 
achieve a net-zero emissions target. 
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Figure 4. National historical greenhouse gas (GFG) emissions as proportions reassigned according to use. GHG exclude 
land use change. Time series have been derived by calculation from source data (Appendix A). (a) AUS. (b) DEU. (c) 
GBR. (d) ITA. (e) USA. (f) Absolute GHG totals. 
 

Focusing on service industry energy requirement intensity, we show in Fig. 5(a) the sum of fuel and 
electricity as a ratio to service industry output (gross value added or GVA). All countries show a decline, 
flattening out over the historical period, with Italy’s falling since 2005. The decline for Australia is much less 
apparent. The similar shape of these trends shows that countries in our country set have in common continuous 
improvements in energy efficiency. The use of goods by the service industry is an often overlooked component 
contributing to emissions, which we show in Fig. 5(b) as a ratio of goods required to output of services. In 
contrast to energy requirement, these ratios do not have a falling trajectory but have settled in the range 0.10 
to 0.17 for most countries, with only Australia declining in recent years. These flat trajectories point to a 
problem for the service industry of not reducing their material input, with the consequent emissions footprint. 

Most nations state only the emissions within their national boundary, with the exclusion of offshored 
emissions from national reporting giving a false assessment of progress on emission reductions. The data in 
Fig. 4 covers only domestic sources of emissions, but the material requirements of the service industry in Fig. 
5(b) mean that we need to include emissions of imported goods, referred to as the consumption approach to 
emissions analysis [44]–[46]. We show in Fig. 5(c) how the proportion of goods imports has evolved over 
time. We note that all countries apart from Australia show the same behaviour of imports rising until 2010 at 
which point they plateau. Since our country comparison shows similar trends, we can select one as a 
representative case study from which to draw conclusions applicable to all. 
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Figure 5. Country comparison for historical behaviour of their service industry requirement for energy and goods and of 
goods imports. Time series have been derived by calculation from source data (Appendix A). (a) Energy requirement 
intensity where “cu[1990]” is currency units inflation corrected back to 1990. The graph for AUS is lower because the 
AU$ has much lower value than currencies of the other countries. (b) Ratio of goods use by the service industry to its 
output, both in monetary units. (GBR and ITA had changes of industry and product categorisation in 1997 and 2008, 
respectively, that manifest as a step changes, but their graph trends are essentially level before and after.) (c) Proportion 
of goods imported to the sum of imported and domestically sourced goods. 
 
3. Case-study modelling 
The current emphasis internationally is to reduce emissions to net-zero by 2050 or sooner; our view is that 
effective polices to achieve this should include offshored emissions. To assess these we apply the 7see 
modelling approach to generate future scenarios. The whole-economy analytical framework of a 7see model 
harmonises multiple national accounting procedures [39]. In a modular fashion, the framework curates and 
maintains disparate accounts (economic stocks and flows, energy use, employment, transport) in parallel, but 
retains each of their unique measurement unit and accounting requirements. These data are exploited in a 
system dynamics model that, for example, links energy demand through to final economic consumption [40]. 
The dynamic aspects assume that supply follows demand but are constrained in the short-term by physical 
infrastructure. At the same time, capital formation grows the physical infrastructure. Historical behaviour of 
coefficients [42] manifest the relationships between components of an economy, enabling the 7see 
computational model to create physically-consistent business-as-usual future scenarios. A complete national 
7see model provides a methodology for testing investment requirements for different policy measures [41]. 
These additional investments increase gross fixed capital formation (GFCF) by the economy while the model 
ensures that resulting scenarios comply with physical constraints.  

The strengths of the 7see approach are that physical capacity limits are accurately accounted for, and 
the empirical data generated by economic activity is modelled analytically in a system dynamics paradigm. 
Based on a historic calibration period (1990–2017) and the conventions of the international system of national 
accounts, 7see implements a rigorous integration of physical, economic and societal data to provide outputs of 
energy use, emissions and employment. Its credibility is based on relationships calibrated from historical data 
and meeting physical laws of thermodynamics. The 7see model requires each scenario year to meet the same 
product balance requirement for National Accounts reconciliation as historical years do for presentation of 
GDP. These are all features essential for accurate and realistic evaluation of scenarios. To extend this modelling 
to the emissions footprint embodied in imports, we use historical data of multi-region input-output (MRIO) 
analysis for historical emissions embodied in imports [47]. 

To identify components of CO2 emissions, the 7see approach starts by identifying flows of products 
(goods and services) through an economy, from raw materials via production infrastructure to their form for 
consumption or export (see Appendix C, Fig. C.1(a) for this in schematic form). To apportion emissions from 
the uses of fuel and electricity to the service industry (Fig. C.1(b)), we use economic volume flows, measured 
in deflator-corrected monetary units. For goods used by the service industry, we weight emissions by 
comparing the economic volume flow of its intermediate consumption to total availability of goods as the sum 
of domestic production by manufacturing and imports. In our modelling approach we apply a demand 
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perspective, or requirement. The starting point is ‘Demand for services’. The relationship between demand for 
services and actual output is described fully in Roberts et al. [40]. 

 
3.1 Emissions for the GBR service industry 
Using the UK (GBR) for our case study, we show in Fig. 6(a) emissions for the GBR service industry, both 
from domestic sources alone (in production accounting terms) and since 1997 these combined with imports of 
goods they use (in consumption accounting terms). For the future scenario, our base case is ‘with existing 
measures’ (WEM) which presumes the emission reduction measures of the fifth carbon budget (5CB) of the 
UK Committee on Climate Change [48]. For the production approach to emissions, the historical declining 
trend looks set to continue until about 2030 when it levels out to 49 MtCO2 per year. When we include imports 
of the consumption approach, this follows a similar declining trend but levels out at 109 MtCO2 per year. 
 

 
Figure 6. Carbon Dioxide emission footprints for the GBR service industry of historical data and WEM (with existing 
measures) scenario. CF: capital formation. See Appendix A for data sources. (a) Approaches of production (without 
imported goods or imported CF) and consumption (including imports). (b) The consumption approach decomposed into 
8 sources. Time series have been derived by calculation from data: [43], [49], [50].  See Fig. C.1(b) for a schematic of 
these sources. 
 

It is helpful to decompose the consumption approach into eight emission sources (Fig. 6(b) and (Fig. 
C.1(b)). For example, emissions from electricity are responsible for 50 MtCO2/y in 1990 which fall to 
negligible levels by 2030. We note four of these emission sources show no decline and are responsible for 95% 
of emissions in 2050. We list these in order of decreasing impact: 

1. Emissions from imported goods (IG) 
2. Emissions from fuel (F) 
3. Emissions from service industry imported capital formation (IC) 
4. Emissions from domestic goods (DG) 

As these sources of emissions present a risk to reaching a net-zero carbon future, we examine each by 
disaggregating into the chain of their constituent links in order to understand their dependencies and 
opportunities for reduction.  
 
3.2 Emissions from imported goods (IG) 
Starting with emissions from imported goods, we compute its whole-chain emissions from the product of the 
first factor of service industry output with one or more time-dependent exogenous factors.  For the links in this 
chain, the factors are goods requirement intensity, the proportion of these imported and the emission intensity 
of imported goods (see the path from ‘Service industry’ to ‘IG’ in Fig. C.1(b)). 

For service industry output (also known as the economic volume output), we denote by p the total 
output less rental [39]. This follows historical data from 1990 and for the future is generated from the 7see 
model. We use output net of its contribution to capital formation, p’, to avoid double counting since we account 
for emissions from use of capital formation separately. The amount to capital formation is equivalent to 
emissions reassignment in equation (11), 
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𝑝� = 𝑝(1 − 𝑓f∗d)																																																																																																																																																														(19) 
 
Emissions from imported goods used by the service industry, GIG, is dependent on output of the service industry 
as follows: 
 
𝐺�< = 𝑟�<(𝑝�)																																																																																																																																																																				(20) 
 
where the function rIG() is the product of time-dependent exogenous relationships: goods-in ratio to service 
output, GR(t); imports proportion of goods, IP(t); emission intensity of imported goods, EIIG(t). Thus: 
 
𝐺�< = 𝑝� ∙ GR(𝑡) ∙ IP(𝑡) ∙ EI�<(𝑡)																																																																																																																																	(21) 
 
For the rate of implementation of ‘with additional measures’ (WAM), we apply an S-shaped curve based on 
the logistic equation. We need to derive from this a multiplier, L, for a rate of measures implementation. We 
use the equation for a logistic curve where y transitions from 0 to 1. 
 

𝑦 = 𝑓(𝑥) =
1

1 + exp	(−𝑥)
																																																																																																																																												(22) 

 
A feature of this form is that the slope is steepest about x=0 with 23% change from x=-1 to x=0 and from x=0 
to x=1. For our chosen values of centre_year and width for policy implementation, we substitute for x to put y 
in terms of year, t, 
 
𝑦 = 𝑓N𝑠(𝑡)Q																																																																																																																																																																							(23) 
 

𝑠(𝑡) =
𝑡 − 𝑐𝑒𝑛𝑡𝑟𝑒_𝑦𝑒𝑎𝑟

𝑤𝑖𝑑𝑡ℎ
																																																																																																																																															(24) 

 
We constrain the period to 2020 to 2050 for a scaled output of 0 at the start and 1 at the end, 
 
𝐿 = [N8(V�e�)Q�[(8(%))

[N8(V�e�)Q�[(8(V�V�))
																																																																																																																																																(25)  

 
We choose values of centre_year and width by trial in order to achieve required values of L at selected 
intermediate years. 

For emissions from imported goods, we show these four factors in Fig. 7 for historical data and to 
2050 for our WEM scenario and WAM policy scenarios at two rates. Output by the service industry in Fig. 
7(a) has risen historically in line with jobs (Fig. 1) and continues to rise in our scenarios. This follows from 
input to the 7see model of increasing size of the economically active population and model configuration for 
low levels of unemployment [41], [42]. For the exogenous factors in Fig. 7(b) to (d), their base scenario is 
from trending their historical data together with implementing WEM where appropriate [42]. To explore the 
most potential for emissions reduction by 2050, we identify a target reduction for each separate footprint link. 
We mitigate uncertainty in the uptake rates towards these targets by implementing a band of transition rates 
between a pair of S-profile logistic curve transitions over time [51]–[53]. These start in 2020 with a fast rate 
corresponding to achieving 90% of agreed Nationally Declared Contributions (NDC) by 2030 (WAM-fast) 
[54]3, and a slower transition corresponding to following carbon budget targets of the CCC (WAM-slow)4. 

                                                

3 The S-shaped curve parameters for our fast rate are centre_year of 2027 and width of 1.7 years. 
4 The S-shaped curve parameters for our slower transition are centre_year of 2050 and width of 3.0 years. 
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Figure 7. Factors in emissions for imported goods used by the service industry and domestic-manufactured goods for 
GBR. These relate to equations (21) and (31). They are shown for historic data and future scenarios of WEM (with 
existing measures), WAM-slow (with additional measures) and WAM-fast. Historical time series have been derived by 
calculation from source data: [43], [49], [50] (a) Service industry output, net of contribution to capital formation. (b) 
Goods requirement intensity. (c) Imports proportion for goods. (d) Emission intensities of imported goods and domestic 
manufactured goods. 
 

For the second factor of emissions from imports goods, we need to consider how the goods requirement 
intensity (Fig. 7(b)) can be reduced [55]. We use a target reduction of 30% by 2050 which we have estimated 
from product-specific measures based on an assessment of the possible resource use efficiency gains for a 
range of product types used by the service industry. For goods used by the service industry we disaggregate 
into 11 types (Tables B.2 and B.3) and show their time series in Fig. 8. From this disaggregation, we note that 
the largest six are food and drink, electronic, pharmaceutical, print, materials and machinery. 

 

 
 
Figure 8. Detailed breakdown of all goods as intermediate consumption (IC) by the service industry for GBR. See 
Appendix B for mapping of categories. For pharmaceutical, this is the sum of both IC and final expenditure by 
government. Goods of IC are in order of their decreasing economic volume flow. For the atypical rise in 2017, this is a 
consequence of a major transformational programme by the ONS introduced for that year for the processing of SUTs data 
[50]. 
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In Fig. 9 we detail these by use according to 13 industries (Table B.1) comprising the service industry. 
The overall picture is of level (food and drink) or upward trends (electronic, pharmaceutical, materials and 
machinery), with only print having dropped 10% over the 20-year historical period. We incorporate proposals 
for reducing the impacts of these categories. For food and drink (Fig. 9(a)), a half to two thirds of food waste 
could have been eaten [56], [57] and measures are proposed to minimise these [57]. For electronic (Fig. 9(b)) 
and machinery (Fig. 9(f)), there is potential to extend lifetimes by tackling perceived obsolescence [58]–[60], 
cascading devices [61], and enabling repair [62], [63]. For pharmaceutical use (Fig. 9(c)), NHS England 
estimate 4% of prescribed medicines are wasted [64] while the WHO estimates that more than half of all 
medicines are prescribed, dispensed or sold inappropriately [65] and Busfield [66], [67] notes the industry’s 
driving forces for expansion beyond meeting health needs. For print (Fig. 9(d)), we noted in Fig. 5(b) the 
exceptional decline of goods intensity for Australia. Their greatest reduction is for their use of print running at 
5.6% per year [68] with most decline for newsprint and communication. For materials (Fig. 9(e)), half of plastic 
goes to waste and the issue of marine pollution has focused attention on eliminating unnecessary and single-
use plastic packaging [69]–[71]. 
 

           

            

           
 
Figure 9. Historical behaviour of specific goods as inputs to 13 industries that comprise the service industry for GBR. 
See Appendix B for mapping of these industries and product categories. Industries are arranged in decreasing order of 
usage in the last year for each type of goods. Time series have been derived by calculation from source data: [50], [72]. 
(a) Food and drink (excluding duty). (b) Electronic. (c) Pharmaceutical. (d) Print. (e) Materials (excluding tyres). (f) 
Machinery. 
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The third link in the emissions footprint chain is the imports proportion for goods (Fig. 7(c)). The 
direction of change necessary to reduce emissions depends on comparing manufacturing emission intensities 
of domestic goods and imports. We show in Fig. 7(d) that imports will have a higher intensity in the long term 
so reducing imports would be beneficial for emissions. Governments usually incentivise reshoring [73], [74] 
to increase employment [75], [76]. However, there are limitations [77] with more work needed to understand 
the impacts on environmental sustainability [78], therefore we target only a 5% reduction by 2050 of the 
volume ratio of imports to domestic goods.  

The last link is the emission intensity of goods imports in Fig. 7(d). One policy for reducing this is to 
bias imports away from the highest emitting exporters. In Fig. 10 we derive a composite emission intensity 
from the main exporters to the UK based on weighting their economy wide emission intensities by volume of 
imports. The composite emission intensity drops by 25% if cutting out imports from the highest intensity 
emitter (China). 

 

 
Figure 10. Analysis of goods imports by GBR by volume and emission intensity for the top seven exporting countries. 
Historical time series have been derived by calculation from source data: [79]–[81] (a) Volume of goods imports. (b) 
Economic-wide CO2 emission intensity of the exporter countries. (c) Mean of emission intensities weighted by volume 
of imports for exporters, with and without CHN. 
 
3.3 Emissions from fuel (F) 
We apply a similar approach to the other three sources of emissions (from fuel, F; from service industry 
imported capital formation, IC; from domestic goods, DG) which will still be high by 2050. For emissions 
from fuel, we have implemented the measures suggested by the CCC [31]. These include improvements in the 
thermal efficiency of buildings, heat from heat pumps and heat networks. 

We use the CCC net-zero emissions (NZE) analysis [20], [82] for some of the measures that we apply 
for our scenario ‘with additional measures’ (WAM), which build on our scenario ‘with existing measures’ 
(WEM) based on the fifth carbon budget [48].  
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The NZE analysis proposes ‘core’ options for non-residential buildings as proportions and at absolute 
levels. These include energy efficiency 25% (28 TWh), low-carbon heat networks 46% (41 TWh) and heat 
pumps 54% (49 TWh). From the NZE values for energy efficiency, these imply total heat demand of 112 
TWh/y or 403 PJ/y. Our value from the 7see model agrees with this for 2018, which confirms that 7see and 
NZE share the same scenario starting point.  

To use measures of NZE as a basis for WAM scenarios, we must consider whether to apply as 
proportions or absolute values. The NZE values for low carbon heat networks and heat pumps sum to 100% 
and a heat demand of 90 TWh/y or 324 PJ/y. If we assume this is after application of the NZE value for energy 
efficiency of 75%, this corresponds to a total heat demand before efficiency measures of 432 PJ/y. The 
equivalent value from 7see modelling, which includes the service industry growing, is higher at 551 PJ/y. 
Rather than assuming all of this can be met by the combination of low carbon heat networks and heat pumps, 
we use the absolute values for 2050 from the NZE analysis on the basis that the capacity for these has been 
substantiated. 

For manufacturing, the NZE analysis proposes 'core' emission reductions to 56 MtCO2e by 2050, 
which include:  

• energy efficiency of 5 MtCO2e abatement;  
• resource efficiency of 5 MtCO2e abatement;  
• CCS on processing of 6 MtCO2e abatement; 
• low temperature heating by electrical heat pumps of 1 MtCO2e abatement. 

 
The NZE analysis goes on to propose 'further ambition' emission reductions to 10 MtCO2e by 2050, which 
includes hydrogen and electrification for stationary heat or combustion of 19 MtCO2e abatement and off-road 
mobile machinery of 4 MtCO2e abatement. 

In considering how to select and apply various measures from the NZE analysis for our WAM 
scenarios, we check for comparability of coverage for ‘manufacturing’ since this sector can have divergent 
definitions between data sources. We find that our 7see model for this sector has lower values for emissions in 
2018 than the NZE analysis, which we attribute to our use of energy data from the International Energy Agency 
[43] and emissions data from the UNFCCC [36]. This means we need to adapt measures from the NZE analysis 
for our WAM scenarios. The values we use are: 

• thermal efficiency improvement of 20%; 
• heat from heat pumps of 50 PJ/y; 
• use of hydrogen of 50 PJ/y; 
• application of CCS for 24 MtCO2/y abatement. 

 
For emissions from fuel use, GF, these are dependent on output of the service industry net of contribution to 
capital formation, p’, as follows, 
 
𝐺m = 𝑟m(𝑝�)																																																																																																																																																																							(26) 
 
where rF() is based on the time-dependent exogenous relationships. These relationships are: heat requirement 
intensity with respect to service output, HR(t); fuel proportion of heat, FP(t); emission intensity of fuel used 
by the service industry, EIF(t). Thus: 
 
𝐺m = 𝑝� ∙ HR(𝑡) ∙ FP(𝑡) ∙ EIm(𝑡)																																																																																																																																			(27) 
 
We show the separate time behaviour of these factors in Fig. 7(a) for p’ and Fig. 11. 
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Figure 11. Factors in emissions for direct fuel use by the service industry for GBR. These relate to equation (27). These 
are shown for historic data and future scenarios of WEM, WAM-slow and WAM-fast. Historical time series have been 
derived by calculation from source data: [43], [50] (a) Heat requirement intensity of the service industry of heat. (b) 
Proportion of heat provided by fuel. (c) Emission intensity of fuel used by the service industry. 
 

For the heat requirement intensity of the service industry in Fig. 11(a), this concerns the requirement 
for heat according to output of the service industry. The historical behaviour shows a decline but only to 2007 
when the level stays almost constant. Given that the denominator is output whereas this heat requirement 
relates to the buildings, we need to check variation of the output intensity with respect to fixed capital, the 
measure we use of the physical building stock. In Fig. 12 this intensity averaged £0.47m/y per £m of fixed 
capital over the 1990s and since 2000 has averaged 0.52±0.02, so service industry output, p’, appears to track 
fixed capital. For the WEM scenario, we apply a 10% reduction following measures in the fifth carbon budget 
[48]. We apply a further 15% reduction for our WAM scenarios according to the CCC net-zero emissions 
(NZE) analysis [20], [82]. 

 

 
 
Figure 12. For the GBR service industry, historical output intensity to fixed capital of the building stock. Historical time 
series have been derived by calculation from source data: [43], [49]. 
 

The proportion of heat provided by fuel (Fig. 11(b)) has stayed close to 100% historically, which we 
have continued for our WEM scenario. For the WAM scenarios, we implement measures from the NZE 
analysis of offsetting fuel use to a level of 324 PJ/y by 2050 as split 46% from low-carbon heat networks and 
54% from heat pumps. With our heat requirement estimate by 2050 of 410 PJ/y, this corresponds to a 
proportion of 0.21 still from fuel. 

The average emission intensity across the mix of fuels used for heating (Fig. 11(c)) has settled 
historically at 59 MtCO2/TJ, following phasing out of solid fossil fuel through the 1990s. For the WAM 
scenarios we implement substitution of heating oil by natural gas. 
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3.4 Emissions from service industry imported capital formation (IC)  
For emissions from capital formation imports, GIC, we compute these emissions, based on the variable of 
capital formation requirement of the service industry, c, as a function of time. This follows historical data from 
1990 and for the future is generated from our 7see model. The emissions are dependent on c as follows, 
 
𝐺�l = 𝑟�l(𝑐)																																																																																																																																																																						(28) 
 
where the function rIC() simply consists of the time-dependent exogenous emission intensity of imported 
capital formation, EIIC(t). Thus: 
 
𝐺�l = 𝑐 ∙ EI�l(𝑡)																																																																																																																																																															(29) 
 
We base historical values of EIIC(t) on historical data of multi-region input-output (MRIO) analysis [47], [83] 
and volume of imports. We show the separate time behaviour of these factors in Fig. 13. 
 

 
Figure 13. Factors in emissions for imported capital formation of the service industry for GBR. These relate to equation 
(29). These are shown for historic data and future scenarios of WEM, WAM-slow and WAM-fast. (a) Capital formation 
requirement, c, of the service industry. (b) Emission intensity of imported capital formation. Historical time series have 
been derived by calculation from source data: [50], [83]. 
 

Capital formation for the service industry rose steadily over the 1990s and reached a peak in 2008 just 
before the financial crisis. The scenario behaviour to 2050 is as a result of systematic interactions across our 
7see model. According to our scenarios we see the level of capital formation staying at a high level as a 
consequence of the service industry growing. 

For the emission intensity of imported capital formation (Fig. 13(b)), the historical trend is falling. 
Under our WEM scenario, we continue this as a best-fit exponential decay curve whose asymptote is 0.23 
MtCO2/£b[1990]. One policy for reducing these emissions is to bias imports away from the highest emitting 
exporters. In Fig. 10 we derived a composite emission intensity from the main exporters to the UK based on 
weighting their economy wide emission intensities by volume of imports. For the emissions from imported 
materials that go to capital formation, we apply the same target reduction in Fig. 7(d) of 25% for our WAM 
scenarios. 

 
3.5 Emissions from domestic goods (DG) 
For emissions from domestic goods, GDG, these are dependent on output of the service industry as follows: 
 
𝐺�< = 𝑟�<(𝑝�)																																																																																																																																																																		(30) 
 
where function rDG() is made up of time-dependent exogenous relationships: goods-in ratio to service output, 
GR(t); domestic proportion of goods, DP(t); emission intensity of domestic goods manufacture, EIDG(t). Thus: 
 
𝐺�< = 𝑝� ∙ GR(𝑡) ∙ DP(𝑡) ∙ EI�z(𝑡)																																																																																																																														(31) 
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We show the separate time behaviour of factors in equation (31) in Fig. 7(a), (b) and (d) and in Fig. 14. We 
show the emission intensity of manufacturing in Fig. 7(d) where measures applied include higher energy 
efficiency, heat from heat pumps, and hydrogen from reforming of natural gas and CCS. 
 

 
 
Figure 14. Domestic proportion of goods for GBR. Historical time series have been derived by calculation from source 
data: [50]. 
 
In our analysis of emissions from imported goods (Fig. 7), our WEM scenarios reduced the volume ratio of 
imports to domestic goods by 5%. When this is expressed as domestic proportion of all goods (Fig. 14), the 
domestic proportion increases from 22.5% to 23.3% corresponding to an increase of 3%. 

For the emission intensity in Fig. 7(d) from use of fuel and electricity, the WEM scenario to 2050 is a 
combination of measures for fuel and electricity. For the electricity part, the emission intensity of electricity 
generation reaches zero by 2045. The flattening out of the scenario towards 0.25 MtCO2 per £b[1990] in 2050 
is for the fuel component, representing diminishing returns of implementing energy efficiency of existing 
measures. For the WAM scenarios, we implement measures from the CCC NZE analysis. These are 20% 
reduction in heat requirement intensity, provision of 100 PJ/y of zero-emission heat and application of 24 
MtCO2/y emission reduction from carbon capture and storage (CCS) for some of the remaining use fossil fuel. 
For the zero-emission heat, this is from using renewable electricity generation to derive 50 PJ/y of hydrogen 
and power 50 PJ/y of heat pumps. 

 
3.6 Measures combined 
In Fig. 15(a) we show the result of combining the measures we have outlined for all the sources of emissions 
(in Fig. 6(b)). For domestic emissions (only) in the production approach, the zero target is missed by 7 
MtCO2/y. This is because the policies of the CCC have not allowed for a growing service industry, so its level 
of policy implementation falls short. Taking the consumption approach, emissions in 2050 are 42 MtCO2/y. In 
terms of long-term climate impacts, it is the cumulative CO2 that is important. The benefit of rapid 
implementation of reductions is clear (Fig. 15(b)) with a 22% reduction in accumulated emissions at the faster 
implementation rate. The difference between the WAM-slow and WAM-fast scenarios in production 
accounting method is 300 million tonnes (total) CO2, and 500 million tonnes (total) CO2 for the consumption 
approach to 2050. 
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Figure 15. Consequence of measures for emissions for GBR according to approaches of production and consumption. (a) 
Annual emissions. (b) Cumulative emissions from 2020. 
 
4. Conclusions 
In the five modern economies assessed, the service industry drives GDP and employment, yet their energy and 
emissions policies do not address the full emissions impact of this industry. The service industry needs to be 
treated as a coherent single entity because of the volume of employment it generates. Policy for emissions 
reductions for intersecting areas, such has buildings and use of goods, may not be sufficiently coherent to have 
the effect required by a net-zero target. 

In production accounting terms (excluding imports), the service industry is responsible for 17-24% of 
GHG emissions for the assessed countries since 1990, contrary to its perception as ‘emissions light’. This is 
because part of the service industry emissions footprint is from manufactured goods. We find for the UK that 
of six key goods inputs, four continue to grow, namely: electronic, pharmaceutical, materials and machinery. 
All goods inputs must be constrained and then reduced to meet emissions goals. We detail clear reduction 
measures but note minimal implementation to date. Since we have shown similarities of key features in our 
country set, the policy recommendations apply to all developed economies. 

The emissions arising from offshored manufactured inputs are excluded from national GHG 
inventories, giving a misleading impression of progress towards stated or legislated targets. Our analysis shows 
that for the UK, these imported emissions represent 35 million tonnes omitted from the 2050 net-zero emissions 
target. We suggest that a goods import policy for the service industry must favour selecting low-emissions 
producers, possibly avoiding China altogether. Taking the consumption approach implies that members of our 
country set and similarly developed nations will miss their emissions targets unless the full emissions of their 
service industry is transparently included in their GHG emissions inventories.  

Frequently, emissions reduction targets are stated without the intermediate steps or details of 
implementation. We show for the consumption approach how modelling the rate of introducing measures is as 
important as defining a target since it is the accumulation of CO2 in the atmosphere that leads to the climate 
impact. Implementation of mitigation measures must be aggressive because although both the WAM-slow and 
WAM-fast scenarios reach the same end point in annual CO2 emissions, in cumulative terms the difference 
between them leads to 500 million tonnes (total) CO2 extra to 2050. Over the next 30 years, energy and 
emissions policy must reconcile GDP and jobs with rates of energy-provision transformation and 
dematerialisation. 
 
  



Final version appeared as: SH. Roberts, BD. Foran, CJ. Axon, & AV. Stamp (2021). Is the service industry really low-
carbon? Energy, jobs and realistic country GHG emissions reductions. Applied Energy, 292, Article no: 116878, DOI: 
10.1016/j.apenergy.2021.116878. 

22 

5. References 
[1] UNFCCC, ‘Report of the Conference of the Parties on its twenty-first session’, United Nations Framework 

Convention on Climate Change, Bonn, Germany, FCCC/CP/2015/10/Add.1, 2016. Accessed: Nov. 08, 2017. 
[Online]. Available: https://unfccc.int/resource/docs/2015/cop21/eng/10a01.pdf. 

[2] BMUB, ‘Climate Action Plan 2050 – Principles and goals of the German government’s climate policy’, ederal 
Ministry for the Environment, Nature Conservation, Building and Nuclear Safety, Bonn, Germany, 2016. 

[3] HM Government, ‘Climate Change Act 2008 (2050 Target Amendment)’, Department for Business, Energy and 
Industrial Strategy, London, UK, SI 2019 No. 1056, 2019. 

[4] Ministere de la Transition Ecologique et Solidaire, ‘Project de loi: relatif à l’énergie et au climat’, Paris, France, 
2019. 

[5] Ministry for the Environment, ‘Climate Change Response Zero Carbon Amendment Bill: Summary’, Wellington, 
New Zealand, ME 1410, 2019. 

[6] Ministerio de Ambiente y Energía, ‘National Decarbonization Plan’, San José, Costa Rica, 2017. 
[7] Ministry of Economic Affairs and Employment, ‘Government report on the National Energy and Climate Strategy 

for 2030’, Helsinki, Finland, 12/2017, 2017. 
[8] Ministry of Climate and Environment, ‘Norway’s Climate Strategy for 2030: a transformational approach within 

a European cooperation framework’, AS 02/2019, 2019. 
[9] ILO, ‘World Employment and Social Outlook – Trends 2018’, International Labour Organization, Geneva, 

Switzerland, 2018. 
[10] United Nations, ‘The Sustainable Development Goals Report’, United Nations, New York, USA, 2019. 
[11] G.-C. Herber et al., ‘Single transitions and persistence of unemployment are associated with poor health 

outcomes’, BMC Public Health, vol. 19, no. 1, pp. 740–749, Dec. 2019, doi: 10.1186/s12889-019-7059-8. 
[12] J. Voßemer, M. Gebel, K. Täht, M. Unt, B. Högberg, and M. Strandh, ‘The Effects of Unemployment and 

Insecure Jobs on Well-Being and Health: The Moderating Role of Labor Market Policies’, Soc Indic Res, vol. 
138, no. 3, pp. 1229–1257, Aug. 2018, doi: 10.1007/s11205-017-1697-y. 

[13] D. Sage, ‘Unemployment, wellbeing and the power of the work ethic: Implications for social policy’, Critical 
Social Policy, vol. 39, no. 2, pp. 205–228, May 2019, doi: 10.1177/0261018318780910. 

[14] A. P. Coutts, D. Stuckler, and D. J. Cann, ‘The Health and Wellbeing Effects of Active Labor Market Programs’, 
in Wellbeing: A Complete Reference Guide: Interventions and Policies to Enhance Wellbeing, F. A. Huppert, Ed. 
Chichester, UK: Wiley-Blackwell, 2014. 

[15] P. Engler, ‘Monetary Policy and Unemployment in Open Economies’, NCER, Working Paper 77, 2011. Accessed: 
Nov. 06, 2019. [Online]. Available: http://www.ssrn.com/abstract=1963822. 

[16] M. Battaglini and S. Coate, ‘A political economy theory of fiscal policy and unemployment: fiscal policy and 
unemployment’, Journal of the European Economic Association, vol. 14, no. 2, pp. 303–337, Apr. 2016, doi: 
10.1111/jeea.12136. 

[17] OECD, ‘Good Jobs for All in a Changing World of Work: The OECD Jobs Strategy’, Organisation for Economic 
Co-operation and Development, Paris, France, 2018. 

[18] European Commission, ‘Two years after Paris – Progress towards meeting the EU’s climate commitments’, 
Brussels, Belgium, SWD(2017) 357 final, 2017. 

[19] PWC, ‘Low Carbon Economy Index 2018’, London, UK, 2018. 
[20] CCC, ‘Net Zero: The UK’s contribution to stopping global warming’, Committee on Climate Change, London, 

UK, 2019. 
[21] W. Zhang, S. Peng, and C. Sun, ‘CO2 emissions in the global supply chains of services: An analysis based on a 

multi-regional input–output model’, Energy Policy, vol. 86, pp. 93–103, Nov. 2015, doi: 
10.1016/j.enpol.2015.06.029. 

[22] P. Mulder and H. L. F. de Groot, ‘Structural change and convergence of energy intensity across OECD countries, 
1970–2005’, Energy Economics, vol. 34, no. 6, pp. 1910–1921, Nov. 2012, doi: 10.1016/j.eneco.2012.07.023. 

[23] P. Mulder, H. L. F. de Groot, and B. Pfeiffer, ‘Dynamics and determinants of energy intensity in the service 
sector: A cross-country analysis, 1980–2005’, Ecological Economics, vol. 100, pp. 1–15, Apr. 2014, doi: 
10.1016/j.ecolecon.2014.01.016. 

[24] C. Haas and K. Kempa, ‘Directed Technical Change and Energy Intensity Dynamics: Structural Change vs. 
Energy Efficiency’, . The Energy Journal, vol. 39, no. 4, pp. 127–152, 2018, doi: 10.5547/01956574.39.4.chaa. 

[25] A. Omri, ‘Entrepreneurship, sectoral outputs and environmental improvement: International evidence’, 
Technological Forecasting and Social Change, vol. 128, pp. 46–55, Mar. 2018, doi: 
10.1016/j.techfore.2017.10.016. 



Final version appeared as: SH. Roberts, BD. Foran, CJ. Axon, & AV. Stamp (2021). Is the service industry really low-
carbon? Energy, jobs and realistic country GHG emissions reductions. Applied Energy, 292, Article no: 116878, DOI: 
10.1016/j.apenergy.2021.116878. 

23 

[26] D. H. Greenford, T. Crownshaw, C. Lesk, K. Stadler, and H. D. Matthews, ‘Shifting economic activity to services 
has limited potential to reduce global environmental impacts due to the household consumption of labour’, 
Environ. Res. Lett., vol. 15, no. 6, p. 064019, Jun. 2020, doi: 10.1088/1748-9326/ab7f63. 

[27] J. Meng, X. Hu, P. Chen, D. Coffman, and M. Han, ‘The unequal contribution to global energy consumption 
along the supply chain’, Journal of Environmental Management, vol. 268, p. 110701, Aug. 2020, doi: 
10.1016/j.jenvman.2020.110701. 

[28] H. Hou et al., ‘Estimating the mitigation potential of the Chinese service sector using embodied carbon emissions 
accounting’, Environmental Impact Assessment Review, vol. 86, p. 106510, Jan. 2021, doi: 
10.1016/j.eiar.2020.106510. 

[29] G. Palmer, ‘Energetic Implications of a Post-industrial Information Economy: The Case Study of Australia’, 
Biophys Econ Resour Qual, vol. 2, no. 2, p. 5, Jun. 2017, doi: 10.1007/s41247-017-0021-4. 

[30] B. Kinfemichael, ‘The rise of services and convergence in labor productivity among countries’, Applied 
Economics Letters, vol. 26, no. 21, pp. 1749–1755, Dec. 2019, doi: 10.1080/13504851.2019.1593933. 

[31] CCC, ‘Reducing UK emissions: 2019 Progress Report to Parliament’, Committee on Climate Change, London, 
UK, 2019. 

[32] Department of the Environment and Energy, ‘National Inventory Report 2017 - Volume 1’, Canberra, Australia, 
CC143A.0516, 2019. 

[33] EPA, ‘Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2017’, Environmental Protection Agency, 
Washington, D.C. USA, 2019. 

[34] German Environment Agency, ‘Data on the environment 2017: Indicator report’, Dessau-Roßlau, Germany, 2017. 
[35] ISPRA, ‘Italian Greenhouse Gas Inventory: 1990-2016’, Istituto Superiore per la Protezione e la Ricerca 

Ambientale, Rome, Italy, 283/2018, 2018. 
[36] UNFCCC, ‘National Inventory Submissions’, 2019. https://unfccc.int/process-and-meetings/transparency-and-

reporting/reporting-and-review-under-the-convention/greenhouse-gas-inventories-annex-i-parties/national-
inventory-submissions-2019 (accessed Nov. 11, 2019). 

[37] European Commission, ‘A Clean Planet for all: A European strategic long-term vision for a prosperous, modern, 
competitive and climate neutral economy’, Brussels, Belgium, COM(2018) 773 final, 2018. 

[38] IPCC, ‘Climate change 2014: mitigation of climate change: Working Group III contribution to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change’, Cambridge University Press, New York, 
USA, 2014. 

[39] S. H. Roberts, C. J. Axon, B. D. Foran, N. H. Goddard, and B. S. Warr, ‘A framework for characterising an 
economy by its energy and socio-economic activities’, Sust. Cities Soc., vol. 14, pp. 99–113, Feb. 2015, doi: 
10.1016/j.scs.2014.08.004. 

[40] S. H. Roberts, C. J. Axon, N. H. Goddard, B. D. Foran, and B. S. Warr, ‘A robust data-driven macro-
socioeconomic-energy model’, Sustainable Production and Consumption, vol. 7, pp. 16–36, Jul. 2016, doi: 
10.1016/j.spc.2016.01.003. 

[41] S. H. Roberts, B. D. Foran, C. J. Axon, B. S. Warr, and N. H. Goddard, ‘Consequences of selecting technology 
pathways on cumulative carbon dioxide emissions for the United Kingdom’, Applied Energy, vol. 228, pp. 409–
425, Oct. 2018, doi: 10.1016/j.apenergy.2018.06.078. 

[42] S. H. Roberts, C. J. Axon, N. H. Goddard, B. D. Foran, and B. S. Warr, ‘Modelling socio-economic and energy 
data to generate business-as-usual scenarios for carbon emissions’, Journal of Cleaner Production, vol. 207, pp. 
980–997, Jan. 2019, doi: 10.1016/j.jclepro.2018.10.029. 

[43] IEA, World Energy Balances 2019. Paris, France: International Energy Agency, 2019. 
[44] S. J. Davis and K. Caldeira, ‘Consumption-based accounting of CO2 emissions’, Proceedings of the National 

Academy of Sciences, vol. 107, no. 12, pp. 5687–5692, Mar. 2010, doi: 10.1073/pnas.0906974107. 
[45] J. Barrett et al., ‘Consumption-based GHG emission accounting: a UK case study’, Climate Policy, vol. 13, no. 4, 

pp. 451–470, Jul. 2013, doi: 10.1080/14693062.2013.788858. 
[46] P. Fezzigna, S. Borghesi, and D. Caro, ‘Revising Emission Responsibilities through Consumption-Based 

Accounting: A European and Post-Brexit Perspective’, Sustainability, vol. 11, no. 2, p. 488, Jan. 2019, doi: 
10.3390/su11020488. 

[47] A. Owen, K. Scott, and J. Barrett, ‘Identifying critical supply chains and final products: An input-output approach 
to exploring the energy-water-food nexus’, Applied Energy, vol. 210, pp. 632–642, Jan. 2018, doi: 
10.1016/j.apenergy.2017.09.069. 

[48] CCC, ‘The Fifth Carbon Budget: The next step towards a low-carbon economy’, Committee on Climate Change, 
London, UK, 2015. 

[49] ONS, ‘Capital stocks and fixed capital consumption’, Office for National Statistics, Newport, UK, 2019. 
Accessed: Dec. 10, 2019. [Online]. Available: http://www.ons.gov.uk/ons/rel/cap-stock/capital-stock--capital-
consumption/index.html. 



Final version appeared as: SH. Roberts, BD. Foran, CJ. Axon, & AV. Stamp (2021). Is the service industry really low-
carbon? Energy, jobs and realistic country GHG emissions reductions. Applied Energy, 292, Article no: 116878, DOI: 
10.1016/j.apenergy.2021.116878. 

24 

[50] ONS, ‘UK National Accounts, The Blue Book: 2018’, Office for National Statistics, Newport, UK, 2019. 
Accessed: Dec. 10, 2019. [Online]. Available: 
http://www.ons.gov.uk/economy/grossdomesticproductgdp/datasets/bluebook. 

[51] E. M. Rogers, Diffusion of Innovations, 5th ed. New York, USA: Simon and Schuster, 2010. 
[52] A. Czarnigowska, P. Jaskowski, and S. Biruk, ‘Project performance reporting and prediction: extensions of earned 

value management’, International Journal of Business and Management Studies, vol. 3, no. 1, p. 10, 2011. 
[53] D. Kucharavy and R. De Guio, ‘Application of S-shaped curves’, Procedia Engineering, vol. 9, pp. 559–572, 

2011, doi: 10.1016/j.proeng.2011.03.142. 
[54] M. Winning et al., ‘Nationally Determined Contributions under the Paris Agreement and the costs of delayed 

action’, Climate Policy, vol. 19, no. 8, pp. 947–958, Sep. 2019, doi: 10.1080/14693062.2019.1615858. 
[55] B. Fix, ‘Dematerialization Through Services: Evaluating the Evidence’, BioPhysical Economics and Resource 

Quality, vol. 4, no. 2, p. 6, Jun. 2019, doi: 10.1007/s41247-019-0054-y. 
[56] G. Philippidis, M. Sartori, E. Ferrari, and R. M’Barek, ‘Waste not, want not: A bio-economic impact assessment 

of household food waste reductions in the EU’, Resources, Conservation and Recycling, vol. 146, pp. 514–522, 
Jul. 2019, doi: 10.1016/j.resconrec.2019.04.016. 

[57] WWF and AHLA, ‘Fighting Food Waste in Hotels’, World Wildlife Fund, New York, USA, 2017. 
[58] F. Echegaray, ‘Consumers’ reactions to product obsolescence in emerging markets: the case of Brazil’, Journal of 

Cleaner Production, vol. 134, pp. 191–203, Oct. 2016, doi: 10.1016/j.jclepro.2015.08.119. 
[59] H. Wieser and N. Tröger, ‘Exploring the inner loops of the circular economy: Replacement, repair, and reuse of 

mobile phones in Austria’, Journal of Cleaner Production, vol. 172, pp. 3042–3055, Jan. 2018, doi: 
10.1016/j.jclepro.2017.11.106. 

[60] V. G. Kuppelwieser, P. Klaus, A. Manthiou, and O. Boujena, ‘Consumer responses to planned obsolescence’, 
Journal of Retailing and Consumer Services, vol. 47, pp. 157–165, Mar. 2019, doi: 
10.1016/j.jretconser.2018.11.014. 

[61] S. Glöser-Chahoud, M. Pfaff, R. Walz, and F. Schultmann, ‘Simulating the service lifetimes and storage phases of 
consumer electronics in Europe with a cascade stock and flow model’, Journal of Cleaner Production, vol. 213, 
pp. 1313–1321, Mar. 2019, doi: 10.1016/j.jclepro.2018.12.244. 

[62] M. Sabbaghi, W. Cade, S. Behdad, and A. M. Bisantz, ‘The current status of the consumer electronics repair 
industry in the U.S.: A survey-based study’, Resources, Conservation and Recycling, vol. 116, pp. 137–151, Jan. 
2017, doi: 10.1016/j.resconrec.2016.09.013. 

[63] C. Cole, T. Cooper, and A. Gnanapragasam, ‘Extending product lifetimes through WEEE reuse and repair: 
Opportunities and challenges in the UK’, presented at the Electronics Goes Green 2016+ (EGG), Berlin, 
Germany, 2016, doi: 10.1109/EGG.2016.7829857. 

[64] B. Hazell and R. Robson, ‘Pharmaceutical waste reduction in the NHS’, NHS Business Services Authority, 
London, UK, PGR: 03320, 2015. 

[65] WHO, ‘The Pursuit of Responsible Use of Medicines: Sharing and Learning from Country Experiences’, World 
Health Organization, Geneva, Switzerland, WHO/EMP/MAR/2012.3, 2012. 

[66] J. Busfield, ‘“A pill for every ill”: Explaining the expansion in medicine use’, Social Science & Medicine, vol. 70, 
no. 6, pp. 934–941, Mar. 2010, doi: 10.1016/j.socscimed.2009.10.068. 

[67] J. Busfield, ‘Assessing the overuse of medicines’, Social Science & Medicine, vol. 131, pp. 199–206, Apr. 2015, 
doi: 10.1016/j.socscimed.2014.10.061. 

[68] Industry Edge, ‘Pulp and Paper Strategic Review’, Geelong West, Australia, 2019. 
[69] Environmental Investigation Agency and Greenpeace, ‘Checking out on plastics: A survey of UK supermarkets’ 

plastic habits’, London, UK, 2019. 
[70] ICF and Eunomia, ‘Plastics: reuse, recycling and marine litter : impact assessment of measures to reduce litter 

from single use plastics : final report and annex.’, European Commission, Brussels, Belgium, 2018. Accessed: 
Nov. 06, 2019. [Online]. Available: 
http://publications.europa.eu/publication/manifestation_identifier/PUB_KH0318234ENN. 

[71] T. Elliott and L. Elliott, ‘A Plastics Future: Plastics Consumption and Waste Management in the UK’, Eunomia, 
Bristol, UK, 2018. 

[72] ONS, ‘Input–output supply and use tables’, Office for National Statistics, Newport, UK, 2019. Accessed: Dec. 10, 
2019. [Online]. Available: https://www.ons.gov.uk/releases/inputoutputsupplyandusetables2019edition. 

[73] J. Stentoft, J. Olhager, J. Heikkilä, and L. Thoms, ‘Manufacturing backshoring: a systematic literature review’, 
Oper Manag Res, vol. 9, no. 3–4, pp. 53–61, Dec. 2016, doi: 10.1007/s12063-016-0111-2. 

[74] B. Piatanesi and J. Arauzo-Carod, ‘Backshoring and nearshoring: An overview’, Growth and Change, vol. 50, no. 
3, pp. 806–823, Sep. 2019, doi: 10.1111/grow.12316. 

[75] W. Zhai, S. Sun, and G. Zhang, ‘Reshoring of American manufacturing companies from China’, Oper Manag 
Res, vol. 9, no. 3–4, pp. 62–74, Dec. 2016, doi: 10.1007/s12063-016-0114-z. 



Final version appeared as: SH. Roberts, BD. Foran, CJ. Axon, & AV. Stamp (2021). Is the service industry really low-
carbon? Energy, jobs and realistic country GHG emissions reductions. Applied Energy, 292, Article no: 116878, DOI: 
10.1016/j.apenergy.2021.116878. 

25 

[76] B. Dachs, S. Kinkel, A. Jäger, and I. Palčič, ‘Backshoring of production activities in European manufacturing’, 
Journal of Purchasing and Supply Management, vol. 25, no. 3, p. 100531, Jun. 2019, doi: 
10.1016/j.pursup.2019.02.003. 

[77] D. Bailey and L. De Propris, ‘Manufacturing reshoring and its limits: the UK automotive case’, Cambridge 
Journal of Regions, Economy and Society, vol. 7, no. 3, pp. 379–395, Nov. 2014, doi: 10.1093/cjres/rsu019. 

[78] G. Orzes and J. Sarkis, ‘Reshoring and environmental sustainability: An unexplored relationship?’, Resources, 
Conservation and Recycling, vol. 141, pp. 481–482, Feb. 2019, doi: 10.1016/j.resconrec.2018.11.004. 

[79] World Bank, ‘GDP, PPP (current international $)’, Washington, D.C. USA, 2019. Accessed: Dec. 10, 2019. 
[Online]. Available: https://data.worldbank.org/indicator/ny.gdp.mktp.pp.cd. 

[80] Global Carbon Project, ‘Global Carbon Atlas: CO2 emissions’, 2019. http://www.globalcarbonatlas.org/en/CO2-
emissions (accessed Dec. 10, 2019). 

[81] ONS, ‘UK Balance of Payments - The Pink Book’, Office for National Statistics, Newport, UK, 2019. [Online]. 
Available: https://www.ons.gov.uk/economy/nationalaccounts/balanceofpayments/datasets/pinkbook. 

[82] CCC, ‘Net Zero Technical report’, Committee on Climate Change, London, UK, 2019. 
[83] A. Owen, ‘Priv. Comm.’, 2019. 
[84] Großbritannien, Ed., UK standard industrial classification of economic activities 2007 (SIC 2007): structure and 

explanatory notes. Basingstoke, Hampshire,: Palgrave Macmillan, 2008. 
[85] Eurostat, ‘Statistical Classification of Economic Activities in the European Community’, European Commission, 

Brussels, Belgium, Revision 2, 2008. Accessed: Dec. 17, 2019. [Online]. Available: 
https://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm?TargetUrl=LST_NOM_DTL&StrNom=NACE_RE
V2&StrLanguageCode=EN. 

[86] Eurostat, ‘CPA 2008 - Structure and explanatory notes’, European Commission, Brussels, Belgium, 2009. 
 
Acknowledgement 
We are grateful to Dr. Anne Owen of the Sustainability Research Institute at the University of Leeds for 
providing us historical data of multi-region input-output (MRIO) analysis for emissions embodied in imports. 
Nils Gerstein and Isabella Gaetani were invaluable in sourcing and interpreting data for Germany and Italy, 
respectively.  We are grateful for the care taken in converting data from the 7see framework into accurate, 
readable drawing of the block diagrams and graphs by Eleanor Tomlinson in the Arup University's Foresight 
+ Research + Innovation group. We would like to thank two Arup colleagues, John Alexander and Richard 
Cowell, for their review of drafts and the anonymous reviewers for their helpful comments. Development of 
the 7see framework and model was supported by Arup’s internal Design and Technical Fund. 
 
Appendix A. Date sources for Figures 1-2 and 4-5 
Figures 1 and 2 
AUS 
Australian Bureau of Statistics (2019). Labour Force, Australia (No. Cat. no. 6291.0.55.001). Canberra, Australia. 
 
DEU 
DE Statis (2019). National accounts - Persons in employment: Federal Statistical Office of Germany, Wiesbaden, 
Germany. 
 
GBR 
ONS (2019). Workforce jobs by industry (No. JOBS02). Office for National Statistics, Newport, UK. 
 
ITA 
Istat (2019a). Employed persons by sector of economic activity, professional status and sex. Italian National Institute of 
Statistics, Rome, Italy. 
 
Istat (2019b). Employment breakdown by industry (NACE Rev.2). Italian National Institute of Statistics, Rome, Italy. 
 
Istat (2019c). Employment in persons by sector of economic activity and working status. Italian National Institute of 
Statistics, Rome, Italy. 
 
Istat (2019d). Occupazione per branca di attività by Isabella Gaetani. Italian National Institute of Statistics, Rome, Italy. 
 



Final version appeared as: SH. Roberts, BD. Foran, CJ. Axon, & AV. Stamp (2021). Is the service industry really low-
carbon? Energy, jobs and realistic country GHG emissions reductions. Applied Energy, 292, Article no: 116878, DOI: 
10.1016/j.apenergy.2021.116878. 

26 

USA 
Bureau of Labor Statistics (2019). Labor Force Statistics from the Current Population Survey. United States Department 
of Labor, Washington, D.C. USA. 
 
Figure 4 
IEA (2019). World Energy Balances. Paris, France: International Energy Agency. 
 
AUS 
Australian Bureau of Statistics (2019). Australian National Accounts: Input-Output Tables. Canberra, Australia 
[accessed 10 Dec 2019]. Cat. no. 5209.0.55.001. Available from: 
https://www.abs.gov.au/aUSSTATS/abs@.nsf/allprimarymainfeatures/1156A92A97059915CA2574730012425F?opend
ocument 
 
Australian Bureau of Statistics (2019). Australian System of National Accounts. Canberra, Australia [accessed 10 Dec 
2019]. Cat. no. 5204.0. Available from: https://www.abs.gov.au/ausStats/abs%40.nsf/mf/5204.0 
 
Australian Bureau of Statistics (2019). The Energy Account, Australia. Canberra, Australia [accessed 10 Dec 2019]. 
Cat. no. 4604.02008-09. Available from: 
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4604.0Main+Features12016-17?OpenDocument 
Australian Government (2019). National Inventory Report 2017. Canberra, Australia: Department of the Environment 
and Energy. Report No.: CC143A.0516. 
 
DEU 
DE Statis (2013). Volkswirtschaftliche Gesamtrechnungen: Input-Output-Rechnung. Wiesbaden, Germany; Report No.: 
2180200097004. 
 
DE Statis (2019). GENESIS Online Databank [accessed 10 Dec 2019]. Available from: https://www-
genesis.destatis.de/genesis/online/data;sid=7774E807A262C43C6F3A4707D90D1264.GO_1_4?operation=abruftabelle
Abrufen&selectionname=81000-0023&levelindex=1&levelid=1561111052638&index=23 
 
DE Statis (2019). National accounts - Gross fixed capital formation (nominal/price-adjusted) [accessed 10 Dec 2019]. 
Report No.: 81000–0115. Available from: https://www-
genesis.destatis.de/genesis//online/data?operation=table&code=81000-0115&levelindex=1&levelid=1575992269333 
 
DE Statis (2019). VGR des Bundes - Konsumausgaben der privaten Haushalte (nominal / preisbereinigt) [accessed 10 
Dec 2019]. Report No.: 81000–0120. Available from: https://www-
genesis.destatis.de/genesis/online?sequenz=tabelleErgebnis&selectionname=81000-0120&regionalschluessel=00 
 
European Commission (2019). Passenger cars, by type of motor energy and size of engine (2019). Luxembourg: 
Eurostat [accessed 10 Dec 2019]. Available from: 
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=road_eqs_carmot&lang=en 
 
Federal Government of Germany (2019). National Inventory Report for the German Greenhouse Gas Inventory 1990 – 
2017. Dessau-Roßlau, Germany: Federal Environment Agency. 
 
OECD (2019). Use at purchasers’ prices. Organisation for Economic Co-operation and Development. [accessed 10 Dec 
2019]. Available from: 
https://stats.oecd.org/Index.aspx?DataSetCode=SNA_TABLE40#_ga=2.148635134.855951319.1559723917-
2065506500.1559723917 
 
GBR 
Ricardo-AEA (2019). UK Greenhouse Gas Inventory 1990 to 2017. Department for Business, Energy & Industrial 
Strategy. Report No.: R/3468, London, UK. 
 
Department for Transport (2019). Energy and environment: data tables [accessed 10 Dec 20190]. Available from: 
https://www.gov.uk/government/statistical-data-sets/energy-and-environment-data-tables-env 
 



Final version appeared as: SH. Roberts, BD. Foran, CJ. Axon, & AV. Stamp (2021). Is the service industry really low-
carbon? Energy, jobs and realistic country GHG emissions reductions. Applied Energy, 292, Article no: 116878, DOI: 
10.1016/j.apenergy.2021.116878. 

27 

ONS (2019). UK National Accounts, The Blue Book: 2017. Newport, UK: Office for National Statistics [accessed 10 
Dec 2019]. Available from: http://www.ons.gov.uk/economy/grossdomesticproductgdp/datasets/bluebook 
 
ONS (2019). Input–output supply and use tables. Newport, UK: Office for National Statistics [accessed 10 Dec 2019]. 
Available from: https://www.ons.gov.uk/releases/inputoutputsupplyandusetables2019edition 
 
ONS (2019). Capital stocks and fixed capital consumption. Newport, UK: Office for National Statistics [accessed 10 
Dec 2019]. Available from: http://www.ons.gov.uk/ons/rel/cap-stock/capital-stock--capital-consumption/index.html 
 
ITA 
Istat (2019). Gross fixed capital formation by asset and industry. Rome, Italy: Italian National Institute of Statistics; 
[accessed 10 Dec 2019]. Available from: http://dati.istat.it/Index.aspx?QueryId=11988&lang=en# 
 
Istat (2019). Output and value added by industry. Rome, Italy: Italian National Institute of Statistics [accessed 10 Dec 
2019]. Available from: http://dati.istat.it/Index.aspx?QueryId=11988&lang=en# 
 
OECD (2019). Use at purchasers’ prices. Organisation for Economic Co-operation and Development [accessed 10 Dec 
2019]. Available from: 
https://stats.oecd.org/Index.aspx?DataSetCode=SNA_TABLE40#_ga=2.148635134.855951319.1559723917-
2065506500.1559723917 
 
European Commission (2019). Passenger cars, by type of motor energy and size of engine. Luxembourg: Eurostat 
[accessed 10 Dec 2019]. Available from: 
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=road_eqs_carmot&lang=en 
 
ISPRA (2019). Italian Greenhouse Gas Inventory: 1990-2017. Rome, Italy: Istituto Superiore per la Protezione e la 
Ricerca Ambientale. 
 
USA 
OECD (2019). Capital formation by activity ISIC. Paris, France: Organisation for Economic Co-operation and 
Development; 2019 [accessed 10 Dec 2019]. Report No.: Revision 4. Available from: 
https://stats.oecd.org/index.aspx?queryid=80# 
 
OECD (2019). Quarterly National Accounts : GFCF by asset. Paris, France: Organisation for Economic Co-operation 
and Development [accessed 10 Dec 2019]. Available from: https://stats.oecd.org/index.aspx?queryid=80# 
OECD. Investment by asset, Dwellings, % of GFCF, 1990–2017. Paris, France: Organisation for Economic Co-
operation and Development; 2019 [accessed 10 Dec 2019]. Available from: 
https://stats.oecd.org/index.aspx?queryid=80# 
 
Federal Reserve Bank of St. Louis (2019). Gross Domestic Product: Implicit Price Deflator (2019). St. Louis, USA 
[accessed 10 Dec 2019]. Report No.: GDPDEF. Available from: https://fred.stlouisfed.org/series/GDPDEF 
 
Federal Reserve Bank of St. Louis (2019). Imputed rental of owner-occupied housing. St. Louis, USA [accessed 10 Dec 
2019]. Report No.: A2013C1A027NBEA. Available from: https://fred.stlouisfed.org/series/a2013C1A027NBEA 
 
Bureau of Economic Affairs (2019). Housing Sector Output, Gross Value Added, and Net Value Added. Washington, 
D.C. USA [accessed 10 Dec 2019]. Report No.: Table 7.4.5. Available from: 
https://apps.bea.gov/iTable/iTable.cfm?reqid=19&step=2#reqid=19&step=2&isuri=1&1921=survey 
 
Bureau of Economic Affairs (2019). Producer Value. Washington, D.C. USA [accessed 10 Dec 2019]. Available from: 
https://www.bea.gov/industry/input-output-accounts-data 
 
Bureau of Economic Affairs (2019). Input-Output Accounts Data Input-Output. Washington, D.C. USA [accessed 10 
Dec 2019]. Available from: 
https://apps.bea.gov/iTable/iTable.cfm?reqid=52&step=102&isuri=1&table_list=3&aggregation=sum 
 



Final version appeared as: SH. Roberts, BD. Foran, CJ. Axon, & AV. Stamp (2021). Is the service industry really low-
carbon? Energy, jobs and realistic country GHG emissions reductions. Applied Energy, 292, Article no: 116878, DOI: 
10.1016/j.apenergy.2021.116878. 

28 

Bureau of Transportation Statistics (2017). Number of U.S. Aircraft, Vehicles, Vessels, and Other Conveyances. 
Washington, D.C. USA: US Department of Transportation [accessed 10 Dec 2019]. Available from: 
https://www.bts.gov/content/number-us-aircraft-vehicles-vessels-and-other-conveyances 
 
Office of Highway Policy Information (2017). State motor-vehicle registrations. Washington, D.C. USA, US 
Department of Transportation [accessed 10 Dec 2019]. Report No.: MV–1. Available from: 
https://www.fhwa.dot.gov/policyinformation/statistics/2017/ 
 
IEA (2019). World Energy Balances. Paris, France: International Energy Agency. 
 
EPA (2019). U.S. Inventory of Greenhouse Gas Emissions and Sinks 1990-2017. Washington, D.C. USA: US 
Environmental Protection Agency. Report No.: EPA 430-R-19-001. 
 
Figure 5 
IEA (2019). World Energy Balances. Paris, France: International Energy Agency. 
 
AUS 
Australian Bureau of Statistics (2019). Australian National Accounts: Input-Output Tables. Canberra,  
 
Australia [accessed 10 Dec 2019]. Cat. no. 5209.0.55.001. Available from: 
https://www.abs.gov.au/aUSSTATS/abs@.nsf/allprimarymainfeatures/1156A92A97059915CA2574730012425F?opend
ocument 
 
DEU 
DE Statis (2019). VGR des Bundes - Konsumausgaben der privaten Haushalte (nominal / preisbereinigt) [accessed 10 
Dec 2019]. Report No.: 81000–0120. Available from: https://www-
genesis.destatis.de/genesis/online?sequenz=tabelleErgebnis&selectionname=81000-0120&regionalschluessel=00 
 
OECD (2019). Use at purchasers’ prices. Organisation for Economic Co-operation and Development. [accessed 10 Dec 
2019]. Available from: 
https://stats.oecd.org/Index.aspx?DataSetCode=SNA_TABLE40#_ga=2.148635134.855951319.1559723917-
2065506500.1559723917 
 
GBR 
ONS (2019). UK National Accounts, The Blue Book: 2017. Newport, UK: Office for National Statistics [accessed 10 
Dec 2019]. Available from: http://www.ons.gov.uk/economy/grossdomesticproductgdp/datasets/bluebook 
 
ITA 
Istat (2019). Output and value added by industry. Rome, Italy: Italian National Institute of Statistics [accessed 10 Dec 
2019]. Available from: http://dati.istat.it/Index.aspx?QueryId=11988&lang=en# 
 
OECD (2019). Use at purchasers’ prices. Organisation for Economic Co-operation and Development [accessed 10 Dec 
2019]. Available from: 
https://stats.oecd.org/Index.aspx?DataSetCode=SNA_TABLE40#_ga=2.148635134.855951319.1559723917-
2065506500.1559723917 
 
USA 
Bureau of Economic Affairs (2019). Housing Sector Output, Gross Value Added, and Net Value Added. Washington, 
D.C. USA [accessed 10 Dec 2019]. Report No.: Table 7.4.5. Available from: 
https://apps.bea.gov/iTable/iTable.cfm?reqid=19&step=2#reqid=19&step=2&isuri=1&1921=survey 
 
Bureau of Economic Affairs (2019). Producer Value. Washington, D.C. USA [accessed 10 Dec 2019]. Available from: 
https://www.bea.gov/industry/input-output-accounts-data 
 
Bureau of Economic Affairs (2019). Input-Output Accounts Data Input-Output. Washington, D.C. USA [accessed 10 
Dec 2019]. Available from: 
https://apps.bea.gov/iTable/iTable.cfm?reqid=52&step=102&isuri=1&table_list=3&aggregation=sum 
 



Final version appeared as: SH. Roberts, BD. Foran, CJ. Axon, & AV. Stamp (2021). Is the service industry really low-
carbon? Energy, jobs and realistic country GHG emissions reductions. Applied Energy, 292, Article no: 116878, DOI: 
10.1016/j.apenergy.2021.116878. 

29 

Federal Reserve Bank of St. Louis (2019). Imputed rental of owner-occupied housing. St. Louis, USA [accessed 10 Dec 
2019]. Report No.: A2013C1A027NBEA. Available from: https://fred.stlouisfed.org/series/a2013C1A027NBEA 
 
Federal Reserve Bank of St. Louis (2019). Gross Domestic Product: Implicit Price Deflator (2019). St. Louis, USA 
[accessed 10 Dec 2019]. Report No.: GDPDEF. Available from: https://fred.stlouisfed.org/series/GDPDEF 
 
Appendix B. Detailed categorisation of the service industry and goods products 
For categorisation of industry, we refer to the standard industrial classification of economic activities [84] used 
for GB national accounts [50], which is consistent with the EU standard [85]. Following convention, we define 
the service industry as G-S according to first level alphabetical code and as 45-96 according to second level 
two-digit numerical code (Table B.1). 

For categorising products of goods from manufacturing for intermediate consumption by the service 
industry, we refer to the classification of products by activities [86]. Thus we define the goods from 
manufacturing as products 10.1-33OTHER, which we list in Table B.2 along with authors’ aggregation into 11 
groups. Since for emissions in Fig. 4 we handle transport and energy use separately, we exclude certain 
products from our analysis of intermediate consumption by the service industry (Table B.3). 
 
Table B.1 Definition of service industries according to SIC2007 and authors’ industry labelling. 
 

Authors’ 
industry 
labelling 

SIC2007 
first level 

SIC2007 
second 
level 

SIC2007 industry description 

Retail & 
wholesale 

G 45 Wholesale And Retail Trade And Repair Of Motor Vehicles And 
Motorcycles   

46 Wholesale Trade, Except Of Motor Vehicles And Motorcycles   
47 Retail Trade, Except Of Motor Vehicles And Motorcycles   

Transport & 
storage 

H 49.1-2 Rail transport 
49.3-5 Land transport services and transport services via pipelines, 

excluding rail transport 
50 Water Transport   
51 Air Transport   
52 Warehousing And Support Activities For Transportation   
53 Postal And Courier Activities   

Hospitality I 55 Accommodation   
56 Food And Beverage Service Activities   

Media & IT J 58 Publishing Activities   
59 & 60 Motion Picture, Video & TV Programme Production, Sound 

Recording & Music Publishing Activities & Programming And 
Broadcasting Activities 

61 Telecommunications   
62 Computer Programming, Consultancy And Related Activities   
63 Information Service Activities   

Financial K 64 Financial Service Activities, Except Insurance And Pension 
Funding   

65.1-2 & 
65.3 

Insurance and reinsurance, except compulsory social security & 
Pension funding 

66 Activities Auxiliary To Financial Services And Insurance Activities   
Real estate L 68.1-2 Buying and selling, renting and operating of own or leased real estate, 

excluding imputed rent 
68.2IMP Owner-Occupiers' Housing 
68.3 Real estate activities on a fee or contract basis   
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Professional M 69.1 Legal activities   
69.2 Accounting, bookkeeping and auditing activities; tax consultancy   
70 Activities Of Head Offices; Management Consultancy Activities   
71 Architectural And Engineering Activities; Technical Testing And 

Analysis   
72 Scientific Research And Development   
73 Advertising And Market Research   
74 Other Professional, Scientific And Technical Activities   
75 Veterinary Activities   

Admin N 77 Rental And Leasing Activities   
78 Employment Activities   
79 Travel Agency, Tour Operator And Other Reservation Service And 

Related Activities   
80 Security And Investigation Activities   
81 Services To Buildings And Landscape Activities   
82 Office Administrative, Office Support And Other Business Support 

Activities   
Public O 84 Public Administration And Defence; Compulsory Social Security   
Education P 85 Education   
Health † Q 86 Human Health Activities 

87 & 88 Residential Care  & Social Work Activities 
Entertainment R 90 Creative, Arts And Entertainment Activities   

91 Libraries, Archives, Museums And Other Cultural Activities   
92 Gambling And Betting Activities   
93 Sports Activities And Amusement And Recreation Activities   

Other S 94 Activities Of Membership Organisations   
95 Repair Of Computers And Personal And Household Goods   
96 Other Personal Service Activities   

†Supplemented by final expenditure by Government. 
 
Table B.2 For goods as input to the service industry, their definition according to CPA2008 and authors’ aggregation. 
Since we cover fuel use and transportation separately from goods input here, we detail in Table B.3 those that we exclude 
from goods input. For quantification of goods input, we exclude duty on alcohol and tobacco so that their economic 
volume measure is in line with that of other food products. 
 

Authors’ product 
grouping  

CPA2008 code CPA2008 product description 

Food & drink 10.1 Preserved meat and meat products            
10.2-3 Processed and preserved fish, crustaceans, molluscs, fruit and vegetables        
10.4 Vegetable and animal oils and fats           
10.5 Dairy products               
10.6 Grain mill products, starches and starch products          
10.7 Bakery and farinaceous products             
10.8 Other food products              
10.9 Prepared animal feeds              
11.01-6 & 12 † Alcoholic beverages & Tobacco products         
11.07 Soft drinks               
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Clothing 13 Textiles                
14 Wearing apparel               
15 Leather and related products             

Materials 1 16 Wood and of products of wood and cork, except furniture; articles of straw 
and plaiting materials 

Print 17 Paper and paper products             
18 Printing and recording services             

Materials 2 20.3 Paints, varnishes and similar coatings, printing ink and mastics        
20.4 Soap and detergents, cleaning and polishing preparations, perfumes and 

toilet preparations      
20.5 Other chemical products              
20A Industrial gases, inorganics and fertilisers (all inorganic chemicals) - 

20.11/13/15       
20B Petrochemicals - 20.14/16/17/60              
20C Dyestuffs, agro-chemicals - 20.12/20             

Pharmaceutical 21 Basic pharmaceutical products and pharmaceutical preparations           
Materials 3 22 ‡ Rubber and plastic products [except where to 45] 

23.5-6 Manufacture of cement, lime, plaster and articles of concrete, cement and 
plaster  

23OTHER Glass, refractory, clay, other porcelain and ceramic, stone and abrasive 
products - 23.1-4/7-9 

24.1-3 Basic iron and steel             
24.4-5 Other basic metals and casting            

Machinery 1 25.4 Weapons and ammunition              
25OTHER Fabricated metal products, excl. machinery and equipment and weapons & 

ammunition - 25.1-3/25.5-9    
Electronic 26 Computer, electronic and optical products            

27 Electrical equipment               
Machinery 2 28 Machinery and equipment n.e.c.             
Furniture 31 Furniture                
Other 32 Other manufactured goods              
Repair 33.15 Repair and maintenance of ships and boats          

33.16 Repair and maintenance of aircraft and spacecraft          
33OTHER Rest of repair; Installation - 33.11-14/17/19/20           

† Excluding duty on alcohol and tobacco. 
‡ Excluding tyres (by excluding supply to industry 45 of Motor Vehicles) 
 
Table B.3 Products of fuel use and transportation we exclude from goods as input to the service industry. 
 

CPA2008 code CPA2008 product description 
19 Coke and refined petroleum products 
22 (where to industry 45) † Rubber and plastic products 
29 Motor vehicles, trailers and semi-trailers 
30.1 Ships and boats 
30.3 Air and spacecraft and related machinery 
30OTHER Other transport equipment - 30.2/4/9 

† Predominantly tyres. 
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Appendix C. Types of flows in a 7see model 
We show in Fig. C.1(a) flows of several products according to: their source where arrows leave boxes and their 
use where arrows terminate at boxes. The boxes represent the infrastructure of industry for domestic service 
industry and manufacturing, and manufacturers of goods imported to the domestic economy. The sources of 
CO2 emissions associated specifically with activity of (production by) the service industry are based on fuel 
and electricity emissions used at three points of production. These are emissions: by the service industry itself, 
intermediate consumption by the service industry of goods from domestic manufacturing and intermediate 
consumption of goods from imports of manufacturing in the rest of the world. 

Fig. C.1(a), also shows the draw of (gross fixed) capital formation (GFCF) each industry needs to 
maintain and grow the fixed capital of its infrastructure. Capital formation is made up of a combination of 
products from the service industry, manufacturing and construction. We ensure that emissions associated with 
capital formation are weighted appropriately and not double-counted. We exclude fuel and electricity use by 
construction since it is negligible in this analysis. 

To assign emissions from the uses of fuel and electricity to the service industry, we use economic 
volume flows, measured in deflator-corrected monetary units. For goods used by the service industry, we 
weight emissions by comparing the economic volume flow of its intermediate consumption to total availability 
of goods as the sum of domestic production by manufacturing and imports. 

In Fig. C.1(b) we swap to a demand perspective, or requirement, by reversing the arrow directions. 
The starting point is on the right of ‘Demand for services’. By dashed lines and bowtie symbols we include 
dependencies which the 7see model uses to set the levels of demand. The relationship between demand for 
services and actual output is described fully in [40]. 
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Figure C.1. Schematics of flows in a 7see model as they relate to the service industry, manufacturing and imported goods. 
(a) Supply flows of energy forms (fuel and electricity), goods, services and capital formation (new buildings and 
machinery). (b) Demand (thin arrows) for energy forms, goods, services and capital formation. Dashed lines show how 
demand is interrelated leading to emission of CO2. Circled letters reference the types of emissions in Fig. 7(b): DC, 
domestic capital formation; DG, domestic goods; DM, domestic capital formation of manufacturing; E, electricity; F, 
fuel; IC, imported capital formation; IG, imported goods; IM, imported capital formation of manufacturing. 
Abbreviations: DP(t), domestic proportion; EI(t), emission intensity; ER(t) electricity requirement intensity; FP(t), fuel 
proportion; GR(t), goods requirement intensity; HR(t), heating requirement intensity; IP(t), imports proportion; p, output. 


