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Abstract
This study aims at developing a purposeful approach for estimating greenhouse gas 
(GHG) emissions and its possible use to recreate alternative scenarios that might poten-
tially facilitate the attainment of the material productivity (MP) ratio needed for achiev-
ing territorial sustainable development (SDGs) and circular economy goals on climate. 
The propounded method associates these two key concepts (GHG-MP) with the domestic 
material consumption (DMC) and international trade of materials, including product life 
cycle emissions in the overarching GHG total estimation. Developed utilizing the United 
Nations Framework Convention on Climate Change (UNFCCC) and diverse data, linked 
to the suggested scheme, from the Basque Country (Spain), this work also relies its scien-
tific foundation upon leading literature in this field to align territorial models of production 
and consumption with a more localized measurement of GHG emissions. According to 
its results, the emissions estimated allow advising more contextualized scenarios for the 
potential achievement of local MP target indicator, when expressed as the amount of eco-
nomic output―based on gross domestic product (GDP)—generated per unit of materials 
consumed and traded―in terms of DMC. From a theoretical perspective, this work con-
tributes to the local strategic management of circular economy research and 2030 Agenda, 
particularly on the subject of measuring progress in the achievement of territorial climate 
and circular economy goals. From a utilitarian perspective, the findings comprise prom-
ising implications for both multilevel policy makers and public/private organizations that 
further sustainable development and actions against climate change.
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1 Introduction

Among all the environmental challenges that impel governments at all levels to achieve 
ambitious but urgent goals within the next ten to thirty years, the fight against climate 
change undoubtedly ranks first in drawing critical attention and resources.

This global crusade, for curbing the most tremendous threat ever faced by mod-
ern civilization, embraces countless frontlines. Materialized as progressive politi-
cal endeavors, in the case of the European Union (EU), these collective courses of 
actions currently range from reducing net greenhouse gas (GHG) emissions by 55% in 
2030 (European Commission, 2020a) to redesigning products and processes to scale 
up industrial circularity toward a more competitive and climate-neutral economy by 
2050 (European Commission, 2020b). On these subjects, the accountability and report 
of GHG emissions play a common key role to evaluate the levels of progression and 
achievement of territorial sustainable development goals on climate and circular 
economy.

In this vein, the present work posits a purposeful approach for measuring green-
house gas (GHG) emissions and generating alternative scenarios that might potentially 
facilitate the attainment of local material productivity (MP) target ratios—in terms of 
GHG emissions—needed for achieving territorial sustainable development (SDGs) 
and circular economy goals on climate. The scheme here proposed links this binomial 
conception (GHG-MP) to the domestic material consumption (DMC) and interna-
tional trade of materials, including product life cycle emissions in the comprehensive 
GHG combined estimation, seeking to simplify the process of allocating emissions at 
regional level.

In this sense, although the search for emission factors might turn into a complex 
task, this approach will incorporate simplicity providing clarity to facilitate awareness 
of what products are among the most critical ones in terms of local generation of GHG 
emissions, as well as their means of transportation, and countries of origin, among oth-
ers. Moreover, it will underscore the essential importance of recycling materials, given 
their lower carbon footprint, and balancing emissions of imports, exports, and local 
production, while acknowledging the responsibility between consumers and producers.

Based on the United Nations Framework Convention on Climate Change (UNF-
CCC) and various territorial data from the Basque Country (Spain), this paper assem-
bles its scientific basis with prevalent academic works in this realm of knowledge to 
harmonize region-specific models of production and consumption with more localized 
measurements of GHG emissions.

Finally, it is worth to say that this research is the corollary of a study conducted by 
Orkestra-Basque Institute of Competitiveness (University of Deusto) for the Basque 
Public Society for Environmental Management of the Basque Government (Ihobe), 
which considered the need of developing a more precise tool for calculating territorial 
GHG emissions from the perspective of local consumption.

The rest of this paper is organized as follows: The succeeding section reviews pre-
vious findings linked to the variables that comprise the propounded approach. The 
hypotheses of the research are exposed subsequently, being followed by the method 
description and exposition. This work concludes with the account of the study results, 
the elucidation of the discussion section, and the exposition of main conclusions, 
implications, limitations, and further research in the field.
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1.1  The estimation of greenhouse gas (GHG) emissions and material productivity 
(MP) in a territory

Since 1997, the United Nations Framework Convention on Climate Change (UNFCCC), 
in line with the Kyoto Protocol, requests from its Parties to submit annually their national 
greenhouse gas inventories (NGGI) to its secretariat for the purpose of keeping track of 
national performances and advancements in GHG emissions reduction commitments 
(UNFCCC, 2020).

In a complementary manner, the Intergovernmental Panel on Climate Change (IPCC)—
the most authoritative scientific voice on this subject—with its Task Force on National 
Greenhouse Gas Inventories (TFI), developed in 2006 the “IPCC Guidelines for National 
Greenhouse Gas Inventories.” This elaborated methodology for estimating and report-
ing more accurately GHG emissions is currently utilized, in its refined version, by the 
UNFCCC´s parties to prepare their national GHG inventories yearly (IPCC, 2019).

In its varied sections, this inventory has to impute both GHG emissions and removals 
generated within its country´s mainland and overseas territories under national jurisdic-
tion. This territorial perspective seems to add complexity to the count, but it is not so much 
the case. For instance, as a basic exemplification, emissions from road vehicles have to be 
included in the national accounts of the country where the fuel producing those gases was 
loaded. Likewise, those emissions from the combustion or decay of timber products ought 
to be tallied in the inventory of the country where that wood has been harvested; however, 
according to the IPCC Guidelines for National Greenhouse Gas Inventories, those associ-
ated with international transport needn’t be included in any NGGI.

In general terms, GHG emissions related to fuel combustion has to be allocated to the 
country’s account where the emissions have been released. In this sense, Peters and Hert-
wich (2006) refer to them as territorial-based inventories (TBI). Despite this fact, nations 
generally build these UNFCCC inventories allocating emissions to technology-based sec-
tors, such as energy or transport (Peters & Solli, 2010), being the basis for the measuring of 
their carbon footprints—GHG emissions produced due to the process of sectors’ activity.

Since the adoption of the Kyoto Protocol on December 11, 1997, a fair amount of aca-
demic literature in this field has drawn attention to the difficulties, limitations and down-
sides of this method, mainly because manufacturers turn out to be the solely responsible 
for GHG emissions and because only emissions produced within a region or country are 
finally considered (Bastianoni & Pulselli, 2004; Lenzen et al., 2007; Peters, 2008).

According to Peters (2008), its major limitations lie in the consideration that interna-
tional transportation is not allocated to inventories. That certainly hastens carbon leakages, 
namely transferences of production to other countries with more lax emission constraints. 
As responsible consumers concerned about recycling and the environment, society as a 
whole does not seem to be very aware of this when it comes to local consumption. In this 
sense, Bastianoni and Pulselli (2004) recognize that the shared responsibility between con-
sumers and producers is not considered in the calculation of UNFCCC inventories and that 
is something that deserves utmost attention (Lenzen et al., 2007).

In addition to the territorial scope, Peters and Hertwich (2008) claim for a second 
method to tally GHG emissions, which is known as the production-based approach. This 
model considers emissions from resident institutional units (e.g., households or legal and 
social entities) through the lens of the national economic accounts. Hence, implicitly, 
under this scheme pervades both the aforementioned territorial-boundary approach and a 
rationale based on gross domestic product (GDP).
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These so-called production-based inventories (PBI) account for some of the critiques 
raised against the UNFCCC territorial-based inventories since this approach assigns, 
for instance, international aviation and shipping emissions to the country of the relevant 
vessel´s operator or, in the case of tourism emissions, to the country of residence of the 
tourists (Barrett et al., 2013).

Furthermore, the PBI comprises the emissions associated with domestic withdraw-
als (DW)―domestic extraction (DE) as the amount of raw material (excluding water 
and air), in physical weight, extracted from nature for its use in the economic activ-
ity (Eurostat, 2017), which cover activities such as manufacturing processes and energy 
consumption, including in some cases imports of electricity, thus accounting for carbon 
leakage (Barrett et al., 2013). The latter happens to be particularly reasonable since, in 
a regional model, there is a comprehensible need of including emissions of the national 
electricity system; otherwise, there would be an underestimation of emissions.

On the other hand, the PBI approach seems to evince one salient drawback: It enables 
countries to promote introductions of price signals, such as carbon taxes on production, 
as a means to reduce inventories. This measure turns out to be positive for local emis-
sions but could mean higher global ones due to carbon leakage (Peters, 2008).

A third alternative approach is consumption-based inventories (CBI), which con-
sider the emissions associated with consumption of goods and services in each coun-
try (Ahmad & Wyckoff, 2003). The CBI differs from the TBI and PBI inventories in 
the way it minds the emissions from imports and exports (Peters, 2008; Peters & Hert-
wich, 2006, 2008), which may be considered fairer (Larrea Basterra & Álvaro Hermana, 
2019).

The rationale behind this consideration grounds on the fact that the CBI includes in 
its count the emissions resulting from the production of those goods consumed by the 
resident units, plus the consumption of abroad units within the territorial and sovereign 
boundaries of its nation. Thus, GHG emissions, as a result of consumption, are included 
in CBI regardless of the origin of the production process chain in which the goods 
finally consumed were manufactured. On this subject, Peters and Hertwich (2006) state 
that consumers should be more aware of the emissions associated with their own con-
sumption, which could lead to taking actions that motivate companies and more con-
sumers to reduce emissions and the environmental impact of the goods consumed.

The view through this promising lens has moved several government statistical agen-
cies to utilize the CBI approach for the calculation of their national GHG inventories. 
That is the case of Australia and the UK (Edens et al., 2011; Peters, 2008). Likewise, 
and more recently, Austria (Barrett et  al., 2013) and New Zealand (Steininger et  al., 
2018) have also carried out studies estimating CBI for their accounts.

Similarly, the US state government of Oregon, and the cities and counties of San 
Francisco and Portland have formulated CBI models, while in Europe, the Belgian 
region of Flanders and the country of Scotland have joined to the employment of this 
GHG inventory approach (Chandrakumar et al., 2019; USDN, 2020; Vito, 2017). Even 
at the local level, numerous cities have currently carried out their CBI (Broekhoff et al., 
2019; Zero waste Scotland, 2015).

Emission inventories, thus, turn out to be very effective tools to evaluate the evolu-
tion of GHG emission reduction targets for a country or territory. Nowadays, climate 
strategies aim at promoting economic growth while reducing GHG emissions and the 
overuse of natural resources, actions that can be inherently interconnected with each 
other thanks to one concept known as material productivity.
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In this sense, material productivity is expressed, according to its definition, as the 
amount of economic output—in terms of gross domestic product (GDP)—generated per 
unit of materials consumed―pertaining to domestic material consumption (DMC).

Through consumption-based inventories, which are estimated on the basis of domestic 
material consumption (DMC), and the complementary utilization of material productivity, 
these three single concepts gain further significance given its potential combined use to 
help measure and monitor key territorial targets pertaining to core sustainable development 
goals associated with responsible industrial circularity and competitive climate-neutral 
economy. The methodology that supports this paper will be developed within the next sec-
tions addressing this assumption.

1.2  Domestic material consumption (DMC), international trade of materials, 
and product life cycle as accounting items in the consumption‑based 
inventories (CBI) of GHG total emissions estimation for a territory

The allocation scope of consumption-based inventories (CBI) seems to answer questions 
such as how to assign GHG international transportation and national bunker fuel emissions 
to a particular nation, or how to address territorial competitiveness concerns and encourage 
its technology diffusion associated with the control of GHG emissions, or how to contrib-
ute to reduce the relevance of GHG emission commitments for developing countries (Lar-
rea Basterra & Álvaro Hermana, 2019).

Despite its potential, the CBI approach also exhibits signs of seeming limitations. First, 
consumption-based inventories require more complex calculations and hence assumptions 
of combined effects on total aggregated tally, adding further variability to the model. Sec-
ondly, the shift from production to consumption model does not remedy how to deal with 
the lack of shared awareness, from both consumers and manufacturers, regarding recipro-
cal sustainable responsibility. Finally, for its precise estimation, it is necessary to delimit a 
specific geopolitical space, be it national or regional (Peters & Hertwich, 2008).

All these considerations give meaning to a specific inventory concept, for calculating 
greenhouse gas emissions inventories, that is, complemented by utilizing three equally 
essential notions: the domestic material consumption, the international trade of material, 
and the product life cycle scope.

Already mentioned in previous lines, the domestic material consumption (DMC) is an 
index employed to estimate the total amount of material directly consumed by a concrete 
economy. According to the European Statistical Office—Eurostat—the DMC is defined as 
an indicator of the total amount of material directly used in a specific economy, being cal-
culated by subtracting all physical exports pertaining to a territory to the total material 
input of its economy. Hence, rooted in the economy-wide material flow accounts (EW-
MFA), the DMC in tons per capita facilitates comparative analysis of material consump-
tion among nations normalized with the population (Eurostat, 2020a).

An extra factor to count on for the CBI tally is one that is recurrently mentioned 
today in mainstream circular economy research: the product’s life cycle focus from 
the life cycle thinking (LCT) perspective of circular economy. As stated by Mont and 
Bleischwitz (2007), the LCT considers all environmental aspects of a product process 
from cradle to grave and evaluates all the possibilities for that product to ameliorate 
environmental impact throughout its life cycle stages, which are—according to circular 
economy canon—extraction of raw materials, design and production, packaging and 
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distribution, use and maintenance, and end of use and disposal (UNEP/SETAC, 2007). 
In this sense, the CBI comprises all the GHG emissions of a product taking place in all 
these phases.

Finally, the international trade of materials is integrated to the GHG total emissions 
estimation for a territory given its strong impact on the environment of those countries 
with asymmetric trade balances where imports, both of basic inputs and of medium or 
advanced stages in the manufacturing processes―as well as products for final con-
sumption—represent a considerable amount of the greenhouse gas emissions citizens 
and companies end up causing as final users and consumers (Steen-Olsen et al., 2012).

In literature, the construction of a consumption-based inventory (CBI) is computed 
by converting a territorial-based inventory (TBI)—generally following the UNFCCC´s 
guideline—into a production-based inventory (PBI) consistent with the System of 
National Accounts. Next, the PBI is reallocated to CBI by employing input–output 
analysis (IOA) or multiregional input–output analysis (MRIOA) (Ahmad & Wyckoff, 
2003; Chen, et al., 2018; Peters, 2008), which implies the assignment of emission fac-
tors to imported and exported products.

Additionally to MRIOA, there are two main approaches to determine the environ-
mental impacts of imported goods and services. The first one considers total embod-
ied emissions in bilateral trade (EEBT) between regions and the second one considers 
both trades to intermediate and final consumption (Wiedmann, 2009). None of them is 
wrong or right; they just allocate emissions differently.

Peters (2008) also cites other methods to construct CBI. The first one considers that 
human demand expresses the ecological footprint (Kitzes et  al., 2007; Reyes, 2012). 
The second one, MRIO, employs multiregional input–output tables for trading to final 
consumption and determines endogenously trade to intermediate consumption (Turner 
et al., 2007) and the third one is a hybrid approach, which resolves the boundary selec-
tion problem in life cycle assessment (Wiedmann et al., 2007).

In 2009, a European project identified the Environmentally Extended Multi-Region 
Input–Output analysis (EE-MRIOA) as a favorable approach to provide a comprehen-
sive assessment of the global economy and analyze its effects on the environment (Suh 
et  al., 2004). This methodology is the basis of the C40 Cities Inventories initiative 
(C40, 2018). It analyzes household, government, and business capital expenditure 
from national and regional economic accounts and uses average GHG emission factors 
for each consumption category considering the location where the goods and services 
are produced (Barrett et al., 2013).

C40 (2018) calculated the life cycle GHG emissions to a municipal level, including 
a comprehensive assessment of purchases employing input–output analysis (IOA).

To broaden the data coverage, Larsen and Hertwich (2009) propose the long-term 
consumption-based accounting model (LCBA), and more recently, Chen et al. (2018) 
suggest an alternative indicator considering the role and dynamics of capital stock in 
the global production structure within the multiregional input–output framework. The 
approach of Chen et  al. (2018) encompasses the fuel life cycle emissions of goods 
and services and is based on households, government, and companies spendings. It 
encompasses the emissions from production, pre-purchase transportation, wholesale, 
and retail, use and cost-consumer disposal.

In this line, the CBI of the State of Oregon (USA) accounts for total GHG emissions 
from producing, using, and disposing of a product (USDN, 2020).
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1.3  Sustainable development goals and territorial circular economy actions 
against climate change

The germ of the modern conception of sustainability can be clearly recognized in the 
text of the Brundtland Report (WCED, 1987). Better known as Our Common Future, 
this statement portrays the cornerstone of this contemporary paradigm not only in the 
strict conceptual sense of the term economic, social, and environmental "sustainable 
development," but also in its foundations based on improving the well-being of every-
one in a global community. Its emphasis on justice and social equity on a worldwide 
scale reveals its cross-border scope for sustainability and how it can positively or nega-
tively compromise the prosperity of citizens from other countries, as a principle of fair 
distribution of global well-being (WCED, 1987).

Rooted in these postulates, on September 25, 2015, the member countries of the 
United Nations reached a general agreement on a new common agenda of economic, 
social, and environmental sustainability. Thus, was born the current 2030 Agenda for 
Global Sustainable Development and its 17 goals and 169 targets to be met by the end 
of the referred year (UN, 2015).

In its text, specifically in paragraphs 31 and 32, the SDGs claim for a global response 
to climate change—banking on the United Nations Framework Convention on Climate 
Change as the cardinal multinational forum for negotiating actions to tackle global 
warming and its disastrous environmental degradation—calling for the acceleration in 
the decline of GHG emissions and adaptation to the potential detrimental effects that 
these are certainly bringing to present and future generations. Indeed, it encourages 
holding the rise in global average temperature below 2 degrees Celsius, or 1.5 degrees 
Celsius above preindustrial levels (UN, 2015).

The SDGs give a very high priority to the fight for climate change, even focusing one 
of its 17 goals entirely on this global problem: Goal 13. Take urgent action to combat 
climate change and its impacts. However, in the integrity of its text, the 2030 Agenda 
deals with the fight to combat climate change in a transversal way. Thus, in the defini-
tion of the measures that should be taken to achieve the fulfillment of its 17 goals, the 
following targets that are directly binding with the reduction of GHG emissions stand 
out: 1.5; 8.4; 9.4; 11.6; 12.4; 12.c; 13.2; 13.3; 13.a; and 17.7 (UN, 2015). Nowadays, 
many of these measures are contemplated locally in the development strategies of mul-
tiple European territories, such is the case of the Basque Country and its plan called 
Basque Contribution to the 2030 Agenda for Sustainable Development (Basque Govern-
ment, 2018a).

On the other hand, the present reality of a globalized and hyper-connected world 
forces organizations to understand a series of transformation dynamics in terms of eco-
nomic, social, and environmental sustainability that urgently demand transformation; 
such is the case of the application of the circular, responsible, and sustainable economy 
in production processes.

Better known as circular economy, this approach supposes a paradigm shift in the 
way of employing natural resources and caring for the environment. In this circular 
model, the life cycle of products and materials are kept in process for the longest time 
possible, while waste is reduced to a minimum. Resources are repeatedly reintroduced 
into the production cycle, creating value, whereas goods reach the end of their useful 
life. Products are designed and manufactured considering their reusable, recyclable, and 
sustainable management and efficient use of natural resources and waste generation.
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A more circular approach (e.g., in biomass, metals, cement, plastic and glass among 
others) is essential to reduce GHG emissions (Pratt et al., 2016). It covers energy produc-
tion and use, emissions of greenhouse gases and pollutants to the air, food intake and food 
waste, accumulation of material stocks, the use of raw materials in industry and recycling 
among others (Eurostat, 2020b).

In line with the 2030 Agenda, European territories have combined several of its SDGs 
targets, associated with the reduction of GHG emissions, with significant circular economy 
actions against climate change. That is the case of the Basque Country, which as a territory 
has mapped out its own Circular Economy Strategy of Euskadi 2030 (Basque Government, 
2018b) and begun to implement it through its Environmental Management Agency called 
Ihobe.

This strategy has set in a prominent place the 2030 Agenda and its crosswise Goal 13, 
linking it to the abatement of territorial GHG emissions, which is clearly observable in the 
description of its local challenges: Ch.1 Promoting the creation of new, more circular busi-
ness models (SDG 9); Ch.2 Innovating in materials—advanced and renewable—processes 
and products (SDG 9); Ch.5 Encouraging a more circular consumption model (SDG 12); 
Ch.6 Lessening food waste (SDG 12); Ch. 8 Intensifying the reuse, recycling and recovery 
of waste (SDG 11); and Ch. 9 Escalating the use of secondary raw materials (SDG 15) 
(Basque Government, 2018b; Ihobe, 2020).

In this context, Ihobe requested, last year 2019, the institutional collaboration of the 
Basque Institute of Competitiveness (Orkestra) for the identification of a purposeful 
approach for measuring greenhouse gas emissions of material flow accounts for the accom-
plishment of territorial sustainable development goals on climate and circular economy for 
the Basque Country, this being the basis of the present work through its research, analysis 
and results obtained, which ends up being a primary tool for the preparation of current 
local GHG emission inventories.

2  Methodology

2.1  Hypothesis for modeling the approach to measuring territorial GHG emissions 
of material flow accounts

As indicated in Introduction, the object of the present investigation is to develop a pur-
poseful approach for estimating greenhouse gas (GHG) emissions through more accurate 
accounting of GHG inventories and its possible use to recreate alternative scenarios that 
might potentially facilitate the attainment of the material productivity (MP) ratio needed 
for achieving territorial sustainable development goals (SDGs) on climate and circular 
economy.

Under this premise, the hypotheses sought to be answered are the following:

(1) Given their own specifications, at a comparative level, it is probable that the consump-
tion-based inventories (CBIs) and the production-based inventories (PBIs) behave in a 
differentiated or similar way yielding accounting results. Therefore:

Hypothesis 1 The consumption-based inventories (CBIs) and the production-based inven-
tories (PBIs) tend to yield dissimilar accounts in industrial economies.
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(2) When using a GHG emissions inventory approach based on the consumption of a ter-
ritory, it is necessary to incorporate into this approach a product life cycle scope that 
considers including among its constituent parts the structure of its total imports and 
exports, even though it might produce a positive or negative variation. Thus:

Hypothesis 2 The consumption-based inventories (CBIs) may increment if life cycle 
emissions factors are considered. It will depend on the structure of the imports and exports 
of a territory.

(3) A more globalized economy leads to higher emissions. However, it will depend on the 
means of transportation and product-emission factors determined by country or terri-
tory. Hence:

Hypothesis 3 The more globalized a territorial economy is, the more it will lead to higher 
emissions.

(4) Once incorporated into the accounting of consumption-based inventories (CBIs), the 
product-emission factors and the means of transports for them significantly contribute 
to determining which precise materials or products are responsible for a higher or lower 
GHG emission for a territory, in accounting terms.

Hypothesis 4 This compound model can help more clearly reveal which materials/prod-
ucts lead to higher emissions for a territory.

Hypothesis 5 This compound model can contribute to raise awareness in society of what 
it consumes, in terms of GHG emissions, and reallocate GHG emissions to the specific 
responsible agents, namely importers, producers, or consumers.

Hypothesis 6 This compound model can help provide inputs for policy makers to take 
more accurate measures in relation to the achievement of territorial sustainable develop-
ment and circular economy goals linked to GHG emissions.

2.2  Construction of the model proposal: materials involved in the structure 
of the approach

The methodology employed in this paper utilizes four primary data sources. First, the ter-
ritorial TBI, which in the case of the Basque Country is provided by its Department of 
the Environment, Territorial Planning and Housing (Gobierno Vasco, 2019). Given the 
regional focus of this case study, both imports and exports from the rest of Spain (RC) and 
the world (RW) are considered.

In this sense, the statistics utilized for the RW classify products according to tariff codes 
(European Commission, 2019), facilitating the assignment of emission factors to them. 
For its part, the Tax Agency Office of the Government of Spain registers the imports and 
exports data in economic (€) and physical (tons) terms (Gobierno Vasco, 2019). Here, for 
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this model proposal, it is employed in physical terms; however, the data obtained are disag-
gregated by source of origin (foreign countries) delivered to the receiving region studied in 
Spain, the Basque Country.

In the case of international imports, it is used data from 2016 in detail, covering 23,887 
purchases from 182 countries of origin, 8 different means of transport, and 1161 different 
product codes. In the case of international exports, figures are employed from the same 
year comprising 33,137 sales delivered to 220 destinations by 8 different means of trans-
port and 1064 product codes.

Conversely, the territorial trade movements―exports and imports from and to the 
Basque Country—do not follow the foregoing classification of products according to tariff 
codes (European Commission, 2019), but a categorization based on commercial activity, 
which complicates the estimation of emission factors. This circumstance is accentuated by 
the low level of data disaggregation. Thus, certain assumptions, concerning the methodol-
ogy here stated, are later made to surmount this hurdle, and provide reasonable compat-
ibility between classifications. In any case, this data source, known as C-Intereg (C-Intereg, 
2019), furnishes the imports and exports from and to the remaining Spanish autonomous 
communities and provinces by 5 different means of transport (Agencia Tributaria, 2019).

Next, emission factors must be taken into account (EFs). These provide representative 
values of the amount of GHGs emitted to the atmosphere per unit of activity―whether 
it is referring to materials or products—banking on the life cycle inventory analysis (LCI 
analysis) of the products.

The EFs search has been carried out with the life cycle assessment software called 
SimaPro. The central database utilized was ecoinvent (2019) given its potential use to 
compare data with a territorial scope of EFs. On this subject, even though the focus was 
on global values, in those cases where these were not available, it was assumed a “rest 
of the world” or European Union value perspective; while in the marginal cases when no 
information was found, other databases such as LCA food DK, EU, and DK input–out-
put database, Swiss input–output database, Agrifood print, USLCI, and Industrial data 2.0. 
have been employed. Moreover, the emission factors associated with the different means of 
transport were obtained from the ecoinvent database.

Finally, the fourth constituent in the scheme is the assessment of the distances traveled 
by the imported goods from the capital city of the country of origin to a precise geographi-
cal point—epicenter of the receiving territory. For the purposes of this study, the selected 
point for the Basque Country was the Municipality of Mondragon. The data sources uti-
lized to calculate this factor were mainly GeoDatos, for the rest of the world, and Ditecosa, 
for the distances between Spanish provincial capital cities.

2.3  The life cycle related methodology

The approach presented in this paper considers the TBI and the GHG emissions associ-
ated with the imports and exports to calculate a CBI. This opens doors to the evaluation 
of impacts on the achievement of specific sustainable development and circular economy 
goals in terms of GHG emissions. This tool involves three main phases (see Fig. 1).

The first phase consists of reviewing the EFs of the different products that will be mul-
tiplied by the import and export material flows to estimate its carbon footprint CF, as the 
next formula shows:
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where  Producti represents the volume of a product category―tariff codes with 4 digits 
for RW and regional codes for RC—measured in kilograms, and the  EFi related to  Producti 
estimated in kilograms of  CO2 eq per kilogram of product.

Here, some assumptions have been made since there is not yet a life cycle EF for all 
the existing materials/products. For instance, waste, slag, and other similar subproducts 
have been granted an EF equal to zero because they have already fulfilled the uses for 
which they were produced. Another typical case is the existence of comparable products 
for which only one or a few of them have life cycle EF, in which case an average value 
has been granted to their like. In general, the methodology employs three EFs to offer a 
range for the emissions, corresponding to the lowest, the highest and the average EF of 
the products in each category.

The emissions inventory reckoning for trade activity with the rest of Spain requires 
further assumptions due to the lower amount of product categories presented in its data 
source. Therefore, it is assumed that the structure of trade from/to the RW behaves con-
sistently to those of the RC; in other words, that the EF of a “rest of the country” cat-
egory of products can be estimated as the weighted average of the EF of the “prod-
ucts imported” (or exported) from the RW―TARIC category (Integrated Tariff of 
the European Union)—and associated in turn to a registered category for the rest of 
the country classification―NACE 93 (Nomenclature Générale des Activites Économ-
iques dans les Communautes Européennes). As a result, the EF for each regional prod-
uct category exported and imported turns out to be different.

A specific but clarifying case example would be for instance an EF with a life cycle 
approach for electricity imports, which has been estimated according to the electricity 
generation mix in Spain during the key years of the study (2005 and 2016), measuring 
this factor in kg  CO2 eq/MWh.

Thus, an emission factor has been assigned to 93.8% of trade flows with the RW in 
terms of volume of products (94.0% of imports; 93.6% of exports). These results have 
been extrapolated for the 100% of trade flows. In the case of trade with the rest of Spain, 
an estimated emission factor is available for 100% of the materials/products. In total, 
there is an associated EF, estimated or registered, for 99.5% of imports and 98.9% of 
exports.

(1)CF =

∑l

i=1
Product

i
× EF

i

Fig. 1  Phases for the proposed methodology. Source: the authors



 M. Larrea Basterra et al.

1 3

The second phase consists of estimating the GHG emissions related to the transport of 
products. This stage of the process requires identifying the disaggregated origins of imports 
(from RW and RC). It is also necessary to include the primary means of transport that have 
been utilized to reach the destination territory. The different means of transport included 
in the foreign trade statistical analysis are: maritime, rail, road, air, postal shipments, fixed 
transport facilities, inland navigation and own propulsion.1 In the case of regional trade, 
these are maritime, rail, road, air, and energy.

Trade transportation between Basque Country´s provinces has not been considered here, 
as this figure is included in the TBI of GHG emissions. Finally, the emissions associated 
with export transportation are not considered here since, according to the present methodo-
logical proposal, the responsibility for the export transportation emissions corresponds to 
the buyers of such products.

Several assumptions have also been made in this phase. The most relevant is that the 
same EFs have been considered for the means of transport, regardless of its origin or 
nationality. Moreover, although the initial objective was to achieve a greater disaggregation 
of the EF by means of transport―e.g., to distinguish emissions from different types of 
ships—the available data were scarce, thus dismissing this possibility.

In the case of maritime transport, EFs were only used for bulk vessels. For rail and air 
transport, the EF linked to cargo trains and cargo planes was used.2 For road transport, dif-
ferent options were considered depending on the size and the emission regulation followed 
by the truck (ranging from 3 to 63 Euros). Regarding transport by inland navigation, the 
emission factor of barges is available, while for self-propelled vehicles or rigid trucks, it 
was considered the EF of a van from the Statistical Body of the Department of Economic 
Development and Infrastructure of the Basque Country (Basque Government, 2018a).

Finally, for postal services, the average of the EF of road and air transport has been 
applied because, although the logistics of postal services can include all means of trans-
port, the most common ones are air and road (World Trade Organization, 2010).

The analysis of the data showed that for certain situations, the means of transport 
through which a particular commodity arrived at the Basque Country might not be con-
sistent with its origin. For example, specific merchandise that arrived from Australia had 
assigned road transportation. This is due to the elaboration system of the statistics between 
Member States―the Intrastat System—which indicates the last means of transport with 
which the imported goods entered the territory. For this study, in those cases in which the 
merchandise came by truck from a geographical place beyond Turkey and the Middle East, 
the means of transport assigned was maritime.4

The emissions associated with the transport of imports to the final destination were then 
calculated as:

(2)Transport emissions =

T
∑

t=1

∑C

c=1
imports

t,c × distance
t,c × EF

t

1 Those vehicles in which the driver’s cabin and the trailer are an indivisible part of the same structure 
(TRANSGESA, 2018).
2 Cargo planes do not carry passengers (Moldtrans, 2018).
3 EURO is a European regulation applicable to trucks whose objective is to develop vehicles with lower 
environmental impact in terms of emissions.
4 This modification affected a total of 85,000 tons of products, from 94 countries.
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where  importst,c refers to the number of imports from country c using transport t (in kilo-
grams);  distancet,c is the distance from country c using transport t (in kilometers); and  EFt 
is the EF associated with transport t (in kilograms of  CO2 eq per ton-kilometer traveled).

The third phase is to construct the CBI, which includes both the DW (taken from 
GHG TBI + electricity imports) and the import–export GHG flows from previous 
phases, where import emissions include both those of products and those of their inter-
national transport (see Fig. 2).

Thus, this stage implies the development of a tool to analyze the impact of different 
future scenarios and policies. Given the objectives of this research, it is analyzed the 

Fig. 2  Material flows in CBI. Source: the authors

Fig. 3  Estimated volume of net imports and DW in 2030. Source: the authors based on the 2016 structure
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impact of reaching two different objectives, an increase in the recycling rate and the 
goal of MP5 level by 2030 in terms of GHG emissions (see Fig. 3).

These variables are related by:

where GDP is the gross domestic product of the analyzed region and DMC is its domestic 
consumption of materials.

Based on the previous estimates, three scenarios have been proposed to calculate the 
impact that the reduction of the DMC will have on GHG emissions. All of them maintain 
the same reduction in the DW since it is the current preset territorial political objective. In 
the first scenario, the additional reduction in DMC is the consequence of reducing imports. 
The second scenario considers an increase in exports to further reduce DMC. In the third 
one, the additional reduction occurs through a mix of a decrease in imports and an increase 
in exports. The different scenarios are depicted in Fig. 4.

Therefore, through this methodological approach, it seems to be possible to analyze the 
impact of pre-established SDGs and circular economy territorial policies in terms of GHG 
emissions. For instance, those circular economy strategies aimed to reduce material and 
associated embodied environmental flows, which are present in C-Intereg (2019) and have 
been proposed by Stephan et al. (2020). These strategies impact the quantities in the input/
output tables of imported and exported products as well, which can be transformed into 
GHG emissions through the previous methodology, providing the needed GHG emission 
decrements in figures as a result of each circular economy strategy carried out.

(3)MP =
GDP

DMC

Fig. 4  Scenarios to 2030 of distribution of the reduction of the DMC. Source: the authors

5 Established in the Strategy of Circular Economy of the Basque Government (4.46 €/t) (Ihobe, 2018a).
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3  Results

This section presents the main results obtained with the approach described in the previous 
section. As mentioned before, one of the advantages of this complementary CBI approach 
is that the international transport emissions can be allocated to the agents in the receiving 
countries which are, ultimately, the responsible of the associated emissions of products. 
Besides, these emissions can be distinguished by their origin and the means of transport 
employed.

In this regard, in the case of the Basque Country, the total emissions generated due to 
the transportation of materials and products imports from the RC and the RW were around 
1.8 million tons of  CO2 eq in 2016, as it is detailed in Table 1.

The larger volume of emissions from the RW, compared to those associated with the RC 
imports, is primarily produced due to the longer distances traveled by materials/products 
from origin to destination territory. The average EF for the RW imports is significantly 
lower (19%) than the average EF for RC imports. This is due to the means of transport 
employed, which is predominantly road transportation for RC. This is one of the most pol-
lutant means and significantly higher than sea transport, which dominates RW imports.

According to this case study, 99.9% of the imported goods entered the Basque Coun-
try via three routes, which were sea (54.8%), road (41.7%), and rail (3.4%). Moreover, 

Table 1  Total  CO2 eq emissions of imports transportation (million tons in 2016)

The methodology provides results in terms of a range of emissions. Thus, average values are shown for 
simplicity
Source: the authors

Origin of the 
imports

Total imports (million 
tons)

% Average total emissions (mil-
lion tons  CO2 eq)

Average EF 
(tons of  CO2 
eq/t)

RC 12 42 0.7 0.0589
RW 21 58 1.0 0.0479
Total 34 100 1.8 0.0563

Table 2  CO2 eq emissions by means of transport

Source: the authors

Means of transport Imports (thou-
sand tons)

Total average emissions 
(thousand tons  CO2 eq)

Average EF (t  CO2 
eq/t of merchandise)

Postal services 1.04 0.48 0.4605
Fixed transport facilities 0.02 0.01 0.8781
Rigid truck or own propulsion 0.48 1.11 23.204
Air 14.21 84.80 59.672
Sea 18,456.76 518.83 0.0281
Road 14,040.08 1,108.68 0.0790
Railway 1,134.04 36.31 0.0320
Inland navigation 0.01 0.0004 0.0341
Total 33,646.65 1,750.22 0.0520
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97.8% of emissions came as well from three means of transport: road (63%), sea (30%), 
and air (5%). Air transport has by far the highest emission factor, 2.5 times higher than 
the second transport mean―which was rigid truck or own propulsion—and 6.8 times 
than the third one (fixed transport facilities). However, the impact of air transport on 
total global emissions turn out to be notorious, but not really significant due to its very 
reduced use. In contrast, navigation in both sea and inland are two of the lowest EF 
among the main means of transport (see Table 2).

Additionally, the large portion of sea imports in the count significantly reduces the 
impact of the Basque Country’s transport-related emissions. This could be further incre-
mented in the case of the RC transport with a higher use of rail and, in the few circum-
stances in which local geography allows it, inland shipping. Similarly, for the RW count, 
maritime and rail transports should be particularly promoted in those origins from 
which the proportion of road transport happens to be more salient, such as in Europe. 
In the long term, road transport would still be relevant for the final delivery―which 
in this methodology only appears in cross-border trading—where less emitter vehicles, 
such as electric vans, could be employed.

On the other hand, this approach can provide inputs to prove to policy makers which 
products are the most prominent in terms of global GHG emissions. In the Basque 
Country case, this study concluded that the most relevant group of products were those 
related to crude oil and its derivatives, as well as those from the metallurgical industry, 
in terms of both transportation and life cycle emissions. This might potentially facilitate 
the adoption of specific and more focused sectoral policies to achieve a cost-effective 
overarching territorial reduction of GHG emissions (Fig. 5).

Fig. 5  Imported products with more emissions related (life cycle/transport) tons of  CO2 eq. Source: the 
authors
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From this CBI perspective, the Basque Country presents an excellent balance between 
imports and exports emissions (see Table 3). Emissions due to transport represent around 
4.6% of GHG emissions from imports pertaining to the RW and 4.1% for imports from 
the RC. This means that transport does not seem to be the main problem in terms of GHG 
emissions, given its weight in total emissions, although its adverse environmental impact 
cannot be disregarded (see Fig. 6).

In this sense, with a population of 2,176,577 inhabitants as of December 31, 2016, the 
emission per capita in the Basque Country was 8.4 tons/inhabitant. This figure is higher 
than that presented for Scotland in 2012 by Pratt and Lenaghan (2015), where the authors 
estimated an emission per capita of 6.7 tons of  CO2 eq per inhabitant for that nation, and 
way below the 14.7 tons of  CO2 eq per capita calculated for Austria in 2011 by Steininger 
et al. (2018), or the 20 tons of  CO2 eq of Flanders in 2017 by Vito (2017).

Finally, the last phase of the approach embraces the formulation of an impact analy-
sis for current policies and different potential alternative scenarios. The policies are set 
according to the SDG and Circular Economy Strategy of the Basque Government by 2030, 
which comprise an increase in the recycling rate, a reduction in DW, and the achievement 
of the 2030 objective of material productivity. Each scenario includes a contrasting combi-
nation of constituents to achieve the corresponding reduction in DMC derived from these 
policies.

Hence, in the first scenario, a reduction of 23.9% in total CBI emissions is achieved 
through a decline of 0.4% in import of materials and a decrease of 1.3% in DW. Conse-
quently, the emission abatement registered owing to the drop in DW happens to be higher 

Table 3  Basque Country CBI 
emissions (2016, millions of tons 
of  CO2 eq)

Source: the authors

Origin Imports Transport of 
imports

Exports TBI CBI

RC 18.5 0.7 17.0 – –
RW 22.2 1.0 27.1 – –
Total 40.8 1.8 44.1 19.8 18.2

Fig. 6  Emissions related to consumption in million tons of  CO2 eq for the Basque Country. Source: the 
authors
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than that obtained as a result of the limitation of import flows. A comparable results struc-
ture is obtained for the other two scenarios.

To sum up, most of the potential emission reductions could come as a consequence 
of the economic fulfillment of the territorial emission reduction objectives, rather than a 
change in the structure of imports and exports; this would be in line, among others, with 
the core environmental objective of reducing GHG emissions in the Basque Country by 
40% by 2030, using 2005 as baseline year. Table  4 illustrates the potential reduction of 
GHG emissions for the three different suggested scenarios by 2030.

Indeed, a capital share of this abatement would come from the achievement of territorial 
circular economy goals that would exceed expectations in terms of current preset objec-
tives present in the Basque Strategy for Climate Change for 2030. In this sense, 15.2% 
of the reduced production emissions would be obtained as a result of redirecting waste 
recycling. With regard to CBI, it means that around 14.5% of the projected total reduction 
would be due to the accomplishment of waste targets.

Therefore, the results of the analysis using the proposed approach seem to indicate that 
compliance with territorial commitments both in terms of sustainable development and cir-
cular economy goals would lead to more significant emission reductions than the decline 
derived from reducing imports of goods or increasing product exports. Thus, figures seem 
to indicate that progress should be made along two lines: the purchase of products where 
production turns out to be more efficient regarding GHG emissions and the decrease of 
continental GHG emissions. The analysis of which countries employ lower-emitting means 
of production could be further incorporated into the model as data availability improves.

Finally, in order to contextualize the case analysis here studied, it has been elaborated a 
customized diagram which summarizes the material flows of the Basque Country economy 
(see Fig. 7). This diagram is completed with the average estimated emissions obtained with 
the recommended approach, including life cycle emissions of products and the expected 
emissions from transport of imported goods.

4  Discussion

The present research aims at developing a purposeful approach for estimating GHG 
emissions starting from a consumption-based perspective, which has been employed 
here to study the case of the Basque Country, an industrial region in the north of Spain. 
In this sense, this work is intended to shed light on how the attainment of material 

Table 4  Emissions variations in different components for each scenario

Source: the authors

Components of the scenarios Scenario 1 (%) Scenario 2 (%) Scenario 3 (%)

Imports (flows) − 0.40 – − 0.20
Exports (flows) – − 0.60 − 0.30
IMP-EXP (flows) − 0.40 − 0.60 − 0.50
Reduction DW (flows) − 1.30 − 1.30 − 1.30
Emissions reduction of TBI − 21.20 − 21.20 − 21.20
Emissions reduction of CBI − 23.90 − 24.30 − 24.10
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productivity (MP) ratio through potential alternative scenarios may impact to a greater 
or lesser extent—in terms of GHG emission—on the achievement of 2030 territorial 
sustainable development and circular economy goals on climate change.

Likewise, with its results, it seeks to contribute to the proposal and design of envi-
ronmental policies, conducive to diminishing GHG emissions, by providing inputs to 
territorial governments and policy makers grounded in an advanced management of 
local materials flows structure, data, transportation, and evaluation of planned circular 
economy measures. In this sense, this work attempts to respond to the lack of stud-
ies that analyze temporal deviations between current emissions and future consumption 
(Chen et al., 2018), while encompassing fuel life cycle emissions (Yang et al., 2014).

According to its findings, the suggested approach here utilized does not seem to con-
firm that the consumption-based inventories (CBIs) and the production-based inven-
tories (PBIs) tend to yield dissimilar accounts in industrial economies (hypothesis 1) 
since, regarding the former, the impact of its exports and imports is much lower than 
that of the DW. Indeed, this is particularly true for industrial economies in which the 
emissions from exported goods matches or surpasses those of imported goods. How-
ever, Davis and Caldeira (2009), as well as Jiborn et  al. (2020), argue that CBIs may 
differ from traditional PBIs because of the  CO2 emissions embodied in both imports and 
exports.

Given this result, and due to its simplicity, the use of PBIs for national binding agree-
ments may still be practical, but not realistic. That is because climate change embod-
ies a global concern in which consumers from all over the world play a predominant 

Fig. 7  Emissions flow of the Basque Country Diagram, 2016 Source: the authors



 M. Larrea Basterra et al.

1 3

role as responsible agents. Furthermore, the CBI turns out to be a necessary approach 
for the design, establishment, and implementation of global international trade policies, 
such as the border tax adjustments on carbon emissions, as suggested by Peters (2008) 
and Barret et al. (2013). This perspective of valuation of GHG emissions inventory can 
undoubtedly cause greater awareness in society and trigger modifications in individual 
consumption behaviors (hypothesis 5).

Regarding whether the CBIs may increase if life cycle emissions factors are considered, 
as well as its imports and exports territorial structures—given that the use of emission 
factors varies between exported and imported products (hypothesis 2), valuable evidence 
emerges on the balance presumed to economies in developed countries in which the indus-
try represents a high share of the GDP, such as the Basque one, where the value of its GHG 
imports is roughly the same of that of its exports. That is not the case of the UK, where the 
economy is based predominantly on services, as stated by Blakey and Hudson (2019). For 
the case of the Basque Country, the weight of the imported products represents a larger 
impact in its economy’s carbon footprint compared to that of its domestic GHG emissions 
inventories, which are generally accounted for by the TBI.

On the other hand, through the analysis of this case study, the outcomes utilizing the 
suggested approach do not seem to validate the statement that the more globalized a ter-
ritorial economy is, the more it will lead to higher emissions (hypothesis 3). It appears that 
the transport of products may scarcely contribute to global footprint when most imported 
products are transported by sea. What is more, these transport-related emissions can be 
further reduced in a territory with a more intense use of railway transport―as suggested 
by Pritchard (2011)—whose reinforcement is being currently supported by the Spanish and 
Basque Governments.

Finally, related to the urgent need of sharing responsible environmental sustainability by 
consumers and producers (Bastianoni & Pulselli, 2004; Ihobe, 2018b), this tool may help 
to understand what products, what origins and what means of transport are more intensive 
in emissions for a territory (hypothesis 4), enabling the allocation of these on the factual 
responsible agents and leading to the elaboration of more accurate policies and measures 
to achieve territorial sustainable development and circular economy goals linked to GHG 
emissions (hypothesis 6).

5  Conclusion

From a theoretical perspective, the present work provides interesting contributions to the 
methodological scopes with which GHG emissions inventories are accounted for; particu-
larly for the corpus of research focused on how these can be utilized as key tools for track-
ing progress and achieving territorial sustainable development and circular economy goals 
associated with the reduction of GHG emissions, enriching the current set of knowledge 
primarily used to design and implement effective local policies on this subject. Further-
more, this methodology can be applied to cities, regions, and countries whenever they have 
material flows statistics and TBIs or PBIs.

From a utilitarian perspective, the proposed CBI approach and the tools here utilized 
for its estimation provide valuable insights to regional policy makers and stakeholders into 
how to take more specific and deep measures on GHG emissions reduction, given the iden-
tification of their generation foci.
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In this sense, these measures could potentially center on how to stimulate environmental 
innovation and eco-design, increase the recovery of goods for remanufacturing and recy-
cling, reduce the volume of waste being transported to landfills, and to promote low-carbon 
transportation of materials like maritime and rail—instead of road transport.

On the other hand, the proposed CBI approach brings forth supplemental figures that 
could be considered relevant and complementary to the other GHG inventory accountancy, 
such as the TBI or PBI, since these pay attention to dissimilar system boundaries or GHG 
mitigation strategies. Conversely, the suggested CBI approach enables to integrate a global 
perspective of the enormous climate challenge the world faces today with the urgent need 
of acting together in mutual cooperation, jointly implementing innovative mitigation strate-
gies while balancing the relation between consumption, economy, and GHG emissions.

In addition, the propounded approach could be utilized as a complementary tool to 
those innovatory MRIOA and EE-MRIOA approaches. Besides, products could be linked 
to activities to know where the emissions are being generated.

Finally, further research could focus on developing long-term models that analyze the 
evolution of GHG emissions related to certain sets of products and the impact that specific 
circular economy measures produce on these goods. In this vein, several tendencies that 
can be expected in the medium term could be incorporated into the model; for instance, 
the diminishment of EFs assigned to the majority of the products due to efficiency gains, 
the substitution of products for others with lower carbon intensity, the lessening of material 
inputs due to circular economy measures, etc.

6  Limitations

Despite the relevance of these research findings, several limitations have to be observed, 
particularly for the inherent methodological limitations regarding the partial availability of 
certain data.

Firstly, this fact implies some assumptions that have been made in the study about 
specific constituents such as certain EFs, whose territorial availability in terms of prod-
uct diversity and country of origin shall be improved in future years. The creation of new 
concerted international policies, such as those regarding border tax adjustments on carbon 
emissions, could make policy makers realize the current need of developing these country 
datasets.

Secondly, a subject that raised certain challenges to the research happened to be the way 
of presenting imports and exports data from or to the rest of Spain. In this study case, the 
sectoral analysis of interregional flows of goods, which uses the NACE 93 classification, 
had to be passed to TARIC product codes. Consequently, a reasonable loss of precision in 
the assignment of emission factors between activities, products, and waste, among others, 
has to be considered here.

Thirdly, another data limitation refers to the transport recording, which registers only 
one journey for any product. As a result, the total transport distance of a good might be 
more significant than that appearing in the records.

Lastly, the absence of disaggregated information by economic sectors and the nonuse of 
a sectoral model for economy limit the potential of findings as inputs to define and imple-
ment more precise circular economy policies and actions within specific sectors.
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