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This report was prepared by the International Reference Center for Life Cycle of Products, 
Services and Systems (CIRAIG). 

Founded in 2001, CIRAIG was established to provide companies and governments with leading-
edge academic expertise on sustainable development tools. CIRAIG is one of the foremost 
centres on life cycle expertise internationally. It collaborates with many research centres around 
the world and is actively involved in the Life Cycle Initiative of the United Nations Environment 
Program (UNEP) and the Société de Toxicologie et de Chimie de l'Environnement (SETAC).  

CIRAIG has developed recognized expertise in life cycle tools, including environmental life cycle 
analysis (LCA) and social life cycle analysis (SLCA). Complementing this expertise, its research 
work also deals with life cycle cost analysis (LCCA) and other tools, including carbon and water 
footprints. Its activities include applied research projects in several key business sectors, 
including energy, aeronautics, agri-food, waste management, pulp and paper, mining and 
metals, chemical products, telecommunications, the financial sector, urban infrastructure 
management, transportation, and the design of “green” products. 
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Résumé exécutif 

Dans le cadre des engagements du gouvernement fédéral et de ses politiques pour la lutte 
contre les changements climatiques et la protection de l’environnement, Services publics et 
Approvisionnement Canada (SPAC) a le mandat de veiller aux caractères écologique et social des 
approvisionnements fédéraux et de chercher à réduire les émissions de gaz à effet de serre 
(GES) qui leurs sont associées. Cette étude pour SPAC-région de Québec (SPAC-QC) évalue les 
GES associés au cycle de vie (empreinte carbone) de l’ensemble des approvisionnements 
annuels dont il a le mandat, afin d’identifier parmi eux, ceux qui causent le plus d’impacts et sur 
lesquels il serait prioritaire d’agir (p.ex. via des critères ciblés dans ses appels d’offre).  

L’étude a évalué les contrats d’approvisionnements annuels (bien et service) passés par SPAC-
QC1 pour chacune des trois dernières années fiscales (2014-2015 à 2016-2017) et, tout d’abord, 
en a dressé un portrait économique. Sont concernés, annuellement, de 2 000 à 3 000 contrats 
pour un montant total de 400 à 500 millions de dollars. L’empreinte carbone est calculée à l’aide 
de openIO-Canada un modèle d’analyse entrées-sorties environnementale, qui utilise des 
données financières et qui est adéquate pour évaluer des milliers de biens et services très 
différents entre eux, pour lesquels des informations précises et des données physiques ne sont 
pas disponibles. L’analyse se base sur une approche cycle de vie « du berceau à la porte » c’est-
à-dire à l’usine de fabrication. Toutefois, pour les services, l’empreinte carbone inclut jusqu’à la 
livraison du service, c’est-à-dire sa réalisation2. 

L’empreinte carbone annuelle moyenne des approvisionnements de 2014 à 2017 est estimée à 
103 133 tonnes CO2eq, soit une intensité en GES moyenne de 0,266 kg CO2eq par dollar hors 
taxes, avec une variabilité notable selon l’année et la nature des approvisionnements. 

 

Empreinte carbone (tonnes CO2eq), intensité carbone (kg CO2eq/$) et contributeurs à 
l’empreinte carbone selon les trois grandes catégories d’approvisionnements (en miniature : 

contribution par montant). 

 

 
1 Approvisionnements réalisés par la Direction des approvisionnements par une demande d’achat 9200. 
2 Par exemple, pour un service de construction, l’empreinte carbone inclut aussi les déplacements 
d’ouvriers, le transport de matériaux, l’utilisation de la machinerie nécessaire, la gestion des déchets 
générés sur le site. Le carburant consommé par la machinerie de l’entrepreneur et les GES de sa 
combustion sont inclus. 
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Les contributions aux émissions de GES des ministère-client sont très similaires aux 
contributions en valeur des achats totaux. L’importante contribution de SPAC à l’empreinte 
carbone des approvisionnements s’explique par la forte proportion de travaux construction et 
de services d'architecture et d'ingénierie civile. Les biens et services de ce type, et plus 
largement tous ceux associés à la construction, la maintenance et la réparation d’infrastructures 
(résidentielles ou non) et tous les travaux de génie civil, ont tous une forte intensité GES (0,47 
kg CO2eq/$ et au-delà). 

Principaux ministères-clients et catégories de biens et services contribuant à l’empreinte 
carbone des approvisionnements de SPAC-QC. 

 

Sur l’ensemble des trois années, ce sont 72 biens et services uniques (sur environ 400 chaque 
année) qui cumulent 80% de l’empreinte carbone des approvisionnements. Une vingtaine 
d’entre eux seulement contribuent individuellement à plus de 1%, et ensemble pour 60% de 
l’impact total. Les services de recherche et de développement, les services de réparation de 
véhicules et aussi de navires, les produits alimentaires et services traiteurs, les services de 
nettoyage et d’entretien et enfin l’équipement et les approvisionnements de laboratoire sont 
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les autres approvisionnements sources des principales émissions de GES. Certains sont 
communs à beaucoup de ministères. 

Des recommandations sont élaborées par rapport à ces approvisionnements clés et sur la 
manière dont SPAC-QC peut utiliser la présente analyse pour suivre ses progrès et améliorer ses 
pratiques pour l’écologisation de ses achats. L’analyse de contribution permet de révéler où les 
fournisseurs de SPAC pourraient réduire leurs émissions de GES dans leurs propres activités ou 
leur chaine d’approvisionnement (par exemple, la production des matériaux de construction, 
l’efficacité énergétique lors des travaux de construction). Elle peut guider pour prioriser là où 
des exigences pourraient être requises des fournisseurs. Si les données comptables sources sont 
décrites avec suffisamment de détail (selon les détails de la classification NIBS, et à l’avenir 
UNSPSC), l’évaluation de l’empreinte carbone et l’analyse ultérieure peuvent aussi gagner en 
précision et permettre d’affiner des recommandations (par exemple sur des catégories 
d’aliments). 

La présente étude ainsi que l’outil de suivi qui est fourni offrent une perspective macroscopique 
qui permet à SPAC-QC de rapporter annuellement sur l’empreinte carbone de l’ensemble des 
approvisionnements dont il a le mandat, de révéler l’émergence avec le temps de catégories de 
produits contributrices (et possiblement de forte intensité carbone), ou encore de suivre et de 
conseiller individuellement ses ministère-clients. 

Enfin, il convient de garder à l’esprit que l’empreinte carbone calculée dans cette étude n’inclut 
pas les étapes d’utilisation et de fin de vie des biens achetés. Le portrait environnemental des 
approvisionnements est donc partiel, en particulier pour les biens durables consommateurs 
d’énergie durant leur vie utile. Une suite de l’étude pourrait aborder cet aspect. 
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Executive Summary 

In line with the federal government’s commitments to climate change and environmental 
protection, Public Services and Procurement Canada (PSPC) has to address the ecological and 
social aspects of federal procurement and seek to reduce their associated greenhouse gases 
emissions (GHG). This study evaluates the life cycle GHG (the carbon footprint) associated with 
the procurements under the authority of PSPC-Quebec Region (PSPC-QC), in order to identify 
those that have the largest impact and on which it would be a priority to act (e.g. via targeted 
criteria in its calls for tender). 

Procurement contracts for goods and services awarded by PSPC-QC have been evaluated for 
each of the last three fiscal years (2014-2015 to 2016-2017).3 First of all, an economic overview 
is provided. About 2,000 to 3,000 contracts are covered annually for a total amount of 
$400-500 million. Then, the carbon footprint is calculated using openIO-Canada, a model for 
environmentally extended input-output analysis (EEIO), which is based on financial data and is 
an appropriate method to evaluate thousands of goods and services that are very different from 
each other, and for which accurate information and physical data is not available. The analysis is 
based on a cradle-to-gate life cycle approach (gate of the manufacturing plant, for goods). 
However, for services, the carbon footprint is extended up to the delivery of the service.4 

Averaged over 2014 to 2017, the yearly carbon footprint of procurements is estimated to 
103,133 tonnes CO2eq, equivalent to a GHG intensity of 0.266 kg CO2eq per dollar (excluding 
taxes). It shows a rather significant variability along the years according to the type of 
procurements. 

 

Carbon footprint (tonnes CO2eq), GHG intensity (kg CO2eq/$) and contribution of goods, 
services and construction-related procurements to the annual carbon footprint (small pie 

charts: contribution in value to procurement amount). 

Contributions to GHG emissions from procurements by departments are very similar to 
contributions in value of total purchases. PSPC's significant contribution to the carbon footprint 

 
3 Procurement contracts awarded by the Procurement Directorate through a #9200 purchase order.  
4 For instance, for a construction service, the carbon footprint also includes the transport of materials and 
workers up to the construction site, the use of the machinery needed, and the management of 
construction waste generated on site. The fuel consumed by the contractor’s machinery and GHG from its 
combustion are included. 
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is due to the high proportion of construction works and architectural and civil engineering 
services. Goods and services of this type, and more broadly all those associated with the 
construction, maintenance and repair of buildings (residential or non-residential) and all civil 
engineering work, all have a high GHG intensity (0.47 kg CO2eq/$ and beyond). 

Main contributors to the carbon footprint: the four most-contributing categories of 
procurements per department. 

 

Over the three years, 72 unique goods and services (out of about 400 each year) account for 
80% of the carbon footprint of procurements. Only 20 of them contribute for more than 1% 
individually and together for 60% of the total impact. Research and development services, 
vehicle and ship repair services, food and catering products, cleaning and maintenance services, 
and laboratory equipment and supplies are the other major sources of GHG. Some are common 
to many departments. 
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Recommendations are being developed for these key procurement items and how SPAC-QC can 
use this analysis to track its progress towards greener procurement. Contribution analysis 
reveals where PSPC suppliers could reduce GHG emissions in their own operations or from their 
supply chain (for example, during the manufacturing and the transportation of building 
materials, through energy efficiency during construction operations). It can give guidance to 
prioritize the instances where requirements may be required from suppliers. If source data is 
described with sufficient detail (according to the details of the GSIN classification, and especially 
of the UNSPSC classification to be used in the short term), the carbon footprint assessment and 
subsequent analysis can also gain precision and allow for finer recommendations (e.g., for food 
categories). 

This study, as well as the monitoring tool that is provided to SPAC-QC as an additional 
deliverable, provides a macroscopic perspective that allows SPAC-QC to report annually on the 
carbon footprint of procurements contracted, to spot the emergence with time of contributing 
categories (and possibly carbon-intensive ones), or to monitor and advise the client-
departments. 

Finally, it should be kept in mind that the carbon footprint calculated in this study does not 
include the use phase and the end of life of the goods purchased. The environmental picture of 
procurement is therefore partial, especially for durable goods that consume energy during their 
lifetime. A follow-up to the study could address this aspect. 
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1 Background 

As part of the federal government’s commitments and policies regarding climate change and 
environmental protection, Public Services and Procurement Canada (PSPC) has a mandate to 
monitor the ecological and social aspects of federal procurement and to reduce their associated 
greenhouse gas (GHG) emissions. As a result, PSPC-Quebec Region (PSPC-QC) first wants to 
assess the GHGs associated with the life cycle (carbon footprint) of all annual procurement for 
which it has a mandate in order to identify those that have the largest impact and for which it 
would be a priority to act (e.g., via targeted criteria in calls for tender). PSPC-QC also wants to 
develop an assessment tool that will enable it to estimate the carbon footprint of its 
procurement in future years and thus track its progress in procurement that has a low impact on 
climate change. 
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2 Objectives and Scope of Study 

2.1 Objectives 

More specifically, the objectives of the study are to: 
I. Provide an economic portrait of the annual procurement contracts awarded by PSPC-QC 

for the last three fiscal years (2014/2015, 2015/2016 and 2016/2017) with a detailed 
analysis:  

i. By year; 
ii. By procurement category (i.e., similar product groupings); 

iii. By PSPC-QC client department. 
II. Assess the GHGs associated with the life cycle of producing these procurement items: 

i. Identify the procurement categories that contribute most to the overall 
procurement carbon footprint; 

ii. Analyze the results; 
iii. Present recommendations. 

III. Develop a bilingual MS-Excel tool, with a user guide, that allows a PSPC-QC user to: 
i. Repeat the annual procurement GHG overview in future years; 

ii. Compare it with those of past years. 

2.2 Scope of study 

The purpose of this section is to clarify what the assessed carbon footprint will be, particularly 
with respect to the various stages of a procurement life cycle (good or service) and with respect 
to all the purchases that PSPC-QC may make. 

2.2.1 Description of the system studied and its boundaries 

The study focuses on the goods and services that PSPC-QC procures on its own behalf and for its 
client departments through various purchasing tools. Three fiscal years, from April 1, 2014, to 
March 31, 2015, and then 2015/2016 and 2016/2017, were successively studied. It must be 
noted that the following were not considered here: 

 Procurement that was not carried out by the Supply Branch (through a 9200 purchase 
order); 

 Purchases made by PSPC employees or client departments on an individual basis 
regarding activities such as commuting from home to the workplace and their meals. 

The total annual amounts of supplies considered varies from year to year, between $400 million 
and $500 million (taxes included) for 2,000 to 3,000 transactions. More details on procurement 
are provided in paragraph Error! Reference source not found. and in the economic analysis of 
the results in chapter Error! Reference source not found.. 

 

The life cycle stages of procurement (goods and services) considered in the environmental 
assessment are shown in Figure 2-1. 
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Figure 2-1: Boundaries of the system being studied 

 

For a good, the impact is calculated “from cradle to gate,” that is, at the factory where it is 
manufactured. The stage of its distribution to the client department is not included for a variety 
of reasons: 

i. The information on the origin of the good and its specific destination is not necessarily 
known; 

ii. The environmental analysis model used below does not have this information for goods, 
even though it would be generic. This is one of the limitations of the model and, by 
extension, of the study. 

The use stage of the good (for example, the electricity consumed by a computer, gasoline 
consumed by a vehicle) is not included because:  

i. PSPC procurement data do not contain sufficient descriptive detail about the good to 
model its use (for example, the specific electricity consumption of a device or the fuel 
consumed by a generator); 

ii. The thousands of contracts assessed cannot be stripped down to try to model a use step 
that is representative of each, even if it were generic; conversely, supplies are modelled 
by grouping according to the GSIN;5 

iii. The environmental analysis model used does not have this information for all products, 
even though it would be generic (it only has it for energy products, but for the sake of 
consistency, the use stage of these products has also been excluded from the scope of 
the study). 

For a service, the environmental analysis model used includes the distribution and delivery 
stages of the service, that is, its completion (Figure 2-1). For example, an infrastructure repair 
service includes worker travel, material transportation, the use of necessary machinery, and the 
management of waste created at the site. Direct GHG emissions from the service provider are 
included. For example, for a construction service, the fuel consumed by the contractor’s 
machinery is included and the GHG of its combustion are accounted for. 

 
5 The federal government uses Goods and Services Identification Number (GSIN) codes to identify generic 
product descriptions as part of its procurement activities. 

biens

services

Note:
Au travers de certains services, la fin de vie de biens acquis dans l’année mais aussi 
dans le passé peut se trouver considérée pour partie.
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Generally, the end of life for goods is not considered. However, through some services, the end 
of life for goods acquired in the studied year, but also in the past, may be considered in part. The 
lack of detail and information on these services makes it difficult to link them to specific goods 
and to a specific procurement year. They may include services such as: 

 Waste management services; 
 Various repair and maintenance services (such as buildings, civil engineering 

infrastructure for transportation, energy, and telecommunications) that can generate 
waste (most typically building material waste) and that include the end-of-life 
management of the waste generated as a service. 
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3 Methodology 

This chapter presents the methodology developed for the completion of the project. The 
method and environmental analysis model are first explained and then the provided 
procurement data are explained.  

3.1 Analysis method 

The methodology proposed for the study relies on the Input-Output environmental analysis 
(IO-E) derived from the Input-Output economic analysis. The IO-E analysis is commonly used to 
conduct environmental analyses in situations where the traditional life cycle analysis (LCA) is less 
appropriate. This is particularly the case when the system being studied involves a large number 
of goods and services and conducting an LCA for each of them to model the system is ultimately 
not possible (individual data not available or difficult to access, workload too high). With this 
methodology, the environmental impacts are assessed using the amounts of goods and services 
purchased and classified according to their type. More details on the principles of the IO-E 
analysis are provided in Appendix A.1. 

3.1.1 Tool and model 

The analysis tool used is an adaptation of openIO-Canada. Open IO-Canada is a Canadian IO-E 
model developed by CIRAIG in 2014.6 It is a multi-criteria analysis tool7 used as part of this study 
for GHG assessment. Its geographic scope is Canada, that is, it represents Canada’s domestic 
economic activities and does not consider interactions with foreign countries. In other words, 
any goods or services that would be imported are modelled with the tool as if they were 
produced in Canada. The adaptation of openIO-Canada to the public version involves: 

 The inclusion of electricity production in Quebec, in addition to average Canadian 
electricity, so that a choice can be made between a good or a service produced in 
Quebec and Canada. It must be noted that this contextualization i) does not make it an 
interprovincial model because the economies of the provinces and their trade are not 
distinguished, and ii) is only partial, since only the energy mix of electricity consumed is 
changed (i.e., all economic activities in Quebec other than the electricity generation 
industry are identical to the average Canadian counterparts for their direct GHG 
emissions); 

 The calculation of emissions linked to the use stage of major petroleum energy products 
(functionality not relevant to this study as mentioned above). 

The openIO-Canada economic model distinguishes more than 420 different types of goods and 
services (over 840 when Canada and the Quebec Region are separated) that cover all of 
Canada’s economic activities and for each of which the environmental impacts can be 
calculated. It must be noted that these goods and services are identified according to 

 
6 www.ciraig.org/en/open_io_canada/ 
7 The environmental data it integrates include GHG emissions and water use (direct environmental 
sampling and acquisition of procurement utilities) based on Statistics Canada’s Environment Accounts and 
toxic air, water, and soil pollutant emissions based on Environment Canada’s National Pollutant Release 
Inventory (NPRI). 
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Statistics Canada’s Input-Output Commodity Classification (IOCC), which differs from the GSIN 
classification used by the federal government for its procurement. 

The methodology and the openIO-Canada tool used are described in greater detail in 
Appendix A.1, the IOCC classification is presented in Appendix A.2, and the limits of the analysis 
model are listed in Appendix A.3. 

3.1.2 Impact indicator: carbon footprint 

The assessment of GHG emissions, represented by the Climate Change or Carbon Footprint 
indicator, was carried out using the IPCC 2007 method, considering the cumulative radiative 
forcing over a 100-year timespan. This method is based on the global warming potentials 
(GWPs) published by the Intergovernmental Panel on Climate Change (IPCC) in 2007 for each 
GHG. The GHGs considered by the openIO-Canada are those provided by Statistics Canada’s 
Environment Accounts, which are CO2, CH4, and N2O. The potential of each GHG is calculated in 
kilograms of carbon dioxide equivalent (kg CO2eq), which is the reference unit of the Climate 
Change indicator. The GWPs used are consistent with those currently used for GHG inventory 
reports from the governments of Quebec and Canada. 

It is important to keep in mind that the results of the Climate Change indicator represent 
potential and not real environmental impacts. These are relative expressions that do not allow 
for the prediction of the final impacts or risk to the receiving environments or the exceedance of 
safety margins or standards. 

3.2 Procurement data 

3.2.1 PSPC-QC source data 

PSPC-QC provided the procurement data for the Quebec Region for the last three fiscal years as 
a spreadsheet that compiles the purchase contracts for goods and services. These may be either 
initial contracts, amendments to these contracts or amendments to earlier contracts. Other 
relevant information from the source data includes, for each contract: the amount (in Canadian 
dollars, taxes included), the client department (including PSPC itself), the GSIN code for the good 
or service, the description of the purchase, the supplier’s region (Canadian province, state of the 
United States or, otherwise, a unique code for any other foreign country).  

Table 3-1 summarizes these data. They are analyzed in greater detail in chapter Error! Reference 
source not found. in the economic analysis of the results. 
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Table 3-1: Procurement data analyzed 

  2014-2015 2015-2016 2016-2017 

Amount ($ taxes included)  $405,927,006 $493,870,024 $429,462,992 

Number of contracts  2,585 2,330 2,238 

Initial contracts Number 1,015 959 889 
 Amount (in %) 82% 86% 77% 
Amendments to initial 
contracts 

Number 401 36 303 

 Amount (in %) 3% 3% 3% 
Amendments to past 
years’ contracts Number 1,169 1,010 1,046 

 Amount (in %) 15% 12% 20% 
Supplier source Canada 96.9% 98.4% 93.9% 

(% of amount) United States 1.8% 1.4% 2.2% 
 Other 1.2% 0.2% 4.0% 

 

3.2.2 Processing procurement data 

To allow for further analysis, several data processing steps had to be carried out. They are 
described below. It must be remembered that the openIO-Canada environmental analysis model 
is based on Statistics Canada’s IOCC goods and services classification and that it uses tax-free 
amounts. Since PSPC procurements are classified with GSIN codes, there is also an issue of 
correspondence between classifications. Matches between the classifications had to be made 
and are also described below. 

3.2.2.1 Exclusion of certain contracts 

Some undefined procurements are coded with GSIN N9999 (“Miscellaneous items”) and cannot 
be matched in another classification. However, they represent only one or two contracts each 
year and count for only 0.02% to 0.05% depending on the year. It was decided with the 
agreement of PSPC-QC to exclude their GHGs from the analysis. However, a sensitivity analysis 
was carried out by assigning to these contracts an IOCC commodity with a high GHG intensity (in 
this case, dairy products, the intensity of which is four times higher than the average 
procurement). The carbon footprint is only affected by 0.13% in this case, which strengthens the 
case for excluding these procurements. 

3.2.2.2 Multi-year contracts 

Some contracts related to procurements that will span several years. Although the source data 
have delivery start and end dates, there is no information to indicate what proportion of the 
amount must be allocated to each year of the period. Even if this were possible, allocating an 
amount of year n over several years would imply that any future analysis for years n+1, n+2 etc. 
would be capable of accounting for the shares of amounts allocated in previous years. There is 
therefore an issue regarding continuity, and accounting traceability should be implemented to 
ensure that these amounts are actually counted in full so as not to underestimate the carbon 
footprint of each year. For this study, it was decided with PSPC-QC’s agreement to allocate 100% 
of the amount of multi-year contracts to the year of their signing. 
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3.2.2.3 Amendments 

As mentioned in paragraph Error! Reference source not found., a significant number of 
contracts are amendments and they represent a significant share of the total amount (from 15% 
to 23% depending on the year, see Table 3-1). The vast majority of these amendments (80% to 
87%) refer to initial contracts signed in a previous year. Of these amendments, many (from 36% 
to 41%) have no value—that is, their amount is worth $0—and probably relate to non-financial 
terms of the original contract. A small portion of amendments (4%) is in a negative amount. The 
majority (55% to 61%, depending on the year) are positive. In agreement with PSPC-QC, it was 
decided not to exclude any amendment from the analysis, regardless of its value or year of 
initial contract, assuming that an amendment of a positive amount (respectively negative) 
corresponds to the delivery of an additional quantity (respectively reduced) of a good or service 
and to allocate it entirely to the year of the amendment. 

3.2.2.4 Exclusion of tax 

Because the environmental analysis tool required tax-free amounts, taxes had to be removed 
from the tax-inclusive amounts in the source data. The following rules were provided by 
PSPC-QC with rates that are valid for the three years being studied: 

 Products (GSIN beginning with the letter N) 
a. Canadian supplier: the tax application rule is that the tax charged is that of the 

delivery address. Considering that everything was delivered to Quebec, taxes of 
14.975% are to be removed from the contract amount. 

b. Foreign supplier: For suppliers from outside Canada, no tax was added and the 
contract amount is therefore tax free.  

 Services 
a. Canadian supplier: the tax application rule is that the tax charged is that of the 

purchaser’s address. Therefore, since all purchasers are in the Quebec Region, taxes 
of 14.975% are to be removed from the contract amount. 

b. Foreign supplier: For suppliers from outside Canada, no tax was added and the 
contract amount is therefore tax free.  

 Construction (GSIN starting with 51) 
a. Canadian supplier: the tax application rule is that the tax charged is that of the 

purchaser’s address. Therefore, since all purchasers are in the Quebec Region, taxes 
of 14.975% are to be removed from the contract amount. 

b. Foreign supplier: There should not be a foreign supplier for construction contracts. 

3.2.2.5 Matching between GSIN-UNSPSC and UNSPSC-IOCC classifications 

As mentioned above, the federal government uses the Goods and Services Identification 
Number (GSIN) codes to identify generic product descriptions as part of its procurement 
activities. PSPC-QC source data contain a GSIN code for each contract. The federal government 
is looking at replacing GSINs in the near future with the UNSPSC classification,8 which is an 
international classification that is used by many other countries, institutions, and governments, 
such as the government of Quebec. In June 2016, the federal government published a partial 
matching (or mapping) table for matching GSIN codes with a unique UNSPSC code. It contains 

 
8 United Nations Standard Products and Services Code (www.unspsc.org). 
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matches for 4,835 GSIN codes, but around 500 are not matched.9 After the analysis of PSPC-QC 
procurement, 82 GSINs do not have matches in the table developed by the government. As a 
result, they had to be matched manually and then validated by PSPC-QC (Appendix B). 

On another note, the openIO-Canada environmental analysis model is based on Statistics 
Canada’s IOCC classification. In its version that was updated by CIRAIG in 2017, a partial 
matching table was developed to match more than 1,200 UNSPSC codes with a single IOCC code. 
It is therefore logical to use the UNSPSC classification as the intermediary between the GSIN and 
IOCC classifications.10 After the analysis of PSPC-QC’s procurement is converted to UNSPSC, it 
appears that nearly 252 relevant UNSPSC codes do not have IOCC matches in the available 
table. These matches were made as a result (Appendix C). The procedure was to find out 
whether the immediate parent UNSPSC code had an IOCC match in the existing table. 
Otherwise, we looked for the grandparent and so on. In fact, the UNSPSC classification is 
hierarchical11 and such research can therefore be automated for hundreds of codes. Completed 
matches were verified retrospectively for all commodities that contributed more than 1.5% of 
the annual carbon footprint calculated once and corrected if necessary. The carbon footprint is 
then recalculated using an iterative process. During this validation process, more than 120 new 
UNSPSC-IOCC matches were made. The table now contains 1,325 matches.  

3.2.2.6 Procurement source and environmental modelling 

With OpenIO-Canada being contextualized for Quebec, it gives the option for each good and 
service in the model to be produced either in Canada or in Quebec. The rules set out in Table 3-2 
were used to model procurement based on the origin of the supplier indicated in the source 
data from PSPC-QC. 

It should be noted that products from a Quebec supplier are not necessarily manufactured in 
Quebec, particularly when the corresponding industry does not exist in Quebec or is not well 
developed there, in which case there is a strong likelihood that the product is manufactured 
elsewhere in Canada or abroad and imported into the province by the supplier. 

Depending on their nature, the services of a non-Quebec supplier may be carried out in the 
supplier’s area (typically, if this is office work, such as a design office, a translation service, a 
computer service, etc. or even laboratory work) or be carried out in Quebec following the 
relocation of a service provider (for example, the supplier may send a team for field analyses, 
send scientists to do lab work in Quebec, etc.) Since it is not possible to distinguish between 
these possibilities due to a lack of information, we considered that all services from a 
non-Quebec supplier were performed outside Quebec and therefore modelled as a Canadian 
service. This choice is conservative (that is, it does not underestimate the carbon footprint) 
because more-carbon-intensive electricity is considered in the life cycle of the service. 

 
9https://buyandsell.gc.ca/procurement-data/unspsc/download-unspsc. 
10 It must be noted that there is no GISN-IOCC mapping table that may have been developed by PSPC or 
Statistics Canada. 
11 A UNSPSC code always has 8 digits. In groups of two, the first digits in turn define the segment (e.g., 
72000000: Building and construction and maintenance services), the family (e.g., 72190000: Infrastructure 
maintenance and repair services), the class (e.g., 72191500: Road maintenance) and lastly, the commodity 
(e.g., 72191501: Snow removal). Therefore, there is a parent/child relationship between these 4 levels. 
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Table 3-2: OpenIO-Canada model region chosen based on procurement source 

Source OpenIO-Canada model region 

Foreign procurement (excluding United States) CA 

United States procurement CA 

Procurement from Canada (outside Quebec) CA 
Procurement from Quebec  

Services QC 
Building materials (GSIN starting with 51) QC 
Forestry and food products QC 
Other goods CA 
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4 Results and Discussion 

The first section of this chapter begins with an overview of PSPC-QC’s procurement for the three 
years of the economic study. Afterwards, estimates of GHGs associated with procurement life 
cycle are presented and discussed. 

4.1 Economic analysis of PSPC-QC procurement 

The assessed contracts represent a total net amount, excluding taxes, of $354.5 million in 
2014/2015, $430.5 million in 2015/2016 and $376.6 million in 2016/2017, with an average of 
$387.1 million per year over the three years. 

Table 4-1 presents PSPC-QC’s client departments. PSPC (here, Public Works and Government 
Services Canada) is the main buyer, accounting for about half the value of procurement. Along 
with the Department of National Defence, the Canadian Space Agency, and Fisheries and Oceans 
Canada, these four departments cover 80% (in 2014/2015) to 90% (the other years) of 
PSPC-QC’s total procurement. 

It was also noted that procurement was significantly higher for: 

 Fisheries and Oceans Canada and the National Research Council of Canada in 
2016/2017, compared with previous years; and 

 Canada Border Services Agency and the Office of Infrastructure of Canada in 2014/2015 
compared with the following years. 

For the Jacques Cartier and Champlain Bridges Incorporated, the negative net amounts in 
2015/2016 and 2016/2017 reflect, for those years, amendments for reimbursement that were 
greater than purchases (see paragraph Error! Reference source not found.). 

As indicated in Table 3-1, by year, from 94% to 98% of procurement, in value, are contracts 
signed with Canadian suppliers. More specifically, from 10% to 17% are suppliers from Ontario 
and 74% to 85% are suppliers from Quebec. Some contracts were signed with foreign suppliers 
other than the United States: 20 contracts accounting for 1.2% of expenses in 2014/2015, 16 
contracts for 0.2% in 2015/2016, and 28 contracts for 4% in 2016/2017. 

Figure 4-1 to Figure 4-3 present the products (goods or services) by GISN categories, which 
account for 80% of total procurement for the three years.12 In general, some forty product 
categories accounted for 80% of procurement. The main sectors concerned are: 

 Very remotely, the construction sector (buildings, transportation infrastructure) and 
associated architecture and engineering services, including structural maintenance and 
repair; 

 Research and development (R&D) contracts in the military and aerospace sectors; 
 Maintenance and management of buildings (cleaning, caretaking, security services, etc.); 
 Purchase and maintenance of movable property (vehicles, trucks, ships, and boats, etc.); 
 Environmental services (audit, analyses, etc.); 
 Food and catering services. 

 
12 The complete data are available in MS Excel format in Appendix D. 
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The 2015/2016 fiscal year appears to be different, with significant amounts for contracts 
classified in the “Construction of other buildings” category. These are contracts signed by PSPC 
that explain the department’s large contribution to procurement for that year (Table 4-1). Large 
amounts in 2016/2017 for the construction and maintenance of seaways and marine 
infrastructure and for vessels and parts explain the high contribution of Fisheries and Oceans 
Canada as a client department this year compared with previous years. 

Table 4-2 and Table 4-3 detail the information in the previous figures, specifying the 
contributions of the client departments for each of the main products. 
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Table 4-1: Net amount, taxes excluded, of PSPC-QC procurement by client department (departments are ranked in descending order of 
2015/2016 amounts)  
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Figure 4-1: Main goods and services purchased in 2014/2015 accounting for 80% of procurement 
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Figure 4-2: Main goods and services purchased in 2015/2016 accounting for 80% of procurement 

 



©CIRAIG Final technical report 
 

Page 30 CARBON FOOTPRINT OF PURCHASES BY PSPC-QUEBEC March 2018 
 

 

Figure 4-3: Main goods and services purchased in 2016/2017 accounting for 80% of procurement 
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Table 4-2: Main products and client departments accounting for up to 67% of the total 
2015/2016 procurement amount 

(net amount, excluding taxes; product contribution in % of the total amount for the year; client 
contribution in % of the amount for the product; ranking for 2015/2016) 
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Table 4-3 (Table 4-2 continued): Main products and client departments contributing 68% to 
80% of the total 2015/2016 procurement amount 

(net amount, excluding taxes; product contribution in % of the total amount for the year; client 
contribution in % of the amount for the product; ranking for 2015/2016) 
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4.2 Carbon footprint of PSPC-QC procurement 

The annual GHG emissions associated with the assessed procurement are: 

 98,767 tonnes CO2eq for 2014/2015, which is 0.279 kg CO2eq/$ excluding acquisition 
tax (emission intensity); 

 122,037 tonnes CO2eq for 2015/2016 (0.284 kg CO2eq/$); and  
 88,594 tonnes CO2eq for 2016/2017 (0.235 kg CO2eq/$). 

For perspective, the emissions in 2015/2016 (122,037 t CO2eq) are equivalent to travelling about 
685,000 km by car. To offset these emissions, for example, 38,000 cars13 would have to be taken 
off the road or 872,000 trees be planted.14 

4.2.1 Carbon footprint per client department 

GHG emissions by client department are presented in Table 4-4. PSPC has been found to be the 
largest net contributor to total GHGs, at 43% to 53%, depending on the year (these rates are 
very similar to the value contributions of total purchases in Table 4-1. Then came the 
Department of National Defence, with a contribution already 2-3 times smaller than that of 
PSPC, then Fisheries and Oceans Canada, Correctional Service Canada, and the Canadian Space 
Agency. 

PSPC’s significant contribution to the carbon footprint of procurement is due to the high 
proportion of construction work and architecture and civil engineering services. Goods and 
services of this type, and more generally all those associated with the construction, 
maintenance and repair of infrastructure (residential or non-residential) and all civil engineering 
work, all have a high GHG intensity (0.47 kg CO2eq/$ and beyond). 

The case of Fisheries and Oceans Canada in 2016/2017 (second-highest contributor that year) 
shows higher GHG emissions than the two previous years (in relation to procurement, of which 
the amount doubled, then tripled with time), while even the Department of National Defence 
reduced its emissions that same year, mainly due to less carbon-intensive procurement. 

Parks Canada’s GHG intensity was also very high each year, particularly in 2015/2016 
(1.4 kg CO2eq/$). This is caused by the high volume of ferry services contracted this year in 
particular, which are associated with the consumption of fuel and the GHGs from its 
combustion. 

Table 4-5 details the top four goods or services that contribute to the emissions of the six 
departments that emit the most through their procurement (over all three years to avoid bias; 
the annual details are available in Appendix D). These goods and services are associated with the 
construction of buildings and infrastructure for the first four PSPC procurements and also for 
one part of those for Fisheries and Oceans Canada. For the Department of National Defence and 
the Canadian Space Agency, these are largely research and development (R&D) and scientific 
services. This type of service is relatively low in carbon, hence the low GHG intensity observed in 
Table 4-4 (0.1 to 0.3). The carbon footprint of the Department of National Defence also includes 
a significant share of office cleaning services and vehicle repair services. Ship repair and 

 
13 0.178 kg CO2eq/km; 18,000km/year driven by the vehicle, without considering the rebound experienced 
from the removal of vehicles. 
14 Carbone boréal, 2018. 
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maintenance is the main contributor for Fisheries and Oceans Canada. Food products are a 
significant procurement item for Correctional Service Canada and more marginally for the 
Department of National Defence. Food and catering services typically have a high GHG intensity 
(largely associated with the agricultural production stage), which explains the high intensity 
observed for Correctional Service Canada in Table 4-4. For the National Research Council of 
Canada, the main contributors are scientific instruments, and laboratory equipment and 
consumables. 

Through the annual variation in GHG emission intensity of client departments, it is possible to 
see that marked variability in procurement, in proportion and/or in kind, for certain 
departments (Figure 4-4). The average for the three years of the study is 0.266 kg CO2eq/$ 
excluding tax. 
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Table 4-4: GHGs and GHG emission intensity (tonnes CO2eq/$ excluding taxes) of PSPC-QC procurement, by client department 
(departments are ranked in descending order of GHGs for 2015/2016) 
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Table 4-5: The top four GHG-producing procurement items (according to GSIN description) for each of the six client 
departments of PSPC-QC that contributed the most to the total carbon footprint over the three years 
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Figure 4-4: Annual variation in GHG emission intensity of client departments and average, 2014 to 2017 (tonnes CO2EQ/$ excluding taxes). 
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4.2.2 Carbon footprint by category of goods and services 

4.2.2.1 Carbon footprint by GSIN description of goods and services 

Construction-related procurement items (GSIN codes starting with 51) contributed 42% to 52% 
of the annual carbon footprint (Figure 4-5). The rest are slightly more associated with services 
(around 30%) than with other types of goods (around 25%). 

 

 

Figure 4-5: Carbon footprint contributors according to the three main procurement categories 
(miniature: contribution by amount) 

 

Depending on the year, 36 to 45 goods and services (out of about 400 each year) account for 
80% of the carbon footprint of procurement. Their list is available in Appendix D. Over all three 
years, 72 unique goods and services contributed to the bulk of the carbon footprint. Only about 
20 of them contribute individually to more than 1% and together for 60% of the total impact 
(Table 4-6). The same table with the details of the client departments is available in Appendix D. 
It notes that laboratory equipment and supplies, cleaning and maintenance services, and lastly, 
food products and catering services are common procurement items for many departments. As 
previously mentioned, this is also the case for construction and the related trade services.  
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Table 4-6: Goods and services (based on GSIN description) each of which make up more than 1% of 
the total carbon footprint of procurement over the three years of the study 

 
 

4.2.2.2 Carbon footprint by UNSPSC description of goods and services 

Aside from the fact that PSPC should in the short term move from the GSIN description system 
to the UNSPSC classification, the UNSPSC system also has the advantage of being explicitly 
hierarchical, thus facilitating groupings at different levels of aggregation. The carbon footprint 
per UNSPSC segment (highest level of UNSPSC classification, with two significant digits – see 
note at the bottom of page 11) shows that building construction and maintenance work 
ultimately accounts for more than one-third of the footprint (Figure 4 of Appendix D). However, 
it was noted that the segment level is probably too aggregated and does not provide as much 
information as the GSIN description on the nature of the goods and services. 

The family level (lower level in the UNSPSC classification, with four significant digits) gives a bit 
more information (Figure 4-6): about 20 families account for more than 83% of the carbon 
footprint. It is still very granular and sometimes not very descriptive of its denomination if an 
accurate identification of procurement is desired. However, this level could be used for annual 
monitoring. 

Whether with the GSIN or UNSPSC classification, at both the segment and family levels, it must 
be kept in mind that these classifications always require a cut-off threshold to be determined in 
order to allow a decent number of categories to be represented in tables or monitoring charts. 
For example, in Table 4-6 with the GSINs, a 1% contribution threshold is used; in Figure 4-6, with 
UNSPSC families, a 1% threshold shows 20 families out of the 165 affected by procurement from 
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2014 to 2017 (but out of a total of 465 families available in the entire classification and 
potentially affected in the future). 

 

 

Figure 4-6: Goods and services (according to UNSPSC families) that each contributed more 
than 1% to the carbon footprint of PSPC-QC procurement from 2014 to 2017.15 

145 families of less than 1% are grouped into “Other goods and services” 

 

4.2.3 Suppliers’ main contributors 

The results presented so far show which purchased products the carbon footprint of PSPC-QC 
procurement is “channelled” through. The IO-E approach also lets us analyse a level below, 
upstream in the supply chain, and identify which products purchased by suppliers of PSPC-QC 
goods and services affect the GHGs of PSPC-QC’s carbon footprint.  

The following figures present sheets for eight procurement categories that contribute the most 
to PSPC-QC’s carbon footprint. Each one lets us visualize the goods and services that contribute 
the most to the supplier’s procurement. These major contributors are those to which PSPC-QC 
should ask its suppliers to pay special attention. The sheets involve: 

 non-residential construction 
 repair construction services 
 cement and concrete materials 

 
15 The “Well Drilling and Construction Services” family refers to GSIN 5138 A, B, and C of dredging services; 
the “National Defence and Military Services” family refers to the GSIN for R&D in the military, astronautics 
and radar technology domain; the “Marine Transport” family comes from the UNSPSC segment 
“Commercial and Military and Private Vehicles and their Accessories and Components” and mainly 
concerns ship repair services, ships, and ferry services. 
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 research and development services 
 laboratory and scientific equipment 
 vehicle repair and servicing 
 building cleaning services 
 food products 

The cement and concrete data sheet was proposed because, although this material was not 
identified as a major direct procurement item for PSPC-QC, it is the highest impact item for 
suppliers of construction services and construction-related repair services. In other words, this 
sheet also lets us visualize an additional level upstream from PSPC-QC procurement. 

Direct emissions represent the GHGs emitted directly by the product manufacturer or service 
provider. For example, direct emissions from “repair construction services” are GHGs emitted 
mainly from fuel combustion in the machinery used. Direct emissions in the “cement and 
concrete materials” document are GHGs emitted by cement plants.  
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Data sheet of the main procurement categories that contribute to the carbon footprint: non-residential construction 

UNSPSC procurement category 
% of total procurement 

amount  
2014 to 2017 

Carbon footprint contribution 

(% of total GHGs 2014 to 2017) 

72130000 – General building construction 18.0% 20.3% 
72131600 – Commercial or industrial construction 1.8% 2.0% 
72102500 – Masonry and stonework and tile setting 1.3% 1.5% 
72101601 – Roofing installation or repair 0.7% 0.8% 
30222201 – Radar station 0.5% 0.5% 
72101600 – Roofing and siding and sheet metal work 0.1% 0.1% 
Note: these UNSPSC categories are modelled by the same IOCC product category. 

Matching IOCC product category (region of origin): Non-residential building construction (QC) 

 

Main categories of IOCC products upstream in the life cycle that contribute to the carbon footprint of these UNSPSC 
procurement categories 

(% of impact score for product category) 

 
Note: only the top 10 contributors are displayed, the rest are grouped in “Other goods and services”. 
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Data sheet of the main procurement categories that contribute to the carbon footprint: repair construction services 

UNSPSC procurement category (top 5 of 19) 
% of total procurement 

amount  
2014 to 2017 

Carbon footprint contribution 

(% of total GHGs 2014 to 2017) 

72100000 – Building construction and support and maintenance and repair services 2.4% 2.5% 
72102300 – Plumbing and heating and air conditioning 0.7% 0.7% 
72102305 – Air conditioning installation or maintenance or repair services 0.3% 0.3% 
72102800 – Refurbishing services 0.3% 0.3% 
72103000 – Site preparation services 0.2% 0.2% 
Note: these UNSPSC categories are modelled by the same IOCC product category. 

Matching IOCC product category (region of origin): Repair construction services (QC) 

 

Main categories of IOCC products upstream in the life cycle that contribute to the carbon footprint of these UNSPSC 
procurement categories 

(% of impact score for product category) 

 
Note: only the top 10 contributors are displayed, the rest are grouped in “Other goods and services”. 
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Data sheet of the main procurement categories that contribute to the carbon footprint: cement and concrete materials 

UNSPSC procurement category 
% of total procurement 

amount  
2014 to 2017 

Carbon footprint contribution 

(% of total GHGs 2014 to 2017) 

30130000 – Structural building products 0.02% 0.1% 
Note: cement/concrete is a major input for construction and repair services   
   
Note: these UNSPSC categories are modelled by the same IOCC product category. 

Matching IOCC product category (region of 
origin): 

Cement, prepared concrete and concrete products (QC) 

 
 

Main categories of IOCC products upstream in the life cycle that contribute to the carbon footprint of these UNSPSC 
procurement categories 

(% of impact score for product category) 

 

Note: only the top 10 contributors are displayed, the rest are grouped in “Other goods and services”. 
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Data sheet of the main procurement categories that contribute to the carbon footprint: research and development 

UNSPSC procurement category 
% of total procurement 

amount  
2014 to 2017 

Carbon footprint contribution 

(% of total GHGs 2014 to 2017) 

92111700 – Military science and research 14.7% 6.6% 
   
   
Note: these UNSPSC categories are modelled by the same IOCC product category. 

Matching IOCC product category (region of 
origin): 

Research and development services (QC) 

 
 

Main categories of IOCC products upstream in the life cycle that contribute to the carbon footprint of these UNSPSC 
procurement categories 

(% of impact score for product category) 

 

Note: only the top 10 contributors are displayed, the rest are grouped in “Other goods and services”. 
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Data sheet of the main procurement categories contributing to the carbon footprint: Laboratory equipment 

UNSPSC procurement category 
% of total procurement 

amount  
2014 to 2017 

Carbon footprint contribution 

(% of total GHGs 2014 to 2017) 

41100000 – Laboratory and scientific equipment 2.3% 2.8% 
   
   
Note: these UNSPSC categories are modelled by the same IOCC product category. 

Matching IOCC product category (region of origin): General purpose machinery (CA) 

 

Main categories of IOCC products upstream in the life cycle that contribute to the carbon footprint of these UNSPSC 
procurement categories 

(% of impact score for product category) 

 
Note: only the top 10 contributors are displayed, the rest are grouped in “Other goods and services”. 
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Data sheet of the main procurement categories contributing to the carbon footprint: Vehicle repair and servicing 

UNSPSC procurement category 
% of total procurement 

amount  
2014 to 2017 

Carbon footprint contribution 

(% of total GHGs 2014 to 2017) 

78180100 – Vehicle maintenance and repair services 1.3% 1.2% 
78180102 – Transmission repair 0.01% 0.0% 
   
Note: these UNSPSC categories are modelled by the same IOCC product category. 

Matching IOCC product category (region of origin): Motor vehicle repair and maintenance services (QC) 

 

Main categories of IOCC products upstream in the life cycle that contribute to the carbon footprint of these UNSPSC 
procurement categories 

(% of impact score for product category) 

 
Note: only the top 10 contributors are displayed, the rest are grouped in “Other goods and services”. 
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Data sheet of the main procurement categories that contribute to the carbon footprint: building cleaning  

UNSPSC procurement category 
% of total procurement 

amount  
2014 to 2017 

Carbon footprint contribution 

(% of total GHGs 2014 to 2017) 

76111501- Building cleaning services 2.8% 1.9% 
(and other more marginal services)   
   
Note: these UNSPSC categories are modelled by the same IOCC product category. 

Matching IOCC product category (region of 
origin): 

Services to buildings and dwellings (QC) 

 
 

Main categories of IOCC products upstream in the life cycle that contribute to the carbon footprint of these UNSPSC 
procurement categories 

(% of impact score for product category) 

 

Note: only the top 10 contributors are displayed, the rest are grouped in “Other goods and services”. 
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Data sheet of the main procurement categories that contribute to the carbon footprint: food products 

UNSPSC procurement category 
% of total procurement 

amount  
2014 to 2017 

Carbon footprint contribution 

(% of total GHGs 2014 to 2017) 

50000000 - Food, beverage and tobacco products 1.0% 3.2% 
50110000 – Meat and poultry products 0.5% 1.7% 
   
Note: these UNSPSC categories are modelled by the same IOCC product category. 

Matching IOCC product category (region of 
origin): 

Meat products (QC) 

 
 

Main categories of IOCC products upstream in the life cycle that contribute to the carbon footprint of these UNSPSC 
procurement categories 

(% of impact score for product category) 

 

Note: only the top 10 contributors are displayed, the rest are grouped in “Other goods and services”. 
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4.3 Procurement recommendations and its monitoring by PSPC 

4.3.1 Construction work and associated services 

A major share of purchases and estimated impact are from performing construction and repair 
work on buildings and transportation infrastructure, and from professional architecture and 
engineering services. It is seldom possible to reduce or rationalize the volume of these 
procurement items, especially if large construction/repair sites need to be built (for example, 
PSPC-QC in 2015/2016). 

As indicated in the previous sheets, these services cause direct GHG emissions at the work site 
(and/or for the transportation of heavy materials) through the consumption of fuel purchased 
by the service provider. In this context, PSPC can influence its purchases and have bidding 
companies compete to offer their services based on additional criteria for consumption, control 
of emissions from vehicles and machine tools, etc. 

 Guides and recommendations exist on energy efficiency, fuel-efficient use of vehicles 
and machinery (Natural Resources Canada/Office of Energy Efficiency, ECPAR, etc.) 

The performance of work involves the production of materials that are the purchase’s main 
contributors. These are cement and concrete, metal materials, paints, and adhesives purchased 
by the contractor to provide the service (see “repair construction services” data sheet). 
Environmental gains can be achieved by requiring the service provider to focus on these 
procurement items (for example, it can optimally reduce its use of cement and concrete by 
adding cement aggregates) and PSPC can also play a role in its contractual requirements. A 
building construction contract may require the bidder to show that its cement and concrete 
supplier uses production technology that reduces emissions or has completed an environmental 
product declaration. 

4.3.2 Food products 

Two findings of the study showed that food product procurement is a relatively significant 
contributor to the carbon footprint and that they are often too crudely described in the data 
compiled by PSPC. These procurement items should be listed, if possible, according to GSIN or 
UNSPSC codes that are more detailed than “Food and beverages” or “Provision” to distinguish 
the categories of food products available in the openIO-Canada environmental analysis model 
(cf. Appendix A.2), such as meat products, dairy products, fruits and vegetables, beverages, 
bakery products, etc. These food categories have significantly different GHG intensities and the 
analysis would become more accurate as a result. In addition, PSPC-QC could i) implement more 
accurate annual monitoring; ii) develop recommendations or incentives for its client 
departments that would seek to replace high-carbon foods, such as meat and dairy products, 
with lower-carbon foods, promote vegetarian menus, etc. 

4.3.3 Posterior analysis of procurement contracts 

Using cross-sectional analysis by goods and services and by client department, PSPC-QC can 
identify similar procurement item types that are repeatedly required by various departments. 
For the ones that were identified above as the greatest contributors to the carbon footprint, 
PSPC-QC could implement a posterior analysis protocol for contracts and/or offers of service in 
order to identify suppliers that would have to demonstrate that they are proactively reducing 
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their GHGs or have even carried out an environmental assessment of their activity or product. In 
such cases, not only could these suppliers be identified as “champions,” but above all, they 
themselves define the criteria that may be requested as mandatory for all suppliers in the goods 
or services category. 

4.3.4 Time monitoring by PSPC-QC 

Repeating the analysis over several years, using the monitoring tool, may over time reveal a 
larger number of products that are major contributors (and possibly very carbon intensive) to 
which closer attention will need to be paid. Similarly, individual monitoring by client department 
is possible, at least for the ones with a high volume and wide range of procurement items. PSPC 
can then engage in more focused and personalized discussions with its clients. 

4.4 Choosing a reference year 

Table 4-7 presents the arithmetic means for each department over the three-year period of the 
study, GHG emissions of procurement, and GHG intensity. The average GHG intensity is 
calculated as the average of the annual intensities, rather than dividing the total over the three 
years of emissions by that of the purchases, since this approach is strongly biased if negative 
amount amendments are significant (this was the case for Jacques Cartier and Champlain 
Bridges Incorporate, for which the intensity would be negative). 

The calculation of means over the three years eludes the issue of choosing only one year from 
the three of the study as a reference year. Several peculiarities were identified above based on 
the years. For example, in 2015/2016, the volume of purchases by PSPC was significantly higher 
than for the previous year and the following year, and accounted for the purchases of all 
PSPC-QC clients up to the grand total. The year 2015/2016 was also a special year for Parks 
Canada and Correctional Service Canada, while 2014/2015 was a special one for the Canada 
Border Services Agency. In short, choosing a year would be like setting an unrepresentative 
reference point, which is not recommended. The means approach smooths out both changes in 
the procurement volumes and profiles of each department over time and the variations 
between departments.  

The means for the three years of the study therefore provide an acceptable reference point for 
starting the annual monitoring exercise that PSPC wants to carry out. Over time, the main 
objective will be to see that the GHG intensity of procurement is decreasing with each year. In 
the event that procurement items of a very different nature become frequently required as 
compared to the previous year (such as ferry services for Fisheries and Oceans Canada in 
2016/2017), the intensity can change significantly, but neither the approach nor efforts at 
greening procurement should be called into question. In this case, using a moving average 
(rolling, over the last three or four years) in the future may be more suitable for following trends 
and progress. If progress tends to be steady over time, a weighted moving average that would 
give more weight to the most recent years would be more appropriate to define a more 
ambitious reference point each year. 
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Table 4-7: GHGs and GHG emission intensity (CO2eq/$ excluding taxes) average of PSPC-QC 
procurement over the three years of the study, by client department 

 

4.5 Other recommendations 

Several other recommendations can be made in relation to the procurement data compiled by 
PSPC-QC and that feed into the environmental analysis and ways to improve the openIO-Canada 
model for more relevant and more representative environmental analyses in the future. 

4.5.1 Entry of procurement data by PSPC 

In order to facilitate and refine environmental analysis, it is recommended that PSPC-QC: 

 Enter contract amounts in their sales tax-excluded value. 
 Do not describe contracts with a code that is too vague. For example, avoid the 

following GSINs that are difficult, if not impossible, to match with a UNSPSC code or an 
IOCC code in the analysis model: 
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o N9999 – Miscellaneous items 

The recommendation also applies to the future entry of UNSPSC codes where aggregated 
Segment or even Family levels should be avoided. 

4.5.2 Prospects for improving the tool and assessing the carbon footprint 

4.5.2.1 Update of the openIO-Canada model 

The results of this study are based on the data from the openIO-Canada model. The MS Excel 
tracking tool was also developed around the same model. The model can be improved in several 
ways to increase the representativeness and robustness of the results obtained for the carbon 
footprint. 

Economic model 

The underlying Input-Output economic model applies to 2009. More up-to-date tables (2015) 
exist and were published by Statistics Canada. This would increase the representativeness over 
time of cross-sectoral economic exchanges in the Canadian economy.  

Environmental extensions 

The Environment Accounts Division of Statistics Canada now publishes GHG emissions tables 
that are synchronized with the latest economic data (2015). Such an update would improve the 
technological representativeness of the openIO-Canada model and would reflect the progress of 
Canadian industries in reducing GHG emissions. 

Contextualization and regionalization 

Like the model’s contextualization to simulate a Quebec economy through a Canadian economy 
powered by electricity from Quebec’s energy mix, a similar contextualization could be done for 
each of the other provinces of Canada by considering their own energy mix. This partial 
regionalization is a simplified way to improve the geographical representativeness of the 
analysis. As a priority, a contextualization for Ontario could be added, since it is the second 
province of origin for PSPC-QC’s Canadian procurement. 

True Canadian regionalization would consist of a multiprovincial model, including both the 
economic production model for each province and the interprovincial economic exchanges 
(Statistics Canada’s interprovincial Input-Output tables), as well as the environmental data for 
the industries in each province. Developing such a model is a major R&D effort; it also faces the 
challenge of the increased aggregation of data made public by Statistics Canada for these tables 
and, therefore, greater granularity of the resulting analysis model (on the order of about a 
hundred goods and services instead of 240). 

Another perspective of regionalization is a multiregional global model, where each country is a 
region. Such Input-Output models for environmental analysis exist, such as Exiobase and Eora, 
which detail over a hundred countries. They allow for exchanges between countries to be 
considered and therefore take into account, for example, that electronic and computer products 
purchased in Canada are manufactured in Asian countries. On the other hand, they have 
drawbacks, such as the granularity of goods and services (typically about a hundred) and the 
inability, without a significant R&D effort, to distinguish the regions within a country, such as the 
Canadian provinces. 
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5 Tracking Tool 

An MS Excel tracking tool was developed during the project at the same time as this study. The 
tool is bilingual French/English. 

 It contains the procurement data for 2014 to 2017, which were evaluated here, together 
with the results of their carbon footprint (also available in an Excel attachment to this 
report). 

 It allows a PSPC-QC user to replicate the annual carbon footprint of procurement 
exercise for subsequent years and to study the contributions by client department and 
by procurement categories. 

 It compares the carbon footprint for several years. 
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6 Conclusion 

Every year, PSPC-QC signs 2,000 to 3,000 procurement contracts worth $400 million to 
$500 million. The carbon footprint of all procurement items—from the cradle to the gate of the 
manufacturing plant of the good or at the point of delivery of the service—was assessed for the 
three fiscal years (2014 to 2017). On an annual average, it totalled 103,133 tonnes CO2eq or an 
intensity of 0.266 kg CO2eq/$ excluding taxes. The three major client department contributors to 
the footprint are:  

 PSPC itself, for 47% (0.264 kg CO2eq/$), mainly for construction of buildings and 
transportation infrastructure;  

 the Department of National Defence, for 18% (0.263 kg CO2eq/$), mainly for research 
and development services, but also for food services and for office cleaning services; 
and 

 Fisheries and Oceans Canada, for 12% (0.347 kg CO2eq/$), for ship repair and marine 
construction work. 

In order to green its procurement, PSPC-QC should prioritize these procurement categories to 
reduce their carbon footprint. Where possible, efforts should first be made to reduce or 
streamline the volumes of these procurement items. The study showed that this is not always 
possible, especially if large construction/repair sites need to be created (this was the case for 
PSPC-QC in 2015/2016, for example). This is probably easier for procurement items that are 
more regular and stable over time, such as research and development services, food services, 
cleaning services, and vehicle repair services. Efforts in these areas should reduce spending and 
the total annual carbon footprint. The tracking tool will allow PSPC-QC to monitor such a trend. 

Another direction for effort is to develop specific requirements for the procurement items in 
these categories in PSPC-QC calls for tenders that suppliers should follow or at least show that 
they are making efforts to meet them. The contribution sheets developed for a series of 
eight procurement categories can offer guidance on the issues that these requirements should 
address. The tracking tool developed for PSPC-QC does not quantify the reduction in the carbon 
footprint that can be achieved as a result of such improvements by suppliers, as it remains too 
granular in its analysis. However, it allows contribution analyses to be conducted for other 
procurement categories. 

Instead, the tracking tool provides a more macroscopic perspective that also allows PSPC-QC to 
report annually on the carbon footprint of all procurement for which it has a mandate, to reveal 
the emergence over time of categories of contributor products (which may have high carbon 
intensity) or even to track and advise its client departments individually.  

This study adapted a “hotspot analysis” style of environmental analysis to the context of 
PSPC-QC procurement classified according to the GSIN description. In particular, it will have 
made it possible to find matches with the UNSPSC classification for 82 missing GSIN codes in the 
mapping table published by PSPC. These codes accounted for 15% to 20% of the value of 
PSPC-QC’s annual procurement. 

Lastly, it must be kept in mind that the carbon footprint calculated in this study represents 
potential GHG emissions and not real impacts, and does not include the use and end-of-life 
stages of the purchased goods. The environmental portrait of procurement is therefore partial, 
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especially for energy-consuming durable goods during their useful lives. A follow-up to the study 
may address this aspect. 
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Appendix A.1 
Input-Output (IO-E) environmental analysis method 
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The proposed methodology for the study is based on the Input-Output environmental (IO-E) 
analysis, which is derived from the Input-Output (IO) economic analysis. The IO-E analysis is 
commonly used to conduct environmental analyses in situations were the traditional LCA16 is 
poorly or less well adapted. This is particularly the case when the system being studied involved 
a large number of products and services, and carrying out an LCA for each of them to model the 
system is ultimately not possible (individual data not available or difficult to access, workload 
too high). Typically, IO-E analyses are used to assess the impacts of an entire nation (Hertwich & 
Peters 2009; Huppes et al. 2006), a region (Erickson et al. 2010; Larsen & Hertwich 2011) or a 
city (Larsen & Hertwich 2010; Wiedmann et al. 2015), including trade between these economies 
(Norman et al. 2007; Hertwich & Peters 2009; Wiedmann et al. 2015; Kanemoto et al. 2016). It is 
also suitable for assessing the multiple activities and procurement items of organizations such as 
corporations (e.g., Huang et al. 2009), universities (Baboulet & Lenzen 2010; Thurston & 
Eckelman 2011; Larsen et al. 2013; Townsend & Barrett 2015; Gómez et al. 2016) or public 
services and governments (Minx et al. 2009; Wiedmann & Barrett 2011; Larsen & Hertwich 
2011; Alvarez & Rubio 2015; Kjaer et al. 2015). The IO-E analysis is also used in conjunction with 
the traditional LCA in the preliminary phases of the analysis, since like the traditional LCA, it 
identifies the sources of impact along supply chains and also identifies the responsibilities 
between suppliers and consumers. Furthermore, the size of the systems that it can analyze 
makes the method suitable for supporting public policies related to consumption, such as when 
it comes to identifying action priorities by categories of products and services (see Minx et al. 
2009; Tukker 2006; Huppes et al. 2006).  

The following paragraphs briefly introduce the general principles of the IO analysis and its 
extension to the IO-E environmental analysis. Then, the analysis model developed for the study 
is presented. 

The Input/Output economic analysis 

IO analyses consider the entire economy as a set of players grouped into industries (or sectors) 
that buy and sell goods and services (“products”). Monetary IO tables are constructed using data 
from national statistics agencies. These IO tables are national accounting inventories and refer 
to one year. The “final” consumption of products by households and governments, as well as 
imports and exports are represented in separate tables. Any other flows that cannot be 
considered a product exchange are represented in extensions; for an economic analysis, this 
typically boils down to value added, namely pay for salaries and profits. 

IO tables are generally constructed symmetrically in order to describe which products are used 
in the production of which products (Z, see Figure 7-1). In other words, we eliminate industries 
from the representation of the economy and we focus on the interdependence between 
different products.  

An IO table is then standardized in relation to the total production of each product. Each column 
is a kind of “cooking recipe” to produce $1 of a product (Leontief, 1970). The Z flow matrix then 
becomes the matrix of technical coefficients (A). The latter is then used in IO analysis models 

 
16 Later, “LCA” is understood to be the traditional life cycle analysis method using unit processes that are 
exclusively in physical data. The inventory is usually truncated by using a cut-off threshold (e.g., inputs 
representing less than 1% by mass of total process inputs are excluded from the inventory based on the 
principle that their contribution will not be significant to the impact) or by excluding certain activities, 
such as the transportation of employees to their workplace. Ecoinvent is a recognized example of an 
“LCA”-type database. 
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using the Leontief matrix (L=(I–A)-1), which introduces the life cycle approach. By multiplying a 
vector for final product demand (e.g., household demand) by L, we then calculate the total 
“cradle to consumer” production required for each product to meet demand. This so-called 
“quantity” model is central to any IO analysis and also the traditional LCA. The IO analysis and 
the LCA therefore share the mathematical foundations and many assumptions. 

 

 

Figure 7-1: Non-standardized Input-Output tables (simplified fictional example of 3 products) 

The “Electricity” column compiles the flows of various products (Z) and the value added (va) 
dedicated to the production of electricity in the economy; the “Electricity” row counts the 
consumption of electricity in the production of various commodities (Z) and by the final 

consumers (h). The sums of the rows and columns must be equal (x=x’). 

 

Multiregional IO analysis: By combining the tables of all available countries and by reconciling 
their reported imports and exports, we can develop an overall portrait of the entire world in 
which each country is explicitly represented and each industry uses domestic and imported 
inputs. The compilation of multiregional IO tables is a fairly difficult task, carried out by experts 
from the academic world, but their use is no more complicated than that of a national IO table. 
Such tables open the way to analyses in which the origin of products can be considered.  

IO tables are typically published every 5 years by national statistics agencies and with a delay of 
a few years. Analysts must therefore manage this temporality aspect using price indices to 
correct for inflation or deflation as needed (see Appendix A.4). 

 [€] Électricité Services Ménages total

Prod. manufacturés 0 20 45 35 100
Électricité 30 0 30 140 200
Services 0 80 0 70 150

Valeur ajoutée 70 100 75

total 100 200 150

Produits
manufacturés

Z : h : x :

va
•
:

x' :
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The Input-Output environmental analysis (IO-E) 

The IO analysis calculates (in $) the total production from “cradle to consumer” required for a 
given final consumption. One of the main uses of the IO-E analysis is instead to calculate the 
total emissions for a given consumption. This is done by adding environmental extensions to 
the economy inventory data. Mathematically, environmental extensions are compiled and 
processed in the same way as the value added presented above in Figure 7-1. The IO-E tables 
are therefore IO tables enhanced by a matrix of environmental flows expressed in physical units, 
such as air emissions in kg CO2 or kg SO2, water samples in m3, kg of crude oil, etc. Each column, 
that is, each production process and service activity (cf. Figure 7-1), therefore has an inventory 
of its environmental inputs (natural resources taken) and its direct emissions into the 
environment (air, water or soil pollutants). Some IO-E tables also provide emissions from the 
product use phase in the form of direct household emissions per $ of purchase of each product 
(e.g., CO2 emitted per $ of purchase of automobile gasoline). 

The environmental extensions can be added to economic tables by the statistical agencies 
themselves, but they are often limited to GHGs and a few resources. The most complete models 
are instead developed by the academic world. The resources involved are very important, both 
for collecting available data and for the work of estimating missing data, scaling up, and quality 
control (bias identification, consistency of totals, etc.) This explains the overall reduced 
availability of databases for IO-E analysis (i.e., IO-E tables), both national and multiregional. It is 
very important to note that, although an IO-E analysis ensures that the economic activities 
involved are comprehensively considered, the environmental issues are only partially covered if 
the inventory in the tables is incomplete. An IO-E analysis model, if considered sufficiently 
detailed and complete, can be used in conjunction with an LCA to guide data collection and 
modelling in an exploratory phase prior to the traditional LCA (Bretz & Frankhauser 1996; Huang 
et al. 2009). 

The openIO-Canada model (adapted) 

OpenIO-Canada is a Canadian IO-E model developed by CIRAIG17 in 2014. Its main features are 
(Lesage, 2014): 

 Coverage and reference year: Canada, 2009 
 “L61” economic tables for disaggregation published by Statistics Canada: 112 industries 

and 246 commodities (goods and services) (see Appendix A.2) 
 Environmental data: GHG emissions and water use (direct environmental sampling and 

acquisition of procurement utilities) according to Statistics Canada’s Environment 
Accounts and emission of toxic air, water and soil pollutants according to Environment 
Canada’s National Pollutant Release Inventory (NPRI). In version 1.0, it does not include 
land use or fossil and mineral resource extraction. It lists 238 different substances that 
are exchanged with the environment. 

 Type of model developed (v. 1.0): Standardized 112-dimension matrix based on an 
“Industry-Industry” approach, with coproduct allocation based on the assumption that a 
given industry produces all its coproducts in the same way (the “Industry-Technology” 
hypothesis). 

 
17 http://www.ciraig.org/en/open_io_canada/ 
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OpenIO-Canada is an “open source” model and an online tool was created using the model. It 
has limitations that are directly linked to the completeness, transparency, and quality of the 
primary data on which it is based. The main limitations are listed in Appendix A.3. 

OpenIO-Canada is a model that represents Canada’s economy as a whole, without providing 
details at the provincial level. In addition, it considers Canada as an economy that is isolated 
from the rest of the world, as imports/exports are not included. These two limitations reduce 
the model’s value in assessing products purchased and used in Quebec when we know that 
many of them can be manufactured and imported from abroad or manufactured and used 
locally in Quebec by taking advantage of hydroelectricity, which has a significantly different 
environmental profile from the “average” Canadian electricity. In addition, version 1.0 of 
openIO-Canada does not include emissions from the product use stage (e.g., the CO2 emitted 
when combusting natural gas that is purchased for heating) or their end of life. For this review, 
the model used is an adaptation that affects the following aspects: 

a) Changing the model to include electricity generation in Quebec 
b) Calculations of emissions related to the use of purchased energy products 

 

a) Modifying the openIO-Canada model 

First, in order to improve the model’s performance and to facilitate its ongoing development, 
openIO-Canada is integrated into a Python programming environment. The model is then 
modified as follows: 

 The initial tables are redefined with the addition of the geographic dimension (in this 
case, CA for Canada) so that industries and products specific to the geography of 
Quebec (QC) can be added at a later date.  

 Products expressed in physical units are added to the tables, including electricity 
production in Quebec (expressed in kWh); the combustion of gasoline, diesel, marine 
fuel, and aviation fuel in vehicle fleets (both light and heavy), machinery, buses, trains, 
boats, and aircraft (expressed in litres); and the combustion of natural gas, heating oil, 
and propane (expressed in MJ). The calculation of combustion emissions is explained in 
the following section. 

 For electricity generation, emissions into the environment at “life cycle” emissions that 
take into account, for example, the construction of hydroelectric dams, transportation 
and distribution, and electricity imports. The emissions are based on a study conducted 
by CIRAIG for Hydro-Québec and are extracted from the ecoinvent life cycle inventory 
database v. 3.2 (2016). 

 Subsequently, Canadian goods and services from the initial tables can be duplicated in 
the expanded IO-E tables and virtually “delocalized” to Quebec (i.e., powered by Quebec 
electricity) if it is found that such goods or services produced in Quebec are in fact 
purchased by the government and should be modelled as such. This recontextualization 
is carried out for all 246 goods and services in the IO-E tables so that the analysis model 
contains two versions, one Canadian and one for Quebec, for each of the goods and 
services. The analysis will then determine which version is used for each acquisition 
category. 

 For this recontextualization, it was necessary to convert the amount of electricity 
purchased for each product on the IO-E tables into a physical quantity (kWh) of 
electricity. Two electricity prices were considered to account for “large consumers,” who 
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receive a lower industrial rate ($0.0479/kWh) than small consumers, who receive 
Hydro-Québec’s residential rate ($0.0678/kWh). With the purchase of electricity per 
unit of equal product, the lower the assumed price, the greater the emissions associated 
with electricity generation per unit of product. 

b) Emissions related to the product use stage 

Direct emissions from the use stage are added to the model for petroleum products and 
purchased fuels. These emissions are extracted from the ecoinvent life cycle inventory database 
v. 3.2 (2016) based on the details presented elsewhere. 

Limitations of the analysis model 

 The openIO-Canada model considers the structure of the Canadian economy and the 
emissions into the environment of each of its sectors as in 2009, while we are seeking to 
assess the potential impact for the years 2014 to 2017. Any structural changes in the 
economy, and technological advances that allowed for reductions in environmental 
emissions, but also any deterioration in environmental performance of industrial 
activities that may have occurred since 2009 are not taken into account. However, in our 
experience, a 5–8-year timeframe is very acceptable as part of an exploratory analysis 
that aims to identify the main contributors to impacts. 

 The model’s adaptation to a Quebec context is only partial, since it concerns only the 
production of electricity. 

 Intrinsically, the IO-E analysis is granular because of the limited number of product and 
service categories considered by the model. The level of aggregation reduces the 
possibility of distinguishing relatively similar acquisitions, such as those grouped in the 
computers and peripheral devices category. 

 The environmental extensions for openIO-Canada are not comprehensive and do not 
allow for certain impacts to be characterized, such as the depletion of fossil and mineral 
primary resources and damage to biodiversity (through land use). 

 Environmental extensions are not perfectly aligned with the available life cycle impact 
assessment methods. For example, metal and metalloid emissions are often expressed 
in the National Pollutant Release Inventory (NPRI; the main source of pollutant 
emissions for the openIO model) as “metallic compounds” or simply “metal,” while the 
characterization factors for metals in the Impact 2002+ method are given for metals in 
ion form, which overestimates the ecotoxic impact and, consequently, the damage score 
for Ecosystem Quality. 

 Lastly, the NPRI only provides emissions for site that are larger than a threshold, which 
omits some small sources of emissions. 

All limitations associated with the openIO model are described in Appendix A.3. 
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Appendix A.2: 
Input-Output Commodity Codes (IOCC), 2009, 

link 1961 level, used in openIO-Canada 
 

Source: Statistics Canada 

The last column presents the chosen rate for electricity consumed to produce products or 
services (CIRAIG). 

 

The appendix is included in the file “CIRAIG_SPAC-QC_Empreinte C_Annexes.xlsx”, which has 
been provided with the final report (“Support mapping” tab, and “IOCC_noms” and 

“IOCC_region” tables). 

  



©CIRAIG Final technical report 
 

Page 66 CARBON FOOTPRINT OF PURCHASES BY PSPC-QUEBEC March 2018 
 

Appendix A.3: 
Limitations of openIO-Canada (v. 1.0) 

 

See also: http://www.ciraig.org/en/open_io_canada/known_limitation.html 

Note: As described below, the 2009 environmental data for GHG emissions and water use were 
updated in 2017 by Statistics Canada. 
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A) ECONOMIC DATA 

 

Missing elements in the original Input and Output tables 

For confidentiality reasons, Statistics Canada wilfully excluded some elements from the Supply 
and Use tables. Some of these elements were estimated by CIRAIG in version 1.0 of OpenIO-
Canada. Missing elements ultimately lead to an underestimation of impacts and potential errors 
in contribution analyses. 

Imports, exports, investments, etc. 

Imports, exports and any other issue not directly covered in the Supply and Use table were 
ignored in the model. 

 

B) ENVIRONMENTAL DATA 

 

Greenhouse gases coverage (2017 update of 2009 data) 

The data from Statistics Canada on GHG emissions used in this model only covers three gases: 
CO2, CH4 and N2O. What is more, the emissions data is only made available as an aggregate 
Carbon dioxide equivalent (CO2e) and use global warming potentials (GWP) of 25 and 298 for 
CH4 and N2O, respectively (IPCC 2007, 100-year time horizon). The 2017 update of 2009 emission 
data covers the following sources: “combustion of fossil fuels and biomass; non-combustion 
uses of fossil fuels; industrial processes; agricultural soils; livestock manure and enteric 
fermentation.” 

Incomplete data on emissions due to excluded facilities in NPRI 

Emission data for non-GHG substances comes from the NPRI, a pollutant release inventory 
managed by Environment Canada. It collects data from Canadian industries on their emissions of 
over 300 substances or grouped substances. However, not all facilities are required to report to 
the NPRI. For example, facilities where less than 20,000 employee-hours are worked in a given 
year are not, under certain conditions, required to report. See https://www.ec.gc.ca/inrp-npri/ 
for all requirements. This necessarily leads to an underestimation of emissions.  

VOC emissions 

VOC emission data comes from the NPRI. The sum of speciated VOC emissions was subtracted 
from total VOC emissions to avoid double counting. This resulted in negative emissions for 4 
industries (GS91300-Other municipal government services, BS541D0-Computer systems design 
and other professional, scientific and technical services, BS31B00-Clothing and leather and allied 
product manufacturing and BS31110-Animal food manufacturing). The cause for these negative 
values is unknown. The sum of unspeciated VOC emissions from these sectors was set to 0. 

Total reduced sulphur 

Total reduced sulphur emission data comes from the NPRI. As explained on their website, 
emissions of Total Reduced Sulphur (TRS) are actually the sum of six emissions, three of which 
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(hydrogen sulphide [H2S], carbon disulphide [CS2] and carbonyl sulfide [COS]) are also reported 
separately. In order to avoid double counting, the sum emission of these three substances, 
expressed in H2S equivalents, was removed from the reported Total reduced sulphur emission. 
This was done separately for air, water and soil emissions. This resulted in negative TRS 
emissions for some industries. The cause for these negative values is unknown. The TRS values 
for these industries was set to 0. This happened in the following cases: 

 Air: BS21220, BS21300, BS22110, BS327A0, BS33100 and BS56200. 
 Water: BS221A0 
 Soil: BS21100, BS221A0 

Particulate matter emissions 

Particulate matter emission data comes from the NPRI. The particulate matter emissions, 
reported as Total PM, PM10 and PM2.5, are converted to the elementary flow names (and 
corresponding values) used in ecoinvent and most LCIA methods, i.e., “Particulates, > 10 um” 
(PM-PM10), “Particulates, > 2.5 um, and < 10um” (PM10-PM2.5) and Particulates, < 2.5 um 
(PM2.5). This resulted in negative emissions of “Particulates, > 10 um” in 31 cases and negative 
emissions of “Particulates, > 2.5 um, and < 10um” in one case: these were set to 0. Contrary to 
TRS and VOC emissions, the cause of these negative calculated emissions is known and is 
unavoidable with the current data. 

Compounds reported as elements 

In the NPRI, some substances are reported as elements and their compounds/salts. This 
necessarily overestimates the weight of the actual elements, and hence leads to an 
overestimation of their impacts once characterized. The substances are: Acrylic acid (and its 
salts); Aniline (and its salts); Antimony (and its compounds); Arsenic (and its compounds); 
Cadmium (and its compounds); Chromium (and its compounds); Cobalt (and its compounds); 
Copper (and its compounds); Hexavalent chromium (and its compounds); Lead (and its 
compounds); Manganese (and its compounds); Mercury (and its compounds); Nickel (and its 
compounds); Nonylphenol and its ethoxylates; Selenium (and its compounds); Silver (and its 
compounds); Zinc (and its compounds). 

Grouped emissions: isomers 

In the NPRI, some substances are reported as “molecules and their isomers”. Isomers will likely 
not have the same characterization factors, and hence this leads to a misrepresentation of 
impacts (uncertainty). The molecules are "HCFC-123 and all isomers" and "Xylene (all isomers)." 

Water use (2017 update of 2009 data) 

Physical flows of water use from Statistics Canada’ environmental accounts are used in this 
model. The original dataset is modified to match the IOIC L-61 classification since it is provided 
with some more aggregated sectors, particularly for the manufacturing sectors. The account 
provides water use volume for every IOIC sector of the economy which is the sum of water 
withdrawn directly from the environment by the sector plus the tap water intake supplied to it 
by public/municipal systems. 
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Appendix A.4: 
Table of inflation rates by category used with IOCC goods and 

services in openIO-Canada 
 

Source: Statistics Canada 

Price indices 

 IPPI: Industrial Product Price Index 
 CPI: Consumer Price Index 
 WPI: Wholesale Price Index 
 RPI: Retail Price Index 

 

This appendix is included in the tracking tool that will be provided. 
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Appendix B: 
GSIN–UNSPSC–IOCC matches 

 

Tables of matches between IOCC and UNSPSC codes for the 82 GSINs that are not covered in the 
mapping table provided by PSPC (June 22, 2016 version published by Open Data Canada). 

 

This table is available in the Excel file “CIRAIG_SPAC-QC_Empreinte C_Annexes.xlsx” that is 
provided with the final report (“nibs-gsin_unspsc” tab). 
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Appendix C: 
UNSPSC–IOCC matches 

 

Table of matches between IOCC codes in the openIO-Canada environmental analysis model and 
UNSPSC codes not covered in CIRAIG’s existing mapping table (April 2017 version). 

 

This table is available in the Excel file “CIRAIG_SPAC-QC_Empreinte C_Annexes.xlsx” that is 
provided with the final report (“UNSPSC-IOCC-10_03_2018” tab). 
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Appendix D: 
Other PSPC-QC procurement impact results 

 

1- The top four GHG-producing procurement goods and services (based on GSIN description) for 
each of PSPC-QC’s six client departments that contribute the most to the annual carbon 
footprint  

2- Major goods and services, based on GSIN description, that contribute 80% of the annual 
carbon footprint of PSPC-QC procurement, in descending order of contribution (per year) 

3- 22 goods and services (based on GSIN description), each of which make up more than 1% of 
the total carbon footprint of procurement over the three years of the study (in descending order 
of contribution and by recipient client department) 

4- Goods and services (according to UNSPSC segments) that each contributed more than 1% to 
the carbon footprint of PSPC-QC procurement from 2014 to 2017 

 

 

Other more complete tables are available in the Excel file “CIRAIG_SPAC-QC_Print 
C_Appendices.xlsx” that is provided with the final report (“Table empreinte” tab and “Table 

eco” tab). 

The “Pivot Compilation” pivot table can be used to perform additional analyses and overviews. 
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Figure 1: The top four GHG-producing procurement goods and services (based on GSIN description) for each of PSPC-QC’s six client departments 
that contribute the most to the annual carbon footprint (ranking for 2015/2016) 
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Figure 2a: Major goods and services that contribute 80% of the annual carbon footprint of 
PSPC-QC procurement in 2014/2015, in descending order of contribution (GSIN description) 
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Figure 2b: Major goods and services that contribute 80% of the annual carbon footprint of 
PSPC-QC procurement in 2015/2016, in descending order of contribution (GSIN description) 
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Figure 2c: Major goods and services that contribute 80% of the annual carbon footprint of 
PSPC-QC procurement in 2016/2017, in descending order of contribution (GSIN description) 
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Figure 3: 22 goods and services (based on GSIN description and recipient client department), 
each of which make up more than 1% of the total carbon footprint of procurement over the 

three years of the study (in descending order) 
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Figure 3 (cont’d): 22 goods and services (based on GSIN description and recipient client 
department), each of which make up more than 1% of the total carbon footprint of 

procurement over the three years of the study (in descending order) 
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Figure 4: Goods and services (according to UNSPSC segments) that each contributed more 
than 1% to the carbon footprint of PSPC-QC procurement from 2014 to 2017.  18 

 (37 segments of less than 1% are grouped into “Other goods and services”) 

 

 
18 The “Mining and Oil and Gas Services” segment refers to GSIN 5138 A, B, and C of dredging services; the 
“National Defence and Public Order and Security and Safety Services” segment refers to the GSIN for R&D 
in the military, astronautics and radar technology domain. 


