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Abstract
Background Many in-person congresses have shifted to a virtual format owing to coronavirus disease 2019 (COVID-19). 
We assessed carbon emissions savings associated with virtual attendance at international medical congresses for a mid-sized 
pharmaceutical company, to identify which aspects are driving the carbon cost.
Methods We assessed carbon emissions that were the responsibility of company attendees (including their guests) for the 
most attended congresses by employees (American Society of Clinical Oncology [ASCO], European Neuroendocrine Tumor 
Society [ENETS], European Society for Medical Oncology [ESMO], World Congress for NeuroRehabilitation [WCNR]). 
For in-person estimates, we considered travel, accommodation and congress attendance; for online estimates, we considered 
office and internet-related energy use. Emissions were defined using recognised data sources.
Results For 1723 anticipated in-person attendees, calculated total carbon emissions were 3,262,574  kgCO2e (mean per in-
person company attendee, 1894  kgCO2e: ASCO, 4172; ESMO, 1479; WCNR, 1153; ENETS, 1009). For context, the average 
UK resident’s annual carbon footprint is 5600  kgCO2e. Travel accounted for 91–96% of total emissions, mainly through long 
distance and business-class air travel. Calculated total carbon emissions associated with 1839 virtual attendees were 19,095 
 kgCO2e (mean per virtual company attendee, 10.4  kgCO2e; equivalent to approximately 0.3–1.1% of in-person attendance 
emissions across all four congresses assessed).
Conclusion Carbon emissions associated with virtual attendance were two orders of magnitude lower than for in-person 
attendance, and therefore the benefits of in-person attendance at medical congresses must be balanced against the carbon 
cost. Due diligence around who should attend and how they should travel to face-to-face meetings, and consideration of 
hybrid and domestic satellite options could be part of a balanced solution to reducing carbon emissions.
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1 Introduction

Almost 20 years ago, Nature journal published a letter enti-
tled “Virtual solution to carbon cost of conferences”, which 
highlighted improvements in technology that could make vir-
tual congresses ‘more like real ones, without the flights’ [1]. 
Since then, several reports and opinion pieces on this topic 

have been published [2–14], including a debate in the British 
Medical Journal on the merits and environmental impacts of 
international congresses [2, 3]. This is perhaps not surpris-
ing given the scale of some international congresses and the 
need for international travel. However, despite these concerns, 
relatively few studies have quantified the carbon footprint of 
medical congresses [15]. An analysis of 4834 attendees at the 
2019 annual congress of the American Society of Tropical 
Medicine and Hygiene reported that carbon emissions were 
equal to the total weekly carbon emissions of approximately 
9366 average American households [16]. It has also been esti-
mated that delegate travel to and from a single large academic 
congress can be responsible for generating carbon emissions 
equivalent to that of an entire city in a single week [17]. Other 
similar studies have also highlighted the large impact of medi-
cal congresses on carbon emissions [18–21].

http://crossmark.crossref.org/dialog/?doi=10.1007/s40290-022-00421-3&domain=pdf
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Key Points 

Faced with the coronavirus pandemic, medical con-
gresses shifted from the traditional carbon-intensive in-
person format to an online format in 2020, and this shift 
has afforded us the opportunity to assess the potential 
carbon savings associated with virtual congress attend-
ance for a mid-sized pharmaceutical company. To the 
best of our knowledge, this is the first study to assess the 
carbon footprint associated with international congress 
attendance for a pharmaceutical company.

In our analysis, we found that the scale of the difference 
(two orders of magnitude) between in-person and virtual 
attendance was substantially bigger than expected, as 
was the dominance of attendee air travel, particularly 
when travelling business class. There is a clear incentive 
to assess carbon savings associated with a transition to 
a virtual or local platform, and a better understanding of 
the drivers of carbon emissions in this setting would help 
efforts to reduce the carbon footprint associated with 
medical congresses.

For the sake of global health, the benefits of attending 
international medical congresses in person must be bal-
anced against the carbon cost. Everyone can play their 
part in reducing the carbon footprint: on a personal level, 
we should carefully consider who should attend and how 
we travel to face-to-face meetings; companies should 
consider introducing ‘carbon budgets’ for employees, 
and congresses should look at hybrid and domestic satel-
lite options.

virtual platform, and a better understanding of the drivers of 
carbon emissions in this setting would help efforts to reduce 
the carbon footprint associated with medical congresses.

Pharmaceutical companies have a substantial presence at 
international medical congresses and are therefore consider-
able carbon contributors. Indeed, researchers at McMaster 
University (Hamilton, ON, Canada) have suggested that over-
all the pharmaceutical industry is more carbon intensive than 
the automotive industry [25]. Some pharmaceutical companies 
have set ambitious goals to reduce their carbon emissions to 
become carbon neutral with respect to their direct scope 1 and 
2 emissions, and also to work with their suppliers to reduce 
their scope 3 emissions [26, 27]. Understanding a company’s 
carbon footprint associated with congress attendance can help 
towards reaching these goals. In this study, we present the find-
ings of our assessment of savings in carbon emissions associ-
ated with virtual presence (versus in-person attendance) at the 
four international medical congresses in 2020 most attended 
by the staff and guests of a mid-sized pharmaceutical company.

2  Methods

2.1  Study Design

Ipsen is a global, mid-sized pharmaceutical company with 
headquarters in Paris and France, and approximately 5700 
employees worldwide. We assessed savings in carbon emis-
sions associated with attendance by employees and their 
guests at key international medical congresses in 2020 (from 
this point, employees and their guests will be described col-
lectively as company attendees). Employees from pharma-
ceutical companies attend medical congresses for education, 
scientific exchange and networking opportunities.

We calculated theoretical in-person and virtual carbon 
emissions for the four congresses that were most attended in 
2020 (total of 1723 in-person company attendees and 1839 
virtual company attendees): the American Society of Clini-
cal Oncology (ASCO), European Neuroendocrine Tumor 
Society (ENETS), European Society for Medical Oncol-
ogy (ESMO), and World Congress for Neurorehabilitation 
(WCNR). All four congresses moved to a virtual format in 
2020 but were originally scheduled to be hosted in Chicago 
(IL, USA), Barcelona (Spain), Madrid (Spain), and Lyon 
(France), respectively.

2.2  Carbon Emissions

We included in our analysis carbon emissions that were con-
sidered relevant or material to the overall carbon footprint 
of congress attendance. These are described in subsequent 
sections, and cover scope 2 and selected scope 3 emissions 

While the carbon-intensive nature of attending congresses 
stimulated debate before coronavirus disease 2019 (COVID-
19) [9], the pandemic has certainly sharpened this focus. 
Indeed, during the pandemic, government policies to restrict 
populations to their homes led to a fall in global daily carbon 
dioxide  (CO2) emissions of approximately 17% by early April 
2020 compared with mean 2019 levels [22]. Almost one-half 
of this reduction was attributed to reduced transport use [22]. 
With these global restrictions on travel, many business sectors, 
including healthcare, had to evolve to adopt virtual ways of 
working, precipitating a shift from in-person to virtual attend-
ance at international medical congresses. An analysis of 102 
medical congresses scheduled to take place between March 
and December in 2020 showed that one-half switched to a vir-
tual format and one-quarter were cancelled [23]. Interestingly, 
a study of one astronomy meeting reported that switching to 
a virtual format, necessitated by COVID-19, was associated 
with a 3000-fold reduction in emissions [24]. There is a clear 
incentive to assess carbon savings related to a transition to a 



133Carbon Costs of In-Person Versus Virtual Medical Conferences

from the Greenhouse Gas Protocol 2011 [28]. Scope 2 cov-
ers indirect emissions from purchasing electricity, while 
scope 3 covers all other emissions occurring in the supply 
chain; scope 1 emissions (i.e., direct emissions from burn-
ing fossil fuels in company-controlled equipment) were not 
included because none were produced [28].

2.3  Relevant Activities

We considered only those activities that were the responsi-
bility of company attendees, i.e. travel, office-related activi-
ties (computers and internet, lights and power, and heating, 
ventilation and air conditioning loads), and individuals’ heat 
load. Those activities related to other attendees or the con-
gress organisers were excluded from these analyses (Fig. 1).

2.4  Boundaries and Assumptions: In‑Person 
Congress Emissions

2.4.1  Attendees

We based the total number of company attendees at in-per-
son congresses and the home country for each person on 

booked (ENETS) or planned travel details before the con-
gresses moved from a physical meeting to a virtual platform; 
we assumed that all attendees would depart from one loca-
tion per country. For congresses for which travel and attend-
ance had not been booked (ASCO, ESMO, and WCNR), 
company attendee numbers were based on 2019 attendance. 
Emissions related to the attendee’s home were not included 
in the in-person analyses.

2.4.2  Travel

We assumed that home city transfers (travel from the attend-
ee’s home to the point of departure) were by taxi, with an 
average travel distance for each city based on the distance 
from the city centre to the airport or train station. Some air-
ports, such as Hong Kong, have convenient high-speed rail 
links and the airports are far from the city. Home city trans-
fers in Hong Kong were therefore modelled by train rather 
than by taxi. All other airports assumed the more conserva-
tive taxi option. We based taxi emissions on published data 
from the UK (BEIS Business Travel-Land data) and USA 
[29, 30], expressed as passenger-kilometres (p.km, defined 

Fig. 1  Activities that contrib-
ute to the carbon footprint of 
in-person and virtual congresses 
by pharmaceutical company 
attendees and other responsible 
parties. Coloured activities are 
the responsibility of company 
attendees and were included in 
the main analysis. Greyed-out 
activities were not included in 
the analysis. HVAC heating, 
ventilation and air conditioning
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as the total number of kilometres travelled by all passen-
gers). We excluded all emissions related to the normal run-
ning of the point of departure (i.e., the airport or train sta-
tion) that were due only to company attendees (e.g., cooling 
loads) based on the assumption that they were immaterial 
(contributed < 1% of the total emissions). We also excluded 
other modes of transport.

We assumed that intercity travel to the congress was by 
commercial airlines for all attendees except those travelling 
from Barcelona to Madrid and from Paris to Lyon, which we 
assumed to be by domestic high-speed train. In line with the 
travel policy at the company, we assumed that international 
flights of 3700 km or over were business class and fights of 
under 3700 km were economy class. Premium economy and 
first-class travel were excluded. We based distances travelled 
on ‘great circle’ distances for flights and published distances 
for trains, and emissions on standard p.km rates [29, 31, 32]. 
We used standard rates of emissions per km, which include 
baggage. As with departures, we excluded all emissions 
related to the point of arrival (airport or train station).

We assumed that transfers from the point of arrival to the 
hotel were by taxi; we excluded other modes of transport.

2.4.3  Hotel Accommodation

We based hotel selection on the original bookings before the 
congress moved to a virtual platform or on the hotels used in 
2019. In cases of company attendees without historic book-
ings, it was assumed they would have booked hotels similar 
to those attendees with historic bookings; the same selection 
of hotels and in the same ratio across the different hotels. We 
based hotel emissions on published per room-night emis-
sions using rates for the ‘Upscale and Upper Upscale’ market 
segment in each congress city [33].

2.4.4  Congress Attendance

Congress-venue emissions included cooling energy asso-
ciated with company attendees’ body heat load (assumed 
to be 150 W per person; sensible plus latent load). We 
estimated congress-venue emissions using the admit-
tance method calculation with broad assumptions about 
the venue buildings (venues were assumed to be square, 
single story, with no windows, and total areas were based 
on published venue floor areas and numbers of attendees) 
and climate data for the city and month in which the con-
gress was held. We considered other venue loads, such as 
lights and power, to be the responsibility of the venue, and 
the proportion of heating/cooling energy for non-company 
attendees to be their own responsibility. We based time 

spent at the congress venue on published programmes for 
European congresses: the ASCO programme was not sum-
marised in one place and therefore we assumed that attend-
ance time was 8 h per day. We excluded all other congress 
venue activities.

We excluded carbon emissions associated with food and 
drink on the basis that attendees would need to eat and drink 
irrespective of congress attendance.

2.5  Boundaries and Assumptions: Virtual Congress 
Emissions

For virtual congresses, we considered office or home energy 
loads for the room from which the company attendee joined 
the virtual congress. We based heating (assumed electric 
heating) and cooling loads for office rooms on an assumed 
room size and construction (assumed modern buildings), 
and on climate data from the relevant city using data from 
the American Society of Heating, Refrigerating and Air-
Conditioning Engineers [34]. We based carbon emissions 
from energy consumption on national averages for electricity 
grid emissions factors [29, 35, 36]. Heating and cooling of 
home rooms from which company attendees joined a virtual 
congress were not modelled. We assumed the whole house 
would be heated/cooled if someone was working from home 
and not just the specific room they used as an office. There-
fore, virtual congress attendance from home was considered 
to not incur additional heating/cooling.

Internet-related emissions included the company attend-
ee’s computer (laptop or desktop) and office/home modem/
router, the internet service provider in the attendee’s home 
country, and transmission between the two. Internet emis-
sions were based on research by the American Council for an 
Energy Efficient Economy [37]. As bandwidth requirements 
depend on quality (800 kbps for low quality video and 1500 
kbps for high quality), an average of the two was taken. We 
assumed that data provision was made using cloud-based 
solutions (e.g. Zoom) rather than via local servers, with 
energy consumption measured in kWh/GB transmitted. We 
based time spent online on congress programmes, minus 
scheduled breaks, multiplied by 50% to account for selective 
viewing because not all attendees will view/attend all parts 
of the congress (ASCO was based on 8 h per day multiplied 
by 50%). We excluded additional internet infrastructure 
because it is not possible to know the physical route that 
data will take between nodes.

See Online Resource 1 for additional boundaries and 
assumptions.

2.6  Sources of Emission Factors

The sources of data used in this study are summarised in 
Online Resource 2.
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2.7  Statistical Analysis

We assessed calculated carbon emissions using descriptive 
statistics. For perspective, we compared total carbon emis-
sions with a UK resident’s annual carbon footprint (based 
on territorial fossil fuel emissions) in 2018 of 5600 kg  CO2 
equivalent  (kgCO2e) [38].

Several sensitivity analyses and a whole-congress analy-
sis were also conducted (see Methods in Online Resource 1).

2.8  Role of the Funding Source

The sponsor was involved in the study design and the analy-
sis and interpretation of results, as well as review of the 
manuscript.

3  Results

3.1  In‑Person Carbon Emissions

In total, we included 1723 anticipated in-person company 
attendees in this analysis. We calculated total carbon emis-
sions to be 3,262,574  kgCO2e (Fig. 2a). Travel accounted 
for 91–96% of the total carbon emissions per congress, and 
intercity travel (particularly long-distance and business-class 
air travel) accounted for 90–94% (Fig. 2a). Indeed, published 
emissions rates are 2.9-fold higher for long-haul business-
class flights (0.4239  kgCO2e per p.km) than for short-haul 
economy-class flights (0.1462  kgCO2e per p.km) [29]. In 
a sensitivity analysis, if company attendees modelled as 

having travelled by business-class flights had in fact travelled 
by economy-class flights, total air-travel emissions were 
reduced by approximately 50% for each congress (emissions 
 [kgCO2e] per attendee: ASCO, from 906 to 518; ENETS, 
from 3935 to 1466; ESMO, from 1337 to 672; WCNR, from 
1084 to 532).

Hotel accommodation was the next largest contributor to 
total carbon emissions per congress, accounting for 4–9%. 
Taxis and cooling of company attendees at the congress 
venue accounted for approximately 1% and 0.01%, respec-
tively, of total carbon emissions per congress. Even if the 
cooling loads were increased 100-fold (sensitivity analysis), 
the impact on total emissions was still < 1%.

Carbon emissions per company attendee ranged from 
1009 to 1479  kgCO2e for the European congresses, repre-
senting 18–26% of the average UK resident’s annual carbon 
footprint (Fig. 2b). Considering intercontinental travel, emis-
sions per company attendee at ASCO represented 75% of a 
UK resident’s annual carbon footprint.

3.1.1  Travel

Of the four congresses examined, ASCO had the highest 
total carbon emissions (1,664,787  kgCO2e), largely owing 
to the impact of intercontinental travel (1,569,937  kgCO2e) 
[Fig. 2a]. For ASCO, p.km for intercity travel were up to 5.5 
times higher (3,981,302 p.km) than for ENETS (2,209,672 
p.km), ESMO (2,293,997 p.km), and WCNR (722,219 
p.km).

Intercity travel emissions were lowest for WCNR, to 
which a substantial proportion of company attendees 

Fig. 2  Total carbon emissions 
associated with in-person 
congress attendance by a 
contributing activity and b 
congress, for pharmaceutical 
company attendees. *The aver-
age annual carbon footprint of 
a UK resident is 5600  kgCO2e 
[38]. Values are subject to 
rounding. ASCO American 
Society of Clinical Oncology, 
ENETS European Neuroendo-
crine Tumor Society, ESMO 
European Society for Medical 
Oncology, kgCO2e kilograms 
of carbon dioxide equivalent, 
WCNR World Congress for 
Neurorehabilitation
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(76/181) were modelled as travelling by train (Fig. 3a). 
Most intercity flights to European congresses were econ-
omy class because most company attendees lived in Europe 
(Fig. 3a); however, the total distances travelled by business 
class were greater than those travelled by economy class 
for ESMO and WCNR (Fig. 3b). At ENETS, distances trav-
elled were lower for business class than for economy class. 
However, because of the substantial carbon emissions asso-
ciated with this form of transport, business-class travel was 
associated with the highest levels of carbon emissions for 
all three European congresses (Fig. 3c). Overall, carbon 
emissions per p.km travelled were similar across all three 
European congresses (range 0.263–0.293  kgCO2e/p.km) 
(Fig. 3c).

Emissions rates  (kgCO2e per attendee) associated with 
taxis were similar across all four congresses (Fig. 4a). Dis-
tances (p.km) travelled by taxi for WCNR were approxi-
mately 2.5 times lower than for other congresses but this 
was largely owing to fewer company attendees. Emissions 
per attendee for intracity travel were about the same for all 
congresses, except ENETS for which the majority of com-
pany attendees were assumed to have walked to the venue.

3.1.2  Hotel Accommodation

Total carbon emissions associated with hotel accommo-
dation were higher at ASCO (217.4  kgCO2e per attendee) 
than at the European congresses (50.3–123.2  kgCO2e per 

Fig. 3  Intercity travel associated 
with in-person attendance at 
European congresses by a num-
ber of attendees, b distance trav-
elled, and c carbon emissions, 
for pharmaceutical company 
attendees. Carbon emissions 
from train travel are so low 
that they are not always clearly 
visible on the scale in the graph. 
Electricity grid emissions 
for Chicago (0.390  kgCO2e/
kWh) are double those for 
Barcelona and Madrid (0.220 
 kgCO2e/kWh). The orange line 
depicts an average across all 
travel types. ENETS European 
Neuroendocrine Tumor Society, 
ESMO European Society for 
Medical Oncology, kgCO2e 
kilograms of carbon dioxide 
equivalent, p.km passenger-kilo-
metres, WCNR World Congress 
for Neurorehabilitation
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attendee), owing to the fact that hotels in Chicago are typi-
cally more carbon intensive than those in Europe (Fig. 2a). 
Normalised hotel emissions per room-night, based on dif-
ferences in electricity grid efficiencies between cities, 
reinforced the difference above, with hotel emissions at 
7.2  kgCO2e per room-night in France and 17.6  kgCO2e per 
room-night in Spain, compared with 36.2  kgCO2e per room-
night in the US (Fig. 4b).

3.1.3  Congress Attendance

Emissions rates  (kgCO2e per kWh) associated with cooling 
loads at congress venues varied across congresses, with up 
to a tenfold difference between the highest (ASCO, 0.390) 
and lowest values (WCNR, 0.039) [Fig. 4c]. These differ-
ences were due to the numbers of company attendees and 
local electricity grid emissions factors.

3.2  Virtual Carbon Emissions

In total, there were 1839 virtual company attendees. We 
calculated total carbon emissions to be 19,095  kgCO2e 
(Fig. 5a). Internet energy use accounted for 93–94% of the 
total carbon emissions per congress, with office energy 
accounting for the remaining emissions.

Carbon emissions per company attendee ranged from 
7 to 14  kgCO2e across all four congresses, representing 
0.12–0.25% of the average UK resident’s annual carbon foot-
print (Fig. 5b). Emissions per attendee were driven largely 
by the volume of content delivered via the congress platform 
(i.e. the total number of hours delivered, evaluated using the 
programmes for each congress). In a sensitivity analysis, 
changing virtual congresses from a high bandwidth (24,511 
 kgCO2e) to a low bandwidth (13,680  kgCO2e) would result in 
a 44% reduction in carbon emissions. While low bandwidth 

Fig. 4  Carbon emissions associ-
ated with in-person congress 
attendance by a taxi, b hotel 
accommodation, and c congress 
venue, for pharmaceutical 
company attendees. Distance 
travelled by taxis for ENETS in 
panel a included 8230 p.km by 
shuttle bus. ASCO American 
Society of Clinical Oncology, 
ENETS European Neuroendo-
crine Tumor Society, ESMO 
European Society for Medical 
Oncology, kgCO2e kilograms of 
carbon dioxide equivalent, p.km 
passenger-kilometres, WCNR 
World Congress for Neuroreha-
bilitation
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presents a carbon saving compared with high bandwidth, the 
impact may not be worth the drop in transmission quality.

3.3  In‑Person versus Virtual Congress Attendance

Virtual congress attendance was associated with substan-
tially lower carbon emissions per company attendee (mean 

10.4  kgCO2e) than in-person attendance (mean 1894  kgCO2e) 
(Fig. 6). Per-attendee emissions associated with virtual 
attendance accounted for approximately 1% of those asso-
ciated with in-person attendance across all four congresses 
(ASCO, 0.3%; ENETS, 0.6%; ESMO, 0.8%; WCNR, 1.1%). 
Per-person taxi emissions alone (mean 17.4  kgCO2e) were 
similar to the total per-person carbon emissions associated 

Fig. 5  Total carbon emissions 
associated with virtual congress 
attendance by a contributing 
activity and b congress, for 
pharmaceutical company attend-
ees. *The average annual carbon 
footprint of a UK resident is 
5600  kgCO2e [38]. Values are 
subject to rounding. ASCO 
American Society of Clinical 
Oncology, ENETS European 
Neuroendocrine Tumor Society, 
ESMO European Society for 
Medical Oncology, kgCO2e kilo-
grams of carbon dioxide equiva-
lent, WCNR World Congress for 
Neurorehabilitation

Fig. 6  Comparison between 
in-person and virtual congress 
emissions for pharmaceutical 
company attendees. *The aver-
age annual carbon footprint of 
a UK resident is 5600  kgCO2e 
[38]. Data are averaged across 
all four congresses. Values 
are subject to rounding. Circle 
diameter depicts average 
per-person carbon emissions. 
kgCO2e kilograms of carbon 
dioxide equivalent
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with virtual attendance. A total of 3,243,478  kgCO2e was 
saved by company attendees moving from in-person to vir-
tual attendance at just these four congresses.

In a separate whole-congress analysis, with emissions 
considered for 67,300 anticipated attendees across all four 
congresses, we calculated whole-congress rough order of 
magnitude (ROM) emissions to be 127,515,000  kgCO2e for 
in-person attendance and 640,700  kgCO2e for virtual attend-
ance (Online Resource 3). For virtual attendance, ROM 
emissions per attendee (mean 9.5 kgCO2e) were equivalent 
to 0.5% of those for in-person attendance (Online Resource 
3). The carbon footprint of holding the ASCO, ENETS, 
ESMO, and WCNR congresses in person is equivalent to 
the yearly emissions for 14,448, 541, 6766, and 1014 UK 
residents, respectively. The carbon footprint of holding these 
congresses virtually is equivalent to the yearly emissions 
for 89, 1, 22, and 2 UK residents, respectively. Similar to 
the main analysis of company attendees, the main driver 
of in-person emissions was air travel. The main driver of 
virtual emissions was webhosting, accounting for 71–88% 
of the total ROM emissions. If green webhosting (assumes 
a zero-carbon footprint) was assumed, we calculated whole-
congress ROM emissions for virtual attendance to be 94,350 
 kgCO2e, representing an 85% reduction.

4  Discussion

This study assessed the carbon footprint associated with 
international congress attendance for a mid-sized pharma-
ceutical company. The results indicate that per-person carbon 
emissions for in-person attendance were two orders of mag-
nitude greater than those for virtual attendance. Although we 
anticipated higher emissions levels with in-person attend-
ance, the scale of difference was unexpected. Considering 
emissions from transport, hotels, and congress venues, we 
calculated total carbon emissions to be 3,262,574  kgCO2e 
(mean 1894  kgCO2e per company attendee) for traditional in-
person attendance. Travel dominated emissions (91–96%), 
mainly through long-distance and business-class flights, 
with sensitivity analyses showing that air-travel emissions 
could be halved if economy-class rather than business-class 
flights were used. In contrast, total carbon emissions asso-
ciated with virtual attendance were 19,095  kgCO2e (mean 
10.4  kgCO2e per company attendee); internet energy use was 
the main emissions contributor (93–94%), with a sensitivity 
analysis showing that this depends on the bandwidth used. 
A surprising observation was that the carbon cost of simply 
taking taxis to and from the airport and between the hotel 
and congress venue was greater than that of attending an 
entire virtual congress. To add some perspective to these 
emissions values, we observed that in-person attendance 
at just one European congress was equivalent to between 

one-fifth and one-quarter of an average UK resident’s annual 
carbon footprint in 2018 (based on 2019 data for territorial 
fossil fuel emissions) [38]; this rose to 75% for a transatlan-
tic congress. Many company attendees travel to more than 
one congress every year.

Published studies assessing the carbon footprint of con-
gresses are limited. The estimated per-person emissions 
associated with attendance at ASCO have previously been 
reported as 1060 kg of  CO2 [39], which is around one-half 
of that reported in the present study. That this previous esti-
mate was based only on return flights to Chicago for the 
three authors of the report (two from Canada and one from 
New Zealand), may explain the difference compared with 
the present study. One study that compared the in-person 
(travel emissions) and virtual attendance (network-, laptop- 
and video conferencing-related emissions) of an astronomy 
meeting reported a difference of three orders of magnitude 
[24], which is even greater than the difference in the current 
analysis.

Switching to virtual attendance has carbon-saving 
potential for academic attendees as well as pharmaceuti-
cal company attendees, especially graduate students for 
whom in-person attendance represents 35% of the carbon 
footprint of their PhD [40]. A study of the carbon footprint 
(assessed according to scope 1, 2 and 3 of the Greenhouse 
Gas Protocol 2011) of a mid-sized UK university during the 
COVID-19 lockdown (April–June 2020) showed an almost 
30% reduction in carbon emissions compared with the same 
period in previous years; emissions were 2140 tonnes of  CO2 
in 2019 compared with 1521 in 2020 [41]. The study also 
highlighted that although carbon savings were made, online 
teaching and learning was carbon intensive, equalling the 
carbon footprint of staff and student commutes during the 
pre-lockdown period.

In the current study, the whole-congress analysis which 
considered all anticipated attendees at the four congresses, 
estimated total carbon emissions to be 127,515,000  kgCO2e 
for in-person attendance and 640,700  kgCO2e for virtual 
attendance. The latter assumes that webhosting was not 
carbon neutral and green webhosting could further reduce 
whole-congress emissions for virtual attendance by 85%. 
As well as carbon savings, virtual congresses have sev-
eral other benefits. In our experience, virtual congresses 
provide a quick and user-friendly platform for dissemi-
nating scientific findings at a much lower cost than tradi-
tional in-person congresses. Access to congress sessions 
is also greater with virtual attendance because individuals 
can potentially attend one session live and later view a 
recorded parallel session, albeit congress-dependent. The 
convenience (and reduced costs) of attending virtually may 
also facilitate more diverse participation in medical con-
gresses. However, there are anecdotal reports of ‘virtual 
congress fatigue’ and attendance for only a low proportion 
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of a virtual meeting, perhaps owing to global time-zone 
scheduling conflicts and/or distraction by everyday work 
[42]. Greater volumes of data can be presented virtually 
than in person, but there is a fine balance between quantity 
and quality and a risk of overwhelming attendees. The 
virtual format is also limited compared with the in-person 
format in relation to aspects that are often considered to 
be the most important reasons for attending any congress: 
information exchange, networking, interdisciplinary dis-
cussions, meeting with experts, inspiration, acquiring 
serendipitous knowledge, full immersion in science, and 
professional development.

Prior to the COVID-19 pandemic, few medical congresses 
had made use of virtual platforms, possibly owing to current 
technology limitations, although some had piloted virtual 
presenters [7]. ESMO and ASCO have now implemented 
freely available virtual plenaries, which are monthly pres-
entations of selected clinical trial data. These plenaries help 
to disseminate findings quicker than annual meetings. Medi-
cal congresses may continue to adopt the virtual model or 
evolve a hybrid model [43]. In a survey of over 900 Nature 
journal readers, 74% thought that scientific congresses 
should continue to be virtual or have a virtual element after 
the pandemic ends [42]. A hybrid model has the potential to 
combine the best of both formats; in-person attendees can 
make new serendipitous connections and exchange knowl-
edge but those unable to travel can still attend and benefit 
from the information on offer. Although the full impact of 
COVID-19 on the future of medical congresses is still to be 
determined, the short-term reduction in travel and associated 
carbon savings will certainly help to reduce air pollution 
and tackle the ongoing climate crisis. Like all international 
companies, pharmaceutical companies are facing up to their 
responsibilities on climate change. For example, Ipsen has 
the stated goal of becoming carbon neutral by 2030 through 
reductions in scope 1, 2, and 3 emissions. Novartis has 
recently announced that, in many cases, employees will be 
able to choose where they work [44]; however, the extent of 
the benefits of home-working on carbon emissions remains 
to be established [45].

To the best of our knowledge, this is the first study to 
assess the carbon footprint associated with international con-
gress attendance for a mid-sized pharmaceutical company. 
A technical strength of this study is that emissions factors, 
such as grid electricity and UK/European travel, were based 
on robust data (emissions factors for transport were based on 
figures from a few countries, mainly the UK and France, and 
applied to other countries; loading factors for aircraft were 
based on UK figures only). Within the scope of the current 
study, applying such robust data is appropriate given the 
paucity of country-specific emissions data. Although emis-
sions from hotels were based on a limited number of studies, 
they were checked against manual calculations. Limitations 

of the study include assumptions around congress attend-
ance; the use of hotel emissions based on 2019 values; 
exclusion of factors such as food; and the fact that emissions 
from venues were based on the manual admittance method 
and assumed heating, ventilation, and air conditioning effi-
ciencies. Finally, internet emissions associated with virtual 
attendance were underestimated owing to the exclusion of 
internet architecture as per the boundaries and assumptions 
outlined in the Methods, section 2.5.

Based on our findings, we have several immediate rec-
ommendations for reducing the carbon footprint of medi-
cal congress attendance: have fewer face-to-face meetings 
with more virtual/hybrid events; develop domestic satellite 
congress models; undertake due diligence on who needs 
to attend; introduce carbon budgets per employee; mini-
mise air travel, particularly by business class; and use less 
carbon-intensive modes of transport. These are in line with 
recommendations from the American Thoracic Society for 
reducing the carbon footprint of their future annual meetings 
[46]. Purchasing carbon offsets was another recommendation 
of the American Thoracic Society [46]. There are several 
options to ensure that virtual attendance remains a feasible 
alternative or complement to in-person attendance, such as 
linking facilitators at congresses with virtual expert meet-
ings during or after congresses, developing targeted and vir-
tual learning sessions that can be complementary to primary 
presentations, and soliciting key opinion leaders to facilitate 
more in-depth meetings with interested attendees.

5  Conclusion

In our analysis of a mid-sized pharmaceutical company’s 
carbon footprint associated with medical congress attend-
ance, we found that the scale of the difference (two orders 
of magnitude) between in-person and virtual attendance was 
bigger than expected, as was the dominance of air travel 
on carbon emissions, particularly when travelling business 
class. For the sake of global health, the benefits of attending 
international medical congresses in person must be balanced 
against the carbon cost. Due diligence around who should 
attend and how they should travel to face-to-face meetings, 
and consideration of both hybrid and domestic satellite 
options could be part of a balanced solution to reducing 
carbon emissions.
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