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ABSTRACT 

Achieving carbon neutral research practices at the University of Oulu. 

Rishikesh Raut 

University of Oulu, Environmental Engineering 

Master’s thesis 2022, 73 pp. + 2 Appendices 

The European Union accounts for about 10% of global GHG emissions, and it is targeting 

carbon neutrality by 2050. Finnish universities want to lead this race, as they are aiming 

to become carbon neutral by 2030. To support these goals, it is imperative to understand 

the environmental impact of research laboratories, as they operate resource-intensive 

processes contributing to a significant portion of the university’s carbon footprint (CF). 

The major sources of emissions within laboratories are found to be attributable to 

consumption of energy, water and chemicals, and the generation of waste.  

Climate-friendly laboratories optimize their facilities for resource-efficiency, while 

incorporating procedures to influence the behavior and working habits of its users. For 

improving energy efficiency, laboratories quantify energy consumption and assess the 

pattern of equipment use by collecting data on the electronic loads. The analysis of energy 

consumption guides the strategies for energy saving. For dealing with waste, laboratories 

assess their waste streams and implement the waste management hierarchy. To reduce 

water use, the efficiency of rinsing/cleaning, cooling and flow control operations is 

improved. Responsible management of chemical use involves undertaking experiments 

on a smaller scale and using safer alternatives where possible.  

The insights obtained from the state-of-the-art in laboratory sustainability paved way for 

the case study documenting the research practices at the University of Oulu’s ‘Paja’ or 

workshop laboratory. Subsequently, recommendations for reducing the carbon footprint 

of the university’s research are presented in this thesis.  
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1 INTRODUCTION 

Our planet experienced a climate of temperate stability for over 3.5 billion years – the 

longest period of stability since its birth (Kasting 1989). Historically, the balance of the 

carbon scale has been maintained through a multitudinous network of carbon sources and 

sinks – both contributing to maintaining the climate system’s stability (Friedlingstein et 

al. 2019). Earth, as a system, has operated for millennia so that any time there has been a 

spike in carbon, caused for example, by a massive volcanic eruption, the excess of 

atmospheric carbon has been counterbalanced by Earth’s biosphere and oceans, which 

act as natural carbon sinks. Now in the Anthropocene, as our planet has been warming 

for some time, this period of stability has ended (Intergovernmental Panel on Climate 

Change 2014). 

Climate change is the most severe threat facing humanity today. The changing climate 

has been exposing the vulnerability of not just human civilization, but also of other life 

forms. The scientific community has empirically and unequivocally documented that 

anthropogenic activities are largely responsible for climate change and that this observed 

warming since the industrial revolution is likely to have been caused by an increase in 

concentrations of greenhouse gases (GHG) (Oreskes 2004). Despite our efforts to adapt 

to the rising temperatures, calamities spurred by climate change have become more 

erratic, frequent, and severe than ever, endangering a livable future for all of us. The 

urgency of transitioning to a net-zero society, where there is a balance between the GHG 

emissions released and absorbed by the Earth’s systems cannot be overstated.  

The European Union (EU) is among the biggest contributors to GHG emissions (Crippa 

et al. 2021). For its member states, it has set legislative obligations to meet the 

requirements set forth by the Paris Agreement, the international treaty signed in 2015 

with the goal to combat climate change (UNFCCC 2021). The EU is committed to 

achieving carbon neutrality by 2050. The European Green Deal highlights this target 

while presenting a roadmap for its member states to achieve this transition. (European 

Parliament 2019) Following that roadmap, Finnish universities have the motivation to be 

forerunners in this race, as they are aim to become carbon neutral by 2030 (UNIFI 2020). 

To support these goals and implement climate-friendly practices, it is necessary to 

understand the environmental impact of universities and the laboratories that they house.  

https://sciwheel.com/work/citation?ids=12306275&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=8309741&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=8309741&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13287945&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13287945&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1015601&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13288097&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13288097&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13282469&pre=UNFCCC&suf=&sa=1&dbf=0
https://sciwheel.com/work/citation?ids=12987207&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12987207&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12931755&pre=&suf=&sa=0&dbf=0
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Research laboratories are significant sources of emissions, as an average laboratory 

consumes 4-5 times more energy than a similarly sized commercial space (Woolliams et 

al. 2005). In addition, laboratory processes can use and generate significant quantities of 

water and waste respectively (Urbina et al. 2015, Bennett et al. 2006). The resource-

intensiveness of laboratories, especially of those operating under science and medical 

faculties, can be attributed to the large amounts of equipment and consumables used in 

their processes (Larsen et al. 2013).  

Universities have a unique opportunity to lead the battle against climate change, and the 

University of Oulu recognizes this as it is committed to reducing its carbon footprint by 

50% by 2025 compared to 2019-levels. The carbon footprint working group (CF WG) 

was mandated to calculate the University of Oulu’s carbon footprint and outline a 

roadmap to carbon neutrality by 2030. The university’s carbon footprint calculations for 

2019 showed that 16% of its total emissions were attributable to the procurement of 

research and laboratory equipment. This percentage is based on the cost of procurements, 

while efforts to gain insights into the emissions of the laboratory equipment during their 

utility phase are underway. (Kiehle 2021)  

The objective of this thesis is to recommend best practices to reduce the carbon footprint 

of research at the University of Oulu, by observing and assessing the current practices at 

the university’s laboratories. To that end, the following research questions will be 

investigated: 

1. What are the main sources of emissions at laboratory research facilities?  

2. What are the best practices of research facilities to help their organization to reach 

carbon neutrality?  

This thesis begins by discussing carbon neutrality, and the EU’s legislation to support its 

members’ transition towards the milestone. Then, the carbon footprint is recognized as 

the tool to assess emissions and the scopes of these emissions are explained. Furthermore, 

the concepts of carbon handprint and brainprint are explored as alternative approaches to 

analysing the environmental footprint. Although these concepts are relatively less popular 

and less developed than the carbon footprint, they offer a fresh perspective on evaluating 

and demonstrating the positive impact of an institution’s activities. These methods of 

https://sciwheel.com/work/citation?ids=13279206&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13279206&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12306188&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13288366&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12931733&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12383848&pre=&suf=&sa=0&dbf=0
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impact assessment are especially relevant for institutions like universities, as they can 

play an influential role in guiding societal change.  

Subsequently, the thesis discusses the significance of the environmental impact of 

research laboratories within universities, while highlighting the climate-friendly practices 

prevalent across present-day laboratories. Best practices are centered around improving 

energy efficiency, water use efficiency, and management of waste and chemicals. Certain 

third-party institutions guiding laboratory sustainability are also reviewed. Informed by 

the state-of-the-art, the thesis then strives to observe and document the laboratory 

practices at the University of Oulu. To this end, the university’s ‘Paja’ or workshop was 

assessed as a case study. Adopting WRAP (2015)’s principles for mapping the waste 

generated by institutions, the case study aims to identify the sources of emissions within 

the Paja lab, and suggest possible ways to address those. Finally, the insights obtained 

from the case study, along with the state-of-the-art in sustainability, are used to 

complement the thesis’ recommendations for reducing the carbon footprint of the 

university’s research.  

 

 

 

 

 

https://sciwheel.com/work/citation?ids=13192293&pre=&suf=&sa=0&dbf=0


17 

 

2 CARBON NEUTRALITY  

Earth’s atmospheric envelope consists of the greenhouse gases (GHG) which trap some 

of the sun’s heat and are responsible for a climate of temperate stability – or the change 

in it. A variety of atmospheric gases have the capacity to ‘trap heat’, and all do so with 

varying potency in their global warming potentials and atmospheric lifespans (Balcombe 

et al. 2018). Fossil-based carbon dioxide emissions are the largest source of emissions, 

accounting for about 72% of global GHG emissions, and due to its abundance and 

longevity in the atmosphere, atmospheric carbon dioxide is the greatest driver of climate 

change (Balcombe et al. 2018, Olivier 2019)  

 

 

Figure 1. Global Carbon Balance for 2011-2020 (retell (Friedlingstein et al. 2022) 
 
The Global Carbon Budget 2022 is a report which quantifies the carbon emissions 

released and absorbed because of anthropogenic activities and natural ecosystems like 

https://sciwheel.com/work/citation?ids=10048902&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=10048902&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=10048902&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12864892&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13016995&pre=&suf=&sa=0&dbf=0
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forests. Figure 1 depicts the average rise in atmospheric carbon dioxide from 2010 to 

2020, along with the total anthropogenic emissions and the total sinks of emissions. 

Emissions from the use of fossil fuels by sectors like energy and industry, and emissions 

from land-use-based changes like deforestation for agricultural purposes, contributed 

together to 10.6 ± 1.2 GtCyr−1, while the Earth’s biosphere and ocean absorbed 6.1 ± 1 

GtCyr−1. This imbalance between carbon emissions and sinks has led to the rise in 

atmospheric emissions amounting to around 5.1 GtCyr−1 over the last decade. Although 

CO2 emissions in 2020 saw a pandemic-induced drop of 0.5167 GtC, carbon emissions in 

2021 are estimated to have rebounded by around 4.8%, returning to 2019-levels. To reach 

‘net-zero’ emissions by 2050, we need to reduce yearly emissions by an average of over 

0.3807 GtCyr−1. This highlights the scale of action needed. (Friedlingstein et al. 2022)  

 

Figure 2. Visualization of net-zero emissions. 
 
Figure 2 envisions a balance between GHG emissions produced and removed from the 

atmosphere, by an institution’s activities. This balance can be termed as a state of carbon 

neutrality, where the emissions released by the institution from activities like commuting 

between workplace and home, and consumption of fuel, are being counter-balanced 

through measures like using renewable energy and investing in afforestation schemes. 

https://sciwheel.com/work/citation?ids=13016995&pre=&suf=&sa=0&dbf=0
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Further removal of unavoidable emissions can be facilitated by using carbon pricing 

policies to offset those emissions (Tonietto et al. 2021).  

When it comes to accountability of emissions, institutions have legislative guidelines at 

their disposal. However, an institution’s approach towards carbon neutrality and the 

actions for counter measurement of its emissions is largely left to its discretion. 

2.1 EU Legislation for climate neutrality  

The United Nations Framework Convention on Climate Change (UNFCC) charted a new 

course in global climate effort in 2015 – the Paris Agreement. The  treaty was signed by 

192 countries and the European Union (EU) as they reached an agreement to limit global 

temperature rise this century to under 2 degree Celsius and to pursue further efforts to 

keep the rise to 1.5 degree Celsius (Luque‑Ayala et al. 2018, Rogelj et al. 2018). The EU 

is responsible for approximately 10% of global GHG emissions (European Commission 

and Directorate‑General for Climate Action 2018). For its member states, it has set 

obligations in its legislation to overarch the regulatory requirements set forth by the Paris 

Agreement (UNFCCC 2021). The three main climate commitments of the EU include the 

‘2020 Climate and Energy Package’ (CEP), the ‘2030 Climate and Energy Framework’ 

(adopted in 2014), and the ‘2050 Long-term Strategy’ (adopted in 2019) (European 

Parliament et al. 2019).  

The CEP was adopted by the EU Parliament in 2008 and its targets for 2020 were 

achieved in 2019. However, the European Environment Agency’s (EEA) report ‘Trends 

and Projections in Europe 2021’ also finds that out of the 27 member states of the EU, 

six did not meet their national emission reduction targets and had to rely on purchasing 

emission quotas from other EU states (EEA 2021). The EU’s Emissions Trading System 

(ETS) represents its carbon pricing policy as it facilitates the trading of emissions between 

member states by setting a yearly limit or cap on CO2 emissions and allocating them to 

member states. The member states further allocate these emissions to sectors like energy, 

oil, steel, cement, etc., and the entire system adheres to the cap of emissions which 

reduces every year. (European Parliament and Council 2018a) The CEP also assigned 

each of the EU’s member states with a “National Renewable Energy Target’ to be met 

within the prescribed timeframe. (European Parliament and Council 2018b) 

https://sciwheel.com/work/citation?ids=12306227&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=9122698,6360793&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=13025144&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13025144&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13210095&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13210104&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13210104&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13210111&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12986548&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12986798&pre=&suf=&sa=0&dbf=0
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The EU’s 2030 Climate and Energy Framework, adopted in 2014, sets an intermediate 

target of reducing net emissions by at least 55% by 2030, compared to 1990 levels. The 

2030 policy also aims to raise the EU’s renewable energy share to 32% of the energy mix 

and reduce energy consumption by at least 32.5%. (Amanatidis 2019, European 

Parliament 2021)  

The EU’s ‘Long-term Strategy’ endorses the objective of a carbon-neutral EU by 2050. 

In 2019, the EU Green Deal was adopted into the European Climate Law (European 

Parliament 2019). The legislative amendment to the EU Climate Law, titled ‘Regulation 

(EU) 2021/1119 of the European Parliament and of the Council of 30 June 2021 

establishing the framework for achieving climate neutrality and amending Regulations 

(EC) No 401/2009 and (EU) 2018/1999 (‘European Climate Law’)’, states in clause 7 

that the roadmap to achieving carbon neutrality for the EU is linked with the decoupling  

of economic growth from GHG emissions through all sectors of the economy, including 

energy, industry, mobility, and land-use change and forestry. To realize this vision of 

decarbonization across all sectors. EU’s long strategy focuses on: 

(a) improvement of energy efficiency (clause 11)  

(b) deployment of renewables (clause 11) 

(c) development of sustainable and smart mobility (clause 35) 

(d) transition to a circular economy, guided by the ‘Circular Economy Action Plan for a 

cleaner and more competitive Europe’ (clause 22) 

(e) fostering industry collaboration through initiatives like the European Battery Alliance 

and the European Clean Hydrogen Alliance (clause 11)  

The policy amendment also makes provisions for carbon capture and storage (CCS) and 

carbon capture and use (CCU) technologies to address mitigation of the remaining 

emissions, especially the emissions originating from industrial processes (clause 20). 

(European Parliament and Council 2020) 

https://sciwheel.com/work/citation?ids=12868318,13056916&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12868318,13056916&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12987207&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12987207&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12987069&pre=&suf=&sa=0&dbf=0
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The utilization of carbon pricing is part of the EU’s policy for economy-wide 

decarbonization, as the European Commission recognizes the EU-ETS as a cornerstone 

of the EU’s climate policy (European Parliament and Council 2020). In theory, the 

instrument curbs GHG emissions by encapsulating the damage caused to human health, 

infrastructure, agriculture, and other affected facets – and tying them to the source of 

those emissions. The integration of this economic tool in environmental policy seeks to 

not only place a fee on emitting carbon but also to offer an incentive to emit less, ideally 

making economic development compatible with environmental preservation. (World 

Bank et al. 2016)  

EU member states utilize carbon pricing through EU-ETS and carbon taxation. Both 

systems strive to place an adequate price on GHG emissions. The instruments may be 

used just by themselves or in conjunction with other pricing strategies, depending on 

economic and national circumstances. (World Bank 2021) While the EU-ETS lets the 

EU’s emission targets and their interplay with the economy determine the price of carbon, 

the taxation of carbon directly places a price on it. Unlike in the ETS, there is no cap on 

allowable emissions in carbon taxation systems. Instead, the member state charges a tax 

on the sources of emissions. The government levies carbon taxes based on the social cost 

of carbon, pursued emissions, or pursued tax revenue. (PMR 2017, Haites 2018).  

Institutions within the EU can also trade emissions through the Voluntary Carbon Market 

(VCM) which is a decentralized market that caters to institutions that voluntarily decide 

to trade emissions. The international market supports an institution to meet its emission 

targets by compensating for its inability to directly countermeasure its emissions, by 

contributing to climate change mitigation projects happening elsewhere (Greenberg and 

Fang 2015).  

The transition of an institution to climate neutrality may be motivated by its internal 

strategies or by legislative obligations. The reduction of emissions can be informed by 

accounting for their baseline emissions, using tools for calculating their environmental 

impact (Awanthi and Navaratne 2018). 

https://sciwheel.com/work/citation?ids=12987069&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12898159&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12898159&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12422536,12899052&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12899226,12899221&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12426448&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12426448&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=4943169&pre=&suf=&sa=0&dbf=0
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2.2 Carbon footprint 

The concept of carbon footprint (CF) is derived from the concept of ecological footprint, 

which is a standardized estimation of how much of Earth we are using. In other words, 

ecological footprint assesses the amount of natural capital in terms of the land and sea 

area that is necessary to supply the resources necessary to support a particular activity or 

lifestyle (Gao et al. 2014). Meanwhile, the CF is a measure of the total amount of carbon 

dioxide emissions directly and indirectly caused by institutions’ activities or accumulated 

over the life cycle of products. (Wiedmann and Minx 2008). CF can be applied to 

products, individuals, and all types of institutions including large organizations and even 

entire countries (Pandey et al. 2011).  

The CF of products is widely used to account for the GHG emissions (or equivalent 

carbon emissions) released in a product’s life cycle, including stages like extraction of 

raw materials, manufacturing processes, use, re-use, disposal, etc. The establishment of 

the CF for products may be guided by international standards like the Publicly Available 

Specification (PAS) 20501 and ISO 140672, published by the British Standards Institution 

(BSI) and International Organization for Standardization (ISO), respectively. Institutions 

can also adhere to the GHG Protocol Product Standard3.  An organization’s CF is a 

measure of GHG emissions released because of its activities like energy consumption, 

vehicular fleet operation, industrial processes, etc. The guidelines for organizational CF 

may be based on the GHG Protocol Corporate Standard4, ISO 14064-15, and PAS 20606. 

((IPCC) Intergovernmental Panel on Climate Change 2014, Gao et al. 2014)  

Guided by the standards for CF, it can be calculated using the life-cycle assessment 

(LCA) and input-output analysis (IOA) methodologies. The type of method used for 

calculation is largely decided by the scale of the object of investigation (Peters 2010). For 

                                                 

1PAS 2050:2011 - Specification for the assessment of the life cycle greenhouse gas emissions of goods and services. 
2ISO 14067:2018 - Greenhouse gases. Carbon footprint of products. Requirements and guidelines for quantification. 
3Greenhouse Gas Protocol - Product Life Cycle Accounting and Reporting Standard. (2011)   
4Greenhouse Gas Protocol - A corporate accounting and reporting standard. (2004) 
5ISO 14064-1:2018 - Greenhouse gases. Part 1: Specification with guidance at the organization level for quantification and reporting 

of greenhouse gas emissions and removals.  
6 PAS 2060:2014 - Specification for the demonstration of carbon neutrality.      

https://sciwheel.com/work/citation?ids=12988131&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13078531&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=5841682&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12988131,1153976&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=5044962&pre=&suf=&sa=0&dbf=0
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consumer products, the bottom-up method of LCA or cradle-to-grave analysis is 

preferred, while the IOA is the top-down method used to assess large-scale economic 

flows within institutions like organizations or nations. (Gao et al. 2014) An overview of 

applications and corresponding methods of CF calculation is provided in Figure 3.   

 

 

Figure 3. Application of carbon footprint and corresponding methodologies (retell 
Gao et. al. 2014). 
 
Determination of the CF of products and organizations may either be motivated by 

legislative obligations or voluntary commitments. An understanding of baseline 

emissions informs the planning measures for mitigation, and offsetting for the remaining 

unavoidable emissions. Furthermore, the CF may be employed by an institution, as a tool 

of advertising, to demonstrate and even raise awareness about the climate impact of their 

actions. (Weidema et al. 2008, Pandey et al. 2011)   

2.3 Scopes of emissions 

A system can claim carbon neutrality within a prescribed boundary when the carbon 

emitted by the contributing entities in sum, create a balance between the emissions 

removed or eliminated throughout their life cycle (Curran 2013). The understanding of 

baseline emissions can be guided by the three categories of scopes provided by the 

https://sciwheel.com/work/citation?ids=12988131&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=5841682,12988578&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12306273&pre=&suf=&sa=0&dbf=0
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Greenhouse Gas Protocol (GHG Protocol). Developed by the World Resources Institute 

(WRI) and the World Business Council for Sustainable Development (WBCSD), the 

GHG Protocol establishes standards for measuring and managing emissions. It is broadly 

adopted by public and private sectors – ranging from large-scale institutions like 

governments to institutions operating on a smaller scale, such as companies and service 

providers. (WBCSD and WRI 2004) 

The Corporate Accounting and Reporting Standard by the GHG Protocol provides 

guidance for accounting emissions. It states that after an institution determines its 

organizational boundaries in terms of operations it owns and controls, it can set its 

operational boundaries by identifying the emissions associated with its operations. The 

identification of emissions can be broadly categorized into direct and indirect emissions. 

Direct GHG emissions (Scope 1) originate from sources owned or controlled the subject 

institution. On the other hand, indirect GHG emissions (Scope 2 and 3) originate at 

sources owned and controlled by another institution but are generated due to the subject 

institution’s activities. (WBCSD and WRI 2004) An overview of the six types of GHG 

emissions and their scopes is provided in Figure 4. The figure also displays the upstream 

and downstream activities of an institution, which may be constituted by Scope 2 and 3 

emissions.    

https://sciwheel.com/work/citation?ids=12383432&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12383432&pre=&suf=&sa=0&dbf=0
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Figure 4. Overview of scopes of emissions (retell (WRI and WBCSD 2011). 
 
Scope 1 emissions are directly produced at facilities owned and controlled by an 

institution. These emissions are principally the result of stationery and mobile sources. 

The stationary sources of emissions involve the generation of heat, electricity, and steam 

(as fuel is combusted in boilers, furnaces, turbines, etc. located on institution premises), 

and physical or chemical processing within the facility. The mobile sources of emissions 

originate from the fuel consumed by the vehicular fleet operated and controlled by the 

institution for the transportation of its materials, products, waste, and employees. In 

addition to these scopes, an institution is encouraged to account for its fugitive emissions, 

result from equipment like refrigeration units or air conditioning, which may emit GHG 

emissions. Scope 2 consists of indirect emissions from electricity purchased or brought 

into the organizational boundaries, while the occurrence of these electricity-related 

emissions happens at another institution’s facility. By accounting for their Scope 2 

emissions, an institution can assess the opportunities for investment in energy-efficient 

and energy-conserving technologies. While Scope 2 covers the emissions from electricity 

https://sciwheel.com/work/citation?ids=12873327&pre=&suf=&sa=0&dbf=0
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consumption, Scope 3 covers emissions resulting from other activities of an institution. 

This scope accounts for the life cycle emissions caused by an institution’s services related 

to the marketing, delivery, and the end-of-life treatment of those sold products. 

Additionally, Scope 3 emissions account for the investments made by the institution.  

The GHG Protocol necessitates accurate accounting and reporting of Scope 1 and 2 

emissions, while reporting of Scope 3 emissions is optional. The provision for voluntary 

reporting of Scope 3 emissions provides an opportunity for institutions to be innovative 

while managing their GHG emissions. (WBCSD and WRI 2004) 

2.4 Carbon Handprint  

Negative impacts of an institution are captured by its carbon footprint (Hoekstra and 

Wiedmann 2014), while the carbon handprint is a complementary concept for evaluating 

the positive climate impacts of an institution’s actions and services (Grönman et al. 2019, 

Kiehle 2021). The calculation of the handprint focuses on products and services that 

reduce the CF when compared to a mainstream solution, considered as the baseline. 

Handprint is then the amount of CF reduction achieved by the consumer’s activities, 

compared against a counterfactual baseline scenario. (Norris 2011). 

 

Figure 5. Reduced footprint through handprint solutions (retell Vatanen et. al. 
2018) 

https://sciwheel.com/work/citation?ids=12383432&pre=&suf=&sa=0&dbf=0
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https://sciwheel.com/work/citation?ids=13032236&pre=&suf=&sa=0&dbf=0
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The carbon handprint is calculated based on LCA modeling and footprint-related impact 

categories (Norris et al. 2021). A product or process which provides a tangible solution 

to reduction of its climate impact in comparison to the baseline, can qualify as a handprint 

solution. Such tangible solutions can aimed at generating less waste, consuming less 

energy, increasing the lifetime and energy efficiency of the product, and making 

sustainable choices of materials (Vatanen et al. 2019).  

Figure 5 illustrates the creation of a carbon handprint by application of two solutions, 

both leading to a reduction in emissions, in comparison to the baseline solution. 

‘Handprint solution A’ reduces the CF by reducing the emissions in downstream and 

upstream activities, while ‘Handprint solution B’ achieves a footprint reduction by 

improving the customer’s processes in the product’s use phase. Following the definition 

of the carbon handprint as presented by (Vatanen et al. 2019), an institution may also 

employ both solutions together. For instance, a company that sells milk can produce 

packaging with lower emissions than the baseline packaging, while also improving the 

shelf life of milk and saving emissions through lessened reduced wastage. The choice of 

a baseline decides the reliability of the positive impact achieved in terms of the solution’s 

handprint (Grönman et al. 2019, Kiehle 2021). When institutions are publishing their 

handprint, they are advised to also share the tools and methodology they have utilized for 

calculation. This adds transparency and legitimacy to the institution’s endeavor of 

promotion of its environmentally friendly services. (Kühnen et al. 2019) 

In addition to measurable inputs like energy efficiency improvement, handprints can also 

consider the social links which influence people to perform sustainable actions that would 

not be performed otherwise (Reif and Weischer 2015). This abstract notion of ‘positive 

influence’ adds to the complexity of setting a baseline and calculating the carbon 

handprint for institutions (Grönman et al. 2019) – especially  for  institutions which 

provide the service of education and research. For instance, university researchers may 

make intellectual contributions that lead to external institutions adopting less emission-

intensive solutions. However, since the impact of such contributions is not readily 

tangible. Nevertheless, it can be a useful tool to motivate institutional change towards 

mitigation. (Guillaume et al. 2020)) 
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2.5 Brainprint 

Institutions like universities may not be able to quantify the positive impact of their 

activities using the carbon handprint alone, because their societal contributions are not 

limited to products. (Matthews 2011) uses the term ‘carbon brainprint’ to describe the 

influence of actions like research, development and knowledge transfer activities 

undertaken by institutions which help other institutions and individuals to reduce their 

GHG emissions. Figure 6 illustrates this concept of a brainprint, where an institution’s 

activities influence society to reduce its footprint. 

 

 
Figure 6. Reduced footprint through brainprint solutions. 
 
To quantify the intellectual contribution of the higher education sector, Chatterton et al. 

(2015) assessed the research projects across the British universities at Cranfield, 

Cambridge and Reading. Six case studies were developed based on different research 

projects, and all of them demonstrated the positive effect of teaching, research, or 

consultancy in reducing GHG emissions. The findings showed significant variations as 

emission reduction across these sectors ranged from 12 tons of CO2e/year to 500 kilotons 

of CO2e/year. Based on the case studies, the report concludes that the majority of 

https://sciwheel.com/work/citation?ids=12306194&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12306267&pre=&suf=&sa=0&dbf=0
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brainprints for institutions of higher education is attributed to areas of high energy or 

GHG emission flow.  

Along with the handprint, a brainprint had potential to be utilized as an additional method 

for research institutions as they evaluate and demonstrate their positive impact, although 

these approaches of impact assessment need further development. 
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3 CLIMATE-FRIENDLY RESEARCH LABORATORIES  

Universities impart the service of education and research, and from their position of high 

public credibility they can study the society’s impact on climate change and guide its 

sustainable development (Valls‑Val and Bovea 2022). Universities can also lead the 

institutional race to carbon neutrality by implementing strategies for deep 

decarbonization (Lozano 2010, Güereca et al. 2013). To measure and communicate the 

impact of its activities, research institutions can use the CF to measure the transition to 

net-zero emissions (CF 2020, Kiehle 2021).   

 

Figure 7. Transition to climate-neutral laboratories (based on SBTN 2020). 
 

Within universities, laboratories of engineering and science faculties (including the 

faculty of medicine) are found to be the major sources of carbon emissions, while 

faculties like humanities were found to be minor sources (Larsen et al. 2013, Kiehle 

2021). The roadmap to a climate-neutral laboratory can be guided, for example, by the 

Science Based Targets Network (SBTN) of the Global Common Alliance which outlines 

the objectives for institutions to comply with their planetary boundaries and societal 

obligations (SBTN 2020). Figure 7 outlines this transition for laboratories, where the 

‘assessment’ of the baseline situation is followed by ‘actions’ to enable the transition to 

carbon neutrality. Assessment encompasses the identification and quantification of the 

environmental footprint of the research activities undertaken by the laboratory (Rae et al. 

2022). This understanding can inform the laboratory’s action framework. Such a 
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framework enacted through academic and operational measures would enable a culture 

of climate-friendly research practices (Robinson 2020).  

This chapter documents a selection of current practices for assessing and managing the 

environmental impact of research laboratories, in terms of the consumption of energy and 

water, and the management of waste and chemicals.  

3.1 Best practices of energy efficiency 

Energy consumption is usually the greatest contributor to the climate impact of research 

laboratories (Grogan 2021). They typically consume about 3-6 times more energy per 

square meter than commercial buildings. Some laboratories, like those operating 

information and communications technology (ICT) equipment, may consume 100 times 

more energy (Mills et al. 2008, Mills 2009). This energy-intensiveness of laboratories 

can be attributed to the demands of research equipment, ventilation, lighting, temperature, 

and other health and safety needs. A study estimated that laboratories in the U.S spent 

around $10 billion due to energy inefficiency within their infrastructure, emitting 80 

million tons of CO2equivalent GHG emissions every year. (Mills 2009)  

In a study in Stanford University (described in 3.1.1), it was revealed that plug load 

equipment – defined as pieces of equipment that draw electricity through an outlet – 

accounted for 32% of the total electricity energy consumption of their buildings (Hafer 

2017). Institution for Bioscience and Biotechnology Research (2014) evaluated the 

bioscience and biotechnology research laboratories at the University of Maryland, to find 

that laboratory plug load equipment accounted for 23% of the university’s total energy 

consumption. Another study finds that laboratories containing data centers and ICT 

equipment can contribute to up to 55% of laboratory facilities’ energy consumption 

(Lobato et al. 2011). The energy consumption of research equipment varies, even when 

the buildings are of the same size and type, and measures to improve energy efficiency 

can be applied across all facilities (Acker et al. 2012), 

https://sciwheel.com/work/citation?ids=12800630&pre=&suf=&sa=0&dbf=0
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3.1.1 Assessment of energy consumption 

At the outset of their energy management strategy, laboratories take a systemic approach 

towards inventorying, measuring, and monitoring the energy consumption of their 

facilities.  

The Stanford University conducted a large-scale equipment inventory in 2014, spanning 

60% of their campus buildings. Building types were divided into categories like 

laboratories, offices, classrooms, public spaces, etc. laboratory facilities occupied the 

largest share in terms of area, occupancy, and equipment density, as their equipment 

comprised half of the total energy consumed by plug-load equipment on their campus. 

They used the ArcGIS software for data collection, which classified equipment based on 

its type. The purpose of their survey was to quantify electricity consumed by plug-load 

equipment, which provided insights on the energy efficiency of their facilities. (Hafer 

2017) 

https://sciwheel.com/work/citation?ids=13096302&pre=&suf=&sa=0&dbf=0
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Figure 8. Laboratory equipment energy consumption by type at Stanford 
University (retell Hafer 2017).  
 
Figure 8 represents the distribution of energy consumption within laboratories of Stanford 

University, as the most energy-intensive equipment comprises freezers, incubators, water 

baths, refrigerators, autoclaves, microscopes, and sterilizers. Equipment like hot plates, 

vortex mixers, lamps and shake tables are grouped as ‘other equipment’. In addition to 

inventorying equipment, Hafer (2017) developed estimates for unit energy consumption 

of the devices in Stanford University’s laboratories, either by obtaining the values directly 

or by obtaining the power consumption values based on the pattern of use. The pattern of 

use details the frequency of equipment use (estimated number of hours the devices were 

used) and their power states.  Equipment was classified into four power states: ‘on’-state 

representing that the device was in active use; ‘off’-state representing that the device was 

not consuming any power; ‘idle’-state representing that the device was turned on, but not 
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being actively used; and ‘standby’-state representing that the device was either turned on 

and operating in low-power mode or turned off but still consuming some amount of 

power. Although these assumptions were largely qualitative, they aided the 

conceptualization of energy consumed by plug-load equipment and their underlying 

trends – which supported the energy-saving strategies recommended by (Hafer 2017). 

Equipment metering can follow the inventory for deeper insight into equipment efficiency 

and potential energy-saving opportunities. With respect to metering plug load equipment, 

Lanzisera et al. (2013) list principles for determining sample sizes of equipment and 

metering durations. The strategy for metering was guided by insights on the quantities 

and type of equipment, time of use and energy consumption of equipment, in different 

states of power, Based on those principles, (Hafer 2017) recommends that metering must 

be focused on the most commonly used equipment and/or equipment that has the highest 

energy consumption. Harvard Medical School’s Kirschner Laboratory used a device 

commercially named ‘Modlet’, to monitor the energy use of bench-top equipment (like 

water baths, pipette chargers, centrifuges, thermocyclers, and PCs). Energy metering 

generated automated savings according to the energy reduction potential of their bench-

top equipment. The baseline consumption patterns collected ranged from the pipette 

charger using 96 watts/day to the thermocycler using 9,678 watts/day. After the adoption 

of simple energy-saving measures, in a span of 5 days, the laboratory equipment showed 

an average energy reduction of 51.6%, with the thermocycler’s energy usage reduced by 

70%. (Harvard University 2022) 

In sum, best practices for assessing energy consumption combine the use of technological 

tools and bookkeeping practices, in order to make an inventory, monitor energy 

consumption and implement protocols for best practices.  

3.1.2  Actions to improve energy efficiency of laboratory equipment 

The understanding of energy consumption patterns of research facilities can guide their 

measures for energy saving. 

In their study, (Metzger et al. (2011) researched ways to reduce plug-load energy 

consumption through three approaches: installation of an automated energy management 

system that turned off the equipment after it was left unoccupied for a certain period; 
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educational communication through emails directed at users; and encouraging 

competition between occupants by routinely sharing their CO2e accountability per 

person. The results of this study concluded that the most effective strategy combines an 

automated equipment control system with actions aimed at influencing occupant 

behavior. Installing energy timers can automate equipment consumption patterns (Acker 

et al. 2012). However, this may not be cost-effective, as (Metzger et al. 2011) found the 

payback period associated with energy timers to be unreasonable. Alternatively, the 

action framework for reducing energy use can be focused on influencing the behavior of 

laboratory occupants, especially for the equipment which provides the most potential for 

saving energy. The study emphasizes the inclusion of strategies to motivate laboratory 

occupants, as it found that mere guidance through electronic mediums produced 

negligible energy savings. The results of the study conducted in laboratories in the USA, 

indicate that the participation and willingness of occupants can be correlated with 

incentives. (Metzger et al. 2011) 

There are several other pieces of equipment that may be operated in a laboratory, that are 

usually left switched on all the time, as found by Hafer (2017). Automating and 

scheduling use of equipment can translate to energy savings. Table 1 lists possible actions 

to improve the energy efficiency of the most energy-intensive equipment found in 

conventional research laboratories.  

Table 1. Actions to improve the energy efficiency of typical energy-intensive 

equipment, based on occupant behavior and/or operation of equipment. 

Laboratory 
equipment  

Actions to 
improve energy 
efficiency 

Description of actions 

Cold storage: 
Ultra-low 
temperature 
(ULT) freezers 
and 
refrigerators  

 

Increase freezer 
temperature  

Increasing ULT freezer temperature from 
-80 to -70 degrees Celsius can reduce 
energy consumption by 30-40% (ECCL 
2016). It can also prolong the life of the 
freezer – which translates to lesser down 
time and better sample quality (May 
2016, Nature Research Custom Media et 
al. 2021). 
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 Optimize 
retrieval of 
samples 

 

Inventory of samples can be maintained 
by labelling samples and reagent boxes 
with relevant details. In addition to 
inventorying, efficient arrangement of 
samples would contribute to better 
organization, swifter location of samples, 
and minimize the time the 
freezer/refrigerator door is left open. 
(University of Cambridge 2014) 

 Conduct sample 
audits 

 

A review of management practices for 
stored samples can be facilitated by 
periodic audits and/or by using a sample 
database where the location, owner and 
expiry date of samples are noted (UC 
Boulder 2015). 

 Periodically 
maintain 
equipment  

 

Proper maintenance can boost energy 
efficiency by up to 25%. Best practice 
involves defrosting and vacuuming coils, 
ideally every month but no longer than 
biannual intervals (University of 
Cambridge 2014).  

Periodic maintenance not only improves  
energy efficiency and life span – due to 
lesser load on the compressor – but it 
also helps to create space in cold storage 
spaces, which is especially relevant in 
freezers/refrigerators which are busy and 
crowded with samples from multiple 
users  (May 2016, Nature Research 
Custom Media et al. 2021).  

Fume hoods Manually lower 
the sash 

Lowering the fume hood sash is a simple 
practice that can provide up to 40% 
energy savings annually (Kongoletos et 
al., 2021). 

 Automatically 
lower the sash 

 

Incorporating automation through sensor-
based alarms like Motion and Sash 
Height (MASH) alarms can be 
engineered to achieve up to 43% carbon 
emission savings annually (Kongoletos et 
al. 2021).   

 Based on 
functions of 
equipment  

Further reduction in energy consumption 
is possible by turning down the blower at 
night if the equipment offers air flow-rate 
options (Kongoletos et al. 2021). 
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  Fume hoods operating on electronically 
commutated motors may be selected for 
they are more efficient than the ones 
using alternating current motors. 
(Kongoletos et al. 2021) 

Biosafety 
cabinets (BSCs) 

Switch off 
equipment when 
not in use 

BSCs can be switched off when not in 
use, manually or using energy timers, to 
obtain energy savings and extend the life 
of the equipment. (CU Boulder 2016)  

Autoclaves 

 

Rightly size 
loads and 
equipment  

Wastage of energy can be prevented by 
using the right size of autoclaves and by 
running consolidated loads so that 
sterilization of singular entities is 
prevented (Astell UK 2020).  

Simultaneously, overloading must be 
prevented, as it may impede the flow of 
steam (CU Boulder 2011a). 

Ovens 

 

Reduce 
temperature 
and/or switch off 
equipment when 
not in use 

Improvement in energy efficiency can be 
achieved by reducing the temperature by 
10 degrees Celsius. Furthermore, the 
oven can be switched off in between use 
and/or during the night, and this can be 
done manually, or through energy timers. 
(CU Boulder 2011b) 

UV lights 

 

Reduce use 
and/or use 
ethanol 

UV lights are used to sterilize samples in 
certain laboratory operations. However, 
their potency for sterilization decreases 
over time due to the diminishing intensity 
of the lamp and dust build-up. 
Furthermore, UV rays are harmful to 
human health. Using ethanol for 
sterilization operations is an alternative 
to UV lights. (CU Boulder 2016)   

Incubators  

 

Reduce power 
when equipment 
is not in use  

Incubators are usually left switched on all 
the time, and they may be powered down 
when not in use (Hafer 2017). The 
possibility of using energy timers to 
automate energy savings may also be 
explored. 

Centrifuges Based on 
function of 
equipment 

Centrifuges with carbon fiber rotors may 
be considered, as they are lighter and use 
lesser energy than conventional ones 
(Galazky 2020). 
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Microscopes Based on 
function of 
equipment 

Solid-state microscopes can be preferred 
over mercury microscopes, as the latter 
are hazardous to the environment and the 
laboratory specimen. They also emit 
excessive heat, leading to energy 
wastage. Microscopes operating on solid-
state devices in the form of high-power 
LEDs are more energy-efficient than 
ones operating on mercury and metal 
halide light sources. (My Green Lab 
2022a) 

Lasers Based on 
function of 
equipment 

Solid-state lasers, being more energy-
efficient than gas lasers, should be 
preferred. as gas lasers generate excess 
heat. This would alleviate the need to 
cool down these spaces, putting less 
strain on air ventilation systems. (My 
Green Lab 2022e)  

 

3.2 Best practices of waste management 

Research laboratories can be immense sources of waste. The type and quantity of waste 

generated because of the laboratory’s activities vary based on the type of research being 

carried out. Laboratories usually use consumables like glass, gloves, etc. and may also 

produce high quantities of plastic and hazardous waste. Urbina et al. (2015) highlight 

scientists’ waste intensity, as they estimate that globally an average person produces 

about 65 kilograms of plastic waste every year, while scientists discard about 1000 

kilograms. According to data published by the United States Environmental Protection 

Agency (EPA) in 2019, companies providing the services of scientific research and 

development reported disposing of well over 11 million kg of hazardous waste and over 

60% of it came from schools and universities (US EPA 2019).  

The following section deals with best practices for assessing the sources of waste 

generation, and the implementing of responsible practices for waste management.  
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3.2.1 Waste mapping 

A laboratory can assess the wastes associated with its operation by mapping its resource 

use. The Waste and Resources Action Programme (WRAP) is an NGO in the UK with a 

focus on circular economy in sectors like food, plastic packaging, and textiles. WRAP’s 

waste mapping guide for organizations provides insight on highlighting the most wasteful 

processes by drawing out a map, wherein all inputs and outputs are located on the 

facility’s floor plan. Figure 9 is a representation of such a map, wherein potential wastes 

like energy, plastic, water, solid wastes, consumables etc. are symbolized and pin-pointed 

on the floor plan. This enables an organization to understand the costs associated with the 

biggest zones of wastage, and then take steps to improve its resource efficiency. (WRAP 

2015) 

 

Figure 9. Example of waste map for laboratories and key for waste map (WRAP 
2015). 
 
The mapping of potential wastes can be followed by estimation and later the actualization 

of the quantity of the associated inputs and outputs. This will support the calculation of 

the true cost of waste for an organization, as mentioned in the guide. This concept of 

waste mapping spreads extends beyond the management of solid waste. Therefore, the 

https://sciwheel.com/work/citation?ids=13192293&pre=&suf=&sa=0&dbf=0
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cost of waste includes wastage of other resources along with the cost of waste disposal. 

For instance, a laboratory might discover that some processes or equipment are using a 

higher amount of energy than necessary. After locating the wastage of resources, a 

laboratory can take actions based on the following factors: the ease with which the action 

can be carried out, the costs associated with different categories of waste, and the 

proportion of wastage. (WRAP 2015) 

3.2.2 Laboratory waste management hierarchy 

Laboratories can use the waste hierarchy as a strategy for managing their waste streams. 

The waste management hierarchy (outlined in Figure 10) is a list of preferred actions: 

prevention preferred, followed by re-use, recycling, and value recovery. Landfill is the 

least preferred destination for waste, so following the guidelines for sorting waste is the 

final action step. (EU 2006)  

 

Figure 10. Hierarchy of actions for waste management in laboratories (partial 
based on (Stephan 2011, WRAP 2015) . 
 
Scientists rely on disposable tools because of the convenience and speed of 

experimentation associated with them (Bistulfi 2013). Still, a considerable proportion of 

wastage associated with laboratory consumables can be prevented (Urbina et al. 2015).  
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When possible, it is recommended that laboratories use reusable glassware instead of 

plastic to diminish the level of plastic waste (UCSB 2022). Consumables like Petri dishes, 

conical tubes, pipette tips and bottles used for storage can be switched from plastic to 

glass (UCSB 2022). In tissue culture operations, the use of single-use plastics can be 

prevented by using glass cylinders instead of plastic pipettes that have to be disposed of 

after use (Noy 2022). Providers who have sought to reduce their packaging can be 

preferred when procuring consumables. For instance, for the purpose of transporting cold 

storage systems, laboratory users can procure from companies using cardboard box as an 

alternative to polystyrene packaging for transporting cold storage systems (Thermo 

Fisher 2018). Furthermore, the use of paper can be reduced where possible, using digital 

communication and notepads. Usage of paper can be further lessened by using smaller 

fonts, adjusting margin widths and printing on both sides. (UCSB 2022) 

After taking steps to reducing and reusing waste, the laboratory can consider recycling/ 

recovering value. It may be possible to recycle consumables like gloves, pipette boxes, 

pipette tips, cardboard, conical tubes, gel icepacks, centrifuge tubes, ink toner and 

cartridges, and batteries (My Green Lab 2022b, 2022c, UCSB 2022). This may entail 

collaboration with external institutions.  

Segregation of waste is the final step for laboratories if implementing said actions is not 

possible. The place of the waste’s origin is the most crucial step in recycling. Together, 

the laboratory and the users can enable segregation of waste at its source, as this will 

improve the quality of raw materials which will be extracted from the waste, by the 

organizations managing waste. (Saara Tuhola 2020) 

3.3 Best practices of water use efficiency 

The climate impact of the water consumed by laboratories can be reduced by improving 

the efficiency of its use in rinsing/cleaning, cooling, and flow control operations 

(Laboratories for the 21st Century and National Renewable Energy Laboratory 2015). 

Water consumption in laboratories is estimated to be between 1-3 cubic meters of water 

per square meter, and its cumulative utilization can be a source of significant emission 

savings (HEEPI/S‑Lab 2020). A laboratory can minimize water consumed for rinsing and 

cleaning operations, by establishing protocols for washing laboratory supplies. Water 
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https://sciwheel.com/work/citation?ids=12306171&pre=&suf=&sa=0&dbf=0
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faucets can be installed with aerators, which reduces the flow of water (My Green Lab 

2022). Furthermore, timers can be installed on water-intensive equipment to automate 

their consumption patterns. 

Single pass cooling systems, employed in conventional laboratories can cause immense 

wastage of both, water, and heat, as the water used for cooling is allowed to escape 

through the drainage system. A single apparatus can consume up to 60,000 liters of water 

annually (My Green Lab 2022). The loop of cooling can be close in such operations, so 

that the one-way route of discharged hot water is plugged. A process that can reuse the 

water or use the heat recoverable from it can be utilized for this purpose. Additionally, 

the use of packaged chillers and condensers can lessen water use (Laboratories for the 

21st Century and National Renewable Energy Laboratory 2015). Further increase in 

water use efficiency can be achieved by increasing the concentration cycles of the heat-

exchanging equipment (Rahmani 2017). On their own initiative, researchers can build 

water baths for cooling-based chemical reactions a volume exceeding 1 liter. For volumes 

lower than 1 liter, an ice bucket and a fish pump can be used to create a recirculating 

water bath. (My Green Lab 2022d) 

3.4 Best practices of chemicals management  

The principle of prevention can be applied when using chemicals. When conducting 

experiments, practices like adopting small-scale equipment or downsizing activities to 

macro-level can lessen the use of chemicals. (Ibanez 2012) Apart from improving the 

environmental footprint of chemistry-based practices, small-scale experimentation can 

enhance safety, save time of reactions and create space within the laboratory (Hanson 

2014).  

Further reduction of laboratory waste can be achieved by maintaining inventory, as it 

would prevent duplication of purchases and reduce loss due to expired media. This 

practice can be conducive to the avoidance of over-purchasing and reducing wastage.  

Responsible management of chemicals also involves exploration of safer alternatives to 

fulfill the needs of the research. For instance, halogenated agents which are harmful to 

human health and the environment, can be replaced by using solvents like acetone to 

https://sciwheel.com/work/citation?ids=13197625&pre=&suf=&sa=0&dbf=0
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rinse-clean consumables. The use of an ultra-sonicating device using a mild detergent 

was found to be a worthy investment, which paid back in solvent savings within three 

months, in case of the study conducted by US National Research Council Committee  

(NRCC 2011).  

3.5 Guidelines on laboratory sustainability  

Universities and laboratories can also choose an external source of guidance, expertise, 

and/or certification, to improve their research practices. Table 2 displays some examples 

of third-party certification systems and standards being adopted in laboratory 

sustainability.  

Table 2. Third-party initiatives for laboratory sustainability. 

Type of system Description 

Building Research 
Establishment 
Environmental Assessment 
(BREEAM) & Leadership 
in Energy and 
Environmental Design 
(LEED) 

BREEAM AND LEED are green building 
assessment certificates, informed majorly by 
American Society of Heating, Refrigerating and Air 
Conditioning Engineers (ASHRAE) standards, and 
European and UK legislation respectively (Haroglu 
2013, Karakhan 2016). 

In 2017, the University of Nottingham built a 
carbon-neutral laboratory building in collaboration 
with GlaxoSmithKline (a British pharmaceutical 
company) for its school of chemistry, and has been 
awarded the green building certifications of 
BREEAM and LEED (University of Nottingham 
2022).  

https://sciwheel.com/work/citation?ids=12306173&pre=&suf=&sa=0&dbf=0
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Sustainability Tracking, 
Assessment and Rating 
System (STARS) 

STARS certification system provides framework for 
educational institutions to assess their sustainability 
performance. Based on their performance, 
institutions are awarded bronze, silver, gold, or 
platinum designations. Every designation represents 
‘significant sustainability leadership’. (AASHE 
2022) 

Participating institutions are evaluated according to 
the sustainability in activities like academics, 
engagement, operations, and administration, in 
addition to the emissions associated with those 
activities. As of 2019, 1093 educational institutions 
had registered with the system, and out of them, 682 
have received a rating from STARS. (AASHE 2019)  

Publicly Available 
Specification (PAS) 2060 by 
British Standards 
Institution (BSI)  

London School of Economics and Political Science 
was verified as carbon neutral for the academic year 
2020/21, by the global certification organization BSI 
following the internationally recognized standard for 
carbon neutrality PAS 2060 (LSE 2021). 

Laboratory Efficiency 
Assessment Framework 
(LEAF) 

The University College of London developed the 
LEAF standard for universities within the UK. 
Affiliated laboratories and universities receive 
guidance to account for, facilitate and monitor the 
sustainability of research activities. (Farley 2019) 

NGO for laboratory 
sustainability: My Green 
Lab 

My Green Lab is an organization collaboratively 
formed by scientists, designers, energy providers, 
etc. to guide, develop and implement laboratory 
standards. (My Green Lab 2022b) 
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4 UNIVERSITY OF OULU: UNDERSTANDING 

LABORATORY PRACTICES 

Research institutions have a unique opportunity to lead societal change. The University 

of Oulu is part of Universities Finland (UNIFI), a consortium of 14 Finnish universities 

and institutions of higher education aiming to achieve carbon neutrality by 2030. (UNIFI 

2020)  

The UNIFI published 3 theses to drive action towards sustainable research. They are 

based on the precondition that research institutions integrate sustainable and responsible 

practices, and allocate the resources required to enable and monitor sustainable 

development. In the first thesis, universities are instructed to enhance coordination, raise 

awareness, and make concrete investments to promote sustainable and responsible 

research. The second thesis instructs universities to consider sustainability and 

responsibility while assessing and funding their research projects. Additionally, the 

thesis, universities are called to recognize sustainability, openness, and societal 

interaction as merits to advance the career of researchers. The third thesis instructs 

universities to support interdisciplinary collaboration and communication while 

maintaining a perspective to solve issues of global sustainability. (UNIFI 2020)  

The University of Oulu is committed to reducing its carbon footprint by 50% by 2025 

compared to 2019-levels. CF calculations made by the university in 2019 revealed that 

16% of its total emissions were attributable to the procurement of research and laboratory 

equipment. This percentage is based on the cost of procurements. A partial inventory of 

the equipment across the two university campuses was conducted to gain insights into the 

emissions of the laboratory equipment during their utility phase. (University of Oulu 

2021) In accordance with the UNIFI theses, the university enables collaboration between 

educational institutions as well as industry-based institutions. For example, in some areas 

of the campus, the University of Oulu shares research equipment and laboratory space 

with the Oulu University of Applied Sciences (OAMK). (OAMK 2020) 

The following case study documents the research practices of the ‘Paja’ or workshop 

laboratory. The laboratory operates in the Mechanical Engineering department of the 
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https://sciwheel.com/work/citation?ids=13245452&pre=&suf=&sa=0&dbf=0
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University of Oulu. The robotics laboratory (Robolabra Robotiikkalaboratorio) from the 

OAMK has shared a piece of equipment that was used in the course of the study (OAMK 

2022). The understandings from this case study then provides basis for the 

recommendations made to the improve the University of Oulu’s research practices.  

The Paja lab uses energy, water, and chemical reagents to fabricate, repair and design 

equipment for research, industrial projects, and teaching. Paja lab shares some of its 

operational space with other laboratories. The laboratory provides the services of 

welding, cutting, single and small series manufacturing, and design and 3-D modelling. 

The scope of this study is limited to the equipment and space used solely by the Paja lab; 

it does not focus on the shared resources.  

The methodology of this case study is informed by the principles of waste mapping 

explained in WRAP (2015)’s guide. The first stage involved planning for the walkabout 

for mapping the laboratory’s CF. In the second stage, the walkabout was conducted with 

the laboratory manager. The third stage covered data analysis and reporting leading to 

recommendations for best practices to improve the Paja lab’s environmental footprint.  

4.1 Stage 1: Pre-walk assessment and planning 

The major and minor sources of CF were identified by creating a ‘carbon footprint map’ 

of the laboratory. The mapping exercise sought to understand Paja lab’s practices, 

pertaining to those environmentally sensitive locations.   

The planning stage for the walkabout to map the CF sources of Paja lab followed these 

guidelines: 

1. Begin with one small section of the laboratory. Within that section, map all 

sources of CF.  

2. Note the equipment consuming electricity, particularly the energy-intensive ones.  

3. Document the equipment using water, particularly the water-intensive ones. 

4. Observe the waste management practices of the laboratory.  

5. Based on the mapped section, identify relevant elements of CF to be mapped for 

the entire laboratory. 

https://sciwheel.com/work/citation?ids=13272264&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13272264&pre=&suf=&sa=0&dbf=0
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Throughout the mapping of relevant sources of impact, discussions with the laboratory 

manager centered around the possibilities to improve the sustainability of the Paja lab’s 

research practices.  

4.2 Stage 2: CF mapping and observations 

The relevant symbols to be used were established after creating the preliminary map of 

CF’s sources in that section, is displayed in Figure 11. Symbols for equipment using 

electricity, compressed air, and gases were designated to the zones of consumption. Water 

consumption and waste collection points for domestic waste and metal residues were also 

mapped on the facility’s map.  

 

Figure 11 Preliminary map of a section within the Paja lab. 

Based on the mapped section, the entities to consider while mapping other sections were 

established. Figure 12 displays all the symbols used subsequently.  
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Figure 12. Legend for Paja lab’s CF map 

 
The map locates all equipment in the laboratory which consumes electricity. ICT 

equipment, single-phase and three-phase electricity use are marked separately so that 

energy-intensive equipment would be identified separately. The consumption of 

compressed air and ventilation system are marked separately. The map separately denotes 

the use of water faucets from the water-intensive equipment, while the spots of waste 
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collected from equipment are also distinguished from domestic waste collection spots. In 

some areas, the generated waste is partly recirculated for further use. These locations are 

also marked separately. Finally, the use of process-specific materials like sand, gases, and 

the use of chemical reagents like sliding/cutting oil and hydraulic oil is mapped. 

Appendix 1 displays the CF map of the entire laboratory. The mapping exercise was 

carried out in the presence of the laboratory manager, and conversations with the manager 

were crucial to understanding the pattern of resource use.  

4.3 Results and recommendations for Paja 

4.3.1 Energy consumption  

The CF map distinctively marks the energy-intensive equipment housed by the Paja lab. 

Among those 15 pieces of equipment, one equipment is monitored by an energy meter 

commercially named as ‘Shelly’ (2022 Shelly). To improve the understanding of its 

energy efficiency, the Paja lab is recommended to expand its metering infrastructure. 

Installing smart energy meters is a straightforward means to understand a laboratory’s 

energy consumption, and different laboratories have different measurement requirements. 

Installing a single, centralized energy meter for a laboratory like Paja might not be a direct 

indicator of good practice, because its consumption changes according to industry 

demands. The approach to metering a laboratory like Paja lies in attaching smart energy 

meters to utility-specific equipment or circuits. For the installation of energy meters in 

such a demand-based laboratory, metering the most energy-intensive or frequently used 

equipment can be prioritized. Another way to install energy meters could be to divide the 

laboratory into utility-based sections and then measure energy consumption for those 

circuits.  

Energy metering will reveal insights on the power consumption of equipment and the 

power states in which they are operate. Then, the plan to ensure the right use of equipment 

can be implemented. In conjunction with technical tools, Paja’s researchers can introduce 

a schedule-based system for accounting their machine use, so that the responsibility to 

switch-off or power-down equipment can be automatically delegated.  
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To further encourage users to switch off or power down equipment, stickers or posters 

can be pasted across research and ICT equipment. The responsible use of ICT equipment 

can be readily symbolized through the ‘switch off after use’ sticker, for instance. It must 

be noted that providing these visual reminders for research equipment would require an 

understanding of the functionality of the equipment as well as the laboratory’s needs. 

Apart from research and ICT equipment, the laboratory houses a network of compressed 

air and ventilation system, used for cleaning and cooling purposes. Compressed air can 

be one of the most expensive utilities in industrial facilities (Dindorf 2012). Poorly 

maintained systems can lose about 20-30% of energy to leaked air (Lawrence Berkeley 

National Laboratory 2003). Improving its efficiency would not only save energy but 

would also increase the system’s service life. The mapping exercise led to the detection 

of a leak within one compressed air apparatus. The air was leaking through the handheld 

portion of the equipment, as captured in Figure 13. 

 

Figure 13. First spotted leak as seen through the Fluke imager. 

One way to spot compressed air leaks is through an imaging device that visually 

identifies, captures and measures leaks (Nathanael 2014). Researchers from the OAMK 

institute, which shares its boundaries and resources with the University of Oulu, enabled 

the use of the ‘Fluke Imager’. The device captures images of the air leaking through 

connecting threads and hoses within the compressed air systems and classifies them 
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according to leakage intensity. Furthermore, their website provides a detailed report, 

wherein the costs and emissions associated with the spotted air leaks are calculated (as 

depicted in Table 3). (Fluke 2022a)   

 

Figure 14. Yellow tape pasted across components where leaks were spotted.  

 
In total, 17 leaks were spotted across the laboratory. As seen in Figure 14, the laboratory 

manager pasted yellow tape across these leaks occurring in portions of the system which 

act as connecting components. This will allow for the electricity technician and the 

laboratory manager to revisit and plug the leaking components. 

Table 3 displays the report generated from the online air leakage calculator tool (Fluke 

2022b b). The assumed cost of electricity is 0.122455 euros per kWh. This assumption 

was made based on Finland’s average electricity price for June 2022 (Nord Pool 2022). 

Other data used by the calculator tool are based on pre-set values presented on the 

website. The system pressure is assumed to be 5 bar, the specific power ratio of power to 

flow rate in kW per 100 litre/min is assumed to be 1.05944, while the hours of operation 

are 8760. Based on these values the calculator tool estimates the annual cost of leaked air 

and the emissions. Appendix 2 contains the images of all the compressed leaks that were 

spotted across the Paja lab.   
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Table 3. Report of air leakage audit of Paja. 

Sr.no Region of leak Estimated costs/year (in 
euros) 

Estimated CO2 emissions/year 
(in kg) 

1 Threaded Coupling 13 8.7 

2 Threaded Coupling 8 5.2 

3 Threaded Coupling 8 5.2 

4 Wall 8 5.7 

5 Threaded Coupling 11 7.8 

6 Hose 6 4 

7 Quick Connect 150 171.4 

8 Wall 453 310.8 

9 Hose 2 1.4 

10 Quick Connect 24 16.2 

11 Hose 18 12.4 

12 Hose 47 32.4 

13 Wall 18 12.4 

 Total 866 EUR/year 593.6 kg CO2/year 

 

The results of the air leakage audit indicate an estimated loss of 866 euros/year and 

emissions of 593.6 kg CO2/year. Considering the reliability of the assumptions, the losses 

and emissions should exceed the calculated amounts, because four other leaks were 

captured by the imaging device. Because these images were blurry, the calculator tool 

could not account for them. During the auditing, the imaging device revealed several 

spots in the walls, through which leakage was occurring. However, because these parts 
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are inaccessible to the laboratory users, it was possible to capture only three images of 

leakage through walls. In the future, in addition to plugging the air leaks across connector 

components, wall elements should be considered. The energy savings from the plugged 

leaks would be substantial given the high rate of leakage in components embedded in the 

walls of the laboratory facility.   

4.3.2 Waste management  

The investigated part of the Paja lab involves machinic operations that contribute to metal 

waste. The metal offcuts and shavings are sometimes unsorted and may contain different 

metals. But since metal waste collected in separate waste bins, their value recovery is not 

impacted significantly.  

Apart from metals, another process-specific waste generated in large quantities is 

abrasive sand waste. The water-cutter machine uses sand for its metal cutting operations. 

According to the laboratory manager, used abrasive sand is collected in large bags, where 

it is allowed to drain the excess water, it has absorbed in the machine’s operation. It is 

desirable that the sand being disposed of contain as less water as possible, so that disposal 

costs can be lessened. However, some additional cost is incurred by the Paja lab for 

disposing the sand, as some water remains absorbed in it.   

There are three ways in which the Paja lab can reduce their abrasive disposal costs: 

1. Collaborate with an institution(s) like manufacturers of construction materials, 

who may be using sand as a raw material for its processes.  

2. Modify existing calibration of equipment, to use lesser sand if possible.  

3. Modify existing equipment by investing in a sand recycling or water recovery 

system. The former reuses the abrasive sand for machine’s operation while the 

latter drains off most of the water from the abrasive as it is removed from the 

water jet tank. (Bishop 2009, The Fabricator 2009) 

Other than metal and sand waste, collection points for domestic waste are also located 

throughout the laboratory. During the walkabouts, a few soda cans were noticed in these 

bins. The lab’s users can take the initiative to separately collect the types of waste that 

they frequently generate. Users can refer to Kiertokaari (2021), to inform themselves 
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about the local waste management guidelines. Additionally, users can be visually 

reminded using stickers that can be acquired from a local vendor like Puuilo (2022).    

4.3.3 Water consumption 

The laboratory uses water for two machinic operations. It is used in moderate quantities 

by the spot-welding machine, and it is used intensively by the water-cutter machine 

(displayed in Figure 15). 

 

Figure 15. CF map displaying use of water and energy by the water-cutter machine. 

 
In the case of the spot-welding machine, water is used for cooling operations. The 

resulting hot water is discharged through the sewerage. Eliminating single pass cooling 

for this operation will save water and energy, as the hot water will be recirculated instead 

of being discharged. Installing a heat exchanger system or building a water bath using a 

water bucket and a fish pump, are some measures that the researchers can undertake.  

The water-cutter uses water in large quantities, and most of it is drained through the 

sewerage system. Some water is filtered through the bulk bags containing used sand and 

reused for the machine’s operation. The calibration of water use is automated, and while 

its use is proportional to product quality, it may be possible to use less.  

https://sciwheel.com/work/citation?ids=13279035&pre=&suf=&sa=0&dbf=0
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4.3.4 Chemicals management 

The Paja lab uses chemical mixtures for its processes. The frequency and proportion of 

chemical use are decided by machine requirements and research needs. It is estimated 

that largest machine uses about 200 litres of oil per year mixed with about 6000 litres of 

water. Other machinic operations use chemicals on a similar or lower scale. However, the 

quantities of their use could not be estimated at the time. Paja’s researchers can consider 

introducing bookkeeping practices for accounting their chemicals use, as it will help them 

locate any inefficiencies in its consumption.  

There is a separate room in the facility for the storage of chemicals. The used chemicals 

are sent to an institution that manages chemical waste while the unused chemicals are 

arranged for future use. There, one can-like container of chemicals was observed to be 

past its expiry date. The room also holds other machines and their components, some of 

which are defunct. The laboratory manager stated that although there is potential for a 

better arrangement of these materials, the time and effort it would necessitate is 

significant. Good storage practices not only reduce wastage but also create much-needed 

space. The researchers at Paja lab can discuss the possibility to improve their 

bookkeeping and storage practices, as this will also improve the quality of their research.  

Apart from chemicals, the Paja lab also uses gases like acetylene for combustion and/or 

protection in machinic operations. For instance, acetylene (consumed at roughly 40 

litre/year) is used for welding metals. The hazardous fumes that may originate from the 

use of such gases are filtered by a separate machine or by the compressed air and 

ventilation system. For example, the laser-based cutting machine uses nitrogen for the 

protection of steel and stainless-steel products, while resulting fumes are filtered by an 

adjoining filtration equipment.   

4.4 Overview of recommendations for Paja 

The endeavor of mapping Paja the lab’s environmental footprint highlights the 

importance of participation of the laboratory’s users in strategizing for laboratory 

sustainability. The possible actions for improvement are primarily derived from the 

laboratory manager’s input. They are: 
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1. Paja lab’s researchers can estimate their equipment’s energy consumption, along 

with its usage duration, usage frequency, and power state of operation. 

Concurrently, the Paja lab can install energy meters to obtain quality insights on 

their equipment’s energy efficiency. These actions will inform possible decisions 

on switching off or using equipment on standby mode, which can be enabled by 

delegating the responsibility of use.  

2. Visual guidance for following equipment guidelines can be provided to the 

facility’s users by pasting stickers and posters alongside process-based equipment 

and ICT equipment.  

3. Conduct compressed air leakage audits biannually can be very beneficial towards 

reducing costs.  

4. The cost of disposal of abrasive sand used by the water-cutter equipment can be 

reduced by changing the equipment configurations or installing modifications.  

5. Laboratory users can observe if there are any types of recyclable waste they 

generate on a regular basis. If these recyclables are currently being disposed of in 

mixed domestic waste bins, the users can allocate separate bin(s) for such waste 

streams. 
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5 RECOMMENDATIONS FOR THE UNIVERSITY OF 

OULU’S LABORATORIES 

A research laboratory can be imagined as a separate entity – a space in which scientific 

developments are made at the expense of resources and emissions. The equipment 

operated by an ideal laboratory building unit would be primed for energy efficiency. 

Furthermore, the laboratory unit would incorporate the theme of human behavior so that 

building procedures are created, space by space, to contain a set of rules to encourage 

minimal negative interaction with its facilities. To that end, a climate-friendly laboratory 

would always be shaping the working habits of its users, so that they are challenged to 

pause and think about safety, sustainability, and the scientific practice in itself – before 

they begin their activities. (Caetano et al., 2018) 

A review of the state-of-the-art in climate-friendly research practices (described on 

Chapter 3) and the case study of the Paja lab (described in Chapter 4) provided basis for 

the following recommendations for the laboratories at the University of Oulu.  

5.1 Recommendations for energy efficiency 

The investigation of the Paja lab proves the conventional wisdom that energy 

management is not possible without its measurement. That is, what is not measured, 

cannot be managed, and therefore cannot be improved (Barnett 2015). It is recommended 

that the universities laboratories undertake a methodical approach for inventorying and 

measuring the sources of energy consumption within their facilities.  

The approach for measuring and metering the energy consumption will need to be tailored 

according to the demands of the research activities. For instance, the Paja lab provides its 

services to the industry, therefore, its research output is positively correlated to industry 

demands. So, the approach for the metering within Paja lab will be different from the 

approach adopted in laboratories which do not necessarily collaborate with the industry 

and produce a relatively steady output in terms of their research activities.  

The following generic measures may be adopted for university’s laboratories: 

https://sciwheel.com/work/citation?ids=13287973&pre=&suf=&sa=0&dbf=0
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1. Map the energy consumption within the laboratory by following the methodology 

for the creation of a CF map (outlined in Chapter 3). Specifically outline the major 

sources of emissions. 

2. Measure energy consumption patterns of equipment by installing energy meters.  

Laboratories like Paja can choose to directly measure individual equipment or 

utility-based sections. Other laboratories can measure their energy consumption 

at the site-level while simultaneously metering individual equipment. Metering 

individual devices will provide valuable data on the energy use of those devices. 

The methodology for metering individual equipment can be decided based on the 

following considerations: 

- Which equipment have potential for energy saving?  

- What should be the sample sizes and sampling intervals of the equipment selected 

to be metered?  

- What should be the duration of metering? 

Although the approach for energy metering depends on the type of laboratory and the 

needs of its inhabitants, as a rule of thumb, metering can be focused on equipment that is 

most prevalent and/or highly energy-consuming. Researchers can refer to Lanzisera et al. 

(2013) for guidelines on the criteria for metering electronic loads. Such an endeavor of 

metering laboratory equipment will reveal the annual energy consumption of the 

equipment, along with the time and level of power spent by the equipment in different 

power states. The analysis of this data can automate energy savings and highlight the 

potential equipment which may be drawing power unnecessarily. Accordingly, the 

equipment can be switched-off or powered-down. The use of equipment can be automated 

by installing energy timers.  

As a laboratory primes its facilities for optimal energy efficiency, protocols to influence 

and motivate users to engage in responsibly using equipment. The delegation of 

responsibility over the consumption of energy is crucial to ensuring that the equipment is 

being used correctly. The structure of the university of Oulu keeps its laboratory facilities 

from being accountable for the energy they consume. This is primarily because the 

funding received by research laboratories is decided by the significance of their research 

activities. Moreover, several laboratories within the university share resources like 

equipment and consumables. This complicates the monitoring of energy consumption 

https://sciwheel.com/work/citation?ids=13135095&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13135095&pre=&suf=&sa=0&dbf=0
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practices, but the proposed system of reservation-based scheduling of equipment can 

overcome this issue.  

Therefore, the university’s laboratories are recommended to develop their own system of 

accountability, where the responsibility to switch off or power down equipment is 

delegated to its users. Responsibility can also be delegated for energy-saving behaviours 

pertaining to specific equipment like vacuuming refrigerator coils, auditing compressed 

energy leaks, closing fume hood sashes, etc. 

It is also recommended that laboratories provide visual guidance to their users by pasting 

reminders in the form of stickers or posters. Figure 16 illustrates an example of stickers 

made available by the University College of London (UCL 2022). Their system 

designated equipment to four different categories based on their appropriate pattern of 

usage. In addition to research equipment, these tools of visual guidance can be used for 

ICT equipment and lighting as well. 

 

Figure 16. Stickers to guide responsible use of equipment (partially based on UCL 

2022)  

https://sciwheel.com/work/citation?ids=13285189&pre=UCL&suf=&sa=1&dbf=0
https://sciwheel.com/work/citation?ids=13285189&pre=UCL&suf=&sa=1&dbf=0
https://sciwheel.com/work/citation?ids=13285189&pre=UCL&suf=&sa=1&dbf=0
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5.2 Recommendations for waste and chemicals management 

The University of Oulu shares clear guidelines with its researchers on managing 

chemicals, hazardous and non-hazardous waste. The University of Oulu uses a web-based 

database called Eco Bio manager for the management of their chemicals (Virtanen 2021). 

Cleanliness of laboratory premises, appropriate labelling of samples, timely disposal of 

expired samples, and daily accounting of used chemicals, are some of the guidelines 

provided by Virtanen (2021) in the guidance document made available to the researchers 

at Faculty of Technology. Instructions on the segregation of various types of waste, along 

with the map of collection bins placed in and around the university, are shared on the 

university’s webpage (University of Oulu 2019). 

Researchers must follow the waste management hierarchy, where prevention of waste is 

most preferrable. In this regard, they can make sure to adhere to the guidelines pertaining 

to using the right size of equipment and the right type of consumables for their activities.  

For instance, some users may be unaware of the type of gloves they should use and they 

may use nitrile gloves for an activity that mandates the use of vinyl gloves, which are 

thinner and contain a lesser amount of plastic. Virtanen (2021) provides guidelines for 

the types of gloves to be used according to the type of chemicals that the researchers are 

dealing with.  

Finally, laboratory occupants are instructed to segregate waste and responsibly dispose 

them at the relevant collection points. Glass, metal, plastic, paper/cardboard waste, etc. 

are to be sorted separately. Other process-related wastes like gypsum/clay, electronic 

equipment, etc. also have to be sorted according to specific guidelines for management. 

(University of Oulu 2019) Such sorting practices can improve the ease and efficiency of 

waste collection as well as the recovery of material value. (Saara Tuhola 2020) 

5.3 Recommendations for water use efficiency 

Laboratories can establish protocols related to rising/washing, flow control or cooling 

operations within their facilities which consume water intensively. The CF mapping of 

the Paja lab revealed that the spot-welding machine’s operation was based on single-pass 

cooling. Single-pass cooling (described in Chapter 3.3) operations can result in wasted 

https://sciwheel.com/work/citation?ids=13245460&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13245460&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13245427&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13245460&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13245427&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13197510&pre=&suf=&sa=0&dbf=0
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heat and water.  In contrast, closed loop or recirculating systems reuse water, while saving 

energy costs. Equipment which may offer water-saving opportunities include autoclave, 

CAT scanner, degreaser, hydraulic equipment, condenser, air compressor, welding 

machine, vacuum pump, mass spectrometer, gas chromatograph, electron microscope, 

process chiller and ice machines, air-conditioner, and X-ray equipment (Office of Energy 

Efficiency & Renewable Energy 2022). To eliminate single cooling operations 

laboratories can install a condenser system. The issue can also be addressed cost-

effectively by building a recirculating bath, using an ice water bucket and a pump. (My 

Green Lab 2022)  

The use of water-intensive equipment can be automated by installing timers, while 

researcher behaviours are aimed at rightsizing of the equipment and its sample loads.  

5.4 Recommendations for brainstorming sessions  

The observations from the CF mapping exercise conducted in Chapter 4 highlight the 

importance of the participation of laboratory users in improving the resource efficiency 

of laboratories. The periodic sessions of brainstorming for reducing the environmental 

footprint of laboratories can consist of the following guiding questions: 

- What are the resources (energy, compressed air, chemicals, water, and other raw 

materials like sand) that could be reduced? How will the configuration of 

equipment or the users’ behavior need to change to achieve these savings? 

- Which equipment in the laboratory could be switched off or powered down when 

not in use? Who will be responsible for the adherence of equipment guidelines? 

- Are there any waste streams that could be eliminated or reduced? For the waste 

generated, is there a way to collaborate with an external institution so that the 

disposal of waste results in lesser disposal costs? Or, is there a way to monetize 

the waste that is generated? 

- Is it possible to use alternative resources in regard to chemicals, consumables, 

etc., that are more environmentally friendly than the ones currently being used? 

This list is not exhaustive, and there may be other topics of communication that might 

evolve amongst the users familiar to the laboratory’s operations. It is recommended that 

https://sciwheel.com/work/citation?ids=13272425&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13272425&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13197625&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13197625&pre=&suf=&sa=0&dbf=0
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researchers and the laboratory hierarchy meet at least once every three months to 

brainstorm ways to improve the environmental footprint of their research activities.  

Such practices would involve the resource of time, which would otherwise be used on 

production-based and research-based activities. Nevertheless, the brainstorming sessions 

would be a rewarding investment of time, as the quality of research would only improve 

when practices based on responsible science are introduced. In discussions with the 

manager of the Paja laboratory, it was noted that if these sessions included willing 

participation of researchers, the CF of the Paja lab – and by the same logic, the CF of all 

laboratories of the university – could be reduced in almost every facet of operations.  

An overview of the aforementioned suggestions is presented in Figure 17.  

 

Figure 17. Overview of recommended approaches to reduce the CF of University of 
Oulu's laboratories. 



63 

 

6 CONCLUSIONS 

Laboratories within universities can be significant sources of emissions and their 

resource-intensiveness is owed to the large amount of equipment and consumables used 

in research processes. Investigating the emission sources and implementing climate-

friendly practices when carrying out scientific endeavors is paramount, as universities 

have the opportunity to guide the society’s transition towards carbon neutrality. From 

their position of high public credibility, universities can also lead by example in the 

transition towards carbon neutrality. (Valls‑Val and Bovea 2022)  

The objective of this thesis was to recommend best practices to reduce the CF of research 

at the University of Oulu associated with its laboratory research practices.  

The thesis aimed to answer following research questions (RQs): 

1) What are the main sources of emissions at laboratory research facilities?  

2) What are the best practices of research facilities to help their organization to reach 

carbon neutrality?  

As an answer to RQ1, it was found that consumption of energy, water, and chemicals, 

along with the generation of waste are the major contributors to a laboratory’s emissions.  

Energy consumed by the equipments is usually the largest contributor of emissions, as 

some laboratory facilities can be up to 100 times more energy intensive than conventional 

buildings. The inefficiencies underlying laboratory equipment drain funds from the 

research enterprise and solving them can save those costs. It is for this reason that 

sustainable laboratories use resources responsibly through integrated efforts to modify or 

upgrade the inefficient components within their facilities and to influence the behavior of 

its users to be mindful of their resource consumption. These energy management efforts 

can be informed by a thorough assessment of the facility’s energy consumption, done by 

inventorying, and measuring the consumption patterns of equipment held by it. 

Installation of energy metering can provide quality insights about equipment operation, 

that can guide the correct use of equipment. These understandings about energy efficiency 

can inform targeted measures like the installation of energy timers, placing of visual 

https://sciwheel.com/work/citation?ids=12931446&pre=&suf=&sa=0&dbf=0
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reminders about responsible use of equipment, and modifying/replacing inefficient 

components. 

However, simply making changes in the laboratory infrastructure is not sufficient; the 

active engagement of the users is a critical component of sustainable practices. Simple 

actions like switching off or powering down equipment when it is not in use, timely 

maintenance, right-sizing equipment, and its loads, and raising and reducing the 

temperature of cold storage and heating systems respectively are found to substantially 

improve energy efficiency. These actions for improving energy efficiency are collected 

in relation to the most dominant energy drains in typical laboratories, including 

equipment like fume hoods, freezers and refrigerators, biosafety cabinets, ovens, 

autoclaves, microscopes, etc. However, the principle of ‘slow science’ – which is the 

practice of steady, thoughtful, and methodological research with an emphasis on quality 

over quantity – can  be applied to the use of all energy-consuming equipment (Frith 

2020).   

The waste intensity of scientific procedures lends significance to the emissions associated 

with handling laboratory waste. Researchers rely on disposable consumables like gloves, 

plastic pipettes, etc. for speed and convenience. Even so, implementation of ecological 

awareness can bolster resource efficiency. Like energy consumption, assessment of waste 

generation involves identification of the areas of potential waste. The waste mapping 

manual by WRAP provides guidance on locating the biggest zones of wastage in 

laboratories, calculating of the associated costs, and adhering to the waste hierarchy. The 

principle of waste hierarchy ranks waste management decisions based on sustainability. 

Prevention of waste takes precedence, and where it is not possible, researchers are 

encouraged to re-use, recycle, or recover value from their waste. Even so, some waste is 

unavoidably generated. In these instances, researchers are instructed to segregate these 

waste streams responsibly, to facilitate the extraction of raw materials by the waste-

collecting organizations. 

Laboratories use water for cleaning, cooling, and flow control procedures. Significant 

emission savings can be achieved by implementing protocols for minimizing water use. 

Installation of aerators and timers, and elimination of single pass cooling operations can 

reduce its consumption. Furthermore, effective communication between users and 

laboratory managers can enable timely sealing of any equipment/faucets that are leaking 

https://sciwheel.com/work/citation?ids=7783832&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=7783832&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=13192293&pre=&suf=&sa=0&dbf=0
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water. To reduce the use of chemicals, users can consider enacting procedures based on 

microchemistry (Ibanez 2012). Wastage of chemicals can also be avoided by efficient 

inventory management. Additionally, if possible, researchers are advised to prefer 

environmentally benign alternatives to minimize the generation of hazardous waste.  

To answer RQ2, the assessment of research practices at the university’s ‘Paja’ or 

workshop laboratory was done as a case study. Adopting from the waste mapping guide 

of WRAP, a ‘carbon footprint map’ was created, wherein the sources of emissions in 

terms of energy, water, chemicals, and waste, were symbolized and mapped on the 

laboratory’s floor plan. In addition to investigating the origins of the laboratory’s CF, this 

study also strived to examine how the laboratory handled its CF. During the walkabout 

for the CF map, the laboratory manager’s inputs were crucial to the identification of three 

tangible areas of CF mitigation.   

Firstly, one compressed air apparatus was observed to be leaking air. This led to a 

compressed air audit, where the Fluke Imager was used to capture the facility’s air 

leakages. In total, 17 spots of leakage were found. The calculator tool provided by the 

Fluke Imager estimated that the inefficiency of the compressed air system was costing 

over 866 euros in annual energy expenditure, while releasing over 593.6 kg CO2 annually. 

Based on these findings, the Paja lab is advised to conduct biannual compressed leak 

audits to enhance the efficiency of the compressed air and ventilation system. Secondly, 

the spot-welder equipment was found to be using single pass cooling for its operation. 

Closing the loop of energy and water was suggested as a potential solution for this issue. 

Thirdly, ways to reduce the disposal costs associated with the used sand produced by the 

water-cutter equipment were explored. Other recommendations for the Paja lab put 

emphasis on improving the existing inventory of equipment, selectively installing energy 

meters, and creating a protocol to monitor that the equipment usage guidelines are 

followed by its users.  

Based on the results of the case study, it is recommended that the University of Oulu 

undertake a systemic approach towards inventorying, measuring, and monitoring the 

energy consumption of its research laboratories according to their specific needs. Another 

recommendation is the application of stickers and posters across equipment to remind 

users about best practices for equipment use and waste segregation. 

https://sciwheel.com/work/citation?ids=13242923&pre=&suf=&sa=0&dbf=0
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Finally, the thesis recommends that the university’s researchers to engage with their peers 

to develop awareness about the ecological impact of their research activities so that they 

can produce a handprint and brainprint (as detailed in Chapter 2). It would be ideal for 

laboratory users to meet at least once every three months to brainstorm for improving the 

positive influence of their research practices. An overview of possible     

While this study addressed an existing gap in knowledge pertaining to the major sources 

of emissions within research laboratories, it has some limitations.  

The audit of compressed air leakages is a two-step process. The first step is to spot the 

leaks and calculate the associated costs. Next, the areas of leakage need to be revisited 

after they have been plugged. The scope of the case study was limited to identifying the 

sources of air leaks and estimating the associated energy and ecological costs. Future 

studies can verify whether the leaks have been plugged and investigate how the leaks 

occurring in the inaccessible reaches can be addressed. 

Future research can also build upon the methodology and preliminary findings of this 

thesis by researching other laboratories, exploring: the establishment of benchmarking 

criteria to measure the energy consumption within specific laboratory faculties; the 

investigation of ways to reduce the CF of process-specific/utility-specific research 

activities; and the assessment of water consumption and waste generation practices within 

the university’s research laboratories.  

This thesis documented the major sources of emissions in the Paja lab. The analysis of 

existing best practices in select exemplary research laboratories, as well as the 

preliminary findings from the case study, guided the recommendations for best practices 

towards reducing the CF of research at the University of Oulu that are proposed. Given 

that the university’s extensive research activities contribute significantly to its overall 

emissions, the principal recommendation pertains to improving equipment inventory and 

installing energy meters. The resulting insights will guide the energy saving strategies to 

follow.  Finally, additional recommendations are made with respect to adherence to waste 

management guidelines and brainstorming sessions among users aimed at improving the 

sustainability of their scientific endeavors.
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Appendices 

Appendix 1: CF map of the Paja lab: The mapped sections of the laboratory facility 
(from A to H) display the zones of carbon footprint resulting from its research activities.  
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Appendix 2: Images of compressed air leakages captured by the Fluke Imager. 
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