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Abstract

Purpose
Sustainable healthcare services require a holistic approach that addresses the protection of public health in its  
environmental, economic and social dimensions. While aiming to improve human health, the healthcare sector is  
also among the sectors that contribute significantly to global greenhouse gas emissions. In recent years, the rapid  
development of biomedical technological devices and their increasingly widespread use in healthcare services 
have led to an increase in the burden on the environment due to high energy consumption, intensive raw material 
use and waste generation.

In this context, advanced technology-based diagnostic imaging devices used in healthcare services, such 
as Magnetic Resonance Imaging (MRI), Computed Tomography (CT) and Ultrasound (USG), play a significant 
role  in  the  early  diagnosis  of  diseases  and  clinical  decision-making  processes,  but  they  also  cause  high 
environmental impacts. The high and continuous energy requirements of these devices, the intensive material  
inputs used in their production processes, and the waste electrical and electronic equipment generated at the end 
of their long service lives increase the risk of environmental pollution and cause natural resource losses if not 
managed appropriately.

The extensive use of imaging devices contributes to climate change primarily through indirect emissions 
from electricity consumption during use-phase operation. Considering the adverse effects of climate change on 
human health, the acceleration of this process through healthcare activities creates a significant contradiction in 
terms of sustainable healthcare services.

The aim of this study is to quantitatively determine and compare the environmental impacts of MRI, CT 
and ultrasound devices actively used in a hospital in Kayseri, Türkiye throughout their life cycles, using a cradle-
to-grave approach. he results are expected to support evidence-based strategies for reducing the environmental  
footprint of diagnostic imaging, inform the design and procurement of lower-impact biomedical devices, and  
promote the adoption of more sustainable imaging practices within the healthcare sector.

Method
The study applied the Life Cycle Assessment (LCA) method, based on ISO 14040 and ISO 14044 standards, to  
evaluate the environmental impacts of MRI, CT, and ultrasound devices actively used in a hospital in Kayseri. The 
functional unit was defined as one diagnostic imaging examination (one scan), and a 10-year service life was  
assumed for each device. System boundaries were set according to a cradle-to-grave perspective, encompassing: 
(i)  production  (raw material  extraction  and  processing,  component  manufacture,  and  device  assembly),  (ii)  
transportation (delivery from the manufacturing facility to the hospital), (iii) use phase (electricity consumption  
based on an assumed 24-hour operational profile), and (iv) end-of-life management (recycling scenarios). Primary 
life cycle inventory (LCI) inputs were obtained from the participating hospital in Kayseri. Impact calculations 
were performed using SimaPro 8.4 (PhD version), and environmental impacts were characterized with ReCiPe 
2016 Midpoint (H), World (2010).

Results
The contribution analysis clearly identifies the  use phase as the primary hotspot for MRI, CT, and ultrasound 
systems across the assessed midpoint categories. This dominance is largely attributable to the assumed continuous 
(24-hour) operational profile, which results in substantial cumulative electricity demand over the device lifetime.  
As expected, categories that are strongly coupled to energy use—most notably global warming potential (GWP)
—are  therefore  largely  driven  by  the  hospital’s  electricity  consumption  during  operation.A modality-based 
comparison further indicates that environmental performance is not uniform across impact categories. CT systems 
present the highest impacts in the majority of categories (14 out of 18), reflecting their comparatively higher 
operational electricity demand per functional unit under the adopted assumptions. MRI systems, while not leading 
in most categories, show the highest impacts in terrestrial, freshwater, and marine ecotoxicity, as well as mineral  
resource scarcity. This pattern suggests a stronger relative contribution from material- and component-related 
burdens for MRI (e.g., complex electronics and metal-intensive assemblies), which become more influential in 



toxicity- and resource-related indicators.  In contrast,  ultrasound systems consistently demonstrate the lowest  
impacts across all categories, which is consistent with their lower power requirements and comparatively lower 
material  intensity.

Figure 1. Comparative distribution of environmental impact categories of MRI, CT and ultrasound imaging devices

The comparison of the total environmental impacts of MRI, CT and ultrasound devices is presented in  
Figure 1. It can be seen that approximately 90–95% of the total GWP in MRI devices and 85–90% in CT devices  
originate from the use phase. In ultrasound devices, the contribution of the use phase to GWP is approximately 
65–75%. These findings reveal that MR and CT devices contribute more to climate change due to their high  
electricity consumption associated with continuous operation. In contrast, ultrasound devices offer relatively lower 
GWP values due to their lower power requirements.

Beyond GWP, the contribution patterns highlight that production and end-of-life management become 
more visible in categories related to resource use and ecotoxicity, where the presence of metals and potentially 
critical raw materials, as well as the handling of electronic components, can substantially influence results. These  
findings underscore the importance of device material composition, component sourcing, and recycling efficiency 
in shaping overall environmental performance. In particular, improved collection and recycling of metal-containing 
fractions can reduce resource depletion burdens, while inadequate WEEE management may increase toxicity-
related risks.The findings suggest that improving the environmental sustainability of diagnostic imaging services 
requires:  (i)  enhanced  energy  efficiency,  (ii)  increased  use  of  low-carbon  electricity,  (iii)  optimized 
operational strategies and service life management, and (iv) design and procurement choices that prioritize 
recyclable materials and lower-impact material inventories.

Conclusions
The key aspect that differentiates this study from much of the existing literature is the use of a service-based  
functional unit, one imaging examination, which directly reflects healthcare delivery, rather than reporting impacts 
per device or per year of operation. In addition, whereas many published assessments either focus predominantly 
on the use phase or apply limited system boundaries, this study adopts a cradle-to-grave perspective, covering  
stages from production and transport  through operation and end-of-life management.  This  approach enables 
consistent  cross-modality comparisons and supports interpretation in terms of the environmental  burden per  
clinical service provided.

The  results  suggest  that  mitigation  strategies  for  biomedical  imaging  should  prioritize  use-phase 
interventions, particularly improving energy efficiency, optimizing operational practices and utilization patterns, 
and shifting toward lower-impact imaging options where clinically appropriate.  Overall,  the study offers  an 
evidence-based foundation to  support  procurement,  operation,  and policy  decisions  aimed at  improving the 
environmental sustainability of diagnostic imaging services.


