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The paper recycling industry plays a pivotal role in global efforts towards sustainability and environmental conservation, 

particularly within the context of sustainable solid waste management and circular economy strategies. Although the use 

of recycled waste paper as a raw material is more environmentally friendly compared to other raw materials, some 

environmental issues still persist. Addressing these environmental concerns requires the implementation of best available 

techniques (BAT) that are both technically feasible and economically viable. In this context, The European Integrated 

Pollution Prevention and Control (IPPC) Bureau outlines best available techniques (BATs) in the BREF documents to 

reduce environmental impacts, costs, and resource use. The Production of Pulp, Paper and Board and Energy Efficiency 

BREFs (PPPB-BREF and ENE-BREF) provide several BATs applicable to paper recycling. However, selecting and 

implementing the most suitable BATs in industrial facilities remains a challenge. Therefore, a systematic and quantitative 

approach is essential to evaluate the environmental implications of various techniques and support informed decision-

making in technology selection. Life Cycle Assessment (LCA) has emerged as one of the most robust tools for such 

evaluations. This study applied the LCA methodology to evaluate selected BATs and other technologies for a paper 

recycling facility through scenario analysis (Table 1), by using the primary data of a reference paper recycling facility in 

Ankara, Türkiye. The facility mainly involves the units of conveyor, pulper, separators, sorters, screens, deflaker, vacuum, 

and drying.  

 LCA was conducted using the SimaPro software (9.3.0.3) in conjunction with the Ecoinvent 3 database. 

Environmental impacts were calculated through the ReCiPe 2016 Endpoint (H) method (Huijbregts et al., 2017). The 

system boundary was “gate to gate”. The functional unit was defined as “1 ton of recycled paper produced”.  

 

Table 1. Scenarios Considered 

Scenario Name 
Goal Relevant Subject/ BREF/BAT 

S0 - a 

S0 - b 

S0 - c 

Base – Mixed Paper 

Base – OCC 

Base- White Paper 

To investigate the effect of the type of recycled 

raw material 

 

 

S1 
Use of High-Efficiency 

Electrical Motors 

To investigate the effect of replacing all electric 

motors in the process with energy-efficient 

ones 

PPPB-BREF BAT 6 (h) 

 

S2 
Rooftop Solar PV (RSPV) 

for Electricity Supply 

To investigate the effect of replacing grid 

electricity (with a high fossil fuel share) with 

solar energy in all processes 

Renewable Energy for Electricity 

 

 

S3 
Reuse of Flash Steam in 

the Steam Boiler 

To investigate the effect of reusing flash steam 

in the steam boiler of the drying unit (the most 

energy-intensive unit) 

ENE-BREF BAT for Steam 

Recovery Systems  

 

S4 

Open & Closed Water 

Circuits 

To investigate the difference between open and 

closed water circuit systems 

PPPB-BREF BAT 5(f) and BAT 

43 (b) 

 

S5 
Deinking 

To investigate the effect of including deinking 

processes 

Integration of Deinking in 

Recycling Process 

 

  The LCA results for the baseline scenario demonstrated that environmental impacts are highly concentrated in 

energy-intensive processes. Among all processing units, the drying unit emerged as the dominant contributor, accounting 

for approximately 44% of the total environmental impact. The drying unit was followed by the vacuum and pulper units, 

whose impacts were primarily driven by high electricity consumption. The analysis of impact categories showed that fine 

particulate matter formation was the most dominant category across the facility, reflecting the fossil-based structure of 

grid electricity.  

 



 

 

 

 
Fig. 1. Comparison of scenarios considered. 

 

  A comparative analysis of baseline scenarios (S0) for different waste paper types (mixed paper, OCC, and white 

paper) indicated that the type of raw material plays a critical role in shaping the environmental performance of paper 

recycling facilities. Scenario-based analyses provided further insights into the effectiveness of different BAT-oriented 

and alternative improvement options. In S1, the replacement of old and inefficient electric motors with high-efficiency 

motors throughout the facility resulted in an overall improvement of 2.8%, representing a practical and economically 

attractive measure that aligns with BAT 6(h) of the PPPB-BREF. S2 (use of RSPV) resulted in the most significant 

environmental improvement, with the total impact decreasing by approximately 59%. The most substantial reduction was 

observed in the fine particulate matter formation category (82.8%), followed by a 31.5% decrease in global warming 

impacts. S3 (the reuse of flash steam in the drying unit), indicated that the total environmental impact of the facility will 

be reduced by 8.5%, by recovering and reusing flash steam as an effective measure for mitigating environmental impacts. 

In S4, the environmental benefits of the closed water circuit system currently applied at the facility were evaluated by 

comparison with an open water circuit alternative. The results showed that the environmental impact of the screening unit 

increased by 12.8% under open circuit conditions. This increase was observed not only in the water consumption category 

but also across all other impact categories to varying degrees, confirming that closed water circuit system, contribute 

positively to the overall environmental performance of paper recycling facilities beyond water savings alone. S5 evaluated 

the environmental implications of introducing a deinking process; the inclusion of deinking resulted in a substantial 

increase in the total environmental impact by 35%, indicating the need for a careful assessment.  

 Overall, this study quantified the environmental performance of selected measures and demonstrated that 

environmental outcomes can vary significantly depending on operational practices and input characteristics. By 

systematically evaluating both the positive and potential negative effects of different measures, this research provides a 

data-driven basis for guiding decision-making towards more sustainable and efficient paper recycling operations and 

supports the prioritisation of technologies aligned with circular economy objectives. 
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