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Signage 

Executive Summary 

This research examines the carbon footprint of full-colour printed signage across multiple materials and lifecycle 

phases. For an A2-sized format (420×594mm), the study evaluates paper posters, PVC banners, acrylic boards, 

polyester fabric prints, and cardboard across four lifecycle phases: pre-production (raw material extraction), 

production (manufacturing and printing), operation (distribution and transport), and recycling/end-of-life. 

The findings reveal substantial variation in both total emissions and phase distribution. Acrylic boards generate 

the highest lifecycle CO2 (21.1 kg CO2e per kg), primarily due to energy-intensive petrochemical production, 

while recycled cardboard offers the lowest impact (0.67 kg CO2e per kg). Most critically, lifecycle hotspots differ 

significantly by material: raw material extraction dominates for paper and acrylic (44-67% and 55-65% 

respectively), while manufacturing processes dominate for fabric and cardboard (35-50% of total emissions). 

 

Lifecycle phase distribution of CO2 emissions for full-colour printed signage materials (A2 size, 420×594mm) 



Lifecycle Phase Proportions by Material 

Paper Posters (200gsm, Virgin and Recycled) 

Virgin Paper Total CO2: 1.2 kg CO2e per kg | Recycled Paper: 0.7 kg CO2e per kg 

Paper production exhibits the most concentrated lifecycle impact, with raw material extraction dominating 

environmental costs:[1] 

 Pre-production (Raw Materials): 44-67% – Pulping and paper mill operations consume the most energy 

through heat generation and electricity. Biofuel combustion at mills accounts for significant biogenic 

emissions, though these are partially offset by carbon sequestration in forest growth.[2] 

 Manufacturing/Printing: 5-10% – Despite advanced printing technologies, printing ink production 

contributes minimally compared to substrate creation. Press operation energy is modest relative to paper 

production stages.[3] 

 Transport: 1-2% – Short distribution distances and lightweight paper minimize logistics impacts. Transport 

represents the smallest phase for this material.[1] 

 End-of-Life/Recycling: 19-38% – High variability depends entirely on disposal method. If landfilled, 

methane generation from anaerobic decomposition can reach 25-40% of total lifecycle CO2. Recycled 

paper reduces this phase to 15-25% when collection and de-inking infrastructure are established.[4] 

Key insight: Recycled paper reduces total emissions by 42% and dramatically lowers end-of-life impact through 

avoided virgin fibre production. For A2 posters (200gsm), this translates to approximately 0.050 kg paper mass 

generating 0.035 kg CO2e (recycled) vs. 0.060 kg CO2e (virgin), before printing and distribution.[5] 

PVC Banners (Typical 440gsm) 

Total CO2: 2.5-3.5 kg CO2e per kg 

PVC represents a more complex petrochemical pathway with distributed impacts across phases:[6][7] 

 Pre-production (Raw Materials): 45-55% – VCM (vinyl chloride monomer) synthesis from crude oil and rock 

salt dominates this phase. Production of stabilisers and plasticisers contributes significantly; toxic chlorine 

processing increases energy and chemical handling costs.[7] 



 Manufacturing/Printing: 25-35% – Unlike paper, PVC manufacturing contributes substantially to total 

emissions. Calendering, lamination with textiles (typically PET), and adhesive application all consume 

energy. Multiple chemical stages and post-press operations drive this higher proportion.[8][9] 

 Transport: 5-10% – PVC's density requires more transport energy than paper, partially offsetting lighter 

logistics demands.[9] 

 End-of-Life/Recycling: 15-25% – PVC presents critical end-of-life complications. Incineration is banned 

across most EU countries and Canada due to hydrogen chloride (HCl) and dioxin release. Recycling 

infrastructure is minimal (~5-15% of post-consumer waste), with most material landfilled. The absence of 

disposal pathways means end-of-life emissions become indirect through extended landfill persistence and 

potential environmental leakage.[10][8][7] 

Key insight: PVC's primary weakness is not production emissions but end-of-life management failure. While 2.5-

3.5 kg CO2e per kg seems lower than fabric (3.2) or acrylic (21.1), the material's non-degradable nature and 

restricted disposal options represent a severe long-term environmental liability.[8][6] 

Polyester Fabric Prints 

Total CO2: 3.2 kg CO2e per kg (textile manufacturing and printing) 

Fabric signage exhibits highest emissions concentration in manufacturing stages due to energy-intensive dyeing 

and printing:[11][12] 

 Pre-production (Raw Materials): 35-45% – Polyester fibre production from petroleum requires substantial 

energy through polymerization. Synthetic fibre manufacturing consumes 70 million barrels of crude oil 

annually at global scale.[13] 

 Manufacturing/Printing: 35-45% – This phase is the critical hotspot for fabric. Spinning (43%), 

weaving/knitting (34%), and crucially, dyeing and printing (28-36% of total lifecycle) consume extreme 

energy due to high-temperature water heating. Dyeing alone requires sustained 80-100°C operation with 

subsequent washing cycles. For full-colour prints, additional chemistry (pigments, fixatives) intensifies 

impact.[12][11] 

 Transport: 10-15% – Slightly higher than other materials due to typical fabric weight and complex 

international supply chains (India sourcing → China processing → Bangladesh manufacturing → European 

delivery).[11] 



 End-of-Life/Recycling: 10-15% – Most textile recycling is downcycling: mechanical shredding into lower-

grade fibres that lose tensile strength. Fibre-to-fibre chemical recycling remains in pilot phases with 

minimal commercial infrastructure. Microfibre shedding during use (up to 4,000 microfibres per wash per 

gram) represents an additional environmental pathway not captured in CO2 metrics alone.[14][13][11] 

Key insight: Polyester fabric printing generates 2.7× higher emissions than paper despite similar total mass, 

driven by manufacturing energy intensity. Water consumption of 9,000-10,000 litres per kg exceeds CO2 

footprint concerns and represents a critical under-counted environmental impact.[11] 

Acrylic Boards 

Total CO2: 21.1 kg CO2e per kg – HIGHEST AMONG ALL MATERIALS 

Acrylic exhibits the most concentrated pre-production impact due to inherent petrochemical intensivity:[15][16] 

 Pre-production (Raw Materials): 55-65% – Acrylic production from natural gas and petroleum involves 

high-temperature polymerization, extrusion, and often casting processes. All stages require sustained 

heat input, typically from fossil fuels. The material's long lifespan (15-20+ years) means embodied carbon 

is amortized, but initial production carbon is extreme.[16][15] 

 Manufacturing: 25-35% – Printing on acrylic, cutting, lamination, and assembly add modest incremental 

impact. Sheet formation and quality control consume energy but are secondary to raw polymer 

creation.[15] 

 Transport: 5-10% – Acrylic's density increases transport emissions per unit area vs. paper or fabric, though 

still minor relative to production phase.[15] 

 End-of-Life/Recycling: 10-15% – Acrylic recycling infrastructure remains limited. Post-consumer acrylic is 

typically landfilled or incinerated. Recycling potential exists (ground into pellets for reuse), but commercial 

viability is low. Durability advantage is critical: a 15-year lifespan distributes 21.1 kg CO2e across that 

period, yielding ~1.4 kg CO2e annually – comparable to annual paper signage replacement.[16][15] 

Key insight: Acrylic's 30× higher per-kg emissions are offset only through durability. For applications requiring 

single-use or 1-2 year lifespan, acrylic is environmentally indefensible. For permanent or 10+ year installations, 

amortized annual emissions become competitive with paper, particularly recycled paper.[16][15] 

Cardboard (Virgin and Recycled) 



Virgin Cardboard Total CO2: 0.8-1.0 kg CO2e per kg | Recycled: 0.67 kg CO2e per kg 

Cardboard demonstrates the most favourable lifecycle profile with established recycling infrastructure:[17][18] 

 Pre-production (Raw Materials): 25-40% – Fibre sourcing (virgin or recycled), pulping, and cartonboard 

production. Recycled cardboard eliminates forest harvesting emissions but requires de-inking energy 

(~0.36-2.25 kg CO2e per kg waste paper, depending on geography). Virgin cardboard's paper production 

accounts for 86% of total fossil GHG in this phase.[19][17] 

 Manufacturing (Converting): 35-50% – Printing (full-colour offset or flexography), gluing, varnishing, and 

sheeting represent the largest phase for cardboard. Energy consumption for plate graving, ink production, 

and drying dominates. Varnish and adhesive production adds ~12% to fossil GHG in this phase compared 

to baseline.[17] 

 Transport: 5-10% – Cardboard's moderate density and well-developed logistics infrastructure minimize 

this phase.[18][17] 

 End-of-Life/Recycling: 5-25% (highly variable) – This phase exhibits extraordinary variability. With 

established recycling (93% in USA, 80%+ in EU), the end-of-life provides a credit: recycling avoids virgin 

fibre production and allows energy recovery through waste-to-energy incineration (providing -9% credit 

per tonne). If landfilled, methane generation increases this to 15-25%. Recent (2022) LCA data shows 

cardboard's total footprint improved 17% from 2018 figures (531 to 491 kg CO2e/tonne) through energy 

efficiency gains.[18][17] 

Key insight: Recycled cardboard achieves the lowest lifecycle emissions (0.67 kg CO2e/kg) through efficient 

recycling infrastructure that provides end-of-life credits. Virgin cardboard's manufacturing-dominant profile (40-

50%) differs from paper's material-dominant profile, reflecting additional converting processes.[17] 

Comparative Analysis: Phase Distribution Patterns 



 

Total lifecycle CO2 emissions by material (kg CO2e per kg of material) 

Critical Hotspot Identification 

The research reveals material-specific environmental vulnerabilities: 

Material Highest Impact Phase % of Total Secondary Phase 

Paper Raw Material Extraction 44-67% End-of-Life (19-38%) 

PVC Raw Material (45-55%) + Manufacturing (25-35%) 70-90% combined Transport/End-of-Life (5-10% each) 

Fabric Manufacturing (Dyeing/Printing) 35-45% Raw Materials (35-45%) 

Acrylic Raw Material Extraction 55-65% Manufacturing (25-35%) 

Cardboard Manufacturing (Converting) 35-50% Raw Materials (25-40%) 

 

Universal Low-Impact Phase 

Transport consistently represents the smallest lifecycle contribution (1-10%) across all materials. Even for 

internationally-traded fabric with complex supply chains, transport contributes only 10-15%. This insight is 



critical for signage logistics: carbon reduction through local sourcing yields minimal gains (typically 1-3% total 

reduction) and should not be prioritized over material selection or lifespan optimization.[3][1] 

End-of-Life Variability and Infrastructure Dependence 

End-of-life emissions depend almost entirely on recycling infrastructure availability: 

 Optimal case (Recycled Cardboard): 10-20% through established collection, de-inking, and energy 

recovery[17] 

 Moderate case (Paper with Recycling): 15-25% if collection systems exist; 25-35% if landfilled[4] 

 Poor case (PVC, Acrylic): 20-30% through landfill persistence; incineration restricted (PVC) or unavailable 

(acrylic)[15][7] 

 Critical case (Fabric): 15-25% through downcycling; true closed-loop recycling rare; microfibre shedding 

during use creates unquantified impacts[12][14] 

Recycling infrastructure variation across regions (EU vs. developing economies) creates 2-4× differences in end-

of-life emissions for identical materials.[19] 

Quantitative Sample: A2 Full-Colour Poster 

For concrete reference, an A2-sized printed poster (420×594mm = 0.2494 m²) in different materials: 

Material Mass Pre-Prod CO2 Printing CO2* Transport CO2 End-of-Life CO2 Total kg CO2e 

Paper (200gsm, Virgin) 0.050 kg 0.027 0.007 0.005 0.015 0.054 

Paper (200gsm, Recycled) 0.050 kg 0.018 0.007 0.005 0.011 0.041 

Cardboard (Virgin) 0.075 kg 0.022 0.030 0.006 0.016 0.074 

Cardboard (Recycled) 0.075 kg 0.013 0.024 0.006 0.020 0.063 

 

*Printing emissions estimated at ~1 g CO2e per page (laser/inkjet equivalent) for full-colour A2 = ~7g CO2e[5] 

Key insight: A2 recycled paper poster generates ~0.041 kg CO2e across full lifecycle, while virgin paper generates 

0.054 kg – a 24% reduction. For comparison, a single recycled cardboard A2 poster (thicker substrate) generates 

0.063 kg CO2e, 54% more than recycled paper but with superior durability and end-of-life recycling credit.[5] 

Environmental and Regulatory Context 



EU Regulatory Landscape 

PVC signage faces increasing regulatory restrictions: Incineration bans across EU, Canada, and most developed 

nations eliminate the primary disposal pathway. Landfill persistence and potential for toxic leachate (phthalates) 

have motivated several EU member states to phase out PVC banners in favour of PVC-free alternatives 

(polyester/polycarbonate blends or TPO). These alternatives offer 15-20% lower lifecycle CO2 compared to PVC 

while eliminating chlorine-based toxicity.[8][20][9] 

Ecolabelling criteria increasingly focus on material sourcing and end-of-life management. EU Ecolabel for printed 

paper products requires FSC/PEFC certification and minimum recycled content thresholds, effectively shifting 

production toward lower-emission profiles.[4] 

Carbon Sequestration Considerations (Paper-Based Products) 

Paper products contain sequestered biogenic carbon: approximately 42% of paper's mass is stored carbon from 

tree growth. While this carbon is typically released at end-of-life (incineration or landfill decomposition), 

emerging LCA methodologies account for temporary carbon storage benefits during the product's use phase. 

Dynamic carbon footprinting suggests 5-22% reduction in climate impact when accounting for sequestration 

timing, particularly for long-lived printed products.[21] 

Data Limitations and Research Gaps 

1. Incomplete industrial LCA data: Most published studies focus on offset printing or large-volume 

production; full-colour digital printing on diverse substrates lacks comprehensive data[4][22] 

2. Geographic variation: Regional electricity grids, recycling infrastructure, and transportation distances 

create 2-4× variance in lifecycle emissions; this analysis uses European averages[19] 

3. Water and toxicity impacts under-represented: CO2 footprint omits water consumption (fabric: 9,000+ 

L/kg) and chemical pollution (PVC: chlorine, phthalates; fabric: azo dyes, heavy metals) – environmental 

costs that exceed carbon metrics 

4. End-of-life infrastructure assumption: Analysis assumes functional recycling systems; real-world 

contamination and sorting failures reduce actual recycling benefits by 20-40%[17] 

5. Use-phase impacts excluded: Signage's end-use period typically generates minimal additional emissions 

(negligible for static posters), but assumptions differ for interactive or illuminated displays 

Conclusion 



Full-colour printed signage materials exhibit 30-fold variation in lifecycle CO2 emissions (0.67–21.1 kg CO2e per 

kg), with material selection and lifespan representing the dominant decision variables. Raw material extraction 

dominates for paper and acrylic (44-67% and 55-65% respectively), while manufacturing dominates for fabric and 

cardboard (35-50%), revealing fundamentally different optimization strategies per material. 

For most applications, recycled paper posters offer the lowest lifecycle carbon footprint (0.041 kg CO2e per A2), 

particularly when supported by functional recycling infrastructure. Acrylic boards, despite 30× higher per-kg 

emissions, remain viable only for 10+ year permanent installations due to durability amortization. PVC banners 

should be phased out across EU/developed markets due to end-of-life disposal restrictions and recycling failure, 

with PVC-free alternatives (polyester/polycarbonate) providing comparable performance at 15-20% lower 

lifecycle carbon. 

The transport phase contributes minimally to lifecycle carbon (1-10%) across all materials, invalidating "local 

sourcing" as a primary sustainability strategy; instead, material selection and recycling infrastructure availability 

represent the highest-leverage intervention points for reducing signage carbon footprint. 
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