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Waste wood ash (WWA) is used with other waste materials in geopolymer production and is found in pulp and

paper, wood-burning industrial facilities, and wood-fired plants. 
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1. Introduction

Globally, 0.74 kg of solid waste is generated per capita per day, with national rates varying between 0.11 and 4.54

kg per capita per day depending on urbanization rates and income levels . The Europe and Central Asia

regions, with 20% (392 million tons per year), rank second in solid waste generation . The overall composition

of waste mainly corresponds to organic and green waste (44%); paper and cardboard (19%); other materials

(14%); plastics (12%); glass (5%), metal (4%); wood (2%); and rubber and leather (2%). As for waste treatment, it

mainly focuses on recycling (20%) and incineration (17.8%), providing the possibility of giving a new useful life to

the materials after their use and ensuring adequate final disposal . This is in line with the adaptation of a circular

economy as a novelty and eco-friendly production model. In the specific case of the construction industry, part of

the environmental impact is due to the demolition of structures, which generates different types of solid waste. On

the other hand, the use of cement in the production of bricks/block and concrete, which is used in the latter to make

it more resistant , implies a significant anthropic emission of carbon dioxide (CO ) of 5–8% worldwide, which

could increase, according to projections, to 27% by the year 2050, especially taking into account that one cubic

meter of concrete is produced annually per person . Based on this reality and the projected scenario, the

cement and concrete industry has been developing a series of strategies and innovations to reduce

CO  emissions. One of these innovations is the production of geopolymers to be used as alternative materials to

replace all or part of the ordinary Portland cement used in construction, which is obtained either from metakaolin or

from industrial, forestry, and agricultural waste with a high aluminosilicates content . A geopolymer is a

binder of mineral origin (inorganic) obtained from the dissolution  and subsequent polycondensation of

ashes rich in aluminosilicates in the presence of an alkaline solution (hydroxides and silicates of alkali metals, Na

and K) . Additionally, the use of mixed geopolymers, which are generated by the combination of two or

more types of chemically stabilized industrial wastes or ashes, has been considered . The use of this type of

materials can reduce CO  production by up to 90%, while preserving or even improving their mechanical properties

(e.g., porosity, structure, compressive strength, water absorption, and durability) .
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Several researchers have devoted themselves to using different raw materials for the production of concrete, for

example, agricultural residues such as rice husk ash and palm oil ash , sugar cane bagasse , and corn

cob ash , finding good results in the properties of concrete . On the other hand, wood waste ashes 

have emerged as a good option for the fractional replacement of binder and kaolin used in the formation of

geopolymers, since in addition to increasing workability, porosity, and drying shrinkage, these wastes are given an

alternative use, and potential environmental pollution  is reduced by their entry into the environment,

contributing directly to sustainable development . Ekaputri reported  obtaining a concrete (geopolymer)

with high compressive strength (48.5 MPa to 48.5 MPa) from class F ash with 10 mol/L NaOH due to the

generation of hydroxide ions that significantly influence the dissolution of the Si and Al atoms of the source

material. Despite the advantages of using high concentrations of alkali (NaOH, between 8–10 M) to obtain a high

compression strength product of 104.5 MPa and 71 MPa for the paste and mortar, as well as a lower change in

length due to temperature and water evaporation that have the lowest shrinkage percentage , it has been

proven that the use of ashes from forest biomass (wood) can decrease the requirements of alkaline activators by

up to 20% without the loss of properties . However, when the substitution level of these ashes is higher

than 10% by mass, the mechanical properties of the geopolymer are affected , proportionally reducing

the compressive and flexural strength of the mortars, for all curing times . Likewise, it is highlighted that different

conditions can be used during the process of obtaining geopolymers, such as the type of curing, humidity control,

temperature, concentration and proportions of alkaline activators, type and quantity of raw material or proportions

of starting materials (in case of mixtures), which will influence the properties of the final product. Among the

findings, it can be mentioned that the increase in SiO /Al O   ratios positively influences the mechanical

compressive strength of geopolymers , and it was found that the inclusion of 5–15% wood ash in the process

can generate greater strength and durability depending on the age (aging time) of 3–7 days as a consequence of

the formation of gels and minerals that increase alkalinity . Research has also been conducted on the effects of

the solid–liquid ratio and the alkaline activator in the synthesis of pure geopolymers. Alves et al.  used as

precursor material ground blast furnace slag with a solid–liquid ratio between 1.5 and 2.2, and as activator

solutions (a) a sodium hydroxide/sodium silicate/water mixture and (b) a potassium hydroxide/potassium

silicate/water mixture, finding that the resulting geopolymer possessed high compressive strength depending on

the solid–liquid ratio and the percentage of water added to the mixture, which is further impacted by the

composition of the activating solution. They also noticed that the strength increases with aging . Currently, the

addition of plastics to the optimized wood ash-based geopolymer is being tested; for example, in the case of

polypropylene (PP), it has been reported that the addition of 1% PP fiber generates an increase in compressive,

tensile, and flexural strength by 3.7%, 15.6%, and 10%, respectively . Other types of materials are also being

developed. Kristály et al.  produced a composite of geopolymer foam and glass to obtain a lightweight and

environmentally friendly concrete from waste materials (secondary raw material), which is a valuable building

material useful for thermal and acoustic insulation of walls that is also heat-, fire-, and acid-resistant .

2. Environmental Impact of WWA

2.1. Air Pollution
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Energy extracted from burning the wood results in the formation of WWA. WWA is very fine, which results in the

ease of pollution causing respiratory problems for human beings and animals around the site of WWA production

. Loose ash has a high possibility for harmful influence on ground vegetation , predominantly to the cover and

certain kinds of moss groups .

2.2. Land Pollution

WWA is problematic if spread regularly and requires slow delivery rates from spreaders . Because of the huge

variety of WWA quality, reliance on the sort of chemical structure of WWA is needed before demonstrating the

direction of management as agricultural or forest-related systems . WWA recycling to agricultural or forests

appears a decent environmental solution, but there are a lot of possible difficulties related to its use in systems,

which are more multifaceted .

2.3. pH Increase

The topsoil of the system is affected by pH differences and its blocks the crop or tree to obtain enough amount of

nutrition from the soil. The delivery rate of calcium to soils is reliant on the primary shape of the ash, with loose ash

such as WWA possibly instigating a temporary quick increase in pH in the soil . For the first 7 years, the soil

under 100 mm depth had a very minor change in pH value after WWA application, but after 16 years, an increase

in pH value was observed . The land dumping of WWA results in the slow transfer of pH from the topsoil to

bottom soil, which can be observed over time. There is an increase in the pH of runoff water over the same period

where WWA is applied, as observed by Fransman et al. .

2.4. Higher Production Rate

Approximately 2.5 kilo-tons of WWA are annually discarded in lands, as of 2006 , but it may increase at a high

rate and a decrease in forest land has been observed. In several countries across the globe, 90% of WWA is sent

to landfill and the balance part goes as land applied purpose, co-composed with sewage sludge . Apart from the

several environmental effects discussed above, Pitman et al. (2006)  studied specifically soil properties and soil

vegetation.

2.5. PH Affects the Nutrition (Phosphorus, Nitrogen, and Potassium) Addition of
Soil

When WWA is in contact with water, the pH solution becomes higher as the hydroxides and oxides in the WWA are

dissolved and hydroxide ions are developed. WWA has a liming impact when introduced into soils and could be

utilized to neutralize acidity. Three tons of WWA have a liming effect equal to one ton of quicklime. The solubility of

different nutrition elements in the WWA varies considerably. Generally, the solubility of the nutrients elements are in

the order of potassium > magnesium > calcium oxide > phosphorus .

2.6. Heavy Metal Contamination of Soil
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pH, organic material content, and hydrous oxide play the main roles in the adsorption of heavy metals from the soil

. When WWA dissolves in an acid environment such as soils in forests, the alkalinity of WWA is consumed and

the metals are exposed to a pH far lower than that of the ash, causing higher solubility . WWA could also have

high concentrations of heavy metals due to the fuel, which is contaminated. Wood from and wood preservers and

demolition in waste wood generally comprise higher proportions of heavy metals. As a result of the relatively low

volatilization temperatures for many of the heavy metals, they become enhanced by WWA. In the combustion of

untreated wood , the concentrations of lead and antimony are one order of magnitude higher, while the

concentrations of arsenic, cadmium, chromium, copper, nickel, and zinc are approximately twice as high.

2.7. Soil Water Leachate

Williams et al. (1996)  observed that there are amplified concentrations of both calcium and potassium in

groundwaters and soils, with some movement of aluminum and magnesium in it. In a long-term experiment, soil

leachate at a 20 cm depth taken from mineral soils displayed elevated levels of calcium, magnesium, and

potassium, but no significant impact on nitrate concentration, pH or Cd, Cu, Cr, and Pb levels . The storage of

moistened WWA in the air led to an adverse effect: it increased potassium leaching. The leaching of phosphorous,

magnesium, and metal species from the ash matrix is generally low with a high pH prevailing in the water phase

during short-term leaching .

References

1. Zaid, O.; Mukhtar, F.M.; García, R.M.; El Sherbiny, M.G.; Mohamed, A.M. Characteristics of high-
performance steel fiber reinforced recycled aggregate concrete utilizing mineral filler. Case Stud.
Constr. Mater. 2022, 16, e00939.

2. Althoey, F.; Zaid, O.; de-Prado-Gil, J.; Palencia, C.; Ali, E.; Hakeem, I.; Martínez-García, R.
Impact of sulfate activation of rice husk ash on the performance of high strength steel fiber
reinforced recycled aggregate concrete. J. Build. Eng. 2022, 54, 104610.

3. Zaid, O.; Zamir Hashmi, S.R.; Aslam, F.; Alabduljabbar, H. Experimental Study on Mechanical
Performance of Recycled Fine Aggregate Concrete Reinforced With Discarded Carbon Fibers.
Front. Mater. 2021, 8, 481.

4. Zaid, O.; Ahmad, J.; Siddique, M.S.; Aslam, F. Effect of Incorporation of Rice Husk Ash Instead of
Cement on the Performance of Steel Fibers Reinforced Concrete. Front. Mater. 2021, 8, 14–28.

5. Aslam, F.; Zaid, O.; Althoey, F.; Alyami, S.H.; Qaidi, S.M.A.; de Prado Gil, J.; Martínez-García, R.
Evaluating the influence of fly ash and waste glass on the characteristics of coconut fibers
reinforced concrete. Struct. Concr. 2022.

[56]

[55]

[57]

[58]

[50]

[59]



Environmental Impact of Waste Wood Ash | Encyclopedia.pub

https://encyclopedia.pub/entry/26127 5/8

6. Zaid, O.; Ahmad, J.; Siddique, M.S.; Aslam, F.; Alabduljabbar, H.; Khedher, K.M. A step towards
sustainable glass fiber reinforced concrete utilizing silica fume and waste coconut shell
aggregate. Sci. Rep. 2021, 11, 12822.

7. Kaza, S.; Lisa, Y.; Perinaz, B.-T.; Van Woerden, F. What a Waste 2.0: A Global Snapshot of Solid
Waste Management to 2050; Urban Development Series; World Bank: Washington, DC, USA,
2018.

8. Lim, J.; Raman, S.N.; Lai, F.-C.; Mohd Zain, M.F.; Hamid, R. Synthesis of Nano Cementitious
Additives from Agricultural Wastes for the Production of Sustainable Concrete. J. Clean. Prod.
2017, 171, 1150–1160.

9. Malhotra, V.M. Introduction: Sustainable Development and Concrete Technology. Concr. Int. 2002,
24, 22.

10. Hh, M.; Al-Sulttani, A.; Abbood, I.; Hanoon, A. Emissions Investigating of Carbon Dioxide
Generated by the Iraqi Cement Industry. IOP Conf. Ser. Mater. Sci. Eng. 2020, 928, 22041.

11. Tripathi, N.; Hills, C.; Singh, R.; Singh, J.S. Offsetting anthropogenic carbon emissions from
biomass waste and mineralised carbon dioxide. Sci. Rep. 2020, 10, 958.

12. Abdulkareem, O.A.; Matthews, J.; Abdullah, M.M.A.B. Strength and Porosity Characterizations of
Blended Biomass Wood Ash-fly Ash-Based Geopolymer Mortar. AIP Conf. Proc. 2018, 2045,
20096.

13. Davidovits, J. Geopolymer Chemistry and Applications, 5th ed.; Institut Géopolymère,
Geopolymer Institute: Saint-Quentin, France, 2008; Volume 171, ISBN 9782954453118.

14. Ekinci, E.; Kazancoglu, Y.; Mangla, S.K. Using system dynamics to assess the environmental
management of cement industry in streaming data context. Sci. Total Environ. 2020, 715, 136948.

15. De Rossi, A.; Simão, L.; Ribeiro, M.; Hotza, D.; Moreira, R. Study of cure conditions effect on the
properties of wood biomass fly ash geopolymers. J. Mater. Res. Technol. 2020, 9, 7518–7528.

16. Maglad, A.M.; Zaid, O.; Arbili, M.M.; Ascensão, G.; Șerbănoiu, A.A.; Grădinaru, C.M.; García,
R.M.; Qaidi, S.M.A.; Althoey, F.; de Prado-Gil, J. A Study on the Properties of Geopolymer
Concrete Modified with Nano Graphene Oxide. Buildings 2022, 12, 1066.

17. Zaid, O.; Martínez-García, R.; Abadel, A.A.; Fraile-Fernández, F.J.; Alshaikh, I.M.H.; Palencia-
Coto, C. To determine the performance of metakaolin-based fiber-reinforced geopolymer concrete
with recycled aggregates. Arch. Civ. Mech. Eng. 2022, 22, 114.

18. He, X.; Yuhua, Z.; Qaidi, S.; Isleem, H.F.; Zaid, O.; Althoey, F.; Ahmad, J. Mine tailings-based
geopolymers: A comprehensive review. Ceram. Int. 2022, 48, 24192–24212.

19. Qaidi, S.M.A.; Mohammed, A.S.; Ahmed, H.U.; Faraj, R.H.; Emad, W.; Tayeh, B.A.; Althoey, F.;
Zaid, O.; Sor, N.H. Rubberized geopolymer composites: A comprehensive review. Ceram. Int.



Environmental Impact of Waste Wood Ash | Encyclopedia.pub

https://encyclopedia.pub/entry/26127 6/8

2022, 48, 24234–24259.

20. Ismail, I.; Bernal, S.A.; Provis, J.L.; San Nicolas, R.; Hamdan, S.; van Deventer, J.S.J.
Modification of phase evolution in alkali-activated blast furnace slag by the incorporation of fly
ash. Cem. Concr. Compos. 2014, 45, 125–135.

21. Salih, A.P.D.M.; Ali, A.; Farzadnia, N. Characterization of mechanical and microstructural
properties of palm oil fuel ash geopolymer cement paste. Constr. Build. Mater. 2014, 65, 592–603.

22. Cheah, C.; Ken, P.; Ramli, M. The hybridizations of coal fly ash and wood ash for the fabrication
of low alkalinity geopolymer load bearing block cured at ambient temperature. Constr. Build.
Mater. 2015, 88, 41–55.

23. Li, Z.; Ding, Z.; Zhang, Y. Development of sustainable cementitious materials. In Proceedings of
the International Workshop on Sustainable development and Concrete Technology, Beijing,
China, 20–21 May 2004.

24. Jamil, M.; Khan, M.N.N.; Karim, M.; Kaish, A.B.M.; Zain, M.F.M. Physical and chemical
contributions of Rice Husk Ash on the properties of mortar. Constr. Build. Mater. 2016, 128, 185–
198.

25. Sales, A.; Bessa, S. Use of Brazilian sugarcane bagasse ash in concrete as sand replacement.
Waste Manag. 2010, 30, 1114–1122.

26. Payá, J.; Monzo, J.; Borrachero, M.; Díaz-Pinzón, L.; Ordonez, L.M. Sugar-cane bagasse ash
(SCBA): Studies on its properties for reusing in concrete production. J. Chem. Technol.
Biotechnol. 2002, 77, 321–325.

27. Adesanya, D.A. Evaluation of blended cement mortar, concrete and stabilized earth made from
ordinary Portland cement and corn cob ash. Constr. Build. Mater. 1996, 10, 451–456.

28. Rangasamy, G.; Mani, S.; Senathipathygoundar Kolandavelu, S.K.; Alsoufi, M.S.; Mahmoud
Ibrahim, A.M.; Muthusamy, S.; Panchal, H.; Sadasivuni, K.K.; Elsheikh, A.H. An extensive analysis
of mechanical, thermal and physical properties of jute fiber composites with different fiber
orientations. Case Stud. Therm. Eng. 2021, 28, 101612.

29. El-Kassas, A.; Elsheikh, A.H. A new eco-friendly mechanical technique for production of rice straw
fibers for medium density fiberboards manufacturing. Int. J. Environ. Sci. Technol. 2020, 18, 979–
988.

30. Elsheikh, A.H.; Panchal, H.; Shanmugan, S.; Muthuramalingam, T.; El-Kassas, A.M.; Ramesh, B.
Recent progresses in wood-plastic composites: Pre-processing treatments, manufacturing
techniques, recyclability and eco-friendly assessment. Clean. Eng. Technol. 2022, 8, 100450.

31. Elsheikh, A.H.; Abd Elaziz, M.; Ramesh, B.; Egiza, M.; Al-Qaness, M.A.A. Modeling of drilling
process of GFRP composite using a hybrid random vector functional link network/parasitism-



Environmental Impact of Waste Wood Ash | Encyclopedia.pub

https://encyclopedia.pub/entry/26127 7/8

predation algorithm. J. Mater. Res. Technol. 2021, 14, 298–311.

32. Showaib, E.A.; Elsheikh, A.H. Effect of surface preparation on the strength of vibration welded
butt joint made from PBT composite. Polym. Test. 2020, 83, 106319.

33. Anand Raj, M.K.; Muthusamy, S.; Panchal, H.; Mahmoud Ibrahim, A.M.; Alsoufi, M.S.; Elsheikh,
A.H. Investigation of mechanical properties of dual-fiber reinforcement in polymer composite. J.
Mater. Res. Technol. 2022, 18, 3908–3915.

34. Danraka, M.; Aziz, F.; Jaafar, M.; Mohd Nasir, N.; Abdulrashid, S. Application of Wood Waste Ash
in Concrete Making: Revisited. In Proceedings of the Global Civil Engineering Conference (GCEC
2017), Kuala Lumpur, Malaysia, 25–28 July 2017; pp. 69–78.

35. Candamano, S.; De Luca, P.; Frontera, P.; Crea, F. Production of Geopolymeric Mortars
Containing Forest Biomass Ash as Partial Replacement of Metakaolin. Environments 2017, 4, 74.

36. Ekaputri, J.J.; Triwulan Damayanti, O. The Influence of Alkali Activator Concentration to
Mechanical Properties of Geopolymer Concrete with Trass as a Filler. Mater. Sci. Forum 2015,
803, 125–134.

37. Ekaputri, J. Geopolymer Grout Material. Mater. Sci. Forum 2015, 841, 40–47.

38. Smirnova, O.; Menéndez-Pidal, I.; Alekseev, A.; Petrov, D.; Popov, M. Strain Hardening of
Polypropylene Microfiber Reinforced Composite Based on Alkali-Activated Slag Matrix. Materials
2022, 15, 1607.

39. Smirnova, O. Development of classification of rheologically active microfillers for disperse
systems with Portland cement and superplasticizer. Int. J. Civ. Eng. Technol. 2018, 9, 1966–1973.

40. Smirnova, O.M. Low-Clinker Cements with Low Water Demand. J. Mater. Civ. Eng. 2020, 32,
6020008.

41. Smirnova, O.M.; de Navascués, I.; Mikhailevskii, V.R.; Kolosov, O.I.; Skolota, N.S. Sound-
Absorbing Composites with Rubber Crumb from Used Tires. Appl. Sci. 2021, 11, 7347.

42. Yakovlev, G.; Polyanskikh, I.; Gordina, A.; Pudov, I.; Černý, V.; Gumenyuk, A.; Smirnova, O.
Influence of Sulphate Attack on Properties of Modified Cement Composites. Appl. Sci. 2021, 11,
8509.

43. Saidova, Z.; Yakovlev, G.; Smirnova, O.; Gordina, A.; Kuzmina, N. Modification of Cement Matrix
with Complex Additive Based on Chrysotyl Nanofibers and Carbon Black. Appl. Sci. 2021, 11,
6943.

44. Smirnova, O.; Kazanskaya, L.; Koplík, J.; Tan, H.; Gu, X. Concrete Based on Clinker-Free
Cement: Selecting the Functional Unit for Environmental Assessment. Sustainability 2021, 13,
135.



Environmental Impact of Waste Wood Ash | Encyclopedia.pub

https://encyclopedia.pub/entry/26127 8/8

45. Smirnova, O. Compatibility of shungisite microfillers with polycarboxylate admixtures in cement
compositions. ARPN J. Eng. Appl. Sci. 2019, 14, 600–610.

46. Alves, L.; Leklou, N.; de Barros, S. A comparative study on the effect of different activating
solutions and formulations on the early stage geopolymerization process. MATEC Web Conf.
2020, 322, 1039.

47. Kumar, A.; Muthukannan, M.; Babu, A.; Hariharan, A.; Muthuramalingam, T. Effect on addition of
Polypropylene fibers in wood ash-fly ash based geopolymer concrete. IOP Conf. Ser. Mater. Sci.
Eng. 2020, 872, 12162.

48. Kristály, F.; Szabo, R.; Madai, F.; Ákos, D.; Mucsi, G. Lightweight composite from fly ash
geopolymer and glass foam. J. Sustain. Cem. Mater. 2020, 10, 1–22.

49. Aprianti, E.; Shafigh, P.; Bahri, S.; Farahani, J.N. Supplementary cementitious materials origin
from agricultural wastes—A review. Constr. Build. Mater. 2015, 74, 176–187.

50. Pitman, R. Wood ash use in forestry—A review of the environmental impacts. Forestry 2006, 79,
563–588.

51. Kurda, R.; de Brito, J.; Silvestre, J.D. Influence of recycled aggregates and high contents of fly
ash on concrete fresh properties. Cem. Concr. Compos. 2017, 84, 198–213.

52. Zając, G.; Szyszlak-Bargłowicz, J.; Gołębiowski, W.; Szczepanik, M. Chemical Characteristics of
Biomass Ashes. Energies 2018, 11, 2885.

53. Kahl, J.; Fernandez, I.; Rustad, L.; Peckenham, J. Threshold Application Rates of Wood Ash to an
Acidic Forest Soil. J. Environ. Qual. 1996, 25, 220–227.

54. Fransman, B.; Nihlgård, B.J. Water chemistry in forested catchments after topsoil treatment with
liming agents in South Sweden. Water. Air. Soil Pollut. 1995, 85, 895–900.

55. Eriksson, J. Dissolution of Hardened Wood Ash in Forest Soils Studies in a Column Experiment;
Swedish National Board for Industrial and Technical Development: Stockholm, Sweden, 1996.

56. Baker, A. Heavy Metals in Soils, 2nd ed.; Alloway, B.J., Ed.; Blackie Academic & Professional:
London, UK, 1995; Volume 90, p. 269. ISBN 0-7514-0198-6.

57. Lanzerstorfer, C. Chemical composition and physical properties of filter fly ashes from eight grate-
fired biomass combustion plants. J. Environ. Sci. 2015, 30, 191–197.

58. Williams, T.M.; Hollis, C.A.; Smith, B.R. Forest Soil and Water Chemistry following Bark Boiler
Bottom Ash Application. J. Environ. Qual. 1996, 25, 955–961.

59. Steenari, B.-M.; Karlsson, L.G.; Lindqvist, O. Evaluation of the leaching characteristics of wood
ash and the influence of ash agglomeration. Biomass Bioenergy 1999, 16, 119–136.

Retrieved from https://encyclopedia.pub/entry/history/show/63311


