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Figure 2: Scenario 2: Landfill with biogas recovery for electricity generation.

Figure 3: Scenario 3: MSW incineration for electricity generation and materials recovery.
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Figure 4: Scenario 4: MSW gasification for electricity generation, and materials recovery.
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are much higher in the case of gasification as compared with incineration, as a consequence
of much lower emissions of respiratory inorganics in Scenario 4.

Those positive environmental effects could increase if energy conversion efficiency asso-
ciated to incineration and gasification are improved.

4 CONCLUSIONS
This study compares the environmental performance of three alternative WTE scenarios
under typical conditions of a mid-sized town in a developing country.

Energy recovery, either from biogas or MSW incineration or gasification, results in a sig-
nificant reduction in global warming potential, acidification, human toxicity and abiotic
resources impact categories.

The positive contributions of material and energy recovery to overall environmental per-
formance are clearly shown here, particularly in the case of aluminium recycling that results
in a direct positive impact on human health, fresh water ecotoxicity and natural resources.

Positive impacts due to avoided fossil fuel and mineral consumptions, as a result of elec-
tricity injection to the public grid and aluminium recycling, are sufficiently large to generate
offsets in various impact categories.

Finally, results obtained here highlight the value of life cycle assessment to identify the
environmental attributes of WTE alternatives in the context of decision making concerning
circular economy scenarios.

REFERENCES

[1] Palmiotto, M., Fattore, E., Paiano, V., Celeste, G., Colombo, A. & Davoli, E., Influence
of a municipal solid waste landfill in the surrounding environment: toxicological risk
and odor nuisance effects. Environment International, 68, pp. 16-24, 2014.

[2] Fernandez-Gonzélez, J.M., Grindlay, A.L., Serrano-Bernardo, F., Rodriguez-Rojas,
M.I. & Zamorano, M., Economic and environmental review of waste-to energy sys-
tems for municipal solid waste management in medium and small municipalities. Waste
Management, 67, pp. 360-374, 2017.

[3] Arafat, H.A., Jijakli, K. & Ahsan, A., Environmental perdormance and energy recovery
potenctial of five processes for municipal solid waste treatment. Journal of Cleaner
Production, 105, pp. 233-240, 2015.

[4] Bosmans, A. & Helsen, L., Energy from Waste: Review of thermochemical technologies
for refuse derived fuel (RDF) treatment. Proceedings Venice 2010, Third International
Symposium on Energy from Biomass and Waste, Venice, Italy, pp. 8—11, November 2010.

[5] Leckner, B., Process aspects in combustion and gasification Waste-to-Energy (WtE)
units. Waste Management, 37, pp.13-25, 2015.

[6] Panepinto, D., Tedesco, V., Brizio, E. & Genon, G., Environmental performances and
energy efficiency for MSW gasification treatment. Waste Biomass Valor, 6, pp. 123—
135, 2015.

[7] Lee, U., Chung, J.N. & Ingley, H.A., High-temperature steam gasification of municipal
solid waste, rubber, plastic and wood. Energy Fuels, 28(7), pp. 4573-4587, 2014.

[8] Chen, D.,Yin, L., Wang, H. & He, P., Pyrolysis technologies for municipal solid waste:
A review. Waste Management, 37, pp. 116-136, 2015.

[9] Wang, H., Wang, L. & Shahbazi, A., Life cycle assessment of fast pyrolysis of munici-
pal solid waste in North Carolina of USA. Journal of Cleaner Production, 87, pp. 511—
519, 2015.



(10]

(11]

(12]

(13]

[14]

[15]

[16]

(17]

(18]

(19]

(20]
(21]

[22]

(23]

[24]

[25]

(26]
[27]

P. Gonzdlez, et al., Int. J. of Energy Prod. & Mgmt., Vol. 3, No. 2 (2018) 155

Akolkar, A.B., Choudhury, M.K. & Selvi, P.K. Assessment of methane emission from
municipal solid wastes disposal sites. Research Journal of Chemistry and Environment,
24(4), pp. 49-55, 2008.

Ahmed, S.I., Johari, A., Hashim, H., Lim, J.S., Jusoh, M., Mat, R. & Alkali, H., Economic
and environmental evaluation of landfill gas utilisation: A multi-period optimisation
approach for low carbon regions. International biodeterioration & biodegradation,
102, pp. 191-201, 2015.

Broun, R. & Sattler, M., A comparison of Greenhouse Gas Emissions and potential
electricity recovery from conventional and bioreactor landfills. Journal of Cleaner Pro-
duction, 112, pp. 2664-2673, 2016.

Gokgek, M. Waste to energy: exploitation of landfill gas in micro turbines. Journal of
Engineering Sciences, 6(2), pp. 710716, 2017.

Astrup, T.F., Tonini, D., Turconi, R. & Boldrin, A., Life cycle assessment of thermal
Waste-to-Energy technologies: Review and recommendations. Waste Management, 37,
pp. 104-115, 2015.

Ayodele, T.R., Ogunjuyigbe, A.S.O. & Alao, M.A., Life cycle assessment of waste-
to-energy (WtE) technologies for electricity generation using municipal solid waste in
Nigeria. Applied Energy, 201, pp. 200-218, 2017.

Lee, U., Han, J. & Wang, M. Evaluation of landfill gas emissions from municipal solid
waste landfills for the life-cycle analysis of waste-to-energy pathways. Journal of
Cleaner Production, 166, pp. 335-342, 2017.

Karlsson, J., Brunzell, L. & Venkatesh, G., Material flow analysis, energy analysis,
and partial environmental LCA of a district heating combined heat and power plant in
Sweden. Energy, 144, pp. 31-40, 2018.

Bidart, C., Frohling, M. & Schultmann, F., Municipal solid waste and production of
substitute natural gas and electricity as energy alternatives. Applied Thermal Engineer-
ing, 51(1-2), pp. 1107-1115, 2013.

ISO 14.040. Environmental management—Life cycle assessment—Principles and
framework. International Organization for Standardization, Geneve, Switzerland,
2006.

ISO 14.044. Environmental management—Life cycle assessment—Requirements and
guidelines. International Organization for Standardization, Geneve, Switzerland, 2006.
NCh. 3321. Norma Chilena 3321: Caracterizacién de residuos sélidos municipales.
Instituto Nacional de Normalizacion, Santiago, Chile. 2012.

ASTM D5231-92(2008). Standard test method for determination of the composition
of unprocessed municipal solid waste. ASTM International, West Conshohocken, PA,
2008.

ASTM E790-87(2004). Standard test method for residual moisture in a refuse-derived
fuel analysis sample. ASTM International, West Conshohocken, PA, 2004.

ASTM E830-87(1996). Standard test method for ash in the analysis sample of refuse-
derived fuel. ASTM International, West Conshohocken, PA, 1996.

ASTM E897-88(2004). Standard test method for volatile matter in the analysis sample
of refuse-derived fuel. ASTM International, West Conshohocken, PA, 2004. www.astm.
org

BS EN 14918. Solid biofuels. Determination of calorific value, 2009.

BS EN ISO 16948: 2015 Solid biofuels. Determination of total content of carbon,
hydrogen and nitrogen, 2015.



156

(28]

[29]

(30]

(31]
(32]

(33]

P. Gonzdlez, et al., Int. J. of Energy Prod. & Mgmt., Vol. 3, No. 2 (2018)

EPA. Landfill Gas Emissions Model (LandGEM) Version 3.02. EPA-600/R-05/047.U.S.
Environmental Protection Agency. Office of Research and Development, Washington,
DC 20460, 2005.

Finnveden, G., Hauschild, M.Z., Ekvall, T., Guinée, J., Heijungs, R. & Hellweg, S.,
Recent developments in life cycle assessment. Journal of Environmental Management,
91(1), pp. 1-21, 20009.

Guinée, J.B., Gorrée, M., Heijungs, R., Huppes, G., Kleijn, R. & Koning, A.D., Hand-
book on life cycle assessment. Operational guide to the 1SO standards. I: LCA in
perspective. Ila: Guide. IIb: Operational annex. Il1: Scientific background. Kluwer
Academic Publishers, ISBN 1-4020-0228-9, Dordrecht, 2002.

PRé€ Consultants. SimaPro 7.3.3. Pré Consultants, Amersfoort, the Netherlands. 2009.
Environmental Impact Declaration. Planta Bio Energia Los Pinos. Presented to the
Chilean Environmental Impact Assessment Service in August 2017. http://seia.sea.gob.
cl/documentos/documento.php?idDocumento=2132658505 (accessed 12 September
2017).

Tchobanoglous, G., Theisen, H. & Vigil, S., Integrated Solid Waste Management Engi-
neering Principles and Management Issues, McGraw-Hill, Inc.: Singapore, 1993.



