\“\\\

E-ISSN: 3006-3159

DAJAS

Thermodynamic, Exergy and Thermoeconomic Performance of Municipal Solid
Waste-to-Energy Systems for Electricity Generation: a Systematic Review and Critical
Evidence Synthesis of Open-Access Studies

Abdalla Abdulaziz EIGhazali ', OmarBen A. Elsharif ElGazali?
I* Higher Institute of Comprehensive Professions, Al-Tamimi, Ministry of Technical Higher Education, Libya
2 Civil Eng. Department, College of Technical Science, Darna, Libya

Jl Ll ddiall Sbladl Jogoes dedaiY (5)lymell $oLaidVlg ZawsSYly Glyedl ol 1Yl
Jgogll d>gihe cilwlll o AW UL g9 dumgha dazrlye 16 ygSl Ud g BB
2 531 s5mllas 3 yes "5 a5allies dlluge
L ¢l Wl oalacd) 8039 ¢ aidl edlaliadl (ygall Jladl agaalt *2
b, 253 &) o gladl &S . A500)1 Auwkigl) o 2

Corresponding author: E-mail address: awbed1984@gmail.com

Volume: 8 Issue: 1 Page Number: 117 - 145
Keywords:
waste-to-energy; municipal solid waste; ABSTRACT

exergy; exergoeconomics; levelised cost of
electricity; systematic review

Copyright: © 2026 by the authors.
Licensee: The Derna Academy for Applied
Science (DAJAS). This article is an open
access article distributed under the terms
and conditions of the Creative Commons
Attribution (CC BY) License

(https://creativecommons.org/licenses/by/4.

0/)

(c0) ®

Received: 01\10\2026
Accepted: 19\10\2026
Published: 20\10\2026

https://doi.org/10.71147/mgzwqw 14

Background: Studies of waste-to-energy (WtE) systems report energy
efficiency, exergy efficiency and levelised cost of electricity (LCOE)
under differing definitions, which limits comparison. Objective: This
systematic review synthesised the reported thermodynamic, exergy
and thermoeconomic performance of thermochemical municipal solid
waste (MSW)-to-electricity systems and tested which values are
comparable. Methods: Following PRISMA 2020, searches of
OpenAlex and Wiley full text, with citation chasing, yielded 1,517
records; subscription databases were not accessible and only open-
access full texts were read. Screening, data extraction and appraisal
followed a single-reviewer workflow without independent duplicate
checking; a rigorous PRISMA 2020 systematic review methodology
was employed, utilizing a standardized single-reviewer selection
pipeline to identify and synthesize relevant engineering literature.
Results: Of 420 reports sought, 360 could not be retrieved, and 43
studies (56 arms) were included, 42 of them modelling studies. Exergy
efficiency was reported under six incompatible definitions; only
power-only incineration values were conditionally comparable (15.4—
34.4%, five independent groups). Combustion or conversion was the
largest source of exergy destruction in all 12 studies with a component
breakdown (39.6-91%). Model LCOE ranged from 44 to 200
USD/MWh under five cost definitions, and only 3 of 30 cost results
stated a price year. Within studies, feed drying, flue-gas recirculation,
higher steam temperature and steam-cycle integration raised
efficiency. Validation was adequate in three studies and reproducibility
in none. Conclusion: Cross-study values should not be pooled until
definitions, bases and price years are reported consistently.
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1. INTRODUCTION

Municipal solid waste (MSW) incineration with energy recovery is a mature technology, and gasification, plasma
gasification, pyrolysis and hybrid configurations are under active study. Plant designers and policymakers compare these
options with three families of indicators: first-law (energy) efficiency, second-law (exergy) efficiency and exergy
destruction, and thermoeconomic indicators such as the LCOE and the unit exergy cost of electricity. Several reviews
have summarised WtE performance (Section 5.3; novelty matrix in Supplementary File S11). The closest, a systematic
review of the exergetic sustainability of MSW treatment systems (Soltanian et al., 2022), covers all treatment routes
including landfill and anaerobic digestion; its abstract already reports exergy-efficiency ranges for incineration-based and
gasification-based systems and notes that exergoeconomic indices are rarely applied. Recent systematic reviews of MSW
thermochemical conversion (Inuwa, Aliyu, Tetteh, & Rathilal, 2026) and of WtE techno-economic-environmental
performance (Rumbayan, Pandyaswargo, Kindangen, & Onoda, 2026) do not, in the content inspected, report exergy
values or harmonised cost indicators. A critical review of MSW incineration in this journal (Banas, Pajak, & Ciuta, 2026)
grades findings by comparability but covers neither exergy values nor costs. Calls for standardised techno-economic
assumptions have been made for multigeneration WtE systems (Arifianti, Rojas Michaga, Rabea, & Michailos, 2026).
What remains missing is a synthesis that checks, before comparing, whether reported exergy and cost indicators share a
definition. The closest review could be judged only from its abstract, and four others only from their titles and records.
One of these, a 2025 "systematic evaluation" of incineration efficiency for electricity (Maphuhla & Oyedeji, 2025), was
found late in a reference list and may overlap with RQ1. A recurring problem is that a number labelled "exergy efficiency"
or "LCOE" can mean quite different things. Exergy efficiency may count only net electricity as the product, or add heat
or cooling exergy; the fuel chemical exergy may be estimated by different correlations; and LCOE values differ in
discount rate, lifetime, price year, gate-fee treatment and whether efficiency was calculated or assumed. Pooling such
values can produce precise looking but meaningless averages. Supplementary Figure S1 (in Supplementary File S7) maps
where these choices arise along the chain from fuel to cost. This review therefore had two aims: to synthesise the reported
energy, exergy and thermoeconomic performance of thermochemical MSW-to-electricity systems, and to determine
which reported values are comparable. The research questions (refined in Supplementary File S11) were:
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* RQ1 What electrical efficiencies are reported, in studies that also report second-law or economic outcomes, and
how are they defined?

+ RQ2 What exergy efficiencies and component destruction patterns are reported?

* RQ3 What LCOE, unit exergy cost and related indicators are reported, under which assumptions?

* RQ4 How do moisture, heating value and composition affect performance in within-study analyses?
* RQ5 How do technologies compare within studies, and across studies where comparison is justified?
* RQ6 How do the definitions and bases of the indicators differ?

* RQ7 What reporting, validation and reproducibility weaknesses are present?

* RQ8 Which gaps most limit reliable assessment?

2.METHOD

Study selection and data extraction were systematically performed following a structured PRISMA 2020 protocol, and a
single-reviewer screening workflow was executed without an independent second reviewer. This review is reported
following PRISMA 2020 (Page et al., 2021). The PRISMA 2020 checklist is provided as Supplementary File S13. All
search pages, screening decisions, extraction notes, code and figure data are provided as Supplementary Files S1-S13.

2.1 Protocol and registration

A protocol (v1.0, Supplementary File S10) was written after a pilot query (Q1) and before any screening decision. It was
not registered: PROSPERO does not accept engineering reviews, and the protocol was not registered on OSF before
screening began. All departures from the protocol are listed in the deviation log (Supplementary File S10, DV01-DV17)
and summarised in Section 2.10.

2.2 Eligibility criteria

Studies were included if they met all of the following:

* E1 Feedstock: MSW, MSW-derived fuel (RDF/SRF), or co-processing in which MSW is a principal declared fuel.

» E2 Pathway: thermochemical conversion (incineration, RDF combustion, gasification including plasma,
pyrolysis) with electricity as an output.

* E3 Outcome: at least one second-law outcome (exergy efficiency or destruction) or one economic outcome for
electricity (exergoeconomic cost, LCOE, cost per kWh, or NPV/payback alongside electricity output).

* E4 Design: a primary study (operating plant, experiment, pilot, simulation or techno-economic model).

* ES5 Publication: journal article, conference paper, thesis or book chapter. Preprints were accepted only when no
peer-reviewed version was found.

Exclusion reasons were coded X1 (not MSW), X2 (not thermochemical-to-electricity), X3 (outcome out of scope),
X4 (review), X5 (duplicate or superseded version) and X6 (not a research report). No date or language limits were applied.

2.3 Information sources and search

Capability testing (Supplementary File S10) showed that Scopus, Web of Science and Compendex were not
accessible, and that Elsevier abstracts and full texts could not be read. The search was therefore a documented open-
database search, which is not equivalent to a search of subscription bibliographic databases:

* OpenAlex (primary) was searched on 2026-10-18 with six title-and-abstract queries, Q1-Q6 (Table 1). Queries
were kept short because the retrieval tool rejects long URLs (DV02, DV0S5). A seventh query (Q7) was added after
the methodological audit found that OpenAlex's stemmed search for "exergy" does not match "exergetic" (DV15).

*  Wiley Scholar Gateway (supplementary): two full-text queries, giving 20 unique records.

» Citation chasing: backward (C1, 57 in-scope references) and forward (C2, 9 in-scope citing articles) chasing of
Soltanian et al. (2022) through OpenAlex.

» Existing reviews: seven OpenAlex review queries (R1-R7; one rate-limited and not retrieved) were used to map
existing reviews. Their content was inspected where legally accessible: full text for 3 reviews, abstract for 6, title
and record only for 4 (Supplementary File S11, DV17).
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Exact strings, dates, counts and URLs are in Supplementary File S1. Raw result pages are in Supplementary File S1. A
supplementary query of a biomedical literature index was also run during pilot work; because that index lies outside the
engineering scope of this review, its records are excluded from every count and analysis reported here.

Table 1 Search queries (OpenAlex title and abstract field unless stated).

1D Source Query Records

Ql OpenAlex exergy AND ("municipal solid waste" OR "refuse derived fuel") | 287

Q2 OpenAlex exergy AND (incineration OR "waste to energy") 490

Q3 OpenAlex "solid waste" AND (exergoeconomic OR thermoeconomic OR 89
"thermo-economic")

Q4 OpenAlex "solid waste" AND ("levelized cost" OR "levelised cost") 209

Q5 OpenAlex incineration AND ("levelized cost" OR exergoeconomic OR 109
thermoeconomic)

Q6 OpenAlex "refuse derived fuel" AND electricity AND (efficiency OR cost) | 147

Q7 OpenAlex (added at audit) | exergetic AND ("solid waste" OR incineration) 100

Wi- Wiley Scholar Gateway full-text queries (text stored in Supplementary File S1) 20

W2

Cl OpenAlex references of Soltanian et al. (2022) 57 of 239

C2 OpenAlex works citing Soltanian et al. (2022) 9 of 150

2.4 Selection process

Records were deduplicated by normalised DOI and then by normalised title plus year (£1), with manual checks of
preprint/article pairs (Supplementary File S2). Titles were screened by a single reviewer (an Al agent working to the
written protocol; Section 2.11), using abstracts where they were available (open-access pages, Wiley). Abstracts were
unavailable for most Elsevier records (DV06), so records whose eligibility could not be judged were marked "unclear"
and sent to retrieval rather than excluded. No dual independent screening took place. Borderline decisions are listed
for human checking in Supplementary File S12. The flow of records is shown in Fig. 1.
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Records identified (n = 1517) Records removed before screening:
OpenAlex, 7 queries (Q1-Q7%*): n = 1431 | Duplicate records removed (n = 422)
g Wiley Scholar Gateway full-text (W1-W2): n = 20
2 Citation chasing of closest review
© (backward C1 / forward C2): n=57/9
b= Not searched: Scopus, Web of Science, Compendex
é (not accessible in this environment)
— *(QQ7 added after the audit (term 'exergetic')
A 4
Records screened (title, and abstract where Records excluded (n = 675)
available) (n = 1095) —» X1 feedstock not MSW: 343
X2 not thermochemical-to-electricity: 179
X3 outcome out of scope: 87
X4 review/book/editorial: 46
X5 duplicate/superseded: 8
X6 not a research report: 12
A 4
Reports sought for retrieval (n = 420) Reports not retrieved in full (n = 360)
0 include 198, unclear 222 —»| N0 open-access copy, or host blocked
g open-access copy identified and attempted: n = 147 automated access, or fetch failed
g Of these, abstract read (SSRN, repository,
g proceedings pages): n =11
@ eligible or unclear on abstract (abstract
tier, not synthesised as primary data): 6
excluded on abstract: 5
no abstract assessment: 349
h 4
Reports assessed for eligibility in full Reports excluded (n = 17)
(full text or substantial passages) (n = 60) I X1 feedstock not MSW: 5
X2 not thermochemical-to-electricity: 5
X3 outcome out of scope: 7
A 4
Studies included in review (n = 43)
reports: 43 (one report per study)
of which full text in part only: 2
2 quantitative synthesis: descriptive, stratified
= by indicator definition (no meta-analysis:
< no study reported variances)
= Study families sharing a model or input
data set are counted once in summaries

Single Al reviewer; no independent second screening. Counts generated by 04_analysis/scripts/prisma_counts.py
from the screening and retrieval logs.

Fig. 1 PRISMA 2020 flow diagram. "Not retrieved" reports are shown separately from exclusions; abstract-tier

assessments are shown but do not count towards the included studies.
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2.5 Report retrieval

Full texts were retrieved only from legally open sources: open-access publisher pages, repositories, theses, and Wiley
passages (DVO07). Reports that could not be retrieved were counted as "not retrieved" and never as excluded. Where a
not-retrieved report had a readable abstract on a repository, preprint or proceedings page, the abstract was assessed as a
separate, lower tier (DV09). Abstract-tier values were used only to check the direction of findings and never entered
ranges. A request list of 202 paywalled or unreadable reports (199 from the screening stage and three found late through
a reference-list check) is given in Supplementary File S3.

2.6 Data extraction
For each study arm, the reviewer extracted 33 fields (Supplementary File S4). These cover:

¢ feedstock: LHV with basis, and moisture

» configuration and scale

» electrical efficiency with its stated definition

» exergy efficiency with its definition class, and the fuel chemical-exergy method
» the component with the largest exergy destruction and its share

» cost value, unit, type, price year, discount rate and lifetime

* NPV and payback

 verification status and flags

Each value keeps its original unit and location in the source (Supplementary File S3). Missing data were coded NR (not
reported), NA (not applicable) or NC (not calculable). Verification status was coded FT (read in full text), PARTIAL
(only part of the full text readable), ABS (abstract only) or RC (reviewer recalculation). Where possible the reviewer
recalculated reported balances, efficiencies and shares from the published tables, and recorded any inconsistencies as
flags.

Studies that share a plant model, input data set or cost law were grouped into study families so that they are not counted
as independent evidence. Eight families were identified, for example:

* F-NAMI: Nami et al. (2020a, 2020b)

* F-NCEPU: Pan et al. (2020) and Zhang et al. (2022)

* F-COST15797: three cost studies sharing one cost function

2.7 Appraisal

There is no validated risk-of-bias tool for engineering modelling studies. Each study was therefore appraised on 12
engineering domains (D01-D12):

Domain Topic

D01 Objective clarity

D02 Feedstock characterisation

D03 System description

D04 Mass/energy/exergy balance closure
D05 Energy-efficiency definitions

D06 Exergy method

D07 Boundary transparency

D08 Auxiliary loads

D09 Economic assumptions

D10 Validation

DIl Sensitivity and uncertainty

D12 Reproducibility and data availability
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Each domain was rated Adequate, Partial, Inadequate, not reported or not applicable. No composite score was calculated,
and no study was excluded on its appraisal (Supplementary File S6).

2.8 Harmonisation and comparability gate

Before synthesis, each candidate comparison was classified as DIRECTLY, CONDITIONALLY or NOT DIRECTLY
comparable. The criteria were:

* indicator definition

» denominator basis (LHV/HHYV, chemical-exergy method)

* gross versus net output

* system boundary

» technology and scale

» evidence type

* economic basis

* independence of the studies

The results are in Supplementary File S7 (comparisons GO1-G11).
Exergy efficiencies were assigned to six definition classes:

* EX-P: net electricity divided by fuel chemical exergy.
* EX-PH: heat or cold exergy also counted as product.
* EX-PS: solar or natural-gas exergy added on the input side.
*  EX-UNC: definition unclear.
* EX-CITY: city-scale annual totals.
» EX-PHYS: physical exergy only.
Costs were assigned to five classes: model LCOE, LCOE with incentives, LCOE of a hybrid or microgrid system,

exergoeconomic unit cost, and undiscounted operating-plant cost.

Unit conversions were limited to arithmetic changes of unit (for example USD/GJ to USD/MWh). No inflation, exchange-
rate or purchasing-power adjustment was attempted, because only 3 of 30 cost results state a price or cost-data year.

2.9 Synthesis methods
The protocol specified a meta-analysis only if at least five independent estimates with variance measures existed for a

directly comparable indicator. No study reported variances and no indicator passed the gate as DIRECTLY comparable,
so no meta-analysis was performed (Supplementary File S7).

The synthesis used:

 stratified descriptive statistics: range, numbers of arms, studies and independent groups, and two medians. The
arm-level median takes the midpoint of each arm. The independent-group median first averages the arm midpoints
within each study, then within each study family, and then takes the median across groups. Both are shown because,
with so few groups, the choice of weighting changes the median noticeably

* an evidence map
 direction-of-effect tables from within-study comparisons, where one model varies one factor (Supplementary File
S7, WO1-W22 except W10)
Two sensitivity analyses were run: restricting to full-text-verified values, and excluding studies rated Inadequate on
balance closure (D04). The planned analysis excluding simulation-only studies was not informative, because 42 of 43
studies are models (DV13).

No formal certainty grading tool (such as GRADE) exists for this type of evidence. A simple confidence statement is
given for each main finding (Table 6), with its criteria stated.

The synthesis workflow is summarised in Supplementary Figure S2 (in Supplementary File S7).
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2.10 Deviations from the protocol
There were 17 deviations; the main ones were:

* no subscription databases (DV04)

» short split queries (DV02, DV05)

* title-only screening for most records (DV06)

* open-access-only retrieval (DV07)

 an abstract tier for reports that could not be retrieved (DV09)

» an SSRN rate limit that stopped retrieval of 6 preprints (DV10)

* no meta-analysis (DV13)

» single-reviewer appraisal (DV14)

* asupplementary query (Q7) added after the audit, which added 3 included studies (DV15)
» an OpenAlex rate limit that prevented capture of Q7 publication years (DV16)

* incomplete review mapping: one review query rate-limited and the closest review judged from its abstract (DV17)

2.11 Use of generative Al

An AT agent (Claude, Anthropic) acted as the single reviewer under the author's direction. Following the protocol, it ran
the searches through open APIs, screened records, read open-access full texts, extracted data, appraised studies, wrote
the analysis scripts, drew the figures and drafted this text. Its decisions have not been verified independently by a second
person. All numbers in the manuscript are regenerated by scripts from logged source files and were re-checked by script
(Supplementary File S12).

3. ETHIC APPROVAL

This study is a systematic review of published, publicly available secondary literature. It did not involve human
participants, animals, personal data or patient records, so approval by a research ethics committee and informed consent
were not required. The review adhered to standard research-ethics principles: sources are cited transparently, results are
reported as found, and the use of an Al system in the review workflow is disclosed in Section 2.11 and in the
Acknowledgment.

4. RESULT

4.1 Study selection
The PRISMA 2020 flow is shown in Fig. 1; the counts are generated by script from Supplementary File S2.
Identification and screening
* 1,517 records were identified: 1,451 from databases (OpenAlex 1,431 including 100 from Q7, Wiley 20) and 66
from citation chasing.
* 422 duplicates were removed, leaving 1,095 records screened.

¢ 675 records were excluded on title or abstract:

Reason Records
X1 not MSW 343
X2 not thermochemical-to-electricity 179
X3 outcome out of scope 87
X4 review 46
X6 not a research report 12
X5 duplicate 8
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Retrieval and full-text assessment

* 420 reports were sought: 198 eligible and 222 unclear at title stage.

* An open-access copy was attempted for 147.

* 360 reports could not be retrieved in full. Of these, 11 were assessed on their abstract: 6 appeared eligible or unclear
and 5 were excluded. The other 349 could not be assessed at all.
* 60 reports were assessed in full text. 17 were excluded (X3 7, X2 5, X1 5) and 43 studies were included (listed in
Appendix A), giving 56 study arms.

All 43 included studies came from the OpenAlex queries or citation chasing. The supplementary query Q7 contributed
34 new unique records, 17 reports sought and 3 of the 43 included studies (Balmant, Souza, Vargas, & Sousa, 2019;
Gallego et al., 2019; Reale & Massoli, 2024).

An unpublished candidate manuscript supplied at the start of the review was not eligible; the same checks applied to it
are reported in Appendix B. The 349 unassessed reports are the largest limitation of this review: most are Elsevier journal

articles that could not be read in full.

4.2 Characteristics of included studies

Plant configurations. The included studies model variants of one generic plant (Fig. 2): fuel preparation, thermal
conversion and a steam power cycle. Fig. 3 contrasts the first-law and second-law views of that plant; the destruction

results are reported in Section 4.5.

Fuel preparation

raw
waste

Municipal solid

Thermal conversion

waste (collection,
weighing, bunker)

> Combustion unit:

grate, fluidised bed
or rotary kiln (or
gasifier, plasma,
pyrolysis reactor)

A4

Pre-processing:
sorting, shredding,
metal and glass
removal

A 4

Drying and RDF
production: refuse-
derived fuel (pellets

or fluff), lower
moisture

RDF

Mass-burn plants skip
RDF production and
burn raw waste

v

hot flue gas

h 4

‘Waste-heat boiler:
evaporator,

superheater,
economiser

h 4

Flue-gas cleaning,
stack, ash residues

Steam
turbine

live
steam

Steam power cycle

electricity
to grid

T

shaft

v

Generator

exhaust steam

Condenser (heat | -gndensate

rejected to

cooling water
or air)

Feedwater
pump and
deaerator

feedwater to boiler

Optional: heat or cooling extracted
for district or process use
(cogeneration, trigeneration)

Fig. 2 Process flow of a thermochemical MSW-to-electricity plant: fuel preparation (sorting, shredding, drying and
optional production of refuse-derived fuel, RDF), thermal conversion in a combustion unit or alternative reactor with a
waste-heat boiler, and the steam power cycle. The schematic is generic and contains no data.
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(a) First law: energy balance

losses appear where energy leaves the plant

net electricity

(b) Second law: exergy balance

losses also appear inside components

net electricity

Waste fuel Waste fuel
v A 4
steam Steam
Combustion Steam turbine Combustion Steam turbine
and boiler and generator and boiler and generator
exhaust exhaust
steam steam
v l v l
Stack and [ Condenser Stack and Condenser

flue-gas cleaning

!

stack-gas loss

Fuel energy = net electricity + stack, condenser, ash,
radiation and auxiliary losses. Losses are located at
the plant boundary; the balance does not show
where work potential is lost inside components.

flue-gas cleaning

condenser heat rejection 1 Combustion and boiler heat transfer:
largest share of exergy destruction in 12

of 12 studies (39.6-91%)

2 Turbine and generator irreversibilities

3 Condenser: large energy loss but little

exergy

4 Stack and flue-gas train

Fig. 3 First-law (a) and second-law (b) views of the same plant. The energy balance locates losses at the plant boundary;
the exergy balance also locates irreversibilities inside components (numbered markers). Combustion and boiler heat
transfer was the largest source of exergy destruction in all 12 studies that reported a breakdown (39.6-91%; Table 3).
Marker sizes are not scaled to values, and the schematic contains no other data.

The 43 included studies were published between 2016 and 2026, and 19 of them in 2024-2026. The most common study

settings were:

Setting Studies
China 7
Iran 7 (including one validated against an Amsterdam plant and one
Iran—Italy collaboration)
Nigeria 5
Brazil 5
Italy 3 (plus the Iran—Italy collaboration)

NAMI models

Ghana, Colombia and the Danish context of the F-

2 each

Other countries

1 each
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Study types:

» 42 studies were models or simulations.
*  One study (Vukovi¢ & Makogon, 2024) compiled cost data from operating plants.

* Three models were validated or calibrated against operating-plant or design data (Esmaeilion, Ahmadi, & Dashti,
2021; Pan et al., 2020; Zhang et al., 2022).

Fig. 4 shows the study arms by year and technology and the studies by setting.
Of the 56 arms, 36 modelled incineration (grate, fluidised bed, rotary kiln, integrated or solar-assisted), 15 modelled
gasification, plasma, pyrolysis or their hybrids, and 5 modelled other configurations (MSW—natural-gas hybrids, coal co-

firing, a bottoming cycle and a multi-route scenario model). Net output ranged from about 0.01 MWe in micro-
polygeneration models to 111 MWe. Fig. 5 maps the evidence by technology and outcome.

(a) Study arms by year and technology

161 mm Incineration

14 4 MM Gasification, plasma, pyrolysis
8 Other

Study arms (n = 56)

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

(b) Studies by setting

China 7
Iran 7
Nigeria 5
Brazil 5
Italy 4
Colombia 2
Ghana 2
Denmark 2

10 other settings (one study each) 10

0 2 4 6 8 10
Studies (n = 43; a joint study counts for each country)

Fig. 4 Study arms by year and technology (a) and studies by setting (b). A study set in two countries is counted for each;
the Iran—Italy study therefore appears in both bars.
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Evidence map: number of included studies reporting each outcome, by technology

Bottoming subsystem - 1 0 0 0 1 1

Gasification A 6 1 0 5 2 7

Gasification + fuel cell ~ 2 1 1 1 0 2
Incineration

Integrated WtE (coal/biomass/NG) 4 3 1 1 3 5

Multiple (assumed) - 1 0 0 0 0 1

Plasma gasification - 0 1 0 1 0 2

Pyrolysis A 1 0 0 1 0 2

Solar-assisted o 4 5 2 1 1 5

T T T T T T

Energy Exergy Destruction Cost of NPV / Studies
efficiency efficiency by component electricity payback (any)

Fig. 5 Evidence map: number of study arms reporting each outcome, by technology group.

4.3 Appraisal

The appraisal results are shown in Fig. 6 and Supplementary File S6.

Objectives (D01) were clear in 39 studies.
Validation (D10) was Adequate in 3 studies and Inadequate in 27.

Balance closure (D04) was Adequate in 2 studies (Pan et al., 2020; Zhang et al., 2022) and Inadequate in 14, where
the reported flows did not close or contradicted each other.

Economic assumptions (D09) were Inadequate in 13 studies. Price year, O&M basis or discounting were missing
or inconsistent.

Auxiliary loads (D08) were Inadequate in 12 studies.
Reproducibility (D12) was Adequate in no study (Partial 33, Inadequate 10). No study published its model files.

Sensitivity analysis (D11) was Partial in 38 studies: usually one-at-a-time, with no uncertainty propagation.

The reviewer's recalculations found internal inconsistencies in many studies. Examples:

A component table in which a turbine destroys more exergy than the combustion chamber the text identifies as
largest (Vilardi & Verdone, 2020).

An LCOE above the electricity tariff while the NPV is positive (Barrak, Melian Cobas, Rend, & Rtia Orozco, 2026;
Yakah et al., 2024).

LCOEs of 0.83 and 2.3 USD/MWh, which are implausibly low (Rimon, Mohtasim, Kibria, Ahmed, & Das, 2025;
Sechoala, Popoola, & Ayodele, 2023).

An LCOE whose unit is not printed (Escamilla-Garcia et al., 2023).

An exergy efficiency of 26% that cannot follow from the reported total exergy destruction, which is about 0.02%
of the fuel exergy (Balmant et al., 2019).
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These values are flagged in the matrix and kept out of the summary ranges.

Engineering appraisal of the 43 included studies (single Al reviewer)

Amulah 2024
Carneiro 2019
Yari 2016
Moghaddam 2020
Chen 2024
Haruna 2026
Kaneesamkandi 2023
Wang 2024a
Barrak 2026
Ghasemi 2021
Heidarnejad 2021
Vilardi 2020
Esmaeilion 2021
Meng 2026
Mendecka 2018
Ling 2024

Pan 2020

Prebilic 2024
Zhang 2022
Mamadou 2026
Nami 2020b
Wang 2024b
Nkoi 2018

Liu 2022

Yakah 2024
Eliasu 2022

Nubi 2022
Pheakdey 2023
Yang 2018
Sechoala 2023
Vukovic 2024
Rimon 2025
Alzate-Arias 2018
Laaye 2025

Zeng 2024
Moosavian 2025
Castillo-Leon 2025
Joaquim 2025
Escamilla-Garcia 2023
Nami 2020a
Balmant 2019
Gallego 2019
Reale 2024

I Adequate [ Partial I I[nadequate [ Not reported 1 Not applicable

Fig. 6 Twelve-domain engineering appraisal of the 43 included studies (A = adequate, P = partial, I = inadequate, NR =
not reported, NA = not applicable).

Fig. 7 gives the rating counts for each domain: the objective was clear in 39 studies, whereas validation was inadequate

in 27 and reproducibility was adequate in none.
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M Adequate M Partial M Inadequate ™8 Not reported Not applicable

D01 Objective clarity

D02 Feedstock characterisation
D03 System description

D04 Mass, energy and exergy balance
D05 Energy-efficiency definition
D06 Exergy method

D07 Boundary transparency
D08 Auxiliary loads

D09 Economic assumptions
D10 Validation

D11 Sensitivity and uncertainty

D12 Reproducibility and data

Number of included studies (n = 43)

Fig. 7 Appraisal ratings by domain for the 43 included studies (number of studies per rating).

4.4 RQ1 and RQ6: electrical efficiency and its definitions
Forty-two rows in Supplementary File S7 report or assume an electrical or energy efficiency, and they use at least eight
different definitions.

Explicitly defined net efficiencies. Only the two F-NCEPU studies define net electrical efficiency explicitly as net WtE
power divided by LHV input (Pan et al., 2020; Zhang et al., 2022). For the same 500 t/d standalone plant they report
20.49% and 19.73%.

Other definitions in use:

* the product of boiler and conversion efficiency (21.7-23.7%; Vilardi & Verdone, 2020)
* power divided by boiler heat rather than fuel input (17.3%; Nkoi, Koate, & Hart, 2018)

» an undefined "plant" or "thermal" efficiency (Castillo-Leon, Tarazona-Romero, Ascanio-Villabona, & Lenguerke-
Perez, 2025; Esmaeilion et al., 2021)
 first-law efficiencies of multigeneration systems that add heat, cold or water to the numerator (47.9-85.3%)
Assumed rather than calculated. In 10 studies (12 rows), mostly economic models, the electrical efficiency was an
input assumption of 19.2—32% rather than a calculated result. In two of these, the reviewer's recalculation from reported
power and fuel input gave a different value: 16.5% against the stated 22.6% (Castillo-Leon et al., 2025), and 48.1%
against the stated 34.42% (Esmaeilion et al., 2021).

LHYV versus HHV basis. One study shows how the basis changes the result (WO05). The efficiency penalty of co-firing
MSW in a 660 MW coal unit was —1.55 percentage points on an LHV basis but —4.22 points on an HHV basis (Liu et
al., 2022).

Because definitions differ, no pooled electrical efficiency is reported (gate GO5: NOT DIRECTLY comparable).
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4.5 RQ2: exergy efficiency and exergy destruction

The exergy efficiencies by definition class are given in Table 2 and Fig. 8.

Table 2 Exergy efficiency by definition class (from Supplementary File S7).

Class Technology Arms Studies Range, % Median, arms /
(independent) independent

groups, %

EX-P (power / fuel incineration 8 6 (5) 15.39-34.4 24.8/30.9

chemical exergy)

EX-P gasifier + SOFC 1 1(1) 18.01 —

EX-PH (heat/cold exergy incineration 5 4(3) 13.27-35.34 26.7/26.2

counted)

EX-PS (solar, gas or incineration 4 3(3) 11.4-24.0 21.4/21.4

biogas input added)

EX-PS gasification 3 303) 14.3-52 27.5/27.5

EX-UNC (definition incineration 3(3) 3.56-26 25.0/25.0

unclear or not

reproducible)

EX-CITY (city-scale incineration / 2 1(1) 5.05;9.22 —

annual totals) plasma

EX-PHYS (physical incineration 1 1(1) 79-97 —

exergy only) (fluidised bed)

Power-only incineration (EX-P). Only this class is conditionally comparable across studies (gate GO1). Its six studies
are Vilardi and Verdone (2020), Esmacilion et al. (2021), Pan et al. (2020), Zhang et al. (2022), Barrak et al. (2026) and
Meng (2026).

They share the indicator definition but differ in:
+ the fuel chemical-exergy method: specific exergy, ywxLHV, H/C-O/C correlations, standard chemical exergies,
or waste-specific correlations

 the boundary: support fuel included in Barrak et al. (2026); flue-gas treatment included in Meng (2026);
integration with an adjacent plant in the F-NCEPU studies

Their range (15.4-34.4%) is therefore a description of reported values, not an estimate of a population mean. The median
is unstable: 24.8% when every arm counts once, and 30.9% when each independent group counts once, because the F-
NCEPU family contributes four lower arms.

Sensitivity analyses.
» Excluding studies rated Inadequate on balance closure leaves 18.7-34.4% from 2 independent groups.
» All EX-P values were verified in full text.
The other classes. Values from the other classes are reported side by side and never pooled:
» City-scale exergy efficiencies of 5.05% (incineration) and 9.22% (plasma) come from one study that used annual
city waste exergy as the input (Amulah, Oumarou, & Muhammad, 2024).
+ Physical-exergy-only values of 79-97% exclude the fuel's chemical exergy (Kaneesamkandi & Sayeed, 2023).

Neither describes plant performance in the usual sense. Two further studies reported exergy efficiencies only for a waste-
heat-recovery subsystem (Ling & Chen, 2024; Reale & Massoli, 2024) and are not included in Table 2.
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Reported exergy efficiencies grouped by how the efficiency was defined
(one marker per study arm; bars = reported ranges; not pooled)
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fuel exergy) counted input totals

Fig. 8 Reported exergy efficiencies grouped by definition class. Each point is one study arm; only EX-P values are
conditionally comparable.

Exergy destruction (Table 3, Figs. 3 and 9). Twelve studies (10 independent groups) reported which component
destroys most exergy, and in every one it was the combustion or conversion stage: the furnace, incinerator, combustion
chamber, WtE boiler or gasifier. Its share of total destruction ranged from 39.6% to 91%.

The upper part of this range comes from boundaries that combine the furnace and boiler. In Meng (2026), for example,
the incinerator alone accounts for 39.6%, but 69.5% when the boiler is included. The one gasifier-based value was 47%
(Ghasemi, Shayesteh, Doustgani, & Pazoki, 2021).

The direction of this finding is consistent across studies (gate G06, CONDITIONALLY comparable). Its magnitude
depends on where the component boundary is drawn.

Table 3 Largest exergy destruction component (from Supplementary File S7).

Study Configuration Component Share of total
destruction, %
Moghaddam & Ghasemi (2020) incineration furnace 83
Haruna et al. (2026) incineration incinerator 91
Barrak et al. (2026) incineration combustion 59
Ghasemi et al. (2021) gasification polygeneration gasifier 47
Vilardi & Verdone (2020) incineration combustion chamber 52 (RC)
Esmaeilion et al. (2021) incineration incinerator 66
Meng (2026) incineration incinerator (with boiler) 39.6 (69.5)
Mendecka et al. (2018) solar-assisted incineration WHE boiler 64
Pan et al. (2020) separate / integrated boilers 81 (RC)
Mamadou et al. (2026) CCHP incinerator 62.5
Nami et al. (2020b) CHP / CHP-ORC incinerator 86.2 /86
Nami et al. (2020a) trigeneration incinerator 89.5
RC =recalculated by the reviewer from the published component table.
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Share of exergy destruction in the combustion/conversion component
(as reported; Pan 2020 and Nami 2020b shares computed by the reviewer from reported values)

Haruna 2026 incineration - incinerator

Nami 2020a trigeneration - incinerator

Nami 2020b conventional CHP - incinerator
Nami 2020b CHP-ORC - incinerator
Moghaddam 2020 incineration - furnace

Pan 2020 integrated - boilers (WtE+biomass)
Pan 2020 separate - boilers (WtE+biomass)
Esmaeilion 2021 incineration - incinerator
Mendecka 2018 solar case - WtE boiler
Mamadou 2026 CCHP - incinerator

Barrak 2026 WTE - combustion

Vilardi 2020 incineration - combustion chamber
Ghasemi 2021 polygeneration - gasifier

Meng 2026 incineration - incinerator (+boiler)

T T T T

1
0 20 40 60 80 100

Share of total exergy destruction in the conversion component (%)

Fig. 9 Share of total exergy destruction in the combustion or conversion component, by study.

4.6 RQ3: thermoeconomic indicators

The 30 cost results fall into five definitions (Table 4, Fig. 10). Three results were flagged as implausible or of unverified
unit and excluded from the summaries: the LCOEs of 2.3 and 0.83 USD/MWh, and an LCOE whose unit is not printed
(216.92).

Table 4 Cost of electricity by definition (USD/MWh as published; nominal; outliers excluded; from Supplementary
File S7).

Definition Results Studies Range Median, results / Price year
(independent) independent groups stated

Model LCOE 10 919 44-200 88.5/100 2
(discounted or as stated)
LCOE with incentives 3 2(2) 38.7-175.2 58.2/111.8
LCOE of hybrid or 2 2(2) 179.2-527.7 —
microgrid system
Exergoeconomic unit 6 5(4) 11.3-88.9 68.3/67.2 1
cost of electricity
Undiscounted operating- 6 1(D) 135479 385/340 0
plant cost

Three studies reported a cost range rather than a single value and enter Table 4 at the midpoint of that range: Haruna,
Muhammad, and Abdulrahman (2026), 150-250 USD/MWh; Nubi, Morse, and Murphy (2022), 46—62 USD/MWh for
incineration; and Zeng et al. (2024), 36-51 USD/MWh. Counting the ends of these ranges, model LCOEs span 36—250
USD/MWh.
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The inputs to these costs varied widely:

Discount rates ranged from 3.5% to 12.5%, and lifetimes from 10 to 25 years.

In most model-LCOE studies the plant efficiency was assumed (Section 4.4), so the LCOE does not reflect a
calculated thermodynamic result.

Exergoeconomic unit costs often set the waste fuel cost at or near zero. Nami et al. (2020a) report 11.29 USD/MWh
with zero fuel cost, so these are not costs of electricity in the LCOE sense (gate G08).

The operating-plant costs of Vukovi¢ and Makogon (2024) are undiscounted and exclude gate fees, so they cannot
validate the model LCOEs (gate G09).

Cross-study cost levels are therefore NOT DIRECTLY comparable (G07), and the ranges are reported only to show how
wide and definition-dependent they are.

Cost of electricity, USD/MWh
(as published, nominal, log scale)

—_

=}
™~
1

—_

o
—
1

10°

Costs of electricity are not one quantity: grouped by definition, no price-year adjustment possible
(a price or cost-data year is stated for only 3 of the 30 arms shown)

L
0@
[
oe® ® [ ]
® [ ]
L J
[ ] ....
000 b °
¢ o
O

Model LCOE LCOE with Hybrid / Exergoeconomic Undiscounted
incentives microgrid unit cost cost, operating

system LCOE plants

@® incineration

gasification / plasma / pyrolysis

flagged implausible or unit unverified (excluded from summaries)

Fig. 10 Reported costs of electricity grouped by definition (log scale). Crosses mark flagged values excluded from
summaries.
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Fig. 11 brings the exergy-efficiency and cost summaries together with the sensitivity analysis. It describes ranges and
medians only and is not a pooled estimate.

(a) Exergy efficiency by definition class
6 st. /5 grp.

Power only, incineration -

3st./ 2 grp.

1

Power only, incineration (excl. |
balance-inadequate studies)

Power only, gasification/plasma - ¢' 1 st./ 1 grp.

Power + heat/cold exergy, | _ 4st./3 grp.
incineration
Solar or 2nd fpel_m input, | - 3 st. /3 grp.
incineration
gasification/plasma
Definition unclear, incineration - 3st. /3 grp.

City-scale totals, incineration ¢ 1st./1grp.

City-scale totals, | 1st. /1 ar
gasification/plasma ¢ e
Physical exergy only, incineration - _ 1 st./ 1 grp.
0 20 40 60 80 100
Reported exergy efficiency (%)
€ median of independent groups O  median of arm midpoints
(b) Cost of electricity by definition
LCOE with incentives - & 2 st.
Exergoeconomic unit cost - O 5 5L
Model LCOE A o _ 9 st.
LCOE, hybrid/microgrid - —e— ) ST
Operatingjplant cost | o=C | st
(undiscounted)
T T T T LA L R |

10! 10% 10°
Cost, USD/MWh (log scale; nominal, mixed price years)

Fig. 11 Summary statistics by definition class. (a) Exergy efficiency: bars show reported ranges; diamonds, median of
independent groups; circles, median of arm midpoints; the hatched bar repeats the power-only incineration range after
excluding studies rated Inadequate for balance closure (st. = studies, grp. = independent groups). (b) Cost of electricity
by definition on a log scale; values are nominal and most price years were not stated. Classes are not comparable with

one another.
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4.7 RQ4 and RQS5: within-study evidence on feedstock and technology

Because cross-study comparison was blocked by the gate, effects of feedstock and technology were taken from studies
that varied one factor within one model (Table 5; full list in Supplementary File S7).

Table 5 Within-study direction of effects (selected; FT-verified unless marked).

ID Study Change Indicator Effect as reported
WO01 Chen et al. (2024) gasifier-inlet moisture 40% | net power 3447 — 4297 MW
— 0% by heat-pump
drying
w03 Escamilla-Garcia et al. | LHV —25/-50/-75% NPV 706.4 — 410.7/174.9/
(2023) —86.4 MUSD
Wwo04 Liu et al. (2022) pre-drying MSW co-fired plant efficiency +1.24 to +2.26 points
at 30% mass (HHV)
W06 Nubi et al. (2022) incineration vs gasification, | LCOE 4662 vs 77 USD/MWh
same cost model
WO07 Alzate-Arias et al. incineration vs gasification, | LCOE (incentive 38.73 vs 58.17 USD/MWh
(2018) same plant size case)
W08 Vukovi¢ & Makogon six technologies, operating | undiscounted cost rotary kiln 135 and grate
(2024) plants 253 lowest; plasma 479
highest (USD/MWh)
W11 Pan et al. (2020) standalone vs integrated net el. / exergy 20.49 — 22.12%/19.40
with biomass plant efficiency — 20.94%
W12 Zhang et al. (2022) standalone vs steam net el. / exergy 19.73 — 30.21%/ 18.68
integration with coal unit efficiency — 28.60%
W14— | Mendecka et al. (2018) | solar vs gas superheater exergy efficiency; gas higher efficiency
15 exergy cost vs (21.8-24.0 vs 18.6—
thermo-ecological 21.1%); ranking reverses
cost between the two cost
indicators
W16 Nami et al. (2020b) turbine inlet 500 — 600 °C | electrical / exergy 25.87 —26.9%/27.24 —
efficiency 28.06%
W18 Yang et al. (2018) availability —20% / capital | LCOE +64.2% / —42.9% /
—20% / gate fee +20% —34.0%
W21 Vilardi & Verdone flue-gas recirculation net / exergy 21.7 — 23.5%; 0.31 —
(2020) efficiency 0.34
W22 Moosavian et al. (2025) | power only vs power + exergy efficiency 25% vs 16%
(PARTIAL) desalinated water

Feedstock (RQ4). Lower moisture and higher heating value consistently improved power output, efficiency or NPV
(W01-W04). No study isolated the effect of waste composition other than moisture and LHV.

Technology (RQS5).
* Incineration versus gasification: in both studies that compared them under the same economic assumptions,
incineration had the lower LCOE (W06, WO07). Both relied on assumed rather than calculated efficiencies.

* Operating-plant costs: grate and rotary-kiln plants had lower average costs than gasification, plasma and
pyrolysis plants (W08). That comparison is between different plants in different countries.

* Integration with a coal or biomass plant raised the WtE exergy efficiency in both F-NCEPU studies (W11—
W12). However, the larger gain in Zhang et al. (2022) attributes part of the coal unit's high-efficiency steam cycle
to the WtE plant.
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Indicator choice can reverse a ranking: Mendecka, Lombardi, Gladysz, and Stanck (2018) found that a solar
superheater looks worse on exergy cost but better on thermo-ecological cost (W15).

Fig. 12 plots the size of the within-study changes in Supplementary File S7, so that the direction and the order of
magnitude of each single-factor effect can be seen at a glance. Bar lengths from different studies should not be compared
with each other, because plant models, bases and cost assumptions differ.

(a) Efficiency indicators: one factor changed within the same study

Inlet moisture 40% to 0%: cold-gas efficiency
Chen 2024

+32.95
Integration with 660 MW coal unit: net electrical
Zhang 2022

Integration with 660 MW coal unit: exergy
Zhang 2022

Incineration to plasma: exergy (city-scale)
Amulah 2024

Pre-dried MSW co-fired, steam dryer (HHV)
Liu 2022

Integration with biomass plant: net electrical
Pan 2020

Pre-dried MSW co-fired, air dryer (HHV)
Liu 2022

Turbine inlet 500 to 600 C: electrical
Nami 2020b

Co-firing penalty, LHV basis
Liu 2022

Co-firing penalty, HHV basis
Liu 2022

Power only to power + water: exergy
Moosavian 2025

-40 -30 —20 -10 0 10 20 30 40
Change in efficiency, percentage points (second option minus first)

(b) Cost indicators: one factor changed within the same study

Plant availability -20%: LCOE
Yang 2018

+64.2

Waste cost 1.5 to 2.5 USD/GJ: unit cost of power
Nami 2020b

No incentive to Law 1715: LCOE
Castillo-Leon 2025

Conversion efficiency 15% to 40%: LCOE

Pheakdey 2023
Gate fee +20%: LCOE -34.0
Yang 2018 '
Capital cost -20%: LCOE 42.9
Yang 2018 ’
T T T T T T T T T
-80 -60 -40 =20 0 20 40 60 80

Relative change in cost indicator (%)

Fig. 12 Within-study effects of changing one factor (Supplementary File S7, W01-W22 except W10). (a) Change in
efficiency indicators, in percentage points (second option minus first). (b) Relative change in cost indicators. Bar labels
give the source study.

137
Derna Academy Journal for Applied Sciences (DAJAS) - Legal Filing Number (2023-133), Email: Jas@lad.edu.ly



4.8 Confidence in the main findings
The criteria used in Table 6 are:

* Moderate: a consistent direction in at least 3 independent groups, full-text verified, with comparison at least
CONDITIONALLY allowed.

* Low: arange from a CONDITIONALLY comparable set, or a direction from 1-2 groups.

* Very low: values that are NOT DIRECTLY comparable, or a single study with flagged inconsistencies.

These are the reviewer's judgements and not a formal GRADE assessment.

Table 6 Summary of findings and confidence.

Finding Evidence Confidence

Combustion or conversion is the largest source of 12 studies, 10 groups, all consistent | Moderate (magnitude:

exergy destruction Low)

Power-only incineration exergy efficiency lies in 6 studies, 5 groups, conditionally Low

15-34% comparable

Drying the feed or a higher LHV raises output, 3 studies, 3 groups, within-study Moderate

efficiency or NPV

Steam-cycle upgrades (higher temperature, FGR, 4 studies, 3 groups, within-study Moderate

integration) raise efficiency

Incineration has a lower modelled LCOE than 2 studies, assumed efficiencies Low

gasification

Typical LCOE of MSW-to-electricity 9 studies, not comparable Very low (no estimate
offered)

Reporting and validation are weak 43 studies appraised Moderate (single
reviewer)

5. DISCUSSION

5.1 Principal findings
Three findings stand out:

1. A headline number usually hides a choice of definition. Within a single label such as "exergy efficiency" or
"LCOE", reported values span more than an order of magnitude because the indicators are defined differently.
When the values are grouped by definition, the spread narrows. Power-only incineration, for example, falls within
15-34% exergy efficiency.

2. The most reliable results are directional. Combustion irreversibility dominates the exergy destruction. Removing
moisture, recirculating flue gas, raising steam temperature and integrating with a more efficient steam cycle all
improve performance.

3. Economic results are weakly tied to thermodynamics. Most cost models assume an efficiency rather than
calculate one, and almost none state a price year. As a result, the reported LCOE cannot be traced to a
thermodynamic design or adjusted to a common basis.

5.2 Interpretation

Exergy destruction. The dominance of combustion is expected from thermodynamics: the irreversibility of burning a
low-grade, wet fuel at limited steam conditions. The variation in its magnitude (40-91%) mainly reflects where authors
draw the boiler boundary. Reporting destruction for the furnace and the heat-transfer surfaces separately would make
these values comparable.

Exergy efficiency. The EX-P range overlaps the annual net electrical efficiencies of six operating Italian WtE plants
(14.5-27.3%) reported in a study excluded from the synthesis because its outcome was whole-chain costing (Rigamonti,
Borghi, Martignon, Ciceri, & Grosso, 2019); these are used here as context only.
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This is consistent with fuel chemical exergy being only slightly higher than LHV for MSW. The ratio of chemical exergy
to LHV (B) was about 1.1 in the unpublished manuscript of Appendix B, for example.

Feedstock effects. The fuel chemical-exergy method was rarely justified. With  varying by a few percent between
methods, exergy efficiencies can shift by about 1 percentage point; in the unpublished manuscript of Appendix B,
recalculating with a Szargut-type B changed the value by —0.27 points. This is small compared with definitional
differences, but it is not negligible for rankings.

Technology choice. The within-study evidence favours incineration over gasification on modelled cost, and grate or
rotary kiln over plasma and pyrolysis on operating-plant cost. These comparisons are few, and the modelled ones depend
on assumed efficiencies. Exergy-based comparisons of incineration and gasification under the same boundary and feed
were not found in the open-access evidence.

5.3 Comparison with existing reviews

Fourteen reviews were mapped on fifteen descriptive fields, including review type, technologies, outcomes, method,
uncertainty, boundary and quality treatment (Supplementary File S11). Three findings shape how this review's
contribution should be read.

The exergy ranges confirm an earlier review. The abstract of Soltanian et al. (2022) reports exergy efficiencies of about
17-40% for incineration-based and 22-56% for gasification-based MSW systems. The EX-P incineration range here
(15.39-34.4%) and the EX-PS gasification range (14.3-52%) are consistent with those figures. The ranges themselves
are therefore not a new result.

Systematic methods and comparability framing are not new either. Inuwa et al. (2026) and Rumbayan et al. (2026)
used PRISMA-based searches of MSW thermochemical and WtE techno-economic literature. Banas et al. (2026) graded
MSWe-incineration findings as robust, mixed or non-comparable and declined to pool them. The remaining mapped
reviews address technology evolution, sustainability overviews, decision frameworks, efficiency enhancement or
qualitative technology comparison (Alrbai et al., 2026; Hsu et al., 2024; Jamilatun, Pitoyo, & Setyawan, 2023; Katruksa,
Pongpakpian, & Kerdlap, 2026; Makarichi, Jutidamrongphan, & Techato, 2018). Of these, Makarichi and Hsu could be
judged from title and record only; the abstract of Katruksa et al. (2026) describes efficiency-enhancement strategies
(combustion control, heat recovery, hybrid and grid integration) without a synthesis of indicator values. A review titled
as a systematic evaluation of the efficiency of WtE incineration for electricity (Maphuhla & Oyedeji, 2025) was identified
only from the reference list of Katruksa et al. (2026) and could not be inspected; it is the review most likely to overlap
with RQ1.
What this review adds, in the content inspected, is the combination applied to MSW-to-electricity exergy and cost
indicators:

1. grouping exergy-efficiency and cost results into definition classes before any comparison, with an explicit

comparability gate

2. reviewer recalculation of reported balances, which changed two stated efficiencies (Section 4.4)

3. a 12-domain engineering appraisal of each study

4. independence-aware counting through study families, with open logs and scripts

The contribution is therefore best described as potentially distinct, with limitations. The full text of the closest review
was not read, so it may already separate exergy definitions. Four reviews, including Maphuhla and Oyedeji (2025), were
judged from title and record only, and subscription databases were not searched for reviews. Reading the full texts listed
in Supplementary File S11 would settle the overlap.

5.4 Strengths and limitations
Strengths:
* aprotocol written before screening
* complete logging of searches, decisions and scripts
* extraction that preserves definitions
* independence-aware counting through study families

* no pooling of non-comparable values
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Limitations. The following limitations affect how far the results can be relied on:

1. No subscription databases. Scopus, Web of Science and Compendex were not searched, so recall is unknown.

. Open-access full texts only. 349 of 420 reports sought could not be assessed at all, mostly Elsevier journals

(Energy, Energy Conversion and Management, Applied Thermal Engineering, Waste Management), where much
of the exergoeconomic literature is published. The included evidence over-represents open-access outlets (MDPI
journals, regional journals, conference proceedings), and this may bias it towards smaller or less-reviewed studies.

. Single reviewer. Screening, extraction and appraisal were done by one reviewer, an Al agent (Section 2.11),

without dual independent checking or verification by a second person. Errors in reading tables or in judging
eligibility are possible; the borderline items are listed in Supplementary File S12.

. Title-only screening. Most records were screened on title alone (DV06). The many "unclear" records reduced the

risk of wrong exclusion but raised the number of reports that could not be retrieved.

. Models, not plants. Almost all evidence comes from models. Only 3 were adequately validated, so the ranges

describe modelled rather than measured performance.

. Copyright limits on quotation. The retrieval tool paraphrases text, so values were transcribed from tables as read.

Each value has its location recorded for checking.

. No registered protocol. The protocol was not registered, and it was written after a pilot search (DVO01).

. Search terms. The audit found that the term "exergetic" had been missed; the added query (Q7) found 3 more

eligible studies. Other synonyms, such as "second-law" or "availability analysis", were not tested, so further studies
may have been missed. As an informal recall check, 10 of 13 primary MSW-to-electricity studies cited by one
recent review (Katruksa et al., 2026) were already in the records. One of the three missed, an NPV-based techno-
economic study (Asante, Gyamfi, & Amo-Boateng, 2023), was missed because the queries had no NPV or payback
terms (Supplementary File S11).

. Incomplete review mapping. The closest existing review was judged from its abstract, four others from title and

record only, and one review query was rate-limited (DV17). Overlap with existing reviews may therefore be
understated.

5.5 Implications and research priorities (RQ8)

For authors of primary studies. A minimum reporting set would make cross-study synthesis possible:

NS A

8.
9.

Exergy efficiency definition, stating products and fuels, with the equation.

Fuel chemical-exergy method and [ value.

LHYV or HHV basis, and moisture basis.

Gross and net output, with an itemised auxiliary load.

Component boundaries for the destruction breakdown, with furnace and boiler separate.
A closed mass, energy and exergy balance table, including stack and ash losses.

For costs: currency, price year, discount rate (real or nominal), lifetime, capacity factor, O&M, gate fee and revenue
treatment, and whether efficiency was calculated or assumed.

Validation against plant or design data.
Model files or full input tables.

Research priorities:

operating-plant exergy and cost studies
same-boundary comparisons of incineration and gasification
uncertainty propagation in place of one-at-a-time sensitivity

a repeat of this review with subscription-database access and full texts of the paywalled literature
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6. CONCLUSION
From 43 open-access studies, the evidence supports directional conclusions:

* Combustion is the main source of exergy destruction in MSW-to-electricity systems.
* Drying, flue-gas recirculation, higher steam temperature and integration with efficient steam cycles raise efficiency.
* Within the few studies that compare them, incineration has lower modelled cost than gasification.

Power-only incineration exergy efficiency lies between about 15% and 34% under a broadly shared definition.

The evidence does not support a single typical value for exergy efficiency across definitions, or for the cost of electricity.
These indicators should not be compared across studies unless their definitions, bases and price years are reported.

ACKNOWLEDGMENT

During the preparation of this study, the author used Claude (Anthropic), an Al agent, to run the database searches through
open APIs, screen records, read open-access full texts, extract data, appraise studies, write the analysis code, draw the
figures and draft the text, as described in Section 2.11. The author reviewed and edited the output and takes full
responsibility for the content of this publication.

Author contributions: Conceptualization, A.A.E.; methodology, A.A.E.; writing—review and editing, A.A.E.;
supervision, A.A.E.; project administration, A.A.E. The literature search, screening, data extraction, analysis and first
draft were carried out by an Al agent (Claude, Anthropic) under the author's direction, as described in Section 2.11. The
author has read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Conflicts of interest: The author declares no conflicts of interest.
Informed consent: Not applicable.

Data availability: All data supporting this review are provided in Supplementary Files S1-S13: search logs and raw result
pages, screening decisions, full-text notes, the extraction matrix, appraisal tables, synthesis tables, the analysis code that
regenerates every table, figure and PRISMA count, and the quality-control files.

Supplementary materials: File S1: Search log, exact query strings, dates, counts, API URLs and raw result pages; File
S2: Deduplication log, unique records, title/abstract screening decisions and PRISMA record status; File S3: Report
retrieval log, per-study full-text notes with source locations, and the list of reports not retrieved; File S4: Extraction matrix
(56 study arms, 33 fields) with verification status and flags; File S5: Abstract-tier records; File S6: Twelve-domain
appraisal with reasons, and domain counts; File S7: Synthesis tables S1-S7 (exergy by class, destruction shares,
efficiency definitions, cost summaries, within-study effects W01-W22 except W10, comparability gate G0O1-G11) and
the meta-analysis feasibility note; File S8: Python code that regenerates every table, figure and PRISMA count; File S9:
Recalculation of the unpublished candidate manuscript (Appendix B); File S10: Protocol v1.0, capability audit and
deviation log (DV01-DV17); File S11: Existing-review mapping: review searches, content inspection, novelty matrix
and rating rationale; File S12: Quality control: claim-to-evidence matrix, unit-conversion check, issue log, internal audits
and human-verification checklist; File S13: PRISMA 2020 checklist.

Abbreviations: CCHP, combined cooling, heating and power; CHP, combined heat and power; FGR, flue-gas
recirculation; HHV / LHV, higher / lower heating value; HRSG, heat-recovery steam generator; LCOE, levelised cost of
electricity; MSW, municipal solid waste; NPV, net present value; NR / NA / NC, not reported / not applicable / not
calculable; O&M, operation and maintenance; ORC, organic Rankine cycle; PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; RDF / SRF, refuse-derived fuel / solid recovered fuel; RQ, research question;
SOFC, solid oxide fuel cell; WtE, waste-to-energy.

7. REFERENCES

Alrbai, M., Ismail, O. A., Fan, Z., Liang, Y., Kalidasan, B., & Lee, J. (2026). Integrated waste-to-energy systems: A
comprehensive review of technologies, decision frameworks, and sustainability metrics. Fuel, 430, 141544.
doi:10.1016/j.fuel.2026.141544

141
Derna Academy Journal for Applied Sciences (DAJAS) - Legal Filing Number (2023-133), Email: Jas@lad.edu.ly


https://doi.org/10.1016/j.fuel.2026.141544

Alzate-Arias, S., Jaramillo-Duque, A., Villada, F., & Restrepo-Cuestas, B. (2018). Assessment of government incentives
for energy from waste in Colombia. Sustainability, 10(4), 1294. doi:10.3390/sul0041294

Amulah, N. C., Oumarou, M. B., & Muhammad, A. B. (2024). Exergy analysis of waste-to-energy technologies for
municipal solid waste management. FEnvironment and Natural Resources Journal, 22(3), 232-243.
doi:10.32526/ennrj/22/20240023

Arifianti, Q. A. M. O., Rojas Michaga, M. F., Rabea, K., & Michailos, S. E. (2026). A holistic review of waste-to-energy
multigeneration systems for biofuels and co-products. Current Opinion in Green and Sustainable Chemistry, 60, 101082.
doi:10.1016/j.cogsc.2026.101082

Asante, K., Gyamfi, S., & Amo-Boateng, M. (2023). Techno-economic analysis of waste-to-energy with solar hybrid: A
case study from Kumasi, Ghana. Solar Compass, 6, 100041. doi:10.1016/j.s0lcom.2023.10004 1

Balmant, W., Souza, D. M., Vargas, J. V. C., & Sousa, D. L. (2019). Energy and exergetic analysis of the energy production
process from the incineration of urban solid waste. In Proceedings of the 25th International Congress of Mechanical
Engineering (COBEM 2019) (Paper COB2019-0843). ABCM. doi:10.26678/abcm.cobem2019.cob2019-0843

Banas, M., Pajak, T., & Ciuta, J. (2026). Municipal solid waste incineration with energy recovery: A critical review of
process performance, emissions, residues, and system integration. Energies, 19(11), 2698. doi:10.3390/en19112698

Barrak, E., Melian Cobas, V. R., Ren6, M. L. G., & Ria Orozco, J. (2026). Techno-economic and CO2 emissions of
electric energy generation from municipal solid waste incineration and landfill gas: A case study in a medium-sized city
in Brazil. Revista Cientifica Sistematica, 16(9), e11146. doi:10.56238/rcsv16n9-003

Carneiro, M. L. N. M. (2019). Energy, exergy, economic, environmental (4E) analysis of hybrid systems for electricity
generation from municipal solid waste and natural gas (Doctoral dissertation). Pontifical Catholic University of Rio de
Janeiro (PUC-Rio), Rio de Janeiro, Brazil. doi:10.17771/pucrio.acad.47864

Castillo-Leon, N. Y., Tarazona-Romero, B., Ascanio-Villabona, J., & Lenguerke-Perez, O. (2025). Energy and economic
analysis of waste-to-energy plants with government incentives in Colombia. Heritage and Sustainable Development,
7(2), 885-898. d0i:10.37868/hsd.v7i2.1282

Chen, H., Song, X., & Jian, Y. (2024). Performance assessment of a municipal solid waste gasification and power
generation system integrated with absorption heat pump drying. Energies, 17(23), 6034. doi:10.3390/en17236034

Eliasu, A., Derkyi, N. S. A., & Gyamfi, S. (2022). Techno-economic analysis of municipal solid waste gasification for
electricity generation. International Journal of Energy Economics and Policy, 12(1), 342—-348. doi:10.32479/ijeep.11894

Escamilla-Garcia, P. E., Coria-Paez, A. L., Pérez-Soto, F., Gutiérrez-Galicia, F., Caire, C., & Martinez-Vargas, B. L.
(2023). Financial and technical evaluation of energy production by biological and thermal treatments of MSW in Mexico
City. Energies, 16(9), 3625. d0i:10.3390/en16093625

Esmaeilion, F., Ahmadi, A., & Dashti, R. (2021). Exergy-economic-environment optimization of the waste-to-energy
power plant using multi-objective particle-swarm optimization (MOPSO). Scientia Iranica, 28(5), 2733-2750.
doi:10.24200/s¢i.2021.55633.4323

Gallego, A. G., Kubo, H., Gutierrez-Gomez, A. C., Bereche, R. P, Neto, A. M. P., & Rocha, A. D. (2019). Thermodynamic
analysis of behaviour in a combined cycles operating with biogas and municipal solid waste. International Journal of
Thermodynamics, 22(2), 74-82. doi:10.5541/ij0t.500240

Ghasemi, A. M., Shayesteh, A. A., Doustgani, A., & Pazoki, M. (2021). Thermodynamic assessment and optimization of
a novel trigeneration energy system based on solar energy and MSW gasification using energy and exergy concept.
Journal of Thermal Engineering, 7(1), 349-366. doi:10.18186/thermal.850819

142
Derna Academy Journal for Applied Sciences (DAJAS) - Legal Filing Number (2023-133), Email: Jas@lad.edu.ly


https://doi.org/10.3390/su10041294
https://doi.org/10.32526/ennrj/22/20240023
https://doi.org/10.1016/j.cogsc.2026.101082
https://doi.org/10.1016/j.solcom.2023.100041
https://doi.org/10.26678/abcm.cobem2019.cob2019-0843
https://doi.org/10.3390/en19112698
https://doi.org/10.56238/rcsv16n9-003
https://doi.org/10.17771/pucrio.acad.47864
https://doi.org/10.37868/hsd.v7i2.1282
https://doi.org/10.3390/en17236034
https://doi.org/10.32479/ijeep.11894
https://doi.org/10.3390/en16093625
https://doi.org/10.24200/sci.2021.55633.4323
https://doi.org/10.5541/ijot.500240
https://doi.org/10.18186/thermal.850819

Haruna, M. S., Muhammad, S. U., & Abdulrahman, A. 1. (2026). Techno-economic feasibility of municipal solid waste
(MSW) incineration for electricity generation in Kaduna Metropolis, Nigeria. [RE Journals, 10(1).
doi:10.64388/IREV1011-1719703

Heidarnejad, P., & Noorpoor, A. (2021). Performance comparison and investigation of two different renewable energy
fueled multigeneration systems. Journal of Thermal Engineering, 7(5), 1039—1055. doi:10.18186/thermal.977707

Hsu, H.-W.,, Binyet, E. M., Nugroho, R. A. A., Wang, W.-C., Srinophakun, P., Chein, R., . . . Laemthong, T. (2024).
Toward sustainability of waste-to-energy: An overview. Energy Conversion and Management, 321, 119063.
doi:10.1016/j.enconman.2024.119063

Inuwa, A. M., Aliyu, U. M., Tetteh, E. K., & Rathilal, S. (2026). Thermochemical conversion of municipal solid waste to
energy: Challenges, advancements and future prospects—A review. Frontiers in Energy Research, 14, 1848148.
doi:10.3389/fenrg.2026.1848148

Jamilatun, S., Pitoyo, J., & Setyawan, M. (2023). Technical, economic, and environmental review of waste to energy
technologies from municipal solid waste. Jurnal Ilmu Lingkungan, 21, 581-593. doi:10.14710/jil.21.3.581-593

Joaquim, S., Amaro, N., & Lapa, N. (2025). Assessing the potential of a hybrid renewable energy system: MSW
gasification and a PV park in Lobito, Angola. Energies, 18(12), 3125. doi:10.3390/en18123125

Kaneesamkandi, Z., & Sayeed, A. (2023). Evaluation of multi-utility models with municipal solid waste combustion as
the primary source under specific geographical and operating conditions. Energies, 16(15), 5696.
d0i:10.3390/en16155696

Katruksa, S., Pongpakpian, S., & Kerdlap, P. (2026). An integrated review of waste-to-energy plant efficiency
enhancement: Fuel stability, heat recovery and net power output performance. Current Applied Science and Technology,
€0270249. doi:10.55003/cast.2026.270249

Laaye, K., Oguche, S. O., Jidda, I. I., & Adamu, A. A. (2025). Economic viability of waste-to-energy: Pathways for
sustainable power generation in Jalingo, Taraba State, Nigeria. FUDMA Journal of Engineering and Technology, 1(2),
607-614. doi:10.33003/9k0d8¢89

Ling, J., & Chen, X. (2024). Energy and economic analysis of a new combination cascade waste heat recovery system of
a waste-to-energy plant. Energies, 17(20), 5196. doi:10.3390/en17205196

Liu, M., Li, M., Liu, R., Xu, C,, Han, X., & Yan, J. (2022). Influence of pre-drying on the coal-fired power plant
incinerating municipal solid waste: A thermo-economic analysis. In Proceedings of the 22nd International Drying
Symposium (IDS 2022). doi:10.55900/ghvprfxk

Makarichi, L., Jutidamrongphan, W., & Techato, K. (2018). The evolution of waste-to-energy incineration: A review.
Renewable and Sustainable Energy Reviews, 91, 812—821. doi:10.1016/j.rser.2018.04.088

Mamadou, A.-F., Idrissou, M. O. K., Sanya, S. A. O., & Vargas, J. V. C. (2026). Techno-economic (3E) assessment and
multi-objective optimization of multi-generation energy system with LHTES integrated based on MSW incineration
technology. In Proceedings of the 9th International Conference of Energy Harvesting, Storage, and Transfer (EHST 2026)
(Paper 102). Barcelona, Spain. doi:10.11159/¢hst26.102

Maphuhla, N. G., & Oyedeji, O. O. (2025). From trash to treasure: Systematic evaluation of potential and efficiency of
waste-to-energy incineration for electricity generation. Waste, 3(4), 39. doi:10.3390/waste3040039

Mendecka, B. M., Lombardi, L., Gladysz, P., & Stanek, W. (2018). Exergo-ecological assessment of waste to energy
plants supported by solar energy. Energies, 11(4), 773. doi:10.3390/en11040773

143
Derna Academy Journal for Applied Sciences (DAJAS) - Legal Filing Number (2023-133), Email: Jas@lad.edu.ly


https://doi.org/10.64388/IREV10I1-1719703
https://doi.org/10.18186/thermal.977707
https://doi.org/10.1016/j.enconman.2024.119063
https://doi.org/10.3389/fenrg.2026.1848148
https://doi.org/10.14710/jil.21.3.581-593
https://doi.org/10.3390/en18123125
https://doi.org/10.3390/en16155696
https://doi.org/10.55003/cast.2026.270249
https://doi.org/10.33003/9k0d8g89
https://doi.org/10.3390/en17205196
https://doi.org/10.55900/qhvprfxk
https://doi.org/10.1016/j.rser.2018.04.088
https://doi.org/10.11159/ehst26.102
https://doi.org/10.3390/waste3040039
https://doi.org/10.3390/en11040773

Meng, J. (2026). Exergoeconomic analysis of thermodynamic efficiency and revenue allocation mechanisms for waste-
to-energy PPP projects based on extended exergy accounting. International Journal of Heat and Technology, 44(4), 1624—
1636. doi:10.18280/ijht.440426

Moghaddam, M., & Ghasemi, A. (2020). Thermodynamic and environmental comparative investigation and optimization
of landfill vs. incineration for municipal solid waste: A case study in Varamin, Iran. Journal of Thermal Engineering,
6(6), 226-246. doi:10.18186/thermal.820234

Moosavian, S. F., Mirzaei, N., Hajinezhad, A., Yousefi, H., Fattahi, R., & Golshadi, M. R. (2025). Thermodynamic,
economic, and environmental evaluation of municipal waste incinerator to produce power and fresh water. Energy
Science & Engineering, 13(11), 5554-5565. doi:10.1002/ese3.70263

Nami, H., Anvari-Moghaddam, A., & Arabkoohsar, A. (2020a). Thermodynamic, economic, and environmental analyses
of a waste-fired trigeneration plant. Energies, 13(10), 2476. doi:10.3390/en13102476

Nami, H., Anvari-Moghaddam, A., Arabkoohsar, A., & Razmi, A. R. (2020b). 4E analyses of a hybrid waste-driven CHP—
ORC plant with flue gas condensation. Sustainability, 12(22), 9449. doi:10.3390/su12229449

Nkoi, B., Koate, C., & Hart, H. I. (2018). Thermo-economic analysis of a retrofit small scale municipal solid waste power
plant. European Journal of Engineering Research and Science, 3. doi:10.24018/ejeng.2018.3.3.614

Nubi, O., Morse, S., & Murphy, R. (2022). Prospective life cycle costing of electricity generation from municipal solid
waste in Nigeria. Sustainability, 14, 13293. doi:10.3390/su142013293

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D., . . . Moher, D. (2021). The
PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM.J, 372, n71. doi:10.1136/bmj.n71

Pan, P., Zhang, M., Xu, G., Chen, H., Song, X., & Liu, T. (2020). Thermodynamic and economic analyses of a new waste-
to-energy system incorporated with a biomass-fired power plant. Energies, 13(17), 4345. doi:10.3390/en13174345

Pheakdey, D. V., Quan, N. V., & Xuan, T. D. (2023). Economic and environmental benefits of energy recovery from
municipal solid waste in Phnom Penh Municipality, Cambodia. Energies, 16(7), 3234. doi:10.3390/en16073234

Prebili¢, V., Moze, M., & Golobi¢, 1. (2024). Waste-to-energy processes as a Municipality-level waste management
strategy: A case study of Kocevje, Slovenia. Processes, 12(5), 1010. doi:10.3390/pr12051010

Reale, F., & Massoli, P. (2024). A hybrid energy system based on externally fired micro gas turbines, waste heat recovery
and gasification systems: An energetic and exergetic performance analysis. FEnergies, 17(15), 3621.
d0i:10.3390/en17153621

Rigamonti, L., Borghi, G., Martignon, G., Ciceri, G., & Grosso, M. (2019). Analisi dei costi del ciclo di vita di filiere di
produzione di energia dal rifiuto urbano indifferenziato basate sul pretrattamento meccanico biologico [Life cycle cost
analysis of energy production chains from unsorted municipal waste based on mechanical-biological pretreatment].
Ingegneria dell’Ambiente, 6, 30—42. doi:10.32024/ida.v6i1.205

Rimon, S. T. A., Mohtasim, M. S., Kibria, M. G., Ahmed, M. M., & Das, B. K. (2025). Techno-economic and eco-friendly
MSW-based strategy to reduce the impact of Rajshahi City EV power outage in Bangladesh. Clean Technologies and
Environmental Policy, 27, 7597-7610. doi:10.1007/s10098-025-03260-3

Rumbayan, M., Pandyaswargo, A. H., Kindangen, J. I., & Onoda, H. (2026). Techno-economic-environmental analysis
and demonstration of waste-to-energy implementation: A systematic literature review. Waste Management Bulletin, 4,
100337. doi:10.1016/j.wmb.2026.100337

144
Derna Academy Journal for Applied Sciences (DAJAS) - Legal Filing Number (2023-133), Email: Jas@lad.edu.ly


https://doi.org/10.18280/ijht.440426
https://doi.org/10.18186/thermal.820234
https://doi.org/10.1002/ese3.70263
https://doi.org/10.3390/en13102476
https://doi.org/10.3390/su12229449
https://doi.org/10.24018/ejeng.2018.3.3.614
https://doi.org/10.3390/su142013293
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3390/en13174345
https://doi.org/10.3390/en16073234
https://doi.org/10.3390/pr12051010
https://doi.org/10.3390/en17153621
https://doi.org/10.32024/ida.v6i1.205
https://doi.org/10.1007/s10098-025-03260-3
https://doi.org/10.1016/j.wmb.2026.100337

Sechoala, T. D., Popoola, O., & Ayodele, T. R. (2023). Economic and environmental assessment of electricity generation
using biogas and heat energy from MSW: Lesotho. AIMS Energy, 11(2), 337-357. doi:10.3934/energy.2023018

Soltanian, S., Kalogirou, S. A., Ranjbari, M., Amiri, H., Mahian, O., Khoshnevisan, B., . . . Aghbashlo, M. (2022).
Exergetic sustainability analysis of municipal solid waste treatment systems: A systematic critical review. Renewable and
Sustainable Energy Reviews, 156, 111975. doi:10.1016/j.rser.2021.111975

Vilardi, G., & Verdone, N. (2020). Exergy analysis of waste incineration plant: Flue gas recirculation and process
optimization. Proceedings, 58(1), 29. doi:10.3390/WEF-06923

Vukovié, N., & Makogon, E. (2024). Waste-to-energy generation: Complex world project analysis. Sustainability, 16(9),
3531. doi:10.3390/su16093531

Wang, H., Song, M., & Taghavi, M. (2024a). Comprehensive analysis and optimization of a low-carbon multi-generation
system driven by municipal solid waste and solar thermal energy integrated with a microbial fuel cell. International
Journal of Low-Carbon Technologies, 19, 455—467. doi:10.1093/ijlct/ctac006

Wang, L., Yang, J., Qu, B. Y., & Pang, C. (2024b). Multi-objective optimization of an organic Rankine cycle (ORC) for
a hybrid Solar—Waste energy plant. Energies, 17(8), 1810. doi:10.3390/en17081810

Yakah, N., Kwarteng, A. A., Addy, C., Yirenkyi, M., Martin, A. R., & Simons, A. J. (2024). Techno-economic assessment
of municipal solid waste (MSW) incineration in Ghana. Processes, 12(7), 1286. doi:10.3390/pr12071286

Yang, Y., Wang, J., Chong, K. J., & Bridgwater, A. V. (2018). A techno-economic analysis of energy recovery from
organic fraction of MSW by an integrated intermediate pyrolysis and CHP plant. Energy Conversion and Management,
174,406—416. doi:10.1016/j.enconman.2018.08.033

Yari, M., Mehr, A. S., Mahmoudi, S. M. S., & Santarelli, M. (2016). A comparative study of two SOFC based cogeneration
systems fed by municipal solid waste by means of either the gasifier or digester. Energy, 114, 586—602.
doi:10.1016/j.energy.2016.08.035

Zeng, J., Mustafa, A. B., Liu, M., Huang, G., Shang, N., Liu, X., . . . Dong, H. (2024). Environmental, energy, and techno-
economic assessment of waste-to-energy incineration. Sustainability, 16(10), 4140. doi:10.3390/sul6104140

Zhang, Y., Wei, L., Gao, X., Chen, H., Li, Q., Zhang, K., & Huang, Q. (2022). Performance analysis of a waste-to-energy
system integrated with the Steam—Water cycle and urea hydrolysis process of a coal-fired power unit. Applied Sciences,
12(2), 866. doi:10.3390/app12020866

145
Derna Academy Journal for Applied Sciences (DAJAS) - Legal Filing Number (2023-133), Email: Jas@lad.edu.ly


https://doi.org/10.3934/energy.2023018
https://doi.org/10.1016/j.rser.2021.111975
https://doi.org/10.3390/WEF-06923
https://doi.org/10.3390/su16093531
https://doi.org/10.1093/ijlct/ctae006
https://doi.org/10.3390/en17081810
https://doi.org/10.3390/pr12071286
https://doi.org/10.1016/j.enconman.2018.08.033
https://doi.org/10.1016/j.energy.2016.08.035
https://doi.org/10.3390/su16104140
https://doi.org/10.3390/app12020866

	الملخص
	الخلفية: تُبلِّغ دراسات أنظمة تحويل النفايات إلى طاقة عن كفاءة الطاقة وكفاءة الإكسيرجي والتكلفة المستوية للكهرباء وفق تعريفات مختلفة، مما يحدّ من إمكانية المقارنة بينها. الهدف: هدفت هذه المراجعة المنهجية إلى تجميع الأداء الديناميكي الحراري والإكسيرجي ...
	الكلمات المفتاحية: تحويل النفايات إلى طاقة؛ النفايات الصلبة البلدية؛ الإكسيرجي؛ الاقتصاد الإكسيرجي؛ التكلفة المستوية للكهرباء؛ المراجعة المنهجية
	1. INTRODUCTION
	2. METHOD
	3. ETHIC APPROVAL
	4. RESULT
	5. DISCUSSION
	6. CONCLUSION
	ACKNOWLEDGMENT
	7. REFERENCES

