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Sommario  

Introduzione 

Un adeguato accesso all'energia è un prerequisito fondamentale per un appropriato sviluppo umano. 

Diversi studi e rapporti di agenzie e organizzazioni internazionali (IEA ς !ƎŜƴȊƛŀ LƴǘŜǊƴŀȊƛƻƴŀƭŜ ŘŜƭƭΩ9ƴŜǊƎƛŀ 

2011, WB ς Banca mondiale 2011, WHO ς Organizzazione Mondiale della Sanità e UNEP ς Programma 

Ambientale delle Nazioni Unite 2009) hanno riconosciuto il forte legame tra l'accesso all'energia e il 

raggiungimento degli Obiettivi di Sviluppo del Millennio (Sanchez 2010), in particolare la riduzione della 

mortalità infantile (Obiettivo 4) e la riduzione della povertà estrema (Obiettivo 1) (Bruce et al 2011). 

[ΩŀŎŎŜǎǎƻ ŀƭƭΩǳǘƛƭƛȊȊƻ Řƛ ǘŜŎƴƻƭƻƎƛŜ ǎŜƳǇƭƛŎƛ Ŝ ǇǳƭƛǘŜ ŎƘŜ ƎŀǊŀƴǘƛǎŎŀƴƻ ǳƴ ƭƛǾŜƭƭƻ ŜƴŜǊƎŜǘƛŎƻ ƳƛƴƛƳƻ Ƴŀ 

adeguato (Practical Action 2010) è un processo indispensabile per il miglioramento della qualità di vita delle 

popolazioni più povere. 

Nel mondo quasi tre miliardi di persone si affidano ancora a combustibili tradizionali solidi per 

soddisfare i loro bisogni di cucina quotidiana. La maggioranza vive nei Paesi in via di sviluppo, in particolare 

in Cina e Africa sub-sahariana. In questi contesti il legno è spesso l'unica fonte di energia per le famiglie e le 

piccole attività produttive. Questo aggrava ulteriormente la pressione sulle risorse naturali che sono già 

pesantemente sfruttate dal settore industriale e dal commercio internazionale del legno, aggravando 

problemi quali la desertificazione e la deforestazione (Geist e Lambin 2002, Mahiri e Howorth 2001). La 

crescente scarsità di legno comporta implicazioni gravi sia per l'ambiente sia per la popolazione locale: il 

taglio illegale è diventata una pratica comune, i costi dei combustibili primari (legna o carbone) sono 

soggetti ad aumenti vertiginosi, donne o bambini devono coprire distanze sempre maggiori per raccogliere 

la legna necessaria per cucinare tutti i giorni. Inoltre, l'uso di combustibili solidi in fuochi aperti o in stufe 

ƛƴŜŦŦƛŎƛŜƴǘƛ ǇƻǊǘŀ ŀƭƭΩŜƳƛǎǎƛƻƴŜ ŀƭƭΩƛƴǘŜǊƴƻ ŘŜƎƭƛ ǎǇŀȊƛ ŘƻƳŜǎǘƛŎƛ Řƛ ǳƴŀ ǎŜǊƛŜ Řƛ ƛƴǉǳƛƴŀƴǘƛ ŎƘŜ ŘŀƴƴŜƎƎƛŀƴƻ ƭŀ 

salute, condizione spesso aggravata dalla scarsa ventilazione dei locali adibiti alla preparazione dei cibi 

(Rehfuess et al 2011, Ezzati et al 2002). Donne e bambini piccoli, che trascorrono molte ore in prossimità 

della sorgente del fumo, sono i più esposti (Desalegn et al 2011). Ciò si traduce in un impatto drammatico 

sulla salute: in tutto il mondo quasi due milioni di morti per polmonite, malattie polmonari croniche e 

ŎŀƴŎǊƻ ŀƛ ǇƻƭƳƻƴƛ ǎƻƴƻ ǊƛŎƻƴŘǳŎƛōƛƭƛ ŀƭƭΩŜǎǇƻǎƛȊƛƻƴŜ ŀ ƭƛǾŜƭƭƛ ŜƭŜǾŀǘƛ Řƛ ƛƴǉǳƛƴŀƳŜƴǘƻ ŘŜƭƭϥŀǊƛŀ ŘƻƳŜǎǘƛŎŀ 

derivanti dalla combustione di biomassa e carbone (Zhang e Smith 2003). Tali emissioni possono anche 

avere gravi effetti sul riscaldamento globale, contenendo sottoprodotti ad elevato potenziale clima 

alterante generati da processi di combustione incompleta (Smith 1994, Bailis et al 2003, Venkatamaran et 

al 2010, Bhattacharya e Salam 2002). 

[ΩŀŎŎŜǎǎƻ ŀ ǎǘǳŦŜ ƳƛƎƭƛƻǊŀǘŜ όŎƛƻŝ ǎƛǎǘŜƳƛ ŎƘŜ ƎŀǊŀƴǘƛǎŎŀƴƻ ǳƴŀ ƳƛƎƭƛƻǊŜ ŎƻƳōǳǎǘƛƻƴŜΣ ǳƴŀ ƳŀƎƎƛƻǊŜ 

efficienza nel trasferimento del calore alla pentola, un livello minimo di emissioni dannose per la salute) è 

ancora molto limitato. Nei paesi meno sviluppati solo il 7% delle persone che utilizzano sistemi di cottura 

migliorati, rispetto al 27% delle persone nei paesi in via di sviluppo nel suo complesso (WHO & UNEP 2009). 

Nei programmi di cooperazione internazionale di diffusione di stufe migliorate spesso in passato si sono 

verificati dei fallimenti, dovuti, in parte, alla mancanza di standard e di controllo di qualità, e a scarsa 
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attenzione alla progettazione delle tecnologie (WB 2011). Oggi, una nuova generazione di stufe migliorate 

avanzate a biomassa sono disponibili in commercio, così come stufe meno costose, ma comunque efficaci 

Ǉƻǎǎƻƴƻ ǊŀǇǇǊŜǎŜƴǘŀǊŜ ǳƴŀ ǇƻǎǎƛōƛƭƛǘŁ ƛƴǘŜǊƳŜŘƛŀ ǇŜǊ ƎŀǊŀƴǘƛǊŜ ǳƴ ŀŎŎŜǎǎƻ ǇƛǴ ŀǇǇǊƻǇǊƛŀǘƻ ŀƭƭΩŜƴŜǊƎƛŀ 

domestica. 

Obiettivo della ricerca 

L'implementazione di tecnologie di cottura adeguate in contesti con risorse limitate è strettamente 

necessario per dare una risposta concreta e sostenibile a questo problema. In particolare questo lavoro si 

concentra su una specifica regione, la Valle Logone al confine tra Ciad e Camerun. La ricerca è stata 

realizzata nell'ambito delle attività di un progetto di cooperazione internazionale allo sviluppo 

(ENV/2006/114-747) implementato dalla ONG italiana ACRA e finanziato dalla Comunità Europea. Dato il 

contesto locale ed i relativi vincoli, la sfida era di trovare le soluzioni adeguate, sotto un punto di vista 

tecnico, per la riduzione del consumo di legna. La parte principale del progetto si è concentrata sulla 

protezione delle risorse naturali, in particolare attraverso la creazione di comitati comunitari per la 

ǇǊƻǘŜȊƛƻƴŜ Ŝ ƎŜǎǘƛƻƴŜ ŘŜƭƭŜ ŦƻǊŜǎǘŜ ƭƻŎŀƭƛΦ ¢Ǌŀ ƭŜ ŀǘǘƛǾƛǘŁ ŘŜƭ ǇǊƻƎŜǘǘƻΣ ǳƴΩŀȊƛƻƴŜ ǎǇŜŎƛŦƛŎŀ ŝ ǎǘŀǘŀ ǊƛǾƻƭǘŀ ŀƭƭŀ 

riduzione del consumo del principale combustibile domestico, il carbone di legna, che era prodotto 

localmente in processi di carbonizzazione a bassissima efficienza. Il tema di ricerca di questo lavoro è stato 

sviluppato in parallelo con le attività del progetto al fine di individuare una serie  di tecnologie energetiche 

appropriate per raggiungere l'obiettivo della riduzione del consumo di combustibile a livello familiare. 

[ΩŀƳōƛȊƛƻǎŀ ŘƻƳŀƴŘŀ Řƛ ǊƛŎŜǊŎŀ ŎƘŜ Ƙŀ ƎǳƛŘŀǘƻ ǉǳŜǎǘƻ ƭŀǾƻǊƻ ŝ ϦvǳŀƭŜ ǘŜŎƴƻƭƻƎƛŀ Řƛ ŎƻǘǘǳǊŀ ŝ ŀǇǇǊƻǇǊƛŀǘŀ 

ǇŜǊ ƭϥŀŎŎŜǎǎƻ ŀƭƭΩŜƴŜǊƎƛŀ ƴŜƭƭŀ ±ŀƭƭŜ [ƻƎƻƴŜΚϦ [ŀ ǊƛŎŜǊŎŀ Ƙŀ ŀǇǇǊƻŦƻƴŘƛǘƻ ƛ Ǌƛǎǳƭǘati e gli interessi più recenti 

della comunità scientifica internazionale, cercando di coniugarli nel modo più appropriato con i vincoli locali 

dato dalla peculiarità del contesto di implementazione. Sia gli aspetti tecnologici e che quelli relativi agli 

iƳǇŀǘǘƛ ƎŜƴŜǊŀǘƛ ŘŀƭƭΩǳǘƛƭƛȊȊƻ ǎǘŜǎǎƻ ŘŜƭƭŜ ǘŜŎƴƻƭƻƎƛŜ ǎƻƴƻ ǎǘŀǘƛ ŎƻƴǎƛŘŜǊŀǘƛ ŀƭ ŦƛƴŜ Řƛ ŘŀǊŜ ǳƴŀ ǾŀƭǳǘŀȊƛƻƴŜ 

globale del sistema di cucina studiato. 

Struttura della tesi 

I primi tre capitoli forniscono al lettore le basi per i casi di studio che vengono presentati in seguito. Per 

ogni caso di studio sono prima discussi gli aspetti legati alla tecnologia, mentre in un capitolo successivo 

sono presentate alcune considerazioni circa l'impatto dell'adozione di tali tecnologie. L'ultimo capitolo 

propone una valuǘŀȊƛƻƴŜ ŎƻƳǇƭŜǎǎƛǾŀ ŘŜƭƭΩŀǇǇǊƻǇǊƛŀǘŜȊȊŀ ŘŜƭƭŜ ǘŜŎƴƻƭƻƎƛŜ ǎǘǳŘƛŀǘŜ ƛƴ ōŀǎŜ ŀƛ Ǌƛǎǳƭǘŀǘƛ 

ottenuti durante la ricerca. 

 

Questo lavoro si sviluppa in otto capitoli: 

I. ƛƭ ŎŀǇƛǘƻƭƻ м ƻŦŦǊŜ ǳƴŀ ōǊŜǾŜ ǇŀƴƻǊŀƳƛŎŀ ŘŜƭ ǎŜǘǘƻǊŜ ŘŜƭƭΩŜƴŜǊƎƛŀ ǇŜǊ ƭŀ ŎǳŎƛƴŀ ŘƻƳŜǎǘƛŎŀ ƴŜƛ 

paesi in via di sviluppo. L'argomento è veramente ampio e molta letteratura scientifica è stata 

prodotta. Inoltre essendo un settore molto multidisciplinare, che varia dall'energia alla gestione 

ambientale, dalla salute all'economia, con impatti incrociati sugli aspetti sociali e influenze dei 

comportamenti degli utenti e delle pratiche locali, è molto difficile dare una trattazione 

ŎƻƳǇƭŜǘŀ Ŝ ŘŜǘǘŀƎƭƛŀǘŀΦ vǳŜǎǘƻ ŎŀǇƛǘƻƭƻ ŘŜǎŎǊƛǾŜ ƭŜ ƛƴǘŜǊŎƻƴƴŜǎǎƛƻƴƛ ǘǊŀ ƭΩŀŎŎŜǎǎƻ ŀƭƭΩŜƴŜǊƎƛŀ Ŝ 



 

iii 

 

lo sviluppo, la dimensione del problema a livello globale secondo i più recenti lavori pubblicati, i 

fattori che influenzano il consumo energetico e gli impatti principali sulle utenze. 

II. Il Capitolo 2 presenta la metodologia generale adottata in questo lavoro; i metodi e i protocolli 

specifici utilizzati e implementati nelle diverse attività sono riportati in una sessione relativa per 

ogni capitolo. 

III. Il Capitolo 3 fornisce alcune informazioni sul contesto studiato sia a livello nazionale che locale, 

la Valle Logone. In questo capitolo sono presentati alcuni dati raccolti in sito, con una 

descrizione dettagliata dello stato energetico delle famiglie nell'area di intervento. 

IV. Il Capitolo 4 presenta i risultati di un certo numero di test eseguiti su stufe migliorate disponibili 

localmente che utilizzano diversi combustibili. Le due stufe scelte per la diffusione sono state 

ƛƴŎƭǳǎŜ ƴŜƭƭΩƛƴǎƛŜƳŜ ŘŜƛ ƳƻŘŜƭƭƛ ǘŜǎǘŀǘƛΦ [Ŝ ǎǘǳŦŜ ǎƻƴƻ ǎǘŀǘŜ ǘŜǎǘŀǘŜ ǎŜŎƻƴŘƻ ǇǊƻǘƻŎƻƭƭƛ ǎǘŀƴŘŀǊŘ 

internazionali, il che ha permesso un confronto con altri studi simili. 

V. Il capitolo 5 riporta la valutazione dell'impatto della diffusione di un preciso modello di stufa, la 

stufa Centrafricain, promossa dal progetto. Impatti socio-economici, ambientali e sulla qualità 

dell'aria domestica sono stati quantificati utilizzando indagini mirate. Una particolare 

attenzione è stata data all'attività degli artigiani formati nella produzione della stufa e alle 

indicazioni fornite dalle utenze locali che hanno adottato la stufa. 

VI. Il Capitolo 6 presenta la ricerca e lo sviluppo di una stufa pensata per recuperare la lolla di riso, 

una biomassa disponibile localmente che è attualmente considerata come un rifiuto. Seguendo 

i risultati ottenuti in itinere, diverse configurazioni sono state testate per migliorare l'efficienza 

della stufa. I principali risultati di questa attività (che è ancora in corso) sono riportati in questo 

capitolo. Il processo tecnico di ricerca e sviluppo è stato fatto in piena collaborazione con il 

DIMI, Dipartimento di Ingegneria Meccanica dell'Università degli Studi di Brescia, in particolare 

con il dott. Simone Parmigiani. 

VII. Il Capitolo 7 contiene alcune considerazioni riguardo alla sostenibilità economica della stufa a 

lolla di riso proposta. Nonostante il processo di ricerca e sviluppo sia stato guidato da vincoli 

tecnici dettati dalla conoscenza del contesto locale, ed alcuni prototipi pilota siano stati 

riprodotti in sito, non è stato possibile diffondere la tecnologia a scala reale. Quindi, è stato 

elaborato un semplice modello economico considerando i principali fattori di impatto sul 

consumo di energia per famiglia, assumendo diversi mix di combustibile. L'obiettivo di tale 

valutazione preliminare è stato quello di evidenziare la soglia che rende fattibile l'acquisto e 

l'adozione della stufa a lolla di riso nel contesto studiato. 

VIII. Lƭ /ŀǇƛǘƻƭƻ у ǊƛŀǎǎǳƳŜ ƛ Ǌƛǎǳƭǘŀǘƛ ŘŜƭƭŜ ŀǘǘƛǾƛǘŁ ǊŜŀƭƛȊȊŀǘŜΣ ǎƛŀ ƛƴ ƭƻŎƻ ǎƛŀ ƛƴ ƭŀōƻǊŀǘƻǊƛƻΦ ¦ƴΩŀƴŀƭƛǎƛ 

multi-criteri è stata applicata al fine di evidenziare la migliore tecnologia di cottura per il 

contesto locale secondo i diversi impatti che diversi sistemi potrebbero avere sull'utente. Sono 

state studiate quattro macro-categorie, strutturando indicatori quantificabili per gli impatti 

economici, ambientali, sociali e sanitari legati all'uso di una certa tecnologia energetica. I 

sistemi di pesi adottati sono stati scelti in modo da considerare le caratteristiche di ciascuna 

tecnologia in base principalmente alla loro rilevanza per le esigenze locali. 

Anche se le attività di progetto hanno interessato due Paesi, Ciad e Camerun, questa tesi si concentra 

soprattutto sul lato del Ciad, dove un divieto governativo per la produzione e la vendita di carbone nel 2009  

ha colpito duramente la popolazione locale, costringendola al passaggio ad altre fonti di energia domestica. 
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Diverse indagini svolte nelƭΩŀƳōƛǘƻ Řƛ ǉǳŜǎǘƻ ƭŀǾƻǊƻ Ƙŀƴƴƻ ǊƛƭŜǾŀǘƻ ƭŜ ǇǊŜǎǎƻŎƘŞ ƛŘŜƴǘƛŎƘŜ ŎŀǊŀǘǘŜǊƛǎǘƛŎƘŜ 

socio-economiche e pratiche in ambito energetico domestico delle popolazioni divise da confini 

amministrativi, ma appartenenti alla medesima etnia, i Masa. 

Conclusioni 

Le tecnologie appropriate giocano un ruolo chiave nel rompere il circolo vizioso della povertà 

energetica, fornendo soluzioni intermedie per fuggire da questa condizione limitante. Attualmente ci sono 

molte opzioni tecnologiche che permettono di utilizzare combustibili tradizionali in modo più efficiente. 

[ϥƛŘƻƴŜƛǘŁ Ŝ ƭΩŀǇǇƭƛŎŀōƛƭƛǘŁ Řƛ ǘŀƭƛ ǘŜŎƴƻƭƻƎƛŜ ŘƛǇŜƴŘŜ Řŀ ŦŀǘǘƻǊƛ ǉǳŀƭƛ ƭŀ ŘƛǎǇƻƴƛōƛƭƛǘŁ Řƛ ŎƻƳōǳǎǘƛōƛƭƛ Ŝ 

materiali, l'accettabilità, la convenienza e la possibilità di far fronte a piccoli investimenti iniziali per 

ƭΩŀŎǉǳƛǎǘƻ ŘŜƭƭŀ ǘŜŎƴƻƭƻƎƛŀΦ [ŀ ǊƛŘǳȊƛƻƴŜ ŘŜƭƭŀ ŘƛǎǇƻƴƛōƛƭƛǘŁ Řƛ ŎƻƳōǳǎǘƛōƛƭƛ ǇǊƛƳŀǊƛ ǊŜƴŘŜ ƛƴ ŀƭŎǳƴƛ ƭǳƻƎƘƛ ƛƭ 

passaggio alle alternative moderne un obbligo. In alcuni altri l'inconsistenza di un mercato non supportato 

da realistiche politiche e strategie energetiche rende inaccessibile per la maggior parte delle persone 

ƭΩŀŎŎŜǎǎƻ ŀ ŎƻƳōǳǎǘƛōƛƭƛ ǇƛǴ ŀǇǇǊƻǇǊƛŀǘƛΣ ǇǊƻǾƻŎŀƴŘƻ ƛƭ ǊƛǘƻǊƴƻ ŀ ǉǳŜƭƭƛ ǘǊŀŘƛȊƛƻƴŀƭƛ ƳŜƴƻ ŎƻǎǘƻǎƛΦ Lƴ ōŀǎŜ ŀ 

questi aspetti, e per la stima del numero crescente di persone che continueranno ad utilizzare biomasse per 

cucinare nel prossimo futuro, l'adozione delle migliori tecnologie che permettono di utilizzare persino i 

combustibili poveri, ma in modo conveniente, pulito e più efficiente, sembra essere un valido modo per 

raggiungere ƭϥƻōƛŜǘǘƛǾƻ ƳƛƴƛƳƻ Řƛ ǳƴ ŀŘŜƎǳŀǘƻ ŀŎŎŜǎǎƻ ŀƭƭΩŜƴŜǊƎƛŀ ǇŜǊ ƛ ǇƻǾŜǊƛΦ 

L'approccio adottato in questo lavoro è fortemente influenzato da considerazioni fatte qui sopra. Un 

contesto specifico, la Valle del Logone al confine tra Ciad e Camerun, è stata quello in cui sono state 

effettuate le osservazioni sul campo e le attività qui presentate. Nella regione di intervento carbone e legno 

erano i combustibili tradizionali utilizzati a livello domestico. Solo nelle aree urbane alcune famiglie ad 

elevato reddito utilizzavano gas per cucinare. La produzione e la vendita di carbone è stata 

improvvisamente vietata dal governo ciadiano nel 2009. Ciò ha avuto un effetto scioccante sui prezzi del 

legno che sono più che raddoppiati, da 15 franchi CFA al kilogrammo nel 2008 a 35 franchi CFA al 

kilogrammo nel 2010. Il progetto ha mirato alla riduzione del consumo di legna a livello familiare. La scelta 

di diffondere modelli a basso livello tecnologico ma ad alta efficienza è stata fatta tenendo conto delle 

condizioni socio-economiche della popolazione locale (capacità di investimento minima dovuta al 

bassissimo livello di reddito) e delle competenze e degli strumenti disponibili per le piccole officine locali (in 

particolare la mancanza di elettricità incide sulle capacità produttive di base). 

Sono stati condotte numerose prove sul posto per valutare quale modello di stufa, in combinazione con 

il relativo combustibile, fosse adatto per la diffusione tra la popolazione locale. I modelli di stufa sono stati 

scelti tra stufe migliorate tradizionali già disponibili nella regione e testati seguendo protocolli standard 

ǊƛŎƻƴƻǎŎƛǳǘƛ ŀ ƭƛǾŜƭƭƻ ƛƴǘŜǊƴŀȊƛƻƴŀƭŜ όtǊƻǾŜ Řƛ ŜōƻƭƭƛȊƛƻƴŜ ŘŜƭƭΩŀŎǉǳŀ ².¢ Ŝ ǇǊƻǾŜ Řƛ ŎǳŎƛƴŀ ŎƻƴǘǊƻƭƭŀǘŀ //¢ύΦ L 

due modelli scelti per la diffusione (attraverso la formazione di artigiani locali) sono stati la stufa migliorata 

ceramica e quella Centrafricain. Entrambe sono state selezionate non solo per le loro buone (ma non 

"migliori" rispetto a quelle delle tecnologie disponibili più avanzate) prestazioni tecniche, ma soprattutto 

per l'adeguatezza al contesto locale in termini di accettabilità da parte degli utenti e di riproducibilità. Una 

valutazione d'impatto basata sui risultati ottenuti è stata fatta per mezzo di una serie di indagini sia 

quantitative (Performance TŜǎǘ YƛǘŎƘŜƴΣ ƳƻƴƛǘƻǊŀƎƎƛƻ ŘŜƭƭŀ ǉǳŀƭƛǘŁ ŘŜƭƭΩŀǊƛŀ ŘƻƳŜǎǘƛŎŀΣ ǎǘƛƳŜ ŘŜƭƭŜ 

emissioni di  CO2 ŜǾƛǘŀǘŜύ ǎƛŀ ǉǳŀƭƛǘŀǘƛǾŜ όŀǘǘǊŀǾŜǊǎƻ ƛƴǘŜǊǾƛǎǘŜΣ ƻǎǎŜǊǾŀȊƛƻƴƛύΦ [ΩŀǳƳŜƴǘƻ ŘŜƛ ǘŀǎǎƛ Řƛ 
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adozione (oltre 3500 unità vendute a marzo 2011) e l'apprezzamento da parte degli utenti indica 

l'adeguatezza del modello di stufa proposto al contesto locale. La riduzione dei consumi (-55% per la stufa 

Centrafricain rispetto al tradizionale fuoco aperto a tre pietre) e l'adattabilità alle pratiche di cucina locale 

sono le caratteristiche principali che gli utenti indicano come punti di forza della tecnologia. Questi aspetti 

sono stati fondamentali per il successo della diffusione del modello di stufa. 

Parallelamente è stata portata avanti la sperimentazione di un nuovo disegno di stufa. L'input è stato 

dato dalla disponibilità locale di una certa biomassa di scarto, la lolla di riso, che si è pensato di recuperare 

come combustibile alternativo al legno per la fornitura domestica di energia. In piena collaborazione con il 

DIMI è stato progettata e testata una stufa migliorata per tale scopo. Questa stufa di mattoni in terra cruda 

è dotata di un camino e un reattore interno in rete metallica per contenere il combustibile. Tale lay-out 

consente un processo di combustione/gassificazione della biomassa che ne permette lo sfruttamento 

energetico per le attività di cucina. Un percorso rigoroso di ricerca e sviluppo è stato seguito al fine di 

indagare in dettaglio il funzionamento della stufa, ottenendo una configurazione finale con ottime 

prestazioni e affidabilità (efficienza media del 18%, basse emissioni di inquinanti sia in termini ambientali 

che sanitari). La stufa non è stata ancora diffusa in loco, tuttavia la progettazione del prototipo è stata 

sempre guidata da vincoli legati al contesto locale. Non sono stati considerati solo gli aspetti tecnici come la 

disponibilità materiale o le competenze tecniche degli artigiani locali, ma sono stati affrontati anche aspetti 

come l'adattabilità alle pratiche locali, la sostenibilità e l'accettazione da parte degli utenti. Secondo i 

risultati di un semplice modello economico elaborato ad hocΣ ƭϥƛƴǘǊƻŘǳȊƛƻƴŜ ŘŜƭƭŀ ǎǘǳŦŀ ŀ ƭƻƭƭŀ Řƛ Ǌƛǎƻ άmlc 

όƳȅ ƭƛǘǘƭŜ ŎƻƻƪǎǘƻǾŜέύ nel sistema di cottura di una famiglia è economicamente sostenibile. Tutti gli scenari 

ŜƭŀōƻǊŀǘƛ ƳƻǎǘǊŀƴƻ ŎƻƳŜ ƭΩŀŘƻȊƛƻƴŜ ŘŜƭƭŀ ǎǘǳŦŀ ŀ ƭƻƭƭŀ Řƛ Ǌƛǎƻ ǊƛŘǳǊǊŜōōŜ ƛƴ ƳƻŘƻ ǎƛƎƴƛŦƛŎŀǘƛǾƻ ƭŀ ǎǇŜǎŀ Řƛ 

carburante per la casa, nei limiti della disponibilità locale di tale biomassa. L'uso della tecnologia proposta, 

in combinazione con una stufa migliorata a legna, fornirebbe alle famiglie un insieme di sistemi di cottura 

appropriati e convenienti, aumentando le opportunità di scelta della tecnologia energetica preferenziale 

per l'utente. Ciò risulta ancora più importante se si considera il crescente prezzo della legna osservato in 

sito, il che può potenzialmente influenzare negativamente i vantaggi connessi all'utilizzo delle sole stufe 

migliorate a legna. 

¦ƴΩŀƴŀƭƛǎƛ ŀ Ƴǳƭǘƛ-criteri finale ha consentito di valutare l'adeguatezza delle tecnologie studiate 

fornendo una visione globale dei risultati ottenuti nelle diverse attività. La struttura di analisi è stata 

costruita allo scopo di evidenziare la migliore tecnologia di cottura per il contesto locale secondo i diversi 

impatti che un tale sistema potrebbe avere sull'utente. Sono state studiate quattro macro-categorie 

principali, strutturando indicatori quantificabili per gli impatti economici, ambientali, sociali e sanitari legati 

all'uso di una certa tecnologia energetica. I sistemi di pesi adottati sono stati scelti in modo da considerare 

le caratteristiche di ciascuna tecnologia in base principalmente alla loro rilevanza per le esigenze locali. 

Un'analisi di sensibilità, che ha preso in considerazione un sistema di pesi in base alle priorità elencate da 

un gruppo di esperti di energia domestica, ha evidenziato alcune differenze tra il punto di vista delle 

persone che lavorano nel settore e quello delle persone che dovrebbero adottare l'uso quotidiano della 

tecnologia. Per colmare questa distanza, dovrebbe essere raggiunto un insieme condiviso e adeguato delle 

priorità, da un lato attraverso la consapevolezza e l'educazione della popolazione locale sulla tutela 

dell'ambiente e della salute, in modo che anche gli impatti negativi legati a queste categorie siano 

ŜŦŦƛŎŀŎŜƳŜƴǘŜ ǇŜǊŎŜǇƛǘƛ ŘŀƎƭƛ ǳǘŜƴǘƛ ŘƛǊŜǘǘƛΦ 5ŀƭƭϥŀƭǘǊƻ ƭŀǘƻ ƭŀ ŦŀŎƛƭƛǘŁ ŘΩǳǎƻΣ ƭΩŀŘŀǘǘŀōƛƭƛǘŁ ŀƭƭŜ ǇǊŀǘƛŎƘŜ Řƛ 

cucina locale e l'affidabilità del combustibile e delle tecnologie sono aspetti che non dovrebbero essere 
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trascurati, ma anzi dovrebbero guidare la progettazione di un nuovo sistema di cottura da parte della 

comunità scientifica. 

L'analisi effettuata in questo lavoro permette di trarre alcune considerazioni finali generali. Il 

ǘǊŀŘƛȊƛƻƴŀƭŜ ƳƻŘŜƭƭƻ ŜŎƻƴƻƳƛŎƻ Řƛ ŀŎŎŜǎǎƻ ŀƭƭΩŜƴŜǊƎƛŀΣ ƭŀ ǎŎŀƭŀ ŜƴŜǊƎŜǘƛŎŀ άŜƴŜǊƎȅ ƭŀŘŘŜǊέ, come qualsiasi 

modello di tale genere, è verosimile fornire solo una visione limitata della realtà delle famiglie (Masera et al 

2000). A causa dellΩinadeguatezza di tale modello lineare nel descrivere le dinamiche di adozione dei diversi 

ŎƻƳōǳǎǘƛōƛƭƛΣ ƛƴ Ƴƻƭǘƛ Ŏŀǎƛ ǳƴ ŀǇǇǊƻŎŎƛƻ ŀ άŎƻƳōǳǎǘƛōƛƭƛ ƳǳƭǘƛǇƭƛέ ŀǇǇŀǊŜ ǇƛǴ ŀǇǇǊƻǇǊƛŀǘƻΦ [ϥŀƳǇƛŀ ƎŀƳƳŀ ŀ 

disposizione di nuove tecnologie di cottura ha il grande potenziale di utilizzare una varietà di residui di 

biomassa che sono difficili da bruciare in modo pulito in stufe tradizionali. In molti luoghi nei paesi in via di 

sviluppo la legna è ancora il combustibile preferito, a causa di abitudini tradizionali e pratiche sociali 

radicate, anche se la fatica fisica e le perdite di temǇƻ ƭŜƎŀǘŜ ŀƭƭΩŀǘǘƛǾƛǘŁ Řƛ ǊŀŎŎƻƭǘŀ ƻ ƭϥƛƳǇŀǘǘƻ ŦƛƴŀƴȊƛŀǊƛƻ 

sul bilancio delle famiglie sono di giorno in giorno sempre più elevate. Allo stesso tempo, nelle stesse aree 

in cui carbone e legna da ardere stanno diventando una risorsa scarsa e costosa, sistemi innovativi, come i 

micro-gassificatori o le stufe a combustibile alternativo acquisiranno una crescente rilevanza, permettendo 

di bruciare biomassa in modo pulito. Rendere disponibili tali nuove tecnologie, promuovere la ricerca e 

trovare le strategie di diffusione più appropriate potrebbe aiutare concretamente le persone che vivono in 

povertà energetica a fuggire dalla loro condizione miserabile, guadagnando l'accesso ad un portafoglio di 

tecnologie energetiche più ampio. L'adozione di una varietà di sistemi energetici, affidabili, comodi, puliti e 

ŀ ǇǊŜȊȊƛ ŀŎŎŜǎǎƛōƛƭƛΣ ōŀǎŀǘƛ ǎǳƭƭΩǳǘƛƭƛȊȊƻ Řƛ ŎƻƳōǳǎǘƛōƛƭƛ ƳǳƭǘƛǇƭƛΣ ǇƻǘǊŜōōŜ ŎƻƴǘǊƛōǳƛǊŜ ŀ ǇǊƻǘŜƎƎŜǊŜ ƭŜ ŦŀǎŎŜ Řƛ 

popolazione a basso reddito, notoriamente le più esposte alle fluttuazioni dei prezzi dei combustibili 

primari. Ciò permetterebbe di individuare un nuovo primo gradino ad un livello più elevato nella visione 

classica della scala di energia, definendo una raffigurazione più "piatta" (Figura A). Infatti le nuove 

tecnologie disponibili possono ridurre significativamente il divario in materia di accesso adeguato 

all'energia domestica tra le classi a basso e ad alto reddito, raggiungendo un uso efficiente (e non solo 

efficace) della biomassa, ad un livello similare a quello dei combustibili più moderni. 
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Introduction  

An appropriate access to energy is a fundamental prerequisite for an adequate human development. 

Several studies and reports from international agencies and organisations (IEA 2011, WB 2011, WHO&UNEP 

2009) have recognised the strong link between the energy access and the achievement of the Millennium 

Development Goals (Sanchez 2010), particularly child mortality reduction (Goal 4) and extreme poverty 

reduction (Goal 1) (Bruce et al 2011). There is an urgent need for a minimum energy access level (Practical 

Action 2010) promoting the adoption of improved technologies and cleaner fuels. The provision of clean 

and affordable household energy is a part of scaling up energy access for the poor. 

In the world, almost 3 billion people still rely on traditional solid fuels to meet their daily cooking needs. 

The vast majority of them lives in developing Countries, in particular in China and Sub-Saharan Africa. In 

these contexts wood is often the only energy source for households and small productive activities. This 

entails a further stress on the natural resources which are already heavily exploited by the industrial sector 

and by the international wood trade, worsening the issues of desertification and deforestation (Geist and 

Lambin 2002, Mahiri and Howorth 2001). Besides, the increasing scarcity of wood leads to severe 

implications both for the environment and local population; illegal cutting has become a common practice, 

primary fuel (wood or charcoal) costs have significantly increased, women or kids have to cover longer 

distances to collect the wood necessary for daily cooking. Furthermore, the use of solid fuels on open fires 

or inefficient stoves results in large amounts of a range of health-damaging pollutants, often under 

conditions of poor household ventilation (Rehfuess et al 2011, Ezzati et al 2002). Women and young 

children, who may spend many hours in the vicinity of the smoky source, are the most exposed (Desalegn 

et al 2011). That results in a dramatic impact on health: worldwide almost two million deaths from 

pneumonia, chronic lung disease and lung cancer are associated with exposure to indoor air pollution, 

resulting from cooking with biomass and coal (Zhang and Smith 2003). Such emissions have also significant 

global warming effects, due to incomplete combustion of fuel carbon (Smith 1994, Bailis et al 2003, 

Venkatamaran et al 2010, Bhattacharya and Salam 2002). 

Access to improved cooking stoves ς i.e. stoves with improved combustion and heat-transfer efficiency 

and low pollutant emissions- is also very limited. In Least Developed Countries (LDCs) and sub-Saharan 

Africa (SSA) only 7% of people who rely on solid fuels use improved cooking stoves, compared to 27% of 

people in developing countries as a whole (WHO & UNEP 2009). In the past many wood cookstove 

programs have unperformed, due, in part, to a lack of standards and quality control, with little attention to 

stove design (WB 2011). Today, a new generation of advanced and more effective improved biomass 

cookstoves are available commercially. In addition less expensive, effective improved cookstoves are also 

an option to improve the energy access in these contexts. 

Research objective 

The implementation of appropriate cooking technologies in contexts with limited resources is strictly 

required in order to give a practical and sustainable response for this issue. In particular this work focuses 
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on a specific region, the Logone Valley at the border between Chad and Cameroun. The research was 

carried out within the activities of an International Development Cooperation project (ENV/2006/114-747) 

implemented by the Italian NGO ACRA and funded by the European Community. Given the local 

background and the relative constraints, the challenge was to find the appropriate solutions, under a 

technical point of view, for the reduction of wood consumption. The main part of the project focused on 

the protection of natural resources, in particular through the creation of community-based committees for 

the protection of the local forests. Among the project activities, one addressed the decrease of the 

consumption of the main household fuel, charcoal, which was produced locally from very low efficient 

carbonization processes. The research, subject of this work, was developed in parallel with the project 

activities in order to identify a pool of appropriate energy technologies to target the objective of fuel use 

reduction at household level. The challenging research question that drove ǘƘƛǎ ǿƻǊƪ ƛǎ ά²ƘƛŎƘ cooking 

technology is appropriate for household energy access in the LoƎƻƴŜ ±ŀƭƭŜȅΚέ. This work looked by the one 

side to the most recent findings and interests of the international research community, trying to the other 

side to conjugate them in the most appropriate way with the local constraints given by the peculiarity of 

the implementation context. Both technology and impact related aspects were taken into account in order 

to give an overall assessment of the cooking technologies studied. 

Structure of the thesis 

The structure of this thesis follows the logical order presented in Figure 1. The first three chapters 

provide the reader with the basic background for the case studies that are presented later. For each of the 

two case studies the aspects related to the technology are previously discussed, while in a following 

chapter some considerations about the impacts related to the adoption of such technologies are presented. 

The final chapter propose an overall assessment of the appropriateness of the technologies studied 

according to the results obtained during the research. 

This work is developed in eight chapters: 

I. Chapter 1 gives a brief overview of the cooking energy sector in developing countries. The topic 

is really wide and lots of scientific literature works have been produced. Moreover, being a very 

multidisciplinary sector (from energy to environmental management, from health to 

economics, with crossed impacts of social aspects and influences of userǎΩ behaviours and 

practices) it is very difficult to give a comprehensive and detailed background. This chapter 

describes the links between energy access and development, sizing the problem at a global 

level according to the most recent works published. Factors affecting energy use and main 

impacts on the users are also discussed. 

II. Chapter 2 presents the overall methodology adopted in this work; specific methods and 

protocols used and implemented in the different activities are detailed in a proper session for 

each chapter. 

III. Chapter 3 gives some information about the background both at national and local level. In this 

chapter some data collected on site are presented, with a detailed description of the household 

energy status in the intervention area. 
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Figure 1: structure of the thesis 

 

IV. Chapter 4 presents the outputs of a number of tests performed on improved cookstove 

available on site using fuels locally available for household purposes. The two stoves chosen for 

the dissemination on site were in the pool of the models tested. Stoves were tested according 

to international standard protocols that allowed a comparison with other similar published 

studies. 
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V. Chapter 5 reports the impact assessment of the dissemination of the Centrafricain effective 

improved cookstove, the model promoted by the project. Socio-economic, environmental and 

indoor air quality impacts were evaluated using dedicated surveys on site. A special focus was 

given to the manufacturing activity of the artisans trained in the stove production and to the 

indications provided by local householders that adopted the stove. 

VI. Chapter 6 presents the research and development of a proper stove to recover rice husk, a 

locally available biomass, which is currently considered as a waste by local rice producers. 

According to results obtained in itinere, different lay-outs have been tested to improve the 

performances of the stove. The main results of this activity (that is still on-going) are reported 

in this chapter. The technical Research & Development process has been done in full 

collaboration with DIMI, Department of Mechanical Engineering of the University of Brescia in 

particular with Dr. Simone Parmigiani. 

VII. Chapter 7 contains some considerations regarding the economic sustainability of the proposed 

rice husk stove. Although the R&D process was driven by local technical constraints, and some 

pilot prototypes were reproduced on site, any real dissemination of the stove was done. Thus, 

a simple economic model was elaborated considering the main factors impacting the 

household cooking energy expenditure, assuming different fuel mixes. The objective of this 

preliminary evaluation was to point out the trade-off threshold, which makes feasible the 

purchase and adoption of the rice husk stove in the study area. 

VIII. Chapter 8 sums up the results of the research activities implemented both on site and at pilot 

scale. A multi-criteria analysis was also applied in order to point out the best cooking 

technology for the local context according to the different impacts that such a system is likely 

to have on the user. Thus, four main clusters have been investigated, structuring quantifiable 

indicators for financial, environmental, social and health related impacts of the use of a certain 

energy technology. The weight systems adopted were chosen in order to consider the features 

of each technology according primarily to their relevance to the local needs. 

 

Although the project activities interested two Countries, Chad and Cameroon, this thesis focus mainly 

on the Chadian side, where in 2009 a governmental ban for charcoal production and sale hardly hit the 

local population, forcing a switch to other household energy sources. Several investigations and surveys 

conducted in this work revealed the almost identical socio-economic characteristics and domestic energy 

practices both in the Chadian and in the Cameroonian population, divided by administrative national 

boundaries, but actually belonging to the same traditional ethnic group, the Masa.  



 

5 

 

1. Cooking energy in developing Countries  

1.1. Introduction  

This first chapter gives a wide overview of the influence of energy in human development, in order to 

provide the reader with the background for the object of this work, i.e. the importance of appropriate 

technologies of cooking energy in developing countries. The chapter illustrates the primary role of energy 

access for people and their quality of life, as outlined by several international organizations like the United 

Nations (2009), the International Energy Agency (2010), the World Health Organization (2009) and the 

World Bank (2010). Often when people think to energy access, electricity is the first technology that comes 

to mind, but in developing Countries the issues is even at a more basic level. Access to energy at household 

level, in particular for cooking, is still based on rudimental technologies and poor traditional fuels. A 

particular focus will be given on the impacts that the use of solid traditional fuels has on users and 

environment. 

1.2. Energy access 

Energy is one of the basic requirements of human societies. It is vital for human life and for 

technological advancement. In general energy can contribute to widening opportunities and empower 

people to exercise choices. Without access to efficient and affordable energy sources, people living in 

energy poverty have very limited opportunities for economic and social advancement. 

According to Sanchez (2010), energy access means the ability to satisfy basic energy needs through the 

use of reliable, efficient, affordable and environmentally friendly modern energy services. The same author 

identifies four level of energy need: 

¶ ΨCǳƴŘŀƳŜƴǘŀƭΩ ŜƴŜǊƎȅ ƴŜŜŘǎ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƘǳƳŀƴ ǎǳǊǾƛǾŀƭ ŀƴŘ ǊŜƎŀǊŘǎ ƘŜŀǘƛƴƎΣ ŎƻƻƪƛƴƎ 

and lighting. These needs cannot be avoided despite poverty, location, lifestyle, thus are 

common both to developed and developing world, to rich and poor populations. 

¶ Ψ.ŀǎƛŎΩ ŜƴŜǊƎȅ ƴŜŜŘǎ ƛƴŎƭǳŘŜ ŀƭƭ ǘƘƻǎŜ ŦǳƴŎǘƛƻƴǎ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ŎŀǘŜƎƻǊȅ ŀƴŘΣ ƛƴ ŀŘŘƛǘƛƻƴΣ 

energy to provide basic services such as better health, education, communication, transports 

and others. Energy poverty is defined at this level. 

¶ 9ƴŜǊƎȅ ƴŜŜŘǎ ŦƻǊ ΨǇǊƻŘǳŎǘƛǾŜ ǳǎŜ ŀƴŘ ƛƴŎƻƳŜ ƎŜƴŜǊŀǘƛƻƴΩ ƛƴŎƭǳŘŜ ŀƭƭ ǘƘŜ ŜƴŜǊƎȅ ǳǎŜǎ ǊŜǉǳƛǊŜŘ 

for production, transformation, exploitation of natural resources  and the wide range of several 

activities implemented to gain the daily income. 

¶ 9ƴŜǊƎȅ ŦƻǊ ΩǊŜŎǊŜŀǘƛƻƴ ŀƴŘ ŎƻƳŦƻǊǘΩ ǊŜŦers mainly to the use of radio, TV, cooling systems and 

other equipment usually available only for higher income families. 

The definition of an adequate level of energy access is very difficult as it depends on a wide range of 

factors. There is no universally-agreed and universally-adopted definition of modern energy access. 

Moreover energy use may depend not only on the local availability and costs of the energy service, but also 

on the priorities and opportunities the final user sets. 

At a basic level, access to energy is relevant to many dimensions fundamental for the improvement of the 

living conditions of poor households. The main indicators may be identified as follows: 
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¶ availability of light for some hours during the night,  

¶ availability of fuel to prepare two typical local hot meals for all household members, 

¶ availability of electricity for some small equipment (mobile phone, radio and/or small TV), 

¶ safety of all the energy sources and technologies, 

¶ impact on the family budget, in terms of expenditure, and activities, in terms of working hours. 

 On April/May 2011, after the publication of the Poor People Energy Outlook (2010), GIZ and Practical 

Action, two important international organization engaged with cooperation projects in the challenge to 

improve energy access for the poor, launched an e-consultancy among researchers and people working in 

the sector, in order to gather opinions and observations from the active web-community. The aim was to 

propose the Total Energy Access minimum standards at point of use. The outputs focused on the household 

level and they are reported in Table 1. 

 

Table 1: energy service and relative minimum standards according to Total Energy Access (2011) 
1
 

Energy service Minimum standard 

Lighting ü 300 lumens at household level for at least 4 hours per night 

Cooking and water 

heating 

ü 1 kg woodfuel or 0.3 kg charcoal or 0.04 kg LPG or 0.2 litres of 

kerosene or ethanol per person per day, taking less than 30 

minutes per household per day to obtain 

ü Minimum efficiency of improved solid fuel stoves to be 40% 

greater than a three-stone fire in terms of fuel use 

ü Annual mean concentrations of particulate matter (PM2.5) <10 

˃ƎκƳ
3
 ƛƴ ƘƻǳǎŜƘƻƭŘǎΣ ǿƛǘƘ ƛƴǘŜǊƛƳ Ǝƻŀƭǎ ƻŦ мр ˃ƎκƳ

3
Σ нр ˃ƎκƳ

3
 

ŀƴŘ ор ˃ƎκƳ
3
 

Space heating ü Minimum daytime indoor air temperature of 18°C 

Cooling ü Households can extend life of perishable products by a 

minimum of 50% over that allowed by ambient storage 

ü Maximum apparent indoor air temperature of 30°C 

Information and 

communications 

ü People can communicate electronic information 

ü People can access electronic media relevant to their lives and 

livelihoods in their household 

1.3. Energy and development 

Several studies and reports from international agencies and organizations (IEA 2011, WHO 2002, 

Barnes et al. 2010) underline the strong link between energy access and the achievement of the Millennium 

Development Goals, while literature offers a wide range of researches and evidences of the correlation 

between energy and development. There is considerable empirical evidence to suggest a significant 

relationship between access to modern energy and human development. Energy services are an essential 

means to support overall development. Most economic activity is not possible without energy, and no 

country in modern times has substantially reduced poverty without massively increasing its use of energy. 

                                                           
1
 http://practicalaction.org/energy-advocacy/ppeo-energy-access-standards 

http://practicalaction.org/energy-advocacy/ppeo-energy-access-standards
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Economic growth creates jobs and raises incomes, even for the small and medium-scale enterprises that 

are the main source of jobs for the poor. 

As evident in Figure 2 ǘƘŜǊŜ ƛǎ ŀ ǎǘǊƻƴƎ ƭƛƴƪ ōŜǘǿŜŜƴ ǇŜǊ ŎŀǇƛǘŀ ŜƴŜǊƎȅ ǳǎŜ ŀƴŘ ǘƘŜ ¦bΩǎ IǳƳŀƴ 

Development Index, HDI2. This has special importance in developing countries where a small increase in the 

per capita energy use, due to an improved access to energy services, may result in a significant increase of 

HDI. However, in developed countries even a big increase of energy consumption no longer contributes to 

an improvement of HDI (Sanchez 2010). 

 

 
Figure 2: HDI & Primary Energy Demand per Capita, 2002 (IEA 2004) 

 

The graphs in Figure 3 illustrate the link between energy access and measures of poverty reduction. 

Energy access is positively correlated with human development, as evidenced by the upward sloping trend 

ƛƴ ǘƘŜ ƎǊŀǇƘǎΦ ²ƘƛƭŜ ŀŎŎŜǎǎ ǘƻ ƳƻŘŜǊƴ ŜƴŜǊƎȅ ǎŜǊǾƛŎŜǎ ŀƭƻƴŜ ƛǎ ƴƻǘ ǎǳŶŎƛŜƴǘ ǘƻ ŜǊŀŘƛŎŀǘŜ ŜȄǘǊŜƳŜ ǇƻǾŜǊǘȅΣ 

it is a necessary condition for improving economic and social opportunities for poor men and women. 

Access to modern energy services improves productivity and enables local income generation by freeing up 

ǇŜƻǇƭŜΩǎ ƳƻƴŜȅ ŀƴŘ ǘƛƳŜ ŦƻǊ ƳƻǊŜ ǇǊƻŘǳŎǘƛǾŜ ǳǎŜǎ ǘƘŀǘ Ŏŀƴ ƛƳǇǊƻǾŜ ƘǳƳan welfare (UNDP 2009). 

 

                                                           
2
 The HDI is a composite index produced by UNDP that measures a country's achievements in three key aspects of 

human development: longevity (life expectancy), knowledge (educational achievement), and a decent standard of 

living (income, measured in purchasing power parity terms). For a deeper discussion visit http://hdr.undp.org/ 

http://hdr.undp.org/
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Figure 3: Development measures and energy access (UNDP 2009) 

1.4. Sizing the problem 

International Energy Agency (2011) estimates 1.3 billion people ς over 19% of the global population ς 

lack access to electricity and that about 2.7 billion people ς some 40% of the global population ς rely on the 

traditional use of biomass for cooking. This number is higher than previously estimated by IEA (2008) due 

to population growth, rising liquid fuel costs and the global economic recession, which have driven a 

number of people back to using traditional biomass.  

Table 2 highlights that almost the totality of people without access to modern energy services lives in 

the developing world. The issue assumes a significant dimension in Asia and Africa, but for different 

reasons. In developing Asia only 19% of population is without access to electricity that implies the existence 

of a more or less reliable grid for the remaining 81%. In Africa the infrastructural lacks of the electric supply 

systems (also due to the different population density on the territory) result in a 58% of the population 

without access to electricity. Regarding the use of biomass for cooking, the situation is similar in the two 

macro-areas. While in developing Asia 54% is still relying on biomass for cooking due to the high number of 

people living in limited territories (India, Indonesia), in Africa, especially in the Sub-Saharan zone, 65% 

people still use traditional fuels mainly because of the lack of affordable and reliable alternatives. 

 

Table 2: Number of people without access to modern energy services, 2009 (IEA 2011) 

 

Without access to 

electricity 

Relying on traditional 

biomass for cooking 

Population  

(million) 

Share of 

population 

Population 

(million) 

Share of  

population 

Africa 587 58% 657 65% 

Developing Asia 675 19% 1,921 54% 

Latin America 31 7% 85 19% 

Developing countries 1,314 25% 2,662 51% 

World 1,317 19% 2,662 39% 
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Figure 4 shows the percentage of population using solid fuels in the world. Sub-Saharan Africa, South 

East Asia and the Western Pacific region are the most affected. Overall, wood is the most widely used solid 

fuel; coal is highly prevalent in China but does not substantially contribute to national household 

consumption in other developing and middle-income countries (Rehfuess et al 2011). In developing 

countries, cooking energy accounts for about 90% of all household energy consumption being the most 

energy intensive activity of those households. 82% of those relying on traditional biomass live in rural 

areas, although in Sub-Saharan Africa, nearly 60% of people living in urban areas also use biomass for 

cooking. The number of people relying on traditional biomass is projected to rise to 2.8 billion in 2030.  

 

 
Figure 4: Percentage of population using solid fuels, 2003 or latest available data (Rehfuess et al 2011) 

1.5. Factors affecting the use of cooking energy 

Cooking is one of the main activities of human beings, as every person needs food to sustain its life. 

Focusing on the technology, two main elements compose the cooking system: the fuel and the device used 

to transfer energy from the fuel to the food, usually the stove. The interaction of and the issues linked to 

this two elements determine ǘƘŜ ŎƻƻƪƛƴƎ ǇǊŀŎǘƛŎŜǎ ƻŦ ǘƘŜ ǳǎŜǊΦ ¢Ƙǳǎ ŀ άǎǘƻǾŜέ ŀƭǿŀȅǎ ŦŜŀǘǳǊŜǎ ǘƘŜ 

combination of heat generation and heat transfer into a cooking pot. There are many different types of 

stoves, as a stove needs to accommodate the site-specific constellation determined by the available fuels, 

climatic conditions and preferences of users in the local culture. Thus stove designs reflect global diversity. 

In Figure 5 most common household energy sources are grouped in three main categories: wood-fuels, 

other biomass fuels and non-biomass fuels. There is a wide variety of modern fuels, including natural gas, 

LPG, diesel and renewables such as biodiesel and bio-ethanol. In developing countries, frequently, biomass 

fuels are the only available energy source, especially in rural areas. These fuels include firewood, charcoal, 

dung and agricultural residues. Worldwide, 2.7 billion people use biomass fuels for cooking, and according 
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to the estimation of the main international organizations involved in this issue, by 2030 more than 2.8 

billion people will cook with biomass. 

 

Figure 5: sources of cooking energy 

 

Biomass fuels are mainly burned on inefficient open fires and traditional stoves. This results in a 

number of dramatic impacts not only for the users but also for the environment. In developing countries 

this fundamental need assumes a problematic dimension due to the lack of resources. In some cases the 

environment does not offer affordable and convenient energy sources, or the supply is every day harder 

due to impoverishment of natural resources and regional processes of desertification and deforestation. 

This situation may be worsened by the lack of a sustainable management of such resources. In some other 

cases the energy infrastructures, like markets or other delivery systems, are missing. In most of the cases 

the main constraint to an adequate energy access is poverty. Being poor condemns half of humanity to 

dependence on polluting household energy practices. Figure 6 ǊŜǇƻǊǘǎ ǘƘŜ άCǳŜƭ- ƻǊ 9ƴŜǊƎȅ ƭŀŘŘŜǊέ, a 

common concept in household energy analysis. The concept implies that with socio-economic development 

the fuel used by a household will change. The ladder model envisions a three stage fuel switching process. 

The first stage is marked by universal reliance on biomass. In the second stage households move to 

άǘǊŀƴǎƛǘƛƻƴέ fuels such as kerosene in response to higher incomes or factors such as urbanization and 

deforestation. In the third phase households switch to modern fuels (Helberg 2003). Various factors will 

determine whether or not the household is able to move up its preferred ladder: household income and 

size, availability and costs of the fuel, availability and cost of the required appliances, climate, settlement 

size and culture and tradition. The main driver affecting the move up the ladder is supposed to be income 

and relative fuel price. Further, a variety of user-specific values and judgements often remain implicit (FAO 

1997). Users make their own choices based on their own perceptions with regard to fuels, stoves, kitchens 

and related issues. With increasing prosperity, cleaner, more efficient and more convenient fuels are 

replacing, step-by-step, traditional biomass fuels and coal. Climbing up the energy ladder tends to occur 

gradually, as most low- and middle-income households use a combination of fuels to meet their cooking 

needs.  
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Figure 6: the energy ladder. How the use of modern fuel is linked to income level (adapted from Rehfuess et al 2011). 

 

Actually this description is not exhaustive of the complexity of the fuel choice process in many contexts. 

A number of further factors may play a role in particular in discouraging the use of modern fuels, such as 

the taste and texture of food prepared, the impossibility to cook traditional receipts, the supply shortage in 

the market, or the large distances for retailers, which make the provision prohibitive, especially in rural 

areas. The new perspectives on household energy choice see it as a portfolio choice more than as a ladder. 

IƻǳǎŜƘƻƭŘǎΩ ŜƴŜǊƎȅ ǇƻǊǘŦƻƭƛƻ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ōȅ ǘƘŜƛǊ ǎƛȊŜΣ ŎƻƳǇƻǎƛǘƛƻƴ ŀƴŘ ŘƛǾŜǊǎƛŦƛŎŀǘƛƻƴΦ ! ƘƻǳǎŜƘƻƭŘ 

economic model incorporating also opportunity costs (influenced by factors such as education and 

availability of labour and natural resources) allows studying energy use even when households use biomass 

they produce or collect themselves, and therefore it is hard to give a monetary value to fuel. Heltberg et al 

(2000) proposes that the collection and use of fuel in these cases are guided by opportunity costs that 

depend on the productivity of labour in fuelwood collection vis-à-vis the opportunity cost of time in 

alternative employment. 

The role of technologies 

Many factors affect the choice and the demand of energy and fuels: as shown in Figure 7 these factors 

can be divided in macro-categories, even if they strongly influence and interact reciprocally. Environmental 

factors are a main constraint.  

 
Figure 7: factors affecting basic energy use from traditional fuels 
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First of all the availability of natural resources exploitable for energy purposes affects whether people 

collect or purchase fuel. Furthermore the availability of fuel can vary seasonally: during the dry period 

people may rely on agricultural residues as a complementary fuel, while in the rainy season the conditions 

of roads and pathways and the moisture content of collected wood may force people to purchase dry wood 

or other fuels at the local markets. Moreover a cold climate implies the eventual need for heating energy, 

not likely to be required in warmer contexts. The management of natural resources is directly linked to 

their sustainable use, or, in other words, to their renewability. Also the local community structure, its 

control on the territory and on natural resources, supported by the presence of environmental regulations, 

are associated to this aspect. Often, especially in context where the wood resource is scarce, the lack of 

administrative or community-based surveillance of rural forests and woods leads to their overexploitation 

and illegal cut. This reflects in a medium term on the availability and renewability of the resource that is 

often already threatened by macro-scale phenomena like deforestation and climate-change driven 

desertification. The institutional/political background influences the access to energy also by means of 

some mechanisms such as the promotion of micro-financing or subsidies. This in particular may apply both 

to fuels and stoves. Many experiences have been made in this field to promote the dissemination of 

modern fuels like LPG or of a specific kind of stove within regional strategies or international cooperation 

projects. The supply of subsidies allows the population, in particular the low-income class, to bypass the 

initial capital cost, in many cases the first big barrier to the adoption of an improved cooking system, or to 

the affordability of a cleaner and more efficient fuel. Some concerns about the sustainability of such 

programs are self-evident. In several recent stove dissemination interventions, marked-based approaches 

are being proposed alternatively. These interventions address in an effective way the economic dimension 

of the action, profiting in some cases also by the carbon market mechanisms and promoting the 

development of a manufacturing local sector which create job opportunities for the local population. At the 

same time, they are unavoidably oriented towards a share of the population that is within the monetized 

economy. Therefore, there is a considerable risk that these actions neglect the most emarginated income 

class or the rural householders that collect themselves their own fuel for free and do not perceive any 

advantage in reducing their woodfuel consumption.  

Cooking technologies can play an important parallel role in different ways: 

¶ providing the users with fuel saving devices, more efficient in comparison to traditional ones, or 

¶ allowing the use of alternative fuels,  such as LPG (modern and clean) or agricultural residues 

(costless in rural areas). 

Two main elements play a key role in cooking energy under a technical point of view: the fuel and the 

ŎƻƻƪƛƴƎ ǎȅǎǘŜƳΦ ¢ƘŜǎŜ ǘǿƻ ǘŜŎƘƴƛŎŀƭ ǎǳōƧŜŎǘǎ ƘŀǾŜ ǘƻ ƳŜŜǘ ǘƘŜ ǳǎŜǊΩǎ ŎƻƻƪƛƴƎ ǇǊŀŎǘƛŎŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ōŜ 

acceptable. The local cooking practices and preferences, the easiness in the use and the taste of food are 

only some of the aspects that are often secondary, or hard to assess, in the evaluation of a cooking energy 

technology. At the same time they affect significantly the adoption of a certain technology. Other social 

aspects occur in the way people access to basic energy: household priorities usually stated by the head of 

family and not by the woman who is usually in charge of the preparation of meals, social risks associated to 

the fuel collection activity, value of time spent in gathering wood or cooking. 
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1.6. Impacts of the use of biomass fuel 

The use of biomass fuel has several impacts not only on the proper user, the cooker, but also on other 

members of the family/household and on the environment both at local and global level. Figure 8 

summarises certain points for different categories of impact that are discussed deeper in the following 

paragraphs. A strong subdivision of the impacts is not exhaustive of the several reciprocal influences and 

correlations between social, financial, environmental and health related aspects.  

 

 
Figure 8: different impacts of cooking energy system on the user(s) and the environment 

2.6.1. Economic impacts 

One of the most important factors influencing options for change and methods of delivery is the close 

relationship between reliance on traditional fuels and poverty, as already said in the previous paragraph. 

This relationship operates in both directions. On the one hand, poor households do not have the financial 

resources and income security required to switch to more efficient, cleaner fuels and energy technologies. 

At the same time, the consequences of using traditional fuels ς ǿƘƛŎƘ ƛƴŎƭǳŘŜ ƛƳǇŀŎǘǎ ƻƴ ƘŜŀƭǘƘΣ ǿƻƳŜƴΩǎ 

time and opportunities for income generation ς add to the constraints on families attempting to escape 

from poverty. 

Fuel cost is the first immediate indicator of the impact of daily cooking energy needs on the financial 

resources of people. Prices are influenced by several factors, such as the availability of local natural 

resources, the market infrastructures and the presence of specific taxation or subsidize regimes. The 

scarcity oŦ ǿƻƻŘΣ ǘƘŜ ǎƻ ŎŀƭƭŜŘ άǿƻƻŘ ŎǊƛǎƛǎέΣ ƛƴ ŎƻƴǘŜȄǘǎ ŀŦŦŜŎǘŜŘ ōȅ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ƛǎ ŀƴ ƛǎǎǳŜ ǇƻƛƴǘŜŘ ƻǳǘ 

by several authors since a long time (Agarwal 1986, Gorse 1985, Mgendi 2000): one of the main 

consequences is the increase in wood prices.  

People, especially in urban areas, are forced to buy wood or charcoal as there is no other alternative. 

This affects mainly the lower income classes, which often need to allocate a disproportionately high share 

of household budgets to energy services (Modi et al 2005). A study of the IEA (2002) in some countries 

highlights that the percentage of household income spent on energy is significantly higher in the poorest 

quintile of the population. In particular, among the considered countries (South Africa, India, Ethiopia and 

Uganda) the difference was even more marked in the less developed countries, where the total 
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expenditure of the poorest population reached 10-16% of the household budget, in comparison to 7-9% for 

the richest one. 

Under the opposite point of view, fuel sale may be seen as an income opportunity for rural people. 

Every day many people come to urban market to sell wood gathered or charcoal produced in rural areas.  

The transport of solid fuels even for long distances is made convenient being the only profitable activity in 

certain seasons for poor farmers, or by to increasing fuel prices for middle dealers. The control on local 

natural resources by institutions and rural communities assumes a key role in guaranteeing and promoting 

measures against illegal unsustainable exploitation of forests,  improving the production efficiency (for 

instance the carbonisation processes), equity and justice in the price paid to weak stakeholders for the 

goods.  

2.6.2. Social impacts 

Social aspects related to access to energy are particularly linked to various limitations and financial barriers. 

When financial resources are limited, the distribution of resources within the household is impacted by 

gender, among other factors (Chukuezi 2009). Men and women may have different priorities and the 

ǇǊƛƻǊƛǘƛŜǎ ƻŦ ƳŜƴ ŀǊŜ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ ǘŀƪŜƴ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴΦ ²ƘƛƭŜ ǿƻƳŜƴΩǎ ǇǊƛƻǊƛǘƛŜǎ ƛƴ ŀŎŎŜǎǎƛƴƎ 

resources of energy may lie in having access to devices that facilitate domestic chores as well as those that 

may lead to income generation, ƳŜƴΩǎ ǇǊƛƻǊƛǘƛŜǎ ƻŦǘŜƴ ŘƛŦŦŜǊ ǎŜƴǎƛǘƛǾŜƭȅΦ ¢Ƙƛǎ ƛǎ ƻŦǘŜƴ ŀƴ ƻōǎǘŀŎƭŜ ǘƻ ǘƘŜ 

purchase of an improved cooking system or a cleaner modern fuel, which is not seen by the family budget 

manager as a priority. A focus on gender issues is particularly important in this sector since a 

disproportionate number of people living in hunger and extreme poverty are women in the rural areas. 

These women depend on subsistence agriculture to feed their families. It is principally the women and 

children who carry out task of collecting the fuels. Increasing degradation of these natural resources causes 

them to spend more time and physical effort finding and bringing home the fuel they need. During a typical 

week, family members spend a considerable amount of time collecting fuel, whether from common village 

ƭŀƴŘ ƻǊ ŦŀǊƳŜǊΩǎ ŦƛŜƭŘǎΦ .ƛƻƳŀǎǎ ŦǳŜƭ ŎƻƭƭŜŎǘƛƻƴ ƻŦǘŜƴ Ŝƴǘŀƛƭǎ ǿŀƭƪƛƴƎ ƭƻƴƎ ŘƛǎǘŀƴŎŜǎ ŎŀǊǊȅƛƴƎ ƘŜŀǾȅ ƘŜŀŘ-

loads and safety hazards. A WHO review of fuel-collection time and biomass energy use among 14 

countries in Sub-Saharan Africa found a wide range of estimates for the number of hours spent collecting 

biomass energy, from a low of 0.33 hours up to 4 hours per day (Dutta 2005; WHO 2006). Moreover 

fuelwood is often collected on a daily basis and sometimes has no time to dry before use. This makes the 

use less efficient as some heat is wasted to drive the moisture out of the wood. Moist fuel results in more 

smoke. 

There are also serious health impacts associated with burning traditional biomass fuels as discussed in 

the following paragraph. Open fires in the home produce unventilated smoke; women and young children, 

who spend many hours in the kitchens, are the most exposed to high concentration of carbon monoxide 

and other pollutants. The exposure increases the risk of diseases, burns to children and injuries to women 

from carrying wood (Hutton et al 2006).  
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2.6.3. Health impacts 

Indoor biomass cooking smoke is associated with a number of diseases, including acute lower 

respiratory infections (ALRI), chronic obstructive pulmonary disease (COPD), lung cancer, tuberculosis, 

asthma, cataracts, adverse pregnancy outcomes and low birth weight, cancer of the upper aerodigestive 

tract, interstitial lung disease and ischaemic heart disease (Smith et al 2004, Valent et al 2004, Viegi et al 

2004, Girod and King 2005, Bruce et al 2006, Ceylan et al 2006).  

 

Table 3: mechanisms by which some key pollutants in smoke from domestic sources may increase risk of respiratory and 

other health problems (Bruce et al 2002) 

Pollutant Mechanism Potential health effect 

Particulate matter 

small particles less 

than 10 microns and 

particularly those 

less than 2.5 microns 

aerodynamic 

diameter 

¶ Acute: bronchial irritation, inflammation and 

increased reactivity 

¶ Reduced muco-ciliary clearance 

¶ Reduced macrophage response and (?) 

reduced local immunity  

¶ (?) Fibrotic reaction 

¶ Automatic imbalance, pro-coagulant activity, 

oxidative stress 

¶ Wheezing, exacerbation of 

asthma 

¶ Respiratory infections 

¶ Chronic bronchitis and COPD 

¶ Exacerbation of COPD 

¶ Excess mortality, including from 

cardiovascular disease 

Carbon Monoxide ¶ Binding with Haemoglobin (Hb) to produce 

COHb which reduced O2 delivery to key organs 

and the developing of fetus 

¶ Low birth weight (fetal COHb 2-

10% or higher) 

¶ Increase perinatal deaths 

Benzo[a]pyrene ¶ Carcinogenic (one of a number of carcinogenic 

substances in coal and biomass smoke) 

¶ Lung cancer 

¶ Cancer of mouth, nasopharynx 

and larynx 

Formaldehyde ¶ Nasopharyngeal and airways irritation 

¶ (?) increased allergic sensitization 

¶ (?) increased susceptibility to 

infections 

¶ (?) may lead to asthma 

Nitrogen dioxide ¶ Acute exposure increases bronchial reactivity 

¶ Longer term exposure increases susceptibility 

to bacterial and viral lung infections 

¶ Wheezing and exacerbation of 

asthma 

¶ Respiratory infections 

¶ Reduced lung function 

(children) 

Sulphur dioxide ¶ Acute exposure increases bronchial reactivity 

¶ Longer term: difficult to dissociate from 

particulate effect 

¶ Wheezing and exacerbation of 

asthma 

¶ Exacerbation of COPD, CVD 

Biomass smoke 

(component 

uncertain) 

¶ Absorption of toxins into lens, leading to 

oxidative changes 

¶ Cataract 

 

 

In most of these cooking systems in developing country homes, combustion is very incomplete and 

results in high emissions, which combined with poor ventilation often produce very high levels of indoor 

pollution. Women and young children are disproportionately affected as they are exposed to levels of 

indoor cooking smoke, in the form of carbon monoxide and small particulates PM2.5, up to 20 times higher 
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than the maximum recommended levels of the World Health Organization (WHO 2005). It is widely agreed 

that the two major components of biomass smoke that should be monitored are particulates and carbon 

monoxide. Particulates are tiny particles of smoke that get deep into the lungs and make people vulnerable 

to respiratory infections. Carbon monoxide is a colourless and odourless gas that can lead to death in a very 

short period of time at high concentrations. At lower concentrations, commonly experienced in households 

using traditional stoves and open fires, exposure can lead to headaches, dizziness and nausea, and it is 

linked to low birth weight. Where coal-burning is common, oxides of sulphur may also be measured. Table 

4 summarises the range of levels reported from literature studies for particulate matter (PM10) and carbon 

monoxide (CO), compared to WHO Air Quality Guidelines for these substances (WHO 2005, 2010). The 

latest studies available in 2009, especially those epidemiological studies using very large databases and 

thus producing extremely high-resolution findings, suggest that the appropriate guideline level for longer-

term average concentration of carbon monoxide in order to minimize health effects must be positioned 

below the 8-hour guideline of 10 mg/m3 (WHO 2010). 

  

Table 4: indoor levels of PM2.5 and CO from household use of solid fuels, compared with WHO air quality guidelines 

Pollutant Range of measured pollution levels in home in 

DC studies of solid fuel use in simples stoves   

WHO Air Quality Guidelines 

(2005, 2010) 

 Period Level Period  Level 

Small particles  

(PM2.5)  

[µg/m
3
] 

Annual Average levels over the course 

of a year are expected to be 

similar to measured 24-hour 

levels 

Annual mean 10 µg/m
3
 

annual 

mean  

 24h Wide range of recorder levels, 

from around 300 to 3,000 

µg/m
3
 or more. Most range 

from 500 to 1000 µg/m
3
 

24 hour mean 

(99
th
 percentile: 

3 days/year) 

25 µg/m
3
 

24-hour 

mean 

 

 During stove 

use 

Mostly ranged from 300 to 

20,000
+
 although levels of 

30,000 have been recorded 

  

Carbon monoxide 

[mg/m
3
]*  

24h Generally up to 10 ppm, but 

can exceed 50 ppm 

24hours 7 mg/m
3
 

   8 hours 10 mg/m
3
 

 During stove 

use 

Can exceed 100 ppm 1 hour
+
 35 mg/m

3
 

   15 minutes
+
 100 mg/m

3
 

 Carboxy-

haemoglobin 

(COHb) % 

Level measured 1.5-13% Recommended that COHb 

should not exceed 2.5% 

Typical non-smoker 0.5-1.5% 

Typical smoker 10% 

* At 760 mmHg and 20°C, 1ppm = 1.165 mg/m
3
 and 1 mg/m

3
 = 0.858 ppm; at 25°C, 1 ppm = 1.145 

mg/m
3
 and 1 mg/m

3
 = 0.873 ppm. 

+ 
such exposure levels should not occur more often than one per day 

 

Health effects are determined not just by the pollution level, but more importantly by the time people 

spend breathing polluted air ς in other words the exposure level. Exposure refers to the concentration of 
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pollution in the immediate breathing environment over a specified time interval. This can be measured 

either directly through personal monitoring or alternatively indirectly by combining information on 

pollutant concentrations in each microenvironment, where people spend time, with information on activity 

patterns (Lioy 1990). Information on activity patterns is very important for understanding the dynamic 

relationship between levels of pollution and behaviour. Thus, although poorly studied to date, it is quite 

possible that as pollution levels are reduced, people spend more time indoors or nearer the pollution 

source. So reducing ambient pollution will not necessarily result in a proportionate decrease in exposure, a 

situation that has important implications for interventions. 

In developing countries, individuals are typically exposed to these very high levels of pollution for 

between 3 and 7 hours each day over many years (Engel et al 1998). Cultural practices common in 

developing countries may promote exposure of infants, women, the elderly and the sick. Since it is the 

women who generally cook, their exposure is much hiƎƘŜǊ ǘƘŀƴ ƳŜƴΩǎ ό.ŜƘŜǊŀ Ŝǘ ŀƭ 1988). Young children 

ŀǊŜ ƻŦǘŜƴ ŎŀǊǊƛŜŘ ƻƴ ǘƘŜƛǊ ƳƻǘƘŜǊΩǎ ōŀŎƪ ǿƘƛƭŜ ǎƘŜ ƛǎ ŎƻƻƪƛƴƎΣ ǎƻ ǘƘŀǘ ŦǊƻƳ ŜŀǊƭȅ ƛƴŦŀƴŎȅΣ ŎƘƛƭŘǊŜƴ ǎǇŜƴŘ 

many hours breathing smoke (Albalak 1997). 

It is estimated that smoke from cooking fuels accounts for nearly 2 million deaths annually (WHO and 

UNDP 2009), which is more than the deaths from malaria or tuberculosis; while these diseases are strongly 

focused by specific programs, and in the future the number of death related are likely to reduce, the victim 

diseased caused by the exposure to smoke from biomass are supposed to increase, as Figure 9 shows. By 

2030 over 4,000 people will die prematurely each day from household air pollution (IEA 2011). 

 

 
Figure 9: premature annual deaths from household air pollution and other diseases (IEA 2011) 

 

The health impacts of improved stoves are difficult to model, given the lack of clear evidence in this 

regard. Small particles are likely to be the most harmful pollutants contained in indoor smoke, and several 

studies have demonstrated reductions in indoor levels of PM10 of 80% or more where improved stoves are 

used (Ahmed 2005, Bruce et al 2006). However, these reductions are not a good predictor of the health 

impact, given possible changes in behaviour (e.g. a less smoky environment may lead to more time spent 

indoors) and the non-linear relationship between exposure and relative risk of health impact (the doseς

response relationship is  unknown for exposures to PM10 ƭŜǾŜƭǎ ŀōƻǾŜ рл ˃Ǝ ǇŜǊ Ƴ
3). Few studies are 

available that link the use of a particular cooking technology to health risks over time. Fewer studies of 
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personal exposure have been done than of area pollution, mainly because measurement of personal PM 

typically requires wearing a pump, a cumbersome procedure. CO can be measured more easily and has 

been used as a proxy: time-weighted (for example, 24-hour average) CO correlates well with PM if a single 

main biomass stove is used (Naeher et al 2001). A dose-response relationship for indoor air pollution (IAP) 

exposure and adverse health impacts is not known (Rouse 2008).  Recently two studies have provided 

important insights into the characterization of the exposure ςresponse relationship for the link between 

indoor air pollution and ALRI. A cohort study monitored 93 infants living in 55 randomly selected 

households in Kenya for more than two years. Exposure was assessed through continuous real-time 

monitoring of PM10 and CO combined with time -activity budgets; ALRI was assessed through weekly clinical 

examinations. ALRI rates increased at a higher rate for PM10 levels below 2,000 mg/m3 than for PM10 levels 

above 2,000 mg/m3, suggesting that the exposureςresponse relations hip is not linear but levels off at 

concentrations of approximately 2,000 mg/m3. The other, a randomized-controlled trial in the highlands of 

Guatemala, conducted repeated 48-h kitchen, bedroom, and personal samplings of PM10 and CO for more 

than 500 children over an 18-month period. For a 50% reduction in personal exposure to CO, the RESPIRE 

ǘǊƛŀƭ ŦƻǳƴŘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǘƛƻƴǎ ƻŦ ŀǇǇǊƻȄimately 25% in physician -ŘŜŬƴŜŘ ǇƴŜǳƳƻƴƛŀ ŀƴŘ 

approximately 33% in severe, hypoxemic pneumonia (Rehfuess et al 2011). 

Other health risks have been identified: young children who suffer buǊƴǎ ŦǊƻƳ ŦŀƭƭƛƴƎ ƛƴǘƻ ƻǇŜƴ ŬǊŜǎ ƻǊ 

picking up hot fuel, cooks exposed at risk of clothes ignitingΦ ²ƘŜǊŜ ƪŜǊƻǎŜƴŜ όǇŀǊŀŦŬƴύ ƛǎ ǳǎŜŘ ŀǎ ŀ 

household fuel, this is frequently stored in soft drink bottles, and poisoning of young children who drink the 

fuel is common. Most collection of fuel is carried out by women, and school-age children are often 

involved. Although not well studied and ǉǳŀƴǘƛŬŜŘΣ ǘƘŜǊŜ ƛǎ ǎǳŦŬŎƛŜƴǘ ŜǾƛŘŜƴŎŜ ǘƘŀǘ ƛƴƧǳǊƛŜǎ όŦǊƻƳ ŦŀƭƭƛƴƎ 

with heavy loads) and animal bites (snakes, etc.) are quite common. In some areas, particularly of political 

instability, women may be at risk of physical threats, assault and rape (Bruce et al 2011). 

2.6.4. Environmental impacts 

The use of traditional biomass fuel has also a significant environmental impact. An extensive local fuel 

collection is required to support the local market. The woodfuel demand from the growing population in 

the urban areas adds an increasing stress on the natural resources in the peri-urban and rural areas. It is 

common to find deforested areas surrounding the main urban agglomerates for a distance that increases 

every year. Moreover solid fuels are usually burnt in open fires and primitive stoves which are inefficient at 

converting energy into heat for cooking; the amount of biomass cooking fuel required each year can reach 

up to 2 tons per family. Where people have even any access to wood or charcoal, the use of dung and crop 

residues as fuels for cooking purposes takes off such fertilizer compounds from the natural soil cycle. In 

general, where demand for local biomass outstrips the natural regrowth of resources, local environmental 

problems can result such as an unsustainable exploitation of forest and the increase of soil erosion with 

loss of fertility. In many developing countries, forest resources are under threat from overexploitation and 

land-use change. Consequently, forest product supplies, environmental services (soil protection, water 

retention, biodiversity conservation and carbon-sequestration) and social benefits, such as cultural and 

spiritual values and the livelihoods of forest-dependent rural populations, are at risk. 

Furthermore there is mounting evidence that biomass burned inefficiently contributes to climate 

change at regional and global levels. In developing countries, about 730 million tons of biomass are burned 
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each year, amounting to more than 1 billion tons of carbon dioxide (CO2) emitted into the atmosphere. 

Biomass fuels inefficiently burned due to incomplete fuel combustion generally release products of 

incomplete combustion (PIC) with a high global warming potential (GWP3), which linger in the atmosphere 

(Smith 2000, WHO 2006).  These PICs include such gases as methane (CH4) and nitrous oxide (N2O), and fine 

particles in the form of black carbon (BC4).  Some scientists now estimate that small, solid particles of black 

carbon are responsible for about one-fifth of warming globally and, as such, are the second-largest 

contributor to climate change, after carbon dioxide gas (Luoma 2010, Highwood and Kinnersley 2005). 

However, PICs also include organic carbon (OC), which has a cooling effect on the atmosphere. Thus, not 

only are potentially high levels of CO2 emissions being produced in open or semi-open fires; various other 

products are being emitted that also affect the climate. 

2.7. Cooking Energy and MDGs 

As discussed previously, energy is indispensable for sustainable development and poverty reduction. 

Without access to adequate quantity and quality of modern energy services, the achievement of the MDGs 

will not be possible (UNDP 2007). At present, there are 1.6 billion people in the world, mostly in rural areas, 

who have no access to electricity. Another 2.5 billion people still rely on traditional solid fuelsτwood, dung 

and agricultural residuesτto meet their daily heating and cooking needs, having serious impacts on the 

environment and on ǇŜƻǇƭŜΩǎ ƘŜŀƭǘƘΦ ¢Ƙƛǎ ǎƛǘǳŀǘƛƻƴ ǎŜǾŜǊŜƭȅ ƭƛƳƛǘǎ ŜŎƻƴƻƳƛŎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀƴŘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ 

overcome poverty. Energy, including electricity and safe cooking fuels, is among the essential infrastructure 

services for a productive life. The UN Millennium Project 5 proposes that countries adopt the following 

ǎǇŜŎƛŬŎ ǘŀǊƎŜǘǎ ŦƻǊ ŜƴŜǊƎȅ ǎŜǊǾƛŎŜǎ ǘƻ ƘŜƭǇ ŀŎƘƛŜǾŜ ǘƘŜ Dƻŀƭǎ ōȅ нлмрΦ 

ω Reduce the number of people without effective access to modern cooking fuels by 50% and 

make improved cook-stoves widely available. 

ω Provide access to electricity for all schools, health facilities and other key community facilities. 

ω Ensure access to motive power in each community. 

ω Provide access to electricity and modern energy services for all urban and peri-urban poor. 

                                                           
3
 Global-warming potential (GWP) is a relative measure of how much heat a greenhouse gas traps in the 

atmosphere. It compares the amount of heat trapped by a certain mass of the gas in question to the amount heat 

trapped by a similar mass of carbon dioxide. A GWP is calculated over a specific time interval, commonly 20, 100 or 

500 years. GWP is expressed as a factor of carbon dioxide (whose GWP is standardized to 1). 
4 Smoke from biomass cooking emits both black carbon (BC), which is largely elemental carbon, and organic 

carbon (OC), where carbon is combined with other elements, such as oxygen and hydrogen.  BC and OC are referred 

to compounds as aerosols (fine particles suspended in the atmosphere) and have a significant impact on climate.  BC 

absorbs sunlight and has a significant net warming effect, while OC reflects sunlight back into space and has a cooling 

effect on the atmosphere.  Both BC and OC are the components of soot, a carbonaceous substance generally defined 

by its means of production, incomplete combustion, rather than by its chemical or physical properties. While the 

emissions characteristics of biomass burning in cookstoves are considered critical for climate science, there is 

surprisingly little concrete scientific data on such key factors as the ratio of OC to BC (Ramanathan and Carmichael 

2008). 
5
 http://www .unmillenniumproject.org/reports/fullreport.htm  

http://www.unmillenniumproject.org/reports/fullreport.htm
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It is not uncommon for energy issues to be missing completely from the MDG national reports. None of 

the eight Millennium Development Goals specifically address cooking energy, but its importance is 

recognized in several documents.  

Access to improved cooking fuels is necessary to ensure safe cooking of food. The creation of jobs and 

ǎƳŀƭƭ ōǳǎƛƴŜǎǎ ŎǊŜŀǘƛƻƴ ōǊƛƴƎ ƛƴŎƻƳŜ ŦƻǊ ǘƘŜ ƘŀƴŘƛŎǊŀŦǘǎ ǘǊŀƛƴŜŘ ƛƴ ǘƘŜ ǎǘƻǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΤ ƻƴ ǘƘŜ ǳǎŜǊǎΩ 

perspective, a reduced fuel need occurs in money savings. These are direct forms of poverty reduction 

(Goal 1). Access to electric power and improved cooking fuels lowers time spent by children (especially 

girls) collecting fuel-wood, thus facilitating school attendance (Goal 2). Women are often trained in the 

manufacturing of improved stove, in particular in rural areas, where ceramic stoves are more likely to be 

disseminated. Thus, women gain self-confidence and improve their status in the community. Furthermore, 

the reduced time spent gathering firewood and cooking and the improved conditions of kitchens where 

women usually cook are effects addressing the promotion of gender equality and empowerment of women 

(Goal 3). Reducing indoor air pollution through improved cooking fuels and stoves decreases the risk of 

respiratory diseases and eye infections, especially in women, and in children under five years6. Improved 

access to energy allows households to boil water, thus reducing incidence of waterborne diseases. 

Furthermore improved cookstoves usually are safer than open fires, reducing the risk of burns (Goal 4). 

Access to modern cooking fuels reduces demand for biomass, thus reducing pressure on marginal lands and 

forests. Improved energy services reduce indoor labour and outdoor air pollution as well as carbon 

emissions, in particular CO2 and black carbon (Goal 7). 

2.8. Technologies for an efficient use of biomass 

There are also many technology options to use traditional fuels more efficiently. Improved technologies 

range from artisanal or factory-produced clay and metal stoves to solar cookers, heat retaining cookers, 

and stoves using green fuels such as plant oil, ethanol, or biogas. The suitability of these options depends 

on factors such as availability, applicability, acceptability and affordability, including access to finance to 

cover initial investments. The decreasing availability of existing sources of fuel makes switching to modern 

alternatives a necessity in some places. In some others the inconsistence of a market not supported by 

realistic political energy strategies makes unaffordable for most of the people gaining access to more 

appropriate fuels, getting back to traditional cheaper ones. According to these aspects, and to the 

estimated increasing number of people relying on biomass for cooking purposes in the next future, the 

adoption of improved technologies that allow to use even poor fuels, but in a convenient, cleaner and more 

efficient manner, appears to be a viable way to walk to reach the goal of minimum energy access for the 

poor. 

There is a wide range of interventions adequate to provide people with a more appropriate access to 

cooking energy. Bruce et al (2011), with particular reference to indoor air pollution reduction, set three 

areas that can be targeted by the following interventions: reducing the source of pollution, improving the 

living environment and modifying ǘƘŜ ǳǎŜǊǎΩ ōŜƘŀǾƛƻǳǊǎΦ LƳǇǊƻǾŜŘ ŎƻƻƪƛƴƎ ŘŜǾƛŎŜǎ όǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ ŦƭǳŜ 

attached) and alternative fuel-cooker combinations fall within the first of these categories. 

                                                           
6
 http://www.who.int/indoorair/publications/fuelforlife/en/index.html  

http://www.who.int/indoorair/publications/fuelforlife/en/index.html
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Less than 30% of people in developing countries who rely on solid fuels for cooking (i.e., traditional 

biomass and coal) use improved cooking stoves. Access to ICSs is even more limited in LDCs and sub-

Saharan Africa, where only 6% of people who use traditional biomass and coal for cooking have access to 

improved stoves (WHO and UNEP 2009). In this work the focus was pointed on improved cookstoves. There 

ƛǎ ƴƻ ǳƴƛǾŜǊǎŀƭƭȅ ŀŎŎŜǇǘŜŘ ŘŜŦƛƴƛǘƛƻƴ ƻŦ άŎƻƻƪǎǘƻǾŜǎέ ƭƛƴƪŜŘ ǘƻ ǇŜǊŦƻǊƳŀƴŎŜ ƻǊ ǘŜŎƘƴƛŎŀƭ ǎǘŀƴŘŀǊŘǎΦ  

A report of the World Bank (2011) has reviewed the cookstove intervention sector with a new look 

according to the recent scientific evidences on the environmental and health-related impacts. The authors 

propose a classification of stoves, but no measureable benchmarks are indicated for each category: 

¶ the term  traditional stove  refers to either open fires or cookstoves constructed by artisans or 

household members that are not energy efficient and have poor combustion features.  

¶ Improved cookstove is used in the historical sense for cookstoves installed ƛƴ άƭŜƎŀŎȅέ 

programs, usually with a firebox and chimney, but without standards and with poor quality 

control.    

¶ Advanced biomass cookstove refers to the more recent manufactured cookstoves, based on 

higher levels of technical research; these cookstoves are generally more expensive and are 

based on higher, but as yet not well-defined, standards that include safety, efficiency, 

emissions and durability; among others, they might include wood, charcoal, pellet and gasifier 

cookstoves.   

¶ Finally, the effective improved cookstove, cheaper but close in performance to advanced 

biomass cookstoves, is assembled on-site by qualified installers adhering to standards. 

{ŀƴŎƘŜȊ όнлмлύ ǇǊƻǇƻǎŜ ǘƘŀǘ ŀƴ ΨƛƳǇǊƻǾŜŘ ŜƴŜǊƎȅ ǎƻǳǊŎŜΩ ŦƻǊ ŎƻƻƪƛƴƎ ƛs one which requires less than 

four person hours per week per household to collect fuel and meets the recommendations of the WHO for 

air quality (maximum concentration of CO of 30 mg/m3 for a 24 hour period and less than 10 mg/m3 for a 

period of 8 hours of exposure). Plus the overall conversion efficiency must be higher than 25%.  

A good improved household stove, if is properly used, can save up to 60% of fuel compared to the 

traditional three-stone fire (GIZ 2011) and is designed to minimize the generation of products  of 

incomplete combustion, many of which have a high global-warming potential (IPCC 2001). 
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2. Overall methodology  

2.1. Introduction  

The research was carried out within the activities of an International Development Cooperation project 

implemented by the Italian NGO ACRA since 2008, one year before the beginning of the PhD research 

presented in this thesis. This condition resulted as a main constraint in the design and development of the 

research, which was forced to start as an open-ended exploratory action research.  

Given the complexity of the theme, both qualitative and quantitative methods from the social research 

literature were used, in order to gather information and data on the cooking practices and habits in a not 

influenced way. At the same time a rigorous scientific approach was adopted in the assessment of the 

technologies performances and in the quantitative evaluation of the impacts on the users. Thus, 

information obtained were crossed in order to have a comprehensive outlook on the several aspects of the 

topic and give a final assessment of the appropriateness of the intervention adopted. 

2.2. The project 

The research implemented on site is part of the memorandum of agreement signed between CeTAmb 

(Centre for Documentation and Research on appropriate technologies for environmental management in 

developing countries) and ACRA (Association of Rural Cooperation in Africa and Latin America) for the 

implementation of the Logone Valley project (project participatory management of forest resources in the 

Logone Valley ENV/2006/114-747). The project aims at: 

ω strengthening the forestry technical knowledge; 

ω promoting innovative technologies to reduce the consumption of charcoal and wood; 

ω developing productive activities based on the sustainable use of local trees and plants; 

ω increasing the awareness of the local population on the issues of environmental degradation; 

ω implementing a community-based monitoring system of forest resources based on participatory 

mapping and GIS technology. 

CeTAmb was involved as technical partner with responsibility for science and technology component of 

the diffusion of renewable energy sources. In particular, the activities initially focused on the design, 

implementation and testing of a machine for the production of briquettes. This activity was changed due to 

factors related to the economic feasibility of the proposed action, orienting to the reduction of wood 

consumption at household level by means of dissemination of appropriate technologies. In particular the 

study dealt with increasing the efficiency of traditional cooking systems, comparing different technology 

options. 

2.3. Assessment of access to cooking energy 

A number of activities on the field were implemented to gain knowledge about the cooking energy 

issue in the local context. 

Among the social research qualitative methods in this research the followings were applied: 
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¶ observation of the target groups, villages and project interventions through local field staff was 

used in order to gain a first impression of energy patterns. Even though not as accurate and 

representative as structured surveys, observations can be especially useful for preparing further 

scientific research (e.g. questionnaires) by providing site-specific knowledge (Trochim and William 

2006). 

¶ Focus Group Discussions allowing interviewers to study people in a more natural setting than in a 

one-to-one interview (Trochim and William 2006). This method was used during the workshops 

organized for local artisans in the production of some models of improved stove to assess their 

opinions by talking to various people at once in a less forced environment. 

Quantitative approaches are concerned to quantify social phenomena by collecting and analyzing 

numerical data in a statistical reliable and valid manner. 

¶ Semi-structured interviews were used in quantitative surveys to obtain comparable information 

representative for the total target group. Standard questionnaires (IEA, WHO) were adapted to fit 

objectives of surveys implemented on relevant assessment fields. Random samples were chosen 

among the population living in the intervention area. Questions were structured in order to avoid 

bias due to undesired effects on the respondents such as social-desirability (people tend to answer 

not according to their own opinion but according to social norms or what the respondent thinks 

would be the desired answer for the interviewer) and revised after some pilot tests. 

Besides information that need to be gathered from interviews or observations, data on particular 

indicators were provided from local databases, statistics and registers. 

2.4. Stove testing 

Over the last thirty years there have been many attempts to develop improved stoves, but often they 

failed due to lacks in quality and performance control. The technical performance of stoves is tested 

according to internationally agreed test procedures related to energy efficiency, emission control and safe 

use. Historically the main focus of the performance of an energy system is given to its efficiency, an 

indicator that expresses the ratio of energy useful to achieve a specific task on the total energy consumed. 

Thus, such a parameter is too narrow to describe the effectiveness of a stove, as a number of factors 

beyond the stove design takes influence in similar conditions, like the quality and characteristics of the fuel, 

the handling of the fuel, the handling of the stove, the management of the cooking process, the 

environment of cooking. 

With focus on relative performances of stoves, the assessment of stove efficiency is circumstantial. A 

clay stove is perceived as an efficient stove in households with open fire places and as an inefficient stove 

in households that are using an advanced improved stove. International standards on stove quality have 

been discussed for many years. While they are desirable to enable a global comparison of stove 

performances, there is a danger that cheap solutions for the very poor households are abandoned due to 

their low performance in relation to the global standards, when in fact they could still be a relevant 

ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ōŀǎŜƭƛƴŜ ǎƛǘǳŀǘƛƻƴ ƻŦ ǘƘŜ ǇƻƻǊŜǎǘ ƻŦ ǘƘŜ ǇƻƻǊΦ ¢ƘŀǘΩǎ ǿƘȅ ŀ ǎǘǊŀǘƛŦƛŎŀǘƛƻƴ 

of quality standards has been developed in the ά[ƛƳŀ ŎƻƴǎŜƴǎǳǎέ ǊŜŀŎƘŜŘ ŘǳǊƛƴƎ ǘƘŜ нлмм CƻǊǳƳ ƻŦ ǘƘŜ 

Partnership for Clean Indoor Air. The consensus reached among major stakeholders in standards and 

testing resolved to adopt a temporary rating system of stove technologies in tiers of performance in the 
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areas of fuel efficiency, indoor air quality, emissions of PM and CO, and safety. Each area has to be ranked 

ǎŜǇŀǊŀǘŜƭȅΣ ǊŜŦƭŜŎǘƛƴƎ ŀ ǎŜǉǳŜƴŎŜ ƻŦ ŜǾƻƭǳǘƛƻƴ ŦǊƻƳ ¢ƛŜǊ л ŦƻǊ ΨǘȅǇƛŎŀƭ ǳƴƛƳǇǊƻǾŜŘΩ ǘƻ ¢ƛŜǊ о Ψǘƻ ŀŎƘƛŜve 

ǎƛƎƴƛŦƛŎŀƴǘΣ ƳŜŀǎǳǊŀōƭŜ ƘƛƎƘ ƎƻŀƭǎΩΦ ¢ƘŜ ƴŜǿ ǇǊƻǘƻŎƻƭ ǎƘƻǳƭŘ ŀƭǎƻ ŜǾŀƭǳŀǘŜ ǇŀǊǘƛŎǳƭŀǘŜ ŎƻƳǇƻǎƛǘƛƻƴ 

including black carbon, address batch-feeding stoves that are not well captured by the current protocols. 

2.4.1. Water Boiling Test (WBT) 

This laboratory-based test is designed to explore the most basic aspects of stove performance in a 

controlled environment. A prescribed amount of water is brought to the boil and kept simmering for a 

given period of time, while the fuel consumption (and recently also the emissions) is measured. As it is a 

short test, and the results are not highly variable, relatively few tests can give informative and quick 

feedback. The WBT is a useful tool in the process of stove development or when comparing very different 

stoves. It allows to accurately spotting the effect of small changes in stove design, fuel quality or other 

physical variables. It can also be used in field tests to determine whether stoves have been built to match 

their design criteria on cooking time, fuel use and emissions. It does not reflect field performance because 

the way typical local dishes are prepared can be very different from just boiling water. Currently revisions 

of the test protocols are being discussed, but no new protocol has yet been accepted. 

2.4.2. Controlled Cooking Test (CCT) 

Like the Water Boiling Test, the Controlled Cooking Test measures the fuel consumption of a stove for a 

specific standardized cooking task typical for a certain region. The CCT can be done either in a laboratory-

environment or in the kitchen of a real user while the regular user operates the stove and the tester 

observes and records all the influencing parameters. The duration of the CCT is determined by the chosen 

typical cooking task. As well as being closer to day-to-day life, it allows the stove properties to be measured 

in a reproducible way by minimizing the influence of other factors. 

2.4.3. Kitchen performance test (KPT) 

The Kitchen Performance Test is an entirely field-based procedure that evaluates the effect of stove 

interventions in real-world conditions: the KPT is carried out over several days in the usersΩ ƘƻǳǎŜƘƻƭŘǎ. 

Fewer parameters are controllable as the tester is not present all the time during the test. It includes 

quantitative surveys of fuel consumption of the participating household and qualitative surveys of stove 

performance and acceptability. The KPT is more time-consuming, thus more expensive; however, it is the 

ōŜǎǘ ǿŀȅ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ǎǘƻǾŜΩǎ ǊŜŀƭ ƛƳǇŀŎǘ ƻƴ ŦǳŜƭ ǳǎŜ ŀƴŘ ŎƻƻƪƛƴƎ ōŜƘŀǾƛƻǳǊ ƛƴ ǘƘŜ ǇŀǊticipating 

households. The KPT is increasingly important for projects that want to register for the voluntary carbon 

market to prove the actual fuel savings realized by the users in their day-to-day cooking. 

2.4.4. Emission monitoring  

Wood is chemically mainly carbon, hydrogen and oxygen. The main products of complete combustion 

are carbon dioxide (CO2), water vapour and heat. In reality, it is difficult to achieve a complete combustion 

of biomass in stoves. Some stove designs have fewer emissions than others, but the fuel properties still 
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have a big influence. Incomplete combustion results in emission of small particles, carbon monoxide (CO), 

nitrogen oxides (NOX), formaldehyde, benzene and many other potentially harmful organic substances. In 

terms of health, particulate matter (PM) and CO emissions are the most important. These two pollutants 

are mainly measured in Emission Control Tests. Due to the nature of the fuel, wood stoves cause higher PM 

emissions. 

Emissions can be measured either from the plume of smoke rising from the stove or at a designated 

point in the room that reflects the approximate position of the cook. There are a number of relatively 

cheap, reliable and easy to handle instruments for measuring the CO concentration from stove emissions.  

There are two main types of equipment for monitoring carbon monoxide in this type of work. The first 

ƛǎ ŀ Ψǎǘŀƛƴ ǘǳōŜΩΣ ǿƘƛŎƘ ƛǎ ŀ ǎƳŀƭƭ ǘǳōŜΣ ƳŀŘŜ ƻŦ Ǌƻōǳǎǘ Ǝƭŀǎǎ ƛƴǎƛŘŜ ǿƘƛŎƘ ƛǎ ŀ ǎŜƴǎƻǊ ǿƘƛŎƘ ŎƘŀƴƎŜǎ ŎƻƭƻǳǊ 

with exposure to the gas. These tubes are useful if only a small number of measurements have to be made, 

but as they can only be used once, they are expensive for larger numbers of samples. They give an indicator 

of CO levels, but are difficult to interpret accurately and do not give real time data. Otherwise a real time 

monitoring of carbon monoxide can be used, like single gas monitors made for workplace safety. Once 

monitoring has taken place, data can be downloaded to a computer using a data-logger. Software enables 

the user to look at graphs of levels of carbon monoxide with time. 

By contrast, measurement of the small respirable particles, also called particulate matter (PM), has 

been quite difficult until very recently. PM are aerosols comprising solids (dust, soot) and liquid droplets of 

tars and other combustion products (excluding water vapour). They occur in a wide range of sizes (between 

0.005 µm and 100 µm in diameter) and with very different chemical compositions. The small respirable 

particles have more adverse effects on health as they can penetrate the lungs more deeply. Hence modern 

analȅǎƛǎ ƳŜǘƘƻŘǎ ŦƻŎǳǎ ƻƴƭȅ ƻƴ ǘƘŜ άfineέ particles with diameters below 2.5 µm, called PM2.5 or below 1 

µm, called PM1.0. There are two main methods for quantifying PM exposure. 

¶ Gravimetric method - by sucking air through a filter and weighing the deposited particles on a 

high-precision scale. This method is labour-intensive, slow and prone to uncertainties from 

filter handling, transport, conditioning and weighing. However, it has been used for a long time 

within industrial settings and has shown to be robust if properly applied. 

¶ Continuous monitoring of the PM concentration by using indirect techniques. A common 

method, used in fire detectors, measures the reflection of light by the aerosols. Based on this 

principle the Centre for Entrepreneurship in International Health and Development (CEIHD), 

University of Berkley developed a standard Indoor Air pollution Protocol. This method monitors 

for very fine particles (PM1.0) and fine particles (PM2.5). 

It is agreed upon that fuel consumption and emissions of a stove must be monitored at the same time, 

so benchmarks for total PM- and CO- emissions of a stove during a standard performance test are being 

ŘƛǎŎǳǎǎŜŘΥ ΨƛƳǇǊƻǾŜŘΩ ǎǘƻǾŜǎ ǎƘƻǳƭŘ Ǉƻǎǎƛōƭȅ ƴƻǘ ǇǊƻŘǳŎŜ ƳƻǊŜ ǘƘŀƴ мΣрл0 mg of particulate matter and 20 

g of CO during a 5-L Water Boiling Test. However, this does not necessarily reflect the real exposure of the 

cook in the kitchen under day-to-day conditions. To determine the actual exposure levels, to which a 

person is subjected, involves personal monitoring, e.g. attaching dosimeter tubes (glass tubes containing 

chemicals which stain when exposed to carbon monoxide) directly onto the clothing of either the cook or 

other member(s) of the household, or lightweight electronic carbon monoxide detectors that can be worn 



 

26 

 

around the neck. Although monitoring household members is technically more challenging, it gives direct 

information about real exposure of people to hazardous smoke. 

The 2005 AQG set for the first time a guideline value for particulate matter (Table 5). The aim is to 

achieve the lowest concentrations possible. As no threshold for PM has been identified below which no 

damage to health is observed, the recommended value should represent an acceptable and achievable 

objective to minimize health effects in the context of local constraints, capabilities and public health 

priorities. 

Table 5: indoor air quality guidelines for PM according to WHO (2005) 

PM2.5 PM10 

мл ˃ƎκƳ3 annual mean нл ˃ƎκƳ3 annual mean 

нр ˃ƎκƳ3 24-hour mean рл ˃ƎκƳ3 24-hour mean 

2.5. Monitoring of impacts and assessment of the appropriateness 

For a "proper" impact assessment it is recommended7 the use of a shared list of indicators, the 

conduction of baseline studies before project intervention and impact studies after households got access 

to a form of modern energy, the use of a theory based approach by applying the result chain for developing 

the study design, the use of a mixed methods approach. The inclusion of control groups if possible 

(households which do not have access to modern energy) into the baseline and impact study  In particular 

the use of mixed methods allows looking at things from multiple points of view (Mikkelsen 2005) capturing 

different effects of one intervention, assessing in multiple ways the complexity of a system, strengthening 

the results if these converge, limiting the bias. Quantitative impact evaluation done in experimental or 

quasi-experimental way is preferable to qualitative assessment.  

Impact assessment in different phases of an intervention allows to monitor and to compare the results 

of the activities with the baseline. These include: income generation from stove production, women 

engaged in new activities, time and expenses saved, perceived reductions in the levels of indoor air 

pollution and reduction in the number of accidents. To collect empirical data on the impacts of energy 

projects, a wide range of methods and approaches is available. These may differ significantly in terms of 

time, money and expertise needed for implementation (Baker 2000). 

Results Based Monitoring (RBM) is an international monitoring standard designed to monitor 

development results applied regularly to GIZ programmes. Results are defined as development changes 

that follow directly from an intervention; they can be outputs, outcomes or impacts resulting from a 

development intervention. RBM is a method to examine the result hypotheses in an empirical and 

systematic way. The two key results are usually considered to be stoves sales and correct stoves use, since 

all further outcomes and impacts depend on stoves on the market and their correct use. The stove effects 

strongly depend on the capacity of the user to achieve maximum reduction of fuel use and emissions. An 

interesting case is the Participatory Impact Assessment applied by ProBEC (Programme for Biomass Energy 

Conservation) in selected Sub-Saharan African countries, where impact assessment interviews were 

conducted by local stove artisans. This approach to impact assessment requires high involvement by the 

                                                           
7
 https://energypedia.info/ 

https://energypedia.info/
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producers and creates business awareness. The results of an assessment by the manufacturers inevitably 

cannot be considered neutral. 

The data from impact assessment can provide the starting point for an economic evaluation of the 

project, including a Cost-Benefit-Analysis (CBA) and a Cost-Effectiveness Analysis (CEA). Analyzing both the 

economic efficiency of the investments and the benefits deriving from energy efficient stoves on a macro 

and micro level can be helpful for further lobbying, public relations and keeping control of the project. 

Financial and technical criteria have generally prevailed, while the possibility of using a conceptual 

framework that encompasses sustainable energy development has often been neglected. In this 

perspective a multi-criteria approach to decision making appears to be the most appropriate tool to 

understand all the different perspectives involved (Kahraman and Kaya 2010). 
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3. Background: access to household energy in the Logone 

Valley  

3.1. Introduction  

As said in the presentation of the structure of this thesis the project activities interested two Countries, 

Chad and Cameroon, but this work focus mainly on the Chadian side. This chapter consists in two main 

parts. A first paragraph gives some information on the national context and provides with the basic data 

and features of the country with particular regard to the environmental and energy sector. A second part 

presents the results of some observations conducted on site. In particular the results of a survey involving 

more than 150 householders some living in the Logone Valley in both countries revealed the socio-

economic patterns in the use of household energy in such a context. Moreover, the analysis of the output 

of the survey assessed the almost identical socio-economic characteristics and domestic energy practices 

both in the Chadian and in the Cameroonian population, divided by administrative national boundaries, but 

actually belonging to the same traditional ethnic group, the Masa. 

3.2. The Chadian national context 

3.2.1. Geography and climate 

Chad is a country in North Central Africa measuring 1,284,000 square kilometres. Chad has four 

bioclimatic zones. The Northern Saharan zone averages less than 200 mm of rainfall annually. The human 

population is largely nomadic, with some livestock, mostly small ruminants and camels. The central 

Sahelian zone receives between 200 and 600 mm rainfall and has vegetation ranging from grass/shrub 

steppe to thorny, open savannah. The southern zone, often referred to as the Sudanian zone, receives 

between 600 and 1,000 mm, with woodland savannah and deciduous forests for vegetation. Rainfall in the 

Guinea zone, located in Chad's south-western tip, ranges between 1,000 and 1,200 mm. 

3.2.2. Population 

Chad's population is estimated at 8.1 million, based on 1993 census figures updated in 2003, with a 

population growth of 2.5% in 1993 (against 1.4% in 1964). There is a positive trend of urbanization, but still 

nearly 80% of the Chadian population is rural (PNSA 2005): about 6.5 million people live in rural 

settlements of less than 2,000 inhabitants.  

The distribution of population within the country responds to a very variable pattern: the average 

density (5.7 inhabitants per km²) varies considerably from North to South (Figure 10). In the Saharan 

population, groups are located in small areas around the oasis, and the resulting mean density is very low. 

In the Sudanian zone, due to migration phenomena (not reversible) and the tendency to settle for 

transhumant, there is juxtaposition of indigenous people and migrants, determining a high density. Overall, 

excluding migration flows between counties, 50% of Chad's population lives in the Sudanian zone (which 

represents only 10% of the country) against less than 3% in the Saharan zone (SDEA 2003). Population 
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densities range from 54 persons per square kilometres in the Logone River basin to 0.1 persons in the 

ƴƻǊǘƘŜǊƴ ŘŜǎŜǊǘ ǊŜƎƛƻƴΦ ¢ƘŜ ŎŀǇƛǘŀƭ Ŏƛǘȅ ƻŦ bΩ5ƧŀƳŜƴŀΣ ǎƛǘǳŀǘŜŘ ŀǘ ǘƘŜ ŎƻƴŦƭǳŜƴŎŜ ƻŦ ǘƘŜ /ƘŀǊƛ ŀƴŘ [ƻƎƻƴŜ 

Rivers, is cosmopolitan in nature, with a current population in excess of 1,000,000 people. The recent 

growth of N'Djamena was carried out partly in areas prone to flooding. The cities of the oil region have far 

exceeded the growth rate of the capital in recent years. The situation of the Chadian population who lives 

in poverty is still a serious concern throughout the country, whether rural or urban, and still requires 

significant improvements, even if progress is perceptible. 

 

 
Figure 10: ethnic groups and population density in Chad 

3.2.3. Socio-economic aspects 

Besides oil, in Chad the national economy is primarily based on agriculture and livestock activities, 

concerning 80% of the population. Agro-pastoral productions taken together are involved in 38% of GDP. 

The country's agricultural potential is considerable, with 39 Mha of land. Floodplains, particularly extensive 

in the southern half of the country, contribute significantly to this potential. Agricultural systems are built 

around a subsistence production based on sorghum and millet, and a cash crop dominated by cotton (12% 

of the national area cultivated, concentrated in the Sudanian climatic zone). Other agricultural productions 

that have local importance are sugar, tobacco, rice and peanuts. The main constraints to agricultural 

development are linked on the one hand to climate, siltation and population growth, but also to low 

technical capacity, compounded by transport difficulties; however, civil tensions and conflicts have 

constituted aggravating factors. Chadian agriculture needs support for improved productivity, both for food 

security and commercial purposes.  

The role of women in environmental management is crucial. They are involved in production activities 

and at all levels of domestic life, including that of energy. Women are also the targets of advocacy for water 

quality, hygiene and health. 
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3.2.4. Environmental issues 

The national natural resource degradation is running. Population growth is high, and two conditions are 

of concern: poverty is very present, and the food deficit is permanent in some areas. In addition, thousands 

of refugees from Sudan and Centrafricain Republic moved to the East and the South of the country. 

In rural areas, 30% of the population has access to a modern water point, but only 10% of the 

population has adequate sanitation8. Sewage contaminates the immediate vicinity of settlements with 

important implications for human health. 

 

  
Figure 11: poor water & sanitation conditions in rural and peri-urban areas in Chad 

 

In major cities drinking water is distributed by the STEE at a fraction of the population, while another 

part of the population benefits from modern water points independent by the network, there are still large 

areas that use traditional wells. 

In N'Djamena 40% of people have a better personal sanitation (pit); moreover there are also some 

public toilets in town. But the conditions still leave a large place to unsafe: rainwater is very poorly drained; 

household waste is managed only partially; urban industrial discharges are seldom treated; in peri-urban 

areas informal drinking water is polluted. The health consequences are heavy; urban populations are 

suffering from waterborne diseases, but the relationship of cause and effect is not clearly perceived. 

3.2.4.1. Environmental policy, legislative and institutional framework 

Chad has endorsed the approach of sustainable development in 1995 by establishing the High National 

Committee for the Environment (HCNE). In an attempt to resolve the paradox between natural resources 

and the state of poverty and chronic food insecurity, the Special Programme for Food Security (PSSA) was 

launched in 1999 with these main objectives: increase of irrigated areas; intensification of agricultural 

production; diversification of rural incomes. 

Intervention Program for Rural Development (PIDR) was formulated for the period 1999-2005 and 

designed as a strategic framework for the implementation of the policy of the whole sector but whose 

implementation has shifted. Since 2003, the national policy reference document is the National Strategy for 

Poverty Reduction (PRSP). This strategy aims to halve extreme poverty by 2015 addressing the following 

                                                           
8
 http://www.acp-programming.eu/wcm/dmdocuments/CEP%20Chad.pdf 

http://www.acp-programming.eu/wcm/dmdocuments/CEP%20Chad.pdf

















































































































































































































































































































