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Abstract

Accesdo energyis a majortopic in developing countrieand one of the most
discused issues of the new millennium. One of the branchethestheme of
access to clean cooking facilities. Thisg®bally discussedbecause of the
relation to the problem of deaths from pneumonia, chronic lung disease, and
lung cancer caused lilge smokes ofmproper cooking appliance®n the other
hand the increasing ned of woodused for cookindy peoplein low efficient
devicesis contributing to increase the process of deforestation in many
developing countriesin particularly, theheavy reliance on wood fazooking
makes Burundihe country with the highestrate of deforestation in Africa.
Woodrepresents the unique type of fuel used 89% of Burundian people with
the consequens of amore pressing neetb cut trees.

This work representshe researchand test of energy alternatives to wood
biomassand limit its pressure on theactual uncontrolled phenomenon of
deforestation in Burundi After a historical soci@conomic overview of the
country, he feasibilitystudyandthe forecast of the benefits have been carried
out in a hospitalof a small village on thBurundian hill of Mutoyi and wherea
localltalian NGO called/ispe works. This ishere the highestonsumptionof
wood cooking biomasstakes place in traditional stoves The researcldone
confirms the availability of ahigh but not fully exploitedpotential of local
renewable resources such hgdroelectricand sunpower. The analysis of their
technological application suggests tpessibility to reach aatisfying30% of
wood savingeompared with the consumption of the actual stoves. Moreover,
the useof technologies such as heat pumps, solar collectors or homemade solar
cookershasbeen foundto be evenmore affordablethan wood biomass.

In conclusionthe resultsforecastedin the examined location give thigork the
prospect ofbeingreplicated in numeous similar structurethroughout Burundi
for a more activestandagainst deforestation.

keywords: access to modern energy sourceaeforestation, Burundi, wood
biomassrenewable energiedj)ydroelectrigty, solar cookerhospital
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Sommario

Lt GSYI RSttUl O00S&aaz2 ffQSYSNHAI-ySA LI S
scussi del nuovo millennio, e, in particolare, vi & un crescente interesse riguardo

Af GSYI RSftfQlF OOS & gefscopi domasyidl Rarafefamedtg S NH A |
al relativo problema delle morti per polmonite, malattia polmonare cronica, e

cancro ai polmoni causato dlmi diimpropri apparecchi di cottura, il crescente

e sempre piu pressante bisogno di legna per la cottordribuisce ad accelerare

il processo di deforestazione in molti paesiia di sviluppo. In partido} NB-Xx  QS¢t S
vato consumo di legngendeil Burundila nazionecon il piu alto taso di defore

stazione in Africa. Attualmenjéa legna rappresenta l'uni¢goo di combustibile

utilizzato per iI99%degli abitanti burundeston una conseguente sempre piu

pressante necessita di tagliare alberi.

Questo lavoro rappresentaprimo tentativodi ricerca dest di fonti energetiche
alternativealla biomassa legnase limitarne gli effetti suldilagantefenomeno
della deforestaziondurundi A seguito di una panoramica sodolturale del
Paese, sono stat effettuati uno studioe previsione dei benefigiaggiungibilin
un ospedale di un piccolo villaggio sulla collinaundesedi Mutoyi gestito
RIFf f Qhb D A dokethdnhoylitogoi+phi altiJ&onsumi dicombustibile
legnoso La ricerca conferma la disponibilita di etevato potenziale non
sfruttato di risorse mnovabili locali qualfidS f SG G NA O2 Sellé 2t S [ C
diverse applicazioni tecfio2 3 A OK S R Aha fjedz®ssdidDstirhaieddif S
sfacenti risparmi del 3 di legnarispetto al consumonelle comuni stufe
utilizzate in Mission®@ L y 2 flizzdNdtecriologieiuali pompe di calore,
collettori solari ocucinesolariauto castruite si rivelatopiu conveniente della
biomassa legnosa.

Infine, i confortanti risultatprevigi nelluogopresoin esameconferiscono a que
aidz2 f | @2 NPprosptiivadtesdkré@dpl@atofnéle numerose strutture
analoghe diffuse in Burundi per una lotta piu attev@artecipatacontro la defe
restazione.

parole chiave accesso a risorse energetiche deone,deforestazione, Burundi,
biomassa, energie rinnovabiiiroelettrico, stufe solat, ospedale
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[QAYGSNB&aaS OSNBR2 Af GSYI RSttQl00Saa

continua crescita, come viene testimonial@ai molti documenti internazionali

che ne trattano, come ad esempio il World Energy Outlook 2013, pubblicato

Ly

RFfTfQLYUGSNYylFGA2y It 9ySNHe& ! 3SyOeo
RAGFGOdziA 8 1jdzStt2 RSt Ql OOSdpar@priaki A
LISNJ Af f2NB dziAtAl T2 F a02LA R2YSai
LISNB2YS |f Y2yR2 y2y KlIyy2 | 00Saaz
non hanno accesso ai combustibili moderniFigural mostra la percentale di
popolazione che non ha accesso ai combustibillenninel mondoed evidenzia
bene come questo problema sia particoteente significativonei Paesi a basso
NERRAG2 S -Bafdidn&®! FNA OF & dzo

n.a. 50% - 75%

B <25% B 75% - 90%
25% - 50% [ > 90%
[ |Lpcs

Figural -Percentiale di popolazione che non ha accesso ai combustibili moderni nei

Paesi in via di sviluppo.
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gnoso sono le morti per intossicazione, malattie quali la polmonite, il cancro ai

polmoni e, in geneale, malattie delle viaaerde i G NA 6o dzA S | f £ Qdzi At Al

inappropriati per la cottura in ambiente domesticbe nel 202 hanno casato
4,3 milioni di morti

' YyOKS a8 YSy2 RA&Odzaal = dzyQlFf 6N} 3INIF OS O

adzt £ QI Yhorol§ Paes dnfatti,Q | LILINRaghéhto Bikleyyo da parte
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delle comunita ruralipiu povere contribuisce ad accelerargibcesso ddefo-

restazione. Nonostante la raccolta di legna utilizzata per cucinare nde Sida

causadée FSy2YSy2 RSttt RSF¥F2NBadGFT A2ySsS Ay Y
Sahariana tale collegamento risulta assai evidente.

LYFTAYST I Rizzod i6gdshalum notBvblé itngatda sociale sulle

famiglie, in particolaresudonne e bambini, costretti a spendere gran parte del

loro tempo per la raccolta della legna.

Ly2 RSA tIFSaA O2y Af YAY2NI | OOSxhe2 | ff QSySI
accesso ai combustibili moderni € il Burundi. Infatti, il Paese versa in una situa

zione di estrema criticita, e questo si puo evincere anche confrontando il Burundi

con altri Paesi africaniFigura2d @ { 2t 2 Af p2 RSEfF -LRLIREITAZ2Y
tricita, concentrata soprattuth in capitale e nelle province.
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{S aAr O2yaARSN}I Ay@SOS GivwdeSaneda A 0O2Y0d
O2yRAT A2yS RSt tIFS&aS ail FyO2Nl LIAG ONRIGA
utilizza i combustibili moderni, inveceé guelli tradizionali Eigura3).

! Elettricita, combustibili liquidi come kerosene, combustibili gassosne gas di petrolio
liquefatto egas naturale, biogas, biocombustibili, sole.
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Mauritius jm
Dijiboutie
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Figura3 -Percentale di popolazione con accesso ai combustibili moderni nei Paesi a
basso reddito e defll ! F NASahariakiadzo

Tale situazioneontribuisce aendere il Burundi il Paese con il piu alto tasso di
deforestazione di tutto il continente¥ NA OF y2® 5Ff wmdppns f QF NB
da foreste decresce con un tasso medio del 2% annuo (si sostiene che durante la
JdzZSNNIF OAQGAES RS3ITA YyA Qdn &ar &AL 2834°¢
registrati al mondo superiore al 9%). Le dannasgseguenze e le complicazioni

provocate sonelevatep t NA Yl GNJ GdziGS Af FSy2YSy2 |
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causa la perdita di suolo fertile e coltivabifelivello sociale, dal momento che

la deforestazione provoca un aumento della distanza per raggite i boschi, le

donne e bambinburundesiOKS | f ft QAY i SNy 2 RSt fS- FIFYAIALAS
cogliere la legna sono costrettispenderepiu tempo per laraccolta.noltre,

f QSNRPaA2yS RSA LISYRAA RSttS OfddndyS S RSA
alla sedimentazione nei ruscelli, laghi e paludi con conseguenze dannose per la

NA LINBRdzl A2yS SR SO02aradSyYl IO0ljdzr aA0Ad [ QAY:
gua del lago Tanganika e la perdita di biodiversita marina con ripercussioni sulla

pesca nee un esempio. La perdita di paludi e zone umide ha un grosso impatto

negativo sulla fauna selvaggia, uccelli e flora e ha caratterizzato a suo tempo

f QSAGANLI YSY(d2 RA FYAYFEA ljdzZhfA A JI2NARE €I

Questo lavoro di tesi, pertanto, vuol essere umm tentativo di ricerca analisi

di molteplici soluzioni che possawdaninuire il consumo di legna per la cottura

dei cibi econtribuire alimitarne la pressione sullilagante fenomenodella

deforestazione In particolar modo, taleindagine e stataeffettuata in

O2ft f I 02 NIhbD2 ES 308y OKS RFEIEA FYyA Qtn § LINB
arhaarzysS aArddza G yStfQFNBF NH2NIfS RA adzi2e)
FLAEKFederazione_avoratoriAziendeElettricheL G I f AL yS0 X y St f QSadal

stato possibile effettuare un sopralluogo di due settimane a Mutoyi per valutare

f QSYy (A ltLt (Ridufad)edeBedubrSia prima ramlta dati.

. . Impatto sociale (molto
Maggior pressione sul . o
. ) tempo trascorso per la Ripercussioni sulla salute
processo di deforestazione 5 P
ricerca e raccolta di legna)
A A A

Sovrautilizzo di

biomassa

Nessun utilizzo di Nessun accesso a Nessun utilizzo di
fonti fossili per tecnologie efficienti energia elettrica per
produrre energia che sfruttano energia produrre energia

termica rinnovabile. termica
| } [ L
Non & accessibile Circuito di . Blocco o
" Mancanza di . Approvvigiona-
a basso costo approvvigionamen culturale di Elevato prezzo
) conoscenze mento S
(Prezzo eccessivo to debole . fronte a nuove f o dell’elettricita
o tecniche ) inaffidabile
del combustibile) (e.g. no rete gas) tecnologie

Figurad ¢ Analisi deproblemi
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[ QF Yy fAaA RSA LINROf SYal mé&dtato LiizZxdvdSfanie2 RA Ay
energetOKS £t GSNYIFGAGS |ttt oA2YlFaal S yStf:
le caus principali del sovra utilizzo di legna per cucinak##a luce di queste in
formazioni, il primo fondamentale obiettivo della tesi e stata la ricerca delle ri
sorse energetiche alternative alla biomassa che il Paese offhe esondocal
mente acessibili. Escludendo i combustibili fossili come il diesel e carbone per il
f2NR O2aid2 SO00S&aarwgz2 S At 3ILa& LISNIfQSTTS
si smo analizzate leseguentifonti rinnovabilidisponibili:
1. IOSY SNEA I ¢ &NaathiaSoité mhho@bile con il potenziale piu
elevata Si stima che il Burundi disponga di un altissimo potenziale idroelet
trico di circa 1700 MW, di cui solo 32Mvengono sfruttati in centrali ad
acqua fluente dislcate lungo i numerosi fiumi che attraversano il Paese.
¢CFHES LRGSYTI Ayadalttlrdlr NFLLWINBaSyidl f Q)
Paese; il resto & garantito da una piccola centrale termoelettliceirca
5MW situata a BujumburaCorirontando la curva dei carichi elettrici diurni
NE&l RA&ALIRYAOATS RIf aAyAaidNR RStfQ9yS!
normale giorno infrasettimanald-{gurab), si € osservato che durante le ore
notturne la potenza installata & periore di alcuni Megawatt rispetto alla
richiesta.
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Figurab - Carico elettrico burundese interconnesso alla rete il 10/10/2013

XXX



Attraverso il calcolo delle ore equivalenti di funzionamento degli impianti e
RStfl f2NR STFSOGAQDlF RAALRYAOATAGLET &A 8§
meta delle notti burundesi, il parco di generazione idroelettrica del Paese
disponga di un poteriale non sfruttatdra 1 e 10 MW.Poiché la rete elet
trica burundeseessendo sottodimensionataspetto alle esigenze diurne,
soffre di blackout frequenti tale disponibilita dovuta ai minor cafii
connessila rende meno sovraccaricataelle ore noturne e garantisce
maggior sictezza e afRl 0 Af AGt y St QlF LIWINPODBAIAZ2Y I YSY
inoltre, Vispe sta collabando conFLAEper la realizzazione di una centrale
idroelettrica da 700 kWa servizio della Missionehe risolverebbe |l
problema RSt f QI LILdBid) goktasa 2 Yihaffidabile di energia
elettrica. In conclusione, il futuro @powigionamento gratuito di energia
idroelettrica alla Missionee una magior affdabilita e sicurezza nelle ore
notturne rendono tale fonte interesante in vista di un impieg@ome
alternativa alla biomassa.
2. La seconda fonte di energia studiata per il suo alto potenziale € quella solare.
h3ayix Fyy2s f QSYSNHAIF RANBOGGFYSYGS ANNI RAL
torno i 2000 kWh/m, con unapotenzamedia mensile superiore ai 700
W/m?2 nelle ore centrali degiorni non nuvolose sfruttata in numerose
applicazioni sia termiche chetéwoltaiche.
3. Per ultima e stata analizzata la filiera della biomassa che rappresenta la
fonte energetica piu utilizzata n€laese; soddisfa il 96% di tutto il bisogno
di energia primaria nel Paese e viene utilizzata totalmente per applicazioni
termiche (senza considerare un piccolo impianto pilota per applicazionri elet
triche nella capitale Bujumbura). Poiché il presente lawdiresi ha il prin
cipale obiettivo di ridurre il consumo della biomassa, € stata presa in-consi
derazione la possibilita di intdurre tecnologie piu efficienti che dimindis
aSNR Af TFlooAazay2 RA fS3AylLd [QdziAftATT 2 |
e stata approfondita; infatti, poiché il poesso di conversione della legna in
carbonella dipende fortemente dal processo e dagli usi finali, il bilancio
SYSNEBSGAO2 OKS yS 02y addn®RkéEwlizzo fin@ldd/ G SNI  F A f
spessoa sfavore didzS & (i Qdzf G A YIS guenz&krvglio apfro RA O2y a s
fondito.

Secondo obiettivo di questo lavoéostal: £ QF Yy I f A A A rMe&fsan02y (1 Sail2 f
per effettuare il successivo studio di fattibilitA Mutoyi, il piu elevato utilizzo di

OA2YlF a&l NUz2 Gl Ceitie 2d\Sarigestitd da Bigpa d dSIIR paf S

rocchia locale. Ogni giorno, una media di 300 persareyaho il pranzo. La pre

parazione dei pasti € a carico di una cooperativa ®azghiamata PaMu

(Patisserie deMutoyi), f Q dzgekvidi@ diristorazionedella zona. In una cucina

appositamente dedicata, la struttura prepara giornalmente le pietanze per
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f Q234 LSRFES Ay RdzS INR&AaS aiddzFS | it S3ayl o

i degenti viene servito al mattino e il pomeriggio il té o latte che viene preparato

in due stufe a legna identiche a quelle presenti al Palhume tipicamente ac

cade negli ospedali africani, | LINBLJ N} T A2yS RSttt -OSyl y2
dale, madei parenti degli ospedalizzathe in una struttura apositamente de

dicata hanno la possibilita di cucinare per sé e i prdamigliariricoverati. Tale

cucina e costituita da una semplice pensilina con una lungatsteuin pietra

sottostante dove poggiare la legna e ricoperta da una griglia.

t 2A0KS GdziGS 1jdzSadsS FaGaA@AGtLt OKS NYz2 Gl
RStfQ2alLSRI{S | g@Sy3a2y2 a2G02 Af- 02y (GNRf
lutata come la location pi adeguata per introdurre un primo cambiamento e
GSyaGridA@2 RA YAITEA2NI YSyi(i2d !y2 RSA LAG
getti di cooperazione é infatti dovuto alla non accettazione di intervisaino-

logiciche spesso cambiano le consuetudielld personePer non incorrere in

questo rischio,d collaborazione e il supporto di Vispe nelle tre strutture di cui

soprarisulta quindi necessariger la lenta e monitorata accettazione di ogni tipo

di intervento teaico che puo in futuro essere diffa.

t SN f Q2ALISRIf 8F g1 AAANRARS 2 NDsEhBSHEIG 2 K| LIN
dati relativi al consumaiornaliero di legna e di acquale informazioni circa

f QF LILIN2 GOA A2 Y | POBhELINR YRIA nofd ShzrNdhhi Stétilrad

colti dati circa la quantita di legna consumata, uno degli obiettitérmedi di

questo lavoro di tesi & statestenderef dzy 32 G dzi G A idatidvdd@ A RSt f Q
sumo di legna osservati durante il soggima Mutoyi attraverso considerazioni

energetiche.

Infine, perO 2 Y LX S G I NB ogni@truttukaftsi’e Stidato e dixzatoQ | i

tuale setup tecnologico presente in Missioneon il fine di valutarne le

performance energetiche Esso € attualmente composto dana Rocket

Institutional e Planchaper il PaMu & Q2 & LIS R f S DperyFrghar NS dzy |
cucina utilizzata dai parenti.
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Figura6 ¢ RispettivamentdPlanchaRockete Open Fire Stowdtilizzate a Mutoyi.

Alla luce dei risultati ottenuti tramite la prima analdlle risorse energetiche
disponibili edel contestof 2 O €t S fF &AGNFY GS3IAI adzaA3ASNRGI
problemi permette dindividuae le seguenti tecnolgie:

- scaldacqua elettrico;

- pompa di calorépdc)con resistenze elettriche integrate;

- integrazione delle precedenti tecnologie con pannelli solari termici;
- esclusivo utilizzo di pannellilag termici e accumulo termico;

- stufe migliorate;

- stufe solari.

A tladz S |ffQ2aLISRIt S -upfecndogidedkhe Dl G2 dzy L
andasse aostituire le stufe attualilnfatti, oltre ad essere stateecentemente

acquistatg f QI y I f ARoéketrik &d donfermi@td bizElte performance

termiche Inoltre, il loro utilizzo € gia ben radicato nelle abitudini dei cuochi e

indispensabile per ainare alcuni piatti locali. Di conseguenza, le prime quattro

tecnologie elencatpermetteretd SN2 RA &238GAGdZANB f QdziAft AT 2
LINBNR & OF f R2 niasdd énexgiaCelpttizba dWahtg B dee notturne.

Le ultime due tecnologie eleate sono state considerate come alternativella

cucina utilizzata dai parenti dei degeritifatti, vistele molteplici abitudini delle

persone ogni giorno diverse (ad esempio la consuetudine di alcuni di iniziare a

cucinare il cibo in acqua freddd) §sk&nza di un posto specifico sorvegliato dove

cucinaree il maggiorrischio di incidenti, si & preferito introdurre inizialmente
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una tecnologia simile a quella gia preser#la luce di queste consideraziom, |

stufe miglioratesi rivelano la tecnologipiu appropriata perché molto simili alle

attuale stufe ma con il grandeantaggio di avere la camera di combustione

OKAdzal NARdAzOSYR2 S LIS NdRIke)adiffeietzBdeleOKS @S NS

LINEOSRSYyGA (SOy2ft23AS OKS | yYRNBO6OOSNR A YL

sono cooperative che costruiscono e vendono stufette migliorate.

t SNJ ljdzl yGd2 NAX3Idzk NRIF €S &0 dzF Semeérgedhé NR = R €

una delle ause checoncorre al problema del sovra utilizdolegna da nonac

cettazione di tecnologie alternativia parte delle personeTlale considemone

e in particolar modo di grande ostacolo alla diffusione dei forni solari. Di eonse

guenza, la tesi sinfiita a dare un giudizio sulla fattibilita tecnica e cortilpiéita

di utilizzo con il potenziale solare Burundegale tecnologia é stateonsiderata

in quantopotrebbe adattarsi benead un contesto ospedaliero dove il tempo-su

periore necessario a cuoeil cibo pud essere impiegato per la visita dei propri

fam@f AF NA FYYFEFGAD [ QFYylFfAdaA KI EINBJIAA

RSttA alF LIyySttz¢e S al aotraztlréd [ A&

faciimente realizzabili con matmle facilmente reperibile a Mutoyi,afiedono

un investimento molto basso e soprattutto non sono pelose e di immédiato

dzGAET AT T 20 vdzSAaGA | aLISadAYdeytS/ yai dgFarO f ad2at2l Ns

LI} NI 62fFé OKS LINBadnfinati: I Odzy A agdkydl 33A

- richiede materiali non facilmente reperibili come parabole satellitari usate o
strutture che devono essere realizzate in maniera precisa per concentrare
correttamente i raggi solari nel fuoco;

- necessita di molto tempo per la realizzazione ecosto elevato nel caso
venisse acquistata (superiore ai 3003%);

- non é di immediato utilizzo perché pud provocare gravi danni agli occhi delle
LISNE2YS &S y2y O2NNBGGIFYSYydS dziafAall
LI NI AO2f I NY¥Sy (S N S @ifayhiglfri efirquedtsity € QI NS |
da bambini, malati e da persone diverse ogni giorno che non ne conoscono il
funzionamento.

Alla costruzione dei modelli € seguito il test scientifico e internazionalmente
riconosciuto dalla American Society of Agricultural Eewyie (ASAE) per valutare

fl LGSyl GNIravSaal FFfftQAYy(iSNyz2.RSttl a
La prova prevede di sottoporre le stufe alla radiazione solare e di misurare la
GSYLISNI GdzNF RSt QlF OljdzZk GNIF YAGS 11d8 SNY202 LJ
temperatura ambiente. | risultati vengono poi espressi in termini di potenza
GSNXYAOF GN}avSaal FffQAYyGSNYy2 RSt &0GdzF|
di 700 W.
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Potenza del modello a scatola [W] Potenza del modello a pannello [W]
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Figurar¢{ 1 dzZf S O2a i NMzA S S I yRIYSyid2 RSttt LRGSYyIT!
variare della differenza tra temperatura interna ed esterna [°C].

/2y dzyl SFFAOASYIT I YSRAIF RA L1202 &dzZISNA 2 NB
piu veloce nel raggiungere uemperatura di 90°C. Valutando la temperatura
YSRALF NI 3I3IAdzyidl Ff€ftQAYGSNYy2 air 8- LlGdziz2 LN

cere i fagioli, tipica pietanza cucinata in Burundi. | tempi stimati per cuocere una

porzione di 300 grammi di fagioli in circa 4@0di acqua con la radiazione solare

media rilevata in Burundi a mezzogiorno (circa 750 ¥ysono di poco superiori

FR dzy Q2N} RA&ALRYAOGAEA Ay OANDF yn 3IJA2NYA R
effettuate previsioni poiché solo il tempo per scalB dzy f AUGNR RQF Olj dz
90°C in Burundi si & stimato essere di circa 8 ore. Concludendo, se da un lato la

stufa a pannello sembra essere sicuramente una soluzione per la cottura che vale

la pena di implementare in un progetto pilota, la stufa a scatdalta sicura

mente meno appropriata ma utile per altri impieghi come il preriscaldo di cibi

gia cotti.

Successivamente alla scelta e proposta delle molteplici alternative tecnologiche,

f Q20 AS0GAG2 OSYGNlItS RSt fie@eoNBcezd (1SaAiA §
0§SOYAOKS ySOSaal NAS LISNI STFFShGihGdzr NB dzy Ql y I £,
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Estratto in lingua italiana

FYOASYGEFrES RA 1jdzSaidQdz GAYS® t SN €S GSOy
f QQéLSRl tS S Af tladzZ LI NIANEBaeRlIf I Lk
diverse temperature raggiungibili si sono analizzati i risparmi annuali di legna e

di emissioni di CQprevisti.[ QF yI f AdaA SO2y2YAOl KI @It dzi
futuri costi dei consumi elettricio Yy St t QS@Sy ddz £ S Ol az2 |
implementazione de®@ A YLIA | y (12 A RNISS {AS (INRANSALD 2NIVRA  YHSK & LC
della legna per ogni tecnologiRer le soluzioni solari si € utilizzato il supporto

del software TRNSYS, specifico per la simulazione di sistemi idraulici.

Tabellal - Risultati medi per ogni tecnologia al PaMu e al ristorante.

P.A.M.U. HOSPITAL

Risparmi Consumi Risparmi Consumi
di legna elettrici di legna elettrici
[%] [KWh] [%] [kWh]

Risparmi CQ

Risparmi CQ
€ 8 [ton] A

€ 6 [ton]

Scaldacqua elettricc

0 - - 0 - -
(Max 75°C) 14.20% 10220 -675.90 -22.18| 28.10% 7665 704.8 -8.57

PDC con resisten:z

0 - - 0 - -
elettriche (Max 75°C 14.20% 5375 230.20 -22.24| 28.10% 4258 3915 -8.62

PDC (Max 55°C 10.05% 1963 740 -15.84| 18.20% 1712 -157.4 561

Scaldacqualettrico
con integrazione 14.60% 5332 -218.70 -22.9| 29.55% 3407 -313.4 -9.05
solare (Max 78°C

PDC con integrazion

- 0, _ K
solare (Max 6g°c 12-30% 784 16130 -19.70 25.55% 479 441 -785

Collettori solari e

- [0) _ _
accumulo (Max 54°C 9.20% 35 168.75 -14.55| 18.10% 36 3.3 5.55

5FffQlFylfAar RSISIYSNARIZOKSYMAt X 2MRG Sz A £ A1
Open Firgarantirebbe numerosi vantaggi come il minor tempaessario per

cucinare e il risparmio di legna stimato tra10% e il 60% (forteente

condizionato dai rendimenti delle stufe). Inoltre, a livello di impattoiale sul
GSNNRG2NA2E A QlFydGrkr33axr OKS RSNAGlIyYy2 R
personalmente sperimentati dalle centinaia di persone diverse cime gigrno
OdzOAYylLy2 FfftQ2aLIlSRIFtS S OXusiong di guastah NE6 6 S
tecnologia tra le famiglie.

Infine, per le rimanenti tecnologie neestata proposta lasceltaattraverso due

steps. Il primo e stato condottsulla base dire indicatori quantitativ: risparmio
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RA £S3yl O2yadzyl GF X N addbshddiingestiBéndy 2 YA O2 y S
Il costo operativo dovuto ai consumi elettrici non rappresenta un vincolo grazie

FffF NBFIEATTITAZ2YS RSt QA Yidard MufogidiSt SG G NR O2

energia elettrica gratuita. La tecnologia che permette di raggiungasparmi

maggiori di legna con il piu basso investimeaibmaggior guadagno economico

e lo scaldacqualettrico. Infine, il secondo step ha considerato due ultimi

indicatori qualitativj ovvero la diffusione delle tecnologie e il loronpatto

sociale in termini di creazione di capacity buildihgatti, poiché nei progetti di

O22LISNIT A2yS & AYLRNIIFIYydS @I ftaim NS QA YL

doveroso raginare anche irottica di futura estensione del progettoA questo

proposito, f 02 & G2 RSttt QSt SG0GNRORA lper tuttedlel dzYS  dzy NI
&0 NHzi G dzZNBE OKS y2y KlFyy?2 I 0O0S&a.ama 3INI Gdza Gt

j dzZSa G Qdzft GA Yl | M sdbizlorie khe §arabtiveBok Bn2radef krs

risparmi di legna e costisicuranente la pompa di calore con integrazione solare

garantendo anche la diffusione di nuove competenze tecni€eeanto, una

LINJ Y ktalakidn@d & Mutoyi potrebbe avere un imgp@ positivo su tutto il

territorio.
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Introduction

In the lastfew years, the interest omaccess to energy in developing countries
hasincreasedcontinuously. Hence, this tises deals with that topic and focuses
on access to clean cooking facilitidhe first direct result of the exposure to
indoor air pollution caused by improper cooking appliances is the increasing
number of deaths that accounted in 4.3 million people in 2013. Moreover, the
increasing need of wabused for cooking by peoplegsntributingin a second
problem that is worrying mainlgub-Saharan African countries whidthe rapid
process of deforest&n and desertification of landn particular, the combined
use of traditional fuelsand improger cooking deviceappliesa great negative
pressureon these problems

This link between the rapid rate of deforestation and the massive use of wood
for cooking in improper cooking appliances @tgularly evident in Burundi in
Southeast Africaln fact, besides being one of the African countueth the
lowest Human Development Index (HDI), it is one of the most backward
countries as far access to modern fuels is conedr96% of all energy needs are
met by traditional biomass, comprised of wood fuel, solid wastes and charcoal
and less thari% ofthe populationhave access to modern fuels for cooking and
Improved Cook Stoves (ICS$he increasing need of cutting trder wood
cooking supply and the increagi deforestation are causing great problem

with soil erosion and desertification thaare badly impactinghe human
agricultural activitiessocial conditions ofvomen and childrenwho have to
spend more time on dtection of wood, flora and fauna of the country.

In order toproposea solution, the causes of the problearefirstly analyzed and
they suggestto find energy substitutiongo traditional fuels and worlon the

improvement ofthe actual cooking appliancggigurel). Therefore, he main

focus of this thesiss to research energy alternatives to woodokingbiomass
andto studynew technological applications.

2 Traditional fuels or nowommercial biomass are represented by wood, charcoal, coal, crop
residues, animal dung, and other waste materialhile the term modern fuels refers to
electricity, liquid fuels, suchs kerosene, gaseous fuels, such as liquefied petroleum gas (LPG)
and natural gas, and to biogas and biofuels.
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Social problems (time
spent on collection of Impact on health
wood)

Increase of local
deforestation

Overuse of

biomass

1. No use of fossil fuel 2. No access to
for produce thermal efficient renewable
energy energy technologies

3. No use of electrical
energy for thermal
energy production

Figurel - Analysis omainProblems.

Firstly, he available energy resourc@sBurundi and their technical application
are studied Specificallyhydroelectricpotential and solar powehavefound to
be worthy of further analysis whilefossil fuels arediscarded because their

extremely high costs and tireveak supply chain.

1. No use of fossil fuel
for produce thermal
energy

1.1. Not 1.2. Weak
affordable supply chain
(Excessive cost (e.g. not gos

of fuel) grid)

Figurell cCausediscarded

Secondly, nce selected the most available and favorable energy alternatives,
the goal is to identifya first application in loco and the related pieins The
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Introduction

locationwhere the highest consumption of wood cooking biomass takes place
and suitable for the first feasibility studyas found to be théHospitalCentre de
Santéon the Burundian hill of Mutoyi where Vispe works. After a personal
assessment work in loco, tlrauses thatactuallypreventthe useof local energy
resourcesare consideredFigurelll) and they are followed by a deep assessment
of wood needs and an energy performance evaluation of the actual
technological setip of the Mission.

2. No access to 3. No use of electrical

efficient renewable energy for thermal
energy technologies energy production

| ]

2&3.2. Cultural
block against
technical
innovation

2&3.1. Lackof a

3.1. Unreliable 3.2. High price of

technical know-

how electricity

energy supply

Figurelll ¢ Local problems.

The problems related to the electricity supply will be solved by Vispe with a
project concerning the realization of a hydroelectric plants of 700kW. It will
supply the Missiomwith free electricity and it will guarantee the maintenance
and the fix of the kectric line. This thesis provides for the lack of technical know
how in the Mission and thocus is on theesearch and thanalysisof the most
appropriate technologies for reducing the local use of wood biomass using the
local available energy resoueThe criteria considered to analyze the technical
alternatives are the wood savings, economic revenues and costs, and the
environmental bendfs in terms of less greenhousissionsConcerninghe

solar deviceghetool utilized isTRNSYSoftware similator of transient systems,
through which it is possible to observe the operation of solar thermal plaihs.
problem concerning the cultural block peopleagainst technicahnovationhas

to be consideredfor the choice of the most appropriate technology time
implementation phaseOn the other hand, it is a fundamental aspect thas
preventedthe technological alternative concerning solar stoves to be subject to
riskedforecasts Therefore theyare dealt differently from the other alternatives
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through a prefeasibility study which investigatéshomemade solar cookers
could be an appropriate solution.

In conclusionfor the present work, the strategy suggested by the problem
analysis identiffjour main goals:

1. to evaluate the entity of the problem of deforestation antbkean in-
depth survey of all the energy resources Burundias alternatives to
wood biomass;

2. to make an analysis of thHecalcontext in terms of performancef the
actual technoloyg setup of the Missionand through the evaluation of
the yearlywood cooking biomass consumptiamd needs

3. to identify a new appropriate technologgetup for reducing the local
use ofwood for cookingwith the localenergyalternatives. The research
includesan experimental phase with the aim tavestigate the possible
use of homemade solar cookers through thst of two selfbuilt devices;

4. to make the energy, economic and environmental analysis of the
technologies andio propose a finatlecision makingrocess

In Chapter 1, an overview of access to energy is carried out, with a particular
attention to the theme of the overuse of biomaissdeveloping countries and its
pressure on theroblem of deforestation. I'lChapter 2, Burundi is presented
from a socieeconomic point of view, as it is a very problematic country as far as
the process of deforestation linked to the overuse of wood biomass by
Burundian people. Moreover, naindepth research of its energy resows
alternative to wood biomass is carrieaut with a particular focus on the
hydroelectricand solar power potentials. Then, a possible area of intervention
through a pilot projethas been analyzed in ChapterTBe actual wood needs,
supplies and tehnobgies at Mutoyi Mission havbeen observed during the
personal work in the Mission and the enermggrformanceof the actual stove
setup are then evaluated. Because there are no data about the yearly wood
consumption, a tentativeapproach toextend the obsrved data is carriedut
thanks to enegy consideration and analgs. In Chapter 4a new technological
setup is identified and described after the consideration abthet locationand

the availableenergyresourcesBecause ofhe difficulties to make forecasts, for
the solution concerning the solar cookers an experimental analysis was
necessary.After a short state of arttwo modek of cookers were selfbuilt and
subject to a scientific test with the aim to investigate tivermalproperties and
forecast the eventual futureuse in the Misson. In Chapter5, the energy,
economic and environmental anasof all the technologies are developed with
the help of TRNSY$&bftware anda proposal of choices suggested
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1 Access to erergy

1.1 Introduction

Energy is at the heart of most critical economic, environmental and
developmental issues facirtge world [1]. It drives human progress, and now
more than ever the world needs to ensure that the benefits of modern energy
services are available to all and provided as cleanly, safely, affordably, and
efficiently agpossibleThe issue of access to energy is central in developing world
[2], theyparticularlyneed to expand access to reliable, affordable and modern
energy services if they are to reduce poverty and improvié S A NJ heditl, A T Sy & Q
while at the same time increasing productivity, enhancing competitiveness and
promoting economic growth.Therefore the nexus between energy and
sustainable development needs to be better explored in order to evaluate the
multiple positive effects energy can lr@wen poverty reduction, gender equality
promotion, health, water, food security, education, job creati@md all the
challengesnvolve especially the developing countries.

1.1.1 Link between energy and human development

Today, the correlation between access to energy and developmemtels
known, for billions of poor people the opportunity to overcome the
development divide is strongly affected by the lack of access to en&igy.
United Nations High Level Panel of EminPerson? has recommended that
universal access to modern energy services be included in the2BtSt
Development AgendaJoreover, 77developing countries have signed up to the
UN Sustainable Energy for All (SE4AI) initiative, including many oftlitbse
largest populations lacking access to modern en¢4gly

LY HAMHI UGKS GLYOGSNYyFrGAz2ylf &SIFNJ F2NJ Sy &
held in Rio de Janeiro recognizenergy as a key driver for sustainable

development5] with a launch of a set of Sustainable Development Goals (SDGS)
that include energy access as a global challenge.

31t is anteam of 27 members of a Higlevel Panel composed by in July 2012 and announced by Seeretary
General Ban Knoon with the aim to dvise on the global development framework beyond 2015, the target
date for the Millennium Development Goals (MD@&) "HLP on on the Po£015 Development
Agenda," http://www.post2015hlp.org/abut/..
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In confirmation of this, the link between energy and development is evident
through the correlation betwen the Human Development Index (HQihd
Energy Development Index (EDihdicators Error! Reference source not
ound.).

0.9
0.8
0.7
0.6
0.5

0.4

Human Development Index

0.3
0.2
0.1

0.0

0.0 0.2 0.4 0.6 0.8 1.0
Energy Development Index

Figurel.l - Comparison of the HDI to the E@tcording to dataavailable. IEA
evaluates EDI for low and medium HDI dely

HDI was first presented in the United Nation Development Programme (UNDP)

Human Development Report (HDR) in 1@ A 1 K G KS T AY 2F G2 &aKA:-
of development economics from national income accounting to people centered

polici]d ¢ ® LG A& RSTAYSR lFa | 02YLRaAdS AYyRAOI |
of health,education and living standards.

EDI has been introduced by International Energy Agency (IBA9nd traces

LINEINB&aa Ay | O2dzyiNRQa 2NJ NBIA2YyQa (NI YyAAI
up of four other indicators, each of whiatentifiesa specific aspect of potential

energy poverty mainly related to electricity and newd fuel. They are:

- per-capta commercial energy consumption: linked tdet overall
economic development;
- per-capita electricity consumption in the residential sector: related to the
NEfAlLOoOATfAGE 2F St SOGNAROAGEZ; YR (2 O2ya
- share of modern fuels irotal residential sector energy use: an indicator
of the level of access to clean cooking facilities
- share of population with access to electricity.
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Chapter 1¢ Access to energy

The EDI is then calculated as the arithmetic mean of the four values evaluated
for each country.

1.1.2 Energy Poverty and Total Energy Access

Energy povertyncludeslack of access to modern energy servi@sltrefers to

a condition in which people cannot affbto use or have access to enough

energy fortheir daily needs (i.e. cooking, lighting, heating, transportation, etc.).

Energy poverty is widely recognized as a fundamental constrainsdcic

economic development forthepodry R aYdzad 6S O2YOAYSR @Al
S NI RA O [g].an/det&mitingy Boév we couldatkle energy povey, it is
importantto ghvS | RSFTFAYAUA2Y 2F SySNHeée | O00Saaod
Advisory Group on Energy and Climate QeafAGEE@gfines energy access as

G 00Saa G2 OtSlIys NBtAIFIofS IyR I TF2NRIoOf
fAIKIGAY IS O2YYdzy A OF (i 118y A mokeyc&BnplétdNan®R dzOG A &S
thorough definition is given by Pracal Action in the Poor People Energy
Outlook(2013) that resumes the concepts introduced in previous rep@titpure

1.2) defining energy access as the accomplishment of the following condition:

Gl 2dzaSK2ft Rax SYdGdSNLINAaSa yR O2YYdzyAide &
full range of energy supplies and sers that are required to support human

a20AFf YR SO2y[PIYAO RS@St2LIYSyit¢

Households

PPEO 2010
Earning Community
a living services
PPEO 2012 PPEO 2013

Figurel.2 - Total Energy access
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1.2 Energisation

It is evident how the concept of energy poverty is not only referredga lack
2 Tef 8 O Nk 4lsb id araffordable access to clean cooking facilities

According tdEA, the firstneanngto provide access to modern energgquires

a first connection to electricity and then an increasing level of electricity
consumption over time to reach the regional leVél2]. This definition of
electricity access, including a period of growing consumptiongcisaattempt

to reflect the fact that eradication of energy poverty is a lédegm endeavor
[12].

The access tomodern cooking facilities should be harmless to the health of
people in the household, environmentally sustainable and efficient. Modern
cook stoves answer these requirements, while the traditional ones have higher
emissions andhigher specific wood consgption that force people to use a lot

of biomass and spend a lot of time for the collection

Therefore, a process an attempt todevelop the access to energy has to be
named Energisation that refers more directly to the definition of energy access
but aso to sustainable development and includes the followhig

- Matching of energy needs with appropriate energy resources;

- Improving the quantity and quality of energy supply;

- Promoting a combination of cleaner and ma#icient fuels;

- Promoting mainly, though nagxclusively, renewable energy

- Aligning to the Millennium Development Goals;

- Meeting household needs, providing community services and promoting
economic development;

- Emphasizing cultural and social aspects lacdl empowerment.

1.2.1 Global Dimension of Universal Access to Energy

Modern energy for all is far from being achieved. As indicated in the World
Energy Outlook 2@Lby the IEA, nearly 1.3 billion people, or 18% of the world
population, d not have access telectricity, 2.6 billion people, or 38% of the
global population, rgl on traditional use of biomagsfor cooking such as

4 Traditionalfuels or non-commercial biomass are represented Wwpod, charcoal, coal, crop
residues, animal dung, arather wastematerials.
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Chapter 1 Access to energy

firewood, and 1.0 billion people are connected with unreliable electricsg4d

As is shownni Table1.1, sub-Saharan Africas the region in the Worldhat
accountsfor the largest share of populatiowhich relieson traditional use of
biomass for cooking angithout access to electricity, 79% and 68% respectively.

Tablel.1- Number of people without access to modern energy services by region,
2011 (million)(Source WEO 20134]).

Without access Traditional use of
to electricity biomass for cooking*
Population Shae ?f Population S ?f
population population

Developing countries 1257 23% 2 642 49%
Africa 600 57% 696 67%
Sub-Saharan Africa 599 68% 695 79%
Nigeria 84 52% 122 75%
South Africa 8 15% 6 13%
North Africa 1 1% 1 1%
Developing Asia 615 17% 1869 51%
India** 306 25% 818 66%
Pakistan 55 31% 112 63%
Indonesia 66 27% 103 42%
China 3 0% 446 33%
Latin America 24 5% 68 15%
Brazil 1 1% 12 6%
Middle East 19 9% 9 4%
World*** 1258 18% 2 642 38%

WHOreports that in 2012 around 4.&illion people died as a st of air

pollution exposure, which is more than double tipeevious estimatesand

O2y FANNXA GKFG FANI LREfdziA2Y Aa y2g GKS
risk[4, 13]. This number is going to incredsecause this deteriorating situation

is primarily due to population growth outpacing improvements in the provision

of clean cooking facilities.

In the New Polieis Scenaripthe number of people without access to electricity
is projected to decline by more than offifth to around 970 million in 2030

5 A scenario in th&Vorld Energy Outloothat takes account of broad policy commitments and
plans that lave been announced by countries, including national pledges to reduce greenrhouse
gas emissions and plans to phase out femsérgy subsidies, even if the measures to implement
these commitments have yet to be identified or announced. This broadly sess/élsealEA
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Around 1.7 billion people are expected to gain access over the period to 2030
but, in many cases, these gains aftset by population growth (increases by 1.4
billion to 2030).0n the other hand, the number of people relying on the
traditional use of biomass for cooking is projected to drop slightly, to just over
2.5 billion in 2030.

While there is an improving glabpicture,the regional trends are very diverse.
For example, su®aharan Africa the only region where the number of people
without access to electricity and rely on traditional use of bionasseaseover
the Outlook periodTablel.2).

Tablel.2 - Number of people without access to modern energy services by region in
the New Policies Scenario, 2011 and 2030ligm)l.

Without access Without access to

to electricity clean cooking facilities
2011 2030

Developing countries 1257 969 2642 2524
Africa 600 645 696 881
Sub-Saharan Africa 599 645 695 879
Developing Asia 615 324 1 869 1582
China 3 0 446 241
India 306 147 818 730
Latin America 24 0 68 53
Middle East 19 0 9 8
World 1258 969 2642 2524

On the other hand, in terms adfie share of population reipgon traditional use

of biomass for cooking and without access to electricity, we could see an

improvement in all the regions of the worl&igurel.3). Despite this, the sub

{FKFENITY ' FNRAOIFIQa O2yRAUGAZ2Y NBYlIAya GKS 62N

baseline scenarifl4] IEA. "publications: Scenarios and Projections,"
http://w ww.iea.org/publications/scenariosandprojections/.
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Chapter 1¢ Access to energy

Electricity Clean cooking
B 2011
Middle East
Increment
to 2030
Latin America from 2011
China
India
Other
developing Asia
Sub-Saharan
Africa
100% 75% 50%  25% 25% 50% 75% 100%

Figurel.3 - Shares of population with access to electricity and clean cooking facilities
by region in the New Policies Scend#p

1.2.2 Renewable Energy to promote local development

Among all the differat sources of energy, renewable one®re the first to
satisfy human energy needs and now they play a key irolenleashing local
sustainable development~or better understanihg, we have to clarify that
sustainabilityimplies three aspects: the economic, thewronmental and the
social oneAs aconsequence of thisustainable energy must assure economic,
environnental and social sustainability, where the environmental one is
NELINSASYGSR o6& (GKS 3Jdzr Ny yiSS 27F yI GdzNT ¢
generations, and the social one impliegtelfare for all the people.

With this precadition, is clear how renewable energyomotion in developing
countries could promote localdevelopment. Firstly, penetration of modern
energies based on renewable sources can contribute to cost effectiveness
reducing dependency on the cost of centralized electricityngdorted fuels,
allowingdistributed generation and consequentligducing the discontinuity of
supply and the need for batteriegmproving quality and quantity of products,
increasing earningshtough new market opportunitiesThis can contribute to
promoting new earning opportunities through new business options for micro,
small or medium enterprises in the manufacturing, agricultural, livelihood and
service sectormainly in remote areas

Secadly, local possibilities of new earningsural areas may mitigate the social
problem of mass migration to urban aredsurthermore, Renewable B&ergy
Systems(RES induce a more participative and inclusive approach thatease
LJIS2 LJX SQ&  OihgLdnd huiman skilldah prénote ownership and
empowerment
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Last but not least, FEoffer the preservationof the human living environment
andbetter management of resources such as animal and agriculturakwast

1.3 Focus on the overuse of biomass for cooking in DCs

The lackof clean cooking facilitiei®@ most of developing countries is a condition
which refersto the 38%o0f people in the world thately mainly on solid fuels
(coal andtraditional bomass) for their cooking needs. In particuk®% of
people living in developing countries rely primarily on wood for cookirig,

with little or no access to modern fuels such as natural kigsefied petroleum
gas(LPG), diesel and renewalfiesls (biodiesel and bieethanol).This also gest
worse by the fact that traditional fuels are burned in Traditional Cook Stoves
with very lowthermal efficiency and high air pollution emission rate.

At present, developing countries differ widely with respect to access to modern
fuels, butthe vast majority of people who rely on solid fuels for cooking are
concentratedn sub-Saharan Africérigurel.4) thataccounts for more than 26

of people relying on solid fuels as their primary cooking fL§.

n.a. 50% - 75%

B <25% B 75% - 90%
25% - 50% [ > 20%
[ |Lpcs

Figurel.4 - Share of population lacking access to modern fuels in developing countries

(Sourcq15])

Moreover, &cess to modern fuels for cooking also varies dramatically among
developing countries in thesame region Kigure 1.5). For instance,in sub
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Chapter 1¢ Access to energy

Saharan Africa, less that% of people in Burundi, Liberia, Mali, Rwanda,
Somalia, or Uganda have accessrodern fuels, but 83%of people in South

Africahaveit.

Besides thisthe share of people having access to modern fuels dramatically
varies between rural and urban areagie same country. In developing regions,
while about 70% of urban people rebn modern fuels, just the 19% of rural
people has access. In particular, in LDCs anebsillaran Africa, rural access to
modern fuels is even lower (3% and 5%, respectiy&h|)
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Figurel.5 - Share of population with access to modern fuels in LDCs and SSA countries
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Similary, also the numbers about the use of traditional stoves are disconcerting
perhaps because several factors, such as availability, acceptability and
affordability of the best alternative guarantedsy Improve Cook Stoves (ICSs)
These stoves provide numeroaslvantages: they double or triple the thermal
efficiency of traditional systems, reduce the harmful effects of poor ventilation,
and may also provide some electricjiy0]. In absence of a diversified supply of
fuel for cooking ICSs represents the best alternative in termredudion of
health and environmental probms caused by current practices.

Fewer than 30%f people in developing countries who reiy solid fuels for
cooking usdCSsMoreover, access to ICSs is even more limiteslib-Saharan
Africa, where only%of people who use traditional biomass and coal for cooking
have access to improved stoveBigure 1.6) and varies dramatically among
developirg countries in the same regianth a list who still accounts Burundi at
the bottom of the ranking10].

South Asia
(less India)

India

EAP (East Asia
and the Paciyc
less China)

Figurel.6 - Distribution of people with access to ICS by developing regions (Source

[10D).

1.3.1 Health impacts of household energy use

The most important direct health effectsf a lack of access to clean, efficient,
modern energy in the homresult from the air pollution caused by burning solid
fuels, often indoors on simple stoveBhe indoor use of open fires or inefficient
stoves in households releases large amounts of smoke from incomplete
combustion of solid fuels, primarily wood, butinany cases coal, animal dung,
andcrop wastes. Breathing this smoke affects the health of all members of the
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family, but especiallyvomen andchildren[10, 16]. Smoke from incomplete
combustion of solid fuels contains many substances known to be toxic to human
health and principal causes of three important disease: child pneumfliip
chronic obstructive pulmonary disease (COPD), and lung cl@dahat cause

4.3 million premature deaths each yeaespecially women and children. As it is
reportedin [13], anongthesedeaths:

- 12% are due to pneumonia

- 34% from stroke

- 26% from ischaemic heart disease

- 22% from chronic obstructiveulmonary disease (COPD), and
- 6% from lung cancer.

According to previousection subSaharan Africa accounter the highest
number ofpremature deaths because of household air pollutib§]. Moreover,
Figurel.7 shows how the intensity of the problem has doubledidar years The
extent of the problem is underlined by the fact that htas exceed even HIV
Malaria and Tubercolosieathsthat are the most recurring cause of deatim
developing countries

4,5
3,5
2,5

2008 value,

1,5

Million of people
(3%

0,5
Malaria Tubercolosis Smoke from HIV/AIDS

biomass

Figurel.7 - Premature deaths from different causes in22(Sourcg13, 18, 19)).

1.3.2 Impacts on global deforestation

Deforestation is one of the most widespread and important changes that people
have made to the surface of the earth. Over a period,008 years, today the
cumulative loss of forestland worldwide is estimated at 1.8 bilhentares, an
average net loss of 300 hectares per yedR0]. Global effects associated
with this extended and constant process include loss of biodiversity and changes
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in the carbon cycl¢21]. Locally, the loss dfee coyer carcause soil erosion
which causes the loss ebilfertility and land that can be cultivatedestabilize

the hydrologic cycle, leading to drier climate, and increased flood risks in
downstream area$22]. The trajectory of global deforestation has more or less
followed the global growth rate of the human population, although the pace of
deforestation was more rapid thgmopulation growth prior sinc&950, and has
been slower since the In the last twenty yearghis phenomenon has involved
mainly subSaharan Africa and South Ameri€&(rel.8).

Scale
1 million ha

Net loss Net gain

l:l 1990-2000 L 1990-2000
- 2000-2010 (million ha/yr) . 2000-2010
|:| Africa |:| Asia [[] Europe [[] North and Central America [] Oceania [[] south America

Figurel.8 - Annual change in forest area by region, 192010 (Sourc§23)])

Hrewood collection by the rural poor communitigsits considerable pressure
on forests [24-27]. Although the use of traditional biomass such as wood or
charcoal for cooking is not thenly contributor to deforestatia, in some
countriesas subSaharan Africa, Brazil and Sodthst Asighe link is more direct
and evident, but this link is subject to an international deb@igurel.9, Figure
1.10).
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Figurel.9 - Fuelwood, consumption by householigdsthe worldin 2010
(thousand cu. meterqSource28)]).

Legend
B 2012
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Mo loss
Water or no data

Figurel.10 ¢ Countries with large net changes in forest augeto 2012 laborated
from [29]).
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deforestation rate. This anomaly is due to timplementation of the social
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forestry and largescale afforestation programs cause the shift of fuelwood
production from forests tanon-forest areas along roads, canals, farmlands, and
wasteland[30].

As one might expecgccording to all the best available evidence, deforestation
is areal trend in almost all deveping countries @ahough the magnitude of the
problem varies substantigl[25]. Their apid population growth, expansion of
cropland, and intensive harvesting fufrests for fuelwood and wood eport
contribute to deforestation.

In conclusion the severity of environmental damage and wood shortages
attributable to deforestation and the nexus with low develogirtountries
remind the need to @mp down on this dangerous process. According to World
Bank[31], international agenciedave to finalize their revised approach to
forests issues, in recognition of the fact that forests ahe fight against
deforestation play an increasingly important role in poverty alleviation,
economic development and for providing local as well as global environmental
services
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2 Burundi: a socio-economic and energy
overview

2.1 Introduction

Burundi is one of the smallest countrigs Africa with asurface area of 784

square kilometers[28]. It is a landlocked countryin the African Great
Lakegegion ofSoutheast Africdoordered ty United Repubblica of Tanzania to

the SouthEast, Rwanda to the North, Democratic Republic of COb&Land
Tanganyka Lake to the Wet#tis located afatitude and longitude 80Q { | Yy R
30°00CE poximity to the equator and in southern hemisphgfgure2.1).

yid

\

Figure2.1 ¢ Map of Burundi

Bumundipresents a population of,850,000people. Its currency is the Burundian
Franc(FBUY ™M € A080 FBWJ@32]d#$ official language is French and
Kirundi, but rougly 90%of the population speaks only Kirundi. time capital
Swalhiliis alsowidely spokenMost peopleare Catholic Christian (65%), and the
remaining are Protestant.
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The origins of Burundi are knowrthanks to a mix of verbal
history and archaeologythat narrates the origin of the Burundi Kingdom in XVII
century. In the second half of the XIX century, it sapedod of e hundred
yearsof colonization from Germany and then from Belgi{3]. It finally got
independence in 1962 and it became a Republic in 1966 with capital city in
Bujumbura, after four years o constitutional monarchy.The end of the
colonizationcauseal the widespread of the hate betweetwo major ethnic
groupsthat live in the country known as Hutu and Tutsi. Thirty years of isolated
episodes of violence led to the long civil war that affected the coumgtyveen
1994 and 2006 with gory carnages aedor. Now, with the next presidential
elections in 2015, the fear of a trigger of a new genocide is[Bigjh

Burundi is a resourepoor country with an underdeveloped manufacturing
sector. For thiseason,the economy is predominantly based on agricultarel
breedingthat accounts for just over 30% @&fross Domestic Produ¢(E&DR and
employs more than 90% of the populatidfigure 2.2). Due to its lack of
resources, primary exports are coffee and tea, which account for 90%refgn
exchange earningsxports are a relatively small share of GD®w, Burundi
remairs heavily dependent on aid from bilateral and multilateral doners
foreign aid represents 42% of Burundi's national income, the second highest rate
in SubSaharan &ica[35].

Figure2.2 ¢ ABurundianshepherd (August 2@).
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Thisunfavorablesituation puts the countryat thefourth from thebottom of the
GDPper capitaworld ranking(excluding San Marino tax heavgBp| andat the
twentieth from the bottom of the HDI world rankiq@7]. Therefore Burundiis
still considered a Low Developing Country (LI&})with more than90% of the
population lives on less than US $ 2 per [&8].

2.2 Economic and social condition

The aim of thisectionis to show the social and economic status of the country
through the evaluation of the actual value of some indicators, their trend over
the years and the comparison with other countries.

2.2.1 Economic indicators

The eonamic dimension of Burundi isetter highlighted by dataeported in
Table2.1.

Table2.1 ¢ Burundian economic data (Sourf3#€])

Country BURUNDI

Gross Domestic Product (current US 2,472,384864
Gross Domestic Produgter capita(current US $) 251.0
Gross Domestic Produgter capita PPP (current $ 749.7
Gross National Income (current US 2,463,262258

Gross National Incomeer capita(current US $) 240.0

The BurundiarGDPis less than US &5 billion and itistenth from the bottom
of GDP Africamankingof fifty-two countiesQ R Atihke top of the ranking
there is Nigeriavith a GDP of US $ 459.6 billiddevertheless, in termof GDP
per capita Burundi is the last African country with ot $ 251 compared with
an average of US $6B2 and a top value of US $,286 of Equatorial GuingQ6
times higher than Burunyli

On theother hand, if GDP per capita PPP is analyzed, things change. GDP PPP,
which stands for Purchasing Power Parity, is the GDP converted into
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international dollars, and not US dollars, using pasihg power parity rates.m’A
international dollar has the sanmurchasing power in the considered country as
the US dollar has in the United States. The GDP per dapain international
dollars ishigher than the one in US dollars: it is almost thrice ($ 750). Wéh
PPPapplication, the disparity in GDRper capia between different income
countries decrease To confirm this effecthe distance fronEquatorial Guinea
(38,184 current international dollars) is reducg81 times higher than Brundi).

Moreover, in terms of Gross National Income (GNI), the differbeteeen GDP

is smallGDP is defined as the overall value of finitedgpand services produced

at national levebf the considered country in a fixed time periddNI accounts

F2N FAYAGS 322Ra |yR aSNWAOSa LINMBRRdIzOSR o0&
For a country, a small difference between the two values could find explanation

in two factors:

1. Burundian people areoncentrated only in their country with no or very
little emigration andconsequentlyzero remittance.

2. No internal enclaves, a typicatonsequence of the trade with
multinational corporations that explatsome areas of a country with low
labour costs that causean increase of GDP (high internal production)
but a decrease of GNI (low remuneration of wdi9).

Finally it would be interesting t@analyzehe economigrowth ofthe countryall
over the years and to compareutith the one of other African countries using
an irtensive indicator as GDP peapita.

300
250
200
150
100

50

GDP per capita [$]

0
»\?ﬁ’% '\9%/\ '\9%9 '\9‘5\ f\o)q’)) '\90"6 '\99/\ »\9@) ,.LQQ\' %00”; rl,QQCJ r]p(g\ ,1909 'LQ'\C\

Years

Figure2.3 ¢ Burundian GDPer capitatrend (Sourcd36]).
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Figure2.4 - GDP pecapita trend for Burundi and other countries (SoU#d).

It is evident how Burundia@DPper capitais much lower if compared with the
average value of the whole worlthd with the values aofther African countries
(Figure2.4).

In Figure2.3 we can sean evidentdecrease of that valuduring the years of

the war YR GKS SO2y2YAO SYolINH2 AYLRAaASR

countries in reaction to a new ntdiry coup[41] that reduced people ina still
worst economic condition

2.2.2 Social indicators

It is importantto give an idea of the social situation of Burundi through some
indicatorssuchas the growth of population, the access to health facilities and
education.

In the last decadethe population of Burundihas been growing wh a rate of
more than 3%in Italyand in Europe&Central Adlilae rate isrespectively0.34%
and 0.19442]), reaching the present vaéuof almost 9.8 million people. de
than 88% of them live in rural area$36] (Figure2.5). It is interesting to seén
Figure2.6 how the shareof people liing in rural areas is slowly decr&ag while
the share ofthe urban population in gromg. This is a consequence atlow
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urbanmigration Manypeople leave rural areas to go to the baggities hoping
to find a better life through #ormal o frequently aninformal job[39].
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Figure2.5 ¢ Urban population and rural populath trend (Sourc¢36]).
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Figure2.6 ¢ Share of urban and rural population trend (Souj88)).
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The second indicator is th@ccess to improved sanitation facilities. According
with the World Banksanitation is fundamental to human development.ally
international organizationsise hygienic sanitation facilities as a measure for
progress in the fight against poverty, disease, and death. Access to proper
sanitation is also considered to be a human right, just a privilege, for every
man, woman, and childCouwntries that do nottake urgent action to redress
sanitation deficiencies will find their future development and prosperity
impaired[40].
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Figure2.7 - Percentageof the population with access to improved sanitation facilities
in Burundi(Sourcd36]).

Figure 2.7 shows that the number of people having access to improved
sanitation facilitates in Burundi is slightly increasing and, surprisingly, in rural
areasrather than in cities This is mainly due to &rger presence of Non
Governmental Organizati@{NGOsJocated in the rural areas where thégad
health activities in hospitals, dispensaries and social support structures.
Moreover, this is a consequence of an uncontrolled psscef urbanization
involves mainly the capital city of Bujumbura.

The last social indicator analyzed is the rate mfoémentin secondary schosl

that is the ratio of people, regardless of age, who are enrolled in the secondary
school to the population afhe corresponding official school agehis choice is
due to the typical situation of the less developed country where the primary
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school is freecausing the congestion of the schoolrooms, lack of teachers and
structures and a low levebdf enrolment.
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Figure2.8 - Enrolment in the secondary schanlBurundi(Sourcq36]).

Figure2.8 showsthat the number of people who are enrolled in the secondary
schoosin Burundi is rapidly increasing but it remaone of the lowest value of
the African rankingTable2.2).

The lack of data between 1993 and 2004 is due to the civil war in the country
where a decrease of the ratio is expected. Focusing on the female enrollment,
data confirm the situation of women in Burundi where they are victims of
discrimination, inequalitand most affectedy poverty[43].

Table2.2 - Rate of enrolment in the secondary school in most of African countries in
2012 (Sourc¢36]).

Country Name [%0]
South Africa 100
Mauritius 96
Cabo Verde 93
Comoros 73
Sao Tome and Principe 71
Ghana 58
Congo, Rep. 54
Lesotho 53
Mali 51
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Country Name [%]
Cameroon 50
Congo, Dem. Rep. 43
Guinea 38
Madagascar 38
Tanzania 35
Malawi 34
Rwanda 32
Eritrea 30
Burundi 28
Mauritania 27
Burkina Faso 26
Mozambique 26
Chad 23
Central African Republic 18
Niger 16

2.2.3 Human Development Index

The 2013 Human Development Reporegents HDI values and rani87
countries and UNecognized territories. An overall view of the World situation
is given byFigure2.9.

Very High Human Development [l h

High Human Development Il

Medium Development [l

Low Human Development [l ]

Leaflet | Terms & Feedback

Figure2.9 ¢ Map of the global HDI situation in the World, UNDP Data (Sq4#e
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Observing the maps evident low the worst situationfor HDIis concentered in
the SubSaharan AfricdDRGand Niger in fact,arethe countrieswith the lowest

HDI with a value of 0.3040n the contrary, Norwais at the top of the HDI
ranking with a value of 0.955.

. dzNXzy R A Qe forI2®12 is @355 piasitioning the country at 1'7glace
within the lowest human development categonfigure2.10 shows theHDI
trend between 1980 and 2012 with average annual increase of about %6
and an evident stagnation during the civil wafocusing onthe three
components of the indexpokingthe Figure2.11, two comments about the life
expectancy and educatiazan be made

1. In 2012, the averaghife expectancy foa newbornin Burundiis alnost
54 years.lt is in the 36™ place of forty-eight SubSaharan African
countries analyzed by World BarjB6]. The figure clearly shows a
decreag of this value during the civil war.

2. The index of education in Burundi is now growing fast. This coald b
interpreted as a good sign fatevelopment but it is mostly due to a
reform of the actual President Pierre Nkurunziza thadkes primary
school freefor all children. The consequencef this are the congestion
of the schoolroomsthe lack of teaches; structures and services (e.g.
only 2%of primary schools have electricif¥1]). All these aspectsause
an insufficient level of enrolment.
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Figure2.10- Human Development Index trend$ Burundibetween1980 and 2012
UNDP Data (Sour¢é4]).
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[44]).

2.3 Energy assessment

Burundi is one of the suBaharan Afrian country with the worst rate of access

to energy.ln 2014 ,0nly 4% of thepopulationof ten millioncurrently has access

to electricity, marking some of the lowest access rates anywhere in the world
[45]. Figure2.12 shows thatit is one ofthe auntrieswith the highest shortfall

in modern cookingand heatingaccess in Africa and A9K6] that involves the
99% ofthe Burundian peopl¢15].
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Top 5 countries by % population without access

Liberia >99% Laos >95%
Mali >99% Myanmar >95%
Burundi >99% Cambodia >90%
Madagascar  >99% Bangladesh >90%
Somalia >99% Afghanistan ~ >85%

Figure2.12 - Countries with the Highest Shortfall in Modern Cooking/Heating Access in
Africa and Asia (Sour¢46]).

2.3.1 General overall of the country

The ley elements abolit . dzNdzy RA Qa Sy SNHe& | arabkaaySyid || N2
2.3. Thelnternational Renewables Energy Agency (IREA) gets the only available
datareferred to2009

Table2.3-. dzNHzy RA Qa Sy SNE[R7).AYRAOI G42NB 6 { 2 dzNJ

Country BURUND|

Total Primary Energy Supp! 2,345.47 ktoe
Rate of renewables 97.2 %

Energy sel dzf U O 97.3 %
Electricity generation 20.77 ktoe

Rate of renewables 98.2 %

Total Primary Energy SupplYPEpis providedalmost of renewable energy
sourcesThis is due to a total aence of fossil mources in the country ani a

low dependence on importedexpensive fuels. Only desel is principally
consumed by the transport sectoMoreover, te distinguishing feature
concerningenewable energy use in Burundi is the widespread use of wood and
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charcoal by household86% ofall energy needare met by traditional biomass,
comprieed ofwood fuel, solid wasteand charcoalFigure2.13).

Petroleum Hydroelectric; _ Solar and Biogas
Products 2,50% 2,50% 0,01%
Bagassg0,98% Peat 0,04%

Charcoal5,82%

2,345 ktoe

Agricultural
residues 18,35%

Fuel wood 70,80%

Figure2.13-. dzNXzy RA Q& ¢t 9{ 0@ [48)2dzNDOS AY HAnd

Biomass is totallysedfor the thermal energy supplthat is mainlynecessary to
cook and heatvater. On the other hand, focusing only efectricity generation,
the total installed capacity i87 MW, of which 85%omes fromhydropower
plants.

2.3.2 Renewable energy potential of the C ountry

The aim of thisectionis to examine in depth all the opportunities to exploit the
renewables potential of Burundi.

Hydroelectricpower

Burundiis an equaorial and mountainous country and lenefits from an

extremely interesting hydropower potential, coupled with favorable rain
O2yRAGAZ2Yya | YR YI yhydrogléciicpower pbténtiatbwas dzNHzy R A ¢
evaluated in 1983 to be of, 200 MW of which approximately 300 MW were

economically explo@tble. The potential could be even greater today, as the

recent evaluation of certain sites has demonstrated a capacity higher than the

one initially calculated in 19839]. A the present time there are 156 potential

hydroelectric power sites about to be equippedFigure 2.14). Detailed

engineering and degn studies of existing plants could allow for rehabilitation

and improvement of capacity. New technologies allow for optimal use of
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components, pipelines, turbines, and transformers, thus reducing friction and
losses and improving the transfer of energy.

Légende
Puissancs, site potentiel kW]
@ 0-1000
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Figure2.14¢. dzNHzy RA Q&4 KeRNRLIFES NI LR GSYydAlLf o{2d

Solar Power

Burundi has a very interesting solanergy potential. The average annual

sunshinefraction in Burundi is close to 2,0@0Vh/m?year, equivalent to the

sunniest European regions aroutiet Mediterranean. Despite significant cloudy

6SFGKSNI | YR NI Ay e aSlhazya R dzS 02 . dzNHzy R
development of solar energy in Burundi is a very interesting odééh
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Table2.4 ¢ Monthly Averaged Insolation Incident On A Horizontal Surface in Burundi
[KWh/m?/day] (Sourcg51)).

Jan Feb Mar Apr May Jun
4.93 5.24 5.16 5.01 4.87 5.00

Jul Aug Sep Oct Nov Dec
5.31 5.42 5.32 4.93 4.76 4.83

There is a large potential for photovoltaic electricity generation in rural parts of
Burundi[48] and it issuitable for the electrification of remote center§o
develop the rural electrification of dispersed populations, supplying photovoltaic
solar home systems otd be a solution. A lot ofemote public or private
infrastructures (health centers, schools, hotels, telecommunication towers)
couldbe powered by solar energy

Solar thermal potential is suitablas wel as electric power generatioit would

be a fulfilling source to meethe domestic demand for cooking, headg and
drying needslt is estimated thaty 2003, a total of 14000 m2of solar heat
collectors were plaat Although the largest applications have been in the
hospitality sector, solar collectors have also been in use in some urban
householdq48].

Biomass

Accordingto the official statistis> | 0 2 dzi ¢ 2F . dzNIBY RA Qa
This area representthe largestsi 2 O1 2 ¥ LJosed JteSFarastlavda a G
supply an abundant amount of energy resourbes without any regulation and
afforestation Programme, thgrowing demand for wood productsill causea
rapiddrop in land covered by forest#/ood is often usefor producing charcoal

that has ahigher low heating value and it burns more efficiently than wood but

the global energy balanagften causesa greater consumption of wood.

It is known that biomass could be used for power generation using urban waste,
peatandbagassg49]:

1. The use of household and/or industrial waste for incineration and
methanisation requires the existence of a waste management system. A
project is currently under discussion to evaluate the waste potential in
Bujumbura.

2. Burundi possesses potential estimated at 600 million tolhgeats The
use of peat for electrical production is possible but it is advisable to carry
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out feasibility studes to better analyze the technology, its impact on the
economy, environmental and langsues related to the technology.

3. Bagasse is used in a4 MW cogeneration plant owned by The Moso Sugar
Company (SOSUMO) that is fuelled with sugar cane residues and it
operational during the entire sugar seasdsnfortunately, ths turbine
is linked only to th&sOSUMO factory and its administrative buildings but
it has not beenruled out the possibilityto connectthe plantto the
national grid

4 L
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~ 'n:""bf
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Figure2.15 ¢ Burundian woman who transport timber for cooking (SoUy#$]).

Wind power

Wind power is more or lessompletely unexploited in Burundi. In fact, only two
mechanic wind machines have been installed in the last few decades, on the
Imbo plain[49].

It seems that o feasibility studies on wind power i@ been carried out in
Burundi.According toNASA Langley Research Center Atmospheric Science Data
Center[51], the monthly average wind speed at 50 meters above the surface of
the earth for 3hour intervals of Greenwich Mean Tinf€MT) during a given
month is less than 4.8 m/dvioreover, theMonthly Averaged Wind Speead
always less than 4 m/g2]. Consequently, itwould be difficultto develop
industrial wind turbines.
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| 26 SOSNE . dzNHzydRs) tieZexis@hchl & shibstantidl dizéakeédnd

the topography of the country, could prove to fesorableconditions at certain

sites[49) a2 NB addzRASa FINBE ySOSaal Nko 2 @SN
develop wind power parks, challenges relating to improvement and adaptation

of roads and availability of cranes should be addressed. lif sw@sures are not

taken, onlysmallscalewind power could be developed.

Geothermal

Burundi is located in the Great African Rift Valley. This geological area is a region
that has geothermal potential on an international scale.

Unfortunately, the temperatures measured in approximately fifteen hot springs
are at a maximum of 70 °C arigere do not appear to be any sources with
established fumaroles with higher temperatureshere are no geothermal
applications with these low tempatures.

2.4 Electrical assessment

Despitea very dense hydrgraphic network wkch provides Buundi with a
hydroelectricpotential energy supply of 800 GWh/yeaf53], the countryfaces
a chronic shortge of electricity. Thesdifficultiesin the supplystem from he
unfavorable climatic effects of recent years and recurrentiaoconflictsand
unrest that resulted in substantial damage the electrical system and
subsequent detapration because of lack of maintenance.

The aim of thissectionis to presentan overview of theelectrical sector in
Burundi with a focus on the current electrification of the country and the future
programmes of increase in generation capacity axtgnsion of the electric grid.

2.4.1 Institutional level

¢KS NBalLlRyairoftS TFT2N) . dzZNHzyRAQa SySNHe& &asSo
Mines (MWEM). The mission of the Ministry is to formulate and implement

energy policy, as well a® consolidate and managthe energy sector. The

policies and programs are then implemented through the General Directorate of

Water and Energy (DGEE) and the General Directorate of Water and Rural
Energies (DGHER). The DGEE is responsible for preparing sector policy and
legislat’d S | yR NB3IdzZ  i2Ne GSEdGad LG LXIFy&a FyF
defines priorities, formulates investment programs, controls operation of the

power utility, oversees the permanent secretariat of the national energy
commission, and prepares tdrifpolicy. The DGHERs iresponsible for
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coordinatingNGOsoperating in the sector, rural electrification, biomass and
alternative energy

Decrees ad laws enacted in 1968 and 19@8tablishel a monopoly for the
production and supply of electcty nationwde by creating theRégie de
Producton et de Distribution d'Eau et'Electricié, known as REGIDESO, which
is responsible for e public electricity and wateservice in urban area
REGIDESO is a public utiiith anautonomous judtial and financial stus that
operates under thesupervision of the Ministry of Water, Energy and Mines.

A decree issued in 1997 clarified the responsibilities of the DGHER and
REGIDESO. The DGHER is responsible for the provision of electricity and water in
rural areas, leang REGIDESO responsible for serving urban areas.

In August 2000, the Government adopted a law liberalizing and regulating
electricitywith the follow principleg54]:

a) The production, tansmission and distribution of electricity are all public
services. These public serviaass be assigned in various ways (including
leasing or concession) to public or private entities.

b) Seltproduction (including production, tresmission and distributionare
permitted for private use after authorization mbtained.

c) Creating transmission lines to serve third parties is allowed if public
service does not yet exist wheseich arrangements are proposed.

d) Seltproducers can sell their surplus to pulbdiervice managers through
a price agreement.

e) Similarly, the use of public transmission lines is possible through a price
agreement.

f) The exporting of selfjenerated energy is allowed.

g) In remote areas, private production, transmission and distribution is
permitted.

It also abrogated the 1968 Order in Council that granted REGIDESO a monopoly
over public drinking water and electricity supply. According to this new law, the
production, supply and distribution of electric energy are industrial and
commercial pubt services under the responsibility of the Government. Along
with the DGHER, REGIDESO became a delegated public service provider
operating under the control and authority of the nelgtory body to be
established53].

In order to complete the process of liberalization of the energy sector, with the
Decree No. 100/320, a control and regtibn entity was established 2011[49].

This entity, called the Control and Regulation Agency for the Water and
Electricity Sectors in Burundi, hasaasain mandate to ensure the development
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of an orderly and profitable water and electricity sectorBarundi. It should
control, regulate and monitor activities related to water and electricity in order
to ensure compliance with contract conditions for delegation as well as
specifications and additional clauses on the part of operators. It should also
ensure the implementation, monitoring and application of tariffs in accordance
with the pricing principles that have been established by regulation.

At the same time the Burundian Agency for Rural Electrification (ABER) was
established. The objective of ithentity is to develop and implement rural
electrification projects and programmes, including srsatile hydroelectric
power, solar and wind energy, as well as other forms of energy that can improve
electricity access for the rural population.

At theregional level, lhere is a historpf cooperation between BurundRwanda
and the DRC with the creation dfe International Electricity Company of the
Lacs SINELACI: was created in 1983 by a treaty ratified by the Governments
of Burundi, Rwanda, and Zaire to build and operate fesizill hydroelectric
power plant locatednthe border between Rwanda and DRS]. The intention
was to provide electricity generation for Rwanda, DR@ Barundi fromthe
power generating station®n the RwandeDRC bordef56] and work at the
develgpment ofthe electrification otthe region.

2.4.2 Electricity generation and demand

The electricity production is mogtlhandled by the REGIDESO, which dras
installed capacity of 35.8 MW, of which 3048V arehydroelectricpower plaris
and 5.5MW arethermal unitslocated in Bujumburaconstituting 926 of the
national installed capacitfFigure2.16). In addition to thehydroelectricpower
plants managed by the REGIDE&Mumberof micro plants aremanaged by
ABERformerly DGHER#anNd the privatesector such as the Burundi Tea Office
and various religious missiof#9].
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Figure2.16 ¢ Distribution of electrical production in MW (Souré&g)]).

It is evident howalmost allof the electric energy produced in Burundi comes
from the use of the hydro resourcebloreover, Figure2.16 showsthat the
supply from external hydroelectric generation through e agreements of
REDIGESO wiBINELAC arlde National Electricity Company of the Democratic
Republic of Congo (SNEDis need to import energy will increase because of
the growth in consumptiomigher than nationaproduction Eigure2.17). This
substantial energy deficit in Burundi forced the REGIDESO to lease a diesel
generation of 10 MW in 2010 and 20[49].
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It is thus evident that the need to increasapacity is urgent and massive to
supply the total electricity needs oproductive and industrial activities,
households and other consumersigure2.18).

250 GWh w
23%
Industrial activities
Commercial activities 21%
Households
Others 42%

Figure2.18 ¢ Distribution of REGIDESO clients in 2011 (Sq¢&ie

Focusing on the total productioable2.5 shows in detail the composition of
existing electric generation capacity and the productioBurundi

Table2.5 - Existing Utilization of Gemation Capaity Utilization and Electricity
Production in Burundi (Sour¢g0, 53, 58]).

Electric Capacity Installed Capacity Electricity production KWh)

[MW] 2011 2012
Thermal plant 55 12,904805 2,887,600
Rwegura 18 57,543,700 63,732,800
Mugere 8 46,575,633 51,328778
Ruvyironza 1.27 4,996,500 6,594,710
Nyemanga 1.44 11,101201 9,316,445
Gikonge 0.85 5,140390 5,240,150
Kayenzi 0.85 1,546,620 1,191,495
Marangara 0.24 1,476480 1,393836
Buhiga 0.24 unknown unknown
Remote DGHER plants 0.47 unknown unknown
Private plants 0.65 unknown unknown
Total national 37.51 140,928706 141,685814
Ruzizi Il 12.30 79,612000 81,979000
Ruzizi | 28 24,508983 22,310567
Total imports 40.30 104,120985 104,289567
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Current data show the total electricisupply equal to 246 GWh in 20%2th a
percentageof imported energy equal to 42.4 on the total. Moreover, data in the
table confirm that the share dfydroelectricplants on the total nationatapacity

is more than 85%Focusing on the availability of thpbants, the evaluation of
equivalent hours shows thahe utilization ofthe installed capacity is almost
43% This valueompared with the 3%recorded in 200§53], reveals a clear
improvement in the electrical sector thanks to the rehabilitation of equipment
destroyed duringthe civil war inthe 1990sand the reinforcement ofstaff
training, andan increase in consumption

Due to this low utilization, dzNXHzy R A @ &leclrichy gerferativri capacity is
severely constrained and is likely to remain so for several more years. The supply
deficit currently varies between 13 MW during the wet season and 23 MW
RdzZNAYy 3 (GKS RNE &aSlazy ¢KSy {&unndg dzy i NBE QA
at reduced capacityPeak demand occurs during teeening hourgFigure2.19)

and emanates mainly from householtighting needs, but theshortage of
generation capacityand resultingload sheddings having a major impaain
economic growth and business activityhe shortfall in aailable power is
exacerbated bytechnical ad nontechnical losses, caused part by lackof
maintenance. IrR007, thesdosses were estimated at 48 GWh, equivalenato
supply loss of abolu24.£4 Alarge portionis made up oféchnical lossegiven

the poor comition of the network, the higland medium voltag stations, and

the low voltagedistribution posts.The number of poweinterruptions is high,

both on low voltage and othe high and medium voltage backbometwork.

The qualy of electricity deliveredsuffers from poor fequency and significant
voltagedeviations estimatd to be in excess of the normH)%below and above

220 voltg53].

Observing the curveof the daily electric loadbbtained thanks to personal
communication withthe office ofMinister of Energy and Minest is evident how

the situation is completely turned arounduring the night Figure2.19). The
electric load is not only lower than the total domestic electric capabity also
lower than thehydroelectricone equal to 32 MWAsa consequence, in Burundi
there is a surplus diydroelectricnominalpotential on the order of 1 to 10 MW
from 11 p.m. to 7 a.mThis surplus is not obviously always available because of
the outages of the plantsnaintenanceand dry seasons, the plants never
produce electricity at the nominal power. However, the number of nights when
this electric surplus is available could beimsited.
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Figure2.19 - Electric Load interconnected to the REDIGESO NetworkaftQétober
2013 (Sourc¢s8], Ministry of Energy and MinesBujumburg.

From Table2.5, the calculation ofequivalent hours of nationahydroelectric
plantsis asfollows:

O

0 !
w

2.1)

with O the total energy production from the nationalydroelectricplants

in 2012wasequal to 1383 GWh, andv the national nominahydroelectric
capacitywasequal to 31.5 MW. With these value¥) is equal totfo o kours
that represents the hows of the yeamwhen all the plants generate electricity at
the nominal powerAs peviouslystated,w is higher than thelaily electric
load during 7 night hour#\s a consequenc¢&vith the hypothesis aflaily electric
load approximately equal tthe one represented ifrigure2.19 every day of the
year, f we divide thefound value of Q by 24 hours this gives the number of
nights wherea surplus ofrenewable energy of 7 houis available

EO0AQBRUMI pyYp
The st of electricity, tariffs areinderthe responsibilityof REGIDES&hd they
are different for eachfinal userandthe brackets of energyTable2.6).
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Table2.6 - Tariff for the supply of electricity in low voltage by REGIDESO from
1/3/2012 (SourcdREGIDESEBujumburg August 2018

RangelkWh] Tariff per kWh Fixed bonus
FBUKWh € K 1 FBU/two € KUbg2
months months
0-100 73 0.035 - -
Households 101-300 138 0.067 - -
> 301 260 0.126 6,497 3.144
0-200 93 0.045 3,989 1.931
Trade and 201-500 149 0.072 8,000 3.872
industry >501 190  0.092 12000 5.808
Administrations one-price 149 0.072 - -
Street lighting one-price 151 0.073 - -
DGHR one-price 141 0.068 - -

2.4.3 Electrification

A key feature of the power sector in Burundi is the very low level of
electrification. Totalconnections to the REGIDESO network have increased by
about 10000 since2000 and now stand at about 30 with an average
increase of almosh%a year. Assuming that all the DGHER connections are rural
households, only 3200 households have access fedricity. This means that
only 2%of the 1.6 million households in the country are currently electrified.
Moreover, almost 8% of the households that do have access to electricity are
located in Bujumbura. Only,@0 households in the rest of the countaye
electrified.

The electrification in Burundi began with a 70 kV overhead electrical line from
Rusizi ISmall Hydropower Plant (SHP)Gongo for the supply of the capital
Bujumbura in 195948]. With the first constructions ohydroelectric power
plants, the national electricsector has beenincreasingup to the actual the
current situation. The total length of the main transmission lines located in
Burundiis actuallyabout 265 kmlongand it includes a part of a 383 km main
transmission line that links Rwanda to the DRC. Overall, dleetrical
transmission system is made up of higblitage lines (70 and 110 kV) and
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mediumvoltagelines (10, 15, 30 and 3&/) which is the@xclusive responsibility
of REGIDES®igure2.20) in terms of maintenance, extension and tarif#9].

Asfor the distribution network,low voltage is supplied at the following levels:
6.6 kV, 10 kV, 15 kV, 30 kV and 35 kV. The network is overloasederabreas
of the country,30 kV lines are being used to connect urbaenters, provide
access to ruraareas and connections to logatoduction centes. 10 kV or 6.6
kV lines, with a preference for the 10 kV, provide supply within urban §538as
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The actuallack of growth in the grid extension andthe number of connections

is a big barriermainly for possiblenew businessopportunities in Burundi.
Consumptiorof electricity per business connection has not grown during 2000
2008[53], which, along with the minimal change in the number of connections,
points to weak growth in business activityloreover, the distribution system is
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equally in poor state with much of the essential switch gear beyond repair due
to limited availability of spare parts and lack of resources for maintenance. Key
load centers such as Bujbura are already heavily saturated, resulting in
increased technical losses for the utility and poor quality of supply. As an
indication ofthe networkQ &  Atlielaiindsintof unplanned power outages in
the main grid increased by nearly 2@0in2007 to 20thours, compared to earlier
years[48]. Some of outages are due to the complete lack of spinning reserve and
the high dependence on regional generation toéerslittle flexibility to bridge
sudden supply interruptionsThis state of the electric system, the uhable
supply of electricityare themajor deterrents to private investordloreover, in
2009 frms inBurundi eperienced an average of 12 electal power outages per
month, 40%of the time in a typical yeaf36]. As a consequen¢e large
percentageof firms in Burundi haveheir own backup gererator, or share
access to one with high overheadsidikup geneators typically cost US$40 to
US$0.50 per kWi to run, cutting into businegsrofits and reducig the ability of
local businesg compete in regional and international markets.

2.4.4 Future development of grid extension and capacity increase

According to[49, 53], the demand projections set out belgwsuggest supply
requirements of abut 3,600 GWh by 203(Figure2.21), which translates into
required available capacity in the range of 700 MW. Over the next 20 years,
Burundi will therefore need access to an additional 650 MW of new capacity,
either domestic or via imported power, to meet domestic demand.
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Figure2.21 - Scenario of the future electrical power and consumption (So[#8p.
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All the details about theevelopment othe implementation of the power sector
Programme are explained [BO0, 53]. In Table2.7 the future generation plants

are listed.

Table2.7 - Electricity Supply and Demand Balance until 2030 (S¢b8te

2007 2010 2015 2020 2025 2030
Installed domestic capacity (MW)
Existing plants 35,2 39,1 39,1 39,1 39,1 39,1
Proposed new REGIDESO plants
Kaganuzi - 50 5,0 5,0 5,0
Other small hydro plants 0.3 0,3 0.3 0,3 0,3
Sub-total - 0.3 53 53 53 53
Proposed new private plants
Mpanda 10,4 10,4 10,4 10,4
Kabu 16 20,0 20,0 20,0 20,0
Mulembwe 115,0 115,0 115,0
Kabulantwe 67,0 67,0 67,0
Rushiha 15,0 15,0 15,0
Ruzibazi - - 7,0 7,0
Sub-total - - 30,4 2274 2344 234 4
Total 35,2 39.4 74,8 2718 2788 2788
Installed regional project capacity (MW)
Rusizi | 28,0 28,0 28,0 28,0 28,0 28,0
Rusizi Il 12,3 12,3 12,3 12,3 12,3 12,3
Resumo Falls 20,5 20,5 20,5 20,5
Rusizi lll 48,3 48,3 48,3 48,3
Rusizi IV 87,0 87,0 87,0
Total 40,3 40,3 109,1 196,1 196,1 196,1
Total installed capacity (MW) 75,5 79,7 183,9 467,9 474,9 4749
Available capacity (MW)
Existing domestic plants 15,7 16,0 16,8 16,8 16,8 16,8
Proposed new domestic plants 0,2 23,2 151,2 165,8 155,8
Existing regional projects 88 9,7 10,1 10,1 10,1 101
Proposed new regional projects - 95,4 286,0 286,0 286,0
Total 245 259 145,5 464,1 468,6 468,6
Electricity balance sheet (GWh)
Supply 188,8 196,0 814,2 2269,5 23920 2392,0
Demand 188,8 196,0 470,8 1981,0 25857 36315
Surplus/deficit 0,0 0.0 3434 288,5 (193,8) (1 239,5)

Lookingat the figure,three considerationcan be made

1. All the domestic plants predicted arbydroelectric power sites to
minimize the need for expansion of costly thermal generation capacity to
supply the short and mediusterm demand growth.

2. The 40%of the total electricity supply wilbe imported by regional

hydroelectricplants.

3. Atthe end of 2030, there will be a deficit 0f2ZB9 GWh in the electricity

balance of the country.

As regardgso the expansion of the transmission grid, a number of specific
initiatives aimed at strengthening regional trade in éfaxity are already under
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way. The African Development Fund (ADF) recently approvegrammeof
loans and grants to finance the interconnection of electric grids among the five
Nile Equatorial Lake countries which inclu@sundi, Kenya, Uganda, O&nd
Rwanda. This project includes constructing and upgrading a total of 262 km of
transmission linethat will connect Burundi with thdaydroelectricplants of the
region and the construction and reinforcement of a number of transformer
stations, incluthg one in Burundi.

The accompanying marigure2.22) indicates the locatin of the existing and
proposednew power gridfor Burundi and thelocationsof existng and new
generation stationsThe key featuresvould be a 220 kV network witthe
following linkages:

1 A 220 k\ine of some 200 km from Resurkalls to Gitga where it would
link with theexistingtransmission line from Gitega ®ujumbura. These
lineswalzf R f Ay . dzNXzayieRational eyverks ofRNdndag A G K
and Tanzaniathereby enhanimg the opportunities for tradef power
supplies with the other EA@embers.

1 Upgrace the existing 110 kV line froBujumbura b Gitega to 220 kV.
The ost ofthe upgradeof the approximate 70 km wouloe in the range
of $8 million.

1 With the construction of Rusizi Ill, thigansmission link tdBujumbura
would beupgraded to 22kV.

1 The transmissio line from Bujumbura to Mpandand Rwegura wuld
be exterded through Butareand Nyanza ilRwanda to link to the main
grid of that country.

1 A new 220kVihe would also be built as padf the Rusizi IV pject to
link this plant to theabovementioned 220 kV line from Rusizi Ill.

1 A 220 kV transmgon line from Gitega to Bururand Makavda,
continuing across the border tdigoma in Tanzaai The length of this
line thatwould be Iecated in Burundi would be abodB5 km.
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Figure2.22 - Power statios and transmission grid for Burundi (Soufs#]).
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From theFigure2.22, it is shown also the future extension of the distribution
line. A cornerstone of the proposatistribution programis to provide 110 kV
lines with necessary substains to all 13 of provinciatapitals by 2015.
Completion of this distributiomgrid at thattime would lay the foundations for
the electrification of 8860f urban centers b020 and would enserthat a very
large part of thebusiness commuity throughout the country hadaccess to
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reliable supjies of electricity. The numbeonf household and bsiness

connections is projected to rise to about 56800 by 2020 and 1.2 millidoy 2030
withtheaimto ® KA S@S (G KS D2 O %eklorasotss D@lectrititNA S SR
for 25%o0f the population by 2020

2.5 Deforestation in Burundi

The aim of thisectionis to present the status of natural forests in Burundi with
a focus on the rate of deforestation and the problems relatadised by a
growing demand for wood products and expansion of agricultural land.

2.5.1 Forest situation

Historically, between ondalf andoneit KA NR 2 F . dzZNHzy RA Q& G SNNA G 2 |
estimated to be under forest covgs9. Now,c ®p:'z 2 F . dzNHzy760A Q& G2 G | f
kn¥) is forested[36] with about 144 made up of natural forests and the

remaining 86% are plantation foreq60).

The largest remainingatural reserveare the Kibira and Ruvubu National Parks
that are under nominal protection FHjgure 2.23) but are actually being
threatened Kibira Parkis feared to be subjected to extensive harvesting of
timber, fuelwood, bamboo, forest products, and bush m[gi].
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Figure2.23 ¢ Kibira and Ruvubu National Park locations.
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In Burundi, the history of forest plantations dates back to #waly twentieth
century with the objective of meeting fuelwood demandround the 1930s,
during the colonial periogforest plantations aimed at protecting the remaining
natural forests against further encroachments and protecting farmlands from
soil eroson [60].

After independence, reforestation efforts also relatively declined. However, as
wood products became progressively scarce in the late 1960s, the Government
had to act in order to define alear forest policy and consequently a forestry
sector development white paper was produced in 1969. Official efforts in forest
conservation and rehabilitation continued in the 1980s and environmental
protection legislatiorwas initiated by the governmerj60].

By 1992, total forest cover had expanded to aro@id00 kn? which isnearly

10% of the country are36] thanks to the cooperation of several donors
including World Bank, Belgium, Saudi Arabia, France, European Union, IDA,
UNDP and many otherdJnfortunately, starting from October 1993, the
interruption of the afforestation effortswith the civil war and the gradual
deforestation have reduced the forest cover to the actual vaiti6%

Other hardwoods
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gRe Cdmtris':sp.r:::\

Grevillea
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3%

Figure2.24 - Distribution of major tree species in public forest plantations (Source
[60Q]).
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2.5.2 Causesof deforestation

Burundi has the highest rate of deforestation in Africa as a result of land
conversion for crops and grazing atie heavy reliance on wood for fug¢bl,

62]. During the 1990st was suggested that Burundi was experiencing the
highest deforestation rate in the world, at 9%3]. In the lsst yearsthe process

is slowing down but it does not seem to be stoppf{Rgure2.25).
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Figure2.25 ¢ Decrease of the forest area of Burundipscentageof the total land
(Sourcg36]).

There are many factors that contribute to the deforestation and degradation of
forestland.In the Paragrapl2.3.1it is said that abouB6% of all energy needs
are met by traditional biomass, compe mainly of wood fuel.This huge
demand of wood energy through firewood in the rural areas and produaifon
charcoal for the urban centeexerta strong pressure on the wood resources of
the country and the pace of deforestation for domestic consumption and for
timber is faster than that of renew§b3, 60].

Moreover, ®me groups and individuals are using forested areas (including parks
and reserves) as the main source for income generation and wood prd@dgts
Firewood is not only used in the home, but also used for charcoal making, brick
making, palm oil extraction and other small industrial uses. Wood products are
also used for furniture and construction materials.
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Table2.8 - Wood removals (f) from plantations and natural forests 2010 (Souie@,

65]).5
Forest Industrial Domestic Firewood
. . round and Total
plantation/Managment unit poles
wood charcoal
State Forest Plantatior 191,496 14,185 1,701,187 1,906,868
Commune ForesPlantation 38,732 2,869 344,281 385,882
Subtotal (public sector) 230,228 17,054 2,046,468 2,293,750
Tea factories, prisons 19,186 i 341,078 360,264
schools, etc.
Out-grower/other woodlots 134,299 15,349 4,434,013 4,583,661
Subtotal (private sector) 153,485 15,349 4,775,091 4,943,925
Grand total 383,713 32,403 6,821,559 7,237,675

Unfortunately, forecasts are everything but comforting and they foresee
continuous huge use of firewoadlith resultingdeforestation Table2.9).

Table2.9 - Current and future demand of plantation and natural forest woo@@D
m?®) (Sourcg60]).

Forest product plantations/woodlots 2010 2015 2020 2025 2030
Woodfuel (firewood and charcoal) 6821 7907 9167 10422 11849
Industrial roundwood 381 445 516 586 667
Sawnwood 98 111 129 205 233
Domestic poles 171 198 229 261 296

6 The total population of Burundi was estimated to be 8.5 million in 2010 and the assumption was that all
wood needs are met through local wdeemovals. It should be notatiat this might not be truébecause
some fuel needs are met through other means, such as crop residues, paniaghinning that are not
accounted for in forest production. Moreover, for industrial round wood and poles, some demands are
supplemented through imports from other cotries.

7The projections of wood products demand is based on 2010 baseline and population increment of 3% per
annum reducing to 2.6% by 2020 and afterwards, increasing from 25% to 35% sawn wood conversion

efficiency by 2020
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Another major cause of deforestation the conversion of forestland to
cultivation or pasture due to population pressures and a strong dependence on
agriculture for livelihood$63].

Finally another devastating effect on forests are the numerous wildfires that are
started from the prevalent practice of burning pastures to provide a short term
flush of nutrients for new growth. This practice is not only destructive to
forestland but in the long term is also detrimental to the soil fertility of the

pasture and grassland63].

2.5.3 Problems related to deforestation

There are many problems related to the huge process of deforestation in
Burundi and one of this is the degradatiand loss of protected areas that has
been on the increase sintiee war started in 1993For example, during the years

of war people began encroaching on previouslyoeced buffer zones around

the lakeson the Northeast of the countrtp the point that cultivation now occurs

right up G2 GKS 41 GSNRA intéh&ifdd dyiculturé fadd the 2 NS
consequent cutting of trees aimpacting water quality, flow regie and the fish
stocks in thesdakes, as well as diminishing nesting and foraging sites for birds
[63.a2 NB2@JSNE Ay yIFddz2NIt FNBFraz RSF2NBadl Az
biological resources and ecosystems, and has contributed to the extirpation of
both gorillas and elephan{$2].

The rapid siltation of Lake Tanganyika waters is another example of the impact

of deforestation on the sources of water that continues to threat both aquatic

ecosystems anfteshwater suppliesThis is caused by another problem related

to the intensificaton of agriculture andleforestation that aresoil erosionand

desertification[61] that causealoss of soil fertilitywith a progressive loss of ldn

that can be cultivatethy people Moreover, the increasing desertification affects

Ffa2 +Fy20KSNJ a20AFf FaLlSOod 2F LIS2LX SQa AT
deforestation causes an increase in distance to woodlands, Burundian women

and childrenwho have the task of the supply of wood for households have to

collect further away, spending more time on collect{6%].

Soil erosiomproducessedimentation in aquatic systeni87], too. In fact, eosion
from the hillsides and cultivation adjacent to streanositribute sedment to the
streams, lakes and wetlands ankig in turn reduces the aquatic productivity
and habitat for fish and othemquatic dependent organismfs3]. Other
consequences are the loss of wetland and marshland that in Busupgort
habitat for birds, wildlife, amphibians, fish, insects and plant life that is not found
in other ecosystems. In addition, many birds, fish and wildlige these
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important habitats for a part of their life cycle, even if they do not reside in the
wetlands permanently63].

Finally soil erosionis followed by the erosion of roads that in Burundi are
severely compacted with no proper drainage and they continue to erode and
cause deep rutting on the road surface. During the rainy seagoaff from
severely eroding roads can be a large source dihsentation to waterway$63].
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3 Analysis of the local context: actual
needs, upplies and technolog ies at
Mutoyi Mission

3.1 Introduction

After the research of the energy resources of the coutit could be used as
alternative to wood biomasshe focus of thichapter ison the identification
and the analysis otthe local contextwhere it is possible to implement fast
technological application.

Despite of the apparent indifference of the public institutions, the problem
concerning the overuse of wood biosg and deforestation appeal to the
awarenes of some NGOthat are present locally One of them is called Vispe
that is acronym of Volontari Italiani Solidarieta Paesi Emergenti. It is an Italian
NGO and it works in the Mission of Mutoyi, in Gitega provisaeel969[68]
(Figure3.1). The main activitgf the Mission is the Hospit@lentre desantéthat
houses a daily annualverageof three hundred patientslt alsosupports thér
industrial cooperativeompanesthat give job to Burundins

Moreover, Vispeshows a greainterest in the problem of energgupplyfor the
mission, in the rational use of the energetic resources and in the problem of
deforestation caused by an intensive use of woodcfmoking. Using their words,
GKAT £ a | NP tehgstrippddof raedunderNde's very eyés decently

it started to collaborate with the Italian labour union of electrical enterprises
called FLAEI(Federazione Lavoratori Aziende Elettriche Italiane) for the
implementation of a local energy project call&rundi Energie Saine et pour
Tous concerning the bilding of anhydroelectricpower stationwith a total
capacity oabout 700 kV.

Mutoyi is located in a rural area where the overuse of biomass is high and it is
accelerating the process of the deforestation, the access to electricity is only
reserved to tle Mission, and thenight surplus ofhydroelectricpower will be
marked after theimplementation of theBurundi Energie Saine et pourTous
Project With the aim to attempt to mitigate the problem of deforestation and
optimize the use of energy sources, Vispe BhdEasked me to do an internship

in Burundi in August 2013 to investigate a solutathin the framework of the
Mission.
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Figure3.1 ¢ Position of Mutoyi Mission, district of Bugendana, province of Gitega,
Burundi; 3°12'58.78"S, 29°58'40.92"E

Duringmy stay in Mutoyi, the size of problenoncerning the overuse of biomass
wasidentified and itwaspossible to conclude thahe locations at the Mission
with the highest consumpton of wood for cooking are theddpital and the local
food center called PaM(Patisserie de Mutoyi In the hospital there are two
places where people cook food: the kitchen inside the building where the
attendantsburn wood to cook tea and milk for the patients every day, and the
external place with a simple big stone plate where the relatives of the patients
can cook for themselves anddldinner fortheir hospitalized loved ones.

Therefore, he aim ofthis chapterisdescribinghe analysis of the context firstly
in terms of the actual technologicatsessment of both the structures. Secondly,
the analysis andbrecasts of their needs lva been done on the strength of the
number of patients that are monthly accountddr in the registers of the
hospital.Sincethere are no plansf expansion of the hospital, all the needs that
are evaluated arsupposed to be the same in the future years.

It is important to underline lie difficult problem concerningdata collection.n
fact, most ofthe data refer aly to the month of the stay iMutoyi and they
need to be elaborated as proxies for the following forecasts.
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3.1.1 Precondition: Burundi Energie Saine et pour Tous

The specific objective of the Project is "to increase and improve access to
modern energy services, affordable and lasting for 344,000 poor people in rural
areas and common Gihogazi Bugenyuzi (K&Puavincg Bugendana (Gitega
Provincethrough hydropower production and awareness of the benefits of the
use of electricity. VISPE would tesponsible for theechnical construction of
mini hydroelectricplant at Masabo (rated at 782 kW) and trainingiofsite
personnel. The Ministry of Engy and Mines in the project is the national-co
applicant. Within its remit, it has currently started a programme of rural
electrification and it has ensured the electrification of new routes by giving work
to REGIDESO: filste Masabo Bugenyuzand seond lineMasabeRusamaza
GihogazMutoyi. The partner in this project is the Mutoyi Foundation for
Solidarity Progress. In this project, the Foundation Mutdifibe responsible for

the management ofhe hydroelectricplant.

All production of the plant vil be sold to REGIDESO with conditions to be defined
in the agreement to be concluded. If annual energy consumed would be less than
the production, the difference would be a profdr the Foundation

With the aim b achieve the project objectives sdrategy based on achieving
three results are proposed:

1) The construction of thdnydroelectricpower central of Masabo and the
installation and connection of MasalRusamaz#&ihogazMutoyi lines
and MasabeBugenyuzlines. Thenew hydroelectricMasabo pant (782
kw) will bebuilt in correspondencéo a site identified by a government
study as suitable fothe installationwith power of less than 1 MW. The
project and thelayingof lines will be entrusted to RGIDES(plant is
confirmed to be connected tthe national grid.

2) Centers of MasabRusamaz#&ihogazi and the availability and energy
services in centers and community developmeot Mutoyi and
Bugenyuzi will be improved.

3) 17,000 peopl&vill participatein outreach activities in the use of engrg
and its impact on the environmerfitom the communities of Mutoyi and
Bugenyuzi

During the mission of Augu&013,it has been possible to account the total
energy consumption of Mutoyi Mission and itsanches The annual toal
electricconsumptionare reported below.
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Table3.1 ¢ Yearly energy consumption of Mutoyi and branches.

Energyconsumption[kWh] 750000

The estimated annual energyrquuction of the plantreported in Table 3.2
confirm the fact that the Mission would benefitom a large surplus of free
energythat could be sold to REGIDESO

Table3.2 ¢ Yearly energy production of Masabo plant.

Energy production [kWh] 2,643591

3.2 Performance analysis of the actual technologi cal
set-up

3.2.1 Current stoves assessment

The main goal of a cook stove is to provide sufficient heat to prepare food and,
if necessary, to warm and ligkite household. Cook stes could be fueled by
biomasscharcoal, kerosene, natural gas, or by electriaitgl solar energy.he
traditional stovesare mainly fed by nowommercial or traditional biomasaich

as wood, dung, cropesidues These cooking systems are very simple in design
and consist of a cylindrical chimney through which the hot gases, produced by
combustion, go out andheat the bottom of a cookpot, which usually has a
diameter much larger than the mouth of the chuey itself(Figure3.2).

Figure3.2 - Sove configurationSourcq69]).
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Traditional cook stoves are designed and constructed using-sepirical
guidelines, without taking into consideration the analysis of heat transfer
mechanisns. With depleting energy resources and rising energy costs, there is
now a growing need to design these cook stoves with the incorporation of
scientific understanding of their working principles, with the ultimate go#hef
improvement ofthermal efficency. In thdast decades, some stoves have been
studied and consequently developed, becoming thecdted ICSsThere is not

a precise definition of ICSs, but they can be identified as cook stoves that have
lower levels of emissions and of fuel consuroptithan the traditionalthree
stone fire This reduction is due to an improvement in tt@mbustion thatcan

be achieved through different techniques, such a&soatimized designed fire
chamber, an enhanced air convectjar the usage obetter fuel, in erms of

both a major heating value and a minor pollutant content.

ICSscan be classified accordingly to different criteaa fuel type, function,
construction material, portability and number of pots. Besides this, one of the
largest partition of ICSs kabeen done byThe Global Alliance for Clean
Cookstoves (GACC), which viagnd in September 2010, from an initiative of
Hillary Clinton, whose main aim is to provide 100 million homes with clean and
efficient stoves and fuels by 202Bidentifiesfifty ICS$70], which are indicated

and tested by Aprovecho Research Centrresearchgroup made up of
consultants who have been designing and testing improved cooking devices
sincel976 in more than 60 countries worldwid&1].

This classifation has been useful tmlentify the stoves useih Mutoyi, but it is
clear thatit cannot thoroughly classify therithe configuration of PaMu and the
Hospital are the same and representedHigure3.3.

Figure3.3 ¢ Stoves used at PaMu and the Hospital (August 2013).
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The first stovehasbeen classifiedoy Aprovecho Centeas alLarge Square Justa
with solid Planchaand large channels for hot flue gases under the griddle,
commonly named aPRlancha It is in fact characterized lgystructure made of
bricks, a metal plate with potholes, the door which opens into the combustion
chamber, and a flugvhich drive the smokeutside.Pots are puibn the metal
plate and they receive heat from the bottom.

The second stove is a particuRocketStove.It is diffuselyillustratedin [70, 72-

76] andit wasfirst conceived by Dr. L. Winiarsk, fralhe Aprovecho Research
Center. Hedefined principleghat Rocketstoveshave to respet, reported in
[77]. It is cescribed as a stove with apening on one sidaear the bottom for
fuel to be inserted and for air to enter the combustion chamber; draft is created
by the largeemperature difference betweethe air entering the bottom othe
stove and the hot combustio gases exiting from the top dahe vertical
combustion bamber. Som&ockettoves have metal skirt around the seb of

the pot for improved heatransfer from the hot combustion gases to the pot
(Figure3.4). AsPlanchait has a chimney and it @snot pollute the indoor air.

Figure3.4 ¢ Diagram oRocketStove (Sourcr4)]).

Theterm RocketStoveidentifies a lot of configuration typical of the IG%5] and

it is not a specific model. The stowmvned by PaMu and the Hospitdbr
example, isa particularRocketStove withan unusual very shortombustion
chamber andt is endowedwith asunken pot and internal skirt surrounding the
pot itself. The water capacity is exactly 100 liters.

¢KS aiG2@0Sa dzaSR 08& LRINOYSRQI ABE | ai gga

& ( 2 ith & brick long base and a metal giffigure3.5).
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Figure3.5 ¢ Stove used by J- (i A Blsfiied @Qugust 2013).

Open fire stovas the most tralitional cooking device, andig commonlyused

in developing countries. It preserdsvery lowperformance both in terms of fuel
consumption and of pollutant emissiotecause of the absence of chimneys
[75, 78, 79]. It is estimated to guarantee 40 hobs.

3.2.2 Efficiency of the stoves

In orde to evaluatethe efficiency of the stoveseveral methods are available,
but the most widely recognizkis the Water Boiling Test (WBWitten and
continually revised by the cooperation of international experts in the fi@@.

It is a laboratory standardized and replicable protocol, which can be used to
assess and compare thperformance ofdifferent models of stoves in various
contexts.The latest versionf the WBTwasreleased in April 2013 by The Global
Alliance for Clean Cookstoves which is a pyfiiate partnership that seeks to
save lives, improve livelihoods, empower women, and protect the environment
by creating a thriving global market for clean and efficibatisehold cooking
solutions[80Q]. This version is name@ookstove Emissions and Efficiency in a
Controlled Laboratory Setting.
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The WBT isomposed ofthree phaseq81]: coldstart, hotstart, and simmer
phase;the amount of fuels used and emissions generated for the three stages
are measured and evaluated as a weighted average to define the WBT key
indicatorsasspecific consumption and emissions

One of themostusefulresults of the WBT for this work is thalculation of the
thermal efficiency of the stoves. Thermal efficiency is descrimgdhe Test
Protocol[81] as a measure of the fraction of heat produced by the fuel that made
it directly to the water in the pot. The remaining energy is lost to the
environmentfrom the stove and the potHigure3.6).

Figure3.6 ¢ Thermal losses that condition the efficiency value.

Therefore,a higher thermal efficiency indicates a greater abilityramsfer the
heat produced into the potFigure 3.7 reports aresearch ofBerkeley Air
Monitoring Group a social venture dedicated to prot&woy global health and
climate, andeading monitoring and evaluation partner for clean cookstove and
fuel programs in deveping countrie§82]. It shows the thermal efficiencies for
the most common stoves obtained with the WBT.

It is important to remember that the WBT overestimates the refficiencies of

the stoves because it is done in laboratory with only water. When stoves are
used in a real context for preparing fodtie efficiencyis observed to be lower.
However, this work considers only the values obtained with\WBT found in
literature; in fact they have a more scientific support and the results obtained
with that values are more conservatiygee Paragrapf).
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Figure3.7 - Thermal efficiency for key stove/fuel clasg8surcg83]).

Planchastove

Planchay 2 RSf Q& L3Sanemnalpeddlin?@ B, 83-86] and sketched in
Figure3.8.
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Figure3.8 ¢ A typicalPlanchaStove (Sourcgg4]).
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To definethe efficiencyof the stove with only one numbestoo restrictive. For
this reason,a range of values studied iiterature is more representative of
reality. Its main features aresynthesized inTable3.3.

Table3.3 - Data ofPlancha

Construction materials bricks, metal

Thermal efficiency 8%¢ 12%

Figure3.7 confirms howPlanchais one of the stove with the lowest value of
thermal efficiency. An explanation of this could be thetfthat these stoves are
not designed to bib water as their primay task[83] but to preparetortillas
whichdo not requires watef84].

Rocketstove

The second stove owned by the Mission lh@en defined as RocketStove that
is a wide category of different stoveBigure 3.7 expreses clearly this fact
reporting a range of possible efficiency values betwee¥bagd 2% The lower
value is typical of the little stoves with no chimney and mada wifetal sheet.
The higlest value is reached by particul&®ocketstoves called Institutional
Rocketstoves described if87] with a largesurface area of the sunken pohich
isin contact with the hot gasd§0] and anouter wall made of bricks

o
’L Chimney
==} 10 88 1 ‘
ot 7 -
TR ] ety

.

[

Figure3.9 ¢ Institutional RocketStove (Sourcg87]).
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The stoves owned by PaMu and the Hospata similar to this one buttey do
not have the outer walland they have arunusual very shoricombustion
chamber Nevertheless,dr a more conservative resuylihe efficiency rangéas
beenmaintaired between30%[70] and42%

Table3.4 - Data ofRocketStove.

Construction materials bricks,steel inner pot

Thermal efficiency 30%c¢ 40%

Open Fire ®ve

As RocketStoves, the term Open Fire indicates a large categories of different
models. The same feature is the direct contact between the pot and the flame
and the absence of a combustion chamber. Té¢haracteristic allows these
stoves to beable toeventually beter transfer heat to thepot than stoves with
chimneyshecause the exhaust gasa®e directlyin contactwith more of the pot

and they do not remaisealed inside the stove before exiting tbleimney|[70].

For this reason, the stove used hyl (i A &Mtives & more efficient than
Plancha Different models of open firestoves are ompared in[72, 75, 76, 79,

84]. They report values of efficiency that could be summarizéable3.5.

Table3.5 ¢ Data of Open Fire Stove

bricks base, metal grill, open

Constructon materials )
combustion

Thermal efficiency 10%- 18%

Becausdhe stove has no chimney and the emissions are emitted directlyein
air, from [7Q] it has been possibléo obtain values concerning the lels of
emissions of the stove§ éble3.6). Similar values could Beundin [76, 78, 88,
89]. However, becausthe stove is in an open spas&ucture, the smokef the
fire israpidly scattered in the air without polluting the environment under the
roof.
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Table3.6 ¢ Emissions of Open Fire Stove.

CO emissions tc

complete WBT 35-80Mg/Grue

PM emissions to

complete WBT 1-2Mg/Grue

3.3 Analysis of the physical properties

It was notpossibleto determine some of the physical propertieshich are
necessary to this woriecause the short stay in Mutoyi missidfor this reason,
they have been ratioally estimated starting frorfiterature.

3.3.1 Low Heating Value

The most important propertyvhich had to be calculated is theow Heating
Value(LHV) of the wood used in the Mission. LHV is defineth@samount of
heat produced byte unit of mass of a givelinel when this burns completely
and decreased byhe heat of condensation of the water vapor formed during
the combustion[90]. This value greatly varies accandly to the kind of wood
utilized and its conditiondhe LHVof wood is strongly influenced by its moisture
content and the ash composition.his effect can be evaluated through the
equation below[91]:

DOOD® 2p & O ® 20 (3.1)

where0 "Ods theLower Heating Valu®r wood as it is when burnt in the stoye
0 "Ow is the valugor perfectly dried woodw  is wood moisture contenfas
a percentageof substance as receivedp is the ash contentand3O is
water heat of vaporizationafound2,440kJ/kg[92]).

The termb "Ow allows takingnto account the kind of wood used. In order to
achieve a realistic value for the present case, it is necessary to considgr wh
type of wood is most utilized in the zone under analyBiee stay in the Mission
confirmed data foundin [60] that considerEucalyptushe tree species most
diffuse in the country. A large amount of wood used at the Missi&ucalyptus
but I was informedhat recently a new species of wood has been introduced in
small quantities. Local people call it with tKkegundiname oflcaratrici a kind of
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Ash The theoreticLHVfor dry Eucalyptuss evaluated to be around8 MJ/kg
[93-95]. The same valués reported in[96, 97] for Ash As a consequence
becausdhe absence of data about tHearatricj it is assumed to have the same
properties ofEucalyptushat represents thenajor part of wood usedrlherefore

the effective 0 "Owthat is the value whichshould be employed in the
calculations, can be evaluated knowing the moisture contétdrm Phyllis
database for biomass and waste of the EnergyeReh Centre of the
Netherlands [95], recurrent values of the moisture content for different
Eucalyptusre included bewveen a range of 7 and 13%he moisture content of
wood is directly related to the humidity and teragature of thesurrounding air;
therefore, the Equilibrium Moisture Gontent (EMC) occurs when the wood has
reached a water content equilibrium with its environment and is nogkm
gaining or losing moisture. For this reason, if the relative humidity and the
temperature of the air are knwn, it is possible to calculatthe effectve
moisture content of woodl In collaboration with the United States Department
of Agriculture, the Forest Service and the Forest Products Laboratory, the
moisture content could be calculatedtwithe following equatiorf98]:

00 8 pymt O'YO 0 0YOG 0L YO (3.2)
w P OYOp DOLYOOLOLUL YO

where"VYis temperature,Y "Gs relative humidityO 0 Gs moisture content (%n
the dry masy andw, U, Up, andU ¢ are coefficients of an adsorfn model
developed by Hailwoodand Horrobin (1946)99] and depending on the
temperature (in °C):

W OT wpk & 18 p YW
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The present formula could be applied independently from the wood species.
Only wood species with a high extractive content show real EMC values that are

8 The main hypothesis is thatin does not wet the wood but it is realistic if we think that in the
Mission the wood is stored in a warehouse during the wet season.
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substantially different from the valgecalculated, but this is the case of western
red cedar and some particular tropical spedi®aQ].

All these coefficients have been calculated from the value of monthly mean data
of relative humidity and temperature for Mutoyi that are available from the
NASA Databad&1]°.

Table3.7 ¢ Temperature and relative humidiggt Mutoyi (Sourceg51]).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

RH[%] 73.6 70.2 771 77.0 56.9 453 414 413 48.1 699 804 789

Daily mean

. 201 21.3 21 203 221 233 238 251 249 218 20 19.8
temperature [°C]

Implementing the method:

Table3.8 ¢ EMC calculation

Jan Feb Mar Apr May  Jun Jul Aug Sep  Oct Nov Dec

380.4 382.6 382.0 380.8 384.1 386.4 387.3 3899 389.5 3835 380.2 379.8

K 0.819 0.819 0.819 0.819 0.820 0.821 0.821 0.822 0.822 0.820 0.819 0.819
K1 5959 5.933 5939 5955 5915 5.887 5875 5.844 5849 5922 5961 5.965
K2 2.610 2.644 2.635 2.615 2.666 2.699 2.713 2.747 2.742 2.658 2.607 2.601
EMC[%] 14.05 13.13 15.04 15.04 10.37 845 785 7.80 8.84 13.04 16.18 15.67

The values of EMC are calculateghascentageof the dry massTherefore wood
moisture contenty  as apercentageof substance as received is calculated as
follow:

p tatO0 O (3.3)
pmmO0l 6

Table3.9 ¢ Moisture Content

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

5 kP 1232 1161 13.07 13.07 9.40 7.79 728 724 812 1153 13.93 1355

91t is so respected the validity conditions of the research that recommend using the monthly
averages of the daily moimg and afternoon value for the relative humidity and the monthly
averages of the normal daily temperatures.
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Onlythe ash content is left. It is calculated asaverageof the values presented
in[95,101-104] that are included between a range of 0.5 artd&s apercentage

of substance as received. Using an average is a good approximation because it
causean error below of the %that is negligible in respect to the approximation
introduced until now.

Applying the Equatior§3.1), the LHV of the wood as burned during the years is
represented inTable3.10.

Table3.10¢ LHV of theeucalyptugMJ/kg).

Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec

LHV 1534 1548 15.19 1519 1593 16.26 16.36 16.37 16.19 1550 15.01 15.09

3.3.2 Boiling Temperature

The second important propertthat has been deterimed is the water boiling
temperature. In fact, Mutoyi 14,512 metershigh and barometric pressuref
atmospheric air is lower irespect to sea level. FromSHRAEadthdbook[105] a
correlation between altitude and the atmospheric pressuréoisd:

n pHwHPp ePXEPT 26 8 (3.4)

with p ® wtpat is the standard barometric pressurepsiaat sea level andd
the altitude infeet.

Applying the formud to the altitude of Mutoyithe resultshows a barometric
pressure of 12.246 psia that correspond to 0.8443 bar. Tables reported in the
latest edition ofPS NNEBKOSIY A O f  andiiakjL @& Sdiake the boiling
temperature to the atmospheric pressure. At 0.8443 bar, it showater boiling
temperature equal to 94.94 °C.

Table3.11 ¢ Altitude and Boiling Temperature at Mutoyi

Altitude [m] 1512
Boiling Temperature [°C 94.94

3.4 Analysis of consumption and supplies

The aim of thisectionisto descrile the three main structures where the higher
consumptionof wood biomassand hot watertake placeand to estimate their
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needs The stay inAugust 2013 allowedne to collect data about that periad
This section explains thenergy analysisised to extend forecasbver the 12

months of the year that is necessary for the estimation of wood savingsilia
be calculate in Chapter. 5

3.4.1 Hospital "Centre de Santé"

The Hospital was the first activity Vispirted in Mutoyi Mssion in 198168].
Now it isone of the most welknown hospitas in Burundi with a dailyannual
mean of three hundregbatients[107]. Thanks to Vispe it has been possible to
consul the hospitateports from 2009 to 2013 thagives the statistics dhese
years[107] (Figure3.10).
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FromFigure3.10, it is evident haev the alternation of dry and wet season makes
the number of patients foreseeabl@erthe years (e.g the wet weather in May
causes a wlespread ifection of malaria).r fact, the trend of the number of
patients ofthe years isalmostthe same for all the five periodBecause of the
lack of further data, the average is therefore the most statistical representative
value for the future analyse8/oreover, the value of August in the mean curve
shows he same value reported in 2018s a consequencall the forecasts of

the water and wood supply are allocated on the base of the values of August in
the mean curve that are equal to the real values observed duringnibr at
Mutoyi.
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Table3.12 ¢ Averageof the monthly mean value of daily number of patients from
2009 to 2013 (Sourdd.07)).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Daily number

. 313 308 296 307 347 315 285 266 261 259 283 335
of patients

An intensive use of wood is directly and indirectly linked to the hospital. The daily
meals for all the patients are provides by Pamu (the local restaurant) that use
wood to cook. Furthermore, every day the patients are servedtéiae morning
andafternoon,and the water is boiled with burning wood.

All the patients are served with a full cup of abous lters of teatwice a day

On the contrary, dried milk is served only for an average of fdtte of the
patients in the boiling wateMMoreover, the wate left is used for the night pap
for the infants. Water is alwaysought to a boil The following data are referred

to a number of patients equal to 266 that is the daily mean of the number of
patients registered in August 2013 duringetimternship:

Table3.13 ¢ Water needs in the hospital in August 2013.

Daily boiling water [l]

TEA 160.2
MILK 32.04
PAPO 20

TOT 212.24

Water is boiled firstly in th®ocketstove.Planchas used if theamount of water

exceed 100 liters both the morning and the afternaammd for making tea and
milk.

101t is approximately the same quantity equal to 20l
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Figure3.11 ¢ Stoves equipment at the hospital.

The use of wood has not been differentiated:

Table3.14 ¢ Water and wood used iRlanchaand Rocketstoves in the hospital.

Daily boiling water [I] V\[llfg(]d
Plancha 27.48 45
Rocket 200

Multiplying the daily quantity of watef0.3 liters twice a day)or eachpersonby

the monthly mean value of daily number of patierssd adding the water for

A Y T Iy il dhe mdinthly average of the quantity of water heated every day
can be foundAs a consequencd is possible to plot thenonthlyneeds ofwvater
during the year for the two stove$igure3.12).
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Figure3.12 - Monthly water need fothe two stoves at the hospita

Primary energy is used for heat and maintain the water at the boiling
temperature,and partially lost in the environmenAs a consequenc#his is the
following equation:

O O © (3.5)

with 'O the primary energy given by woo@, the secondary energy that heats
the water, andO the sum of the energy used maintain thewater at
the boiling temperatureand the energy lost in thenvironment.

The first two tems could be expressl as follows:

(3.6)
0O a zg zYY 3.7)
where 0 "Ods the Low Heating Value of the woat, anda are the

amount of water heated and wood burng, is specific heat capacityf the
water, andY"Yis the thermaldrop that the water experiences

Thanks to data collected during the staythe Hospital it is possible to calculate
those two values for August:

(0] X T&®T 0
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0O @ PO
and subtracting:

0O ¢ X8 O v

If the Equation(3.5) is dividedby the secondary energ® we obtain:

w p a (3.8)

where wis the term— andd s the term

Now it is introduced the hypothesis that the rati@alledd is always constant.
This is reasonable becaugehe amount of vater increases, energy needs to
maintain the temperature and the loss increase, too. ®the other hand, if the
amount ofwater increasesPlanchastove is better covered by pots and the heat
transfer waste less energy. This is a preventive hypothesis because it will
overestimate the real needs of wdaduring the yearand consequently it will
underestimate the eventual sayjs that could be obtained heating thater in

a more efficient way t$ value is:

a wBoTT
As a consequencéom Equation(3.6), adding this value to 1 we obtain thatio

between the primary energy and the secondary enetiggt is consequently
constant in each month:

W p BT
Knowing the amount of water represented kigure3.12 and using the Equation
(3.7), the secondary energy for each month could be calculatbed;primary

energy is calculatethrough the ratiowand, dividing bythe 0 "Owe obtain the
amount of wood for each month.

1 This term is 90% of the primary energy but it is a reasonable value. In fact, if we consider only
the losses, the low efficiencies of the stoves cause a loss of the 90tafarhaand 70% for
Rocket
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Table3.15 ¢ Wood needs at the Hospital of Mutoyi.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Wood

k] 1723 1515 1653 1652 1822 1580 1480 1391 1339 1431 1550 1860

Hospital do not buy wood. In fact, popatients who cannot pay the treatment

are allowedto payby means of bundles of almost 3 kilograms of wood instead
of money Table3.16). Moreover, a lot of wood consfrom volunteers of local
scout groups. Technological alternatives to reduce the needs of wood must not
prevent the exclusion of poor patients from the Ipitslization. As a
consequenceall the bundles have to be collected anywayptddurned wood
could beamassed andonsumed by Vispe for other uses decreasing the need of
cutting more and more trees (e.g. wood for the uses of the missionaries, free
supply for PaMu, brick manufacture, étc.

Table3.16 ¢ Values of treatments paid by means of bundles in five months of 2013.

Values of treatments Values of treatments
Numbers of bundles

[FBU] we 6
March 780 1,572,000 FBU TCnNnoOy €
April 635 1,275,000 FBU cMT dn €
May 825 1,650,775 FBU Ty b €
June 599 1,198000FBU pT hdy €
July 612 1,225,000 FBU p hH PP €

3.4.2 PaMu (Patisserie de Mutoyi )

Pamu is a food center in Mutoyi and it is one of the cooperative companies of
the Mission. It is mainly a restaurant of Burundian food with a daily mean of 50
customers but also a pastry shop and bakery. It offers a service of cooking meals
for the hospital,too. This activity is separated from the rest of the kénhwith

a separatepantry, cooks, stoves and menu. All the cooking activities use stoves
that are heated by wood and a big wotdirning oven for cooking bread.
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Meals for patients are cooked on the bas# the number of sick people that is
daily reported to PaMu by thieospital.During the stay iutoyi, it waspossible
to observe the real amount of wood and waténat they use during the
preparation of meals. The first important consideratiomaportingthe type of
food they cook:

- beansare cookeckvery dayin the afternoon;
- rice, bananaand potatoesare cooked in succession every three day;
- side dish of vegetables, fish and palm oil are prepanesty day

As a consequencehree menu ae in succession every dajn Table 3.17,
different consumptionof wood and watethave been reportean the strength
of the type of stove they use. ladt, they usudly use theRocketstove when the
water has reached almost the 55°C on tR&nchastove while they brown
vegetablesThe water is taken from the aquifer at almost 18>@ta are referred
to a number of patients equal to 266 that is the dalyerageof the number of
patients registered in August 2013 during the internship.

Figure3.13 - Stoves equipment at PaMu.
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Table3.17 ¢ Amount of water and wood that are used at PaMu for the three nseimu
a typical day iugust?.

Hot water (from 18 Boiling water(from  Hot water Wood

to 55 °C]l] 55 t0100°Q [I] left [I] 13 [ka]

Plancha 90 13 354

MENU 1o7 90 40 44.9

Plancha 90 13 28.6
POTATC Rocket 0 27 50 9.4
MENU ot 90 40 38

Plancha 97 0 17.8

RICE Rocket 0 97 0 17.3

MENU ot 97 97 35.1
Plancha 0 0 0

BEANZ Rocket 35 35 0 18
TOT 35 35 18

From the table it is evidd one ofthe habits of cookinghat is pre-heating the
water onPlanchaand usingRocketstove only for completing the cooking and
boiling the water(except for preparing rice)Becausethe three menws are
repeated every three days, thegre cooked ten times in a omth, apart from
beans ttat they are cooked every dayhewater and wood needs in the month
of August are calculatedhultiplying the previous values by ten (the values of
beans are multiplied by thirty).

It isnow fundamental to intraluce a way to allocatthe useof wood and water
in the other months on the base of the number of patiemé&ported in the
previous section At PaMu, in fact, water is used for cooking food and it is
impossible to find the quantity of water for each patient as in the hospital.

12Bananas and potatoes need the same amount of watetatoes need more cooking time and
primary energy as a consequence.

13Hot water left is used for washing the pots and the floor.

14Beans are cooked every day in the afternoon.
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Therefore, 1 is only possible to consider theswvo casesthat will be relevant
and explainedn next Paragrapfor the final consideration

1. Wood and water remain almost constant becauséttie variation in the
numberof patients.
2. Wood change proportinallyand water remain constant.

Table3.18 - Allocation of water and wood during the year. Case of constant water and
wood.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Planchawater (15A 55 °C) [I] 2770 2770 2770 2770 2770 2770 2770 2770 2770 2770 2770 2770
Planchawater (55A 100 °C) [l] 267 267 267 267 267 267 267 267 267 267 267 267
Planchawood [kg] 818 818 818 818 818 818 818 818 818 818 818 818

Rocketwater (15A 55 °C) []] 1082 1082 1082 1082 1082 1082 1082 1082 1082 1082 1082 1082
Rocketwater (55A 100 °C) [I] 2588 2588 2588 2588 2588 2588 2588 2588 2588 2588 2588 2588
Rocketwood [kg] 920 920 920 920 920 920 920 920 920 920 920 920

Table3.19 ¢ Allocation of water and wood during the year. Case of constant water and
wood proportional to the number of patients.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Planchawater (15A 55 °C) [I] 2770 2770 2770 2770 2770 2770 2770 2770 2770 2770 2770 2770
Planchawater (55A 100 °C) [l] 267 267 267 267 267 267 267 267 267 267 267 267
Planchawood [kg] 964 946 911 944 1067 969 876 818 804 795 870 1029

Rocketwater (15A 55 °C) [l] 1082 1082 1082 1082 1082 1082 1082 1082 1082 1082 1082 1082
Rocketwater (55A 100 °C) [I] 2588 2588 2588 2588 2588 2588 2588 2588 2588 2588 2588 2588
Rocketwood [kg] 1084 1064 1025 1062 1200 1089 985 920 904 894 978 1157

wSaidl didasy (1 Qa

PaMu isalsoa local restaurantin thiscase, it is impossible to forecast the use of
water and woodecause of an absence of sufficient datencerningpeople who
eatthere. However, during the stay in Mutqyi has been possible to see that
the number of covers they prepare is almost the saand it has beeonfirmed

by the local cook In fact, they use the same doses of food and water, and wood
as consequence. Variatioase included in dittle rangearoundthe averageof

40 coversand 50 liters of milk and teal'herefore,the differencein terms of
wood and wateis reasonably overlooked. Moreover, possible oscillations above
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and below themean valueare reciprocally compensad in the period of one
month. The average is therefore the most statistical representative value.

At PaMu,they cak the same typicairundifood they prepare for the hospital.
They prepare milk and tea at breakfamhd they use a woodven to prepare
bread everyday.Wood and water need are summarizedTiable3.20.

Table3.20 ¢ Wood and watedaily needs at PaMu for the restaurant service.

Water [I] Wood [kg]
Kirundi meals 60
Milk 50 65
Tea 50
Wood oven - 135

It is now important to know how PaMu is supplied with wood. Trees are bought
on the hills around MutoyiThey are cut down and carried RaMu where they

are cut in logs ready to burData about costs of woodth 2012 have been
collected and reported ifable3.21.

Table3.21 ¢ Cost of the supply of wood at PaMu in 2012.

FBU €
835 Trees 2,087,500 1010.3
Transport 720,000 348.5
Breaking 641,480 310.5
Crumbling 401,423 194.3

343 0AOEAT O0O6 OAI AGEOAO

Behindthe hospital there is a long square stone where relativégatients
prepare meals for themselves and dinner for tHewred oneswith their personal
wood. Almost40 hobs have been estimated. There are no data concerning the
number of meals that are daily prepared, obviously; in agreement with Vispe,
these hypothesis could be assumed:

1. 90%of patients arevisitedby their family
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2. 70%of this percentageprepare food athe hospital; those who remain
bring food from home.

As a consequencehe kitchen is used two times a day for the preparatiora of
daily meal monthly averagéhat depends a the number of patients and
hypothesis 1 and 2:

Table3.22¢51 Af & ydzYoSNJ 2F YSIfa O221SR o6& LI GA:
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Daily number

. 313 308 296 307 347 315 285 266 261 259 283 335
of patients

Meals (dinner

395 388 373 387 437 397 359 335 329 326 356 422
and lunch)

Estimating wood needs of the relatives would be too approximatel
unrealisticbecause there are too manariables:

- Type of food cooked that is not always beans;

- Each meal is prepared fardifferent number of people (e.g. cooking for a
patient andonerelative is different than preparing meal for a patient and 3
relatives)

- Different habits and theuantity of food for each person

Moreover, scientific literature provides little informat about the specific
consumption of wood per kilograms of food. For example, wood needs for
cooking bean®n an open fire stoveare estimated in84, 108] and they are
estimated in an approximated range ofl@ kg of wood for a kilogram of beans.

Forthis reason, woodnd water needs cannot be evaluated.

3.5 Discussion

From the analysis of the energy performance of the current stoveigetnd the
water and wood needs, it is possible to make the following consideration about
the strong and weak points of the current situation at the Mission:
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Table3.23 ¢ Considerations about the current stove sei at the Mission.

Strong points Weak points

1. Rocketstove has got aery
high thermal efficiency.
Especially at the Hospital, it i
used most frequently than
Planchastove.

1. Planchastove has got a very
low thermal efficiency
especially for heating the
water.

2. Planchastove isneedat
PaMu for browning
vegetables and fishes.

2. Open Firestove has got a ver
low thermal efficiency.

3. Vispe recently bought the
Rocketstove and they do not
intend to replace it

The strong points of the stoves suggest that the currentgeat PaMu and the

Hospital is not going to changés a consequence, all the technological
improvements must avoid a replacement of the stoves. Since the most of energy

losses originates from the process of water heating (especiallRl&rcha) the

only way to reduce wood consumption is an alternatwen to heat water more

efficiently. ! RAFTFSNBYlG O2yaARSNIraGAz2zy OFy 6S Yl
kitchen where theOpen Firestoves could be replaced. In fact, they are
characterized by very low values of thermal efficiencies during the cooking. An

eventual replacement of the actual sep with more efficient devices could

bring many benefits in terms of wood saving.

The previous consideration upholds théwvo ways usedin the previous
Paragraphor evaluatng the water and wood needs at PaMwdter constant
and wood proportion to the number of patient during the yaad water and
wood constant during in all months of thesar). In fact, sincaechnological
improvements must not replace the stoves baotroduce a new way to heat
water, wood will be reluced because less energy is used tolpeat the water.
This information helps to define the wood savings in any month as follow:

-, O p Ya 26 zYY p
Y& Z —0, Z—,
— L Ow - 0 Ow

(3.9)

where the subscript is referred to the monifO is the secondary energy that
heats the water;- is the efficiency of the stove) ‘Ods the Low Heating
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Value of the wood¥éd is the amount of water heated is specific heat
capacity of water, and"Yis the thermal drop that the water experiences.

Dividing to the amount of wood use in the moritlve obtain the percentage of
wood savingsY

ya z20 ZV'YZ p P 310
- 0 00 (310

vy

The second step consists of writing the amount of wood and water as a
proportion of the supplies observed in August. Proportions are represented with
the coefficientb andc:

12 Ya 28 2YY p o (3.11)

z
- 5 00l &

v

It is evident that all the terms are constant excémt b andc. Therefore:

vt
r

It remains to define thee coefficients. We introduce the terrkthat represent

the ratio between the number of patients in the monthnd in August:
nooNQe o

NnaooNQe o

Therefore, it is possible to make these considerations:

p  ® Q when the number of patient: With this hypothesis it it
in the monthi is more than in asserted that the variation o
August wood in the monthi in respect
_ to August is between zero an
Q o P when the number of patients proportiona"y to the number
in the monthi is less than ir of patients at the limit (not
August more becaus our daily
experience confirms that if
double the quantity of food the
water increases less than twic
and as a consequence tr
primary energy, too).
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p ® & when the number of patient: With this hypothesis, it i

in the monthi is more than in asserted that the variation o

August water in the monthi in respect
to August is between zero an

when the number of patients the same variation of wood

in the monthi is less than ir This is because if we double tt

August water, the wood has to
increase more than twice
because there is also more foc
to cook.

€
€
o

If we represent the real trend of savings in a graphic, it could be roughly forecast
with a straight line with angular coefficient proportional t% included in the

two extremes indicated as 1) and 2) earlier. They are reprérsented by a horizontal
straight line and a line with a coefficient proportional §respectively.

28%
26%
24%
22%
20%
18%
16%
14%
12%

10%
200 220 240 260 280 300 320 340 360

Wood savings [%]

Number of patients

Wood and Water CONSTANT

s \Water CONSTANT and Wood PROPORTIONAL
e REAL SITUATION

Figure3.14 ¢ Forecast of wood savings
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In fact:
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For all the months, in one case the needs of water and wood will be the same it
respect to Augustlable3.18). In the second case, wood changes proportionally
to the number of patients and water remain constaiiaple3.19). The correct
value of savings will be inside that range.
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4 Proposal of new technologies and
prefeasibility study  with test of
homemade solar cookers

The aim of thishapteris to identify and examine haepth all the appropriate
technological alternatives analyzed with the aim to improve the problem of the
overusge o wood biomass at thd&lutoyi Mission

In Paragraphi.2.2we saw that Renewable Energy could represent a solution to

provide access to energy in DCechnicallythe aim could be achieved through

a change of paradigm. Commonezgy systems desigare based on themost

ddzA Gl ofS | yR -SFAIXKGARY IO2WHIHIIWIHIR LY RSOSTt 2
dealing with appropriate technologies, the couplingyraso be referred to as
WYh-HSR2dzNOSQQ O2dzLlJf Ay3ar (GKdzi dzy RSNI Ay Ay 3
Behinda demand there is a (specific) need and in order to provide a supply, a

(specific) resource must be usgg.

Ex ante evaluation

Gas \
Needs ;> | \
> Integrated system | Electric energy End use / \
of appropriate == | Services

=
‘ technologies .; /
Other supply /

Resources = /

Ex post evaluation

Figure4.1 ¢ Needresourceor demandresource based scheme for integrated
renewable energy systenf6].

This different approach leads to the choice of the best appropriate technologies.
Viewed in this way, appropriate technology cannot be seen simply as some
identifiable technical devicet lis an appoach to community development
consisting of a body of knowledge, techniques, and an underlying philosophy
[109. Appropriate tecnology means simply any technology that makes the
most economical use of a country's natural resources and its relative proportions
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of capital, labor and skills, and that furthers national and social g@a®. It is

a set of techniques which makes optimum use of available resources in a given
environment[111] and isappropriate for existing factor endowmen{d12].
Moreover, it providesechnical solutions appropriate to the economic structure
of those influenced: to their ability to finance the activity, to their ability to
operate and maintain the facility, to the environmental conditions involved, and
to the managementcapabilities of he population [113. In conclusion,
appropriate technologyis nowalsorecognized as the generic term for a wide
range of technologies characterized by any one or several of the following
characteristics: low investment cost per workplace, low capital investment per
unit of output, organizational simplicity, high adaptkty to a peculiar social and
cultural environment, sparing use of natural resources, low cost of final product
or high potential for employmeritL14].

Following thisapproach and considering the Problem Analysis described in the
Introduction, renewable energy resourcesf Burundiand their technological
application could provide a solution against the problem concerning the overuse
of biomassFrom ParagrapR.3.2and 2.4, it is evident how the most abundant
renewable resource in Burundi is the hydroelectric energy. In Chapter 2, it has
been estimated that during almost 50% of Burundian nights th®@n unused
available energy surplus that varies from 1 to 10 MW and it is expected to
increase with the future development of Burundian electrical sector. Moreover
the realization of the new hydroelectric plant will supply Mutoyi Mission with
free electicity and will consider a strong revamping of the grid which supplies
electricity to the Mission.n fact, at the present timethe grid suffers from an
average of 5 blackutsa week that are resolved in almost two minutes.

In the same Paragraphsolar mtential is described as suitable for thermal
applications and it is estimated that since 2003, a total of 140,000 m2 of solar
heat collectors were placedg]. Finally a use of wood in more efficient devices
couldbring a lot of benefits in terms of wood saving.

In conclusion thanks to the consideration made the end of the previous
chapterabout the actual stove saip of the Missionjt has been possible to
identify the following technological solutions described in feetionbelow:

- ElectricaWater Heater;

- Heat Rimp Water Heatey

- Integration with solar collectors
- Improved Cook Stoves

- SolarCooker
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Chapter 4 Proposal of new tdmologies and prefeasibility study with test of
homemade solar cookers

The first three technologieshat are listed provideonly an alternativeway to

heat water more efficienthat PaMu and the HospitaDn the other hand, the

technological solutions for the area Be 6 & LI GASYyGaQheNBt I (A D!
replacements of the actual open fire stoves withuae of more efficient

technologies as the last two listett.has been thought the possibility to use

charcoal Unfortunately remembering Paragraph.3.2 the benefits of charcoal

are not asevident and they have tdoe better explored In fact thishighly

dependson the efficiency of the stowand the waythe Burundian peopleise it

to producecharcoal[115]. Technology for heating water hdseen consideed

not appropriated for this area for the reasohsted below:

1. There are bo many different people with different habits every day (e.g.
people cook beans by putting the vegetables directly in the cold water);

2. The open space is damgpus because of possible thdfut also incidents
becauseof too manypeople and children.

In conclusion,lte implementation of ICSand Solar Cookers more challenging
becausethey couldbe diffused amondpouseholds in the future. Othetevices
cannot certainly be diffused among people.

In the following Paragraph.1, the chosen technologies are analyzed only in
terms of energy performances and consumptiofr this purpose, real
commercial deviceare consideed. Because this work represents a firsteatipt

of analysis, a second more detailed study will be necessary implemented with
the real devices dataAs regards the Solar Cooketsey are very different from

the common stoves because they completely alter the habits of cooking showing
themselves tde often a failure because of their na@atceptance. Therefore, we
have limited ourselves to report a short staté art of the technology and
evaluate only the possible use in Burutttiough theperformanceanalysisand

test of two homemade models. Theyeadiffusely discussed in Paragrap.

4.1 Appropriate technological alternatives: description
and consumption

4.1.1 Electrical water -heater

The first technology analyzed an electrical water heatevith storage From an
economic point of view, it is theheapest solutions.t lis alsosimilar to the
common boilers used in the Mission. There are aay enterprises thatsell
those devices in Burundiolinteersat the Mission confirmthat it is possible to
find something like that at the Asian district in Bujumbura. Mosthef goods
aresold is secondhand arfat imported from ChinaA better survey with aim to
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check the effective choice and status of the products hasdacérried out.
Actually, the best solution considethe import of a new and efficient device
from Italy.

The capacity of the heater has been chosen on the afthe daily quantity of
water used. At PaMu, the highegtiantity of water used isvhen theyprepare
rice and beansln respect tahe datareported in Chapter &nd considering a
use of water proportional to the number of patientiring the months water
needs are estimated ifiable4.1.

Table4.1 ¢ Daily water needs at Panturing the year.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Water for

K23 LA GF 1 155 153 147 152 172 156 141 132 130 128 140 132

Water for
NBadl d 160 160 160 160 160 160 160 160 160 160 160 160
meals

TOTAL 315 313 307 312 332 316 301 292 290 288 300 292

When they prepare rice, water need peadxceed 300 liters. Commercial
catdogues offer an extended choicémodels with a capacity @00 liters. They
alwaysguarantee the supply of water needs and the amount of water that is not
usedcouldbe recovered in the storage for the day after. For example, one of the
models considered is LIKE seli®$400Ilmodel[116] (Table4.2).

Table4.2 ¢ Technical Data of LIKE seri$$400I(Sourcg116)]).

Price Power Voltage Tlm_e Thermal Max Temp. Pressure
V[L] Ge 8 kW] V] Heating losses °C] [MPal]
n¢r prs [KWhi24h]s
400 1150 4.0 400/3'¢ 367 min 2.80 75 1.0

At the hospital, the water needs ambtained by Paragrapkrror! Reference
ource not found.andshowed inTable4.3.

5 They correspond to a loss of 6 °C/24ith 400 liters of water.

16 At PaMu there is thre@hase connection.
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Table4.3 - Daily water needs at the Hospital during the year.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Wate;nfgrnﬁi 246 241 233 241 270 247 225 212 208 206 224 261

The water needs never exceeBDO0 liters. For example, one of the models
considered is LIKE serik3S3001 model[116]. Technical data are reported in

Table4.4.

Table4.4 - Technical Data of LIKE seli8S300I (Sourc¢l116]).

Voltage Time Thermal Max Tem Pressure
VIL] t NR&A O. Power [KW] [V]g Heating losses C] P- (MPa]
ner pn [kwh/i24h])Y
300 910 3.0 230 367 min 240 75 1.0

Knowirg the time necessary toeatwater it is possible to calculate the electrical
energy that is daily consumed. The gap of temperatuihes the device has to
provide is 57 degrees because it heats water from 18 °C (temperature of the
aquifer) to 75 °C. Linearizing the fifth valdelge tables, it is possible to estimate

a time value equal to 7 houthat is the same for botlklevices

Multiplying the nominal electri@ power absorbed by the watdneater by the
time of use we obtain the energy consumed every d&ffable4.5).

Table4.5 ¢ Daily energy consumed by the electrical water heater.

PaMu Hospital

Power [kW] 4.0 3
Time[h] 7.00
Energy [kWh] 28 21

" They correspond to a loss of 6.9 °C/2¥ith 300 liters of water.

81n the case of PaMu it overrates the real consumption because the full capacity of the device
is not emptied every day, and the heating procdsgs not start from the temperature of the
aquifer; but it is a conservative result because costs of energy will not exceed the values
forecasted.
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4.1.2 Heat Pump Water Heater

The second technological solutitmt has been analyzed aHeat Pump Water
Heater that is a heat pumpwith an integrated water tank. It uses a
thermodynamic cycle to heat the water contained in thailer through the air
sucked from the group thermal reversing the natural flow of hédte R134a
fluid, by means of state changes and cycles of compression and expamnsasn,
the heat contained in the air at a lower temperature and gives it to the doimes

water at a higher temperature
Coil SSor
hot water

(==
=
(==

condenser

cold water

air

thermal expansion tank
valve
Heat from electricity

[ Renewable Heat from air

Figure4.2 ¢ Functioning plane of heat pump(elaborated from{117]).

Performances of &eat pumpare cefined with a parameter name@oefficient
Of Performance(COP) which comparése total heat produced and transferred
0 (heating ratingwith the electri@l power consumedo

600 (4.1)

€-| cn

130



Chapter 4 Proposal of new tdmologies and prefeasibility study with test of
homemade solar cookers

The higher it is, the higher the savings of electricitguld be thanks to
renewable heangof air.6 U &aluessupplied by the heat pump water heaters
are lower (2.6; 3) than those of the common heat pumps for heating; (@)*°.
This fact does @t indicate less performance technology, but is due to the
different temperature at which these devices workhe current European
Regulatiors on energy labeling for products dedicated to the production of
domestic hot water ERP water heateyslefine heatpump water heaters with
the previous values ob 0 (as the Best Available Technoloigythe sectorof
commercial water heaters

Thed O (parameter is strongly influenced by external temperature of #ie
The lowerthe temperatureis, the lower heatransferred from air to the fluids

in the steam generatoif-or this reason, heat pumps work at high performance
where the weather is warrtike Mutoyi where the night temperature does not
decrease under 15°G1].

From an economic point of viewhis solution is not cheapt would be a good
compromise in the case of missed realizatiorBofundi Energie Saine et pour
Tousproject It is more complicated in respect to the electrical water heater and
it requires a more expert maintenance, but it would create more capacity
building.As the water heaterthe best solution considsithe import of a new
and eficient device from lItaly.

The most common integrated devices do not excebd 200 liters.As a
consequencgfor PaMutwo models d ARISTONUOS EVO SPLIT 2648 been
considered.Technical data are reported irable4.6.

Table4.6 - Technical Data of ARISTAINOS EVO SPLIT Z@alurcg117)).

Heating Electrical Time Thermal

VY P(E)lcee 6 rating power CORC®  Heating VO[I\t/? ge losses MZ);I-[?Q]p'
kw20 [kw]2° HP0 [kWh/24h]2*
200 2x2471 2.45 0.68 3.6 203 min 220240 0.52 55

Moreover, inside the tank there are electrical resistances that alleatingthe
water up to 75 °CTable4.7). The power of the resistances is used only if

9UNI EN 16147.
20\Water temperature between 155°C and air at 20°C (EN 255
21 They correspond to a los$ 2.23 °C/24h with 200 liters of water.
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necessary, that is for heating the water from the highest temperature reached
by theheat pump(55°CYo 75°C.

Table4.7 ¢ Data of the internal electra resistances (Sourdé&17]).

Heating element Time Heating fronb5
power [kW] to 75°C2
15+1 112 min 75

Max Temp. [°C]

There exists on the market devices wBB0 liters of storage, ARISTONOS
EVO SPLIT 30ts been chosefor the hospital Technical data are reported in
Table4.8, while the system of electrdd resistance is the same #se previous
devicewith a time required for heating the water equal 1&7 minutes

Table4.8 - Technical Data of ARISTANOS EVO SPBODI (Sourcg117)).

Heating Electrical Time Thermal

V[L] P“(;e ( rating power COP Heating VO[I\t/? ge losses szp‘l'[(:(n;]p.
[kwW] [kw] HP [kWh/24h]23
300 3413 245 0.68 3.6 360 min 220240 0.63 55

In a different way fronthe water heater, the way to calculate electrical energy
consumptionof the heat pump depends on thé 0 (that changes on the
strength of the outdoor temperature of the air.

The operation of the device is forecasted to be during the night when the
temperature reaches its minimum. From NASA Database the monthly minimum
temperature of the air has been observadd reported inTable4.9.

Table4.9 ¢ Monthly lower temperature at Mutoyi (Sourdé1]).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Temp. [°C] 148 156 16.2 158 158 159 159 171 172 16.3 156 15.2

In handbooks of both the devices the same relation betwderd Oand
temperature of the air is reported and elaboratedrigure4.3.

22 Calculated as ratio between the energy necessary to heat the water from 55 to 75°C and the
heating power of resistances, assuming the unit efficiency of the resistance.

2They corresponds to a loss of 1.81 °C/24h with 200 liters of water.
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Figure4.3 ¢ Trend of COP on the strength of the air temperature (So[ktd)).

ConfrontingTable4.9 and the figure aboveit can beseen that the monthly
lower temperature at Mutoyi are included in the range betweé€@nd 20 °C
where the trend oy § s linear. As aonsequent, the meaél ( Gould be easily
calculated at each monthly temperature. Moreover, the same linearization has
to be done for theéheating ratingd and time of heatingd has to be linearized
between the valuesf 2.1kWand 2.45 kW reportedt 7°Cand 20°C respectively

in the handbook Time between the values d#68 and 203 minutes for the 200
liters, and 66 and 360 minutes for the 300 litemsodel reported at 7Cand 20°C
respectively By Equatioif4.1) the monthly nmean electrical consumptiofor the

two heat pumys can be estimated

Table4.10 ¢ Monthly consumptionof two ARISTONUOS EVO SPRODP-,

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Air Temp. [°C] 148 156 162 158 158 159 159 171 172 163 156 15.2
Time[h] 38 38 37 37 37 37 37 36 36 37 38 38
Qu[kw] 23 23 23 23 23 23 23 24 24 24 23 23

COP 32 32 33 32 32 32 32 33 33 33 32 32
Wel[KW] 0.722 0.722 0.722 0.722 0.722 0.722 0.722 0.721 0.721 0.721 0.722 0.722
Energy [kWh] 170 152 166 162 168 162 166 162 156 166 162 170

Wres[kW] 2.5 2.5 2.5 2.5 25 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Time[h] 187 187 187 187 187 187 187 187 187 187 187 187
Energy [kWh] 289.8 261.8 289.8 280.6 289.8 280.6 289.8 289.8 280.6 289.8 280.6 289.8

Energy [KWh] 459.8 413.8 455.8 442.6 457.8 4426 4558 451.8 436.6 455.8 442.6 459.8

24 Costs are for 2 devices.

133



Table4.11 ¢ Monthly consumptionof ARISTON NUOS EVO SPLIT 300

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Air Temp. [°’C] 14.8 156 16.2 158 158 159 159 171 17.2 16.3 156 152
Time [h] 6.6 6.5 6.5 6.5 6.5 6.5 6.5 6.4 6.3 6.5 6.5 6.6

Qulkw] 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.4 2.4 2.4 2.3 2.3
COP 3.2 3.2 3.3 3.2 3.2 3.2 3.2 3.3 3.3 3.3 3.2 3.2

Wel [KW] 0.722 0.722 0.722 0.722 0.722 0.722 0.722 0.721 0.721 0.721 0.722 0.722
Energy [kWh] 149 132 145 141 146 141 146 142 137 144 142 147

Wres[kKW] 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Time[h] 279 279 279 279 279 279 279 279 279 279 279 279
Energy [kWh] 216.2 195.3 216.2 209.3 216.2 209.3 216.2 216.2 209.3 216.2 209.3 216.2

Energy [kwWh] 365.2 327.3 361.2 350.3 362.2 350.3 362.2 358.2 346.3 360.2 351.3 363.2

4.1.3 Solar integration
Combined with the previousofutions, solar collector havsvo advantages:

1. Reach higer temperatures up to 9%Cthat electrial resistances cannot
reach.

2. Usethe renewable energpf sunin place of electricity.

The first argument is always an advantage independdntiy;n the success of
Burundi Energie Saine et pour Td®ject. The second one would be the
fundamental advantage only in the cagkan eventual misskimplementation
of the above mentioned Project.

Solar panels integrated withnaelectrical boiler and heat pumps are common.
As opposed to other solutions, solar plants need a tank that has to be greater in
respect to water needsThere are many commerdisolar tanks and the
following couldbe a solutionPUFFER @00 for PaMu and the Hospit@l18].

The integration with the heat pump required a buffer with two coils, one for the
solar xchanger and the other for the heat pump: two CORDNBXRILYTERM
HPI300I for PaMu and the HospitHl1§].
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Figured.5 - Plan of heat pump with solar integration (adapted fr¢1ig)).

For the solar collectors, the choice has bdabe RIELLO CS 25 R RLIS.
Technical dataf the fundamental elemets are reported inTable4.12, Table
4.13andTable4.14:

Table4.12 - Technical Data dEORDIVIRI BOLLY 1 ABOland 300I(Sourceg118)).

Thermal losses Max Temp.
[kWh/24h]25 [°C]

600 821 4 400/3 2.35 75

VL] t N& O¢ Power [kW] Voltage [V]

25 They correspond to a loss of 5 °C/24h and 5.36°C/24h with 400 liters of water respectively.
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Table4.13 - Technical Data cEORDIVARI BOLLYTERMG{R(Sourcg11§)).

) . Average
VL] t NAOS Heeﬁnv\gl;lzr?tlng electrical CORo Vo[l\t/?ge MaTo'Ic':?mp.
power [KW]20
2x300 2x2220 2.427 0.639 3.8 230 60

The real value 0b 0 Us lower with water froml5 to 60 °C. Technical data do
not report the values ob U @n the strength of the outdoor temperature of the
air. As a consequencahe same vales of the previous EVO SPLIT hlagen
considered because of th@milarity of both devices.

Table4.14 - Technical Dataf RIELLO CS 25 R R&murcg119)).

A Price Solarcontrol unit Optical Coefficient  Coefficient of

[m‘;% Ge 8 and circdation IAM (50°) efficiency of losses a losses a
groupwe 8 0 0) [W/m K] [W/m 2K2]

2.29 650 355 0.85 0.751 3.62 0.0083

The number of collectors is determined by following commale used forthe
first dimensioningof the solar plant$120]:
w
o6 (4.2)
0
with 0 the area of solar field in A the volume of the buffer associated and

a number between 50 and 70. With the aim to have the best advantagés
the most extexded are, thechoiceis 50.

Now it is possible to calculate the area of the solar field required byathkeof
Table4.12 and the numbers of collectors:

Table4.15 ¢ Numbers of solar collectors required.

V[l 600
A [ 12
Acoi[m?] 2.29
Neoll 6

26 Water temperature between 185°C and air at5°C (EN 258).
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The estination of electrical consumptiomf the plants depend on the solar
irradiation and the energy produced by the collectoAs a consequencea
simulator of the operation is needed and it will be introduced and diffusely used
in section5.2.

4.1.4 Improved Cook Stoves

An ICS has been defined as a stawth a higher efficiencyhan the traditional

three stone fire stove and a lower level of specificigsion. A lot ofStove
DisseminatiorPrograms have been launched in the Ittty years.The reasons
of the successequired usuallyhese conditiong121]:

- The stwe saves fuel, time, and effort;

- Stoves are designed with assistance from lacasans;

- Local or scrap mateais are used in production of the stoveaking it
relatively inexpensive;

- Similar to traditional stove;

- Stove or critical components are mgg®duced.

Obviously, every Stove Dissemination Program is indeperaféné othersand
stronglyconditioned bythe local context, but the list above allaygto make the
following considerations and tchoose the best possible solution

1. Avoid the import of new efficient devices that are completely different
from the actual sbve assessment;

2. Support the use of locaroduction of stoes with local materials and not
asdifferent from the traditional ones.

As a consequencethe most appropriate choice tusnout to be a simple
traditional stove with a coating around the flam@sgure4.6). These types of
stoves are described and tested[ir0Q, 76, 122-125. They show an efficiency
that is included in a range between 20% and 30%. The most elevated is typical
of the stovegshat cover the pot becaustiney decrease thermal losses from the
wall of the pot reducing fuel emissions by-20%[70, 126].

Concerning the emissionsnee the stove does not have a cbastion chamber,
merely an openspace for the fire, and because the firecisse to the pot,
emissions areather high often more than the open fireGenerally, stoves that
include the pot aSawdust/Mud Stovesave specific CO emissions that could be
up to 30% higher than an fire, and PM emissions double. The other stoves that
simply cover the flames laterally, generally have the same CO and PM range of
emissions of the open fire stovgg0).
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Figure4.6 ¢ a) ClayStove b) Metal Stove ¢) Mud/SawdustStove d) Jiko Sanif(il23];
€) Mud and ClaypesiStove[124]; f) Chitetezo Mbaul§l25).

ICScould be asolutioini KS 1 AGOKSY dzaSR o0& LI GASYydiaQ NI
the decreaseof the useof wood but also the emissions breathed by people.

Vispe confirmed the presence of local artisans who made anthesi kind of

stoves. However, these stoseould be homemade with clay in the same way

they buildtheir home. Moreover, one of the bigst challenge could be the

improvement of the actual assessmem. flact, the brick plane might be covered

with clay with only the holes for inserting the pot with an improvement of the

efficiency
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4.2 Analysis and test of homemade solar cookers

The analysis of solar cookers requiegprefeasibility studywith the aim to
forecastthe possible use ahis technologyat Mutoyi Mission.Thistechnology

lends itself to be easily sefiéasible involving local people with thelocal
materials. Particularly, these devices have been thought to be disseminated in
0KS (1AGO0OKSY dzaSR o0& LJ G niS datmOnmakeSd | G A gS &
possible use of solar cookers interesting. In fact, solar stoves are characterized
by the fact that they take some hours for cooking, for example while people are
assisting their ill relatives in the hospital. In the next section, we will see how
difficult solar cookers are accepted by people. As a consequence, every
predictions of wood savings, money and emissions would be pretentious. This
work examines only the setionstruction and test that are needed to decide if
solar cookers could be an apriate solution at Mutoyi Mission.

4.2.1 Classification of the existing models recognized

Cooking with the sun has become a potentially viable substitute for fuelwood in

food preparation in much of the developing woflt27] [128] through particular

devices called SolaroGkers A solar cooker is a device which uses energy of

direct and indirect sunlighta heat, cook or pasteurize food or drirpk29].

According to[13(], the first scientist to experiment with solar cooking was a

German physicist named Tschirnhausen (162Z08). He used a large lens to

F20dza GKS adzyQa NI &a TheydRond khdwh pesonioS NI Ay |
build a box to solar cook food was Horace de Saussure, a Swiss naturalist who
published his work in 176[4.31].

Present design of solar cooker started evolving in the 1980mmber of top
engineers, scientist and researcher were hired to study different aspects of solar
cooking designs. These studies concluded that properly constructed solar
cookers not oty cooked food thoroughly and nutritiously, but were quite easy
to make and us¢131]].

There are different typgof solar cookershat have been developed all over the
world. Howeverwe can broadly categorizelar cooker in three different ways
asit isshown inFigure4.7.

139



Concentrator Box Type Indirect Type

Parabolic Spherical Panel Fresnel Steam Cooker
Without Mirrors With Mirrors
Single Double Three Four

Figure4.7 - Classification of solar cookers (elaborated fridr81]).

The boldface devices are the most common and explained below. The others are
rarely used and only cited. Spherical ones are similar to parabolic but with a
different form. Fresnel Cookers do not reflebe solar rays but they channel
them through a lens which concentrates and refracts the sun power on an
underlying pot. Steam Cooker is a common thermal panel that produce hot
water or steam used after for cooking.

Box Cooker

Box type solar cookers abbecoming more popular in maeguntries[131]. They
basically consist of an insulated box with a transparent glass cover andiveflec
surfaces to direcsunlight into the bo)132] (Figure4.8). The inner part of the

box is painted blackn order to maximize the sunlight absorptioh. often
accommodates multiple potsEach component of the box cooker has a
significant influence on cooking power. Therefore, optimization tlodése
parameters is vital for obtaining maximum efficie{d@B3]. Researches show
that solar box cookers could reach temperatures higher than 100°C on the inner
black platg131, 133-135 and boil water.

Box type solar cookers are slow to heathgrause of they do not concentrate
the rays on the pot. On the contrary, theyork sdisfactory where there is
diffuse radiaton, convection heat loss causbyg wind, intermittent cloud cover
andlow ambient temperaturg136] thanks to theirgood insulation.
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Figure4.8 - (a) Double reflector solar box cooker and (b) conventional hot b@x sol
cooker (Sourcgl37).

PanelCooker

They are generally recognized as the most common type of solar cookers, since
they have a widespread distribution, thanks to low costs ambke of
constuction [133]. On the other hand, they can provide just small amount of
thermal poweras it is generated simply by the sunlight concentration on the pot
above [138 which is eventually enclosed in a transparent plastic bagdpin
(Figure4.9).

Figure4.9 - Solar panel cooker of Dr. Roger Bernard (CooKit) (SELBER.

Parabolc Cooker

Theyare simply parabolic reflectors in which the pot is located at the focus point,
thanks to a stand system to support it. The main advantage of this hiedee
excellent performance that allows it teeach very high temperaturesore
quicklythan the other two devicesOn the other hand, it leads also to significant
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risks of scalds and of burnirigod and it requires a frequent manual tracking
every 5 minutesThe first model was designed by GHi(] in the 1950s in India.
Thereafter, other parabolic cookers were develahesuch as a small portable
one,a caker with a tracking systenand a regcled fiberglass satellite dish.

~* " : s

Figure4.10- A South African woman cooking with a parabolic cooker (SquA®).

4.2.2 Advantages and disadvantages

The great advamages related to the use of solar cookers are essentially a
reduction in the use of biomass. In Burundi, for exampleal consumption of
wood and charcoal by households is ab@ikg per person per dajb3]. A
possible use of solar cookers could reduce this quantity and obtaining these
benefits:

1. Pollutant savings in terms of CO, PM,Sy ash, smokevith important
benefits on indoor air quality and household health.

2. Reductiors in direct emission of GGrom the combustion of wod and
indirect emission.r fact, rees, if not cut, absorb carbon dioxide and provide
oxygen for all of us. If burnt, in addition éonitting CQ, they will not be able
to absorb this C&j142].

3. It could contribute to reducdahe problem of shortage of firewood that,
according to United Nations Food and Agricultural Organizawdhinvolves
even morepeople with serious nutritional and health consequenfb43).

4. Wood costsavings due to a sitage of fuelwood in many places that forces
users to pay high prices. In Kenya, for example -ilm@me households
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spend more than 28 of their total income on enerdy44] among which
wood for cooking.

5. Time saved incollecting wood. In many places, children walk many srtike
collect fuelwood66].

6. Reducedmpact of deforestation. Optimists have ested that 36%of the
dS @St 2 LIA yuSe obfideMdoR €idld be replaced by solar stoves. This
would save 246 million metric tons of wood from the flames with a market
value of as much as US$20 billion per yj&ar7).

In spite of these environmental advargas, solar oven use has not becovesy
popular.Firstly, there is the economic aspect related to the cost of the stoves. If
they are bought, thejnave comparatively high codt¢gm US$2530to US$B00)
[127,128]. On the other hand, many devices could be built with waste materials
that cut the costs, especially for panel stove. The real barriers against the
diffusion of solar stoves are the social and erdt aspect$127] such as:

- lack of information

- lack of confidence

- impossihlity to make breakfast

- limited time of daywhenit can be useg

- it takes longey

- it cannotfry meals

- there are fuel subsidies but no subsidies for solar oyens

- unexpected changes in weather disrupt cooking

- high interest rates making borrowing difficult

- insufficient space or too shaded or childrplay where oven would need to
be put

- both husband and wife work

- no strong motivation to change current way of cauk

- conflict with the important tradition of three stone fire, symbol of a united
family;

- food outside the home may be meddled with by people, birds or livestock;

- manufacturers unknown.

As a consequencedl KS al OOSLIiIyOSe 2F az2fl N 02217 ¢

Research that have studied the acceptance of these devices among people in

developing country could be found [h28, 145147 and it is possible to resume

these results:

- solar cookers have generally been promoted in areas where fuel wood
shortages are experienced such as rural areas and refugee camps;
- they need an dequate storage space for the solar cooker;
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- there must be adequate motivatianto use the cookers.oential savings
were the most important motivation mentioned by users to purchase and
use their solar cookers while an element of curiosity was also found to be
conducive to encourage the purchaseao$olar cooker;

- successful solar cooking requir@basidorm of training and being exposed
to a solar cooking demonstration was rated highly by users to ensure cooking
success and therefore egoing use;

- using solar cookers requires adaptation mostly terms of kitchen
management;

- solar cookers should be watiade products, comparable to other household
cooking appliances. The product must instill confidence in the user and be
well made, finished and packaged;

- promote solar cookers as an additional cowk option and not as a
replacement of conventional cooking fuels and appliances;

- enduser finance mechanisms through normal credit channels or teilate
micro-finance options are essential to enable very poor households to
purchase solar cookers. Withbaccess to credit, solar cookers will not reach
the poorest segments of the market, and the households that need them
most.

4.2.3 Construction and optimization of homemade solar cook stove

All the three stoves analyzed above could be-balit. On the other hand,
parabolic cooker required a lot of time and particular waste materials such as
used parabola and solid metal support. Moreover, they are more expensive if
bought (US$300) and dangeis. In fact, if their optical focus is not placed on
the pot, concentrated rays could burns something or blind people. This is the
reason it requires a frequent azimuthal tracking. Since kitchen used by relatives
is placed in an open garden with many pén patients and playing children, this
preliminary work does not consider the construction of this model. As a
consequence, the two models realized @@ and panelmodels.

Panel model

The firsthomemadestove has beena particular model called CelestirSolar

Funnel Cooker. The name derviecom Celestino Rodrigues Ruivo, professor

Instituto Superior de Engenharia da Universidade do Alg&ampus d®enha

in Portugal[141. { Ay OS 06SO2YAy3 ae¢Stf O2yidl YAYIl G4SR
O0221Ay3é¢ G GKS Hnnc LyGSN)Sbanhehdd € {2f | NJ /
become an important advocate for solar cooking in Portugal and lekyauring
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a meetingon 27 March 2014 at Politecnicd Blilan, Celestino was invited for a
workshop on solar cooking and he built with students his funnel solar stove.

This efficient solar panel cooker was developed in 2007 usittg recycled
materials. It benefits frontow cost reproduction in every part tfie world using
local available common materials, intuitive and practical itdewater rain and
wind resistant andree fromrisksfor fire ignition.It is constituted by:

Dimensions in cm

recipient: dackpot;

greenhouse deviceswo re-used windows of clothes waslgmmachines;
two corrugated polypropylene platesr ssimply papers of 90x65 (cm)

thickness 3 a5 mm;
reflective foil
adhesive tape;

support below the pot (e.g. of recycled cartons of milk);

two twines to block it on the ground;
iron thread.
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Figure4.11 ¢ Sketch othe construction of Celestino Solar Funnel Cooker.

The final operating result is shownhkigue 4.12. This solution is better than the
classicalCooKitof Figure4.9 because it concentrates sunrays oretpot in a
better way. Moreover, better than parabolic cooker, the azimuth (Segire5.1)
of this solution needs to be manual tracked every2lbminutes.
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Figue 4.12 ¢ Celestino Solar Funnel Cooker (dmlilt).

Zenith angle has not to be tracked. In fact, with the winter and summer layout it
is possible to cook food without changing the zenith angigure4.13).

Setting up the cooker

a)
Figured.13 - Cooking with: a) high sun angle (summer); and b) low sun angle (winter).

Box model

While Celestino Ruivo has already optimized the geometry of the previous
cooker, the following box stove is a personal model and a prior study of
optimization is neededAs we can see if133, the optimization of a solar box
concerns the coect inclination of the mirror so that the sunrays could be
reflected inside the boxThe realization and optimization of the stove followed
these first criteria:
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1) The first parameter is the orientation of the glass. As we can deiguime
4.14, themore directly the glass faces the sun, the greater the solar heat
gain. Althauigh the glass is the same sirebiox 1 and box 2, moreus
shines through the glass on box 2 because it faces the sun more directly.
On the otherhand, box 2 has more wall area and inlet space with an
increase of conductive and convection thermal losses. Moreover, the
construction is quite difficultAs a consguence model with flat glass has
been chosen.

Figure4.14 ¢ Glass orientation of solar box stove.

2) Secondly, the stove has been chosen to have four mirrors and the
internal walls to be covered by refleny papers.

3) All the optimizations of the angles have been done supposing the use of
the stove between 10 a.m. and 2 p.m. for lunch preparation.

4) Because of the internal walls are covered by reflecting papers, it is
enough for sunrays to cross the transpareotver. In fact, rays that hit
the walls are reflected on the absorption plate or on the pot, too.

5) The two lateral mirrors are not optimized because a correct optimization
would need a tridimensional simulation. As a consequent, they have
been made short iad slighted sloped so that the rays reflected would
easily hit the principal reflective mirror and finally be reflected on the
plate.

6) Thanks to the frequent azimuthal tracking each 20 minutes, the
study of the reflections on the other two mirrors cdube studied one
dimensionally. The stove is therefore supposed to be always directed
toward the sun with the azimuth angle equal to zero.

Now it is possible to explain the equation used for calculating the angles of
AYOtAYylLGAz2zy 2F NSTF{ B/ONRY IYORMBEMNEY I YRR a6 O
to that. Firstly, thanks to the online database foundiA4§] it has been possible

to resume the values of the solar altituge (seeFigureb.1) related to Mutoyi

in Table4.16.
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Table4.16 ¢ Monthly mean solar altitudé at Mutoyi (Sourcg148]).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
10:00 40.6 41.0 42.7 433 413 38.6 38.2 41.1 457 48.4 46.9 43.2
11:00 53.8 554 57.7 57.3 53.8 504 504 546 605 63.1 60.2 557
12:00 65.3 69.2 727 70.1 639 59.6 604 66.4 748 77.4 712 65.9
13:00 71.8 79.6 874 77.0 679 635 652 727 837 836 743 69.9
14:00 68.3 75.1 77.3 70.2 629 59.8 620 68.0 727 709 66.1 64.6

First reflecting cover

The worst situation is represented kgure4.15in the morning when the sun
altitude is the lowest. Considering the figure, if the represented situation is
respected at 10 a.m., all the rays are reflected by the cover inside the box when
the solar angle grows. Moreover, froffable4.16, we can individuate that July

is the month when the solar altitude at 10 a.m. is the lowest. As a consequence,
the slope of the reflecting cover has to be higher than the apgibtained at 10

a.m. in the month of July.

Figure4.15 - Model for the optimization of reflecting cover angle.

148



Chapter 4 Proposal of new tdmologies and prefeasibility study with test of
homemade solar cookers

These following are the geometrical considerations about angles and sides:

' pYTMwT T W |

— [ O |

06067 — T [ T | ¢xmng |
66 066 66 zAT10

66 66 zOHI

with | the minimum value of July equal to 38.18°. Thanks to trigonometric
formula:

00 . .

— OAb 66

00

and finally, considering thaié 66 :

p AT1O . . .

Xl OA¢ x m¢f | 4.3)
Solving the equation, we could obtain the minimum value of the slopé the
cover equal td®4.55°approximated tad5°.

Second mirror

On the contrary, for the second reflector, the worst situation represented in
Figure4.16is in the afternoon when the sun altitude is the highest.riable
4.16, the highest elevation for each month is at 1 p.m.. Considering the figure, if
the represented situation is respected at 1 p.m., when the solar angle is lower,
all the rays are reflected by the cover inside the box. Moreover, we can
individuate that Marchs the month with the highest elevation at 1 p.m.. Since
March is in the middle of the wet season, differently from the previous
optimization, the referential highest solar altitude has been chosen between the
months of June, July and August (dry seasahg)p.m.. As a consequence, the
slope of the reflecting cover has to be higher than aggtbtained at 1 p.m. in
August.
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Figure4.16 - Model for the optimization of the second mirror.
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with | the maximum value of August equ& 72.73°.Using the same
trigonometric formula used above:

66 66 zAITO

———— O Ad 4.4
55 OB OAbm ¢ | (4.4)

Differently from before, 06 is shorter tharod . The second mirror has been
chosen to be built as 2/3 of the length of the plane:

OAbm ¢q | (4.5)

Solving the equation, we could obtain the minimum value of the siopé the
cover equato 45.3°.In Table4.16, we can see that this angle is higher than the
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solar altitude in the morning and it creates the phenomenon of shadowing. As a
consequence, the slopeis reduced to the minimum solar altitedn July equal
to 38°.

Finally, the transversal section of the box is the following represent&igimre
4.17.

Figure4.17 ¢ Transversal section of the optimized solar box cooker.

The box has been built using cheap and available materials:

because of the cost of the glmand its fragility, the cookdras been chosen

to have a fixedt 2f @ 0 YSU K& f YS{KI OwRXglas@S 0 =
atransparentthermoplasticoften used as a lightweight or shattegsistant
alternative to glass.

wood as material of the structure; waste wood is abounded at Mutoyi
Mission, particularly in the carpeStNBE Q $2NJ aK2LJ GKI
cooperative companies supervised by Vispe. Moreover, wood is a better
thermal insulator in respect to iron, and it requires less expensive insulating
materials inside the box.

aluminum plate; aluminum is abounded at Mutdyission particularly in the

2 dzN

L2GAaQ ¢2N]akK2L) GKFG Aa 2yS 2F GKS 20!l f

Vispe.

black nottoxic paint;

reflecting paper;

pieces of Styrofoam for isolating the bottom of the stove;
screws, nails, glue and joints;

The buildingook two full days and the passages and the result are illustrated in
Figure4.18.
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Figure4.18 ¢ Building of the bx solar cooker.

4.2.4 Scientific test of the cookers: procedure and results

Various tests are available to compare solar cookers (see below). Not everyone
in the solar cooking community agrees on how to best test solar cooker
variations, and how to report theesults of these tests. Some argue for a
standardized test with standard measurements calibrated to report absolute
results. @Ghers argue for a more losech approach that measures only the
relative difference between cookers or cooker variations whenaesideby-
side[141]. Examples of scientific testsund in literature are available ifiL36,
149-155. The most scientifically consolidate test appears to be the procedure
started by the researcher Paul Funk whonsolidated solar cooking researches
for his doctorate in Agricultural Engineering at the University of Arizona. His
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dissertation work evetually led to the development of an international

a 0 I y RevaliRingdhe international standard procedure for Testing solar

cookers and reporting performanée LJdzo f A Blgé\BeRin 1®99 and

internationally acknowledgefil52]. His work has been finally enhancedthg

American Society of Agricultural Engineers (ASAE) that published the final

LINE OSRdzNB yIFYSR a¢SadAy3da IyR wSLR2NIAYy3I {
[15]]. This has been the procedure followed for testing our two homemade solar

cookers.

The Procedure

All the phases and the variables of the tests that have to be controlled and
measured are reported below:

Uncontrolled (weather) variable

- Wind: tests shall be conducted when wind is less than 1.0 méasured at
the elevation of the cooker being testethd within tenmeters of it. Should
wind exceed 2.5 m/s for more than ten minuteliscard that test data.

- Ambient temperature: ésts should be conducted when ambient
temperatures are between 20 and 35 °C.

- Water temperature: ést data shall be recorded w& cookingvessel
contents (water) are at temperatures between 5 °C above amhaent5 °C
below local boiling temperature.

- Insolation: &ailable solar energy shall be measured in the plane
perpendicular toDirect Normal Irradiation (DNIthe maximum reding)
using aadiation pyranometer. Variation in measured insolation greater than
100 W/m? during a temminute interval, or readings below 450 W#nor
above1100 W/n? during the test shall render the test invalid.

- Solar zenith and azimuth angleedts slould be conductedetween 10a.m.
and 2 p.m. Exceptions necessitated by solaariability or ambient
temperature shall be specially noted.

Controlled (cooker) variables

- Loading: cookers shall have 7000 grams potable water per square meter
intercept area distributed evenly between the black cooking vessels supplied
with the cooker.

153



Water mass: lte mass of water should be determined with alectronic
balance to the nearéggram using a prevetted container.

Tracking: aimuth angle tracking frequency should be appropriatettie
0221 SNRa | O0S uypd cgoReds typigalyfrefuiradjusdnient
every 15 to 30 minutes or when shadows appear on dbsorber plate.
Concatrating-type units may require more frequeatdjustment to keep the
solar image focused on the cooking vesselabsorber. With bostype
cookers, zenith angle tracking may benecessary during a two hour test
conducted at mieday. Testing shoulde representative of local conditions
Temperature sensingwater and air temperature should be sensedth
thermocouples. Each thermocouple junction shall be immerseldarwater
in the cooking vessel(s) and secured 10 mm above the botédrmenter.
Thermocoupt leads should pass through the cooking vesiseinside a
thermally nonconductive sleeve to protect the thermocouplére from
bending and temperature extremes.

Test protocol

Recordingat intervals not to exceed temminutes the average water
temperature (°C) of all cookingessels, alar insolation (W/m), ambient
temperature (C), and wingpeed (m/s)

Record and reporthe frequency of attended (manual) tracking, if any.
Report azimuthangle(s) during the test antthe test site latitude and the
date(s) oftesting.

Calculating cooking power

The change in water temperature fogach tenminute interval shall be

multiplied by the mass and specific hemtpacity of the water contained in the
cooking vessel(s). This prodstiall be divided by the 600 seatsicontained in

a tenminute interval,as:

az6 2y Y

C

@ TTT
where:
0 AT T BE~CAO
v £FE x AIDBLOI DAOA@ONOA
ET EXOEBANOI DAOADHOOA
a x AQIADOBC
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6 EAAAGDAARQECeC+

Calculating interval averages

The average insolation, averagambient temperature, and average cooking
vessel contents temperaturghall be found for each interval.

Standardizing cooking power

Cooking power for each intervahall be corrected to a standard insolation of
700 W/n? by multiplying theinterval observed cooking power by 700 W/emd
dividing by theinterval average insolation recordetlring the corresponding
interval.

X TUTT
‘O

0 0z

where:

Q OO0AT AADRAIEERIACKO

0 ET OAXGABEEIT xCAO

0 ET OAMGRAONCBA T 1 AJGET 1
Temperature difference

Ambient temperature for each interval is tme subtracted from the average

cooking vessel contents temperature fach corresponding interval.
YUY

where:

v OAI DA CAEADA RIAA

Y xAOBKH PAOADHOOA

N~ s A ~

Plottingand regression

The standardized cooking pow®r is to be plottedaganst the temperature
difference "Y for each time intervalA linearor quadraticregression of the
plotted points shall be uset find the relationship between cooking power and
temperature difference No fewer than 30 total observations from three
different days shall bemployed. The coefficient of determinatio®j should
be higter than 0.75 or specially noted.

Single measure of performance

The value for standardized¢ooking power0 shall be computed for a
temperature difference”Y of 50 °Cusing the regression relationship found
above.
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