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From:
To: vincent eventures
Cc: ; PSI, Postbus
Subject: PSI12ZM21 verslag meeting 5 juli 2017
Date: vrijdag 7 juli 2017 12:32:51

Beste Vincent,
Dank voor jullie bezoek op 5 juli 2017 waarbij we de afronding van het Final Report hebben
besproken.
We hebben een tweetal punten besproken.

1) De brief van RVO van 15 juni j.l.
2) WOB verzoek

Ad 1) De brief bestond uit 3 onderdelen, die zijn achtereenvolgens besproken.
a) MOVs niet volledig. Eventures gaf aan dat zij binnen afzienbare tijd meer bewijs

kunnen aanleveren dat sub-results wel degelijk zijn behaald. Aantal voorbeelden
genoemd: de farmers hebben een contract, het certificeringsrapport is aanwezig.
Van aantal sub-results zijn activiteiten wel uitgevoerd, maar moeten de MoVs nog
worden uitgewerkt. Vb het H&S rapport. 
Voor RVO is sub-result 5.1 belangrijk punt waar in Final Report onvoldoende bewijs
is geleverd dat dit is behaald. RVO geeft aan dat innovatieve karakter van project
uit twee elementen bestaat. De duurzame bouw en de duurzame mobiliteit (e-
landy). RVO heeft nav het Final report de bouw van de lodge als voldoende
beoordeeld en vindt dat er een mooi resultaat is behaald. Er is gebruik gemaakt van
duurzame technologie ohgv zon PV, biogas, waterzuivering, sandbagbuilding en
zonneboilers. Dit deel is cf het plan uitgevoerd. Eventures geeft aan dat het PSI
budget uitsluitend is besteed aan innovatieve hardware. RVO geeft aan dat dit nu
niet helder blijkt uit het budget, omdat alle hardware is opgevoerd. Eventures
levert aangepast PSI budget op waarop alleen de innovatieve elementen staan. 
Wat betreft de e-landy’s heeft de producent EMKA aangegeven geen e-landy’s
meer te produceren. Het was een bedrijfsbesluit om productie niet door te zetten.
Eventures heeft alternatieven gezocht, maar geen enkele partij voldoet aan
kwaliteitseisen (vc. e-jeeps uit Zuid-Afrika). Eventures is geconfronteerd met
overmacht. Zij hebben 1 e-landy vervangen door een e-boot. Aan RVO is niet
helder gecommuniceerd dat het niet mogelijk bleek om aan sub-result 5,1 te
voldoen. Eventures zal alsnog bewijs aanleveren dat zij door overmacht niet in
staat zijn geweest meerdere e-landy’s aan te schaffen. Daarnaast wordt de huidige
e-landy wel ingezet voor safari’s, net zoals de e-boot. Dit blijkt nu niet uit de
overhandigde MoVs. E-ventures levert hier een rapport over aan. Zij geven ook aan
dat zij de trend hebben gezet met het ontwikkelen van de eerste e-landy. Klanten
zijn razend enthousiast. Maar de (productie) markt is er nog niet aan toe. Zodra de
mogelijkheid zich voordoet wil Eventures e-landy’s aanschaffen.

b) Marktverstoring. RVO heeft in oktober 2016 aangegeven dat zij aanvullende
informatie wil ontvangen, om te kunnen beoordelen dat Ila Safari Lodge de markt
niet verstoort. Dit nav contact met dhr Van der Heide die RVO meerdere malen
heeft aangegeven dat hij last heeft van Ila Safari Lodge. De informatie die
Eventures heeft aangeleverd in het Final Report geeft RVO nog onvoldoende
houvast. Wel wordt duidelijk dat de bezettingsgraad laag is van Ila Lodge. Maar de
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prijzen zijn niet inzichtelijk genoeg en ook is het voor RVO vanuit NL lastig
beoordelen hoe de markt werkt in Kafue National Park. Eventures geeft aan dat er

 lodges zijn en bezoekers en dat er meer bezoekers nodig zijn, om meer
park fees te kunnen innen van ZAWA en meer traffic te genereren om poaching
tegen te gaan. Wat betreft proof dat Ila Lodge zich op een ander segment richt dan
Mukambi Lodge geeft Eventures aan dat er tour operators zijn die aangeven blij te
zijn dat er nu eindelijk een 5 star lodge is zodat zij hun gasten naar Kafue park
kunnen onderbrengen ipv in een national park in een ander land. Dit geeft aan dat
er met de lodge een nieuwe markt wordt aangeboord. Eventures zal meer
informatie verstrekken over de markt en het segment waar Ila Lodge zich op
richt.

c) Onjuiste, onvolledige informatie. RVO geeft aan dat zij niet op de hoogte was van de
wijziging van 2 e-landy’s naar 1 en dat zij niet akkoord is met diesel auto’s in het
budget. Eventures geeft aan dat dit in het hardware overzicht van 3 maart 2016 is
aangegeven. RVO is van mening dat dit onvoldoende helder is gemaakt. Dit was
een financieel overzicht en het stond niet in een inhoudelijke rapportage. Het werd
voor RVO pas tijdens bezoek aan Zambia helder. RVO geeft aan dat dit voor haar
een cruciaal element was voor innovativiteit van project. Omdat het een belangrijk
onderdeel was van MOV 5.1 (zoals hierboven beschreven) had een
wijzigingsverzoek moeten worden ingediend. Aanwezigen besluiten dat gewone
landrovers/auto’s worden geschrapt uit de HW lijst en concluderen dat hier sprake
is van onduidelijke communicatie.

Conclusie
E-ventures zal reageren op vragen van RVO in brief van 15 juni en de nieuw gemaakte
afspraken. RVO zal nieuwe stukken in redelijkheid en billijkheid beoordelen.
Ad 2) RVO heeft van Mukambi een WOB verzoek ontvangen. Omdat E-Ventures derde
belanghebbende is, zal RVO haar alle informatie die zij ihkv de WOB openbaar moet maken,
voorleggen. Eventures kan hierop reageren en aangeven (onderbouwd, RVO levert criteria aan)
welke informatie zij niet openbaar gemaakt wil hebben. De WOB afdeling van RVO besluit
uiteindelijk wat openbaar gemaakt wordt. Afgesproken is dat RVO de stukken volgende week
aanlevert. Eventures zal per ommegaande reageren. RVO waardeert deze snelle medewerking.
Met vriendelijke groet,
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RVO	
T.a.v.	 	

	
Postbus	93144	
2509	AC	Den	Haag	
	
Naarden,	14	juni	2017	
	
	
Betreft:	PS12ZM21,	uw	kenmerk:	DPSI70721XFU,	Pro	forma	bezwaar	
	
	
Geachte	 ,	
	
	
Naar	aanleiding	van	uw	schrijven	d.d.	6	juni	2017,	waarin	u	in	reactie	op	mijn	Final	Report	
aangeeft	dat	sprake	is	van	(deels)	niet	(volledig)	gerealiseerde	MOV’s	en	deels	incorrecte	en	
incomplete	informatie,	op	grond	waarvan	u	mij	in	de	gelegenheid	stelt	de	deel resultaten	tot	
31	december	2017	aan	te	vullen,	bericht	ik	u	als	volgt.		
	
Ik	deel	uw	conclusie	dat	op	onderdelen	de	rapportage	ten	aanzien	van	enkele	van	de	
genoemde	deelresultaten	verder	kan	worden	aangevuld	en	ben	akkoord	met	het	verleende	
uitstel.	Wel	maak	ik	pro	forma	bezwaar	tegen	de	in	uw	brief	vervatte	aantijgingen	terzake	
van	incorrecte	informatie,	met	bewaring	van	rechten.	In	een	naar	aanleiding	van	uw	
schrijven	gevoerd	gesprek	met	uw	collegae	 	en	 ,	ten		kantore	van	
RVO	op	5	juli	j.l.,	is	door	hen	aangegeven	dat	uw	brief	niet	als	een	beschikking	beschouwd	
diende	te	worden,	doch	als	een	mededeling.	Anders	zou	immers	de	brief	besloten	zijn	met	
de	mededeling	dat	hiertegen	bezwaar	open	staat.	In	het	zelfde	gesprek	is	overigens	
onzerzijds	reeds	aanvullend	bewijs	aangevoerd	terzake	van	beide	aantijgingen.		
	
Ten	aanzien	van	de	vermeende	onduidelijkheid	over	de	lokatiekeuze	is	verwezen	naar	een	
eerder	gesprek	met	 ,	waarin	de	locatie	van	de	nieuwe	lodge	ten	opzichte	van	de	
voormalige	partner	exact	is	aangegeven	op	een	zgn	‘stafkaart’,	gevolgd	door	een	email	aan	
RVO	verzonden	op	19	mei	2015,	waarin	beide	lokaties	ten	opzichte	van	elkaar	nog	nader	zijn	
aangeduid,	waarop	van	uw	kant	een	schriftelijk	akkoord	op	de	voorgestelde	lokatiewijziging	
is	gevolgd.				
Ten	aanzien	van	de	projectwijzigingen	in	het	aantal	electrisch	aangedreven	game drive	
vehicles	(eLandy’s),	waarbij	RVO	eerder	reeds	schriftelijk	akkoord	had	gegeven	op	de	
vervanging	van	een	eLandy	door	een	eBoat,	is	in	een	schrijven	d.d.	4	februari	2016	(RMCC	
rapport	ingediend	bij	RVO)	expliciet	vermeld	dat	de	leverancier	van	deze	auto’s	niet	langer	in	
staat	was	deze	te	leveren,	op	grond	waarvan	een	projectchange	is	voorgesteld	inzake	de	
vervanging	van	deze	laatste	auto	door	vier	schone	diesels.	Dit	is	tevens	nader	toegelicht	aan	

,	tijdens	een	site bezoek	in	juni	2016,	waar	zij	meedeelde	in	overweging	te	zullen	
nemen	of	de	ontbrekende	eLandy	zou	kunnen	worden	gecompenseerd	door	aantoonbare	
additionele	investeringen	in	innovatieve/duurzame	technologie,	waarover	in	het	final	report	
ook	is	gerapporteerd.			
	



Ten	aanzien	van	het	issue	terzake	van	vermeende	marktverstoring	constateer	ik	voorts	het	
volgende:	
a.	Dat	ondanks	herhaald	verzoek	onzerzijds	nimmer	inzage	is	verstrekt	in	de	door	de	
voormalige	partner	ingediende	klacht	
b.	Dat	naar	aanleiding	van	eerdere	informatieverzoeken	uwerzijds	reeds	meerdere	keren	
uitgebreide	informatie	is	verstrekt,	waarop	nimmer	inhoudelijk	is	gereageerd.		
	
In	dit	verband	is	terzake	van	dit	issue	in	het	gesprek	op	5	juli	j.l.	ook	door	uw	collegae	
aangegeven	dat	het	voor	RVO	lastig	is	deze	aspecten	van	de	markt	daadwerkelijk	te	
doorgronden.	Voorts	is	in	dit	gesprek	aangegeven	dat	de	voormalige	partner	bij	RVO	een	
schadeclaim	zou	hebben	ingediend	ad	ruim	8	mln	euro,	voortvloeiende	uit	de	door	de	
subsidieverstrekking	vermeend	verzoorzaakte	marktverstoring.		Daarbij	is	in	hetzelfde	
gesprek	aangegeven	dat	er	in	beginsel	geen	reden	is	tot	zorg	over	daadwerkelijke	korting	op	
de	eerder	toegekende	subsidie	op	grond	van	deze	vermeende	marktverstoring,	ondanks	de	
harde	wijze	waarop	dit	in	uw	schrijven	is	verwoord,	maar	wel	dat	zeer	op	prijs	gesteld	wordt	
indien	eVentures	RVO	actief	kan	ondersteunen	met	nadere	gegevens	om	de	gewraakte	claim	
van	de	voormalige	partner	te	kunnen	weerleggen.	Tevens	werd	daarbij	onze	medewerking	
verzocht	aan	een	in	dit	verband	door	de	klager	aangespannen	WOB procedure,	hetgeen	
door	ons	is	bevestigd.		
	
Voor	de	goede	orde	wijs	ik	u	er	in	dit	verband	op	dat	terzake	van	de	eerdere	beschikking	op	
grond	waarvan	de	subsidie	aanvankelijk	is	toegekend,	ook	na	de	partner change,	nimmer	
afwijkende	eisen	zijn	gesteld	ten	aanzien	van	de	positionering	van	de	nieuw	te	realiseren	
lodge,	in	termen	van	de	te	bereiken	doelgroep,	tarifiering	of	anderszins.	Op	grond	van	het	
akkorderen	van	de	partner change	en	de	locatie wijziging	en	uitvoering	van	het	plan	
conform	de	daaraan	in	de	eerdere	beschikking	gestelde	eisen,	is	daarmee	het	verwijt	van	
marktverstoring	ex post	zonder	meer	onhoudbaar.	Voor	de	goede	orde	wijs	ik	u	er	in	dit	
verband	nogmaals	op	dat	de	geloofwaardigheid	van	de	voormalige	partner	terzake	van	de	
door	hem	geuite	klacht	en	daarop	volgende	schadeclaim	uiterst	dubieus	is,	waarover	ik	u	
eerder	al	uitvoerig	heb	bericht.		
	
Ik	ga	er	vanuit	dat	na	de	aanvullende	rapportage	op	de	deelresultaten	waar	naar	u	in	uw	
schrijven	verwijst,	welke	u	in	de	loop	van	augustus	kunt	verwachten,	RVO	alsnog	tot	een	
voorspoedige	en	faire	wijze	tot	haar	eindbeoordeling	en	vaststelling	van	de	subsidie	kan	
overgaan,	inclusief	de	uitkering	van	de	nog	openstaande	subsidie tranche,	die	nu	wel	heel	
lang	door	eVentures	is	voorgefinancierd.		
	
Met	vriendelijke	groet,	
	
	
	
Vincent	Kouwenhoven	
eVentures	Europe	BV	
	
	
cc.	 	
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Netherlands Enterprise Agency

> P0. box 93144, 2509 AC The Hague, The Netherlands Netherlands Enterprise Agency

Prinses Beatrixiaan 2
2595 AL The Hague

eVentures Europe BV P0. box 93144
Attn. Mr V. Kouwenhoven 2509 AC The Hague

Postbus 301 The Netherlends

1400 AH BUSSUM
www.rvo.nI

Contact

1 I 1 1 1. .1 11 1 1 1 1 1 1
E psirvo.nI

Date 28-07-2017
Regarding Project PSI 12/ZM/2 1 Project title

Green Safans

Dear Mr Kouwenhoven,
Reference number
PSI12ZM21

Per your e-mail of July 16th, 2017 1 have received your letter with the title ‘Pro
forma bezwaar PSI12ZM21’. In this letter you voice your point of view in reaction
to my letter dated June 6th, 2017 with questions and remarks concerning your
final report. In a meeting on July 5th, 2017 the issues raised in this letter were Enciosure

discussed with you. -

Please be informed that the final settlement of the grant will be based on an
assessment of the M0V’s already provided and on the additional information that
will be provided by you.

Should you have any questions, please do not hesitate to contact the PSI
secretariat on Tel: +31 (0)88 6028513.

Yours sincerely,

Sanne Zacht
Co-ordinator PSI

This decision was digitally approved in accordance with the mandate published by
the Netherlands Enterprise Agency (Rijksdienst voor Ondernemend Nederland)
and therefore is not signed.

cc: vincent@eventures.nl

» Suscainable. Agricultural. Innovative.
International.

Page 1 of 1
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NEED TO KNOW

KEY FACILITIES
•  All tents are on the edge of the Kafue 

River, overlooking the national park
•  Six tents have outside showers and 

either twin or king beds
•  Two luxury tents boast indoor 

shower and outdoor baths
•  Two luxury family tents feature an 

indoor shower and bath
•  Age restrictions for children on 

certain activities apply

KEY ACTIVITIES
•  Game drives
• Boat cruises
•  Fishing trips
•  Walking safaris
• Community Outings

GET IN TOUCH
greensafaris.com
T: +260 976 366 054
E: welcome@greensafaris.com

Ila Safari Lodge
ZAMBIA

Opened in June 2016, Ila Safari Lodge is a truly 
unique eco-lodge, beautifully situated on the 
banks of the Kafue River. It lies just 170 miles 
from the Zambian capital, Lusaka, in an area of 
abundant wildlife.

Established in 1924, Kafue National Park is 
the second largest in Africa, covering an area of 
8,650sq miles. The pristine wilderness is home 
to approximately 55 different species, including 
four of the Big Five (leopard, lion, elephant and 
buffalo), plus the incredibly rare wild dog and 
the elusive cheetah. The peace and solitude in 
the Kafue is tangible – other vehicles are a rare 
sighting in this sparsely populated park. 

Ila is the first of its kind in Zambia, boasting an 
electric game drive vehicle (eLandy) as well as an 
eBoat, which allows guests to silently experience 
the bush in an unobtrusive and eco-friendly 
manner.  The lodge is off-grid, with power supplied 
by a state-of-the-art solar system, and waste is 
recycled through an ingenious biogas plant.  

Guests can bask in the sunshine on Ila Safari 
Lodge’s eBoat while watching a spectacular 

sunset, or experience a silent safari through the  
majestic Kafue National Park, soaking up the 
sights and sounds of the flora and fauna in their 
natural, undisturbed state. The lodge offers game 
drives, boat cruises, walking safaris, fishing 
and several community-based activities, all 
accompanied by expert guides.

A visit to Ila can also be combined with a trip to 
Livingstone to see the spectacular Victoria Falls, 
one of the Seven Natural Wonders of the World.

Ila’s main lodge boasts a stunning infinity 
pool and an open-air restaurant, bar and lounge 
looking out over the Kafue River. There’s also a 
firepit that’s perfect for after-dinner gatherings 
beneath a canopy of twinkling stars. 

Luxury tents are arranged along the riverbank, 
offering guests an exquisite view of the Kafue 
and the wildlife that calls it home. Each is 
furnished in a contemporary African chic style 
and comes complete with an en suite bathroom 
featuring either a bath or shower on the outdoor 
deck. There are two family tents and children of 
all ages are warmly welcomed.

Don’t miss // Board the eBoat or enjoy a drive on the eLandy for a 
totally silent safari experience in Africa’s second-biggest national park

A-Z
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Digester	Design	and	Implementation	Information	for	

Green	Safaris	Zambia	

Digesters	can	be	designed	for	batch-feeding	or	for	continuous	feeding.	With	batch	digesters	a	full	charge	of	
raw	material	is	placed	into	the	digester	which	is	then	sealed	off	and	left	to	ferment	as	long	as	gas	is	produced.	
When	gas	production	has	ceased,	the	digester	is	emptied	and	refilled	with	a	new	batch	of	raw	
materials.  Batch	digesters	have	advantages	where	the	availability	of	raw	materials	is	sporadic	or	limited	to	
coarse	plant	wastes	(which	contain	undigestible	materials	that	can	be	conveniently	removed	when	batch	
digesters	are	reloaded).	Also,	batch	digesters	require	little	daily	attention.	Batch	digesters	have	disadvantages,	
however,	in	that	a	great	deal	of	energy	is	required	to	empty	and	load	them;	also	gas	and	sludge	production	
tend	to	be	quite	sporadic.	You	can	get	around	this	problem	by	constructing	multiple	batch	digesters	
connected	to	the	same	gas	storage.	In	this	way	individual	digesters	can	be	refilled	in	staggered	sequence	to	
ensure	a	relatively	constant	supply	of	gas.	Most	early	digesters	were	of	the	batch	type.  With	continuous-
load	digesters,	a	small	quantity	of	raw	material	is	added	to	the	digester	every	day	or	so.	In	this	way	the	rate	of	
production	of	both	gas	and	sludge	is	more	or	less	continuous	and	reliable.	Continuous-load	digesters	are	
especially	efficient	when	raw	materials	consist	of	a	regular	supply	of	easily	digestible	wastes	from	nearby	
sources	such	as	livestock	manures,	seaweed,	river	or	lake	flotsam	or	algae	from	production	sludge-ponds.	The	
first	continuous-load	digester	seems	to	have	been	built	in	India	by	Patel	in	1950	(Ref.	43).  Continuous-
feeding	digesters	can	be	of	two	basic	designs:	vertical-mixing	or	displacement	(Fig.	13).	Vertical-mixing	
digesters	consist	of	vertical	chambers	into	which	raw	materials	are	added.	The	slurry	rises	through	the	
digester	and	overflows	at	the	top.	In	single-chamber	designs	the	digested	or	"spent"	slurry	can	be	withdrawn	
directly	from	effluent	pipes.	In	double-chamber	designs	the	spent	slurry,	as	it	overflows	the	top,	flows	into	a	
second	chamber	where	digestion	continues	to	a	greater	degree	of	completion.  



  Displacement	digesters	consist	of	a	long	cylinder	lying	parallel	to	the	ground	(e.g.,	inner	tubes,	oil	drums	
welded	end	on	end,	tank	cars,	etc.).	As	it	is	digested	the	slurry	is	gradually	displaced	toward	the	opposite	end,	
passing	a	point	of	maximum	fermentation	on	the	way.  The	displacement	digester	design	seems	to	have	
distinct	advantages	over	vertical-mixing	designs	popularized	in	India:	

1. In	vertical-mixing	digesters	raw	material	is	subject	to	a	vertical	pumping	motion	and	often	escapes	the	
localized	action	of	digesting	bacteria.	Slurry	introduced	at	one	time	can	easily	be	withdrawn	soon	
afterwards	as	incompletely	digested	material.	In	displacement	digesters	slurry	must	pass	an	area	of	
maximum	fermentation	activity	so	that	all	raw	materials	are	effectively	digested	(much	like	the	
intestines	of	an	animal).	

2. From	a	practical	point	of	view,	displacement	digesters	are	easier	to	operate.	If	digester	contents	begin	to	
sour	for	one	reason	or	another,	strongly	buffered	material	at	the	far	end	can	be	recirculated	efficiently	
by	simply	reversing	the	flow	of	material	along	the	line	of	the	cylinder.	In	addition,	raw	materials	can	be	
digested	to	any	desired	degree	without	the	need	for	constructing	additional	chambers	or	digesters.	

3. The	problem	of	scum	accumulation	is	reduced	in	displacement	digesters.	Since	scum	forms	evenly	on	the	
surface	of	the	digesting	slurry,	the	larger	the	surface	area,	the	longer	it	takes	to	accumulate	to	the	
point	where	it	inhibits	digestion.	A	prone	cylinder	has	a	larger	surface	area	than	an	upright	one.	

4. Any	continuous-load	digester	will	eventually	accumulate	enough	scum	and	undigested	solid	particles	so	that	
it	will	have	to	be	cleaned.	The	periodical	washing	out	of	displacement	digesters	is	considerably	easier	
than	vertical-mixing	digesters.	
	

The	first	large-scale	displacement	digester	was	designed	and	built	by	L.	John	Fry	during	the	late	1950's	on	his	
pig	farm	in	South	Africa	(Ref.	42,	44).	Mr.	Fry,	now	a	resident	of	Santa	Barbara,	is	acting	consultant	for	the	
New	Alchemy	digester	project	which	is	currently	focusing	attention	on	the	design	and	utilization	of	small-scale	
displacement	digesters.	



	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Fig.	46:	Calculation	of	dimensions		
Floating-drum	plant	with	water	jacket	
	
	

	
	

	

	

	

	

	

	

	

	

	

	

	

	

5.5.2	
Conditioning	of	biogas	

While	the	biogas	produced	by	the	plant	can	normally	be	used	as	it	is,	i.e.	without	further	
treatment/conditioning,	various	conditioning	processes	are	described	in	this	chapter	to	cover	possible	
eventualities.	

Reducing	the	moisture	content	of	the	biogas,	which	is	usually	fully	saturated	with	water	vapor.	This	involves	
cooling	the	gas,	e.g.	by	routing	it	through	an	underground	pipe,	so	that	the	excess	water	vapor	condenses	out	
at	the	lower	temperature.	When	the	gas	warms	up	again,	its	relative	vapor	content	decreases	(cf.	chapter	
10.2	for	calculations).	The	"drying"	of	biogas	is	especially	useful	in	connection	with	the	use	of	dry	gas	meters,	
which	otherwise	would	eventually	fill	up	with	condensed	water.  Table	5.14:	Composition	and	properties	of	
biogas,	and	its	constituents	under	s.t.p.	conditions	(0	°C,	1013	mbar) (Source:	OEKOTOP,	compiled	from	
various	sources)	



	

Constituents	and	properties	 CH4	 CO2	 H2	 H2S	 60%	
CH4/ 40%	
CO2	

65%	
CH4/ 34%	
C02/ 1%	
rest	

Volume	fraction	(%)	 55-70	 27-
44	

1	 3	 100	 100	

Net	calorific	value	(kWh/m³)	 9.9	 -	 3.0	 6.3	 6.0	 6.8	

Ignition	threshold	(%	in	air)	 5-1S	 -	 4-
80	

4-45	 6-12	 7.7	–	23	

Ignition	temperature	(°C)	 650-750	 -	 58
5	

-	 650-750	 650-750	

Crit.pressure	(bar)	 47	 75	 13	 89	 75-89	 75-89	

Crit.	temp.	(°C)	 -82.5	 31.0	 -
24
0	

100.
0	

-82.5	 -82.5	

Normal	density	(g/1)	 0.72	 1.98	 0.0
9	

1.54	 1.2	 1.15	

Gas/air-density	ratio	 0.55	 2.5	 0.0
7	

1.2	 0.83	 0.91	

Wobbe	index,	K	(kWh/m³)	 13.4	 -	 -	 -	 6.59	 7.15	

Spec.	heat,	cp	(kI/m³	°C)	 1.6	 1.6	 1.3	 1.4	 1.6	 1.6	

Flame	propagation	(cm/s)	 43	 -	 47	 -	 36	 38	

	 	 	 	 	 	 	

	



Reduction	of	the	hydrogen-sulfide	content	(H2S)	may	be	necessary	if	the	biogas	is	found	to	contain	an	
excessive	amount,	i.e.	more	than	2%,	and	is	to	be	used	for	fueling	an	engine.	Since,	however,	most	biogas	
contains	less	than	1%	H2S,	desulfurization	is	normally	unnecessary,	especially	if	it	is	to	be	used	for	operating	a	
stationary	engine.	

For	small-to-midsize	systems,	desulfurization	can	be	effected	by	absorption	onto	ferric	hydrate	(Fe	(OEI)3),	
also	referred	to	as	bog	iron,	a	porous	form	of	limonite.	The	porous,	granular	purifying	mass	can	be	
regenerated	by	exposure	to	air.	

	

	

The	absorptive	capacity	of	the	purifying	mass	depends	on	its	iron-hydrate	content:	bog	iron	containing	5-10%	
Fe(OH)3	can	absorb	about	15	g	sulfur	per	kg	without	being	regenerated	and	approximately	150	g/	kg	through	
repetitive	regeneration.	It	is	a	very	noteworthy	fact	that	many	types	of	tropical	soil	(laterites)	are	naturally	
ferriferous	and,	hence,	suitable	for	use	as	purifying	mass.	

Reduction	of	the	carbon-dioxide	content	(CO2)	is	very	complicated	and	expensive.	

	In	principle,	CO2	can	be	removed	by	absorption	onto	lime	milk,	but	that	practice	produces	"seas"	of	lime	
paste	and	must	therefore	be	ruled	out,	particularly	in	connection	with	large-scale	plants,	for	which	only	high-
tech	processes	like	microscreening	are	worthy	of	consideration.	CO2	"scrubbing"	is	rarely	advisable,	except	in	
order	to	increase	the	individual	bottling	capacity	for	high-pressure	storage. 	

5.5.3	Biogas	appliances	

Biogas	is	a	lean	gas	that	can,	in	principle,	be	used	like	any	other	fuel	gas	for	household	and	industrial	
purposes,	the	main	prerequisite	being	the	availability	of	specially	designed	biogas	burners	or	modified	
consumer	appliances.	The	relatively	large	differences	in	gas	quality	from	different	plants,	and	even	from	one	
and	the	same	plant	(gas	pressure,	temperature,	calorific	value,	etc.)	must	be	given	due	consideration.	

The	heart	of	any	gas	appliance	is	the	burner.	In	most	cases,	atmospheric-type	burners	operating	on	premixed	
air/gas	fuel	are	considered	preferable.	

Due	to	complex	conditions	of	flow	and	reaction	kinetics,	gas	burners	defy	precise	calculation,	so	that	the	final	
design	and	adjustments	must	be	arrived	at	experimentally. 	



	
	
Fig.	5.30:	Schematic	drawing	of	a	biogas	burner	and	its	parts.	1	Gas	pipe,	2	Gas-flow	shutoff/reducing	valve,	3	
Jets	(f	=	1-2	mm),	4	Mixing	chamber	for	gas	and	combustion	air,	5	Combustion	air	intake	control,	6	Burner	
head,	7	Injector	(Source:	Sasse	1984)	
	
Accordingly,	the	modification	and	adaptation	of	commercial-type	burners	is	an	experimental	matter.	With	
regard	to	butane	and	propane	burners,	i.e.	the	most	readily	available	types,	the	following	pointers	are	
offered:	
-	Butane/propane	gas	has	up	to	3	times	the	calorific	value	of	biogas	and	almost	twice	its	flame-propagation	
rate.	
-	Conversion	to	biogas	always	results	in	lower	performance	values.	
Practical	modification	measures	include:	
-	expanding	the	injector	cross	section	by	a	factor	of	2-4	in	order	to	increase	the	flow	of	gas	

-	modifying	the	combustion-air	supply,	particularly	if	a	combustion-air	controller	is	provided	-	
increasing	the	size	of	the	jet	openings	(avoid	if	possible)	The	aim	of	all	such	measures	is	to	obtain	a	stable,	
compact,	slightly	bluish	flame. 	

	
5.5.4	Biogas-fueled	engines	

Basic	considerations	

The	following	types	of	engines	are,	in	principle,	well-suited	for	operating	on	biogas:	

-	Four-stroke	diesel	engines:	A	diesel	engine	draws	in	air	and	compresses	it	at	a	ratio	of	17:	1	under	a	pressure	
of	approximately	30-40	bar	and	a	temperature	of	about	700	°C.	The	injected	fuel	charge	ignites	itself.	Power	
output	is	controlled	by	varying	the	injected	amount	of	fuel,	i.e.	the	air	intake	remains	constant	(so-called	
mixture	control).	

-	Four-stroke	spark-ignition	engines:	A	spark-ignition	engine	(gasoline	engine)	draws	in	a	mixture	of	fuel	
(gasoline	or	gas)	and	the	required	amount	of	combustion	air.	The	charge	is	ignited	by	a	spark	plug	at	a	
comparably	low	compression	ratio	of	between	8:	1	and	12:	1.	Power	control	is	effected	by	varying	the	mixture	
intake	via	a	throttle	(so-called	charge	control).	

Four-stroke	diesel	and	spark-ignition	engines	are	available	in	standard	versions	with	power	ratings	ranging	
from	1	kW	to	more	than	100	kW.	Less	suitable	for	biogas	fueling	are:	



-	loop-scavenging	2-stroke	engines	in	which	lubrication	is	achieved	by	adding	oil	to	the	liquid	fuel,	and	

-	large,	slow-running	(less	than	1000	r.p.m.)	engines	that	are	not	built	in	large	series,	since	they	are	
accordingly	expensive	and	require	complicated	control	equipment.	

Biogas	engines	are	generally	suitable	for	powering	vehicles	like	tractors	and	light-duty	trucks	(pickups,	vans).	
The	fuel	is	contained	in	200-bar	steel	cylinders	(e.g.	welding-gas	cylinders).	The	technical,	safety,	
instrumentational	and	energetic	cost	of	gas	compression,	storage	and	filing	is	substantial	enough	to	hinder	
large-scale	application.	Consequently,	only	stationary	engines	are	discussed	below.	

Essential	terms	and	definitions	

Knowledge	of	the	following	terms	pertaining	to	internal	combustion	engines	is	requisite	to	understanding	the	
context:	

Piston	displacement	is	the	volume	(cm³,	l)	displaced	by	a	piston	in	a	cylinder	in	a	single	stroke,	i.e.	between	
the	bottom	and	.	top	dead-canter	positions	(BDC	and	TDC,	respectively).	The	total	cylinder	capacity	(Vtot)	
comprises	the	swept	volume	(Vs)	and	the	compression	volume	(Vc),	i.e.	Vtot	=	Vs+Vc.	

The	compression	ratio	(E)	is	the	ratio	of	the	maximum	to	the	minimum	volume	of	the	space	enclosed	by	the	
piston,	i.e.	prior	to	compression	(Vtot)	as	compared	to	the	end	of	the	compression	stroke	(Vc).	The	
compression	ratio	can	be	used	to	calculate	the	pressure	and	temperature	of	the	compressed	fuel	mixture	(E	=	
Vtot/Vc).	

The	efficiency	(rl	=	Pc/Pf)	is	the	ratio	between	the	power	applied	to	the	crankshaft	(Pc)	and	the	amount	of	
energy	introduced	with	the	fuel	(Pf	=	V	x	n.c.v.).	

Ignition	and	combustion:	The	firing	point	(diesel:	flash	point;	spark-ignition	engine:	ignition	point)	is	timed	to	
ensure	that	the	peak	pressure	is	reached	just	after	the	piston	passes	top	dead	center	(approx.	10°	-	15°	
crankshaft	angle).	Any	deviation	from	the	optimal	fiash/ignition	point	leads	to	a	loss	of	power	and	efficiency;	
in	extreme	cases,	the	engine	may	even	suffer	damage.	The	flash/ignition	point	is	chosen	on	the	basis	of	the	
time	history	of	combustion,	i.e.	the	rate	of	combustion,	and	depends	on	the	compression	pressure,	type	of	
fuel,	combustion-air/	fuel	ratio	and	the	engine	speed.	The	ignition	timing	(combustion)	must	be	such	that	the	
air/fuel	mixture	is	fully	combusted	at	the	end	of	the	combustion	cycle,	i.e.	when	the	exhaust	valve	opens,	
since	part	of	the	fuel's	energy	content	would	otherwise	be	wasted.	

Air/Fuel-ratio	and	control:	Proper	combustion	requires	a	fuel-dependent	stoichiometric	air/fuel-ratio	(af-
ratio).	As	a	rule,	the	quality	of	combustion	is	maximized	by	increasing	the	air	fraction,	as	expressed	by	the	air-
ratio	coefficient	(d	=	actual	air	volume/stoichiometric	air	volume).	

Converting	diesel	engines	

Diesel	engines	are	designed	for	continuous	operation	(10	000	or	more	operating	hours).	Basically,	they	are	
well-suited	for	conversion	to	biogas	according	to	either	of	two	methods:	



The	dual-fuel	approach	

Except	for	the	addition	of	a	gas/air	mixing	chamber	on	the	intake	manifold	(if	need	be,	the	air	filter	can	be	
used	as	a	mixing	chamber),	the	diesel	engine	remains	extensively	unmodified.	The	injected	diesel	fuel	still	
ignites	itself,	while	the	amount	injected	is	automatically	reduced	by	the	speed	governor,	depending	on	how	
much	biogas	is	introduced	into	the	mixing	chamber.	The	biogas	supply	is	controlled	by	hand.	The	maximum	
biogas	intake	must	be	kept	below	the	point	at	which	the	engine	would	begin	to	stutter.	If	that	happens,	the	
governor	is	getting	too	much	biogas	and	has	therefore	turned	down	the	diesel	intake	so	far	that	ignition	is	no	
longer	steady.	Normally,	15	-	20%	diesel	is	sufficiency,	meaning	that	as	much	as	80%	of	the	diesel	fuel	can	be	
replaced	by	biogas.	Any	lower	share	of	biogas	can	also	be	used,	of	course,	since	the	governer	automatically	
compensates	with	more	diesel.	

As	a	rule,	dual-fuel	diesels	perform	just	as	well	as	a	comparable	engine	operating	on	pure	diesel.	

As	in	normal	diesel	operation,	the	speed	is	controlled	by	an	accelerator	lever,	and	load	control	is	normally	
effected	by	hand,	i.e.	by	adjusting	the	biogas	valve	(keeping	in	mind	the	maximum	acceptable	biogas	intake	
level).	In	case	of	frequent	power	changes	joined	with	steady	speed,	the	biogas	fraction	should	be	reduced	
somewhat	to	let	the	governer	decrease	the	diesel	intake	without	transgressing	the	minimum	amount.	Thus,	
the	speed	is	kept	constant,	even	in	case	of	power	cycling.	Important:	No	diesel	engine	should	be	subjected	to	
air-side	control.	

While	special	T-pieces	or	mixing	chambers	with	0.5	to	1.0	times	the	engine	displacement	can	serve	as	the	
diesel/biogas	mixing	chamber,	at	which	a	true	mixing	chamber	offers	the	advantage	of	more	thorough	mixing.	

Conversion	according	to	the	dual-fuel	method	is	evaluated	as	follows	

-	a	quick	&	easy	do-it-yourself	technique -	will	accommodate	an	unsteady	supply	of	biogas -	well-suited	for	
steady	operation,	since	a	single	manual	adjustment	will	suffice -	requires	a	minimum	share	of	diesel	to	ensure	
ignition.	

Conversion	to	spark	ignition	(Otto	cycle)	

involves	the	following	permanent	alterations	to	the	engine:	

-	removing	the	fuel-injection	pump	and	nozzle -	adding	an	ignition	distributor	and	an	ignition	coil	with	power	
supply	(battery	or	dynamo) -	installing	spark	plugs	in	place	of	the	injection	nozzles -	adding	a	gas	mixing	valve	
or	carburetor	 -	adding	a	throttle	control	device -	reducing	the	compression	ratio	to	E	=	11-12 -	observing	
the	fact	that,	as	a	rule,	engines	with	a	precombustion	or	swirl	chamber	are	not	suitable	for	such	conversion.	

Converting	a	diesel	engine	to	a	biogas-fueled	spark-ignition	engine	is	very	expensive	and	complicated	-	so	
much	so,	that	only	preconverted	engines	of	that	type	should	be	procured.	

Converting	spark-ignition	engines	

Converting	a	spark-ignition	engine	for	biogas	fueling	requires	replacement	of	the	gasoline	carburetor	with	a	



mixing	valve	(pressure-controlled	venturi	type	or	with	throttle).	The	spark-ignition	principle	is	retained,	but	
should	be	advanced	as	necessary	to	account	for	slower	combustion	(approx.	5°-10°	crankshaft	angle)	and	to	
avoid	overheating	of	the	exhaust	valve	while	precluding	loss	of	energy	due	to	still-combustible	exhaust	gases.	
The	engine	speed	should	be	limited	to	3000	r.p.m.	for	the	same	reason.	As	in	the	case	of	diesel-engine	
conversion,	a	simple	mixing	chamber	should	normally	suffice	for	continuous	operation	at	a	steady	speed.	In	
addition,	however,	the	mixing	chamber	should	be	equipped	with	a	hand-operated	air-side	control	valve	for	
use	in	adjusting	the	air/fuel	ratio	(opt.	d	=	1.1).	

	
	
Fig.	5.35:	Various	gas	mixers	for	spark-ignition	and	diesel	engines.	1	Air	intake,	2	Air	filter,	3	Biogas	supply	
pipe,	4	Biogas	control	valve,	5	Mixing	chamber	(0.5	-	1	X	piston	displacement)	6	Throttle,	7	Mixing	valve	
(Source:	OEKOTOP)	
	
	

	
	
	
	
	
	
	
	
	

	



7.2	Plant	operation	

The	operation	of	a	simple	biogas	plant	is	relatively	uncomplicated.	The	user	must	be	given	all	the	information	
and	practical	assistance	he	needs	before	and	during	the	early	phases	of	plant	operation.	

Collecting	substrate	

The	collection	of	substrate	is	a	simple	matter	when	combined	with	work	that	has	to	be	done	anyway,	e.g.	
cleaning	the	stables.	It	can	be	made	even	easier	by	arranging	for	the	manure	to	flow	directly	into	the	mixing	
pit.	Experience	shows	that	it	is	not	a	good	idea	to	gather	dung	from	fields,	roads,	etc.	or	to	go	to	the	trouble	of	
elaborately	chopping	up	or	otherwise	preprocessing	plant	material	for	use	as	substrate.	The	work	involved	is	
usually	underestimated,	while	the	motivation	is	overestimated.	

Filling	the	plant	

Filling	means:	mixing	the	substrate	with	water,	removing	bouyant	materials,	allowing	the	fill	material	to	warm	
up,	flushing	it	into	the	digester,	and	removing	sand	and	stones.	The	simple	mixing	pit	shown	in	figure	5.16	can	
handle	a	daily	fill	quantity	of	up	to	500	1.	

	

	

Fig.	5.16:	Mixing	pit.	1	Plug,	2	Fill	pipe,	3	Agitator,	4	Fibrous	material,	5	Sand,	6	Drain,	7	Screen	cover	(Source:	
OEKOTOP)	

5.4.1	Mixing	pit	
In	the	mixing	pit,	the	substrate	is	diluted	with	water	and	agitated	to	yield	a	homogeneous	slurry. The	fibrous	
material	is	raked	off	the	surface,	and	any	stones	or	sand	settling	to	the	bottom	are	cleaned	out	after	the	slurry	
is	admitted	to	the	digester.	
The	useful	volume	of	the	mixing	pit	should	amount	to	1.5-2	times	the	daily	input	quantity.	A	rock	or	wooden	
plug	can	be	used	to	close	off	the	inlet	pipe	during	the	mixing	process.	A	sunny	location	can	help	warm	the	
contents	before	they	are	fed	into	the	digester	in	order	to	preclude	thermal	shock	due	to	the	cold	mixing	



water.	In	the	case	of	a	biogas	plant	that	is	directly	connected	to	animal	housing,	it	is	advisable	to	install	the	
mixing	pit	deep	enough	to	allow	installation	of	a	floating	gutter	leading	directly	into	the	pit.	Care	must	also	be	
taken	to	ensure	that	the	low	position	of	the	mixing	pit	does	not	result	in	premature	digestion	and	resultant	
slurry	formation.	For	reasons	of	hygiene,	toilets	should	have	a	direct	connection	to	the	inlet	pipe. 	

	
	
Fig.	5.17:	Mixing	pit,	gutter	and	toilet	drain	pipe.	1	Barn,	2	Toilet,	3	Biogas	plant,	4	Feed	gutter	2%	gradient),	5	
Mixing	pit	(Source:	OEKOTOP)		
	
5.4.2	Inlet	and	outlet	
The	inlet	(feed)	and	outlet	(discharge)	pipes	lead	straight	into	the	digester	at	a	steep	angle.	For	liquid	
substrate,	the	pipe	diameter	should	be	10-15	cm,	while	fibrous	substrate	requires	a	diameter	of	20	-	30	cm.	
Plastic	or	concrete	pipes	are	preferred.	
Note:	
-	Both	the	inlet	pipe	and	the	outlet	pipe	must	be	freely	accessible	and	straight,	so	that	a	rod	can	be	pushed	
through	to	eliminate	obstructions	and	agitate	the	digester	contents;	
-	The	pipes	should	penetrate	the	digester	wall	at	a	point	below	the	slurry	level.	The	points	of	penetration	
should	be	sealed	off	and	reinforced	with	mortar.	
-	The	inlet	pipe	ends	higher	than	the	outlet	pipe	in	the	digester	in	order	to	promote	more	uniform	
throughflow.	In	a	fixed-dome	plant,	the	inlet	pipe	defines	the	bottom	limit	of	the	gasholder,	thus	providing	
overpressure	relief.	
-	In	a	floating-drum	plant,	the	end	of	the	outlet	pipe	determines	the	digester's	slurry	level. 	



	
	

In	designing	the	plant,	care	must	be	taken	to	ensure	that	the	slurry	store	will	be	large	enough.	Fixed-dome	
plants	in	particular	should	be	equipped	with	an	overflow,	so	that	the	digested	slurry	does	not	have	to	be	
hauled	away	every	day.  Table	7.2:	Checklist	for	the	daily	operation	and	regular	maintenance	of	biogas	
plants	(Source:	OEKOTOP)	

	

	
	
Fig.	5.19:	Forces	acting	on	a	spherical-dome	digester	(Source:	OEKOTOP)		
	
5.4.3	Digester	
Design	
The	digester	of	a	biogas	plant	must	accommodate	the	substrate	and	bacterial	activity,	as	well	as	fulfill	the	
following	structural	functions:	
-	accept	the	given	static	forces -	provide	impermeability	to	gas	and	liquids -	be	durable	and	resistant	to	
corrosion	
As	a	rule,	the	digesters	of	simple	biogas	plants	are	made	of	masonry	or	concrete.	Such	materials	are	
adequately	pressure-resistant,	but	also	susceptible	to	cracking	as	a	result	of	tensile	forces.	
The	following	forces	act	on	the	digester:	
-	external	active	earth	pressures	(pE),	causing	compressive	forces	within	the	masonry -	internal	hydrostatic	



and	gas	pressures	(pW),	causing	tensile	stress	in	the	masonry.	 	

	
	
Fig.	5.20:	Level	line,	excavation	and	foundation.	1	Workspace,	2	Inclination	of	conical	foundation,	3	Sloping	
excavation,	4	Vertical	excavation,	51	Quarrystone	foundation,	52	Brick	foundation,	6	Packing	sand,	7	Mortar	
screed,	8	Foot	reinforcement	for	fixed-dome	plant,	9	Level	line	(Source:	OEKOTOP	/	Sasse	1984)	
Thus,	the	external	pressure	applied	by	the	surrounding	earth	must	be	greater	at	all	points	than	the	internal	
forces	(pE	>	pW).	For	the	procedure	on	how	to	estimate	earth	force	and	hydrostatic	forces,	please	refer	to	
chapter	10.1.4.	
Round	and	spherical	shapes	are	able	to	accept	the	highest	forces—and	do	it	uniformly.	Edges	and	corners	lead	
to	peak	stresses	and,	possibly,	to	tensile	stresses	and	cracking.	Such	basic	considerations	suggest	the	use	of	
familiar	cylindrical	and	dome	designs	allowing:	
-	inexpensive,	material-sparing	construction	based	on	modest	material	thicknesses -	a	good	volume/surface	
ratio	and -	better	(read:	safe)	stability	despite	simple	construction.	
The	dome	foundation	has	to	contend	with	the	highest	loads.	Cracks	occurring	around	the	foundation	can	
spread	out	over	the	entire	dome,	but	are	only	considered	dangerous	in	the	case	of	fixed-dome	plants.	A	rated	
break	ring	can	be	provided	to	limit	cracking.	
Groundwork	
The	first	step	of	building	the	plant	consists	of	defining	the	plant	level	line	with	a	taut	string.	All	important	
heights	and	depths	are	referred	to	that	line.	
Excavation	
The	pit	for	the	biogas	plant	is	excavated	by	hand	in	the	shape	of	a	cylindrical	shaft.	The	shaft	diameter	should	
be	approx.	2	x	50	cm	larger	than	that	of	the	digester.	If	the	soil	is	adequately	compact	and	adhesive,	the	shaft	
wall	can	be	vertical.	Otherwise	it	will	have	to	be	inclined.	The	overburden,	if	reusable,	is	stored	at	the	side	and	
used	for	backfilling	and	compacting	around	the	finished	plant.	
Foundation	
The	foundation	slab	must	be	installed	on	well-smoothed	ground	that	is	stable	enough	to	minimize	settling.	
Any	muddy	or	loose	subsoil	(fill)	must	be	removed	and	replaced	by	sand	or	stones.	The	bottom	must	have	the	
shape	of	a	shallow	inverted	dome	to	make	it	more	stable	and	rigid	than	a	flat	slab.	Quarrystones,	bricks	and	
mortar	or	concrete	can	be	used	as	construction	materials.	Steel	reinforcing	rods	are	only	necessary	for	large	
plants,	and	then	only	in	the	form	of	peripheral	ties	below	the	most	heavily	burdened	part,	i.e.	the	dome	
foundation. 	



	
	
Fig.	5.21:	Construction	of	a	spherical	dome	from	masonry.	1	Dome/masonry,	2	Establishing	the	centerpoint,	3	
Trammel,	4	Brick	clamp	with	counterweights,	5	Backfill	(Source:	Sasse	1984)	
Dome	
The	dome	of	the	biogas	plant	is	hemispherical	with	a	constant	radius.	Consequently,	the	masonry	work	is	just	
as	simple	as	for	a	cylinder	and	requires	no	falsework.	The	only	accessory	tool	needed	is	a	trammel.	
The	dome	masonry	work	consists	of	the	following	steps:	
-	finding	and	fixing	the	centerpoint	of	the	dome	radius	in	relation	to	the	level	line	
-	layer-by-layer	setting	of	the	dome	masonry,	with	the	bricks	set	in	mortar,	positioned	and	aligned	with	the	aid	
of	the	trammel	and	tapped	for	proper	seating	
-	in	the	upper	part	of	the	dome	-	when	the	trammel	is	standing	at	a	steeper	angle	than	45°,	the	bricks	must	be	
held	in	place	until	each	course	is	complete.	Sticks	or	clamps	with	counterweights	can	be	used	to	immobilize	
them.	
Each	closed	course	is	inherently	stable	and	therefore	need	not	be	held	in	place	any	longer.	The	mortar	should	
be	sufficiently	adhesive,	i.e.	it	should	be	made	of	finely	sieved	sand	mixed	with	an	adequate	amount	of	
cement.  Table	5.9:	Mortar	mixing	ratios	(Source:	Sasse,	1984)	
	



Type	of	mortar	 Cement	 Lime	 San
d	

Masonry	mortar	 2	:	 1	:	 10	

Masonry	mortar	 1	 :	 6	

Rendering	mortar	 1	 :	 4-8	

 Table	5.10:	Suitability	tests	for	rendering/mortar	sands	(Source:	Sasse,	1984)	

	

	

			Test	

Requirement	

1.	Visual	check	for	coarse	particles	 Particle	size:	<7	mm	

2.	Determining	the	fines	fraction	by	immersion	in	a	glass	of	water:	1/21	sand	mixed	with		

1.	1	litre	water	and	left	to	stand	for	1	h,	after	which	the	layer	of	silty	mud	at	the	top	is	measured.	

Silt	fraction:	<	10%	

3.	Check	for	organic	matter	by	immersion	in	an	aqueous	solution	of	caustic	soda:	1/2	I	sand	in	1	1	3	%		

				caustic	soda	with	occasional	stirring.	Notation	of	the	water's	color	after	24	h.	

Clear-to-light-yellow	=	low	org.	content:	suitable	for	use	
 Reddish	brown	=	high	org.	content:	unsuitable	for	use	

Rendering	

Mortar	consisting	of	a	mixture	of	cement,	sand	and	water	is	needed	for	joining	the	bricks	and	rendering	the	
finished	masonry.	Biogas	plants	should	be	built	with	cement	mortar,	because	lime	mortar	is	not	resistant	to	
water.	

The	sand	for	the	mortar	must	be	finely	sieved	and	free	of	dust,	loam	and	organic	material.	That	is,	it	must	be	
washed	clean.	

Special	attention	must	be	given	to	the	mortar	composition	and	proper	application	for	rendering,	since	the	
rendering	is	of	decisive	importance	with	regard	to	the	biogas	plant's	durability	and	leaktightness.	Ensure	that:	

-	trowelling	is	done	vigorously	(to	ensure	compact	rendering) -	all	edges	and	corners	are	rounded	off -	each	
rendering	course	measures	between	1.0	and	1.5	cm -	the	rendering	is	allowed	to	set|dry	slowly	(keep	shaded	
and	moist,	as	necessary) -	the	material	composition	is	suitable	and	mutually	compatible -	a	rated	break	ring	
is	provided	for	a	fixed-dome	plant	



Crack-free	rendering	requires	lots	of	pertinent	experience	and	compliance	with	the	above	points.	Neither	the	
rendering	nor	the	masonry	is	gaslight	and	therefore	has	to	be	provided	with	a	seal	coat	around	the	gas	space	
(cf.	chapter	5.4.4).	  5.4.4	Gasholder	

Basically,	there	are	three	different	designs/	types	of	construction	for	gasholders	used	in	simple	biogas	plants:	

-	integrated	floating	drums -	fixed	domes	with	displacement	system	and -	separate	gasholders 	

	
	
Fig.	5.22:	Construction	of	a	metal	gasholder	with	internal	guide	frame.	1	Lattice	beam	serving	as	cross	pole,	2	
Cross	pole	with	bracing,	3	Gas	pipe	(2%	gradient),	4	Guide	frame,	5	Braces	for	shape	retention	and	breaking	
up	the	scum	layer,	6	Sheet	steel	(2-4	mm)	serving	as	the	drum	shell	(Source:	OEKOTOP/Sasse,	1984)	
	
Floating-drum	gasholders	
Most	floating-drum	gasholders	are	made	of	2	-	4	mm-thick	sheet	steel,	with	the	sides	made	somewhat	thicker	
than	the	top	in	order	to	counter	the	higher	degree	of	corrosive	attack.	Structural	stability	is	provided	by	L-bar	
bracing	that	simultaneously	serves	to	break	up	surface	scum	when	the	drum	is	rotated.	
A	guide	frame	stabilizes	the	gas	drum	and	keeps	it	from	tilting	and	rubbing	on	the	masonry.	The	two	equally	
suitable	types	used	must	frequently	are:	
-	an	internal	rod	&	pipe	guide	with	a	fixed	(concrete-embedded)	cross	pole	(an	advantageous	configuration	in	



connection	with	an	internal	gas	outlet)	
-	external	guide	frame	supported	on	three	wooden	or	steel	legs	(cf.	fig.	5.7).	
For	either	design,	it	is	necessary	to	note	that	substantial	force	can	be	necessary	to	turn	the	drum,	especially	if	
it	is	stuck	in	a	heavy	layer	of	floating	scum.	Any	gasholder	with	a	volume	exceeding	5	or	6	m³	should	be	
equipped	with	a	double	guide	(internal	and	external).	
All	grades	of	steel	normally	used	for	making	gasholders	are	susceptible	to	moisture-induced	rusting	both	
inside	and	out.	Consequently,	a	long	service	life	requires	proper	surface	protection	consisting	of:	
-	thorough	derusting	and	desoiling. -	primer	coat	of	minium -	2	or	3	cover	coats	of	plastic/bituminous	paint.	
The	cover	coats	should	be	reapplied	annually.	A	well-kept	metal	gasholder	can	be	expected	to	last	between	3	
and	5	years	in	humid,	salty	air	or	8-12	years	in	a	dry	climate.	
Materials	regarded	as	suitable	alternatives	to	standard	grades	of	steel	are	galvanized	sheet	metal,	plastics	
(glass-reinforced	plastic/	GRP,	plastic	sheeting)	and	ferrocement	with	a	gaslight	lining.	The	gasholders	of	
waterjacket	plants	have	a	longer	average	service	life,	particularly	when	a	film	of	used	oil	is	poured	on	the	
water	seal	to	provide	impregnation. 	
	

Daily	activities: 	

-	fill	the	plant -	clean	the	mixing	pit -	agitate	the	digester	contents -	check	the	gas	pressure -	check	the	
gasholder	contents -	check	the	appearance	and	odor	of	the	digested	slurry	

Weekly/monthly	activities:	

 -	remove/use	the	digested	slurry -	clean	and	inspect	the	gas	appliances -	check	the	gas	valves,	fittings	and	
appliances	for	leaks -	inspect	the	water	trap	

Annual	activities:	

 -	inspect	the	digester	for	scum	formation	and	remove	as	necessary	by	opening	the	plant -	inspect	the	plant	
for	water	tightness	and	gas	tightness -	pressure-test	the	gas	valves,	fittings	and	pipes -	check	the	gasholder	
for	rust	and	repaint	as	necessary.	

	

Monitoring	the	process	

If	the	plant	is	properly	started	before	being	handed	over	to	the	user,	it	may	be	assumed	to	be	in	proper	
working	order.	The	user	will	have	become	familiar	with	what	optimum	plant	operation	involves.	This	is	very	
important,	because	from	then	on	he	himself	will	have	to	watch	for	any	appreciable	changes	in	how	the	plant	
functions;	the	main	indication	of	a	beginning	malfunction	is	a	change	in	the	daily	gas	output.	

7.3	Plant	maintenance	

The	maintenance	scope	for	a	biogas	plant	includes	all	work	and	inspections	needed	to	ensure	smooth	
functioning	and	long	service	life.	To	the	extent	possible,	all	maintenance	work	should	be	done	by	the	user.	



Biogas	plants	can	develop	a	number	of	operational	malfunctions.	The	most	frequent	problem,	"insufficient	gas	
production",	has	various	causes.	Often	enough,	it	takes	the	work	of	a	"detective"	to	locate	and	remedy	the	
trouble.	It	may	be	necessary	to	experiment	with	and	monitor	the	plant	for	months	on	end	in	cooperation	with	
the	user.	

7.4	Plant	repair	

Repair	measures	for	biogas	plants	(cf.	table	7.4)	are	necessary	in	case	of	acute	malfunctions	and	as	indicated	
by	routine	monitoring.	Repair	measures	exceeding	simple	maintenance	work	usually	require	outside	
assistance,	since	the	user	himself	may	not	have	the	necessary	tools	or	know-how.	

It	is	advisable	to	have	the	annual	maintenance	work	mentioned	in	chapter	7.3	performed	by	external	artisans	
With	prior	experience	in	biogas	technology.	Such	maintenance	and	repair	work	should	be	ordered	on	a	
contract	basis.	Past	project	experience	shows	that	professional	biogas	repair	and	maintenance	services	can	be	
very	important	for	ensuring	long-term	plant	performance.	Such	services	should	include	general	advice,	
functional	testing,	troubleshooting,	spare-parts	delivery	and	the	performance	of	repair	work.	

	

	Table	7.4:	Simple-plant	malfunctions	and	remedial	measures	(Source:	OEKOTOP)	

	

Problem	 Possible	cause	 Countermeasures	

Plugged-up	inlet	pipe	 fibrous	substrate	 use	rod	to	unplug	the	pipe	

Stuck	gasholder	 floating	scum	 1.	turn	the	gasholder	

	 	 2.	take	off	the	gasholder	

	 	 and	remove	the	scum	

Tilted	gasholder	 broken	guideframe	 repair	

Low	gas	production,	poor	gas	quality	 cf.	table	7.3	 cf.	table	7.3	

Receding	slurry	level	 leak	in	plant	 repair	

Inadequate	gas	storage	in	fixed-dome	 leak	in	gasholder	 repair	

Plants	 	 	



Stuck	gas	cocks	 Corrosion	 apply	oil,	,operate	repeatedly	

Leaky	gas	pipe	 corrosion,	inferior	workman-	 repair	

	 Ship	 	

Sudden	loss	of	gas	 -	broken	gas	line	 repair	

	 -	blown-off	water	trap	 refill	with	water	

	 -	open	gas	cock	 close	

Pulsating	gas	pressure	 water	in	the	gas	pipe	 pump	out	the	pipe,	relocate	
that	

	 	 section	of	pipe	

	 plugged-up	gas	pipe	 push	rod	through	pipe	

Malfunctioning	gas	appliances	 cf.	chapter	5.5.3	 cf.	chapter	5.5.3	

Structural	damage	 cf.	table	7.1	 cf.	table	7.1	

	
5.6	Measuring	methods	and	devices	for	biogas	plants	

	

The	purpose	of	conducting	measurements	on	a	biogas	plant	is	to	enable	timely	detection	of	developing	
problems,	adjustment	to	optimum	operating	conditions,	and	gathering	of	practical	'data	for	comparison	with	
those	of	other	plants.	The	following	variables	can	be	measured	quickly	and	easily:	

-	gas	production	via	dry	gas	meter	or	by	measuring	the	fill	level	of	the	gasholder -	weight	of	inputs	via	a	hand-
held	spring	scale -	temperature	via	an	ordinary	stem	thermometer	or	electronic	temperature	sensor -	total-
solids	content	by	drying	a	sample	at	104	°C	and	weighing	the	residue	on	a	precision	balance -	H2S	content	of	
the	gases	via	a	gas	test	tube -	pH	via	litmus	paper.	

The	contents	of	the	substrate/slurry	can	only	be	determined	by	a	special	laboratory.	

Various	levels	of	precision	are	recommended,	depending	on	the	set	objective	and	corresponding	time,	effort	
and	equipment	expenditure.	

Observation	by	the	user	



Procedure -	measuring	the	gas	consumption	through	daily	checking	of	the	calibration	marks	on	the	
gasholder -	measuring	the	daily	input	quantities	via	defined-volume	vessels -	measuring	the	air/slurry	
temperature	with	a	thermometer.	

Documentation Daily	notation	of	measured	values.	

Interpretation/results Daily	gas	production	as	a	function	of	substrate	input	and	temperature.	

Field	testing	by	the	extension	officer	

Procedure -	installation	and	daily	reading	of	a	dry	gas	meter	to	determine	the	rate	of	gas	production -	
random	sampling	of	the	CO2	and	H2S	contents	of	the	biogas -	determination	of	quantities	added	by	weighing	
the	moist	mass	and	water	on	a	spring	scale -	random	sampling	to	determine	the	total	solids	content	of	the	
substrate -	measuring	the	digester	temperature	with	the	aid	of	a	remote	electronic	thermometer -	
measuring	the	ambient	temperature	with	a	mini-max	thermometer -	determining	pH	levels	via	litmus	paper -	
laboratory	testing	to	determine	the	C/Nratio,	volatile	solids	content	and	manurial	quality	of	digested	slurry.	 	

	
	
Fig.	5.38:	Measuring	instruments	for	biogas	field	tests.	1	Gas	meter,	2	CO2	tester,	3	Mini-max	thermometer,	4	
Spring	scale,	5	Stem	thermometer,	6	Insertable	thermometer,	7	Electric	remote	thermometer,	8	Litmus	paper	
(Source:	OEKOTOP)	
Documentation Daily	entry	of	measured	values	in	a	log	book.	
Interpretation	of	results -	time	history	of	daily	gas	production	as	a	function	of	temperature	and	substrate	
input -	time	history	of	specific	gas	yield	(Gy	=	m³	gas/kg	TS)	and	of	specific	gas	production	(m³	gas/m³	Vd)	as	a	
function	of	temperature -	time	history	of	pH -	time	history	of	maximum	and	minimum	ambient	



temperatures,	i.e.	mean	monthly	and	annual	temperatures,	plus	extremes.	
	

6.	Large-scale	biogas	plants	

Biogas	technology,	or	better:	anaerobic-process	engineering,	Is	becoming	increasingly	important	as	a	means	
of	treating	and	cleaning	industrial	organic	waste	materials	and	highly	loaded	organic	wastewater.	

This	applies	in	particular	to	the	following	ranges	of	production:	

-	large-scale	stock	farming	

-	industrial	processing	of	agricultural	produce	(refining	of	sugar,	production	of	starch,	winning	of	fibers,	
processing	of	coffee,	generation	of	alcohol,	slaughterhouses,	etc.)	

-	industrial	and	urban	refuse	and	sewage	(manufacturing	of	paper,	organic	household	waste,	sewage	sludge,	
biotechnological	industries).	

Most	biogas	plants	used	in	those	areas	are	large-scale	plant	systems	with	volumes	ranging	from	several	
hundred	to	several	thousand	cubic	meters.	

Compared	to	aerobic	treatment,	anaerobic	processes	offer	comparable	performance	with	regard	to	
purification	capacity	and	conversion	rates,	but	also	stand	apart	from	the	former	in	that	they:	

-	require	less	energy	to	keep	the	process	going	and	to	generate	useful	energy	in	the	form	of	biogas,	and	

-	produce	less	organic	sludge,	because	the	growth	rate	of	anaerobic	microorganisms	is	slower	than	that	of	
aerobic	microorganisms.	

Consequently,	anaerobic	treatment	of	waste	materials	and	wastewater	offer	some	major	advantages	for	a	
comparable	initial	invest"	meet.	Nonetheless,	much	of	the	technology	has	not	yet	passed	the	testing	stage.	

Due	to	the	size	of	plant,	different	objectives	and	special	requirements	concerning	operation	and	substrates,	
the	anaerobic	treatment	of	waste	materials	and	wastewater	involves	a	different	set	of	planning	mechanisms,	
plant	types	and	implementational	factors.	To	go	into	detail	on	this	subject	would	surpass	the	intended	scope	
of	this	manual;	besides,	extension	officers	hardly	need	expect	to	be	confronted	with	the	job	of	planning	such	
plants.	Nevertheless,	some	basic	information	is	offered	here	to	give	the	reader	a	general	grasp	of	what	large-
scale	biogas	technology	involves.	

In	discussing	the	various	waste-treatment	options,	differentiation	is	made	between	wastewater	(organic	-	
highly	loaded)	and	waste	materials/residues	(organic	solids). 	



	
	
Fig.	6.1:	Basic	principle	of	organic	wastewater	treatment	(Source:	OEKOTOP)		
	
Table	6.1:	Some	examples	of	biogas	production	from	agro-industrial	residues	and	wastewater	
(Source:	OEKOTOP,	compiled	from	various	sources)	
	
Area	of	production	 Retention	

time	
Digester	loading	 Gas	production	 	 Degradation	

rate	

	 [d]	 [kg/m³	X	d]	 [m³/kg]	 [m³/m³	X	d]	 [%]	

Slaughterhouse	 0.5-	8.5	 1.2-3.5	COD	 0.3-0.5	COD	 0.1	-	2.4	 80	COD	

Fruit	and	vegetables	 32.0	 0.8-1.6	VS	 0.3-0.6	VS	 -	 -	

Olive-oil	extraction	 20.0-25.0	 1.2-1.5	TS	 0.7	BOD	 -	 80-85	BOD	

Whey	 2.0-5.0	 6.4	BOD	 0.9	BOD	 5.5	 92	BOD	

Potato	starch	 -	 7.5	COD	 0.3-0.4	COD	 -	 90-95	BOD	

Yeast	factory	 0.5-0.7	 1.0-8.0	COD	 -	 0.5-4	 60-70	COD	

Sugar	mill	 0.2-1.0	 12.0-16.5	COD	 -	 -	 87-97	COD	



Milk	processing	 3.4-7.4	 0.7-2.0	VS	 0.1-0.4	VS	 -	 86-99	BOD	

Molasses	slop	 10.0	 3.9	VS	 0.9	VS	 3.5	 97	BOD	

Molasses	distillery	 1.2-3.5	 18.3	COD	 0.6	COD	 6.6	 45-65	COD	

Brewery	 2.3-10.0	 1.8-5.5	TS	 0.3	-	0.4	TS	 -	 -	

Tannery	 0.5	 2.7-31.9	COD	 -	 -	 80-91	COD	

Pharmaceut.ind.	 0.5-2.0	 0.2-3.5	COD	 0.6	COD	 0.1-2.5	 94-98	COD	

Refuse	+	sewage	
sludge	

11.0-22.5	 1.2-3.1	VS		 1.0	VS	 -	 -	

Refuse	 25.0-30.0	 0.7-3.2	VS	 0.1-0.4	VS	 -	 -	

Cattle	farming	 15.0-35.0	 0.5-2.5	VS	 0.2-0.4	VS	 0.6-1.4	 -	

Pig	farming	 10.0-25.0	 0.8-4.1	VS	 0.1-0.5	VS	 0.8-2.1	 -	

Poultry	farming	 15.0-35.0	 0.6-3.6	VS	 0.2-0.5	VS	 0.7-1.8	 -	

Sewage	sludge	 20.0-30.0	 1.2-4.5	VS	 0.1-0.6VS	 0.8-1.5	 -	

Wastewater	treatment	

Organically	contaminated	wastewater	contains	mostly	dissolved	substances	that	are	measured	in	terms	of	
COD	(chemical	oxygen	demand)	and	BOD	(biochemical	oxygen	demand,	i.e.	oxygen	required	for	mineralizing	
the	organic	contents).	

The	main	purpose	of	wastewater	treatment	is	to	remove	or	mineralize	the	organic	substances,	i.e.	to	prepare	
them	for	release	into	a	receiving	body	of	water	or	the	agricultural	environment.	

Anaerobic	fermentation	serves	as	the	biological	purifying	process.	Purification	performance	rates	of	up	to	95%	
BOD	are	achievable.	The	choice	of	process	and	the	achievable	purification	performance	rates	are	determined	
by	the	type	and	composition	of	the	substrate/wastewater.	In	general,	dissolved	organic	substances	are	readily	
biodegradable.	Retention	times	ranging	from	a	few	hours	to	a	few	days	are	not	uncommon.	On	the	other	
hand,	some	organic	substances	are	hard	to	break	down	(paints,	aromates,	etc.),	while	others	are	toxic	and/o,r	
capable	of	causing	a	shortage	of	nutrients	and	adverse	medium	characteristics	(e.g.	pH-shifts).	A	number	of	
special-purpose	processes	have	been	developed	for	use	in	anaerobic	wastewater	treatment	in	order	to	
compensate	for	the	high	hydraulic	loads	and	lack	of	bacterial	colonization	areas:	



Contact	fermenter	

Digested	slurry	is	recycled	through	a	continuously	stirred	reactor	in	order	to	maintain	a	high	level	of	bacterial	
concentration	and,	hence	high	performance.	The	contact	process	is	a	suitable	approach	for	both	mobile	
substrates	and	substrates	with	a	high	concentration	of	solids.	

Upflow	fermenter An	upflow-type	fermenter	with	a	special	hydraulic	configuration	serves	simultaneously	as	a	
suspended-solids	filter	with	a	high	bacterial	density	and	correspondingly	high	biodegradation	performance.	

Fluidized-bed	fermenter A	vehicle	(balls	of	plastic	or	clay)	is	kept	"floating"	in	the	fermenter	to	serve	as	a	
colonizing	area	for	the	bacteria.	

Fixed-bed	fermenter A	vehicle	(plastic	pellets	or	lumps	of	clay,	rock	or	glass)	provides	a	large,	stationary	
colonization	area	within	the	fermenter.	Fixed-bed	fermenters	are	suitable	for	wastewater	containing	only	
dissolved	solids.	If	the	wastewater	also	contains	suspended	solids,	the	fermenter	is	liable	to	plug	up.	

Two-phase	fermentation The	acidic	and	methanogenic	phases	of	fermentation	are	conducted	separately,	
each	under	its	own	optimum	conditions,	in	order	to	maximize	the	fermentation	rates	and	achieve	good	gas	
quality.	

The	treatment	of	wastewater	marked	by	heavy	organic	pollution	must	always	be	looked	upon	as	an	individual	
problem	that	may	require	different	processes	from	one	case	to	the	next,	even	though	the	initial	products	are	
identical.	Consequently,	trials	must	always	be	conducted	for	the	entire	chain:	production	process	-	purification	
-	wastewater	utilization	-	and	energy	supply/	use.	

Thanks	to	their	uncomplicated,	robust	equipment,	the	contact	process	and	fixed-bed	fermentation	stand	the	
best	chance	of	success	in	developing	countries.	

Waste	materials/residues The	fact	that	practically	identical	production	processes	often	yield	residues	that	
hardly	resemble	one	another	also	applies	to	industrial	waste	materials.	Here,	too,	pretrials	and	individual,	
problem-specific	testing	are	called	for	in	any	case.	

The	potential	range	of	organic	waste	materials	is	practically	unlimited.	Of	particular	interest	for	the	purposes	
of	this	manual,	however,	are	waste	materials	from	factory	farms	and	slaughterhouses.	

Large-scale	stock	farming The	characteristics	of	dung	from	cattle,	pigs	and	chickens	were	described	in	chapter	
3.2.	In	factory	farming,	the	dung	yield	is	heavily	dependent	on	the	given	type	of	fodder	and	how	the	stables	
are	cleaned.	Thus,	pinpoint	inquiries	are	always	necessary.	

The	large	quantities	of	substrate,	often	exceeding	50	m³/d,	lead	to	qualitative	differences	in	the	planning	and	
implementation	of	large-scale	plants,	as	opposed	to	small-scale	plants.	This	has	consequences	with	regard	to	
substrate	handling	and	size	of	plant:	

	



-	Daily	substrate-input	volumes	of	more	than	1	m³	cannot	be	managed	by	hand.	Pumps	for	filing	the	plant	and	
machines	for	chopping	up	the	substrate	are	expensive	to	buy	and	run,	in	addition	to	being	susceptible	to	wear	
&	tear.	In	many	cases,	careful	planning	can	make	it	possible	to	use	gravity-flow	channels	for	filling	the	plant.	

-	Plants	of	a	size	exceeding	100	m³	usually	cannot	be	made	of	masonry,	i.e.	the	types	of	plant	discussed	in	
chapter	5	cannot	be	used.	

The	choice	of	plant	is	limited	to	either	the	mechanized	types	used	in	industrial	countries	or	simple,	large-scale	
plants.	Experience	shows	that	most	simple,	large-scale	plants	are -	of	modular	design, -	usually	equipped	
with	channel	digesters, -	and	require	the	use	of	substrate	from	which	the	scum-forming	material	has	been	
removed	in	order	to	get	by	with	either	low-power	mechanical	mixers	or	none	at	all.	

Since	large-scale	biogas	plants	produce	accordingly	large	volumes	of	biogas,	the	generation	of	electricity	with	
the	aid	of	a	motor-generator	set	is	of	main	interest.	

The	two	Ferkessedougou	biogas	plants	situated	in	the	northern	part	of	Cote	d'	Ivoire	stand	as	examples	of	a	
successful	large-scale	biogas-plant	concept	based	on	a	simple	design.	They	have	been	in	operation	at	the	local	
cattle-fattening	station	and	slaughterhouse	since	1982	and	1986,	respectively,	where	they	serve	in	the	
disposal	of	some	of	the	excrements	produced	by	an	average	number	of	2500	head	of	cattle.	The	plant	consists	
of	a	simple,	unlined	earth-pit	digester	with	a	plastic-sheet	cover	serving	as	gasholder.	The	gas	is	used	for	
generating	electricity,	heating	water	and	producing	steam. 	

	

7.1	Commissioning	of	biogas	plants	

The	commissioning	procedure	for	a	biogas	plant	includes: -	inspection	and	final	acceptance	of	all	
components -	initial	filling -	starting	the	plant -	user	familiarization.	Inspection	and	final	acceptance.	

Prior	to	filing	the	plant,	all	components	must	be	carefully	inspected	for	proper	function	and	suitability	for	
acceptance.	Of	particular	importance	at	the	time	of	final	acceptance	is	seal	testing	of	the	digester,	gasholder	
and	gas	pipes.	

It	must	be	kept	in	mind	that	the	seal	tests	described	below	are	very	laborious	without	pumps	(e.g.	hauling	of	
more	than	10	m³	water)	and	may	not	even	be	feasible	if	water	is	scarce,	in	which	case	such	testing	must	be	
dispensed	with.	The	time	and	effort	involved	must	be	weighed	against	the	risk	of	having	to	empty	the	plant	
after	completely	filling	it	with	slurry.	In	either	case,	it	is	very	advisable	to	use	a	motor	pump.	

Water-seal	testing Fill	the	entire	digester	with	water	and	check	the	fill	level	in	all	components.	

Once	all	components	have	become	saturated	with	water	(after	about	1	day),	refill	to	the	zero	line,	wait	one	
day,	and	then	remeasure.	If	the	water	loss	amounts	to	less	than	2%	of	the	digester	volume,	the	plant	may	be	
regarded	as	leaktight.	

Seal	testing	(water	and	gas)	of	a	fixed-dome	plant Fixed-dome	plants	are	regarded	as	leaktight	if	the	water-



seal	test	shows	less	than	2%	water	loss,	and	the	gas-seal	test	shows	less	than	5%	gas	loss.	

Gas-seal	testing	of	a	floating-drum	plant In	the	case	of	floating-drum	plant,	only	the	metal	gasholder	must	be	
subjected	to	gas	seal	testing;	any	leaks	are	detected	with	the	aid	of	soap	water. 	

	
	
Fig.	7.1:	Water-seal	testing	of	a	digester.	1	Fill	the	plant	with	water,	Check	the	fill	levels:	21	Inlet	no	water	in	
the	mixing	pit,	22	Digester	-	at	least	10	cm	neck	height	above	water	level.	3	Refill	to	compensate	for	moisture	
absorbed	by	the	masonry.	31	Mark	the	water	level.	4	Measure	the	drop	in	water	level	as	basis	for	calculating	
the	water	loss	(W1	=	p	r²	X	h).	5	Repeat	measurements	as	necessary.	(Source:	OEKOTOP)		
	

	
	
Fig.	7.2:	Seal	testing	(water	and	gas)	of	a	fixed-dome	plant.	1	Fill	the	plant	up	to	the	zero	line;	Check	the	fill	
levels:	21	Gas	extraction	points	at	least	10	cm	above	discharge	level,	22	Water	level	in	the	displacement	pit.	3	



Perform	water-seal	test	and	level-drop	check	(cf.	fig.	7.1).	4	Close	the	entry	hatch.	5	Fill	with	gas	up	to	
maximum	a1lowable	plant	pressure	a)	with	air	(pump),	b)	with	exhaust	gas	(vehicle	exhaust),	51	.	.	.	until	the	
displacement	pit	overflows,	or	52	.	.	.	until	gas	bubbles	out	of	the	inlet	pipe.	6	Refill	the	plant	to	compensate	
for	saturation	losses.	7	Measure	the	level	drop	(h)	after	one	day,	and	calculate	the	gas	losses.	(Source:	
OEKOTOP)	
	

	
	
Fig.	7.3:	Gas-seal	testing	of	a	metal	gasholder.	1	Place	the	gasholder	in	position	with	the	gas	valve	closed.	2	
Mark	the	top	edge	of	the	digester	neck	on	the	gasholder.	3	Check	the	location	of	the	mark	one	day	later.	4	If	
the	mark	is	found	to	have	dropped	by	1-3	cm,	use	soapy	water	to	check	for	leaks	in	the	gasholder.	(Source:	
OEKOTOP)	
	

	
	
Fig.	7.4:	Pressure	testing	a	gas	pipe.	1	Close	all	gas	valves	and	fill	the	water	trap.	Find	the	maximum	pipe	
pressure,	i.e.	how	high	the	pressure	in	the	pipe	can	go	until	the	water	trap	blows	off	(not	more	than	50	



cmWG).	2	Adjust	the	test	pressure	with	the	aid	of	a	manometer-equipped	test	pump	or	the	gasholder	(10%	
below	max.	pressure).	Check	the	pressure	loss	after	one	day.	3	Use	soapy	water	to	detect	leaks.	(Source:	
OEKOTOP)	
Pressure	testing	of	the	gas	pipe The	test	must	be	performed	while	all	gas	pipe	connections	are	still	accessible.	
Pressurize	the	gas	pipe	with	the	aid	of	a	test	pump	or	by	placing	weights	on	the	gasholder.	If	there	is	no	
noticeable	loss	of	gas	after	one	day,	the	pipe	may	be	regarded	as	gaslight.	
Initial	filling	of	the	plant	
The	initial	filling	for	a	new	biogas	plant	should,	if	possible,	consist	of	either	digested	slurry	from	another	plant	
or	cattle	dung.	It	is	advisable	to	start	collecting	cattle	dung	during	the	construction	phase	in	order	to	have	
enough	by	the	time	the	plant	is	finished.	When	the	plant	is	being	filled	for	the	first	time,	the	substrate	can	be	
diluted	with	more	water	than	usual.	
Starting	the	plant	
Depending	on	the	type	of	substrate	in	use,	the	plant	may	need	from	several	days	to	several	weeks	to	achieve	
a	stable	digesting	process.	Cattle	dung	can	usually	be	expected	to	yield	good	gas	production	within	one	or	two	
days.	The	breaking-in	period	is	characterized	by:	
-	low-quality	biogas	containing	more	than	60%	CO2 -	very	odorous	biogas -	sinking	pH	end -	erratic	gas	
production.	
The	digesting	process	will	stabilize	more	quickly	if	the	slurry	is	agitated	frequently	and	intensively.	Only	if	the	
process	shows	extreme	resistance	to	stabilization	should	lime	or	more	cattle	dung	be	added	in	order	to	
balance	with	pH.	No	additional	biomass	should	be	put	into	the	biogas	plant	during	the	remainder	of	the	
starting	phase.	Once	the	process	has	stabilized,	the	large	volume	of	unfermented	biomass	will	give	rise	to	a	
high	rate	of	gas	production.	Regular	loading	can	commence	after	gas	production	has	dropped	off	to	the	
intended	level.	
As	soon	as	the	biogas	becomes	reliably	combustible,	it	can	be	used	for	the	intended	purposes.	Less-than-
optimum	performance	of	the	appliances	due	to	inferior	gas	quality	should	be	regarded	as	acceptable	at	first.	
However,	the	first	two	gasholder	fillings	should	be	vented	unused	for	reasons	of	safety,	since	residual	oxygen	
poses	an	explosion	hazard.	
	
User	familiarization	
The	plant	owner	should	be	familiarized	with	the	details	of	plant	operation	and	maintenance	at	the	time	of	
commissioning.	It	is	important	that	he	be	not	only	familiarized	with	the	theory	of	function	but	given	ample	
opportunity	to	practice	using	all	parts	of	the	plant.	The	user-familiarization	procedure	should	be	built	up	
around	an	operational/maintenance	checklist	(cf.	table	7.2).	
	
	
7.2	Plant	operation	

	

The	operation	of	a	simple	biogas	plant	is	relatively	uncomplicated.	The	user	must	be	given	all	the	information	
and	practical	assistance	he	needs	before	and	during	the	early	phases	of	plant	operation.	

Collecting	substrate	

The	collection	of	substrate	is	a	simple	matter	when	combined	with	work	that	has	to	be	done	anyway,	e.g.	



cleaning	the	stables.	It	can	be	made	even	easier	by	arranging	for	the	manure	to	flow	directly	into	the	mixing	
pit.	Experience	shows	that	it	is	not	a	good	idea	to	gather	dung	from	fields,	roads,	etc.	or	to	go	to	the	trouble	of	
elaborately	chopping	up	or	otherwise	preprocessing	plant	material	for	use	as	substrate.	The	work	involved	is	
usually	underestimated,	while	the	motivation	is	overestimated.	

Filling	the	plant	

Filling	means:	mixing	the	substrate	with	water,	removing	bouyant	materials,	allowing	the	fill	material	to	warm	
up,	flushing	it	into	the	digester,	and	removing	sand	and	stones.	The	simple	mixing	pit	shown	in	figure	5.16	can	
handle	a	daily	fill	quantity	of	up	to	500	1.	

Digested-slurry	storage/utilization	

The	further	processing	of	digested	slurry	is	a	critical	point	in	that	it	can	be	quite	toilsome	(cf.	chapter	3.4).	

In	designing	the	plant,	care	must	be	taken	to	ensure	that	the	slurry	store	will	be	large	enough.	Fixed-dome	
plants	in	particular	should	be	equipped	with	an	overflow,	so	that	the	digested	slurry	does	not	have	to	be	
hauled	away	every	day.  Table	7.2:	Checklist	for	the	daily	operation	and	regular	maintenance	of	biogas	
plants	(Source:	OEKOTOP)	

Daily	activities: -	fill	the	plant -	clean	the	mixing	pit -	agitate	the	digester	contents -	check	the	gas	pressure -	
check	the	gasholder	contents -	check	the	appearance	and	odor	of	the	digested	slurry	

Weekly/monthly	activities: -	remove/use	the	digested	slurry -	clean	and	inspect	the	gas	appliances -	check	
the	gas	valves,	fittings	and	appliances	for	leaks -	inspect	the	water	trap	

Annual	activities: -	inspect	the	digester	for	scum	formation	and	remove	as	necessary	by	opening	the	plant -	
inspect	the	plant	for	water	tightness	and	gas	tightness -	pressure-test	the	gas	valves,	fittings	and	pipes -	
check	the	gasholder	for	rust	and	repaint	as	necessary	

Monitoring	the	process	

If	the	plant	is	properly	started	before	being	handed	over	to	the	user,	it	may	be	assumed	to	be	in	proper	
working	order.	The	user	will	have	become	familiar	with	what	optimum	plant	operation	involves.	This	is	very	
important,	because	from	then	on	he	himself	will	have	to	watch	for	any	appreciable	changes	in	how	the	plant	
functions;	the	main	indication	of	a	beginning	malfunction	is	a	change	in	the	daily	gas	output.	

	

7.3	Plant	maintenance	

	

The	maintenance	scope	for	a	biogas	plant	includes	all	work	and	inspections	needed	to	ensure	smooth	



functioning	and	long	service	life.	To	the	extent	possible,	all	maintenance	work	should	be	done	by	the	user.	

Biogas	plants	can	develop	a	number	of	operational	malfunctions.	The	most	frequent	problem,	"insufficient	gas	
production",	has	various	causes.	Often	enough,	it	takes	the	work	of	a	"detective"	to	locate	and	remedy	the	
trouble.	It	may	be	necessary	to	experiment	with	and	monitor	the	plant	for	months	on	end	in	cooperation	with	
the	user.	

	

7.4	Plant	repair	

Repair	measures	for	biogas	plants	(cf.	table	7.5)	are	necessary	in	case	of	acute	malfunctions	and	as	indicated	
by	routine	monitoring.	Repair	measures	exceeding	simple	maintenance	work	usually	require	outside	
assistance,	since	the	user	himself	may	not	have	the	necessary	tools	or	know-how.	

It	is	advisable	to	have	the	annual	maintenance	work	mentioned	in	chapter	7.3	performed	by	external	artisans	
With	prior	experience	in	biogas	technology.	Such	maintenance	and	repair	work	should	be	ordered	on	a	
contract	basis.	Past	project	experience	shows	that	professional	biogas	repair	and	maintenance	services	can	be	
very	important	for	ensuring	long-term	plant	performance.	Such	services	should	include	general	advice,	
functional	testing,	troubleshooting,	spare-parts	delivery	and	the	performance	of	repair	work.  Table	7.3:	
Checklist	for	troubleshooting	in	case	of	insufficient	gas	production	(Source:	OEKOTOP)	

Quantity	and	quality	of	substrate -	low/less	daily	input -	excessive	dilution	with	water Ascertain	by	control	
measurements	

Gas	system	leaks -	gasholder -	gas	pipe -	valves	and	fittings Ascertain	by	checking	all	components	and	
connections	for	leaks	with	the	aid	of	soapy	water	

Disturbance	of	the	biological	process Indications: -	heavy	odor -	change	of	color	of	digested	material -	drop	
in	pH	

Possible	remedial	measures: -	inspect	the	quality	of	the	substrate -	stop	biomass	until	the	process	returns	to	
normal -	stabilize	the	pH,	e.g.	with	lime -	add	cattle	dung	or	healthy	slurry -	investigate	the	user's	filling	
methods	to	determine	if	pollutants	or	noxious	substances	(detergents,	pesticides,	etc.)	are	getting	into	the	
plant  Table	7.4:	Simple-plant	malfunctions	and	remedial	measures	(Source:	OEKOTOP)	

	

Problem	 Possible	cause	 Countermeasures	

Plugged-up	inlet	pipe	 fibrous	substrate	 use	rod	to	unplug	the	pipe	

Stuck	gasholder	 floating	scum	 1.	turn	the	gasholder	



	 	 2.	take	off	the	gasholder	

	 	 and	remove	the	scum	

Tilted	gasholder	 broken	guideframe	 Repair	

Low	gas	production,	poor	
gas	quality	

cf.	table	7.3	 cf.	table	7.3	

Receding	slurry	level	 leak	in	plant	 Repair	

Inadequate	gas	storage	in	
fixed-dome	

leak	in	gasholder	 Repair	

plants	 	 	

Stuck	gas	cocks	 corrosion	 apply	oil,	,operate	repeatedly	

Leaky	gas	pipe	 corrosion,	inferior	workman-	 Repair	

	 ship	 	

Sudden	loss	of	gas	 -	broken	gas	line	 Repair	

	 -	blown-off	water	trap	 refill	with	water	

	 -	open	gas	cock	 Close	

Pulsating	gas	pressure	 water	in	the	gas	pipe	 pump	out	the	pipe,	relocate	that	

	 	 section	of	pipe	

	 plugged-up	gas	pipe	 push	rod	through	pipe	

Malfunctioning	gas	
appliances	

cf.	chapter	5.5.3	 cf.	chapter	5.5.3	

Structural	damage	 cf.	table	7.1	 cf.	table	7.1	

	
	
	
8.3	Micro-economic	analysis	for	the	user	



	

The	following	observations	regarding	micro-economic	analysis	(static	and	dynamic)	extensively	follow	the	
methods	and	calculating	procedures	described	in	the	pertinent	publication	by	H.	Finck	and	G.	Oelert,	a	much-
used	reference	work	at	Deutsche	Gesellschaft	fur	Technische	Zusammenarbeit	(GTZ)	GmbH	that	should	be	
consulted	for	details	of	interest.  Table	8.2:	Investment-cost	comparison	for	various	biogas	plants	(Source:	
OEKOTOP)	

	

Cost	factor	 Water-jacket.	Plant	 Fixed-dome	plant	 Plastic-sheet	plant	

Cost	per	m³	digester	(DM)	 200-400	 150	-	300	 80-120	

including:Gasholder	 23	%	 (part	of	digester)	 8%	

Digester/slurry	store	 35%	 50%	 42%	

Gas	appliances/piping	 22%	 24%	 36%	

Stable	modification	 8%	 12%	 -	

General	engineering	 12%	 14%	 14%	

Surrey	of	the	monetary	costs	and	benefits	of	a	biogas	plant	

Figure	8.2	shows	a	breakdown	of	the	basic	investment-cost	factors	for	a	-	presumedly	-	standardized	fixed-
dome	plant.	The	cost	of	material	for	building	the	digester,	gasholder	and	displacement	pit	(cement,	bricks,	
blocks)	can,	as	usual,	be	expected	to	constitute	the	biggest	cost	item.	At	the	same	time,	the	breakdown	shows	
that	the	cost	of	building	the	plant	alone,	i.e.	without	including	the	peripherals	(animal	housing,	gas	appliances,	
piping)	does	not	give	a	clear	picture.	

For	a	family-size	plant,	the	user	can	expect	to	pay	between	80	and	400	DM	per	m³	digester	volume	(cf.	table	
8.2).	This	table	shows	the	total-cost	shares	of	various	plant	components	for	different	types	of	plant.	While	the	
average	plant	has	a	service	life	of	10-15	years,	other	costs	may	arise	on	a	recurrent	basis,	e.g.	painting	the	
drum	of	a	floating-drum	plant	and	replacing	it	after	4	-	5	years.	Otherwise,	the	operating	costs	consist	mainly	
of	maintenance	and	repair	work	needed	for	the	gas	piping	and	gas	appliances.	At	least	3%	of	the	initial	
investment	costs	should	be	assumed	for	maintenance	and	repair.	

The	main	benefits	of	a	biogas	plant	are:	

-	savings	attributable	to	less	(or	no)	consumption	of	conventional	energy	sources	for	cooking,	lighting	or	
cooling	



-	the	excess	energy	potential,	which	could	be	commercially	exploited	

-	substitution	of	digested	slurry	in	place	of	chemical	fertilizers	and/or	financially	noticeable	increases	in	crop	
yields	

-	savings	on	time	that	can	be	used	for	wage	work,	for	example.	

Usually,	a	biogas	plant	will	only	be	profitable	in	terms	of	money	if	it	yields	considerable	savings	on	
conventional	sources	of	energy	like	firewood,	kerosene	or	bottled	gas	(further	assuming	that	they	are	not	
subsidized).	

Financially	effective	crop-yield	increases	thanks	to	fertilizing	with	digested	slurry	are	hard	to	quantify,	i.e.	their	
accurate	registration	requires	intensive	observation	of	the	plant's	operating	parameters.	

Such	limitations	make	it	clear	that	many	biogas	plants	are	hardly	profitable	in	monetary	terms,	because	the	
relatively	high	cost	of	investment	is	not	offset	by	adequate	financial	returns.	Nonetheless,	if	the	user	
considers	all	of	the	other	(non-monetary)	benefits,	too,	he	may	well	find	that	operating	a	biogas	plant	can	be	
worth	his	while.	The	financial	evaluation	(micro-economic	analysis),	the	essential	elements	of	which	are	
discussed	in	the	following	chapter,	therefore	counts	only	as	one	of	several	decision-making	instruments	to	be	
presented	to	the	potential	user.	

The	main	advisory	objective	is	to	assess	the	user's	risk	by	calculating	the	payback	period	("How	long	will	it	take	
him	to	get	back	the	money	he	invested?")	and	comparing	it	with	the	technical	service	life	of	the	plant.	Also,	
the	user	must	be	given	some	idea	of	how	much	interest	his	capital	investment	will	carry	(profitability	
calculation).	

The	micro-economic	analytical	methods	described	in	the	following	subsections	require	the	highest	achievable	
accuracy	with	regard	to	the	identification	of	costs	and	benefits	for	the	biogas	plant	under	consideration.	
Chapter	10.4	in	the	appendix	includes	an	appropriate	formsheet	for	data	collection.	With	a	view	to	better	
illustrating	the	described	analytical	methods,	the	formsheet	(table	10.10)	includes	fictive,	though	quite	
realistic,	data	concerning	a	familysize	biogas	plant.	Those	data	are	consistently	referred	to	and	included	in	the	
mathematical	models	for	each	of	the	various	sample	analyses.	

Calculation	of	the	static	payback	period	according	to	the	cumulative	method	(data	taken	from	the	
appendicized	formsheet,	table	10.10).	

Input	parameters: -	investment	costs -	annual	revenues -	less	the	yearly	operating	costs -	less	the	external	
capital	costs =	annual	returns	

The	cumulative	method	allows	consideration	of	different	annual	returns.	

Calculatory	procedure:	The	investment	expenditures	and	annual	returns	are	added	together	until	the	line-3	
total	in	table	8.3	either	reaches	zero	(end	of	payback	period)	or	becomes	positive.	

Evaluation:	As	far	as	risk	minimization	is	concerned,	a	short	payback	period	is	very	valuable	from	the	



standpoint	of	the	plant's	user	("short"	meaning	significantly	less	than	10	years,	the	data	listed	in	table	8.3	pegs	
it	at	5.5	years).	Should	the	analysis	show	a	payback	period	of	10	years	or	more,	thus	possibly	even	exceeding	
the	technical	service	life	of	the	plant,	building	the	plant	could	not	be	recommended	unless	other	important	
factors	are	found	to	outweigh	that	disadvantage.	 	

	
	
Table	8.3:	Schedule	of	data	for	calculating	the	plant	payback	period	(with	case	example;	data	taken	from	the	
appendicized	formsheet,	table	10.l0)	(Source:	OEKOTOP)	
Static	calculation	of	profitability	(data	taken	from	table	10.10	in	the	Appendix)	
Input	parameters: -	average	capital	invested	per	time	interval,	KA	
	

	
	
-	net	profit,	NP	=	annual	return -	less	the	external	capital	servicing	costs -	less	the	depreciation	

Calculatory	procedure:	The	profitability,	or	return	on	investment,	ROI,	is	calculated	according	to	the	following	
formula	

	

	
	
The	linear	annual	depreciation	amounts	to:	

	

	
	



The	technical	service	life	of	a	biogas	plant	generally	amounts	to	10-15	years.	It	is	advisable	to	calculate	twice,	
one	for	a	pessimistic	assumption	(10-year	service	life)	and	once	for	an	optimistic	assumption	(15-year	service	
life).	Similarly,	the	net	profit	should	also	be	varied	under	pessimistic	and	optimistic	assumptions.	

Evaluation:	The	user	can	at	least	expect	the	biogas	plant	to	yield	a	positive	return	on	his	invested	capital.	The	
actual	interest	should	be	in	the	range	of	locally	achievable	savings-account	interest.	Also,	the	results	of	
profitability	calculation	can	be	used	to	compare	the	financial	quality	of	two	investment	alternatives,	but	only	if	
their	respective	service	lives	and	investment	volumes	are	sufficiently	comparable.	

Calculating	the	profitability	using	the	appendicized	data	

Initial	investment,	Io	=	1100 Average	capital	invested,	KA	=Io	/	2	=	550 Annual	returns	=	200 Loan	servicing	
costs	=	none	(internal	financing) Depreciation	for	10	year	service	life	=	110(case	1) Depreciation	for	15	year	
service	life	=	73.3	(case	2) Net	profit,	NP1,	for	case	1	=	90 Net	profit,	NP2,	for	case	2	=	126.7 Return	on	
investment	in	case	1	=	NP1	/KA	=	16% Return	on	investment	in	case	2	=	NP2	/KA	=	23%	

Thus,	this	sample	calculation	can	be	expected	to	show	positive	results	regarding	the	achievable	return	on	
invested	capital.	

	

8.4	Use	of	complex	dynamic	methods	

	

Dynamic	methods	of	micro-economic	analysis	are	applied	to	biogas	plants	primarily	by:	

-	extension	officers,	for	the	purpose	of	checking,	by	a	dynamic	technique,	their	own	results	of	static	monetary	
analysis	(cf.	chapter	8.3),	as	already	explained	to	the	small	farmers	and	other	users	of	biogas	plants	

-	banks,	as	a	decision-making	criteria	in	connection	with	the	granting	of	loans	

-	operators	of	large-scale	biogas	plants,	for	whom	the	financial	side	of	the	investment	is	an	important	factor	in	
the	decision-making	process. 	



	
	
Table	8.4:	Schedule	of	data	for	net-present-value	calculation	(with	case	example,	data	taken	from	the	
appendicized	formsheet,	table	10.10;	Source:	OEKOTOP)	
The	importance	of	the	dynamic	methods	lies	in	the	fact	that	the	results	obtained	using	the	simpler	static	
methods	of	calculation	described	in	chapter	8.3	can	become	problematic,	if	the	point	in	time	at	which	
payments	become	due	is	of	increasing	importance.	Any	investor	naturally	will	set	a	lower	valuation	to	
revenues	that	are	due	a	decade	from	now	than	to	those	which	are	coming	in	at	present.	Consequently,	he	
would	want	to	compound	past	payments	and	discount	future	payments	to	obtain	their	respective	present	
values.	
Net-present-value	method	
The	most	commonly	employed	method	of	dynamic	micro-economic	analysis	is	the	net-present-value	method	
used	by	many	extension	officers.	It	enables	evaluation	of	both	the	absolute	and	relative	advantages	of	a	
biogas-plant	investment	(as	compared	to	other	investment	alternatives)	on	the	basis	of	the	anticipated	
minimum	interest	rate	above	and	beyond	the	net	present	value	of	the	investment.	Simultaneously,	the	
netpresent-value	method	also	serves	as	a	basis	for	calculating	the	dynamic	payback	period	and	for	
calculations	based	on	the	annuities	method.	(For	details	on	the	net-present-value	and	other	dynamic	methods	
of	calculation,	please	refer	to	the	aforementioned	publication	by	Finck/Oelert.)	
The	inflation	problem:	Either	the	entire	calculation	is	based	on	nominal	incomes	and	expenditures,	and	
market	interest	rates	(=	calculatory	interest)	are	assumed,	or	the	income	and	expenditures	are	presumed	to	
remain	constant,	and	the	calculation	is	based	on	the	real	interest	rate.	The	latter	is	calculated	according	to	the	
following	formulae	(p	=	market	rate	of	interest	and	a	=	rate	of	inflation):	
	

	
	
Example:	market	rate	of	interest	=	48%;	rate	of	inflation	=	34%	



i	=	[(100	+	48)/(100	+34)]*	100-100=10.4%	

Discounting	factors:	The	compounding	and	discounting	factors	for	the	net-present-value	method	are	shown	in	
table	10.11	(Appendix)	for	interest	rates	of	1-30%	and	service	lives	of	1-15	years.	 Calculatory	procedure:	The	
following	information	is	drawn	from	the	appendicized	data	survey:	calculatory	rate	of	interest,	i	(item	1.3);	
investment	costs,	I	(item	2)	and	the	returns	(item	8).	Much	like	the	static	mathematical	models	discussed	in	
chapter	8.3,	the	calculatory	procedures	are	again	made	more	readily	understandable	by	inserting	the	
appropriate	data	from	the	formsheet	(table	10.10,	Appendix).	In	a	real	case,	those	data	naturally	would	have	
to	be	replaced	by	the	actual	on-site	data.	

Results:	The	biogas	plant	can	be	regarded	as	profitable,	if	its	net	present	value	is	found	to	be	equal	to	or	
greater	than	zero	for	the	minimum	acceptable	interest	rate,	e.g.	i=	10%.	The	net	present	value	is	arrived	at	by	
cumulating	the	cash-flow	value.	Among	several	alternative	investments,	the	one	with	the	highest	net	present	
value	should	be	chosen.	

Sample	calculation:	For	a	plant	service	life	of	10	years	(conservative	estimate),	the	cash	flow	values	reflecting	
the	annual	returns	times	the	discounting	factor	need	to	be	determined	and	cumulated	(cf.	table	8.4).	In	this	
example,	the	net	present	value,	at	129,	would	be	positive,	i.e.	the	potential	investment	would	be	worthwhile.	
The	effects	of	discounting	future	income	to	its	present	value	are	substantial.	For	example,	the	return	listed	as	
200	in	item	10	would	have	a	cash-flow	value	of	77	for	a	calculatory	interest	rate	of	10°,to.	

	

9.1	Determining	factors	of	acceptance	for	biogas	plants	

On	the	whole,	the	question	of	acceptance	covers	all	aspects	of	biogas	technology	discussed	in	this	book	
(agriculture,	engineering/	construction,	operation	and	maintenance,	economic	viability).	In	order	to	avoid	
redundancy,	this	chapter	is	therefore	limited	to	a	discussion	of	general	aspects	that	have	not	yet	been	
accounted	for.	

Biogas	extension	efforts	should	include	special	consideration	of	the	role	played	by	women,	since	it	is	they	and	
their	children	who	perform	much	of	the	important	work	needed	to	keep	a	biogas	plant	running.	This	includes	
tending	cattle,	collecting	substrate,	fetching	water,	operating	gas	appliances,	cooking,	spreading	digested	
slurry,	etc.	In	many	cultures,	however,	they	are	by	tradition	hardly	directly	involved	in	the	process	of	decision	
making,	e.g.	the	decision	"biogas	plant:	yes/no	and	how".	Nor	are	they	often	allowed	for	in	connection	with	
external	project	planning.	In	other	regions,	though,	e.g.	many	parts	of	West	Africa,	women	are	economically	
independent	of	their	husbands,	i.e.	they	have	their	own	fields,	animals	and	farm-produce	marketing	channels.	

Extension	officers	charged	with	planning	and	building	biogas	plants	often	have	little	or	no	awareness	of	the	
specific	local	and	regional	social	conventions.	Thus,	the	promotion	of	participation,	the	articulation	of	user	
interests,	and	the	involvement	of	local	extension	workers	are	all	very	important	for	doing	them	at	least	some	
degree	of	justice.	

In	general,	a	general	willingness	to	accept	the	construction	and	operation	of	biogas	plants	can	be	expected	
and/or	can	be	increased	by:	



Planning/project	organization -	involving	the	users,	especially	the	women,	in	all	decisions	concerning	"their"	
biogas	plant -	coordinating	all	essential	program	measures	with	target	group	representatives -	keeping	the	
user/target	group	informed -	establishing	trustworthy,	reliable	implementing	agency;	

Sociocultural -	existing	willingness	to	handle	feces	and	gas -	identicality	of	users	(beneficiaries)	and	operators	
of	the	respective	biogas	plants -	positive	image	of	biogas	technology,	or	image	polishing	through	biogas	
plants;	

	

Engineering/construction -	well-functioning,	durable	and	good-looking	plants	from	the	very	start -	availability	
of	well-functioning,	inexpensive,	modern	gas	appliances	(burners,	lamps,	refrigerators,	etc.) -	user	
friendliness	of	plants	and	appliances -	guaranteed	supply	of	materials	and	spare	parts	and	assured	repair	and	
maintenance;	

Agriculture -	stabling	practice	or	tendency	toward	such	practice -	effective	time	savings,	e.g.	by	direct	
connection	of	the	biogas	plant	to	the	barn -	willingness	to	use	digested	slurry	as	fertilizer,	knowledge	of	
storage	and	spreading	techniques,	and	appreciation	of	the	positive	effects	of	fertilizing -	availability	of	
suitable,	inexpensive	slurry	spreading	implements;	

Economy -	reasonable	expense	in	terms	of	money	and	work	involved	(as	viewed	from	the	user's	
standpoint) -	real	and,	for	the	user,	obviously	positive	cost-bereft	ratio	(not	necessarily	just	in	terms	of	
money) -	favorable	financing(loans,subsidies),	

Household	advantages -	improved	working	conditions	in	the	kitchen	(less	smoke	and	flies,	better	appearance,	
modernization) -	introduction	or	improvement	of	artificial	lighting -	effective	workload	reduction -	
complete,	reliable	supply	of	energy	through	biogas.	

	

	

	

	

	

	

	

	



	

10.1	Design	calculations	and	drawings	

	

10.1.1	Floating-drumplants	 10.1.2	Fixed-domeplants	 10.1.3	Earth	pit	with	plastic-sheet	gasholder	 10.1.4	
Estimating	the	earth-pressure	and	hydraulic	forces	  10.1.1	Floating-drum	plants	

Design	calculation	

	

Sizing	factors	 Example	

Daily	substrate	input,	Sd	 =	115	l/d	

Retention	time,	RT	 =	70	days	

Daily	gas	production,	G	 =	2.5	m³/d	

Storage	capacity,Cs	 =	60%	

Digester	volume,	Vd	 =	8	m³	

Gasholder	volume,	Vg	 =	1.5	m³	

Calculating	formulae	after	Sasse,	1984 1.	Vg	=	Cs	·	G 2.	ha	=	design-dependent 3.	Vg=	r	·	p	·	h 4.	rg	=	

	
	
	
5.	rd	=	r	+	0.03	
6.	Vd1	=	p	·	d2	·	p	·	h	
7.	Vd2	=	R3	·	p	·	2/3	
8.	R	=	

	
	
	
9.	Vd3	=	R2	·	p	·	H/3	
10.	H	=	R/5	
11.	Vd3	=	R3	·	p	·	1/15	



12.	Vd2	:	Vd3	=	10	:	1	
13.	Vd(2+3)	=	1.1	Vd2	
14.	Vd(2+3)	=	Vd	-	Vd1	
15.	hd	=	hg	
16.	hdk	=	hd	+	structurally	dependent	free	board	(0.1	.	.	.	0.2	m)	
	

	
	
Fig.	10.1:	Conceptual	drawing	of	a	floating-drum	biogas	plant	
Vd	=	Vdl	+Vd2	+Vd3 =	digester	volume Vg	=	gasholder	volume Index	g	=	gas	holder Index	d	=	digester	
	
Sample	calculation	 Results	

1.	Vg	=	0.6	·	2.5	 =	1.5	m³	

hg	=	(specified)	 =	0.7	m	

4.	r	=	

	
	
	

=	0.82	m	

5.	r	=	0.85	(chosen)	 	

6.	Vdl	=	0.852	·3.14	·	0.7	 =	1.58	m³	

14.	Vd	(2+3)	=	8.45	-	1.58	 =	6.87	m³	

8+	14.	R	=	 =	1.45	m	



	
	
	
	

	
	
Fig.	10.2:	Constructional	drawing	of	a	floating-drum	plant.	Vd	=	6.4	m³,	Vg	=	1.8	m³.	Material	requirements:	
Excavation	16.0	m³,	Foundation	1.6	m³,	Masonry	1.1	m³,	Rendered	area	18.0	m²,	Sheet	steel	5.7	m².	(Source:	
OEKOTOP,	Sasse)		
	



	
	
	
	
	
	
	
	
	
	
	
10.1.4	Estimating	the	earth-pressure	and	hydraulic	forces	
	



	
	
Fig.	10.8:	Schematic	diagram	of	earth-pressure	and	water-pressure	forces	
In-depth	forces,	h	(e,	w)	
pW	=	wW	·	hw pW	=	hydrostatic	pressure	at	depth	hw	(m)	wW	=	specific	weight	of	water =	1000	kp/m³	pW	
=	1000	·	h	(kp/m²) pE	=	wE	·	ce	·	he pE	=	active	earth	pressure,	i.e.	force	of	pressure	of	dry,	previously	loose	
but	now	compact	column	of	earth	on	a	solid	vertical	wall wE	=	specific	weight	of	dry	backfill	earth =	1800	.	.	.	
2	100	kp/m³ he	=	height	of	earth	column	(m) ce	=	coefficient	of	earth	pressure	for	the	earth	column	in	
question =	0.3	.	.	.	0.4	(-) pE	=	(600	.	.	.	700)	·	h	(kp/m²	)	
Force	acting	on	a	surface	
P(E,	W)	=	p	·	A	(kp	=	(kp/m²)	·	m²)	
Note:	The	above	formulae	are	simplified	and	intended	only	for	purposes	of	rough	estimation.	
	
	
	
10.2	Gas-law	calculations	

10.2.1	Calculating	the	pressure	drop	in	a	gas	pipe	 10.2.2	Calculating	gas	parameters	  10.2.1	Calculating	the	
pressure	drop	in	a	gas	pipe	

dp	=	FL	+	Ztot dp	=	pressure	drop	(N/m²) FL	=	friction	losses	in	the	gas	pipe	(N/m²) Ztot	=	sum	total	of	
friction	losses	from	valves,	fittings,	etc.	(N/m²) dp	=	cp	l/D	·	D/2	v2 +	(cfl	D/2	·	v2	+	.	.	.	+	cfn	·	D/2	·	
v2) (approximation	formula) cp	=	coefficient	of	pipe	friction	(-) l	=	length	of	pipe	section	(m) D	=	pipe	
diameter(m) g	=	density	of	biogas	(1.2	kg/m³) v	=	velocity	of	gas	in	the	pipe	(m/s) cf	=	friction	coefficients	of	
valve,	fittings,	etc. Q	=	v	·	A Q	=	gas	flow	(m³/s) v	=	velocity	of	gas	in	the	pipe	(m/s) A	=	p	r2	=	cross-sectional	
area	of	pipe	

The	coefficient	of	pipe	friction	(cp	=	non.	dimensional)	is	a	function	of: -	the	pipe	material	and	internal	surface	
roughness -	pipe	diameter -	flow	parameter	(Reynolds	number)	

For	pipe	diameters	in	the	1/2"	.	.	.	1"	range,	the	coefficients	of	friction	read: PVC	tubes	approx.	0.03 steel	
pipes	approx.	0.04	

Some	individual	friction-loss	factors	(cf;	nondimensional)	



	

elbow	 0.5	 valve	3.0	

constriction	 0.02-0.1	 water	trap	3	-	5	

branch	 0.8-2.0	 	

 10.2.2	Calculating	gas	parameters	

Temperature-dependent	change	of	volume	and	density	

D	=	DN	·	P	·	TN	/	(PN	·	T) V	=	VN	·	PN	·	T	/	(P	·	TN)	

where: D	=	density	of	biogas	(g/l) DN	=	density	under	s.t.p.	conditions	(0	°C,	1013	mbar) V	=	volume	of	
biogas	(m³) VN	=	volume	of	biogas	under	s.t.p.	conditions P	=	absolute	pressure	of	biogas	(mbar) PN	=	
pressure	under	s.t.p.	conditions	(1013	mbar) T	=	absolute	temperature	of	biogas	(measured	in	ºKelvin	=	ºC	+	
273) TN=	temperature	under	s.t.p.	conditions	(0	0ºC	=	273	°K)  Table	10.2:	Atmospheric	pressure	as	a	
function	of	elevation	(Source:	Recknagel/Sprenger,	1982)	
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Fig.	10.9:	Nomogram	for	correcting	gas	pressures/temperatures	(Source:	OEKOTOP)	
Determining	the	calorific	value 	



	
	
	
	
	
Fig.	10.10:	Nomogram	for	finding	the	net	calorific	value	of	biogas	as	a	function	of	temperature,	pressure	and	
moisture	content.	T	gas	temperature	(°C),	F	relative	dampness	of	biogas	(%),	Hu,	N	net	calorific	value	(n.c.v.)	
of	biogas	under	s.t.p.	conditions	(0	°C,	1013	mbar),	Hu,	T	net	calorific	value	(n.c.v.)	at	gas	temperature,	P	gas	



pressure	(mbar),	Hu,	T,	P	net	calorific	value	(n.c.v.)	at	gas	temperature	and	pressure,	PW	partial	pressure	of	
water	vapor,	Hu,	T,	PF	net	calorific	value	(n.c.v.)	of	biogas	at	gas	temperature,	corrected	to	reflect	the	water-
vapor	fraction	(Source:	OEKOTOP)	
Using	the	nomogram	
1.	Quadrant	I:	Determine	the	net	calorific	value	under	standard	conditions	as	a	function	of	the	CH4-fraction	of	
the	biogas	
2.	Quadrant	II:	Determine	the	net	calorific	value	for	a	given	gas	temperature	
3.	Quadrant	III:	Determine	the	net	calorific	value	as	a	function	of	absolute	gas	pressure	(P)	
4.	Quadrant	IV:	Interim	calculation	for	determining	the	partial	water-vapor	pressure	as	a	function	of	gas	
temperature	and	relative	dampness.	This	yields	the	gas	pressure	(PF)	=	absolute	pressure	(P)	-	partial	pressure	
of	water	vapor	(PW);	PF	=	P	-	PW.	The	expanded	calorific	value	determination	with	account	for	the	moisture	
content	occurs	via	quadrant	III.	
Sample	calculation	
	
Given:	 	

Biogas	 55	vol.	%	CH4	

Gas	temperature	 T	=	40	°C	

Gas	dampness	 F	=	100%	

Gas	pressure	 P	=	1030	mbar	

	

Results:	 	 	

Hu,	N	 =	f	(CH4-vol.	70)	 Quadrant	I	

	 =	5.5	kWh/m³	 	

Hu,T	 =	f(T)	 QuadrantII	

	 =	4.8	kWh/m³	 	

Hu,T,P	 =	f(T,	P)	 Quadrant	III	

	 =	4.6	kWh/m³	 	

PF	 =	f(P,	T)	 Quadrant	IV	



-	f(PW)	 Quadrant	III	 	

	 Hu,	T,	PF	=	4.3	kWh/m³	 	

 Table	10.3:	Partial	pressure	of	water	vapor,	PW,	and	absolute	humidity,	GM,	at	the	saturation	point	
(Source:	Recknagel	/	Sprenger,	1982)	

	

T	(°C)	 PW	(mbar)	 GM	(g/m³)	

.0	 6.1	 4.9	

10	 12.3	 9.4	

20	 23.4	 17.3	

30	 42.4	 30.4	

40	 73.7	 51.2	

50	 123.3	 83.0	

60	 199.2	 130.2	

70	 311.6	 198.2	

80	 473.6	 293.3	

90	 701.1	 423.5	

100	 1013.3	 597.7	

	

10.3	Conversion	tables	

  Table	10.4:	SI	units	of	calculation	(selection)	(Source:	OEKOTOP,	compiled	from	various	sources)	

	

	



Quantity	 Symbol	 Unit	 Conversion	

Length	 1	 M	 1	m	=	10	dm	=	100	cm	=	1000	mm	

Area	 A	 m³	 1	m³	=	100	dm³	=	10000	cm³	

Volume	 V	 m³	 1	m³	=	1000	dm³	=	1	mill.	cm³	

Mass	 M	 t;	kg	 1	t	=	1000	kg	

Density	 D	 t/m³	 1	t/m³	=	1	kg/dm³	

Force,	load	 F	 kN	 1	kN=	1000	N	~100	kp	

Stress	 d	 MN/m
²	

1	MN/m²	=	1	N/mm²	~10	kp/cm²	

Pressure	 p	 MN/m
²	

1	MN/m²	=	1	MPa	~10	kp/cm²	

Energy	 E	 kWh	 1	kWh	=	3.6	·	106	Ws	~3.6	·	105	kpm	

Work	 W	 kNm	 1	J	=	1	Ws	=	1	Nm	1	kNm	~	100	kpm	

Quantity	of	heat	 Q	 kWh	 1	kWh	=	3.6	X	106	Ws;	1	kcal	=	4187	Ws	

Power	 P	 kW	 1	kW	~100	kpm/s	=	1.36	PS	

Temperature	 t	 °C,	K	 0ºK	=	-273	°C;	0ºC	=	273	°K	

Velocity	 v	 m/s	 1	m/s=	3.6	km/in	

Acceleration	 b	 m/s	 1	m/s²,	acceleration	due	to	gravity:	9.81	m/s²	

Table	10.5:	Conversion	of	imperial	measures	(Source:	Sasse,	1984)	

	

	

	



Length	 1	m	=	1.094	yrd	 1	yrd	=	0.914	m	

	 1	cm	=	0.0328	ft	 1	ft	=	30.5	cm	

	 1	cm	=	0.394	inch	 1	inch	=	2.54	cm	

Area	 1	m²	=	10.76	sqft	 1	sqft	=	0.092	m²	

	 1	cm²	=	0.155	sq.in	 1	sq.in	=	6.452	cm²	

	 1	ha	=	2.47	acre	 1	acre	=	0.405	ha	

Volume	 1	1	=	0.220	gall.	 1	gall.	=	4.55	1	

	 1	m³	=	35.32	cbft	 1	cbft	=	28.31	

Mass	 1	kg	=	2.205	lb	 1	lb	=	0.454	kg	

Pressure	 1	MN/m²	=	2.05	lb/sqft	 1	lb/sqft	=	0.488	MN/m²	

	 1	cm	Ws	=	205	lb/sqft	 1	lb/sqft	=	70.3	cm	Ws	

Quantity	 1	kcal	=	3.969	BTU	 1	BTU	=	0.252	kcal	

of	heat	 1	kWh	=	3413.3	BTU	 1000	BTU	=	0.293	kcal	

	 1	kcal/kg	=	1799	BTU/lb	 1	BTU/lb	=	0.556	kcal/kg	

Power	 1	PS	=	0.986	HP	 1	HP	=	1.014	PS	

	 1	kpm/s	=	7.24	ft.lb/s	 1	ft.lb/s	=	0.138	kpm/s	

 Table	10.6:	Conversion	factors	for	work,	energy	and	power	(Source:	Wendehorst,	1978) Comparison	of	
work	units	(work	=	power	X	time)	

	

	

	

	



	 kpm	 PSh*	 Ws	=	J	 kWh	 kcal	

1	kpm	=	 1	 3.70	X	10-6	 9.807	 2.7	X	10-6	 2.342	X	10-3	

1	PSh*=		 270	X	103	 1	 2.648	X	106	 0.7355	 632.4	

1	Ws	=	J	=		 0.102	 377.7	X	10-9	 1	 277.8	X	10-9	 239	X	10-6	

1	kWh	=	 367.1	X	103	 1.36	 3.6	X	106	 1	 860	

1	kcal	=	 426.9	 1.58	X	10-3	 4186.8	 1.163	X	10-3	 1	

*	PS	=	0.986	HP  Table	10.7:	Energy	content	of	various	fuels	(Source:	Kaltwasser,	1980)	

	

Fuel	 Calorific	value	 Unit	

	 MJ	 kWh	 	

Plants	 16-
19	

4A-	5.3	 kg	TS	

Cow	dung	 18-
19	

5.0	-	5.3	 kg	TS	

Chicken	droppings	 14-
16	

3.9-	4.4	 kg	TS	

Diesel,	fuel	oil,	gasoline	 41-
45	

11.4-12.5	 kg	=	1.1	1	

Hard	coal	(anthracite)	 30-
33	

8.3-	9.2	 kg	

Wood	 14-
19	

3.9-	5.3	 kg	

Producer	gas	 5-7	 1.4	-	1.9	 Nm³	

Pyrolysis	gas	 18-
20	

5.0-	5.6	 Nm³	



City	gas	 18-
20	

5.0-	5.6	 Nm³	

Propane	 93	 25.8	 Nm³	

Natural	gas	 33-
38	

9.2-10.6	 Nm³	

Methane	 36	 10.0	 Nm³	

Biogas	 20-
25	

5.6-	6.9	 Nm³	

 Table	10.8:	Conversion	factors	for	units	of	pressure	(Source:	Wendehorst,	1978)	

	

	 kp/m
²	

N/m
²	

pa	 cm	WG	 mba
r	

at	

kp/m²	 1	 10	 10	 0.1	 0.1	 0.000
1	

N/m²	 0.1	 1	 1	 0.01	 0.01	 10-5	

pa	 0.1	 1	 1	 0.01	 0.01	 10-5	

cm	WG	 10	 100	 100	 1	 1	 0.001	

mbar	 10	 100	 100	 1	 1	 0.001	

at	 104	 105	 100
0	

1000	 1000	 1	

 Table	10.9:	Table	of	powers	and	radicals	

	

n	 n2	 n3	 n	 n2	 n3	 N	 n2	 n3	 n	 n2	 n3	

0.6
0	

0.3
6	

0.2
2	

1.1
0	

1.2
1	

1.3
3	

1.6
0	

2.5
6	

4.1
0	

2.1
0	

4.4
1	

9.26	



0.6
5	

0.4
2	

0.2
7	

1.1
5	

1.3
2	

1.5
3	

1.6
5	

2.7
2	

4.4
9	

2.1
5	

4.6
2	

9.94	

0.7
0	

0.4
9	

0.3
4	

1.2
0	

1.4
4	

1.7
3	

1.7
0	

2.8
9	

4.9
1	

2.2
0	

4.8
4	

10.6
5	

0.7
5	

0.5
6	

0.4
2	

1.2
5	

1.5
6	

1.9
5	

1.7
5	

3.0
6	

5.3
6	

2.2
5	

5.0
6	

11.3
9	

0.8
0	

0.6
4	

0.5
1	

1.3
0	

1.6
9	

2.2
0	

1.8
0	

3.2
4	

5.8
3	

2.3
0	

5.2
9	

12.1
7	

0.8
5	

0.7
2	

0.6
1	

1.3
5	

1.8
2	

2.4
6	

1.8
5	

3.4
2	

6.3
3	

2.3
5	

5.5
2	

12.9
8	

0.9
0	

0.8
1	

0.7
3	

1.4
0	

1.9
6	

2.7
4	

1.9
0	

3.6
1	

6.8
6	

2.4
0	

5.7
6	

13.8
2	

0.9
5	

0.9
0	

0.8
6	

1.4
5	

2.1
0	

3.0
5	

1.9
5	

3.8
0	

7.4
1	

2.4
5	

6.0
0	

14.7
1	

1.0
0	

1.0
0	

1.0
0	

1.5
0	

2.2
5	

3.3
8	

2.0
0	

4.0
0	

8.0
0	

2.5
0	

6.2
5	

15.6
3	

1.0
5	

1.1
0	

1.1
6	

1.5
5	

2.4
0	

3.7
2	

2.0
5	

4.2
0	

8.6
2	

2.5
5	

6.5
0	

16.5
8	

	

	

	

	

	

	

	

	



n	 n1
/3	

n	 n1
/3	

n	 n1
/3	

N	 n1
/3	

n	 n1
/3	

n	 n1
/3	

0.00
1	
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0	
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2	
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0	

1.3
3	

1.1
0	

4.1
0	

1.6
0	

9.26	 2.1
0	
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8	
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8.0
0	

2.0
0	

15.6
3	

2.5
0	

27.0	 3.0
0	

0.16
6	

0.5
5	

1.1
6	

1.0
5	

3.7
2	

1.5
5	

8.6
2	

2.0
5	

16.5
8	

2.5
5	

28.3
7	

3.0
5	

	

	

	

	

	

	



	



Batch A 

Document 4.6 









Batch A 

Document 4.7 



GreenLine Responsible Tourism Certification Programme 

Welcome:   

Welcome to the GreenLine Responsible Tourism Certification Programme. By supporting GreenLine, 

you are showing your commitment to the development of responsible tourism across Africa. 

GreenLine is proudly operated by the Heritage Environmental Management Company, one of Africa’s 

leading and most respected tourism certification initiative.  

A pre questionnaire has been completed and according to the feedback we are providing you with this 

document containing your answers. As per the document you will notice the following;  

 Green Highlighted headings – This is the category  

 Red Highlighted headings – indicates the question version 

 Black Highlighted headings – This indicates the Global sustainable standard question 

 Black non highlighted  - Compliance on sub questions 

 Orange non highlighted – (N/A) The client must ensure that this is N/A according to the 

recommendation provided 

 Red non Highlighted – (No) The client needs to make use of the provided recommendation to 

change the questions from a negative to a positive.  

 

Category One  

Procurement, Economic Impact and Entrepreneurial Support 

Question: 1: (Mandatory question) 

R1.  Can the business demonstrate responsible purchasing practices, and have targets been 

developed for improvement in its overall purchasing practices? 

Yes has been answered, sub questions are relevant. 

Q1.1. Does the business have a responsible purchasing policy or procedure?  

Yes 

Q1.2. Does the business actively seek to purchase products and services which are environmentally 

friendly, recyclable or socially responsible? 

Yes 

Q1.3. Has the business developed targets for reduced purchasing of non-environmentally responsible 

products or services? 

Yes 

Q1.4. Can the business demonstrate support for local businesses, SMME’s and fair trade practice? 

Yes 

Q1.5. Has the business established targets to improve the amount of purchasing it undertakes from 

local suppliers, SMME’s and fair trade suppliers? 

Yes 

Question: 2: (Mandatory question) 

R2. Does the business take part in any initiatives that prevents, monitors or manage the trade in 

endangered species, historical or archaeological products or objects? 



Yes has been answered, sub questions are relevant. 

Q2.1. Does the business avoid trade with any products that are sourced from any endangered species 

as listed by CITES (Convention on International Trade in Endangered Species) or relevant legislation? 

Yes 

Q2.2. Does the business have the necessary permits for the sale of items of an historical or 

archaeological nature? 

N/A 

Recommendation: 

No products of a historical or archaeological nature may be sold or traded without the necessary 

permit or licence.  Where no such licence is available, the business is in contravention of the law and 

all trade in the items in question must cease. 

Q2.3. Does any community, historical or archaeological-related organisation benefit from the legal 

sale of such items? 

N/A 

Recommendation:  

If the business does sell items from a historical or archaeological nature, the business must contribute 

some funds back to ensure that the process followed are maintained and properly controlled. 

Q2.4. Can the business provide proof of origin of any cultural or historical objects that are sold or made 

available to guests or the public? 

Yes 

Q2.5. Does the business subscribe to the SASSI (Southern African Sustainable Seafood Initiative) in 

respect of seafood dishes offered for sale? 

No 

Recommendation:   

If the business serves seafood, it must subscribe to and practice the standards of the Southern African 

Sustainable Seafood Initiative (SASSI) in respect of ensuring that endangered or threatened fish 

species are not served to guests. 

Question: 3: (Mandatory question) 

R3. Does the business demonstrate support for sustainable community projects or activities and 

community-based tourism enterprises? 

Yes has been answered, sub questions are relevant. 

Q3.1. Does the business actively support any local community project or activity? 

Yes 

Q3.2. Does the business support any community-based tourism enterprises? 

Yes 

Q3.3. Does the business support the development and production of local crafts and traditional 

products within the community? 

Yes 



Q3.4. Does the business encourage or make information available for guest to purchase local arts and 

crafts? 

Yes 

Q3.5. Has the business made an effort to provide guests and visitors an opportunity to purchase local 

arts, crafts or traditional gifts on their premises? 

Yes 

  



Category Two  

Design, Construction and Development 

Question: 4: (Mandatory question) 

R4. Does the location and nature of the business and its facilities add to the ‘sense of place’ of its 

environment? (A ‘Sense of Place’, a consciousness of one’s physical surroundings, is a fundamental 

human experience. It seems to be especially strong where a person in a neighbourhood, a 

community, a city, a region, possesses a collective awareness of place and express it in their cultural 

forms.) 

Yes has been answered, sub questions are relevant. 

Q4.1. Does the design and location of the buildings and facilities respect the natural or cultural 

heritage of its surroundings? 

Yes 

Q4.2. Does the design incorporate any local or traditional art, architectural or cultural elements? 

Yes 

Q4.3. Does the business reflect local artistic, cultural or historical elements in its decor? 

Yes 

Q4.4. Does the business recognise and acknowledge the intellectual property and rights of third 

parties in respect of its architecture, design or decor elements? 

No 

Recommendation: 

Wherever local cultural, architectural or design elements have been used by the business, appropriate 

recognition must be given to the origin of the element concerned and visitors and guests must be 

provided with information on its origins, traditional uses, beliefs and cultural significance in an effort 

to ensure the protection of indigenous rights and traditions. 

Q4.5. Does the business incorporate any sustainable design or construction elements? 

Yes 

Question: 5: (Mandatory question) 

R5. Does the business provide access for persons with disabilities? 

Yes has been answered, sub questions are relevant. 

Q5.1. Does the business provide access ramps, lifts and other considerations for mobility impaired 

visitors or guests? 

Yes 

Q5.2. Are all passages and walkways free of obstructions and wall fixtures that could cause injury or 

harm to visually impaired guests? 

No 

Recommendation:  

Passageways and walkways must be free of obstacles and any protruding fixtures to ensure that 

persons with visual impairments are not injured or harmed when traversing the facilities. This will 



include ensuring that no fixtures on walls protrude more than 500mm from the wall and that all 

protruding items be no lower than 1.6 metres from the floor. 

Q5.3. Does the business have facilities specifically furnished for persons with disabilities? 

Yes 

Q5.4. Does the business provide restroom facilities for persons with mobility impairments? 

Yes 

Q5.5. Does the business promote or make known the availability of such facilities? 

Yes 

Question: 6: (Mandatory question) 

R6. Do facilities comply with all local, regional and national legislation (for changes or additions 

made in the past five years)? 

Yes has been answered, sub questions are relevant.   

Q6.1. Does the business have approved plans for any structures or facilities from the relevant 

authority? 

Yes 

Q6.2. Has the business location been zoned by the relevant authority for its current activities? 

Yes 

Q6.3. Is the business aware of any land claims pending against the business? 

Yes 

Question: 7: (Mandatory question) 

R7. Are any sites of historical, social, cultural or religious significance located on the property of the 

business? 

No has been answered, sub questions are irrelevant. 

Category Three  

Biodiversity Management – Fauna, Flora and Landscapes 

Question: 8: (Mandatory question) 

R8. Are any endangered, threatened or protected plants or wildlife consumed, traded, sold or 

displayed on the premises, or used in the business's activities? 

Yes has been answered, sub questions are relevant. 

Q8.1. Has a register of all endangered, threatened or protected species been developed by the 

business? 

Yes 

Q8.2. Does the business have relevant licences or permits from the relevant authority for endangered, 

threatened or protected species? 

N/A 

Recommendation: 



Unless naturally occurring, the business must obtain a licence or permit to keep and endangered, 

threatened or protected species. The regional wildlife authority must be contacted. 

Q8.3. Does the business take reasonable steps to protect endangered, threatened or protected 

species? 

Yes 

Q8.4. Does the business make guests and visitors aware of endangered, threatened or protected 

species on the property or used in the business's activities? 

Yes 

Question: 9: (Mandatory question) 

R9. Is any wildlife held captive on the property? 

No has been answered, sub questions are irrelevant. 

Question: 10: (Mandatory question) 

R10. Is the use of indigenous species for landscaping and restoration demonstrated by the business? 

Yes has been answered, sub questions are relevant. 

Q10.1. Does the business make use of indigenous water-wise species in an effort to minimise irrigation 

needs? 

No 

Recommendation: 

The business must make use of indigenous plants and grasses as part of their overall landscape to 

reduce the demand for irrigation. 

Q10.2. Has the business identified all exotic species used in the gardens and taken steps to limit their 

propagation and spread? 

Yes 

Q10.3. Has the business identified alien invasive species in the gardens? 

Yes 

Q10.4. Does the business have a programme in place to eradicate alien invasive species? 

Yes 

Question: 11: (Mandatory question) 

R11. Does the business support any conservation initiative or environmental organisation? 

Yes has been answered, sub questions are relevant. 

Q11.1. Is this support focused on local initiatives? 

Yes 

Q11.3. Can the business identify specific actions undertaken by any conservation organisation or 

initiative which it supports? 

Yes 

 



Question: 12: (Mandatory question) 

R12. Does the business minimise or avoid adverse effects on ecosystems and take steps to mitigate 

any negative environmental impacts resulting from its activities? 

Yes has been answered, sub questions are relevant. 

Q12.1. Has the business identified the environmental impacts it has? 

Yes 

Q12.2. Have any actions been taken to minimise or avoid environmental impacts resulting from the 

activities of the business? 

Yes 

Q12.3. Does the business avoid releasing any effluent into any natural water body? 

Yes 

Category Four 

Communications and Marketing 

Question: 13: (Mandatory question) 

R13. Does promotional, marketing or publicity material issued by the business fairly and accurately 

describe all services or facilities offered to the public? 

Yes  

Question: 14: (Mandatory question) 

R14. Are visitors and guests provided with adequate and appropriate information on the responsible 

business practices and activities undertaken by the business? 

Yes has been answered, sub questions are relevant. 

Q14.1. Does the business have a Responsible Business Charter? 

Yes 

Q14.2. Is the Responsible Business Charter made available to visitors, guests and staff? 

Yes 

Q14.3. Does the business provide information on its responsible business activities to visitors and 

guests? 

Yes 

Q14.4. Does the business provide information on local community-based activities and businesses? 

Yes 

Q14.5. Does the business compile an annual report on its responsible business and corporate social 

investment activities? 

No 

Recommendation:  



The business must develop an annual reporting system on its responsible business activities and 

corporate social investment initiatives for interested parties. This information may be made available 

electronically and on request only. 

Question: 15: (Mandatory question) 

R15. Does the business provide a means by which visitors and guests may comment on its 

responsible business practice? 

Yes has been answered, sub questions are relevant. 

Q15.1. Are guest comments filed for corrective action? 

Yes 

Q15.2. Is corrective action taken based on guest comments and criticism? 

Yes 

Q15.3. Does the business encourage comments or criticism of its responsible business activities? 

Yes 

Question: 16: (Mandatory question) 

R16. Does the business provide a ‘Code of Behaviour’ for visitors and information on the 

environment? 

Yes has been answered, sub questions are relevant. 

Q16.1. Has the Code of Behaviour been compiled in conjunction with the affected communities? 

N/A 

Recommendation: 

When developing a Code of Practice, the business must involve the community in order to provide the 

necessary respect and appreciation for local customs and traditions, community structures and ensure 

equitable beneficiation for all. 

Q16.2. Does the business provide environmental information to visitors and guests? 

Yes 

Q16.3. Does the information encourage guests to reduce their environmental impacts while staying 

at or supporting the business? 

Yes 

Q16.4. Does the business actively involve its staff, visitors and guests in environmentally important 

dates and events? 

Yes 

Category Five  

Resource Management and Use 

Question: 17: (Mandatory question) 

R17. Have all reasonable steps been taken to reduce or eliminate noise and light pollution 

emanating from the business? 

Yes has been answered, sub questions are relevant. 



Q17.1. Does the business take steps to minimise noise emanating from the business? 

Yes 

Q17.2. Does the business take steps to ensure the minimum of light pollution emanating from the 

business? 

Yes 

Q17.3. Does the business monitor its impacts and is a complaints register made available for visitors, 

guests or interested parties affected by noise or light pollution? 

Yes 

Question: 18: (Mandatory question) 

R18. Does the business demonstrate responsible water management practice? 

Yes has been answered, sub questions are relevant. 

Q18.1. Does the business measure and record its water consumption on a regular basis? 

Yes 

Q18.2. Has the business established water reduction targets and objectives? 

No 

Recommendation:  

The business must establish and formulate water reduction targets and objectives based on actual 

consumption data. These targets must be achievable and realistic, taking into account national, 

provincial or local conditions and regulations, and the nature and style of the business. 

Q18.3. Has the business installed any water-saving systems or technologies designed to reduce water 

consumption by the Business. E.g low-flow systems; dual flush toilets; water recycling systems; 

aerators and restrictors? 

Yes 

Q18.4. Are visitors, guests and staff encouraged to minimise their water consumption through 

awareness initiatives? 

Yes 

Q18.5. Does the business collect rain water or grey water for irrigation purposes? 

No 

Recommendation:  

Consideration should be given to capturing rain water, runoff and or grey water for irrigation purposes 

as part of a water management strategy to reduce fresh water consumption. 

Q18.6. Does the business have a licence for extraction of water from a borehole, river, dam or other 

water source and can it measure the volume of extraction? 

N/A – According to country no license needed.  

Question: 19: (Mandatory question) 

R19. Does the business demonstrate responsible energy management practice? 

Yes has been answered, sub questions are relevant. 



Q19.1. Does the business measure and record its energy consumption on a regular basis? 

Yes 

Q19.2. Has the business established energy reduction targets and objectives? 

Yes 

Q19.3. Has the business installed any energy-saving systems or technologies designed to reduce 

energy consumption by the business? 

Yes 

Q19.4. Are visitors, guests and staff encouraged to minimise their energy consumption through 

awareness initiatives? 

Yes 

Q19.5. Does the business make use of any sustainable energy sources for its energy needs? 

Yes 

Question: 20: (Mandatory question) 

R20. Does the business demonstrate responsible waste management practice? 

Yes has been answered, sub questions are relevant. 

Q20.1. Does the business measure and record its monthly waste streams? 

No 

Recommendation: 

The business must record waste levels on a regular basis and the information must be collated for use. 

This must include all sources of waste including wet; glass; paper; cardboard; metals; plastics and 

hazardous waste. 

Q20.2. Has the business established a recycling and recovery programme? 

Yes 

Q20.3. Has the business identified the ratio of recycled and recovered waste to total waste volumes? 

No 

Recommendation: 

In order to accurately measure performance, the business must determine the ratio of waste that is 

being recycled or recovered. This percentage will determine the effectiveness of the waste recovery 

programme. It is recognised that as much as 80% of waste can be recycled and this should be the 

target for the business over the coming years. 

Q20.4. Does the business store and dispose of hazardous waste materials in a responsible manner? 

Yes 

Q20.5. Are visitors, guests and staff encouraged to minimise and recycle waste through awareness 

initiatives? 

Yes 

 



Question: 21: (Mandatory question) 

R21. Does the business take steps to actively control or improve air quality? 

Yes has been answered, sub questions are relevant. 

Q21.1. Has the business identified its sources of greenhouse gas emissions? 

Yes 

Q21.2. Does the business manage and monitor all vehicle travel on its behalf? 

Yes 

Q21.3. Does the business avoid the use of wood, coal or other fossil fuels for heating or cooking 

purposes? 

No 

Recommendation: 

Where the use of fossil fuels for heating or food preparation is unavoidable, the business must develop 

a plan to reduce and replace all such heating or cooking systems over a reasonable and achievable 

period. As an immediate step, a strategy must be implemented to reduce and minimise the fuel 

sources used. 

Q21.4. Does the business prevent the burning of any waste, garden refuse or other materials on the 

property? 

No 

Recommendation:   

The business must ensure that no burning of waste of any kind takes place on or around the property. 

Q21.5. Is the business making use of new generation refrigerants or coolants (avoiding CFC’s)? 

Yes 

Question: 21: (Mandatory question) 

R22. Has the business reduced or limited the use of harmful chemicals, pesticides, poisons and 

cleaning materials? 

Yes has been answered, sub questions are relevant. 

Q22.1. Does the business actively select environmentally friendly, bio-degradable or organic cleaning 

materials? 

Yes 

Q22.2. Does the business make use of environmentally friendly visitor or guest amenities? 

Yes 

Q21.3. Does the business avoid the use of wood, coal or other fossil fuels for heating or cooking 

purposes? 

Yes 

Q21.4. Does the business prevent the burning of any waste, garden refuse or other materials on the 

property? 

Yes 



Question: 22: (Mandatory question) 

R22. Has the business reduced or limited the use of harmful chemicals, pesticides, poisons and 

cleaning materials? 

Yes has been answered, sub questions are relevant. 

Q22.1. Does the business actively select environmentally friendly, bio-degradable or organic cleaning 

materials? 

Yes 

Q22.2. Does the business make use of environmentally friendly visitor or guest amenities? 

Yes 

Q22.3. Does the business record all poisons, herbicides, weed killers, hazardous materials and other 

dangerous products kept on site? 

Yes 

Q22.4. Are all hazardous and dangerous materials and products kept in a locked facility? 

Yes 

Q22.5. Does the business make use or organic, environmentally responsible or bio-degradable pest 

control measures? 

Yes 

Question: 23: (Mandatory question) 

R23. Has the business taken measures to minimise and avoid any environmental impacts associated 

with its activities? 

Yes has been answered, sub questions are relevant. 

Q23.1. Does the business have measures in place to manage or minimise spills or contamination of 

water or ground? 

Yes 

Q23.2. Does the business train its personnel in pollution avoidance measures? 

No 

Recommendation:   

Staff at the business must receive training in the correct application of spill containment or 

neutralising materials and the treatment and disposal of contaminated materials, water or soil. 

Q23.3. Does the business have a sustainability vision or plan? 

Yes 

Q23.4. Does the business promote the equitable sharing of all natural resources with its local 

community? 

No 

Recommendation:   



The business must promote and apply equitable sharing of all natural resources available to it and its 

local community. At no time should the business utilise or impact any natural resource at the expense 

of the community at large. 

Category Six  

Personnel, Social and Community Development 

Question: 24: (Mandatory question) 

R24. Does the business provide skills training and personal development opportunities for staff? 

Yes has been answered, sub questions are relevant. 

Q24.1. Does the business have a skills training and development programme for its staff? 

Yes 

Q24.2. Does the programme include awareness and training on responsible business practice? 

Yes 

Q24.3. Are staff provided with any personal development opportunities by the business? 

Yes 

Q24.4. Does the business take steps to raise awareness of and treatment for HIV, TB for its employees 

and their families? 

Yes 

Question: 25: (Mandatory question) 

R25. Does the business apply fair, legal and equitable processes for the recruitment, retention and 

promotion of employees? 

Yes has been answered, sub questions are relevant. 

Q25.1. Does the business recruit and provide promotion for employees with due regard to race, 

gender and disability? 

Yes 

Q25.2. Does the business pay its employees in accordance with the prescribed minimum wage 

structure relevant to its location? 

Yes 

Q25.3. Does the business recruit employees from the surrounding community? 

Yes 

Q25.4. Does the business provide promotional opportunities for historically disadvantaged individuals 

or groups? 

Yes 

Q25.5. Are any historically disadvantaged individuals in any managerial position in the business? 

Yes 

 

 



Question: 26: (Mandatory question) 

R26. Does the business conform to all national and international conventions, treaties and laws 

related to labour practice, ethnicity, gender sensitivity, exploitation and child labour? 

Yes has been answered, sub questions are relevant. 

Q26.1. Does the business prevent the use of child labour for any activity or position in the business? 

Yes 

Q26.2. Does the business prevent any form of sexual exploitation by visitors, guests or staff? 

Yes 

Q26.3. Are employees of the business being paid in a recognised currency? 

Yes 

Question: 27: (Mandatory question) 

R27. Does the business demonstrate support for community development and corporate social 

investment opportunities? 

Yes has been answered, sub questions are relevant. 

Q27.1. Does the business undertake any community development or corporate social investment 

initiatives? 

Yes 

Q27.2. Have the initiatives been considered and undertaken in consultation with the local community? 

Yes 

Q27.3. Are the CSI and Community Development initiatives of a sustainable nature? 

Yes 

Q27.4. Does the business offer visitors and guests the opportunity to participate in any community 

development or Corporate Social Initiatives with the business? 

Yes 

Q27.5. Are visitors and guests provided with transparent feedback on their contributions to 

community development or Corporate Social Initiatives by the business? 

Yes 

Category Seven  

Management and Legal 

Question: 28: (Mandatory question) 

R28. Can management demonstrate its commitment to sustainable and responsible business 

practice? 

Yes has been answered, sub questions are relevant. 

Q28.1. Does the business have a sustainable business management system or programme? 

Yes 



Q28.2. Does the sustainable business system or programme address environmental, socio-cultural, 

quality, health and safety issues? 

Yes 

Q28.3. Does the business have an appropriate management structure to ensure sustainable and 

responsible business practice? 

Yes 

Question: 29: (Mandatory question) 

R29. Does the business comply with all relevant local, provincial and National legislation, 

regulations, licences and/or permits as may be required? 

Yes has been answered, sub questions are relevant. 

Q29.1. Does the business have all necessary trading licences and permits as required by its local 

authority or Department of Trade and Industry? 

Yes 

Q29.2. Does the business have the prescribed Health Certificate issued by the local authority? 

Yes 

Q29.3. Does the business have adequate public indemnity insurance? 

Yes 
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