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FOREWORD

The preparation of this Standard has been undertaken by the Renewable Energy Technical Committee (TC 4/20), in
accordance with the procedures of ZABS. All users should ensure that they have the latest edition of this publication
as standards are revised from time to time.

No liability shall attach to ZABS or its Director, employees, servants or agents including individual experts and
members of its Technical Committees for any personal injury, property damage or other damages of any nature
whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses arising out of the publication,
use of, or reliance upon this ZABS publication or any other ZABS publication.

The revision of this standard was necessary to ensure that the technological advancements in the sector are taken into
consideration.
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ZAMBIA BUREAU OF STANDARDS

Draft Zambia Standard

BIOGAS SYSTEMS - Code of Practice

Part 1: Design, Installation, Operation and Maintenance of Biogas Systems

0

INTRODUCTION

Biogas is produced from the anaerobic digestion (AD) of organic matter. Anaerobic digestion is a series of
processes in which anaerobic micro-organisms ferment biodegradable matter into biogas in the absence of
oxygen. The basic processes involved in AD are hydrolysis, fermentation (Acidogenesis), acetogenesis, and
methanogenesis. Biogas is typically made up of 50% to 75% methane, 25% to 45% carbon dioxide, and traces
of hydrogen, carbon monoxide, and nitrogen. Biogas can be used for all applications designed for
gaseous and liquid fuels, can be combusted to produce heat (and steam), and can also be used to
generate electricity.

A variety of factors affect the rate of digestion and biogas production. The most important are temperature,
type of substrate and retention time. Anaerobic bacteria communities can endure temperatures ranging from
below freezing to above 57.2°C, but they thrive best at temperatures of about 36.7°C (mesophilic) and 54.4°C
(thermophilic). To have an optimal digestion process, digesters must be kept at a consistent temperature, as
rapid changes will interrupt bacterial activity. Other factors, such as pH, water/solids ratio, carbon/nitrogen
ratio, mixing of the digesting material, the particle size of the material being digested, and hydraulic retention
time also affect the rate and amount of biogas output.

Biogas has a wide variety of uses such as:

a.  Heating and cooling

b.  Cooking

c. Lighting

d.  Power generation

e. Asavehicle fuel
SCOPE

This Zambian Code of practice provides requirements for the design, installation, operation and maintenance
of Household Biogas Systems (HBSs). This standard shall be read with ZS 908 —Part 2.

The document applies to HBSs comprising of pipeline and equipment with pressure levels of less than 5
kPa.

Any equipment or appliances connected to an HBS or utilizing the biogas energy of an HBS are not a part
of the scope of this document.

NORMATIVE REFERENCES

The following standard contains provisions which, through reference in this text, constitute provisions of this
standard. All standards are subject to revision and, since any reference to a standard is deemed to be a
reference to the latest edition of that standard, parties to agreements based on this standard are encouraged to
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take steps to ensure the use of the most recent editions of the standards indicated below. Information on

currently valid National and International standards can be obtained from Zambia Bureau of Standards.

ZS 908 Part 2: BIOGAS SYSTEMS - Code of Practice - Part 2 - Micro-grids.

TERMS AND DEFINITIONS
DEFINITIONS
For the purposes of this Zambian Standard, the following definitions shall apply.

Anaerobic digestion

Biological conversion of biodegradable materials by micro-organisms in the absence of oxygen creating two
main products: biogas and digestate.

Biogas
Gas produced by anaerobic digestion of organic matter, gasification of biomass or power to gas from biomass
sources and without further upgrading or purification.

NOTE 1: Biogas comprises mainly methane and carbon dioxide and/or hydrogen and/or carbon monoxide and/or heavier hydrocarbons
with two till six carbon atoms.
NOTE 2: Bio-syngas is also a type of biogas.

Biogas boiler
Boiler which uses biogas as fuel.

Biogas flare
Installation to burn biogas, whether superfluous or not

NOTE 1: A flare is applied for biogas generated in biogas installations or extracted from landfill sites, among others, to avoid methane
and/or hazardous compounds to be emitted into the atmosphere. A biogas flare can be applied as safety, environmental and/or process
device.

NOTE 2: A typical flare consists of, among others, an ignition system, flame and temperature detection system, windproof body and
combustion chamber, biogas piping, valves, condensate drainage, electrical control cabinet, installation fixtures, burner head, heat
insulation and pilot or ignition burner.

NOTE 3: A flare can be classified in three main categories: open flare, enclosed flare and enclosed high efficiency flare.

Biogas installation

Installation including its pipelines, pipes and accessories for anaerobic digestion of biomass, gasification of
biomass.and waste, upgrading of biogas, liquefaction of biogas, storage of biogas (in raw, gas or liquid form),
storage of CO,, storage of auxiliaries, storage of biomass and digestate.

NOTE: Upgrading of biogas includes cooling, compressing, heating, separation, reaction in order to purify or upgrade the biogas to a
higher methane percentage.

Biogas pipeline
System of pipework for transportation of biogas or biomethane with all associated equipment and stations

up to the point of delivery and outside the biogas installation.
NOTE: This pipework is mainly below ground, but includes also above-ground parts.

Biogas storage
Buffer, gas holder, tank, vessel, bag or similar to store biogas.
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NOTE: The biogas storage can be part of the fermenter.

Biogenic content
Organic material from biomass.

Biomass
Material of biological origin excluding material embedded in geological formations and/or transformed
to fossilized material.

NOTE: Biomass is organic material that is plant-based or animal-based, including, but not limited to dedicated energy crops, agricultural
crops and trees, food, feed and fibre crop residues, aquatic plants, alga, forestry and wood residues, organic agricultural, animal and
processing by-products, agricultural, municipal and industrial organic waste and residues whether or not in landfills, sludge, waste water,
and other non-fossil organic matter.

Biomass pipeline

Digestate pipeline

System of pipework for transportation of liquid biomass or digestate with all associated equipment and up
to the point of delivery.

Biomass pretreatment
Treatment of biomass with chemical, physical, thermal and biological-methods in order to increase methane
production when the biomass is digested or gasified.

Biomethane
Methane-rich gas with the properties similar to natural gas derived from biogas produced by anaerobic
digestion or gasification or from power to gas by upgrading.

NOTE 1: Requirements for chemical and physical properties of biomethane, such as heat content, flame characteristics, dew points,
traces of chemical compounds, are part of standards for injection of biomethane in public grids and standards for vehicle fuels and are
not in the scope of, and thus not described by, this document.

NOTE 2: In the business, the term “upgraded biogas” is also used instead of the term "biomethane”.

Biomethane potential of biomass
Potential of biomethane production expressed in normal cubic metres per tonne dry matter of biomass.

Biomethane storage
Buffer, gas holder, tank, vessel, cylinder or similar to store biomethane.

NOTE: Incase of liquefied biomethane, this often concerns vacuum insulated tanks.

Bio-syngas
Type of biogas, comprising principally carbon monoxide and hydrogen, obtained from gasification of
biomass.

NOTE: Bio-syngas also contains traces of methane and carbon dioxide.

Combined heat and power installation (CHP)
Gas engine, pilot spark ignition engine, gas turbine or fuel cell using gas to generate electrical power and
useful heat at the same time.

NOTE: This is also called co-generation.

Compressed biomethane (CBM)
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Biomethane used as a fuel for vehicles or for other purposes, typically compressed up to 20,000 kPa in the

gaseous state.

Compressed natural gas (CNG)
Natural gas used as a fuel for vehicles or other purposes, typically compressed up to 20,000 kPa in the
gaseous state.

Digestate
Remaining effluent from the anaerobic digestion process including solid fraction and liquid fraction.

Digester
Anaerobic digestion installation including reactors, tanks and related equipment.

Dry matter
Remaining part of biomass or digestate after the removal of water.

Emergency flare
Biogas flare which is meant to combust biogas during exceptional situations when the biogas is not utilized.

NOTE: Emergency flares can be of the type enclosed flare, enclosed high efficiency flare or open flare.

Enclosed flare
Biogas flare which consists of an enclosed combustion chamber, where the flame is invisible from the
outside.

NOTE: An enclosed flare is burning more efficiently with a relatively higher temperature than an open flare, and the burning
temperature can be monitored.

Enclosed high efficiency flare

Biogas flare which consists of an enclosed combustion chamber, where the flame is invisible from the
outside and the biogas is combusted at a monitored and automatically controlled temperature of 1000 °C to
1200 °C with a retention time of at least 0.3 s

Gasification
Process that converts biogenic or fossil-based materials into carbon monoxide and hydrogen.

NOTE 1: This is achieved by exposing the material at high temperatures (>700 °C), without combustion, with a controlled amount of
oxygen and/or steam.

NOTE 2: Normally, the gasification is followed by conversion into methane and carbon dioxide (methanation).

NOTE 3: The resulting gas mixture of carbon monoxide and hydrogen is called syngas. When the feedstock of gasification is biomass,
the resulting gas mixture is called bio-syngas.

Gas infrastructure
Pipeline systems including pipework and their associated stations or plants for the transmission and
distribution of gas.

Gas pipeline
System of pipework for transportation of gas with all associated equipment and stations up to the point of
delivery.

NOTE: This pipework is mainly below ground but includes also above-ground parts.

Hydraulic retention time
Theoretical average period of time a soluble compound remains in the digester.

4



3.1.29

3.1.30

3.1.31

3.1.32

3.1.33

3.1.34

3.1.35

3.1.36

3.1.37

3.1.38

3.1.39

3.1.40

ZS 908 Part 1: 2024
Second Edition

NOTE: The hydraulic retention time (HRT) is calculated as net digester volume (m®)/daily feedstock input (m%day).

Hydrocarbon dew temperature
Temperature at a specified pressure at which hydrocarbon vapour condensation initiates.

Injectable biomethane
Upgraded biogas having natural gas quality suitable to feed into the public grid and which fulfils the legal
requirements for feeding into the public grid.

Installation owner
Legal entity, a company or natural person owning the biogas installation.

Liquefied biogas
Biogas which has been liquefied
Example: Liquefied biomethane.

Liquefied biomethane (LBM)
Biomethane which has been liquefied, after processing, for storage or transportation purposes.

Liquefied natural gas (LNG)
Natural gas that has been liquefied after processing for storage or transportation purposes.

NOTE: Liquid natural gas is revaporized and introduced into pipelines for transmission and distribution as natural gas.

Lower heating value

Amount of heat that would be released by the complete combustion with oxygen of a specified quantity of
gas, in such a way that the pressure, p, at which the reaction takes place remains constant, and all the
products of combustion are returned to the same specified temperature, T, as that of the reactants; all of
these products being in the gaseous state.

Methane content
Mol percentage of methane in biogas or biomethane.

Methane number
Rating indicating the knocking characteristics of a fuel gas.

NOTE: It is comparable to the octane number for petrol. One expression of the methane number is the volume percentage of methane
in a methane-hydrogen mixture that in a test engine under standard conditions has the same tendency to knock as the fuel gas to be
examined.

Methane content
Mol percentage of methane in biogas or biomethane.

Methane number
Rating indicating the knocking characteristics of a fuel gas.

NOTE: It is comparable to the octane number for petrol. One expression of the methane number is the volume percentage of methane
in a methane-hydrogen mixture that in a test engine under standard conditions has the same tendency to knock as the fuel gas to be
examined.

Mixer
Agitator within a digester homogenizing the biomass in the digester.

5
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Natural gas
Complex gaseous mixture of hydrocarbons, primarily methane, but generally includes ethane, propane and
higher hydrocarbons, and some non-combustible gases such as nitrogen and carbon dioxide.

NOTE: Natural gas can also contain components or containments such as sulfur compounds and/or other chemical species.

Natural gas network
Network which is either a transmission network or a local distribution system.

NOTE: Network and grid have the same meaning.

Normal cubic metres of gas
Volume of one cubic metre for real dry gas at ISO Standard Reference conditions of 15 °C.and 101,325 kPa

NOTE: In the industry, 0 °C and 101,325 kPa are also often used; however, in this document, the ISO Standard Reference conditions
are used.

Odorization

Addition of odorants, normally intensively smelling organic sulphur compounds, to natural gas to allow the
recognition of gas leaks by smell at very low concentration (before a build up to a dangerous gas in air
concentration can occur).

NOTE: Natural gas is normally odourless. It is necessary to add an odorant to the gas fed into the distribution system for safety reasons.
It permits the detection of the gas by smell at very low concentrations.

Open flare
Biogas flare from which the burning flame is visible from the outside.

NOTE 1: This is also called external combustion flame burner.
NOTE 2: The flame burner combustion is not optimal; the combustion temperature is relatively low.

Organic dry matter
Part of biomass or digestate which consists of dry matter containing carbon and originating from living
materials.

NOTE: Instead of organic dry matter, the term “total volatile solids” is also used.

Organic loading rate digester
Amount of volatile organic dry matter entering the anaerobic digester over time, measured
in kilograms per cubic metre digester volume per day.

NOTE: The organic load gives an indication on biological degradation of the substrates. It provides information on nutrient supply
levels of the microorganisms involved, overload or undersupply of the system as well as resulting technical and process control measures
to be taken. The organic load describes the efficiency of the anaerobic digester.

Pipeline network
System of interconnected pipelines, both national and international, that serve to transmit and distribute
natural gas.

Power to gas
Gas generated from electrical power from biomass origin.

Raw biogas
Biogas directly from the digester which is not conditioned, so it is not yet dried and cleaned.
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Recovered gas
Gases such as hydrogen, carbon dioxide, carbon monoxide and/or complex gaseous mixtures of
hydrocarbons, primarily methane, but generally includes ethane, propane and higher hydrocarbons, and
some non-combustible gases such as nitrogen and carbon dioxide which are recovered as a by-product or
residual product of gases from, for example, industrial or thermochemical processes not being biogas and
not produced from biomass.

NOTE 1: Recovered gas can also contain components or containments such as sulfur compounds and/or other chemical species.
NOTE 2: Usually, these gases have a fossil origin.

Relative density
Ratio of the mass of a gas contained within an arbitrary volume to the mass of dry air of standard
composition that would be contained in the same volume at the same reference conditions.

Renewable non-biogenic gas

Gas such as hydrogen, carbon dioxide, carbon monoxide and/or complex gaseous mixtures of
hydrocarbons, primarily methane, but generally includes ethane, propane and higher hydrocarbons, and
some non-combustible gases such as nitrogen and carbon dioxide which are produced from renewable
sources not being biogas and not produced from biomass.

NOTE: Examples are gases produced via power to gas processes from renewable power from solar, wind, hydropower or geothermal
sources, but not from biomass sources.

Service provider
Legal entity or a company operating on request of the biogas installation owner and/or maintaining the
biogas installation.

Solid retention time
Period of time expressed in days the biomass is in the digester for anaerobic digestion.

NOTE: The solid retention time (SRT) is calculated as the net capacity for biomass content in the digester (kg)/daily feedstock input
(kg/day).

Specific biogas production
Standard state volumetric biogas production expressed in normal cubic metres per liquid volume in cubic
metres of the digester per day.

Specific biogas yield
Standard state volumetric biogas production expressed in normal cubic metres per kilogram organic dry
matter of the feedstock.

Substrate
Part of the biomass which is biodegradable and converted by microorganisms and/or enzymes as catalyst
into biogas and/or degradable by gasification.

Supplier of the biogas installation
Legal entity or a company which designs, manufactures or constructs and delivers the biogas installation to
the biogas installation owner.

Syngas
Gas, comprising principally of carbon monoxide and hydrogen, obtained from gasification of fossil fuels.

Transmission
Activity intended to convey gas from one place to another through pipelines in order to supply gas to
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distribution systems or to industrial consumers.

Treated biogas

Biogas which is dried until a water dew point of at least 10 °C and conditioned by cleaning from
contaminants like hydrogen sulphide and siloxanes, but from which the CO and N percentages have not
been decreased yet.

Treated digestate
Digestate after partly removing the nutrients such as phosphates, nitrogen and/or water.

NOTE: Treatment can be done by drying, pelletizing, and separating water and nutrients.

Volatile fatty acid
Fatty organic acid containing less than six carbon atoms.

NOTE: These are intermediate products of the biogas production process.

Waste water treatment gas
Biogas produced by anaerobic waste water treatment installation or waste water treatment sludge digestion.

NOTE: Waste water treatment gas is often mentioned as sewage gas.

Water dew point
Temperature at a specified pressure at which water vapour condensation initiates.

NOTE: For any pressure lower than the specified pressure, there is no condensation of water vapours at this water dew point
temperature.

Wobbe index
Calorific value on a volumetric basis at specified reference conditions, divided by the square root of the
relative density at the same specified metering reference conditions.

NOTE: The Wobbe index is specified as superior (denoted by the subscript “S”) or inferior (denoted by the subscript “I”’), depending
on the calorific value.

SYMBOLS AND ABBREVIATIONS

CBM: Compressed biomethane

CHP: Combined heat and power plant

CNG: Compressed natural gas

HRT: Hydraulic retention time

LBM: Liquefied bio methane

LNG: Liquefied natural gas

SRT: Solid retention time
FEASIBILITY

Consideration for selecting a site for construction of a biogas digester shall include climate, soil conditions,
the substrate for digestion and building materials availability. The quantity and type of substrate to be digested
have a bearing on size and design of the digester. The choice of design will also be based on the building
materials available and their related costs.
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The following requirements shall be satisfied before installing a HBS:

a.  .Sufficient space shall be available for the HBS;
b.  The space should preferably be near the source of the biomass;

c.  The space should be close to the place where the biogas will be used;

d.  The space should be secure from hazards;
e.  The ground should be firm and compact enough to support the weight of the system in order

to avoid any physical movement or breakage of the system

FEED STOCK AVAILABILITY
The Contractor shall assess availability of feed stock to operate the biogas system sustainably. It should be
noted that almost all organic materials can be digested. However, wood and straw with a high content of

wood fibre (lignin) is not used in practice since they do not easily ferment.

The amount of biogas generated each day G (m3/day) is calculated on the basis of the specific gas yield (Gy)
of the substrate and the daily substrate input Sq as shown below:

The volatile solids content Vs
G = Vs x Gy(solids) [ m®/d = kg x m3/(dxkg) ]
The weight of the moist mass B
G =B x Gy(moist mass) [ m®/d = kg x m®/(dxkg) ]
Standard gas-yield values per livestock unit LSU
G = number of LSU x Gy(species) [ m3/d = numberx m3/(dxnumber) ]
The temperature dependency is given by:
Gy(T,RT) = mGy x f(T,RT)

Where:
Gy(T,RT) = gas yield as a function of digester temperature and retention time

mGy = average specific gas yield, e.g. I/kg volatile solids content
f(T,RT) = multiplier for the gas yield as a function of digester temperature T and retention time RT
As arule, it is advisable to calculate according to several different methods, since the available basic data are

usually very imprecise, so that a higher degree of sizing certainty can be achieved by comparing and
averaging the results.

4.2 SITE CONDITIONS

521

When the Contractor has established availability of feedstock he/she shall assess the site’s suitability for
construction of the digester at an optimal location considering the following points.
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The source of the substrate should be close to the digester to minimize work overload (and predigesting

outside the digester).

The source of the substrate should be at an elevated position to facilitate collection via pipes and/or
channels by gravity and minimize/avoid lifting of substrates from the source to the digester (to ensure
less work in feeding the digester, a few meters of piping are more economical than daily transportation
of substrate from the source to the digester).

The non-portable digester shall not be located in an area where there is heavy machinery movements,
close to trees (about 5 m from the nearest tree to the edge of the digester) as roots may destroy the
digester plant or old trees may fall and damage the digester and the shading from trees may lower the
digester temperature and reduce biogas yield.

The digester should be located away from children’s playing grounds and should be covered with
robust manhole covers to prevent children from opening them.

It should not be too far away from the point of biogas utilization (Should be less than 400 m from the
point of use)

The outlet chamber shall be such that the digestate (digested slurry) is directed or flows on land owned
by the client into a garden or field (if on a farm) or away from public or neighbourhood
grounds/property.

The digester shall be barricaded

The contractor shall determine the site of the digester based on the following:

+~® o0 o

Space availability taking in account safety distances

Technical and/or legal limitations for construction

Depth of the water table

Existing infrastructure

Environmental considerations

Available substrate determines the size and shape of mixing pit, digester volume (retention time)

4.3 CLIENT NEEDS ASSESSMENT

531

5.3.2

The contractor shall assess the specific needs of a client to be met by the biogas system based on the
information collected.

As a guide the contractor may take the following into account when assessing the biogas demand:

oo o

The present-and immediate future energy needs of the client
Appliance consumption data and assumed periods of use
Estimation of demand growth of the particular client
Calculate biogas demand via comparable-use data

The contractor may use alternative methods to estimate the energy demand of the client.

If the biogas system is designed to primarily deal with waste water treatment, the contractor may take the
following into account:

a0 o

Volume of waste water to be treated (the number of people the system shall serve)
The type and composition of the wastes water to be treated

The retention time required to adequately treat the waste

Volume of biogas the system will generate
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S) BIOGAS SYSTEM DESIGN

The size of the biogas system depends on the quantity, quality and kind of available substrate, average daily
feed stock and expected retention time of the material in the biogas system. The contractor shall take into
consideration the following;

The layout of the installation shall be shown in the drawings as well as in the detailed specifications. The
contractor shall ensure that the drawings and specifications are followed during installation. The installation
shall be designed to fulfill the needs of the client as to location of components of the biogas digester system.

NOTE 1: A system design specified for a client by a contractor should be in a form that may be readily explained to a non-
technical client.

NOTE 2: In the case of a client-specified installation, it is the responsibility of the contractor to inform the client of any parts that do
not conform to this Standard.

5.1 BIOGAS SYSTEM GENERAL DESIGN

This code of practice applies to biogas systems which are fed by batch, semi batch or continuous process.
The biogas systems generally comprise:

— biomass inlet

— digester

— biogas storage

— biogas outlet

— biogas transfer system

— digestate outlet

— HS filter

— disinfection unit (optional,)

— an excess biogas release valve which shall automatically open at pressures greater than 20% of the
regular working pressure of the system.

— a manual biogas shutoff valve parallel to the automatic excess biogas release valve, from the biogas
storage

NOTE 1: see Annex A Schematic of Household Biogas System.

The HBS shall be designed in a manner not to allow deformation due to environmental conditions,
greater than 2 %.

The HBS shall be designed in a manner to exclude the entrance of air under all operating conditions.

Where electrical service is required, the installation and all electrical wire, fixtures and equipment shall meet
international and local wiring standards.

Monitoring and alarm systems are allowed.

NOTE 2 Monitoring and alarm systems can enhance safety, especially in cases when using the HBS for
indoor applications, but in most cases not feasible due to economic and technical reasons.

Chimneys are allowed to remove excess gas
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MATERIALS

The materials used in the construction of a Biogas System shall:

— be compatible for a biogas environment

— have tensile strength not less than 12 N/mmz2.

— have a gas permeability of less than 350cc/m2/d/bar of methane
— not be hazardous to the user

The materials used in the construction of the digester and the biogas storage chamber shall be such that not
impart any colour, odour or any toxic effect and do not contaminate the biomass slurry.

The materials used for the biogas outlet pipe shall be compatible for use in biogas systems, i.e, non-corrosive
and of low permeability

The digester shall be made from suitable materials with good tensile and compressive strength and gas
tightness. The following materials may be used in the construction of biogas digesters:

a.  Steel;

b.  Concrete;

C. Masonry;

d. Plastics; and

e.  Any other suitable material

5.3 SIZING THE DIGESTER

The digester shall be of sufficient size to retain the total volume of the organic waste and water, according to
the digester designed retention time.

The size of the digester (\Vd) shall be determined on the basis of the chosen solid retention time (SRT) and
the daily substrate input quantity (Sd).

The retention time shall be sufficiently long to ensure that the amount of microorganisms removed with the
digestate is not greater than the amount of the reproduced microorganisms.

Digester retention time shall not be less than 20 days.
The calculation of digester size is:
Va=(Sq X SRT) x (1 + 0,/100)
Where Vs in cubic meters or liters
Sq is in cubic meters/day or liters/day

SRT is in days
Oy is overhead volume in percent
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INSTALLATION OF A BIOGAS SYSTEM

BIOGAS DIGESTER

The digester should preferably be installed outside or at least in a well-ventilated place with a refreshing rate
of at least 5 times per hour the content of the rooms.

The digester cover shall be designed to withstand all external and internal loads and shall be able to collect
and convey the biogas to the gas outlet.

The biogas digester internal and external surfaces and the biogas storage shall be free of hidden internal
defects such as air bubbles, pits and metallic or other foreign materials.

All pipes and components within the digester shall be securely anchored to prevent displacement due to
normal forces including loads from accumulated scum.

The biogas collection system within the digester shall be designed as to facilitate the exclusion of floating
debris. The biogas collection, transfer and control system shall be designed to safely convey the biogas
produced within the digester to the biogas utilization equipment.

Instrumentation including means of measuring pressure and temperature, filters for chlorine and biogas are
allowed.

NOTE 1: When temperatures are below mesophilic range, biogas production will be drastically reduced

PIPING SYSTEM

PIPES, FITTINGS AND CONNECTIONS

All pipes and fittings shall be of adequate size to facilitate the process flow within the biogas installation.
Inlet and outlet pipes shall be connected in a manner that facilitates process flow and allow cleanout.

The pipes shall be constructed as to allow the safe isolation of all sections of the system, as part of the routine
cleaning and maintenance schedule.

The biogas transfer pipe:
— should be protected from any damage;
— may be installed above ground:;
—is allowed to be buried, depending on local construction requirements;

— shall include provision for drainage of water condensate.

Biogas pipes installed within buildings shall be adequate to withstand pressures greater than 15 kPa and shall
not be buried.

The location of interior piping is subject to local construction requirements and possibilities (such as
ventilation, foundations, detections, etc.)

Outlet connections shall be an integral part of the digester system and shall be compatible with pipes and
joints finished in a manner as not to allow a leakage of biogas slurry during the life span of the HBS.

The biogas outlet connection shall be designed as not to allow any gas leakage at the base of the joint of the
biogas storage.
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The biogas outlet valve shall be designed in a manner as not to allow any gas leakage.

The supplier of a HBS shall list the specifications of the materials used within the system.
BIOGAS APPLIANCES

The contractor shall advise the client on the suitable appliances to be used for safe and efficient use of biogas.

COMMISSIONING TESTS OF BIOGAS SYSTEMS

The HBS shall not have any leakage during the hydrostatic pressure head test at 150 % of the regular system
working pressure.

The following classifications are made regarding pressure levels for pipielines and equipment design;

— Low pressure less 50 mbar

— Medium pressure A less 500 mbar

— Medium pressure B less than or equal 4 bar
— Medium pressure C less than or equal 16 bar
— High pressure > 16 bar

OPERATION AND MAINTENANCE OF BIOGAS SYSTEMS
GENERAL

The Contractor shall provide to the client design plans of the biogas system and operating and maintenance
procedures and conditions under which the biogas system shall be operated. The operating and maintenance
procedures for the biogas system shall:

a.  Have written instructions covering operating and maintenance procedures;

b.  Have proper records keeping procedures; and
Procedures to modify the written instructions from time to time as experience dictates and as
changes in operating conditions required.

The written instructions shall include procedures for the safe shutdown of the biogas system in the event of
a failure or any other emergency.

Plans of minimum scale of 1:100 shall be prepared for a biogas system setting forth the location of all valves
and other equipment associated with the system. An appropriate scale may be used for larger sites. The plans
shall identify valves designated as emergency valves. The plans shall be kept up-to-date and legible. This is
applicable to underground digesters.

NOTE 1: An operation manual shall contain at the minimum the following aspects:

i Substrate preparation
ii. Feeding frequency of the digester
iii. Agitation/poking of the substrate

iv. Gas pressure monitoring
V. Gas usage
vi. Biogas system trouble shooting instruction
Vii. Any other instructions that may be necessary considering site conditions

NOTE 2: A maintenance manual shall contain at the minimum the following aspects:
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i. Maintenance schedule for the each of the biogas system components;
ii. Frequency and indications of sludge discharging; and
iii. Any other instructions that may be necessary considering site conditions

CORROSION OF THE PIPING SYSTEM

Periodic inspections and tests of the biogas system shall be conducted to determine whether the corrosion
control methods used are adequate and providing proper protection to the piping system.

For each inspection of external and internal corrosion, records of the conditions observed shall be
maintained. The following shall be recorded:

a.  Adequacy of the corrosion protection condition of the pipe coating (if any);
b.  Depth of pits; and
c.  Method used if repairs are made.

VALVE MAINTENANCE

Valves that are necessary for the safe operation of the biogas system shall be checked and serviced, including
lubrication when necessary, at intervals sufficiently frequent to ensure their satisfactory operation. The
frequency of such checking and servicing shall be identified in the written instructions.

WATER TRAP MAINTENANCE
A water trap shall be kept clean at all times to ensure continuous operation.
A periodic inspection and maintenance schedule shall be established and include the following:

— Ensuring that the water level is at a proper operating height; and
— Checking for continuous flow (trickling) of separated water to drain.

BIOGAS APPLIANCES MAINTENANCE

Regular cleaning of appliance:
— Regular cleaning of the gas jet (orifice) to ensure correct biogas-air mixture for optimum combustion
and efficiency
— Regular cleaning of the burner holes

VENTILATION SYSTEMS FOR HAZARDOUS AREAS

Ventilation systems for designated hazardous areas shall be periodically inspected and tested annually to
prove that the airflow is as required.

Entry into an enclosed biogas system such as a digester (once the sludge has been removed) or gas storage
facility (after gas has been vented) shall not be done without taking necessary precautions. For fixed dome
and floating roof digesters with a nominal inlet and outlet diameters of 70 cm, both manhole must be opened
to ensure passive ventilating of the enclosed chamber for at least 48 hrs. Active ventilation (blowing air into
the enclosed space) shall be done for at least 1 hr depending on the capacity of the blower and size of the
digester or gas storage. If the manholes are less than 70 cm in diameter passive ventilation must be increased
to not less than 3 days.
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DIGESTER GAS SYSTEM MAINTENANCE

The written instructions specified in 8.5 above shall provide for regular surveys to detect leaks. Such surveys
may consist of soapy water test method or more advanced method for leak detection or gas detector, corrasion,
and surface condition surveys.

The frequency of the surveys shall be determined by the condition of the system and detailed in the written
instructions.

Any leaks located by the surveys shall be investigated promptly and the necessary repairs performed. A record
of the corrective action shall be made.

When the condition of a biogas system, as indicated by the leakage records or by visual observation,
deteriorates to the point where a system or part of a system cannot be maintained in safe operation, the system
or system part shall be replaced or reconditioned to the level of a new installation.

MAINTENANCE AND TROUBLESHOOTING
The supplier of the HBS will prepare a schedule for periodic inspection and maintenance of the system.

Unless otherwise stated in the maintenance manual, the HBS owner will inspect at least once a year the gas
filters, the valves, the pipes, the fittings-and will check at least once a year for gas and liquid leakage. The
inspection will include putting soapy water on all pipe connections and to observe for any accumulating
bubbles.

Unless otherwise explicitly stated in the maintenance manual, the HBS owner will change the gas filter at
least once a year. Unless otherwise explicitly stated in the maintenance manual, the HBS owner will inspect
the disinfection unit on the digestate outlet at least once a month. When needed the HBS owner will add
disinfection agent as instructed in the maintenance manual.

Depending on the composition and the local requirements supplementary disinfection equipment may be
required on the digestate outlet.

Warning — When using chlorine, the vapours shall not be inhaled as tri-halo methane can be formed
which is highly carcinogenic. It is recommended to store the fertilizer in a vented or open space and to
wait 24 hours before using it. That will allow the chlorine to evaporate before using the fertilizer.

Effluent produced using human waste should be diverted directly to a treatment solution without potential
for human contact, such as city sewage system, septic tank, drain field or mulch basin (to be checked
according to local regulations).

The supplier of the HBS will provide instructions in the maintenance manual how to repair the digester and
the biogas storage.

The supplier of the HBS will prepare a troubleshooting checklist of potential operational problems and
symptoms. For each item listed, the HBS owner will be given instructions how to evaluate and resolve the

problem.

As part of the troubleshooting instructions, the HBS supplier will provide directions on the proper pH level
within the digester.
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The ideal environmental temperature for operating a HBS is above 200 Centigrade. Below this temperature

the HBS will operate less efficiently. Each HBS supplier will advise how to operate at lower temperatures or
provide guidance on how to maintain temperatures.

ENVIRONMENTAL SAFEGUARDS

The development, operation and maintenance of the biogas system shall comply with the environmental
management laws and regulations.

WARRANTY

The Contractor shall provide a written warranty for the whole biogas system installed on behalf of a client.
This shall cover the digester and the pipework. The digester shall have a minimum warranty of 12 months
and the pipe works shall have a minimum warranty of Six (6) months.

The life span of a HBS shall not be less than five years

DECOMMISSIONING OF A BIOGAS SYSTEM

When it becomes necessary to decommission a biogas system, the biogas digester shall be excavated and
dismantled or backfilled so that there is no void left in the ground susceptible to caving in. Further, all pipe
works, water traps and valves must also be removed and the trenches buried were applicable.

MARKING

All HBS systems installed shall be clearly and distinctly “marked” with the following information:

a) Manufacturer’s name, address, telephone number and email address;
b) Manufacturer’s trade mark;

c) Serial Number

d) Country of origin;

e) Manufacture date;

The marking shall be carried out either by painting, by moulding or by sticking the identification marking
on the external surface of the biogas installation system.

The markings shall be permanent.

The HBS shall be marked in a visible location with signs which describe unallowable activities and distances
as specified in the risk assessment and risk analysis evaluation.

SAFETY

The supplier of a HBS shall do a risk assessment and risk analysis of the whole system in order to identify
hazards, quantify risks and to determine components, safety measures and/or human interventions important
for safe operation of the system.

The following safety items will be explicitly stated and marked on the HBS:

— Do not light a fire or create sparks within a distance of 5 meters (15 feet) from the system.
— Do not drink the liquid effluent.
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— Smoking is prohibited within at least 3 meters (10 feet) around the system.

In case of using an indoor biogas appliance, the area of use must be properly ventilated
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ANNEX A: SCHEMATIC OF HOUSEHOLD BIOGAS SYSTEM

(INFORMATIVE)
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ANNEX B: EFFECTS FOR DIFFERENT CONCENTARION OF H2S

(INFORMATIVE)

Concentration Effects on humans
0.1 ppm Odour is noticeable
1.6 ppm MAC value (Maximum Accepted Concentration, value
for workers 8 hours per day)
5.0 ppm Strong rotten egg smell
50 ppm Inflammation and irritation of respiratory tract.
100 ppm Cough, irregular breathing, sleepiness. Severe irritation

to eyes and respiratory system. Vomiting. Bleeding to
death by exposure 8 — 24 hours. Odour power is turned
off, not smellable.

200 ppm Difficulty breathing, slightly shy. Bleeding to death
from 8 — 24 hours.

250 ppm Formation tear, fatigue, nasal pain, slightly shy,
difficulty breathing. Bleeding to death from exposure 4
— 8 hours.

500 ppm Coughing, faltering breath, palpitations, dizziness,

violent shivering, severe debilitation. Bleeding to death
from exposure 0.5 — 1 hours.

800 ppm Unconsciousness, death by exposure 0-2 min.

1 000 ppm Immediate unconscigusness with death.
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