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ABSTRACT 

Peat is increasingly being used for power generation in the world including Rwanda. Nowadays, 

there is a planning from of the government of Rwanda to expend generation from peat in the 

energy Sector strategic plan made to achieve the target for 100 % household connected to 

electricity in 2024.From different researchers, it is indicated that an assessment of potential 

occupational health and safety (OH&S) concerns related to usage of peat fuels in combustion-

based generation is needed.In the Ireland , thecombustion of peat for energy generation 

contributes significantly to  greenhouse gas (GHG) emissions, with current levels of combustion 

resulting in the emission of approximately 2.7 Mt of CO2 per annum and  is equivalent to 4.1% 

to Irelands overall GHG emissions.The literature review was made on potential OH&S issues 

associated with the use of peat-based fuel for electricity generation at the utility. The three 

potential exposures were considered such as pre-combustion exposure to material associated 

with the fuel, the exposure to combustion products, and on post-combustion exposure on ash and 

residues. Measuring the ash content and viewing the ash disposal issue were observed during the 

visit done at Gishoma Peat Power Plant. Results indicated that the use of peat for power 

generation will contribute to greenhouse gases emissions in the Rwandan Environment. Some 

Counter measures to reduce these gases will be indicated. In light of limited available 

information due to lack of adequate tools, additional studies at power plants utilizing peat fuel 

for electrical power generation   variables technologies to be used to reduce emissions are 

recommended.
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CHAPTER ONE: INTRODUCTION. 

 

1.1. GENERAL INTRODUCTION 

 

The Energy in the world is the central to each country‘s economy and its development plans. All 

other sectors aresupported by Energy. It supports the housing and urbanization, manufacturing, 

agro-processing, mining, tourism, Health care in hospitals and IT services. 

According the Rwanda Energy Sector Strategic Plan (ESSP) for 2018/19-2023/24, it will covers 

three subsectors: electricity, biomass and petroleum. 

 

Electricity is an essential main driver of modern technology and socio-economic development. It 

powers small appliances like lights and mobile phones, it improves the lives of citizens, as well 

as industrial processing activities that contribute on the economic value added products and 

create Jobs. 

 

Current electricity Generation in Rwanda is 218 MW where 212.5MW is connected to the grid 

and 5.5 MW is imported. In 212.5 MW connected to the grid, 15 MW are generated from 

Gishoma peat to power Plant, which is the first peat power plant in Rwanda and Africa. Rwanda 

has different peat land that can produce peat for power generation. 

From the report of SWECO of 12 April 2016, Peat sites have been identified in Rwabusoro, 

Akanyaru, Murigo, Gihitasi, Mashya, Gishoma, Rucahabi, Cyato, Cyabararika, Nyirabirinde, 

Kageyo, Kaguhu, Mashoza, Gasaka, Bahima, Bisaka, Rwuya, Nyabugongo and 

Rugeramigozi[1].  

The first master plan of peat was developed in 1993. Peat is used as input in small industries, 

cement production, and cook fuel in small decentralized institutions. The potential Peat resources 

of Rwanda resource is 155 million tons of dry peat which covers 50,000 hectares of land. 

MININFRA indicated that the Power production capacity fromrwanda peat, is roughly estimated 

at 700 MW (MININFRA, 2015). 

Peat is used as a fuel and has been indicated by Gishoma which produces 15 MW. As gishoma 

indicated that peat is used to produce electrical Energy, at the moment another peat power plant 

that will produce 80 MW is now under construction.  



2 
  

Peat is an alternative source of energy that generates electricity to support Rwanda national grid 

to achieve the target through Energy sector strategic plan but it is also better to think to the 

negative effect that peat power plant has on the environment because of carbon monoxide CO, 

Sulphur dioxide SO, nitrogen oxides NOx emissions, which contributes to air pollution, 

greenhouse gases emission, Ozone layer destruction result in global warming Climate change. 

The study of the negative impacts of peat usage is important to minimize them and keep peat 

power plant working for country‘s development. 

The Life Cycle Assessment (LCA) can be used in order to know the emissions for the whole peat 

process. This will help to assess environmental impacts associated with all the stages of a 

product's life from the extraction of raw material through materials processing, in manufacture, 

in distribution, in the use, in the repair and maintenance, and the disposal or recycling.  

This theses will provide a systematic overview of life cycle assessment approach to electricity 

generation in general and at Gishoma peat to power plant, by looking at how peat can be 

extracted and be used as fuel to generate power in a reduced environmental pollution. How to 

reduce the emissions during electricity production process and after use. 

 

 

https://en.wikipedia.org/wiki/Maintenance_(technical)
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1.2. PROJECT DESCRIPTION 

 

The Government of Rwanda targets,wasto have at least 70 per cent of national households 

connected to electricity by 2018. Up to now, the national households connected to the electricity 

is 51%. To meet the government‘s target, the increase of the electricity generation is necessary 

for good service delivery. Gishoma Peat to Power Plant is the electricity generating station built 

in Murya Cell, Nzahaha Sector, Rusizi District. It is among the contributor to Rwanda‘s 

electricity connection target. It generates 15MW to the national grid. 

The construction of Gishoma Peat to Power Plant started in 2010. The plant was commissioned 

in March 2017 and is now connected to the national grid. The former EWSA and now Rwanda 

Energy Group Ltd constructed the plant through their contractor RUNH Power Corporation Ltd. 

To create a pool of Young Rwandan Experts capable of contributing to the sustainability of peat 

to power generation in the future, the Capacity Development and Employment Services Board 

(CESB) partnered Services Board (CESB) partnered with Rwanda Energy Group (REG) to solve 

this skills gap.  

Through the Strategic Capacity Building Initiative-SCBI, an international expert in Peat to 

Power generation was hired to coach 50 fresh graduates in this field. These 50 young fresh 

graduates from different Rwandan Universities underwent a one year and 2 months coaching in 

peat to power generation. 

They were coached to prepare them to boost and support Rwanda energy sector by exploiting the 

available energy resources in peat; a mineral existing massively in Rwanda. 

 

Most of them were fresh graduates from Rwandan Universities in electronic engineering, 

electronics, Water and Environment management fields among others. They were coached while 

t working as interns under the National Professional Internship Program managed by fiormer 

NCBS and now CESB. 

After the completion of one year and 2 months training program in peat to power generation, the 

former were no longer interns. 41 out of 50 were hired EDCL as permanent employees who are 

currently running the plant. 

 



2 
  

From 2010 with the kickoff of the Gishoma Peat to Power plant construction works , in Nzahaha 

Sector, the surrounding communities have immensely benefited from the plant Basically due to 

casual labour or other services rendered by local citizens ranging from construction, grass 

mowing, security just to mention a few. 

People have been hired as man power at the beginning of the construction activities. Some were 

working at the plant premises while others were working in the marshland producing 

peat.NZEYIMANA Bosco, 32, a local resident who lives in Nzahaha Sector, Murya cell works at 

the plant with his daily activity being to keep a watchful eye on peat stock for possible fire 

outbreaks due to high peat temperature. 

 

Peat is used in different domains classified in three categories: The first one is the Energy (as 

fuel for electricity/heat generation, and directly as a source of heat for industrial, residential and 

other purposes).The second use of peat is Horticultural and agricultural (e.g. as growing medium, 

soil improver, cowshed/stable litter, compost ingredient) and Others (e.g. as a source of organic 

and chemical products such as activated carbon, resins and waxes, medicinal products such as 

steroids and antibiotics, and therapeutic applications such as peat baths and preparations). 

 

Peatlands contains carbon and they are exposed to high climate change. The complex ecosystem 

impacts on both water and carbon cycle. Peatlands are very important to their mitigating features 

in terms of floods or soil erosion. They can store and filtrate water in the landscape as well. Due 

to high moisture content of peat land, they can gather a big amount of carbon and makes 

peatlands climate coolers. The stored carbon is released into the atmosphere due to peat moisture 

decrease resulting the acceleration ofglobal warming processes. The global warming makes 

climate changes. Most the carbon emissions are caused by human activities like land use changes 

or fires. Mitigation to climate changes and water balance disturbances are needed in Peatlands 

protection and quick restoration. 

In this thesis, we will see in details the issues of the peat from harvesting, during utilization and 

after usage. From the analysis, the mitigation measures for peat emission reduction will be 

indicated as well as the good way of using peat. 
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1.2.1. PROJECT LOCATION 
 

The peat power plant ofGishoma is located in the Western Province, Rusizi District, Nzahaha 

sector‖ locally called  Umurenge waNzahaha‖, Murya cell‖ locally called akagarikaMurya‖, 

mainly Ryagashyitsi, Nyagasozi and Gacuriro village. It is at an altitude of about 1600m absl, 

temperature range of 18-20oC, rainfall range of 1400-1600mm/yr. Anearth road of about 3.5km 

of the rusizi-bugarama national road at the mushaka trading centre leads to the project site. 

Below map indicates the location of Gishoma in western Province. 

 

Figure 1: Location of existing Peat Bogs sampled.(Photo from Report of WECO of 12 APRIL 

2016 

1.2.2 PEAT AT GISHOMA 
 

The peat bog was drained for dry season cultivation and pasture for cattle during the wet season. 

.Gishoma peat bog lies between the six Cells Rwinzuzi, Butambano, Buhokoro, Kabakobwa, 

Karenge and Murya located in Nzahaha, Rwimbogo and Gashonga Sectors of Rusizi District, 

Western Province of Rwanda. In this region of Rusizi, tectonic movements and volcanism have 

affected the development of mire basins and, together with erosion, have created the present 

topography. Tertiary volcanic rocks underlie the drainage basins of Gishoma-, Gihitasi- and 

Mashya peat bogs.The entire Gishoma peat bog is under cultivation (beans, maize and vegetable) 

during the dry season. 

The average moisture content and average ash content of the peat samples are 73% and 53% (a 

lot of the peat being mixed with clay), respectively. The average thickness of the soil layer and 
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the average thickness of the peat layer over the 423 ha. of the peat bog are 0.7 m. and 2.2 m 

respectively, and the average thickness of the soil layer and the average thickness of the peat 

layer in that area determined to be exploitable for sod peat harvesting (i.e. 54 ha. = 13% of the 

total area of 423 ha.) are 0.6 m. and 3.6 m., respectively.  

 

Figure 2: Gishoma Peat land.(Photo Taken dring site ) 

The range of ash content in the peat determined to be exploitable for sod peat harvesting is 7 to 

39% wt., with the average being 23%wt. 
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Figure 3:Gishoma Peat before crushing. 

 

1.2.3. ENERGY SECTOR IN RWANDA. 

 

The installed Electricity Generation in Rwanda is 218 MW whereby 212.5 MW is 

connected to the grid and 5.5 MW is imported. The evolution of electricity generation is 

indicated by figure 4. 
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Figure 4: Evolution of installed electricity generation capacity 

 

1.2.4. EXISTINGSOURCE OF ELECTRICITY GENERATION. 
 

Currently, thermal units, especially diesel, contribute a big share to the installed capacity 

of the Rwandan system. These units, however, are only operated during peak hours due 

to their high operation cost. REG ensures maximum use of cheaper hydro power options, 

but this presents challenges during the dry season. 

 

Figure 5:Rwanda's Current Energy Mix (Limited., 2019) 
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1.3.5. Existing Generation Plants 
 

Table 1: Provides a list of the existing generation plants within Rwanda, as well as their associated characteristics[2] 
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1.2.6. PLANNED GENERATION PROJECTS 
 

According to the report done by MININFRA (MININFRA, ESSP, 2018), it is explained well that 

the Rwandan Energy Sector has done a plan of about six years through the Energy Sector 

Strategic Plan (ESSP) for 2018/19-2023/24 which presented the current status of energy sector in 

Rwanda, and also showed clearly the plans for improving this sector, in its three subsectors 

namely electricity, biomass and petroleum. Important data, achievements and challenges were 

presented in the report. From the report of Rwanda-ESSP, a number of high-level target 

objectives (HLTOs) have been set out, and plans to achieve them were explained in the report of 

ESSP, 2018. To set out targets made Rwanda to have the key areas of progress to be achieved 

through the duration of the ESSP and those targets will be the National Strategy for 

Transformation (NST-1) through framework reporting.In the energy sector strategic planning, 

the targets is to be achieved by 2024 where all Rwanda household will be connected to 

Electricity. The committed power plant that will be used and help in the targets are indicated in 

table2. 

Table 2: Committed Power Plants (2019 - 2025)[2] 
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Table 3: Power Plants to be commissioned in 2019/2020[2] 

 

 

1.2.6. OBJECTIVES OF ENERGY SECTOR STRATEGIC PLAN ESSP  

 

Objectives of ESSP are summarized here below:  

According to the MININFRA Report on Energy Sector Strategic Plan (MININFRA, ESSP, 

2018), the main ESSP high-level target objectives (HLTOs) are the followings:  

1. Generation capacity increased to ensure that all demand is met and a 15% reserve margin is 

maintained.  

2. Reliability of electricity supply improved: average number of power interruptions per year 

reduced to 14.2 and average number of hours without power to 91.7.  

3. The Household that will access to electricity will be increased to 100%.  

4. The access to electricity will be increased to 100%.  

5. Existing, New major national and urban roads provided with street lighting.  

6. Losses in the transmission, distribution networks and commercial reduced to 15%.  

7. The number of Household using traditional cooking technologies will achieve a sustainable 

balance between supply and demand of biomass by promoting most energy efficient technologies  

8. The Petroleum strategic reserves will be increased to cover three months‘ supply.  

 

The GoR has put the effort in the energy sector by increasing the demand of household which 

needs a big quantity of Energy in their everyday life, According to the Fig.3, households in 

Rwanda, are the largest category of energy consumer. 
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Table 4:summarizes the Electrical Energy resources to achieve the target. (INFRASTRUCTURE, 

September 2018) 

 

 

1.3. PEAT ENERGY IN RWANDA. 

From the Peat Master Plan 1993 updated in 2012, and various mini studies in the intervening 

years, indicated that the  estimated that Rwanda contains 155 million tonnes of dry peat covering 

an area of 50 000 hectares. Most of the peat is contained in the Akanyaru valley. 

 The overall aim of the study was said to be the assessment of the total extent, quantity and 

quality of peat in Rwanda, and its suitability for electric power production, as part of Rwanda 

Energy Strategic Plan targeting a total installed capacity of 560 MW by 2017, of which about 

200 MW shall emanate from peat. 

.It was also indicated that about 77% of peat reserves are near Akanyaru, Nyabarongorivers and 

the Rwabusoro Plains. 

In the study made on peat lands in Rwanda, the potential for electricity generation from 

peatestimated 150 MW for sod peat application and 117 MW for milled peat application in 30 

years of operation. This was also indicated in the detailed study and assessment of peat bogs in 
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rwanda and their potential use as a source of fuel for power generation in the report of Sweco 

International AB on 12 April 2016.[1] 

 

1.3.1. PEAT-TO-POWER PROJECTS IN RWANDA 
 

·       1.3.1.1.  GISHOMA 15 MW PEAT TO POWER PROJECT 

Since 2010, the Government started development of a pilot 15MW peat power plant in Gishoma, 

Rusizi District, to reduce electricity deficit which the country was facing and to coincide with a 

significant growth of electricity demand observed in the region as a result of the expansion of the 

local cement factory and country development. 

As it was the first of its kind in Rwanda and in Africa in general, the plant was constructed as a 

pilot power plant and commissioned in 2016 to demonstrate the possibility of generating 

electricity from peat energy available in the region. Currently the power plant is working and 

successfully connected to the grid as indicated in Fig6. 

 

Figure 6: Gishoma Peat Power Plant (Captured and Edited by Author) 

 

·      1.3.1.2.  HAKAN 80MW PEAT TO POWER PROJECT  

There is a development of 80 MW peat fired power plant in South Akanyaru in Gisagara District. 

This project is being developed as Public Private Partnership (PPP). From February 2017 the 

project is under construction phase and the construction period 45 months. After the construction 

HAKAN will operate the plant and at the end of the operation period, HAKAN will transfer the 

power plant back to the Government of Rwanda. 
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Figure 7:Hakan peat to power under Construction.( REG web site on 17 July 2019). 

 

Figure 8: Hakan peat power plant project 1st phase 75% complete (By IGIHEon 6 February 2019 at 12:45) 

1.3.2. RWANDA CLIMATE DATA 

 

The climate of Rwanda is composed of two dry seasons for peat harvesting and Two rain seasons 

where harvesting is not easier. The first one from June to September /October and the second 
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from January to February. It expects peat harvesting can take place during these dry seasons. The 

figure 9 shows rainfall in wet seasons where peat production is limited by rain.  

 

Figure 9: Rainfall rate in Rwanda (Environment, 2018) 

1.3. PROBLEMSTATEMENT. 

 

Peat is the alternative source of energywhich is supporting Rwanda national grid to achieve 

its target by increase the electricity generation capacity with affordable price by the 

reduction of using expensive electricity sources from HFO and diesel power plants. Peat is 

a sink of CO2 and other gases that are emitted in atmosphere during its usage. It is 

important to think to the negative effect that peat usage for power generationhas on the 

environment.  DuringPeat utilization as fuel, results in production of carbon monoxide 

(CO), Sulphur dioxide (SO2), nitrogen oxides (NOx), which are considered as air pollution, 

greenhouse gases emission, Ozone layer destruction result which contribute more in global 

warming and climate change. There are also health risks to the exposure of peat from the 

production, combustion and after its usage where much peat ashes are produced and there 

is no provided space for it. It is surrounding the plant as indicated on Fig24. 

 

It is necessary to minimize those negative effects and keep peat power plant working 

because electric energy is needed for country development. To identify all the impacts on 

environment caused by peat usage for power generation, it is necessary to make a study on 
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peat lifecycle assessment (LCA) which is a systematic analytical method that will help to 

identify, evaluate to help making decisions on the way to minimize the environmental 

impacts of a specific emission source. Because Rwanda‘s target is to build other peat power 

plant after Gishoma and Hakan Peat Power Plants, this thesis will provides a systematic 

overview of life cycle assessment approach to electricity generation from peat power plant, 

by looking at how peat can be extracted and used as fuel to generate power with reduced 

impacts on environmental during electricity production in different projects related to peat 

utilization for power generation. IT will indicate the improvement on health protections of 

the workers also. 

 

1.4. OBJECTIVE OF THE STUDY. 

1.5.1 GENERAL OBJECTIVES 
 

The main objective is to evaluate the environmental impacts of peat use for energy generation 

during collection, combustion and after use. It will includes environmental impacts from 

peatland drainage and harvesting, transportation, peat combustion in the power plant, and after-

use of the cutaway peatland. It will assist in the development of  an Environmental Impact 

Assessment (EIA) and an Environmental Management plan to ensure that the 15MW peat fired 

power plant  in Rusizi is operated in an environmentally and socially sustainable manner and in 

full compliance with Rwanda‘s and international environmental and social policies and 

regulations. This thesis will be referred to for other coming peat power plants projects for their 

sustainability before starting the projects that will come after Gishoma and Hakan Peat Power 

Plant.It will be used to check the quick ways of restoring used peat land to become again the sink 

of CO2.   

1.5.2. THE SPECIFIC OBJECTIVES ARE 
 

The specific objective of this thesis is to identify inform the potential impacts on environment 

when peat is used as fuel energy forelectricity generation and will investors in peat power 

construction to take care on the project about its sustainability vis a vis Environment. It help 

other researchers to find other relevant mitigation measures.It will also help to assess the 

potential health exposure of the workers and propose mitigation measures which will effectively 

address the impacts; 
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1.5.3. RESEARCH QUESTIONS. 
 

1. How Peat is collected in the peat land? 

2. What are the emissions fromGishomaPeat?  

3. What are the emissions from peat ashes? 

4. How peat handling is done in Power house and what protection are used to prevents flying of 

Peat? 

5. What are the protection equipment for the workers to reduce the health risks from the peat 

emissions in all processes for power generation? 

6. How Peat ash is collected and disposed? 

 

1.5. THESIS ORGANIZATION. 

 

The thesis is composed of five chapters.  The first chapter gives the introduction of the thesis and 

explains the aim of the research. The second chapter is the literature review on the findings of 

other researchers. It explains more about the peat and the usage of peat as fuel energy with 

different emissions that contribute to global warming potential. It will indicate challenges and 

different ways used for emissions reducingduring peat utilization for power generation. Chapters 

three is the methodology used for data collection and ways used to reach the result. Chapter four 

gives the result from discussions. The Last chapter is five which gives the conclusion and 

recommendations. 
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CHAPTER TWO: LITERATURE RIVIEW 

2.1. INTRODUCTION 

The scientific term for living matter is biomass, which is an organic matter that has been derived 

from plants resulted from photosynthetic conversion process. It is used to denote the products 

derived from living organisms such as wood from trees, harvested grasses, plant parts, and 

residues of stems and leaves, as well water living plants. The solid biomass can be used to 

generate heat and electric power. Nowadays bioenergy technologies are developed so that fossil 

fuel inputs will be reduced.  Biomass with its by-products can also be used as sources for fueling 

many energy needs. The energy value of biomass originally comes from solar energy through 

photosynthesis process. Actually there is a decomposition of biomass to its elementary molecules 

with the release of heat. In conversion processes such as combustion, biomass releases its 

energy, in the form of heat, and the carbon is re-oxidized to carbon dioxide to replace that which 

was absorbed while the plant was growing.  

The technologies indicate that biomasses are renewable source of energy produced in nature 

through photosynthesis achieved by solar energy conversion and it play dual role in greenhouse 

gas mitigation both as an energy source and as a carbon sink. [2] 

Peat is fuel that also is used in place of biomass. Different scientist define peat as partially 

decomposed plant debris which was considered an early stage in the development of coal. Peat is 

now used to generate electricity in several EU countries, mainly to take advantage of indigenous 

resources and diversify fuel mixes. It is also used in heating system. Peat has the notable 

disadvantage of being highly carbon intensive because it emits 1.23 times more CO2 per tonne 

than coal. Because the issue brought by using peat as fuel, the Irish government has introduced a 

target to reduce emissions in Irish peat stations by co-firing with 30% biomass. Peat has been a 

significant source of energy for electricity generation in Ireland since the 1950‘s. Different 

researchers, chowed that Peat is one of the most polluting fuels while using it for electricity 

generation in Ireland, as can be seen in Figure 10. [3] 
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Figure 10:CO2 emissions of fuels in Ireland[3] 

Finland, mainly used peatin energy generation or in horticulture where 90% is taken in energy 

generation and 6-7% in horticulture. In the total energy of Finland, 6% is from Peat. Because 

Finland imported Two-thirds of the energy consumed, the use of peat has stopped the energy 

importation. At present, peat is used in many different applications. Peat is used as fuel energy 

much but, it is not environmentally sustainable, it is presenting problem for another of the 

country‘s goals to reduce emissions. For example Peat produces greenhouse gas emissions 

exceeding 10 million tons of carbon dioxide per year in Finland.[4] 

The use biomass as fuel for power generation will contribute to reaching international targets for 

renewable production of electricity and related greenhouse gas emissions reductions through new 

construction or re-powering of existing coal-fired units. There is a development of biomass 

combustors, common in small scale, industrial boiler, or cogeneration (heat/power) applications, 

for electricity generation at a larger utility scale (over 50 megawatts (MW) thermal input). As 

with other solid fuel power plants, facilities using biomass as the primary combustion source can 

provide a reliable source for base load, cycling, and on-demand situations. However, as with any 

emerging or scaled-up technology, evaluation of environmental and occupational health impacts 

requires an understanding of the properties and characteristics of the fuel, as well as 

consideration of plant design, fuel processing, handling and storage.[3] 
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For the occupational health and safety (OH&S), biomass combustion may result in several 

unique worker exposures relative to petroleum or coal-based fuels. These differences may be due 

both to the combustion process itself and the introduction of new occupational tasks related to 

biomass handling, storage and processing. This review focuses on the potential for occupational 

exposure and related health risks specific to biomass-based electricity generation, primarily for 

direct-fired, stand-alone technologies. It should, however, be noted that other biomass energy 

conversion processes, such as co-firing with coal, gasification, pyrolysis and anaerobic digestion 

have similar OH&S issues around biomass handling and, where available, experiences from 

these systems have been drawn upon. This review does not discuss the potential for health effects 

at the population level due to ambient emissions, or residential in-home exposures due to wood 

or other biomass burning for a good review of this topic. 

The biomass processes at power plants can be separated into three groups: pre-combustion 

(handling, storage, fuel preparation), combustion (including flue gas treatment), and post-

combustion (ash and by-product handling). Each of groups has its own inherent OH&S issues 

and hence this review follows a similar categorization. [1] 

 

2.2. PEAT 

Peat was earlier defined as the surface organic layer of a soil that consisting of partially 

decomposed organic material which were derived mostly from plants accumulated under 

conditions of waterlogging, oxygen deficiency, acidity and nutrient deficiency. 

Theformation and development of peats are mainly controlled by the combined conditions of 

water and temperature. Peat is formed depending on the climatic conditions and geological, 

geomorphologic, and hydrological factors. These factors determine the peat characteristics and 

are directly and indirectly influence peat formation, development. Some of the climatic factors, 

temperature and humidity are the most important factors that control the decomposition, and the 

transformation of organic residues.  

Temperature influences the activity and reproductive capacity of soil microbes, thereby 

influencing the decomposition rate (or decomposition capacity) of plant residues. In cold 

conditions,the soil microbes act weakly resulting that plant debris decomposes slowly. The 

chemicals action is strong at higher temperature conditions and the soil microbes reproduce 

quickly, so that decomposition of plant debris is accelerated. The decomposition rates of plant 

debris are different in the different temperature zones. 
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. The availability of water influences Peat Formation.The growth of vegetation is not only 

influenced by temperature and water, but also limit the activity of soil microbes. Globally, the 

distribution of peat coincides with areas where the annual average precipitation is higher than the 

annual average evaporation. The activity of microbes is strongly influenced bySoil water. The 

erosion prevent Peat formation because the plant debris are washed away rather than 

accumulating. [2] 

 

2.2.1. PROPERTIES OF PEAT 

2.2.1.1. PHYSICAL PROPERTIES OF PEAT. 

 

The researchers indicate that the Peat properties reflect the peat-forming environment, the 

development processes of peat and the types of plants to form peat. 

They showed that the physical properties of peat include the decomposition degree, water 

content, specific density, bulk density, etc. The decomposition degree of peat has a large range of 

variation. In peat formation, Peat can be classified in three decomposition degrees such as low 

decomposition, moderate decomposition and high decomposition.  The specific density of peat, 

is relatively low and is ranging from 0.1 to 0.5 Mg m
-3

. The bulk density depends upon the ash 

content, decomposition degree and components of the plant residues, it is ranging from 0.1 to 0.5 

Mg m
-3

. [2]. 

The chemical properties of peat are elemental composition, organic components, and ash 

content. Peat has five important elements such as C, H, O, N and S. These elemental properties 

are generally between that of wood and coal. The elemental properties of lowly decomposed peat 

approximates to that of wood, while highly decomposed peat resembles that of the lignite. 

In Physical properties of peat the consideration include decomposition degree, water retention 

properties, specific gravity and bulk density. 

A)DEGREES OF PEAT DECOMPOSITION 

 

The degree of peat decomposition is the proportion of the matter which has lost its cellular 

structure due to the decomposition of plant residues. The degree of decomposition is always 
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expressed as a percentage. In natural conditions the decomposition degree of peat ranges 

from 1% to 70%.  

There are three levels of decomposition degree of peat such as Lowly decomposed peat 

which is less than 20%, and highly decomposed peat which is higher than 40%. The 

decomposition degree which is between 20% and 40%, the peat is considered as moderately 

decomposed. 

V. Post and J. Visscher, et.al hasmeasured the decomposition degree of peat using the 

fistclosing method and divided the decomposition degree of peat into ten levels depending 

upon the water content as summarizes below: 

H1: almost all the plant residues are still present; water in the peat is transparent.  

H2: the plant residues are barely decomposed; water is transparent but with a light brown 

color. 

 H3: small amounts of plant residues are decomposed; water is turbid and brown. 

H4: small amounts of plant residues are decomposed; water is very turbid, but the peat 

cannot flow between the fingers. 

 H5: the plant residues are somewhat decomposed, but the organisms can still be discerned; 

water is brown and very turbid; small parts of the peat can flow between the fingers. 

 H6: Large quantities of the plant residues are decomposed; about 1/3 of the peat can flow 

between the fingers, and the remains of plants left in the hand can still be discerned.  

H7: The plant residues are highly decomposed and about 1/2 peat can flow between the 

fingers; the water is clear in color. H8: the plant residues are highly decomposed and 2/3 of 

the peat can flow through the fingers; plant remains in the hand are hydrolyzed rootstocks 

and the woody material. H9: fully decomposed; all parts are fluid and the organisms cannot 

be discerned.  

H10: fully decomposed; the peat is all washed away with water. The decomposition degree 

of peat is primarily dependent upon the peat-forming environment. Peat formed in a cold and 

humid environment decomposes slowly, resulting in a low decomposition degree. Peat 

developed in a dry and hot climate, is more likely to be highly decomposed. Under anaerobic 

environments with perennially accumulated water, peat has a low decomposition degree; 
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while under conditions of seasonally or temporarily accumulated water the peat will be 

highly decomposed. 

He said that the decomposition degree of peat has relationships with peat types and the 

residue components of peat-forming plants. According to the statistics in Basic 

Characteristics and Measuring Methods of Peat, the decomposition degree of oligotrophic 

peat (15 to 25%) is usually lower than that of eutrophic peat (25 to 35%). Woody peat and 

woody-herbaceous peat have the highest decomposition degree (35- 65% and 25-60% 

respectively). Sphagnum peat has the lowest decomposition degree (3 to 45%), and 

herbaceous peat occupies the middle range (10 to 60%). According to the statistics issued in 

―China‘s Mire‖ (1991), the average decomposition degree of eutrophic peat in China is 

30.97% (sample number: 603), and the main range with a frequency of 46.8% is from 25 to 

35%. When the frequencies of decomposition degree are plotted, that of eutrophic peat 

approximates to a normal distribution, with no significant differences among the different 

eutrophic peats in the world, while that of oligotrophic peat does not have a normal 

distribution. There is a close relationships between the decomposition degree and the other 

properties of peat (see Table 1). For eutrophic peat, the relationship is less obvious than that 

of oligotrophic peat. Table 1 shows that decomposition degree of eutrophic peat and 

oligotrophic peat is positively related to the caloric value of peat, carbon content, bitumen 

content, humus content and the particle-size fraction (<250µm) while it is negatively related 

to water content, content of water-soluble matter and easily hydrolyzed matter, content of 

reductive matter and cellulose content. Sakakuchi further summarized many scholars‘ 

research results on these relationship. He pointed out regular correlation between the 

decomposition degree and other properties, including the specific surface, water 

permeability, water holding capacity, contractibility, compressibility, base-exchange 

capacity, calorific value, and the content of total nitrogen, etc. 

Table 5: Relationship between degree of decomposition and other properties of peat. (Ma 

Xuehui). 

Related properties with 

decomposition degree 

Correlation coefficient 

Oligotrophic peat Eutrophic peat 

Calorific Value 0.83 <0.50 

Water 0.50 -0.65 

Carbon content 0.80 <0.50 
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Oxygen content -0.80 <0.50 

Asphalt content 0.80 <0.50 

Content of water-soluble 

matter and easily hydrolyzed 

matter 

0.75 -0.53 

Reductive matter content -0.62 -0.64 

Humus acid content 0.81 <0.50 

Cellulose content -0.62 <0.50 

Particle size 0.79 -0.61 

 

 

2.2.1.2. CHEMICAL PROPERTIES OF PEAT 
 

a) ORGANIC COMPONENTS OF PEAT. 

 

Peat has organic components that can be divided into four groups: 

The first group is bitumen (a natural compound found in peat) which can be extracted by organic 

solvents. The second group is the water-soluble matter which is easily hydrolyzed matter and 

cellulose. The contents of water-soluble matter and easily hydrolyzed matter have a large range 

of variation, which decrease with the increment of the decomposition degree. The third group is 

humus which includes humic acid and fulvic acid. The fourth group is a mixture of lignin, lignin-

like matter, cutin, suberin, etc. These components of the fourth group cannot be hydrolyzed in 

water. 

The major elemental compositions of peat ash are: Si, Al, Fe, Ca, Mg, Na, and P which account 

for about 90% of the total elements. The other remaining microelements do not exceed 1%.  

2.2.2. PEAT HARVESTING PROCESS. 

 
The raw peat that approximately contain 95 percent water, is initially be drained to release as 

much water as possible and to facilitate the preparation of peat collection surface where the 

machines will be put. The peat surface is cleared of vegetation then water is drained and provide 

an area on which the processed peat can be dried by wind and sun. The drains are spaced 
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depends on the production method, but the approximate range is range 15-50 m.  The moisture 

contents of drained bogs is usually ranged between 89-91 percent. 

 

Figure 11: Peat harvesting [6] 

The normal peat production for energy use is obtained by milling process and this is used in 

electricity or heat generation. The milled peat can be converted into briquettes, which provide a 

convenient household fuel. The main countries producing and using fuel peat are Belarus, 

Estonia, Finland, Indonesia, Ireland, Russian Federation and Sweden. [3] 

 

Table 6:Country list of CO2 emissions from degraded peatlands AFRICA 190[10] 
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2.2.3. TYPES OF FUEL PEAT 

There are three types of commercial peat fuel such as: milled peat with moisture content ranged 

between 40 to 50 percent, air-dried sod peat with a moisture content between 30-40 percent and, 

the artificially dried compressed peat briquettes with a moisture content ranged between 10-20 

percent. The Milled peat is commonly produced by large scale mechanized peat extractions, 

whereas the others are produced on a smaller scale by manual, semi-mechanical or mechanical 

methods in dry or in wet conditions. 

The Milled peat is a mixture of loose peat particles which are cut from the surface of the peat 

swamp and their particle size varies with the production method, peat type and degree of 
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decomposition.The size is between 3 and 8 mm. The peat is cut at 0.5-2.0 cm depthspreaded 

uniformly across the surface of the peat swamp and dry them to the wind and sun. The milled 

peat per unit volume has low calorific value Because of its low bulk density and relatively high 

moisture content. 

The size and shape of air-dried sod peat that manually or mechanically compressed fuel; may be 

either cylindrical or brick shaped and is dependent on the production method. Hand-cut sod peat 

is about 125 x 125 x 300 mm, whereas mechanically produced sod peat is 10-30 cm long and 5-

10 cm, in diameter. Compression takes place during production and the sods shrink further and 

harden during air-drying by the wind and sun. Air-dried sod peat has a higher calorific value per 

unit volume than milled peat and can therefore be transported more economically. 

Artificially dried and compressed peat briquettes or pellets are uniformly sized and thus easier to 

handle than either milled peat or sod peat. Milled peat is mechanically compressed to form the 

briquettes which are similar to bricks in size, whereas pellets are 3-30 mm according to the 

machine used. The milled peat raw material varies in moisture content from 40-55 percent and 

must be artificially dried to between 10 and 20 percent to produce either briquettes or pellets. 

The calorific value of both briquettes and pellets is high per unit volume and they can therefore 

be transported economically over longer distances than either sod or milled peat. 

Table 7: Combustion properties of peat, wood and lignite (source ekono 1981) 

 

 

2.2.4. PEAT TO POWER PLANT. 
 

Electricity is most often generated at a power plant from different energy sources by 

electromechanical generators, driven by heat engines fueled by combustion of by other source of 

turbine turning forces. The combustion of peat for electricity generation is one among the energy 
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contributors to Rwanda‘s development. In Rwanda we have only one peat power plant at 

Gishomathat provides 15MW. The electricity Produced was a required energy needed to boost 

the national economy and development of the country but the green houses gases produced are 

dangerous to the environment and harmful. The figure 12 Shows the flow chart of peat for 

electricity generation at Gishoma Peat Power Plant. 

 

 

 

Figure 12:Flow chart of electricity generation from Gishoma peat power plant. 

 

 

2.2.5. ENVIRONMENTALIMPACT ASSESSMENT OF PEAT. 

 

In Irelands, the combustion of peat for energy generation accounts for approximately 4.1% of  

overall greenhouse gas (GHG) emissions, resulting in the emission of 2.8 Mt of CO2 per annum. 

The greatest contribution to each of the environmental impacts considered arises from emissions 

generated during peat combustion, which accounts for approximately 95% of each of the 

environmental impact categories considered. Other stages of the life-cycle, such as impacts 
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emanating from the peat extraction area, fossil fuel usage in harvesting and transportation 

machinery, and after-use of the cutaway area have much smaller effects on overall results. The 

transformation of cutaway peatlands to different after-use alternatives has the potential to 

mitigate some of the effects of peatland degradation and peat combustion.[8] 

The most important environmental issue in the harvesting of peat is the runoff, released from 

harvesting areas. Drainage mainly causes changes in regional hydrology and quality of surface 

waters. The leaching of phosphorus and nitrogen causes eutrophication problems into the 

watercourses and decomposing organic matter consumes their oxygen reserves. The load of solid 

peat particles causes silting of downstream water bodies. Also dust emissions in particular in the 

production fields close to settled areas could have some environmental impacts. Main part of the 

dust emissions appears in pneumatic harvesting method in milled peat production. 

 Mires affect the quality of runoff waters by holding elements and thereby reducing leaching 

potentials. By insulating surface waters from reaching mineral soils, peat layers reduce the 

leaching of weathering products, but increase the leaching of organic carbon and airborne 

elements not retained by peat. Drainage and utilization of mires always causes inevitable 

ecological changes. A common global problem is the state of the atmosphere and the changes 

that take place in it. On account of the peat harvesting and combustion the global warming has 

been the matter of the debate. Pristine peat lands are long-term sinks of atmospheric carbon due 

to an unbalanced ratio of primary production and decomposition. It has been estimated that only 

2 to 16% of the yearly produced plant biomass accumulates in the form of peat. Consequently, a 

huge amount of carbon, at least 250 Gt (=1012kg), is stored in global peat lands. 

 

2.2.5.1. IMPACTS ON WATERCOURSES 
 

In terms of environmental impacts, drainage changes the peat land from a hydro chemically 

accumulation area to an area releasing also chemical compounds. The leaching of phosphorus 

and nitrogen cause watercourses to become eutrophicated, and decomposing organic matter 

consumes their oxygen reserves. When eutrophication starts, the nutrients, accumulated in the 

bottom sediment of many lakes begin to re- dissolve in water due to oxygen depletion. This 

internal load slows down the recovery of eutrophicated lakes even if the external load can be 

attenuated. For example in Finland, where peat industry operates in a production area of about 50 

000 to 60 000 ha annually, the nutrient load accounts for only 0.7 percent of the phosphorus and 
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0.9 percent of the nitrogen load of the country. The typical, average annual phosphorus release 

from peat harvesting areas in northern boreal zone is 21 kg per 100 ha and that of inorganic 

nitrogen from 650 to 1000 kg per 100 ha. Compared with the more conventional modes of land 

use, phosphorus and nitrogen releases from a peat mining areas are about 20% and 80%, 

respectively of those from arable area of the same size. 

 The preparation of peat harvesting areas increases the release of iron. Concentrations of 

dissolved iron compounds in the runoff are highest during dry periods. In oxygen- bearing peat 

layers the iron compounds precipitate. It has been noted that iron release declines after a peat 

harvesting area has been drained. The concentrations of trace elements in peat vary depending on 

the type of peat, its decomposition degree, ash content, acidity and even on the type of subsoil. In 

relation to mineral soils, the metal contents of peat are low, although in recent years, the 

atmospheric deposition has increased also heavy metal contents of superficial peat. A nuisance, 

typical of peat harvesting is the drifting of solids, that is, peat particles, into watercourses from 

ditches and harvesting fields. The load of solids causes silting of water bodies.  

In a well-planned and managed harvesting area, less than 0.5% of the average peat yield is 

washed out. As harvesting fields are not protected by vegetation, a sudden heavy shower may 

also transport material from drying milled peat into ditches. Preventing of the outwash is done 

with ditch retainers, sedimentation, filtering, and soil infiltration or surface runoff. A properly 

working settling pond reduces the amount of solids washed out by 30–40%; moreover, 

improving the retention capacity enables over 80% of the solids in a harvesting field to be 

retained. Using the same chemicals as those used to treat drinking water can treat dissolved 

nutrients. By this method the most distinct changes are the improvement in water clarification by 

70–90% and the decline in concentrations of dissolved organic compounds by an average of 

88%. The purification degree for nitrogen compounds has been 28%, for phosphorus compounds 

over 80% and for solids over 70%.The most common water protection measure used for nutrient 

retention is based on surface runoff. To be feasible, the method requires a rather flat (gradient not 

more than 1%) undrained area. The drainage waters will be guided to this area. Surface runoff as 

well as filtration of the drainage waters in mineral soils is natural purification systems. 

Suspended solids in the run-off waters are the principal environmental impact of milled peat 

production. By using artificial floodplains, isolation ditches and shallow sedimentation ponds, 

covered with hygrophyte vegetation (eg. Phragmitesaustralis, Typhalatifolia, and T. 

angustifolia), the load of fine-grained and slowly depositing material can substantially be 

reduced 
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2.2.6. POTENTIAL OCCUPATIONAL EXPOSURES 

Evaluating potential occupational exposures at peat-fueled power generation facilities is 

complicated not only by the wide variety (and mixtures) of fuel types, but also by the variety of 

facility designs and lack of detailed exposure monitoring data reported in the literature. The 

focus of this section is on exposures associated with fuels used at these facilities (pre-

combustion, stack emissions, and post-combustion), as opposed to other secondary occupational 

exposures (i.e., forklift/truck traffic, diesel generators, etc.). Evaluation of peat feedstock 

generally includes analyses for energy content, fuel properties (including moisture and ash 

content), and major fuel elements (carbon, hydrogen, nitrogen, sulfur, chlorine), as well as more 

minor components capable of influencing plant operations, including the main mineral 

components of the ash and levels of heavy metals. These physiochemical properties also 

influence the type of emissions (air, water and solids), environmental impacts, and plant control 

requirements. Just as the availability and type of the source fuel(s) influences the ability to 

design, site, and operate a large-scale biomass combustion plant it also determines the nature of 

the operational waste streams and the associated potential for worker exposure. As with other 

combustion-based power plants, biomass-fueled facilities produces emissions to air and water, as 

well as solid byproducts such as ash and pollution control residues. 

Due to the limited data regarding occupational biomass exposures in the power generation sector, 

potential worker exposures—particularly those unique to biomass versus other fuels—are 

described from similar occupational exposures as needed, such as wood pellet or other biomass 

waste management. Exposed populations of interest are identified, and relevant exposure sources 

and routes are discussed. The section also identifies substances of significance to health (SSHs) 

at these facilities, and further discuss SSHs that may have different exposure profiles than at 

traditional fossil fuel power generation facilities. 

 

2.2.7. OVERVIEW OF EXPOSURE SOURCES AND ROUTES 
 

In general, three primary sources of exposure should be considered for an occupational risk 

assessment of a biomass-fueled generation facility: the biomass fuel itself (pre-combustion), 

biomass combustion emissions (usually associated with the boiler or stack), and exposure to the 
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resulting ash residue (post-combustion). Some exposures may be common to multiple stages. For 

example, workers may be exposed to gaseous pollutants and particulate matter (PM) generated 

from biomass handling, transport, storage, and agitation, as well as from post-combustion ash.  

For some plant workers, there is also the potential for exposure to post combustion products, 

particularly ash. Different combustion technologies produce ash with differing characteristics, 

which are further modified by emissions control systems. At the utility scale, it is usual for 

different ashes to be handled separately, with streams labeled as ―bottom ash‖ and ―fly ash‖ most 

commonplace. The bottom ash, removed from the bottom of the boiler, is primarily composed of 

relatively unreactive, high melting point materials such as alum inosilicates; with fluidized bed 

boilers there is also a contribution from the bed material (often sand), as well as any limestone 

used for acid gas control. In contrast, the fly ash consists of those inorganic components that 

have volatilized in the furnace before condensing as the gas cools, as well as fine non-volatile 

ash that has become entrained in the flue gas before being collected in control devices such as 

filters and electrostatic precipitators (ESPs). Many of the volatile trace elements contained in the 

fuel are concentrated in this fly ash. Where dry sorbents are added to the flue gas for pollutant 

control (e.g., lime for acid gas abatement or activated carbon for heavy metal control), these are 

also removed with the fly ash. Some plants may have multiple ash capture stages to reduce the 

proportion of the ash contaminated with air pollution control sorbents. 

Although it may be assumed that the highest risk of exposure to ash is among those personnel 

involved in its handling and storage, there are other groups of workers who may also be at risk. 

Where ash handling systems are not fully enclosed, airborne ash releases may affect all 

personnel, while those workers working on repair and maintenance within the boiler are likely to 

be exposed to ash in the form of furnace deposits. It should be noted that these boiler deposits 

could have different chemical characteristics to the bulk ash; for example, they could be enriched 

in those metals that preferentially condense into the deposit at particular furnace temperatures. 

 While potential exposure to ash should be limited by process controls (such as enclosure of 

handling systems) wherever possible, with Personal Protective Equipment (PPE) used by 

workers to reduce any residual risk, the efficiency of these controls can vary widely. The 

effectiveness of PPE in particular is heavily influenced by factors including training, proper fit (a 

particular issue with respiratory protection), safety culture, management enforcement, and 

workers‘ own perception of risk. Exposure routes of interest for ash include inhalation and 

dermal contact during transfer and transport processes, with incidental ingestion of ash or dust 
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comparatively less important. Biomass ash can also be highly alkaline, presenting a risk of 

irritation and corrosiveness due to pH alone, particularly in contact with skin and eyes 

2.2.8. SUBSTANCES OF SIGNIFICANCE TO HEALTH 

 

2.2.8.1. PRE-COMBUSTION EXPOSURES 

Pre-combustion exposure to biomass materials is influenced by the unique physiochemical 

properties of the fuel. A limited number of European studies have reported ambient PM 

concentrations within facilities associated with biomass combustion, processing or handling; 

these have often focused on bio aerosols, including bacteria, fungi, endotoxin, and other related 

markers. There has also been significant interest in exposure to gaseous species, mainly carbon 

monoxide (following a number of fatal incidents during transport and storage of wood pellets), 

but also volatile organics. In general, these studies have focused on area monitoring or overall 

personnel exposure assessment, with minimal or no worker task specification. 

 

2.2.8.2. COMBUSTION-RELATED EXPOSURES 

 

The major combustion emissions emitted from peat-fueled power generation facilities are similar 

to those from traditional fossil fuel generation facilities. Concentrations of these substances in 

the flue gas can be influenced by factors such as fuel chemical composition, boiler design, 

pollutant control systems, and combustion conditions, and so can vary considerably between 

different facilities. In addition to criteria pollutants such as PM, carbon monoxide (CO), sulfur 

oxides (SOx), and nitrogen oxides (NOx), a number of different volatile organic compounds 

(acrolein, aldehydes) and some associated persistent semi-volatile compounds (PAHs, 

dioxins/furans) may also be present, although data regarding their presence and more especially 

their concentrations in the flue gas are often limited. Emitted PM also contains mineral and metal 

species.  

The US EPA AP-42 guidance does provide emission factors for a large number of organic 

species from wood residue combustion in boilers; these factors were last updated in 2001. The 

boilers which have provided the data used to generate these factors are generally industrial-scale 

rather than utility-scale units, being primarily used to utilize residues from wood processing 

facilities and pulp mills. In many cases, emission factors presented are derived from only one or 

two measurements. 
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.As a result, these factors may not reflect current practice at the utility scale, particularly in terms 

of boiler design (most tests were undertaken on stoker or Dutch Oven-type boilers) and flue gas 

clean up. Non-woody biomass fuels are not considered in AP-42, with the exception of a limited 

amount of data provided for bagasse use in sugar mills. It should be noted that as the size of the 

installation increases, there is greater scope for optimization of the combustion system, 

improving efficiency and reducing air emissions associated with poor combustion. In many 

countries, there are also legally mandated emission limits on major pollutants to air for plants 

over a specified thermal input, and these limits often decrease as plant size increases. The 

controls required to meet the limits for major pollutants often also provide a co-benefit removal 

of minor species (for example, systems for sulfur oxide reduction can also reduce other acidic 

gases). Emission rates (per unit of output) for large-scale generation plants can therefore be 

significantly lower than for smaller industrial units. Table 5 provides a summary of the types of 

substances that may be of interest to occupational health in this industry; however, it should be 

noted that many of these substances are associated with combustion processes in general. 

 

2.2.8.3. POST-COMBUSTION RELATED EXPOSURES 

The majority of inorganic material associated with the biomass fuel is recovered from the boiler 

as ash. As the composition of mineral matter in different biomass fuel varies, so does the ash, 

with additional variability introduced by the use of non-fuel materials, such as sand or other 

minerals, as the bed material in fluidized bed boilers, along with the use of sorbents for flue gas 

treatment. In large-scale boilers, multiple ash streams are often produced with different chemical 

properties. For example, in fluidized bed boilers the bottom, or bed, ash consists of a mixture of 

fuel ash, bed material, and coarse contaminants of biomass (such as stones). Certain volatile 

elements, including sulfur, chlorine, alkali metals, and some heavy metals, are depleted in the 

bottom ash, as the temperatures in the boiler are sufficient to vaporize them and they exit the 

boiler in the flue gas. In contrast, the fly ash (or filter ash) consists of material fine enough to be 

carried by the flue gas and can be enriched in the volatile elements as they condense out onto the 

ash as the flue gas cools. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4515735/table/ijerph-12-08542-t005/
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2.2.9. POTENTIAL OCCUPATIONAL RISKS 

The potential occupational health impacts of peat combustion in power generation remain poorly 

defined, and as a result, there is limited guidance available to inform monitoring and health 

surveillance best practice guidance. The following section classifies potential occupational risks 

related to peat into pre-combustion, combustion, and post-combustion categories. 

2.2.8.1. PRE-COMBUSTION RISKS 

In combination with the sparse information regarding exposures of biomass-based generation 

workers, a lack of epidemiologic studies limits the ability to establish potential associations or 

speculate on the role of biomass in any potential adverse health effects in workers. However, 

ancillary data from related industries can help to define constituents of potential concern for 

future study. 

2.2.8.2. COMBUSTION-ASSOCIATED RISKS 
 

Occupational studies focusing on the potential health risks posed by exposures to biomass 

combustion products at large scale biomass power plants are lacking, with minimal data on 

potential SSHs and their exposure levels relative to facility, worker tasks, working environment, 

and biofuel stock. Because there remains uncertainty regarding the specific components, 

concentrations, and related nature of the health risks posed by specific biomass combustion 

products from modern power plants, this section must rely on identifying the potential for 

adverse OH&S effects based on data from other biomass exposures scenarios, including poorly- 

or uncontrolled biomass combustion such as wildfires. However, given the greater degree of 

control over both combustion quality and specific pollutants as well as the high level of 

dispersion from the stacks of utility scale power plants, data from these less-controlled sources 

should be considered worst-case. 

 Although occupational exposure of power plant workers to combustion gases is expected to be 

low during normal operation, self-heating and spontaneous combustion of stored biomass (due to 

biological and chemical oxidation reactions) is a recognized issue in many industries, including 

the power sector. 

 Under these situations, there is a risk of worker exposure to products from incomplete biomass 

combustion and smoldering. However, the frequency of such exposures is expected to be low 

and the size of the affected population limited. 
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2.2.8.2.1. PEAT FIRE SMOKE COMPOSITION. 
 

Peat smoke is a complex mixture characterized by high concentrations of organic carbon, 

elemental carbon, potassium and Sulphur. Peat burning produces many other potentially harmful 

gases and combustion by-products, including fine particles. The gases produced in peat fires 

include carbon monoxide, carbon dioxide, nitrogen oxides, sulfur oxides, aldehydes, polycyclic 

aromatic hydrocarbons and other irritant volatile organic compounds. 

 

2.2.8.3. POST-COMBUSTION RISKS 
 

Studies of health effects in workers exposed to peat ash in power generation facilities are limited. 

From studies in workers that handle coal ash, however, it is known that key hazards for 

conventional ash exposure relate to the potential inhalation of PM and trace inorganic 

compounds (e.g., arsenic, chromium, cadmium). Also of potential concern are free respirable 

quartz and radiological exposures. It should be noted, however, that even if these properties of 

coal ash pose a potential concern, evidence from epidemiological, animal, and in vitro studies, 

albeit limited, supports the conclusion that coal ash exposure is not associated with silicosis 

Concerns related to potential exposures to organic compounds (e.g., dioxin, PAHs) in coal ash 

have also been raised, but these levels have been repeatedly shown to be close to detection limits. 

Potential routes of exposure to biomass-derived ash are expected to mimic those of coal ash, with 

inhalation of PM and associated compounds being the primary concern. Additional exposure 

could occur via dermal contact or ingestion if hygiene measures are inadequate to prevent 

contamination of welfare areas. 

Table 8: Typical power Plant Tasks and Exposures 
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2.3. LIFE CYCLE ASSESSMENT OF ELECTRICITY GENERATION 

FROM PEAT 

Life cycle assessment (LCA) is a tool which can be used to assess the environmental impacts and 

energy requirements of peat energy systems over the entire life cycle, from peat drainage and 

harvesting to combustion and subsequent after-use of degraded peatlands. The holistic nature of 

LCA allows the identification of points in the system of critical contributions to key 

environmental impacts. 

It bases the focal point of the study of the emission of greenhouse gas (GHG) in electricity 

generation through combustion, which influences global warming. There are many gasses 

emitted from the peat combustion that has a high potential for global warming, but this potential 

is different for each gas. To add up all these potentials. It relates the global warming potential 

(GWP) of a substance to the GWP of carbon dioxide. Methane, for instance research has shown 

that has about 20- 23 higher GWP than carbon dioxide but most peat about 60% have 20.8. Since 

on the power plant there is no measure to measure the methane gas emitted, we prefer to use the 

characterization factors as 20.8 to find the estimate of methane. It means that when we consider 

1kg of methane and 1kg of carbon dioxide, the result of GWP is equivalent to 20.8kg of carbon 
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dioxide denoted as CO2 equivalent. Once impact categories are chosen for a LCA study, the next 

step is to link life Cycle inventory parameter to corresponding impact categories based on the 

Cause-effect relationship. The Functional Unit for this LCA Study is defined as 54,000MJ of 

electricity is delivered from 17.632 tons of peat per hour, of a 15MW peat power plant. 

 

Table 9:Schematic presentation of the system boundary and the main inputs and outputs Life cycle impact assessment 
methodology 

 

 

2.3.1. PEATLAND EMISSIONS FACTORS 
 

Greenhouse gas fluxes from peatlands across the various stages of peat extraction can vary 

depending on spatial and temporal variability, in addition to the nutrient status of the peatland. 

GHG fluxes occur from the peat fuel extraction area, stockpiles of harvested peat, and the 

surrounding peat area which has been affected by drainage. Emission factors are used to estimate 

the GHG fluxes from these peatland areas, with differing factors having an effect on overall LCA 

results. Previous research on peat use for energy in Ireland relies on general emissions factors 

from the IPCC to evaluate the climate impact of peat use for energy [23], due to a lack of Irish-

specific emission factors available at the time. Similar research carried out in Finland and 

Sweden used country specific emission factors. 
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2.3.1.1. COMBUSTION EMISSION FACTORS 

 

Peat is the least carbon efficient fuel source when compared to other fossil fuels such as oil, 

natural gas or coal, and its combustion can emit over 90% of total CO2 emissions of the full peat 

energy chain . As such, the accurate quantification of GHG emissions from peat combustion is 

important in achieving precise LCA results. The use of different combustion emission factors in 

different LCA studies can produce diverse results. 

 

2.3.1.2. AFTER-USE OPTIONS. 

 

Consideration of the GHG fluxes associated with different after-treatments of cutaway peatland 

areas is important in understanding the full impact of the entire peat-for-energy chain. 

2.3.1.3. RESTORATION  

 

Restoration of the cutaway peatland to a peat-forming system can result in the cessation of CO2 

emissions from residual peat decomposition and can also reinstate the carbon sink function of the 

system. However, the reinstatement of a high water table in the restored peatland increases CH4 

emissions. LCA studies make different assumptions on the rate of CO2 uptake and CH4 

emission of the restored peatland. 

2.3.1.4. AFFORESTATION 

 

Similarly to rewetted cutaway peatlands, afforested cutaways both emit and absorb greenhouse 

gases. GHG emissions from afforested cutaways primarily arise from decomposition of residual 

peat and soil emissions of N2O. On the other hand, afforestation leads to carbon accumulation 

through growing biomass and results in carbon input to the soil both above and below ground. 

The consideration of both factors is an important factor in LCA studies of afforested cutaway 

peatlands. 
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CHAPTER THREE: METHODOLOGY 

 

3.1. INTRODUCTION. 

Gishoma Peat to Power Plant is built in Murya Cell, Nzahaha Sector, Rusizi District in western 

Province of Rwanda. The construction of Gishoma Peat to Power Plant started in 2010. The plant 

was commissioned in March 2017 and is now connected to the national grid generating 15MW 

to the national grid. 

 

Figure 13:Gishoma to Peat Power Plant.(Picture taken during site visit) 

To get the required information the literature review on research made on other peat power 

plants was referred to. The interview questions to the local workers and peoples living there were 

used. The site visits were done for data collection and visual observation exactly what are the 

issues related to the usage of peat. 



39 
  

Literature review of institutional and Field visits were done, where the staff working in the 

power plants contributed too much to the response of questions used regarding their health issue 

from peat usage especially during plant operation and the disposal of the peat ash. There also 

data recorded from the power plant. 

 

1.2. COLLECTED DATA FROM GISHOMA PEATTO POWER PLANT 

 

Gishoma Peat fired power plant is comprises of the following main components; steam turbine, 

generator and boiler, crushing and transportation system. The plant is a base load power to the 

Rwandan electricity grid. Specific to the plans of the 15MW peat fired power plant, REG 

Supplies 12 MW to CIMERWA for increased cement production for the ever rising demand and 

3MW to the national grid for domestic and commercial use especially for processing of 

agricultural product in district of rusizi.. 

 Below is the table summarizing the plant Capacity, 

 

Table 10:Summary of the plant Capacity 

Plant capacity(Gross Power Output) 15MW 

Physical characteristics of the peat fired- Power Plant 

Total area of coverage(ha) 6.0ha 

Plant station technology 

Boiler Circulating fluidized bed(CFB) 

Turbine Condensing steam turbine 

Pollution Abatement technology NOx Suppression-staged combustion at a 

temperature of 850
0
C 

Particulate capture- bag filter as a dust filter 

Cooling technology Direct cooling water of 3400-3600t/h at 20
0
C. 

The cooling water system is a closed circuit 

through cooling towers. 

 

Fuel 

Peat usage (t/h) 1 Boiler of 75t/h  
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Peat shed:2400 m
2
, 

peat storage capacity:16000 m
2
 

Mode of transport of peat from extraction area PEC will transport peat to the site 

Peat stock pile Maximum peat consumption of 420 tons/ day 

Ash content of boiler(t/h); ash silo storage for 

6 days at maximum ash content 

2.9 

Emissions 

Number of chimneys 1 

Chimney height and inside diameter 45m,2m 

IFC World bank guidelines for emissions 

(mg/Nm
3
) released a chimney at oxygen 

content of 6 % 

Sulphur dioxide(SO2)-200 to 850 Nitrogen 

Oxides (NO2)-510 Particulate matter(PM)-50 

Raw process water requirement 

Demand(m
3
/h) 200 

Water storage on site 3 tanks operational and 1 stand by 

Start-up 1.5MW to run the plant 

 

3.2.1. POWER GENERATION PROCESS. 
 

Peat fired power stations produce electricity by combusting peat fuel in a boiler to heat water for 

steam production. The steam flows at a very high pressure into a turbine which rotates a 

generator or alternator to produce electricity Fig 15. The steam is then condensed back into water 

and returned to the boiler to be recycled through the process again 
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Figure 14: Flow of fluids for Power Generation. 

 

 3.2.1.1. WATER FLOW SYSTEM 

 

 

Figure 15: Flow of fluids for Power Generation 

3.2.1.2. AIR AND GAS FLOW SYTEM 
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Figure 16: Air and gas flow system 

 

 

 

3.3. SITE VISIT 

 

To have the required information‘s, the site visit was done. During site visit the plant was not 

working due to lack of peat fuel because it was in the rain season where it was not possible to get 

dried peat for combustion. 

The peat harvesting takes place indry seasons. The rainfall in wet seasons as shown in Figure 3, 

no peat harvesting that occurs. It is indicated that in the period of January up to the end of March 

peat can be extracted because the rain is considerably low. From starting of the April in the rain 

season, the quantity of rain is too high. There is no harvesting of peat. 

From the month of June up to the end of September the rain quantity is too low so that the 

harvesting extraction continue up to October.  

 

The raw peat may contain 95 percent of water content was drained to release as much free water 

as possible. 
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Figure 17: Peat land cleared of vegetation. 

The peat surface is cleared of vegetation first and water drained togive run-off. And to provide 

an area on which the processed peat is dried by wind and sun. 

 

 

3.3.1. OBSERVATIONS 

 

a) At Gishoma Peat Land. 

 

Peat piles were in the peat land waiting to be dried before gathering it in the prepared area where 

it is cover against rain as indicated on below photos.  
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Figure 18:Peat piles at Gishoma 

 

Figure 19: Dried peat Collection area at Gishoma 

According to the local peoples during the interview, the peat piles are collected by hired people 

by hands with spade and they do not know bad effect on the health about inhalation of the peat 

dust.  . 
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Figure 20: Security guard of peat collected being questioned on how peat is collected and health 

issues. 

The people are hired for hand peat correction where the truck will takes it to power plant. 

 

The trucks carry the dried peat in the peat shed at the plant at the starting point of peat flow in 

the power house. 

 

Figure 21:Gishoma Peat shed ( Dried Peat Stock) 

At The Power Plant, there was too much peat dust observed in the power house along all the peat 

flow chain system Fig22. Staff working in the place always inhale the peat which is respiratory 

problem. 
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Figure 22:Photos showing the issue of peat in the power house when even the plant is stopped. 

Only the protected area against the peat fly (dust) is the control room. 

 

Figure 23: Control room of Gishoma Power Plant 

After using the peat (after burning it) there is a production of too much peat ash which is a big 

problem to the plant staff and people living near the plant. When the wind blows, it carries the 
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ash in the houses of the plant and in the houses of living people near the plant. The staff and 

people there, have problem for inhalation of the ashes from the power plant. 

 

The below photos show thepiles of peat surrounding the plant in all sides. 

 

 

Figure 24: Piles of peat ashes sounding Gishoma Peat Power Plant 

 

 

 

 

 

 

Table 11:Baseline of peat power plant assessed 
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Parameters Quantity/hour   

Engineering Data    

Peat burned per hour 17.632 tonne/h   

Water 12200 m
3
/h   

Natural diesel 800 kg or liter   

Energy generated capacity 15000 kwh   

Net Energy supplied 13000 kwh   

Energy Consumed 2000 kwh   

Thermal Efficiency 83.3%   

Peat annually harvested 2500000tonnes   

Moisture at harvest (wet basis) 80%   

Moisture at combustion (basis) 45%   

Environmental Data 

Parameters Quantity/Unit 

Ash Disposal 2.5 t/h 

fluxes rates (CO2) 2.5t/h 

Methane (CH4) 45 kg/h 

Sulfur dioxide(SO2) 77 kg/h 

waste (slag) 1.7 t/h 

 

Table 12: Emission Quantity 

Measurement Parameter  Value for 

CO2 

Value for  

NOx 

Value for 

 SO2 

Gas Pressure   190 Kpa 18.523 Kpa 16.505 Kpa 

Gas Temperature  290.65 K 240.5 K 193 K 

Gas volume flow rate  0.029835 m
3
/s 0.0215 m

3
/s 0.022 m

3
/s 

Gas compressibility  0.9905 0.9958 0.9942 

Gas fraction  1 mol/mol 1 mol/mol 1 mol/mol 

Molecular weight  44 30 64 

Ideal gas constant  8.3144 J/mol *K 8.3144 J/mol *K 8.3144 J/mol *K 

Burner conversion efficient  1 1 1 

The obtained quantity of gases  104.2 g/h 6 g/h 14.56 g/h 

 

[3] 

 

 

3.4. RESEARCH QUESTIONS. 
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1. How Peat is collected in the peat land? 

The peoples living near gishoma said that that they are hired for peat collection. They take the 

peat piles with spade for loading in the car which carries to the peat collection area. They are 

not protected against peat dust.  

2. What are the emissions of Peat during combustions and related health risks?  

According to this question, People said that, they see ash flying to their home and dirty their 

plates and clothes. They do not know about the health risk that may happen. The staff said that 

some of them get sick of cough thinking that may come from the inhalation of peat and peat ash. 

3. What are the emissions from peat ashes and related health risks? 

The field data were collected from plant log book able 10. 

4. What are the mitigation measures for reductions of the emissions observed? 

There are no solution yet provided to solve the emission issue because the power plant is needed 

for electricity generation. The only solution was to have personal protective equipments that can 

reduce their respiration. 

5. What are the protection equipment for the workers to reduce the health risks from the peat 

emissions in all processes for power generation? 

The Personal protective equipment to be used for the plant are mostly dust masksof good quality. 
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CHAPTER FOUR: RESULTS AND DISCUSSION 

 

4.1. INTRODUCTION 

 

The continuous emission monitoring system (CEMS) was used to measure the CO2 concentration 

and the volume flow rate of the flue gas in the stack. This measurements was used afterpeat 

combustion and thereforeit is the direct measurements of the CO2. This method is called direct 

emissions measurements. This method can drive CO2, NOx and SO2 using the following 

expression.  

 

𝑴 𝒈𝒂𝒔 = (𝑷 ∗ 𝑿 ∗ 𝑿𝒈𝒂𝒔 ∗ ƞ𝒈𝒂𝒔 ∗ 𝑴𝒎𝒈𝒂𝒔)/(𝑹 ∗ 𝑻 ∗ 𝒁𝒈𝒂𝒔)         (1)Equation 1Emission Measurement 

Where: 

Ṁgas: mass rate of the gas emitted after combustion 

ƞ𝐠𝐚𝐬: The burner conversion efficiency    

P:The pressure of the gas in the stack 

R:The ideal gas constant  

Ẋ:The Gas volume flow rate                              

T:The Temperature of gas     

Xgas:  the gas fraction                                         

Zgas: gas compressibility 

Mmgas: The Molecular weight of gas  

Emissions from peat power plant of 15 MWh are fromdifferent parameters such as the 

temperature, pressure of gas emitted and the volume flow rate of the gas.  

From the equation (1), it is easier to find the quantity rate of the gas emitted. 

𝑴 𝒈𝒂𝒔 = (𝑷 ∗ 𝑿 ∗ 𝑿𝒈𝒂𝒔 ∗ ƞ𝒈𝒂𝒔 ∗ 𝑴𝒎𝒈𝒂𝒔)/(𝑹 ∗ 𝑻 ∗ 𝒁𝒈𝒂𝒔)         (1)Equation 2Emission Measurement 

 

Ṁgas (CO2) = (191.857*1*1*0.029835*44)/ (0.9968*290.65* 8.3144) 

                                                               = 104.2 g/h  

Ṁgas (NOx) = (18.523* 1*1*0.0215*30)/ (0.995* 240.5*8.3144) 

                                                                = 6 g/h  

Ṁgas (SO2)= (16.505* 1*1*0.022*64)/ (0.942* 193*8.3144) 

                                                                =14.56 g/h   
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By the assumption that all input quantity burnt, the burning conversion efficiency is taken asa 

unit.  

. Table 13:The relation of the emission measured from field to the standard emission specified by 

ISO  and are Recorded from plant log book. 

Emission gas Impacts 

Categories 

Quantities 

measured 

Percentage 

emission 

Total measured 

for 15 Mwh 

Standard 

Quantities (g/MJ) 

CO2 GWP 104.2 g/h 80.30% 5617080 106 

CH4 GWP 5 g/h 3.85% 270 8.7802 

NO2  Acidity  6 g/h 4.62% 324 10.999 

SO2 Acidity 14.56 g/h 11.23% 77000 20 

Figure 25: Comparison diagram of field data and standard data 

 

The gas emissions from peat combustion are higher in the carbon dioxide emission (CO2) 

compared to the other gases such as nitrogen oxides NOx and sulfur dioxide SO2. This shows it 

requires that extra work to reduce the quantity of gas emitted from combustion peat even though 

the measured values are not exceeding to those of specified by ISO. The continuing research 

about the whole process cycle of peat from extraction up to the end user because we got those 

results which the standard without considering the emission done in drainage, extraction, 

transportation but only considering the combustion stage at the plant. As the comparison of gases 

emission with standard show the quantity of carbon dioxide is approximately equal to the 

quantity specified by standard This explain that when we consider other emission exist in other 
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process, the level of carbon dioxide will be greater than the standard that why a big analysis is 

required 

CHAPTER FIVE: CONCLUSION AND RECOMMENDATION 

5.1. CONCLUSION 

 

The peat power plant produces electricity to boost the national economy and development of the 

country.But they have issues of producing greenhousesgases whichcontributes more to global 

warming potential.  

 

From the calculations and measurement based on only data of peat during combustion, Shows 

that according ISO (106g/h)data, the Co2 (104.2 g/h emission is still in the acceptable range. But 

if the measurement are taken from peat collection, peat combustion and cutaway peat land, the 

measurement would exceed the ISO data. Other research to give the exact emissions are needed 

because more emission are done from peat harvest preparation and after peat use. The process of 

data collection during a field visit was carried out where we found out that for the case of 

Gishoma power plant various gases are emitted from the plant but theemission level is still below 

the ISO Standards maximum values and gives a good sign the environment is still well managed. 

 

5.2.RECOMMENDATION 

5.2.1. AFTER PEAT IS USED. 

The greenhouse gas reduction of emissions can be done by rewetting the peat cut away. The 

greenhouse gas emissions from rewetted peatlands are low in comparison to the drained peat 

land.  To prevent the emission carbon in peat land, the best option is rewetting of drained 

peatlands and afforestation.The rewetting priorities for peatland is based on the assessment of 

peatland distribution, the drainage status and the actual emissions. There is a wish to request to 

strengthen links between science and policy to ensure that policy objectives are data based, clear 

and quantifiable.  The encouragement is necessary on the commitments to conserving and 

rewetting peatlands, to develop and put in implementation where applicable.  There is a need of 

important support and direct funding mechanisms for changing drained peatland to 

paludicultures (wet agriculture and forestry). Keep communicate to the societal benefits from 

wet (both pristine and rewetted) peatlands about the ecosystem services and what is the costs 
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from damaged peatlands.  Rewet drained peatlands and restoration to reaching national and 

international policy targets, especially on climate regulation, on water quality and on biodiversity 

conservation. 

5.2.2. THE REDUCTION OFEMISSIONSFROM COMBUSTION. 

TheNOx emissions can be minimizedwith the use catalytic reductions. The catalytic reduction 

can be used in peat power plants because of combustion. This can be applied by the injection of 

ammonia (NH3) into the smoke stream before leaving in the stack. There a reaction of ammonia 

with the NOx in the presence of a catalyst and form water vapor and nitrogen. The reaction is 

represented as:4𝑁𝑂 + 4𝑁𝐻3 + 𝑂2  → 4𝑁2 + 6𝐻2𝑂. This reaction can be controlled by adding 

the catalyst monthly.  The role of the catalyst is to promote the conversion of Sulfur dioxide 

SO2emitted from peat to SO3 in the presence of Oxygen O2. The reaction continue where SO3 

react with NH3 and form ammonium sulfate that will form solid waste which become easy to 

collect. The emission of carbon dioxide CO2 have two categories such as direct and indirect 

emissions. For direct emissions, greenhouse emissions are produced at the plant during peat 

combustion. For indirectemission, the emission is associated with the peat handling from site 

extraction up to the power house where peat is stocked before combustion. 

The piles of ash have to be removed and dumped underground to avoid flying in the power plant 

and houses of the peoples.  

On the staff more exposed to the emissions, the every month life checkup have to be conducted 

to take counter measure before fatal issue happens 

We recommend also the daily monitoring of the peat ash emissions and find quick solutions on 

the piles of peat surrounding the plant by damping them under the soil. 
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APPENDIX1 

DEFINITIONS 

Aboveground biomass. Biomass above ground level (above the soil surface), consisting of 

trees, other plants and animals (the latter are normally considered to be negligible). 

Belowground biomass. Biomass below the soil surface, consisting of plant roots and soil biota. 

Biomass. The total mass of living matter—plants and animals—in a unit area. It is normally 

quantified on the basis of dry weight and usually expressed in tonne per hectare (t/ha) or 

megagram per hectare (Mg/ha). 1 Mg = 1 t = 1,000,000 gram. 

Carbon pool. A subsystem that can store or release carbon. Examples of carbon pools are plant 

biomass, necromass, soil and water. 

Carbon budget. The balance of the transfer, during a specified time period, of carbon from one 

carbon pool to another in a carbon cycle, or from carbon pools to the atmosphere. 

Carbon dioxide equivalent (CO2eq). A measure used to compare the global warming potential 

(GWP) of certain greenhouse gases relative to the warming potential of CO2; it combines 

differences in the heat-trapping effect as well as expected residence time in the atmosphere. For 

example, the GWP of methane (CH4) during an accounting period of 100 years is 25 and for 

nitrous oxide (N2O) it is 298. This means that emissions of 1 t of CH4 and N2O are equivalent 

to 25 and 298 t of CO2, respectively. 

Carbon dioxide. This is an odourless and colourless gas, expressed in the formula CO2, that is 

formed from a variety of processes such as combustion and/or decomposition of organic matter 

and volcanic eruptions. It is captured from the atmosphere, along with solar energy, by green 

plants through photosynthesis, and reemitted by respiration, releasing energy. Today‘s CO2 

concentration in the atmosphere is about 0.039% by volume or 388 mole ppm. The CO2 

concentration has increased over the past century owing to the use of fossil fuel and natural gas 

as well as the reduction of above- and belowground terrestrial carbon stocks. The molecular 

weight of CO2 is 44 g; the atomic weight of carbon (C) is 12 g. Conversion of the weight of C to 

CO2 is 44/12 or 3.67. 

Carbon sequestration. The process of absorption of CO2 from the atmosphere into plant tissues 

and soil. 
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Carbon stock. The mass of carbon stored in an ecosystem at any given time, either in the form 

of biomass, necromass (dead organisms) or soil carbon. 

Carbon. Non-metallic chemical element expressed with the atomic symbol ‗C‘, which is widely 

available in all organic (C bound to H and O) and inorganic (elemental C) matter. Carbon has the 

atomic number 6 and typical atomic weight of 12 g/mol, but a stable C13 and radioactive 

C14 also occur in small amounts. 

Emissions. The process of releasing greenhouse gases into the atmosphere. 

Forest. A vegetation (land-cover) type dominated by trees, which is recognized through various 

definitions that, for example, restrict the minimum area, give the minimum crown cover in 

current or potential stages and express restrictions on the type of woody vegetation that is 

included in the concept of ‗trees‘. 

Flux. The flow (of greenhouse gases) between pools, for example, from the soil into the 

atmosphere in the unit weight of gas per unit surface area, expressed as, for example, mg/(m2 

hour). 

Hemic. Intermediate stage of peat decomposition, between fibric and sapric 

Histosol. Peat soil. 

Land cover. The vegetation on the Earth‘s surface, such as forests, half-open woodlands, 

grasslands and open fields. 

Land use. This term refers to the classification of land-cover types based on human activities, 

such as plantation forestry, tree crops, field crops, urban and conservation areas (please note that 

a term such as ‗forest‘ can refer to both land cover and land use, depending on context). 

Necromass (dead organic matter). The weight of dead organisms (mostly plants) in a unit land 

area, usually expressed as dry weight in t/ha or Mg/ha. Aboveground necromass includes dead 

trees (standing or on the surface), the litter layer of dead leaves, twigs and branches and crop 

residues. Belowground necromass includes dead roots and crop residues buried by soil tillage 

that have not yet been converted into soil organic matter. 

Organic matter. Material derived from living matter that can decompose or be the result of 

decomposition or materials consisting of organic compounds. 

Peat (as substrate). Soil dominated by partially decomposed plant residues, with an organic C 

content of more than 18% (organic matter content of more than 30%). 

Peat soil (as soil type). Soils with at least 50 cm of peat. Peat soil has a thickness ranging from 

0.5 m (by definition) to more than 15 m.Large areas of tropical peats have thicknesses ranging 2–

8 m. 
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Peatland (as ecosystem). A land system dominated by peat soils. Peatland is usually found in 

wetland conditions but not all wetlands are peatlands. Mosses, grasses, shrubs and trees can 

contribute to the formation of peat in water-saturated conditions, with the term ‗bog‘ reserved for 

peatland dominated by moss. 

Sapric. Advanced stage of peat decomposition into organic-matter-rich‗earth‘ without visible 

fibres . 

Soil bulk density (BD). Dry weight of soil per unit volume (including volume of soil solids and 

pores filled with gas and water). 

Soil organic carbon content (Corg). The mass of carbon per unit weight of soil. Its units are 

percentage by weight or gram per kilogram (g organic C/kg soil), tonne per tonne (t /t) or 

megagram per megagram (Mg/Mg). If laboratory analysis only provides data on organic matter 

content (for example, by the method of loss on ignition (LOI)), the Corg content of the soil is 

normally assumed to be 1/1.724 of soil organic matter content. If the peat soil has an 

organic matter content of 98% then the Corg = 98%/1.724 = 57% = 570 g/kg = 0.57 Mg/Mg = 

0.57 t/t or simply 0.57. 

Soil organic matter content. The mass of soil organic matter per unit weight of dry soil. 

Usually expressed as percentage by weight or gram per kilogram (g organic matter/kg dry soil) 

tonne per tonne (t /t) or megagram per megagram (Mg/Mg). Organic matter content of 98% by 

weight = 980 g/kg = 0.98 Mg/Mg = 0.98 t/t. 

 

 


