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2. Introduction and Background

Hydroelectric power is one of the world’s oldest methods of producing power accounting for about 16% of the total electricity production (Perlman, 2016). In a journal published for the US Department of the Interior, Perlman et al (2016) contends that hydroelectric power generation is among the cleanest source of electricity presenting notable advantages that encourage its continued use. Notable among the advantages of hydroelectric as presented by Perlman include;
· Fuel is not burned so there is minimal pollution

· Water to run the power plant is provided free by nature

· Hydropower plays major role in reducing greenhouse gas emissions

· It has relatively low operation and maintenance costs

· The technology is reliable and proven overtime

· It is renewable- rainfall renews the water in the reservoir so the fuel is almost always there.

However, the generation of hydroelectric power does not come without challenges and Perlman (2016) highlights some of them as follows; 
· It has high investment costs

· It is hydrology dependent (precipitation)

· In some cases, inundation of land and wildlife habitat

· Fish entrainment or passage restriction

· Changes reservoir and stream water quality

· And in some cases, displacement of local populations.

There is increasing evidence in Zambia and other developing countries of the need to explore alternative sources of energy in electricity generations as well as for direct domestic use. The use of hydroelectricity has been reducing over time in different parts of the world considering the need to use a lot of water and land in the process of power generation against other developmental needs like human settlements and the demand for water as a resource. The increasing demand of water for industrialization, domestic use, irrigation coupled with climate change has had a negative impact on electric power generation forcing many governments to explore other sources of electricity.

Zambia is one of the countries that have been heavily reliant on hydroelectricity. But with the ever growing demand for electricity coupled with competing demands for water use in industrialization, domestic use, irrigation plus unpredictable rainfall pertains due to climate change, there have been calls to explore alternative electricity sources in order to meet the huge deficit currently prevailing (Perlman, 2016).    

 Currently, Zambia has a generating capacity of 1800 megawatts (MW) with a deficit of 250 megawatts. (http://www.zambia-advisor.com/Zambian-energy.html). In order to cushion this deficit, the country is currently exploring alternative energy sources through government and private sector initiatives.
 In his first address to Parliament in September 2015, the President of the Republic of Zambia Mr. Edgar Chagwa Lungu highlighted government’s long term goals amid at cushioning the current power deficit the country is facing. In line with the government’s diversification program in power generation, the President announced to the house that government has begun to actively pursue alternative sources of energy such as thermal, solar, wind and bio-mass. The head of state further stated that government has decided to promote the use of natural gas as an alternative source of energy and that Government is engaging neighbouring countries on the possibility of accessing natural gas for both industrial and domestic use. Mr. Lungu further called on the need to explore natural gas from within the country and directed the Minister responsible for energy to move quickly to facilitate the exploration of natural gas by the private sector calling it an emergency that should be treated with the necessary urgency (Davis M.M Chanda, 2015).
With the imminent need to scale up the use of gas for electricity generation and domestic use in Zambia, there is an added need to address possible challenges that might arise as a result of an increase in gas use in the country from the word go.

1.1 Definition of Natural gas and Natural gas Products

Natural gas is a fossil fuel used as a source of energy for heating, cooking, and electricity generation. It is also used as fuel for vehicles and as a chemical feedstock in the manufacture of plastics and other commercially important organic chemicals. It is a non-renewable resource.

Natural gas is found in deep underground rock formations or associated with other hydrocarbon reservoirs in coal beds and as methane clathrates. Petroleum is another resource and fossil fuel found in close proximity to, and with natural gas. Most natural gas was created over time by two mechanisms: biogenic and thermogenic. Biogenic gas is created by methanogenic organisms in marshes, bogs, landfills, and shallow sediments. Deeper in the earth, at greater temperature and pressure, thermogenic gas is created from buried organic material.

Natural gas and Bio gas world over have been of great use and benefit to the societies. They have been used for domestic, commercial and industrial purposes. Over the years the uses and importance has been growing world over. The number of people depending on natural or biogas has been growing due to its natural occurrence and it’s environmentally friendly. 

Biogas typically refers to a mixture of different gases produced by the breakdown of organic matter in the absence of oxygen. Biogas can be produced from raw materials such as agricultural waste, manure, municipal waste, plant material, sewage, green waste or food waste. Biogas is primarily methane (CH4) and carbon dioxide (CO2) and may have small amounts of hydrogen sulfide (H2S), moisture and siloxanes It is a renewable energy source and in many cases exerts a very small carbon footprint. Biogas can be produced by anaerobic digestion with anaerobic bacteria, which digest material inside a closed system, or fermentation of biodegradable materials. The gases methane, hydrogen, and carbon monoxide (CO) can be combusted or oxidized with oxygen. This energy release allows biogas to be used as a fuel; it can be used for any heating purpose, such as cooking.

Natural gas is a naturally occurring hydrocarbon gas mixture consisting primarily of methane, but commonly including varying amounts of other higher alkanes, and sometimes a small percentage of carbon dioxide, nitrogen, and/or hydrogen sulfide. It is formed when layers of decomposing plant and animal matter are exposed to intense heat and pressure supplied by existing under the surface over millions of years. The energy that the plants originally obtained from the sun is stored in the form of chemical bonds in the gas.

1.2 African Trends

Natural gas is the golden child of the energy world at the moment, promising great things for the future. At present, Africa’s role in worldwide natural gas production is relatively small, but it is anticipated as playing a more prominent role over the next decade. Large new caches are being discovered, particularly in East Africa, a region previously not notable for its role in the oil and gas industry. If managed correctly, however, natural gas exploration and production in East Africa and elsewhere on the continent could prove significant to the economic and social development of participating countries and regions.

According to the 2012 BP Statistical Energy Survey, in the year 2011 Africa had proved natural gas reserves of 14.53 trillion cubic metres (tcm), a figure that constitutes 6.97 percent of the world’s known supply and is equivalent to 71.7 years of current production. In 2012, the Oil and Gas Journal estimated Africa’s technically recoverable natural gas reserves as substantially higher than that (i.e. about 74 tcm), an amount constituting almost 10 percent of the world’s total.

The BP survey also revealed that Africa’s 2011 natural gas production of 202.65 billion cubic metres (bcm) marked a drop of 5.1 percent from 2010. This production figure amounts to 6.17 percent of the world’s total. 

In 2011, the total production of natural gas in sub-Saharan Africa was approximately 1,690 Bcf; the top gas producers were Nigeria (66%), Equatorial Guinea (14%), Mozambique (8%), Ivory Coast (3%) and South Africa (3%) (EIA 2013c). For comparison, in 2011 the two largest natural gas producers, the U.S. and the Russian Federation, produced 22,902 Bcf and 21,436 Bcf respectively, and the world total production was 116,230 Bcf (BP 2013). 

The largest part of Nigeria’s production is exported as LNG. The remainder is used domestically and exported to Benin, Togo and Ghana via the West African Gas Pipeline (WAGP) (EIA 2013a). The WAGP was the first regional natural gas transmission infrastructure developed in sub-Saharan Africa and was opened in 2010 (Ernst & Young 2012). In Equatorial Guinea, most of the production is exported as LNG. In 2011, Equatorial Guinea’s domestic consumption represented about 23% of its total production (EIA 2013a). The natural gas produced in Ivory Coast and South Africa is primarily used domestically (EIA 2013a). Angola has also significant proved natural gas reserves, around 9.7 tcf (ENI 2013). Most of its gas production is flared or re-injected into oil fields. However, in 2013 Angola has started to export LNG after the completion of its first facility (EIA 2013a). 

In Eastern Africa, Mozambique and Tanzania have produced natural gas for several years. In Mozambique, the current production is located onshore in the regions of Pande and Temane. In 2011, 135 Bcf of gas was produced in Mozambique, of which 117 Bcf was exported to South Africa (Secunda) via a pipeline of 860 km (EIA 2013a). The Matola Gas Company (MGC) exploits a pipeline of approximately 70 km, which connects Matola to the bigger pipeline between Pande/Temane and Secunda (South Africa) (MGC 2013). This pipeline allows to supply around 9 Bcf/year of natural gas for industrial activities. MGC also delivers Compressed Natural Gas (CNG) by truck to customers in remote areas and provides gas to two refuelling stations for natural gas vehicles. A new project in the region will be allowed to supply gas to consumers in Maputo and Marracuene (All Africa 2013). In a first stage, gas will be delivered to large consumers (e.g., hospitals, hotels) and then private houses will be connected.

1.3 Gas Use and Justification
Fatih Birol et al in a World outlook special report of 2014 points out that sub-Saharan Africa makes the fourth largest contribution globally to incremental gas supply through to 2040. This presents a bright future to Zambia’s endeavors of diversifying its energy sources following high investment costs associated with hydro power generation, population growth and climate change among other limiting factors. With an average growth of 5%, production growth derives from the large undeveloped resources of Nigeria, Mozambique, Angola and Tanzania, with speed of resource development being determined by arrange of factors including but not limited to, the levels of domestic demand and gas liquefaction capacity and the volumes of gas that can be sold on the global market (Fatih Birol, 2014). With three of Zambia’s neighbours possessing the potential to surpass Africa’s major producer of gas, West Africa, by 2025, Zambia’s geographical position in Southern Africa places it at an advantage of being able to tap into the natural gas deposits around the region. It is therefore the right time for Zambia as a country to scale up investments in gas as an alternative source of energy. However, this venture is not limited of challenges as gas requires proper handling facilities and well informed users for its benefits to be fully appreciated.  
Despite natural gas being used by more than 50 percent of American households as their main heating source, the Public Utilities Commission of Ohio reports that it does not go without potential dangers associated with its usage. One of
 the dangers of poorly maintained or improperly used appliances according to the public utilities Commission of Ohio is carbon monoxide poisoning. If a faulty furnace does not burn natural gas properly, or is not vented properly, carbon monoxide can begin to build in the home. When a person breathes carbon monoxide their brain and organs are robbed of the oxygen necessary to function properly and they can become sick and incapacitated very quickly (www.puco.ohio.gov). 
For a country which is yet to fully explore gas as an alternative source of energy, it is imperative that users are kept informed about such possible dangers associated with gas use. The Public Utilities Commission of Ohio further highlights that one of the biggest hazard of a gas leak is an explosion. When natural gas builds up in an enclosed area, it becomes extremely volatile. A gas build up has the potential to be explosive, or could make those in the area very sick. Gas leaks in the home can be easily prevented by ensuring flexible gas lines are inspected regularly and installed properly by licensed professionals (www.puco.ohio.gov). Most Zambian houses are not designed for indoor gas use thus it is important that potential consumers of gas appliances in Zambia are well informed about safe standards in the use of gas. There is therefore need for the Ministry of Energy and other relevant stake holders to devise a program aimed at keeping Zambian consumers well informed about safety standards in gas use. 
1.4 Damages caused by Gas and related products

In 2007-2011, U.S. municipal fire departments responded to an estimated average of 51,600 fires per year starting with ignition of a flammable gas and another 160,910 fires per year starting with ignition of a flammable or combustible liquid. The flammable gas fires resulted in an estimated 168 civilian deaths, 1,029 civilian injuries, and $644 million in direct property damage per year. The flammable or combustible liquid fires resulted in an estimated 454 civilian deaths, 3,910 civilian injuries, and $1.5 billion in direct property damage per year. Flammable gas fires nearly all involve natural gas or LP gas. Flammable or combustible liquid fires nearly all involve unclassified or unknown-type flammable or combustible liquid, Class IIIB combustible liquids, Class II combustible liquids, or gasoline. Most fires involve gas or liquid fuels for heating or cooking or involve cooking oils used as a medium to heat food during cooking (http://www.nfpa.org).
1.5 Fire Fighting Services in Zambia

A recent Parliamentary Committee report concludes that Zambia's current fire fighting capacity is very poor. Other than the aviation industry, which appears well catered for in terms of fire appliances, in accordance with ICAO regulations, most local fire authorities in Zambia do not have fire tenders that match the existing risk categories (http://www.zambian-economist.com/).
The recommended number of fire tenders to an incident is 4 with water capacity of around 5, 000 to 10, 000 liters, a turntable ladder to provide access in case of high rise buildings and a rescue fire tender carrying all types of rescue equipment, including an ambulance. At the moment, no single fire brigade in Zambia has these appliances. The country continues to rely on donated old fire fighting vehicles, most of which are incompatible with the terrain in most of the communities in Zambia.

To make matters worse, most fire brigades in the country are understaffed. In the absence of part time supporting staff, coupled with lack of communication equipment, it is very difficult to mobilise reinforcement. A full shift at Lusaka City Fire Brigade comprises 12 fire fighters. With a population of 3 million, the rescue ratio of fire fighters to that of the public in Lusaka was 1 to 250,000 (http://www.zambian-economist.com/). 

Even water is a challenge. It is currently the sole responsibility of the water utility companies to provide free adequate water supply for firefighting purposes. This water supply has to be available round the clock. Sadly, most fire hydrants have been vandalised and these that are available cannot produce the required pressure and flow rate.

3. Objectives
Building upon the above discussed impending increase in gas use at the domestic and industrial level, and the inadequate firefighting equipment Zambia has, it is important to undertake a study that will provide information on the Knowledge, Attitude and Practices on the use of gas as an alternative source of energy. The study should assess the level of preparedness of the Zambian gas marketing companies in embracing safety standards and thereby come up with a well-designed plan of action in as far as keeping Zambia safe from accidents associated with gas use. 

4. General Objective

The main objective of this study is to assess the level of preparedness of Zambia as a country in the use of gas as an alternative source of energy.
5. Specific Objectives

· To determine the factors affecting the use of gas as a source of energy at household level in Zambia.
· To determine the knowledge levels of the household gas users in the provincial centers of Zambia.
· To predict the future gas demand levels for the country.

· To determine the level of compliance by the commercial companies to the national and international guidelines on best practices.

· To recommend a plan of action to the Ministry of Energy aimed at promoting safe handling of gas and gas appliances by suppliers and consumers of gas in Zambia. 
6. Methodology
It is been proposed that for the study to get the best information that will inform future activities to benefit the population , the study should employ both qualitative and quantitative methodologies in the data collection and analysis for the study. Participatory approaches should be used in the study to ensure that quality data is collected from the general public and also to facilitate the participation of all the relevant groups and individuals. The study should be structured to enable representation from all stakeholders Ministry of Energy staff members included. Also to be included in the study should be the business houses involved in the distribution and marketing of gas and gas appliances and also those generating gas from the bio digesters country wide. 

The tools to be used for field data collection will first be developed in English and then translate them into Local languages. This will enable smooth data collection among all the members of the general public across the country regardless of their education background. There shall be a number of tools to be developed and used for the purposes of data collection.
The data collection will use Online platform for data collection, this is a modern online platform that enables the data collection on mobile devices and stored on a cloud saver. This will ensure timely data analysis and efficient management of the data collection teams. This will facilitate the minimal usage of paper during and after data collection hence contributing to the greener environment.
7. Immediate Expected Output

It is expected that after the study has been completed there shall be a detailed report that will contain findings and recommendations to inform future activities. There shall be qualitative and quantitative data that will be ready for use to help the ministry and the partner to come up with future education programmes for the entire country. 

8. Expected Benefits to the Nation

	
	Outcome
	Benefits

	
	
	Short Term
	Long Term

	1. 
	Increased gas use at household levels
	· Reduction in dependence on Charcoal
· Slowing down deforestation 

· Reduction in dependence on Hydro-electricity

· Increased revenue for the government through tax on gas and gas appliances

· Promotes private sector investments
· More Bio digesters constructed by individuals
	· Sustainable source of energy at household 
· Improved forest stocks and environment

· Reduced maintenance costs on Hydroelectricity infrastructure
· More funds available to invest in eco-friendly technologies

· Creates employment and generates revenue.

· Individual households start supplying gas

	2. 
	Increased knowledge on gas Use
	· Reduced gas accidents in homes
· Increase gas use at household level

· 
	· Reduction in property damage due to gas accident
· Reduced dependence on hydro power electricity
· Reduced loss of life due to poor handling

	3. 
	Increased participation by Private companies
	· Increased number of private companies operating in gas generation and supply chain
· More organic manure available to the communities
	· Increased revenue for the government
· Employment creation 

· Improved food security at household level.

	4. 
	Improved policy environment 
	· Policy dialogue and discussion 
	· Sector governed by sound policy and instruments 

· Harmonized sector and coordinated

	5. 
	Generate baseline data for the Country 
	· Increased advocacy
· Lobbying tool

· Better understanding of the current gas situation in the country 
	· Evidence based decision making
· Benchmark set for future scientific studies for policy improvement. 

	
	
	
	


9. Conclusion 

There is increasing evidence suggesting that Zambia and many other countries that have a heavy dependence on Hydroelectricity need to speed up the process of using alternative sources of power to drive the heavy industrial machines and for domestic use. This is because the only source of water that is used in the generation of electricity is becoming more and scarce and unreliable. Zambia like many other countries in the sub-Saharan region is blessed with neighbours that are blessed with natural gas. Mozambique started extracting natural gas and has been supplying to South Africa, while Zambia buys its gas from South Africa for both industrial and domestic use. 
Zambians domestic households are increasing starting to appreciate the use of gas as an alternative for cooking. However, the use of gas does not come without risks. If gas is not handled properly it can not only lead to loss of property but also to loss of life. Gas poisoning can lead death or extreme situation gas can explode and cause fire that may damage property. In developed countries were gas is part of their daily lives destroys property worth millions annually.
There is an urgent need to start the sensitization of the general population on the safety measures when handling gas. The population needs to be educated and continue reminding them on the dangers that comes with improper gas handling. This sensitization should be preceded by a Knowledge Attitude and Practice on gas.  This will generate data that will inform decision makers and provide baseline for the country to use in future activities. 
The benefits to the country are enormous and they range from short term to long term for the country. The benefits among other include the increased use of gas at household level with will in turn lead to increase revenue on the part of the government. The education will lead to an educated population that will prevent gas explosion and gas poisoning that may lead to death and loss of property. Therefore, the efforts to have this study conducted should be supported.
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